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FOREWORD 

The prepared convenience food sector has become a significant part of the economy and/or is 

evolving in many developed and developing countries. Packaging technology underpins the 

development of this sector and ensures food quality and safety. Radiation processing could 

provide attractive options for the food packaging industry worldwide. Radiation technology 

enables the development of new polymeric materials (modified natural polymers and 

nanocomposites), new packaging technologies (surface irradiation) and new dye printing 

methods (e.g. high gloss, abrasion and chemical resistant finish produced without volatile 

chemicals), which can be both sustainable and environmentally friendly. In addition, the 

irradiation of pre-packaged food requires radiation tolerant packaging that retains the 

necessary properties to prevent post-treatment contamination. There is a need and an 

opportunity for collaboration between radiation chemists, material scientists, food irradiation 

specialists and food safety specialists to examine the complete life-cycle of food packaging 

and encourage the development of novel and environmentally friendly food packaging 

materials and technologies. 

The CRP proposal was formulated based on the conclusions and recommendations of the 

Consultants Meeting on “Applications of Radiation Techniques in Development of Advanced 

Packaging Materials for Food Products” held at IAEA Headquarters, Vienna, Austria, 14-18 

May 2012; organized jointly with the Food and Environmental Protection (FEP) 

Subprogramme of the Joint FAO/IAEA Programme for Nuclear Techniques in Food and 

Agriculture (NAFA). The objective of this CRP is twofold: on one hand it is to assess the 

effects of ionizing radiations (gamma, electrons, and X-rays) on commercial and emerging 

food packaging materials, while on the other hand, to develop new functional packaging 

materials based on natural polymers with improved stability, sealability, biodegradability, and 

recyclability by using radiation techniques. The focus of the CRP is on pre-packaged foods 

intended for irradiation with the aim of improving food safety, enhancing shelf life and 

promoting international trade.  

The CRP was constituted with 14 participants, and the 1st RCM was organized on 22-26 

April 2013, in Vienna, Austria, attended by all chief scientific invesigators and one obeserver 

from Brazil. The participants introduced their institutions, the available facilities and scientific 

equipment, and the current status of the work done in connection with the objectives of this 

CRP. The individual work plans for the next 18 months, as well as collaboration possibilities 

were discussed and agreed upon. The achievements of the RCM are presented in this meeting 

report. It is constructed so, that it gives first the background information and the short 

summaries of the presentations, followed by individual full reports. Supplementary 

information is given in the appendixes. 

The IAEA wishes to thank all participants of the Meeting for their valuable contributions. The 

IAEA officer responsible for this Research Coordination Meeting was Agnes Safrany of the 

Division of Physical and Chemical Sciences. 

 



C
-4

0
 (

M
ay

 1
3
) 

 

 

CONTENTS 

1. SUMMARY ...................................................................................................................... 1 

1.1. Background ......................................................................................................... 1 
1.2. CRP overall objective ......................................................................................... 2 
1.3. Current status of the relevant work in participating institutions ........................ 3 
1.4. Conclusions ...................................................................................................... 17 
1.5. Recommendations ............................................................................................ 18 

2. COUNTRY REPORTS ................................................................................................... 20 

Gamma-Irradiation Effects on the Morphology and Properties of Polylactide/Cloisite 30B 

Nanocomposites 

L. Zaidi, S. Bruzaud, M. Kaci1, A. Bourmaud, N. Gautier, Y. Grohens ..................... 21 

Country Report of Bangladesh on Current Activities on “Modification of Natural/ 

Synthetic Polymers” by Radiation Processing 

N.C. Dafader, M.Z.I. Mollah, S. Sultana, N. Rahman, R.A. Khan, M.E. Haque ......... 31 

Application of Radiation Technology in Development of Advanced Food Packaging 

Materials Based on Petroleum-Derived Polymers for Pre-Packaged Irradiated Foods and 

on Biobased and Compostable Materials for Dry Food Packaging 

Esperidiana A.B. Moura. .............................................................................................. 42 

Use of irradiation, edible coatings and beads and active packaging in preservation of 

foods 

Monique Lacroix .......................................................................................................... 44 

Active and intelligent biodegradable Polymer for Food Packaging 

Hassan .A. AbdEl-Rehim, El-Sayed A. Hegazy .......................................................... 52 

Design of new nanocomposites based on iPP for food packaging optimizing processing 

conditions 

M. Pezzuto, C. Silvestre, D. Duraccio, S. Cimmino, A. Marra .................................... 54 

Application of Radiation Technology in the Development of Advanced Packaging 

Materials for Food Products (IAEA Research Contract No: 17457) 

Zulkafli Ghazali , Siti Fatahiyah Mohamad, Nor Azwin Shukri, Nor Azillah 

Fatimah Othman, Jamaliah Sharif ......................................................................... 64 

Development and Characterization of Packaging Materials for Irradiated Food Products 

Lucille V. Abad and Zenaida de Guzman .................................................................... 81 

Radiation modification of the functional and structural properties of the biodegradable 

and edible films prepared using starch,  starch-surfactant and starch – lipid systems 

Krystyna Cieśla ............................................................................................................ 88 

Plasma assisted functionalization of synthetic and natural polymers  to obtain new 

bioactive food packaging materials 

C. Vasile, E. Pâslaru, A. Sdrobis, G. Pricope, G.E. Ioanid, R.N. Darie ..................... 100 



 

 

Development of natural and synthetic polymers as suitable packaging materials for food 

products sterilized by radiation processing 

K. Hemvichian, P. Suwanmala, W. Kungsumrith ...................................................... 110 

Investigation of the effects of gamma-irradiation on some barrier properties of food 

packaging polymer films 

Dilek Şolpan ............................................................................................................... 117 

Radiation induced modification of biopolymers and blends in the solid state 

S. Al-Assaf, G. O. Phillips ......................................................................................... 132 

Modified Atmosphere Packaging and Polymer Integrity under Electron Beam Irradiation 

Conditions: Mechanical and Bioactive Stability Studies 

Suresh D. Pillai ........................................................................................................... 139 

LIST OF PARTICIPANTS .................................................................................................... 145 

APPENDIX I .......................................................................................................................... 147 

Table 1. Facilities and equipment in participating institutions .......................................... 147 

Table 2. Overview of the participants working towards specific objectives ..................... 148 

Table 3. Starting materials to be used by participants for development of active food 

packaging ........................................................................................................................ 149 

Table 4. Base materials to be used by participants for development of new packaging ... 150 

Table 5. Commercial packaging materials to be tested by participants ............................ 151 

APPENDIX II ........................................................................................................................ 152 

 



 

1 

1. SUMMARY 

1.1. BACKGROUND 

The world’s food supplies need to be increased and protected to meet the demands of the 

growing global population. The World Summit on Food Security in 2009 reported that by 

2050, food production needs would have to increase by as much as 70 % in order to feed the 

anticipated 9 billion people (FAO 2009). However, improving crop yield is only just one 

aspect of meeting this increased food supply needs. It is equally important to expand arable 

lands and protect what is what is produced. A significant quantity of harvests around the 

world does not make it to the consumer. It is estimated that the loss between the point of 

production and consumption constitutes as much as 30-40% of the total amount of food that is 

produced. Where the food is wasted differs in different parts of the world.  In the developing 

countries majority of the food is wasted at the farm and during shipping and transportation, 

while in the developed parts of the world such as the US and UK, majority of food waste 

occurs at the home (Science, 2010). 

Plant and animal products are also at risk of microbial pathogen contamination during their 

journey from the producer to the consumer. Also, processing and prolonged storage can 

potentially increase food safety risks especially when the food is not adequately packaged and 

protected from fungal infestation and toxin contamination. The US Center for Disease Control 

reported 48 million cases of food borne illnesses and 3000 deaths in 2011, while Agriculture 

Canada reported 13 million cases of food borne illnesses per year (Agriculture Canada, 2006). 

The Foodborne Diseases Active Surveillance Network (Food Net) of the USA states that in 

2007 incidence of infections caused by Campylobacter, Listeria monocytogenes, Salmonella, 

Shigella, Vibrio, and Yersinia did not decline significantly compared to 2004-2006 data and 

estimated incidence of Cryptosporidium infections increased by 44% (Imran et al., 2010).  

The most recent FoodNet data point out that Salmonella and Campylobacter contamination of 

foods continue to be the leading cause of bacterial food borne illnesses. Foodborne illnesses 

cause immense economic burden due to food recalls and medical treatment costs. According 

to recent estimates, foodborne illnesses linked to domestic and imported fresh fruits and 

vegetables cost the US economy over $150 billion per year (Scharf, 2010).  The post-process 

contamination caused by product mishandling and faulty packaging is reported to be 

responsible for approximately two thirds of all microbiologically related recalls in the USA 

(Gounadaki et al., 2007). Post-processing protection and active packaging and coatings has 

been proposed as an innovative approach that can be applied to ready-to-eat products to 

minimize or prevent the growth of pathogenic microorganisms (Min et al., 2008).  

Considerable research and development is being conducted in different Member States to 

improve and develop new packaging materials and coatings for use in the food sector. These 

research activities include developing recyclable, biodegradable, bioactive and smart 

packaging material and food coatings. Ionizing irradiation plays a major role in the 

development and improvement of packaging polymers as well as in sterilizing packaging 

material used in aseptic packaging. However, the use of ionizing radiation for pre-packaged 

foods is a major technology used worldwide to combat foodborne pathogens.  However, the 

behavior of these materials (especially those directly in contact with foods) under ionizing 

radiation doses needs to be evaluated and quantified in order to obtain regulatory approval 

prior to their commercial use. Innovative packaging based on natural polymers in conjunction 

with other technological advanced material modifications (e.g. in nanotechnology) have 

considerable promise for the future in this field.  
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Radiation induced degradation of various newly developed polymers and their components 

including adjuvants, antioxidants, plasticizers, coatings, release agents, stabilizers, and their 

emerging technologies (for example incorporating nanoparticles, sensing agents, and 

“intelligent”/bioactive components) also need to be evaluated at the radiation doses 

recommended for phytosanitary treatment and food safety applications.  

The effect of ionizing radiation doses around 10 kGy on packaging materials, and the 

packaged food in contact with these materials, needs to be evaluated for ensuring the 

wholesomeness (safety and quality) of food. Likewise, the suitability of packaging materials 

when used in conjunction with lower doses (≤ 1000 Gy) when used for extending the shelf 

life, reducing post-harvest losses, and for quarantine applications for trade in agricultural 

commodities, also needs to be evaluated.  

The successful commercialization of new materials for food packaging has to overcome many 

multidisciplinary barriers (science and technology, safety regulation, standardization, training 

and technology transfer). In order to ensure that economic and social benefits can accrue, 

research and development in this area should encourage and involve a high degree of 

multidisciplinary collaboration. The issue of developing and recommending packaging 

materials for radiation processing of pre-packaged foods therefore needs to be addressed 

through research networks and coordinated interactions of multidisciplinary expertise. This 

can be best addressed by means of a co-ordinated research effort through a CRP. In a similar, 

but much broader approach to developing sustainable food packaging, a network of 35 

Countries and more than 80 research and industrial Institutions is already in place under the 

EU 7th Framework Project Cost Action FA0904 entitled “Eco-sustainable food packaging 

based on polymer nanomaterials” (www.costfa0904.eu ), with an aim to develop new 

packaging materials. Collaboration and joint events with this Cost Action have already been 

initiated: 3 participants of this CRP are Chair (Italy) and partners (Algeria and Romania) of 

the Cost Action; the scientific secretary of this CRP participated as invited lecturer in the Cost 

Action International Workshop, held in Wädenswil, Switzerland, on 21-22 March 2013.  

The CRP proposal was formulated based on the conclusions and recommendations of the 

Consultants Meeting on “Applications of Radiation Techniques in Development of Advanced 

Packaging Materials for Food Products” held at IAEA Headquarters, Vienna, Austria, 14-18 

May 2012; organized jointly with the Food and Environmental Protection (FEP) 

Subprogramme of the Joint FAO/IAEA Programme for Nuclear Techniques in Food and 

Agriculture (NAFA). 

1.2. CRP OVERALL OBJECTIVE 

The objective of this CRP is to develop new packaging materials based on natural and 

synthetic polymers using radiation techniques, and to assess the effects of ionizing radiations 

(gamma, electrons, and X-rays) on commercial and emerging food packaging materials, in 

particular for their use in pre-packaged foods intended for radiation processing. 

1.2.1. Specific Research Objectives 

 to assess the effects of ionizing radiations on selected commercially relevant 

polymers used in contact with food (polyolefins and derivatives, polyamides, 

polyesters, ethylene vinyl alcohol, ethylene vinyl acetate, and polystyrenes); 

 to assess the relationship between radiation processing and the structural and 

functional properties of emerging advanced food packaging materials and coatings in 
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contact with food, including nano-filled polymers, polymer films and coatings with 

advanced/active/smart functions, natural and synthetic biodegradable polymer-based 

materials;  

 to develop new functional packaging materials based on natural polymers with 

improved stability, sealability, biodegradability, and recyclability by using radiation 

techniques; 

 to harmonize protocols and methodologies for measurements and testing of 

packaging materials. 

1.2.2. Expected Research Outputs 

 Advanced and improved packaging materials and their components using radiation 

technology. 

 Recommendation for packaging materials for pre-packaged irradiated foods suitable 

for extending shelf-life and providing environment sustainability advantages like 

recyclability, disposability, degradability, and life cycle improvement. 

 Internationally harmonized protocols and methodologies for measurement and 

testing of packaging materials. 

 Data on the influence of radiation processing on functionality of packaging materials 

in relation to bioactive, antioxidant, antimicrobial, insect repellent functions, and 

effect on overall food quality. 

 Data on the effects of irradiation on physicochemical, structural and mechanical, and 

functional properties of materials leading to their commercial exploitation with 

respect to irradiation of pre-packaged foods. 

 Data in the detection limits of at least 15 ppb in polymers on migrating chemical 

species using food simulating solvents/ for irradiated pre-packaged foods targeted for 

regulatory approvals. 

The 1st RCM was organized on 22-26 April 2013, in Vienna, Austria, and was attended by all 

14 chief scientific invesigators and one obeserver from Brazil. The participants elected Ms 

Monique Lacroix (Canada) as the chairperson of the meeting, while Ms Lucille Abad 

(Philippines) moderated the preparation of the meeting report. The participants introduced 

their institutions and the available facilities and scientific equipment, and the current status of 

the work done in connection with the objectives of this CRP. The individual work plans for 

the next 18 months, as well as collaboration possibilities were discussed and agreed upon. The 

ways for further collaboration with the COST Action was explored, and it was agreed, that the 

COST partners will inform the CRP participants of the activities planned in the framework of 

the Cost Action and where possible invite them to take part and to organize joint events. 

1.3. CURRENT STATUS OF THE RELEVANT WORK IN PARTICIPATING 

INSTITUTIONS 

1.3.1. Algeria 

Summary 

Polymers derived from renewable ressources have become a subject of increased interest and 

natural polymers such as starch or chitosan have been widely studied. Among the candidates 

of biodegradable plastics, polylactic acid (PLA) and poly(3-hydroxybutyrate-co-3-

hydroxyvalerate) (PHBV) are the most promising biopolymers as they are completely 

biodegradable, biocompatible and possess properties, which are similar to those of synthetic 
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thermoplastics. However, these biopolymers show some limitations in terms of performance 

(thermal resistance, poor barrier and brittleness) as well as relatively high prices, which are 

limiting their current applications. Then, it appears necessary to improve these biopolymers to 

make them fully competitive with common thermoplastics. Polymer nanobiocomposites thus 

represent a strong and emerging answer for improved and eco-friendly materials.  

With the advent of the nanotechnology field, the development of polymer-based 

nanobiocomposites has become a worldwide research interests because they exhibit 

significant improvement in properties through incorporation of only small amounts of 

nanosized filler into the polymer matrix. These nanobiocomposites with the remarkable 

improvement in the mechanical strength, stiffness, thermal stability, and gas barrier properties 

have created new value-added applications and diversification of the biopolymers. 

The enhanced properties are generally obtained when the layered silicates are exfoliated 

within the polymer matrix. Among all the potential nanofillers, nanoclays such as 

montmorillonite are widely used in nanobiocomposite preparation as they are easily available 

and their intercalation chemistry is well studied. Besides, these clays are environmental-

friendly and their antimicrobial properties have drawn much attention from food industry such 

as food packaging. 

Polymer devices subjected to irradiation sterilization will inevitably be affected by the 

radiation and the environment used during sterilization, and will experience changes in the 

polymer structure such as chain scission and crosslinking. For some polymers both processes 

coexist and either one may be predominant depending not only upon the chemical structure of 

the polymer, but also upon the conditions of irradiation is performed like temperature, 

environment, dose rate, etc. The changes in mechanical properties may not be immediately 

apparent and there can be some time delay in their development. One visible side effect of 

irradiation sterilization is that many plastics will discolor or yellow as a result of the 

processing. 

Therefore, the overall objective of the project aims to study the property changes induced by 

gamma irradiation on nanobiocomposite films based on PLA and/or PHBV copolymer 

reinforced with mineral and/or cellulosic nanofillers prepared by melt mixing at lower and 

higher doses ranging from 2.5-5-7.5-10-15-20-25-50 and 100 kGy. Further, the results 

obtained will be compared with the neat biopolymers in terms of durability and half-life dose 

(HLD) determination. Through this project, mathematical models will be proposed to describe 

the kinetics of degradation for each nanobiocomposite system studied.  

Work plan 

 Theoretical background 

 Setting up of the experimental protocol defining the commercial biopolymers and the 

types of nanofillers to be compounded through melt intercalation in the laboratory. 

 Materials: 

 Poly lactic acide (PLA) manufactured by Biomer under the grade Biomer L9000. 

 Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) produced by Tianan 

Biological Materials Co., Ltd.  Under the grade ENMAT Y 1000P. 

 Nanofillers: 

 Organo-modified Montmorillonite (OMMT) manufactured by Southern Clay 

Product (Texas, USA) under the name Cloisite 30B. 
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 Nano whiskers extracted from microcrystalline cellulose (MCC) manufactured by 

Sigma Aldrich 

 Compatibilizers: 

 - PLA-g-MA (to be synthesized in the laboratory).  

 - PHBV-g-MA (to be synthesized in the laboratory). 

 Procedures and technical characterization:  

 Extraction of nanowhiskers from commercial MCC through hydrolysis in  sulfuric acid. The 

suspension obtained will be   subjected to centrifugation, dialysis and treatment with 

ultrasounds. The resulted product is freeze-dried to obtain the  NCC (nanocristals of 

cellulose). 

 Preparation of compatibilizers (PLA-g-MA and PHBV-g-MA) through grafting of maleic 

anhydrid to PLA or PHBV by reactive extrusion. 

 Preparation of various nanobiocomposites formulations using melt  mixing (intensive 

mixer, twin screw extruder, injection molding…).  

 Technical characterization: 
 X- ray diffraction 

 Scanning electron microscopy 

 TEM 

 FTIR spectroscopy 

  Rheological measurements 

 DSC 

 TGA 

 SEC 

 Tensile testing, etc. 

 Exposure to gamma irradiation: 

 To lower doses: 0-2,5- 5-7,5-10-12,5 and 15 kGy. 

 To higher doses: 20-30-40-50-70 and 100 kGy. 

 Durability studies and modelling 

 Effects of gamma irradiation on the morphology and properties of nanobiocomposite 

samples at lower doses (<20 kGy) and higher doses (>20 kGy) under normal conditions. 

 Investigation on the mechanism of degradation. 

 Kinetical study of oxidative degradation under gamma irradiation at lower and higher doses 

and modeling. 

 Evaluation of the performances of the various nanobiocomposite samples by determining the 

HLD values on the basis of barrier and mechanical properties. 

 Publication of the results. 

1.3.2. Bangladesh 

Summary 

Radiation processing technology is one of the cleanest and reliable processes for material 

modification. Chitosan/starch blend films with glycerol and mustard oil were prepared by 

casting and their mechanical properties were studied. Tensile properties of blend films depend 

on radiation dose, soaking time of film in monomer and monomer concentration. The 

maximum values of tensile properties are obtained at 5 kGy radiation dose with 10 minute 

soaking time and 7% HEMA. The maximum tensile strength and elongation at break obtained 

are 15.75 MPa and 15.08% respectively. Thermo gravimetric analysis (TGA) showed that the 

modified films possess less thermal degradation than the pure films. The total weight loss of 

pure chitosan film at 250°C is found to be 23 wt%, while the weight losses of chitosan/starch 

film, chitosan/starch with glycerol and mustard oil film and HEMA treated chitosan/starch 
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with glycerol and mustard oil film at 250°C are found to be 18 wt%,16 wt% and 10 wt%, 

respectively. This indicates that starch, glycerol, mustard oil and HEMA incorporated with 

chitosan. 

The objective of the proposed research project (CRP) is to prepare biodegradable material for 

packaging purpose from natural polymers or natural polymer/synthetic polymer blend by 

radiation processing for the benefits of the end users.  

Work Plan 

 Preparation of biodegradable polymer films from natural polymer or natural 

polymer/natural polymer blend or natural/synthetic polymer blends, cross-link by the 

application of radiation and characterize the cross-linked materials. 

 Grafting of acrylic monomer onto natural polymer film or natural polymer/ natural 

polymer blend film or natural/synthetic polymer blends film for improvement of 

properties by the application of radiation and characterize the grafted film. 

1.3.3. Brazil 

Summary 

Since the 1980s, the field of food packaging has grown into a domain that includes high 

polymer research and discovery; tremendous advances in printing; sophisticated in-line 

mechanical operations; controlled-atmosphere applications for food products; plastic retail 

tray packs of premium meat cuts in modified atmosphere; and returnable plastic containers for 

ambient storage ready meals that can be microwave heated and much more. The issue of 

sustainability has been worldwide high, encouraging the development of sustainable 

alternatives thus aiming to preserve resources for future generations. Moreover, recent 

developments are raising the prospects that naturally derived resources, the biobased 

materials, will be major contributors to the production of industrial products, and a potential 

new market for these materials is food packaging, a highly competitive area with great 

demands for performance and cost. The study and utilization of polymeric composite 

materials based on natural and man-made fibres is an ancient science. Because of the recent 

search for eco-friendly materials and thanks to the use of technological advances, they were 

reinvented and had, both at nanoscale and microscale level, natural resources reinforcements 

added to them. Food irradiation is a new sterilization method which is effectively used for 

many packed food items. This process is wholesome as it is a safe process and does not 

produce a significant change in the nutritional and sensory quality of the food product. 

Irradiation process helps in extending the shelf life of the product under the recommended 

storage condition and is also possible to preserve the food product in fresh state. The source 

used for the irradiation purpose is ionizing radiation.  The  present proposal focuses the 

development of advanced food packaging materials in two different fronts: the modification 

of conventional food packaging materials (polymer petroleum-derived), based on 

EVA/EVOH/EVA, by addition of natural clay, graphene and also ionizing radiation 

treatment, for pre-packaged irradiated foods suitable for extending shelf-life and providing 

environment sustainability advantages; and the modification of biobased and compostable 

materials (Aliphatic-Aromatic Copolyester/Starch Blend; Aliphatic-Aromatic 

Copolyester/Polylactic Acid Blend), by addition of filler from natural resource, metal 

nanoparticles, graphene and also ionizing radiation treatment for application as dry food 

packaging materials. 
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Work Plan 

 Human resource training;  

 Modification of conventional food packaging materials 

 Preparation and characterization of natural clay; 

 Composite preparation by the use of the natural clay as reinforcement; 

 Preparation of grapheme oxide from natural graphite powder;  

 Obtaining new composite by graphene (produced in laboratory scale) addition into 

EVOH;  

 Composite modification by irradiation;  

 Characterization of irradiated and non-irradiated composites and;  

 Production of food packaging structure prototypes. 

 Modification of biobased and compostable material 

 Preparation and characterization of natural micro and nanoparticles (bio-CaCO3; 

green silica and clay); 

 Composite preparation by the use of the natural materials as reinforcement; 

 Preparation of metal nanoparticles with controlled size and shape synthesized by 

radiolysis; 

 Obtaining new composite by metal nanoparticles addition into Aliphatic-Aromatic 

Copolyester/Starch Blend and Aliphatic-Aromatic Copolyester/Polylactic Acid 

Blend; 

 Electron-beam radiation treatment;  

 Characterization of irradiated and non-irradiated composites and;  

 Production of food packaging structure prototypes; 

 Support for other composite studies involving reinforcements from fibres or waste of 

piassava, Brazil nut shell, coffee husk and peels into Aliphatic-Aromatic 

Copolyester/Starch Blend and Aliphatic-Aromatic Copolyester/Polylactic Acid 

Blend. 

1.3.4. Canada 

Summary 

There is a need to develop active packaging and active edible coating by using natural 

ingredients. To reduce the pollution problems caused by synthetic and non- biodegradable 

packaging films, edible or biodegradable packaging materials are encouraged to be developed 

especially in case of antimicrobial packaging. Also, the consumer demand to replace synthetic 

antimicrobial by natural compounds is rising. 

However, edible films and coatings should possess the appropriate barrier and mechanical 

properties and should retain its properties during commercial marketing of foods. 

Proteins and polysaccharides have been used to develop edible coatings and biodegradable 

films. However, these polymers are soluble in water and their functional properties should be 

improved.  

This presentation will focus on the use of different methods of crosslinking and 

functionalization of polymers by gamma irradiation for the development of active edible 

coating, beads and packaging for food applications.  



 

8 

 

Work Plan 

 Evaluate the control release of active compounds in crosslinked beads based on 

alginate and in crosslinked films based on chitosan  

 Evaluate the combined effect of application of bioactive films based on crosslinked 

proteins, alginate and ε-polycaprolactone on Salmonella Typhimurium on broccoli in 

combination with irradiation on bacterial radiosensitization  

 •Evaluate the use of active poly(lactic acid)-nanocrystallince cellulose (PLA-

NCC)supramolecular films and irradiation on bacterial radiosensitization  

 •Develop active polymer after chemical modification (functionalisation and grafting 

treatment) on PLA-NCC-based supramolecular and evaluate the effect of irradiation 

in combination with active films on bacteria on food  

 Develop an active diffusion patch (mono or multi-layered) to act in synergy with 

irradiation to eliminate weevils and molds in cereal packaging (based on analogous 

chemical modification developed in previous objective) 

1.3.5. Egypy 

Summary 

One of the emerging technologies with potential to revolutionize the packaging industry is the 

use of color-changing plastics. These would be packaging with the ability to alert consumers 

of a potential problem with a food product by producing a color change as a visual warning. 

In this connection, HCl doped polyaniline nano-fibers (PANF-HCl) were synthesized through 

interfacial polymerization. The prepared polyaniline nanofibers were blended with polymer 

like biodegradable polycaprolactone to obtaine green color nano-composite films. Mechanical 

and physical properties of such films were studied. Polyaniline nanofibers /polycaprolactone 

are rapidly interacting with basic solutes or vapors associated with food decay likes amines, 

leading to a marked change in visible adsorption characteristics. Polyaniline in a protonated 

conductive form (green) when exposed to basic vapor, it changes to neutral non-conductive 

form (blue). Such prepared materials could be used as sensors in order to give an indication of 

food spoilage. Gamma rays have no significant effect on green color of polyaniline nanofibers 

/polycaprolactone film as well as its mechanical properties. This means that the prepared 

sheet could be used as smart packaging for the food products treated with ionizing radiation. 

Active packaging is a material containing components that are capable of scavenging oxygen; 

absorbing carbon dioxide, moisture, ethylene and/or flavour/odour taints; releasing carbon 

dioxide, ethanol, antioxidants antimicrobial and/or other preservatives; and/or maintaining 

temperature control and/or compensating for temperature changes. In this respect, chitosan 

which has antimicrobial and antioxidant properties was incorporated into cellulose acetate to 

enhance the antioxidant and antibacterial of the latter. The miscibility between CA and 

chitosan can be improved by irradiating a chitosan solution at different irradiation dose. The 

obtained low viscose solution of chitosan was mixed with CA-DMF solution, and ultra-

sonicated to obtain compatible blends. The mechanical proprieties of obtained CA-chitosan 

are better if compared with that of CA. CA-chitosan showed good antioxidant and 

antimicrobial activity. The antioxidant and antimicrobial activity of the blends depends on the 

chitosan molecular weight and its amount incorporated in CA films. 
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Also, attempts were made to incorporate nano Ag into CA films. Radiation is an effective tool 

to produce nano silver from silver salt solution. In order to obtain highly dispersed and stable 

nano silver, small amount of stabilizing agents like natural polymer was added during the 

irradiation process of AgNO3 solution. The obtained nano-silver was investigated and mixed 

with CA polymer solution. However, the color of prepared nano composite films changed 

from colorless to brown, the color intensity depended on the amount of added Ag. Nano 

composite of different compositions was exposed to ionizing radiation at different irradiation 

doses. ESR measurement revealed that the radicals that form during the irradiation decay or 

recombine after short time. Mechanical properties of irradiated films were not significantly 

affected by radiation. The antimicrobial activity of Ag-CA nano composite of different silver 

contents towards gram positive and gram negative bacteria was investigated. The CA-Ag 

nano composites showed biological activity towards different microorganisms and the activity 

increased as the Ag content in the composite increased. 

Work plan 

 Active packaging 

 Active packaging nano-composite films from biodegradable (Aliphatic polyesters or 

natural polymer like chitosan, or starch) will be prepared and characterized. 

 Nanoscale metal or metal oxide (like Ag or   ZnO), as well as antioxidant agents  will 

be  used to expand  packaging material functional properties (such as anti-microbial 

activities and antioxidant properties ). 

 To obtain homogeneously dispersing nano-composite materials, radiation 

modification of nano-particles filler surface will be done in the presence of different 

chemical reagents. Also, some plasticizers will be added for the composite 

homogeneity. 

 c- Characterization and properties of the obtained green nano-composite films will be 

investigated using different tools. The moisture permeation, gas barrier, electric 

properties,etc of the films will be determined. Effect of ionizing radiation on the 

properties and oxidation stability of the prepared nano-composites films will be 

studied. 

 Preparation of polymeric sensors: 

 Nano-particles like polyanilines can be used as reactive and intelligent particles in 

packaging materials to obtain nano-composite based sensors. 

 Grafting  or blending of some conjugated polymers (e.g. polyaniline, polythiophene, 

polypyrrole, polyacetylene, polyphenylene or polyphenylene vinylidine) as well as 

reactive monomers onto a support polymer matrix (e.g. polyethylene, 

polycaprolactone, etc) will be done .Effect of doping acid on the properties and shape 

of  obtained polyaniline and its derivatives  will be  studied. Influence of different 

polyaniline shapes (rods, fibers, sphere) on the sensitivity of packaging materials at 

different environmental conditions will be investigated.  

 Investigation and characterization of the prepared materials using different advanced 

techniques will be considered. The moisture permeation, gas barrier, electric 

properties,etc of films will be determined. 

 Practical study on possible use of such prepared materials as sensor to detect food 

spoilage will be considered. 
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1.3.6. Italy 

Summary 

The principal aim of the 3-year agreement research project in the framework of the CRP 

F22063 is to assess through simulation modelling and experimental approaches the 

relationship between radiation processing and properties of emerging advanced polymer 

nanomaterials for food packaging  

Three research groups are already involved: Italian National Research Council (CNR) –

Institute of Chemistry and Technology of Polymers (ICTP) - Italy; 1. 2 The Department of 

Physics and Astronomy is part of the Faculty of Sciences of Ghent University; The food 

irradiation Group of the National Reference Center for the Detection of Radioactivity in 

Veterinary and Husbandry - at the Istituto Zooprofilattico Sperimentale della Puglia e della 

Basilicata Italy; The three groups have complimentary expertises in the field of polymer 

nanocomposites for food packaging, food irradiation and modelling. The project is organized 

in 4 tasks :Task 1 Modeling and simulation approaches;Task 2 Preparation and irradiation of 

the films and study of the effect of radiation on packaging nanomaterials preparation 

conditions of isotactic polypropylene (iPP) films filled with commercial clay nanoparticles 

and of the radiation processing conditions; Task 3 Analysis of  the migration of nanoparticles 

and radiolytic products from the packaging to the food by using food simulants. Task 4 

Dissemination and exploitation  

A preliminary study on the properties of Polypropylene/Oliocyclopentadiene/clay in 

dependence of preparation conditions indicates that depending on processing conditions 

nanocomposites with different phase structures and properties (morphological, rheological 

and mechanical properties) are obtained. In particular the methodology using a master batch is 

to be preferred as more homogeneous morphologies along with improved mechanical 

properties are obtained. 

Work plan 

 Literature review on the state of art of irradiation of food packaging materials, and 

selection of the modelling approaches for application of Monte Carlo simulation. 

 Optimization of the processing conditions and preparation of films of iPP filled with 

commercial clay nanoparticles suitable for irradiation packaging. 

 Application of radiation X-ray radiation /e-beam irradiation* to the films. 

 Study of the effect of X-ray radiation/ebeam on, structural, thermal and mechanical  

and barrier properties of materials used for pre-packaged foods intended for 

radiation. 

 Dissemination and Exploitation of the results. 

* the samples will be e-beam irradiated in cooperation with the  USA 

1.3.7. Malaysia 

Summary 

Active packaging with antimicrobial feature is expected to play an important role in ensuring 

safety by controlling post processing contamination in pre-packaged foods. A novel non-

migrating antimicrobial coating active film is proposed to be developed using electron beam 

irradiation. Antimicrobial (AM) agent such as potassium sorbate, organic acids (sorbic, 
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propionic, benzoic, acetic, lactic) maleic anhydrides and few others will be evaluated for the 

grafting onto commercial polyethylene (PE) film, normally used in packaging of bakery and 

pastries products. 

The organic acids such as sorbic acid and its mineral salts are antimicrobial agents often used 

as preservatives in food and drinks to prevent the growth of mold, yeast and fungi. The sorbic 

acid, or 2, 4-hexadienoic acid, a natural organic compound is among the preservative listed in 

Malaysian Association of Standards User and it is safe to be used in Malaysia. 

Work plan 

The electron beam irradiation will be used to graft this AM onto PE film. The effects of 

electron beam radiation in the range of 10-150 kGy on the grafting properties of polyethylene 

(LDPE/LLDPE) will be studied. Potassium sorbate, sorbic acid and few other AM will be 

used and their optimum concentration will be evaluated. Radiation grafting can be achieved 

either through transfer or simultaneous methods. These methods will be elucidate and 

compare their effectiveness of grafting AM onto PE films.  

The grafted PE-AM film developed will be characterized and compare their properties 

differences with the commercial films. This self-sterile film, will then be used to cover food 

(bread or pastries) to study the effectiveness of the antimicrobial to prolong shelf life of the 

product as a packaging film. All samples will be stored for 7 and 14 days at room 

temperature. Measurement of the microbial activity will be carried to evaluate effectiveness of 

film as active packaging. 

1.3.8. Philippines 

Summary 

The Philippine Nuclear Research Institute is currently undertaking studies on the 

“Development of Safe, Quality and Shelf-Stable Filipino Ethnic Foods for Immuno-

compromised Patients and Calamity Victims”. Under this project, irradiated ethnic food 

“adobo” has been prepacked in commercial plastic and laminated films.  Microbiological 

testing indicated that the total aerobic plate counts (colony forming units/g) in the laminated 

films showed lower counts than those packed in plastic films.  The growth of molds and yeast 

in the cooked meat packed in laminated films for both treated and non-treated samples have 

considerable reduction in counts. Sensory evaluation of the irradiated and non-irradiated 

cooked meat packaged in both films did not vary significantly. Likewise, migration test using 

the Japan External Trade Organization (JETRO) standards for food packaging indicated 

increase in the values of migration with irradiation.  However, the values were quite neglible 

which did not exceed the maximum standard limit. This current CRP on the “Development 

and Characterization of Packaging Materials for Irradiated Food Products” would 

complement the study on irradiated shelf-stable food by investigating on the packaging 

materials used for the irradiated food. It aims to develop and screen locally available 

commercial packaging materials that would be safe for use for irradiated foods for immuno-

compromised patients.  

Work Plan 

 Collection and identification of locally available packaging materials 

 Migration test of irradiated plastics using the procedure of Japan External Trade 

Organization (JETRO) Standards for food packaging 
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 Physico- mechanical-chemical-thermal analyses of irradiated films 

 Development of stable isotopic technique for determining migration of packaging 

materials in food 

 Initial studies on the development of bioactive packaging and coating materials. 

1.3.9. Poland 

Summary 

Radiation treatment might be adopted for improvement of the properties of the films formed 

using starch. Our previous results have shown that radiation might induce improvement of 

hydrophobic properties of the films prepared using potato and wheat starch, and the selected 

potato starch – surfactant compositions. The films prepared basing the irradiated potato starch 

have reveal improved both strength and flexibility as compared to the non-irradiated ones 

during several weeks of storage. In the case of wheat starch films, the increase of strength was 

accompanied by decrease in flexibility. As wheat starch films (with 30 % of glycerol) reveal 

after irradiation still good flexibility, radiation treatment might appear as the proper method 

also for improvement of those films properties. Introduction of sodium laurate to the potato 

starch films composition results in decreased hydrophilicity and application of the irradiated 

starch lead to further decrease in hydrophilicity of the hydrophobic films. The increase in the 

plasticizer content might result in decrease in the hydrophilic properties of starch – surfactant 

films, in regard to their reduced brittleness and therefore, to the limited induced porosity. 

Appropriate selection of the surfactant and plasticizer content and irradiation condition 

enables to optimize the films properties. 

Prolonged storage of the films causes increase in tensile strength and in hydrophobicity with 

simultaneous decrease in flexibility. This process might occur faster in the cases of some 

films based on the irradiated starch and surfactants than in the cases of the appropriate 

specimens prepared using of the non-irradiated starch.   

The improvement of  the functional properties of the films and modification of their 

behaviour during storage observed after irradiation are connected to the improvement of their 

compactness and homogeneity (indicated by SEM), to the modified interaction of the  

irradiated starch with surfactants/lipids (discovered by using DSC, WAXD and FTIR 

spectroscopy), to the occurrence of the two phase system in the films (indicated by DMA, 

DSC and SEM) and to radiation induced modification of their thermophysical properties 

(proved by DSC data). 

Work Plan 

 Elaboration of the method for preparation of the composite material based on starch-

PVA-cellulose systems (using the cellulose fibers with dimensions from macro to 

nano scale).  

 Optimization of conditions appropriate for preparation of the starch-PVA films 

(including the appropriate compositions like starch/PVA ratio, plastificator and 

emulsifier type and content) 

 Optimization of the conditions appropriate for preparation of starch-PVA-cellulose 

films. 

 Basic studies dealing with the physico-chemical changes taking place in the 

examined systems under influence of ionising radiation. Evaluation of the ionizing 
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radiation influence on the functional properties of the films prepared based on 

selected starch-PVA and starch-PVA-cellulose compositions.  

 Analysis of the experimental results and selection the best compositions for the 

further studies. 

 Selection of the antimicrobial agent expected to be added to the films composition in 

purpose to obtain the films with the antimicrobial properties. 

1.3.10. Romania 

Summary 

Two groups are involved: 

1. ROMANIAN ACADEMY, “P.Poni” Institute of Macromolecular Chemistry, Department 

of Physical Chemistry of Polymers 41A Grigore Ghica Voda Alley, Ro 700487 Iasi, Romania  

2. * Institute for Research &Development in Electrical Engineering ICPE-CA, Bucharest, 

Romania 

The main goal of this project is to develop new (bio)active materials for food packaging 

applications. Different polymeric substrates, both synthetic and natural, are being modified 

and enhanced by distinct methods, namely: 

 ionizing radiation and 

 plasma discharge. 

Comparison of the results obtained by using both kinds of surface activation will help to 

select the most efficient one 

Polyolefins (PO) – polyethylene (PE), polypropylene (PP) and polyesters (poly (lactic acid) 

(PLA)) will undergo various surface functionalization.  

The natural compounds that will be exploiting belong to polysaccharides (cellulose, chitin, 

chitosan), proteins (lactoferrin) and natural antioxidants (vitamin E, C and beta carotene, 

various natural extracts with antioxidant properties – polyphenols) classes. 

The phenolic compounds that will be use are: p-hidroxybenzoic acid, caffeic acid, gallic acid, 

eugenol and thymol and polyphenols - grape seeds, apple and green tea extracts.   

The specific objectives are classified in two major directions:  

 Modification/functionalization and improvement of the surface properties of some 

synthetic polymers by using ionizing radiation and plasma discharge as activation 

methods  

 Functionalization with natural compounds by coating/immobilization procedures 

namely by adsorption or grafting of different (bio)active compounds.  

 The obtained stratified composites materials will be physico-chemical and biological 

characterized by using and tested for their (bio)activity and their applicability for 

food packaging. 

Modern investigation methods will be used for detailed physico-chemical characterization of 

the obtained materials such as contact angle measurements, ATR-FTIR, XPS, SEM, AFM, 
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gas permeability etc. To emphasize the active/bioactive behavior of the new obtained 

materials we will use specific techniques: the anti-bacterial and bioactivity functions of 

modified substrates will be monitored and functionality testing with pathogen 

microorganisms. Total or specific migration tests in extraction model liquids (similar to those 

applied to food) in critical conditions (temperature, pH) will be performed. For bioactive 

packaging, bioactive compounds release into food has the most important role. By releasing 

tests made by using a UV/VIS spectrometry, control of the level of releasing quantities of the 

bioactive compounds conform to the legislative requirements, will be done. 

1.3.11. Thailand 

Summary 

We aim to first study the effects of gamma and electron irradiation on commercially available 

polymers currently being used for food products sterilized by radiation processing at Thailand 

Irradiation Center (TIC). Parameters that will be used for the study include type of radiation, 

radiation dose, radiation atmosphere, type of polymer and type of additive. After irradiation, 

changes in mechanical and thermal properties, chemical structure and color will be examined, 

along with the study of volatile radiolysis products. The obtained information will 

subsequently be used to determine the most suitable packaging materials for food irradiation 

as well as to develop natural polymer-based packaging materials suitable for food irradiation. 

Radiation processing will be utilized to improve the properties and enhance the performance 

of natural polymer-based packaging materials. 

Overall Objectives: To investigate the effects of gamma and electron beam irradiation on 

properties of commercial packaging materials being used for products sterilized by radiation 

processing and to develop bio-based synthetic polymers as suitable packaging materials for 

food irradiation. 

Work plan 

 Discussion with TIC’s Discussion with TIC’s customers about the commercial packaging 

materials to be studied and scope of the research 

 Irradiation of commercial packaging materials with the following factors:  

type of radiation 

 radiation dose 

 radiation atmosphere 

 type of polymer 

 type of additive 

 Investigate the effects of radiation with different factors on the following properties 

 mechanical properties 

 thermal properties 

 chemical changes 

 color changes 

 volatile radiolysis products 

 Analyzing data for results, discussion and conclusion 
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1.3.12. Turkey 

Summary 

The objective of this study was to investigate the effect of radiation on the light transmittance, 

oxygen permeability of packaging materials used (for three different types of packaging 

materials) in food industry and the changes also on the physical, mechanical properties of 

packaging materials. Three different packaging materials (polyethylene (PE), polyethylene-

polyamide (PE-PA), polyethylene-polyethyleneterepthalate (PE-PET)) were irradiated with 

doses 0-20 kGy at 0.26kGy/h dose rate. The changes of transmittance, FTIR spectra, the 

colour index such as yellowness were determined. The thermal and mechanical properties of 

unirradiated and irradiated to different irradiation doses PE, PE-PA, PE-PET films were 

examined in the presence of air. The structural characterization of packaging films irradiated 

with doses between 0-20 kGy was performed by ATR-FTIR spectroscopy. In order to 

investigate the physical and thermal behaviour of packaging films, mechanical (stress-strain) 

and thermal (TGA/DTG and DSC) tests were made and corresponding changes were studied 

in more details.The oxygen  permeabilities of unirradiated and 20 kGy irradiated PE, PE-PA, 

PE-PET films were performed. The oxygen permeability of unirradiated and 20 kGy 

irradiated PE was higher than those of the others. Fort his reason we have to develope barrier 

properties this film. In general, there was no significant effect of radiation observed in 

physical and chemical properties between 0-20 kGy irradiation doses. There were slight 

changes in yellowness index values and mechanical properties. There were scattering for our 

data which the films may not be homogeneous. 

Work Plan 

 -Preparation and characterization of poly(caprolactone)/clay nanocomposites and 

Poly(vinyl alcohol)/Alginate blends. 

 -Investigation of radiation-chemical effects of gamma rays on the mechanical, 

barrier, organoleptic and optic properties of poly(caprolactone)/clay nanocomposites 

and PVA/alginate blends. 

 -Characterization of poly(caprolactone)/clay nanocomposites and Poly(vinyl 

alcohol)/Alginate blends will performed in collaboration with Italy,Institute of 

Chemistry and Technology of Polymers CNR. 

 -After the selected food and selected poly(caprolactone)/clay nanocomposites and 

PVA/alginate blends interacted during 30 days or definite time the microbiological 

tests will be performed in collaboration with USA, National Center for Electron 

Beam Research, Texas A&M University, Prof.Dr.Mr. Suresh Pillai.   

1.3.13. United kingdom 

Summary 

Our work for the last year concentrated on applying our patented radiation modification 

method (1,2) on biopolymers such as gum arabic and hyaluronan and also their interactive 

blends. The objectives were to demonstrate the applicability of our method to produce novel 

materials with greater mechanical properties and also improved functionality required for 

food coating where plastic coating cannot be applied. Furthermore, protein and 

polysaccharide are two key ingredients of food systems, and their complexation and 

coacervation have been widely used to confer structure and stabilise food products and 

provide desired functionalities. Practical applications such as microencapsulation of active 
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ingredients and purification of proteins in the pharmaceutical industry also utilize the 

technique of protein/polysaccharide complexation. We have been working on protein – 

polysaccharides interaction and established the phase diagram and evaluated the functionality 

of various formulations made from different regions of the phase diagram of sugar beet pectin 

(SBP) with bovine serum albumin  (BSA) (3, 4) and sodium caseinate (SC) (5) systems.  

1. Al-Assaf, S.; Phillips, G. O.; Williams, P. A. Food Hydrocolloids 2006, 20, 369. 

2. Al-Assaf, S.; Phillips, G. O.; Williams, P. A.; du Plessis, T. A. Nuclear Instruments and 

Methods in Physics Research Section B: Beam Interactions with Materials and Atoms 

2007, 265, 37. 

3. Xiangyang Li, Yapeng Fang, Saphwan Al-Assaf, Glyn O Phillips et al, Complexation of 

Bovine Serum Albumin and Sugar Beet Pectin: Structural Transitions and Phase Diagram  

LANGMUIR  Volume: 28   Issue: 27   Pages: 10164-10176, 2012 

4.  Xiangyang Li, Yapeng Fang, Saphwan Al-Assaf, Glyn O. Phillips, Fatang Jiang. 

Complexation of bovine serum albumin and sugar beet pectin: Stabilising oil-in-water 

emulsions. Journal of Colloid and Interface Science 388 (2012) 103–111.  

5.  Xiangyang Li, Yapeng Fang, Glyn O. Phillips, Saphwan Al-Assaf. Improved Sugar Beet 

Pectin-Stabilized Emulsions through Complexation with Sodium Caseinate. J. Agric. 

Food Chem. 2013, 61, 1388−1396 

1.3.14. United States of America 

Summary 

Coupled with the rapidly growing global trade in fruits and vegetables, many countries around 

the world are adopting irradiation technologies to meet internationally mandated 

phytosanitary regulations. Additionally, many countries have approved irradiation 

technologies to treat fruits and vegetables for microbial pathogens. Electron beam (e-beam) 

irradiation is becoming the technology of choice for a variety of reasons, the most important 

of which are processing speed, processing cost, and dose uniformity. Modified Atmosphere 

Packaging (MAP) is becoming the norm for fruits and vegetables. However, there is only 

limited data on the polymer properties when used in MAP and treated with e-beam. The 

overall objective of this research is to better understand the interaction between polymers and 

e-beam irradiation under low dose (phytosanitary doses) and high dose (microbiological 

safety) conditions under MAP conditions when used with fruits and vegetables. We will 

investigate the mechanical and bioactive stability of polymers as a function of MAP 

conditions and e-beam doses. The products that we propose to study will be commercially 

utilized polymers such as Cryovac RD-45® and RD-106® shrink films and Dri-Loc® 

absorbent pads recommended for pre-washed fruits and vegetables. The proposed research 

will provide commercially relevant information on the effects on e-beam irradiation 

technology on relevant polymers, relevant irradiation scenarios. We plan to collaborate with 

Cryovac Food Packaging and Food Solutions group of Sealed Air, Inc., USA in these studies 

Work Plan 

 Perform dynamic mechanical analysis namely, tensile strength, tensile modulus and % 

elongation at break of the Cryovac RD-45® and RD-106® shrink films when irradiated at 400 

Gy, 1 kGy, and 8 kGy and stored for 30 days under refrigerated conditions. 

 Perform dynamic mechanical analysis namely, tensile strength , tensile modulus and % 

elongation at break  of the Cryovac RD-45® and RD-106® shrink films when irradiated at 400 
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Gy, 1 kGy, and 8 kG under varying modified atmosphere packaging conditions and stored for 

30 days under refrigerated conditions. 

 Evaluate the antimicrobial activity effectiveness of selected antimicrobials (eg., 10% trans-

cinnamaldehyde) on Cryovac RD-45 and RD-106 shrink films when exposed to e-beam 

irradiation on MAP conditions and irradiated at 400 Gy, 1 kGy and 8 kGy and stored for 30 

days under refrigerated conditions. 

 Evaluate the antimicrobial activity effectiveness of selected antimicrobials (eg., 10% trans-

cinnamaldehyde) on Dri-Loc® absorbent pads when exposed to e-beam irradiation on MAP 

conditions and irradiated at 400 Gy, 1 kGy and 8 kGy and stored for 30 days under refrigerated 

conditions. 

1.4. CONCLUSIONS 

The CRP participants after presenting their proposed research activities (within the framework 

of the CRP) acknowledged that a well-planned out synergistic research activities focusing on 

new packaging materials and new coating technology could make a major contribution 

towards ensuring global food security, safety and quality. The participants discussed specific 

scientific and technical issues as they relate to the development of new packaging material 

and coatings.  These discussions revolved around the following topic areas: 

 The environmental impact of food packaging materials, as studies show that 30% of 

packaging waste in the environment at any given time is related to food packaging. 

 The environmental and toxicological issues associated with the development of new 

materials (including nanomaterials), new coating and new manufacturing processes. 

 The functionality of new materials (including nanomaterials) and new coatings as it 

relates to maintaining and improving the quality and safety of the foods. 

 The increasing consumer demand for ready-to-eat food items especially in single 

serving and family packs. 

 The untapped market for distributing health foods via vending distribution channels 

thereby opening up new uses for novel packaging materials and coatings.  

 The challenges associated with protecting food from microbial pathogens and 

preventing food spoilage due to spoilage organisms. 

 The food safety implications of irradiating pre-packaged foods: food packaging that 

is in direct contact with the food must not release substances into food (above a 

particular threshold) to avoid toxicity issues when the food is consumed. 

 The different country-specific and region-specific regulations that pertain to raw 

materials for packaging, packaging materials, and food coatings. In the European 

Union and regions of Latin America, the safety of packaging materials are 

considered in the context of the food, while in the US, the regulations governing 

packaging materials are considered independent of the food in question.  In fact, in 

the US, food packaging materials are considered as “indirect food additives” while in 

the EU and in some regions of Latin America, food packaging materials are 

considered as “direct food additives”. 

 The importance of considering not only the functionality but the legal, cultural and 

seasonal constraints of food packaging. For example, not using gelatin-based 

packaging materials intended for kosher or halal foods. Similarly, avoiding the use of 

corn starch based ingredients during the holy week of Passover. 
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This CRP is significant because it highlights not only the development of new packaging 

materials but also the radiation compatibility of commercially available packaging materials.  

The research activities on the development of new materials focus on nanomaterials, 

intelligent and bioactive materials, biodegradable films, edible coatings, and multi-layered 

packaging materials. The research activities focusing on evaluating the ionizing radiation 

compatibility of commercially available materials focus not only on gamma irradiation, but 

also electron beam and x-ray technologies.  

The CRP participants acknowledge that there is a worldwide interest in the development of 

“green” and “sustainable” manufacturing processes that result in packaging materials and 

coatings that are degradable or recyclable. The participants were made aware of the current 

trend in the packaging polymer industry where multi-layered, multi-functional films are 

giving way to mono-layered, multi-functional films.  This trend is based on the contemporary 

4R’s concept of industrial manufacturing (reduce, reuse, recycle, recover) so as to reduce 

environmental impacts and achieve reuse at competitive costs.  

The CRP participants also realized the value of incorporating economic “benefits” when 

calculating the “costs” associated with developing packaging materials and coatings that were 

recyclable or degradable. This is particularly relevant in region of the world (eg., Canada) 

where the packaging industry has to pay a “fee” for the disposal of plastics. Similarly, in the 

European Union, countries may soon have to be fully responsible for the complete disposal of 

plastics it generates. The participants highlighted similar restrictions in Asia for example in 

Philippines and Bangladesh, where non-degradable plastics have been banned in hospital 

foods and in some specialized sectors.  

The CRP participants discussed at length the specific technical expertise and equipment 

infrastructure available at each of their respective institutions. The availability of such 

information has already spurred collaborative linkages amongst some of the participants. 

Some of these collaborations formed specifically as a result of the information about the 

availability of specialized equipment and technical expertise being discussed during the 

course of this meeting. The work planned in individual laboratories towards the objective of 

this CRP and the available relevant equipment is given in Tables 1-5 in the Appendix I. 

Participants agreed that there might be a need for harmonized protocols that all interested 

laboratories would use to assay antimicrobial activity and potential migration of radiolytic 

products and additives. 

The participants belonging to COST Member States expressed their intention to submit a 

proposal in response to the next call for COST Action (September 2013) that was expected to 

focus on radiation technology and nanotechnology. They underscored the fact that since 

COST Actions are open to worldwide cooperation, all the CRP participants can potentially 

participate and benefit from this activity subject to approval and funding.  

1.5. RECOMMENDATIONS 

The CRP participants recommend that:  

1) In order to be responsive to environmental issues related to packaging materials, 

eco-sustainable packaging materials and edible coatings need to be developed. 
2) In order to accurately delineate the relationship(s) between formulation, structure and 

morphology, the processing conditions including radiation processing doses, and raw 

material properties be adequately described.  
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3) It is essential to identify the accurate and reproducible procedures for preparing and 

testing the homogeneous dispersion of nanoparticles into the polymer matrix. 

4) The participants report the measured irradiation doses rather than just the target doses.  

This is particularly important in studies dealing with the irradiation compatibility of 

commercially available packaging materials and coatings where it will be necessary to 

understand the performance of these materials under specific doses. 

5) Standardized test procedures be followed to test the morphological, mechanical, optical 

and thermal properties of commercially available packaging polymers when exposed to 

prepackaged food irradiation doses. 

6) In order to assess potential migration of radiolytic products and additives from natural or 

synthetic packaging materials, these studies need to be performed using irradiation doses 

that are appropriate for specific applications.  For example, when evaluating packaging 

materials for fresh fruits or vegetables intended for phytosanitary treatment, the 

irradiation doses should be ≤ 1000 Gy. Similarly, when evaluating the compatibility of a 

particular packaging material when used for pre-packaged foods intended to be irradiated, 

these studies should only be performed using doses that are intended for food safety.  

7) In order to minimize the use of synthetic antimicrobial compounds, the use of natural 

antimicrobial agents or nanoparticles incorporated into packaging materials and coatings 

for foods, fruits and vegetables is encouraged. 

8) The activity of the antimicrobial bioactive compounds and materials being developed as 

part of this CRP be measured using realistic microbial loads. 

9) It is important to consider targeting foodborne viruses in the development of packaging 

materials intended for radiation. 

10) The participants will send by e-mail specific protocols already in use at their own 

laboratories for assessing the antimicrobial properties of packaging and coating; the 

evaluation of the release of active compounds, radiolytic products and additives. The 

received protocols are attached in the Appendix II.  

11) It is essential to consider the full utilization of all other applicable IAEA, regional, and 

national activities and resources for the implementation of this CRP. 
12) The 2nd RCM of this CRP be held in Algeria (Bejaia), or alternatively in Brazil 

(Sao Paulo) during the third or fourth quarter of 2014. 
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2. COUNTRY REPORTS 
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1. Introduction 

During the last decade, significant attention has been focused on both biodegradable polymers 

and polymer layered silicate nanocomposites aiming to improve the functional properties and 

possible uses of these environmental-friendly polymers [Error! Reference source not 

found.,2]. Among all the biosourced polymers, polylactide (PLA) is one of the biodegradable 

polymers that can be used as promising alternative to the petroleum-based commodity 

materials [3,4]. Indeed, improvements in the synthesis of lactic acid have been largely respon-

sible for the reduction in cost of PLA that in turn has led to a much wider variety of available 

applications such as packaging materials for food and beverages, plastic bags, thin film 

coatings, or rigid thermoform [3]. In previous work [5], we have shown that significant 

layered nanofiller dispersion into PLA can be successfully accomplished using melt 

intercalation technique. The material morphology obtained from this protocol indicates that 

the dispersion of mineral platelets within the PLA matrix is relatively homogeneous and the 

properties improved. On the other hand, the radiation processing of polymers is generally 

used for industrial purposes, but the exposure to high energy radiation is a proper procedure to 

assess material quality under hard operating conditions. The material structure and 

formulations plays an important role in the investigations on durability [6]. As a matter of 

fact, many publications have been reported in literature on thermal, oxidative or hydrolytic 

degradation of PLA and their nanocomposites [7-8], however, only very a few data are 

available on radiation degradation of  PLA and their nanocomposites, even though it has high 

sensitivity to radiation [9]. Therefore, the aim of the present paper is to investigate the gamma 

radiation sensitivity of PLA/organophilic montmorillonite (Cloisite 30B) nanocomposites at 

doses ranging from 0 to 200 kGy by evaluating the morphological and properties changes due 

to gamma irradiation  under ambient conditions. Furthermore, the mechanism of radiation 

induced degradation is discussed. 



 

22 

2. Experimental 

2.1. Materials and preparation of PLA-C30B nanocomposites 

PLA, in pellets form, was supplied by Biomer under the trade name Biomer L9000


 and used 

as received with a D-lactide content of 4.3%. The material has an average molecular weight 

nM  = 220,000 g.mol
-1

 and a Newtonian viscosity of about 870 Pa.s at 190°C. PLA is a semi-

crystalline polymer with a glass transition temperature (Tg) of about 60°C and a melting 

temperature (Tm) of about 169°C. PLA was dried under vacuum at 60°C prior to use. 

C30B is an organically modified montmorillonite which is commercially available and was 

supplied by Southern Clay Products (Texas, USA). C30B is a montmorillonite modified with 

bis-(2-hydroxyethyl) methyl tallowalkyl ammonium cations. C30B was dried under vacuum 

at 60 °C for at least 24 hours before use. The nanofiller was incorporated in the proportion of 

5 wt.% in the polymer matrix. The melt compounding of PLA-C30B nanocomposites was 

previously detailed [5]. 

2.2. Gamma irradiation  

Gamma irradiation was carried out on nanocomposite films in the form of circular bands of 

almost 20 cm diameter, in 
60

Co industrial equipment at the Nuclear Research Center of 

Algiers. The samples were exposed to 20; 40; 50; 100 and 200 kGy at a dose rate of 1.92 

Gy.h
-1

 under ambient conditions. 

2.3. Techniques 

2.3.1. Fourier Transform Infrared spectroscopy (FT-IR) 

The chemical changes induced by gamma irradiation were monitored by FT-IR spectroscopy. 

The IR spectra were recorded using a Shimadzu 8400M FT-IR spectrometer with 4 cm
-1

 

resolution and 40 scans. All spectra were recorded in the absorbance mode in the 4000-600 

cm
-1

 region. All samples used in this study were prepared by solution-casting method. A 

certain amount of neat PLA and PLA-C30B samples were dissolved in chloroform under 

agitation at room temperature for 30 min. The solution was subsequently poured onto a glass 

dish. A very thin film (~20 μm of thickness) was obtained after evaporating all the chloroform 

solvent very slowly in 24h under ambient condition. 

2.3.2. Size exclusion chromatography (SEC) 

In order to measure molecular weights, a Shimatzu LC 20AD system was used in 

combination with a Shimadzu RID10A differential refractometer and a Shimatzu SP 10Avp 

UV dual wave length detector (λ1 = 254 nm and λ2 = 280 nm). The column set consisted of 

five 30 cm gel columns with a granulometry of 10 μm (from Polymer Laboratories). The 

solvent was analytical grade THF (dried on calcium hydrure) at a flow rate of 1 mL.min
-1

. 

The SEC analyses were performed at room temperature. PLA samples and its nanocomposites 

were previously dissolved in solvent for 24h under stirring and then heated to 40°C for 1h. 

Solutions were filtered through 0.45 m stainless steel frits prior to injection. 

2.3.3. Differential scanning calorimetry (DSC) 

DSC analysis of both PLA-C30B nanocomposites and neat polymer was performed on 

weighted samples of almost 10 mg, using Mettler-Toledo DSC-882 equipment. The samples 
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were heated from 25 to 200°C in nitrogen atmosphere. To erase thermal history, the first 

cooling and the second heating thermograms were recorded with the following scanning rate: 

20°C.min
-1

 in the first cooling and 10°C.min
-1

 in the second heating. The melting peak (Tm) 

was obtained and crystallinity degree was determined using the enthalpy of melting for PLA 

of 100 % crystallinity (Hc = 93 J.g
-1

) [10]. 

2.3.4. Thermogravimetric Analysis (TGA) 

TG experiments were carried out in a Setaram TG-DTA 92-10 thermal analyzer using a 

scanning rate of 20°C.min
-1

 under nitrogen in the temperature range starting from 25°C to 

600°C. 

2.3.5. Transmission electron microscopy (TEM) 

The different samples observed in TEM were initially impregnated in an epoxy resin and 

placed in an oven at 70°C during 16h for reticulation. The samples were ultramicrotomed 

with a diamond knife equipped with a reservoir of water to give a 70 nm-thick section. The 

sections were transferred to carbon-coated Cu grids of 300 meshes. 

3. Results and discussion 

3.1. Analysis of chemical changes by FT-IR spectroscopy 

The changes in chemical structure of neat PLA and PLA-based nanocomposites containing 5 

wt.% of C30B induced by gamma irradiation were determined using FT-IR spectroscopy. 

Representative FT-IR spectra of non-irradiated and irradiated PLA samples at 100 kGy, 

recorded in the carbonyl and hydroxyl regions are shown in Figure 1(a) and (b), respectively, 

for neat PLA. 

 

FIG. 1. Evolution of FTIR spectra of the neat PLA recorded before gamma irradiation and after 100 

kGy: (a) in the domain 1900-1600 cm-1; (b) in the domain 3600-3400 cm-1. 

In the region 1600-1900 cm
-1

, it is observed a large band located at max = 1758 cm
-1

 

attributing to ester groups. This characteristic band absorption regularly decreases as a 

function of radiation dose. This means that -irradiation of PLA leads to oxidation reactions 

of ester groups inducing the formation of hydroxyl groups which can be present in 
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hydroperoxides or alcohols. The region 3400-3600 cm
-1

 exhibits a large absorption band 

centred at max = 3505 cm
-1

, which corresponds to OH groups in alcohols, hydroperoxides or 

carboxylic acids. After exposition to -radiation, this band becomes stronger in intensity 

which increased with radiation dose. According to results previously obtained for the PLA 

degradation under UV irradiation [11], this can be explained by the formation of 

hydroperoxide derivatives which degrade in compounds containing a carboxylic acid and 

diketone end groups.  

Similar conclusions are deduced for the non-irradiated and irradiated nanocomposite samples 

before exposure to gamma irradiation and after 100 kGy.  

The comparison of the different FT-IR spectra of the nanocomposite samples with neat PLA 

reveals no shift of the absorption band position in the presence of C30B.  

 

FIG. 2. Evolution of weight average molecular weight (a) and polydispersity index (b) of neat PLA 

and PLA/C30B (5%) nanocomposites as a function of gamma radiation doses. 

3.2. Molecular weight change 

Figure 2(a) and ((b) shows the histograms describing the evolution of the average weight of 

molecular weight and the polydispersity index of neat PLA and PLA-C30B nanocomposites 

(5 wt.%) as a function of the irradiation dose from 20 to 200 kGy, respectively. 

According to the literature [12], the slight decreased molecular weights of non-irradiated 

PLA-C30B nanocomposites with respect to non-irradiated neat PLA is explained by the shear 

mixing of PLA and C30B, resulting in hydrolysis of the PLA matrix accelerated by the high 

temperature used for processing (T = 190°C) [11]. From Figure 2, it is also observed that both 

PLA and PLA-C30B nanocomposite samples exhibit a significant reduction in average weight 

molecular weight wM  with irradiation dose. The energy supplied by irradiation is absorbed by 

exposed material and excited macromolecules are produced. Therefore, a common 

phenomenon in radiation induced processing of polymers is the scission of weaker bonds in 

macromolecules [13]. As an example, an irradiation dose equal to 100 kGy induces the 

decrease in the molecular weight wM  of 80% and 74%, for neat PLA and PLA-C30B 

nanocomposites, respectively. This pronounced diminution suggests that sample degradation 

is predominantly attributed to random chain scission mechanisms which are responsible for 

the sample deterioration, mainly occurring in amorphous regions. On the other hand, the 
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reduction of wM  associated to an enhanced polydispersity of the samples exposed to gamma 

irradiation also indicates that chain scission plays an important role among the degradation 

mechanism [9].  

3.3. Thermal properties 

The results reported in Table 1 indicate the evolution of melting  characteristics for neat PLA 

and PLA-C30B nanocomposites (5 wt.%) with various irradiation dose. It can be seen that the 

melting temperatures regularly decrease upon irradiation for the both samples. Moreover, 

before gamma irradiation, the DSC thermograms  (not shown) exhibit the presence of a single 

peak for the melting temperature at 169°C. After irradiation, they display double melting 

peaks which may have different causes 

TABLE 1. MELTING TEMPERATURE (TM), GLASS TRANSITION TEMPERATURE (TG) AND 

CRYSTALLINE INDEX (XC) OF PLA AND PLA-C30B NANOCOMPOSITES (5 WT.%) AS A FUNCTION 

OF IRRADIATION DOSE 

Samples Dose 

(kGy) 

Tm 

(°C) 

Tg 

(°C) 

Xc 

(%) 

PLA 0 

5 

10 

50 

100 

169 

168 

167 

160 

157 

56 

56 

55 

49 

47 

37 

40 

45 

54 

51 

PLA-C30B  5 wt.% 0 

5 

10 

50 

100 

168 

167 

165 

164 

158 

56 

54 

53 

54 

48 

42 

41 

40 

46 

52 

The peak duplication was shown to be caused by re-organisation during irradiation and 

occurrence of different crystal populations. According to the literature [14,15], the decrease in 

melting temperatures with increasing irradiation dose is attributed to the formation of PLA 

chains with lower molecular weight and also to the decrease in crystalline perfections, number 

of crystallites in terms of reduction surfaces under the melting peaks and the narrowing 
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crystallite size distribution. The irregularities arising after irradiation give to macromolecules 

greater mobility, which induces the appearance of a disorder phase at lower temperatures. 

This is consistent with what is commonly reported in the literature for other polymers as 

polypropylene or polyhydroxybutyrate [16,17]. 

From Table 1, the crystalline index (Xc) slightly increases with increasing the irradiation dose 

for all the samples up to 100 kGy. The increase of Xc is explained by the fact that amorphous 

regions are more easily accessible to degrade during irradiation process. The increase in the 

fusion enthalpy, and consequently in the polymer crystallinity regarding the dose, also 

verified in other polymers, such as polyhdroxybutyrate, is related to the phenomenon known 

as chemicrystallization [17]. The term means the increase in degree of polymer crystallinity 

during the radiation exposure as a result of liberation of macromolecular fragments. The 

remaining PLA chains then have higher mobility and they can reorganize themselves which 

leads to an increase of the crystallinity degree [11,18,19]. 

To observe the effect of irradiation exposure on the glass transition temperature (Tg) of the 

PLA-C30B nanocomposites (5 wt.%) with respect to the neat PLA, Tg was measured during 

the second heating scan and the values are presented in Table 2. The results indicate a regular 

decrease of Tg with irradiation dose for the both samples. The decrease of Tg is explained by 

the decrease of the number average molecular weight of the exposed samples [20]. 

Degradation temperatures in nitrogen atmosphere for the neat PLA and the PLA-C30B (5 

wt.%) nanocomposites obtained by TGA curves are presented in Table 2. 

A slight increase of the thermal stability is observed for the PLA nanocomposite samples 

compared to the neat PLA before irradiation. Indeed, the degradation temperatures at 10% and 

50% loss shift to higher values, i.e. 356 and 380°C for the nanocomposite samples in 

comparison with those of the polymer matrix which are 349 and 374°C, respectively. This 

result shows that the addition of C30B into PLA provides an enhancement of the thermal 

stability of PLA nanocomposites due to the presence of inorganic layered silicates and better 

interaction between the organophilic clay and the polymer matrix during the preparation step 

of PLA.  After irradiation exposition, the results indicate that both the neat PLA and PLA 

nanocomposite samples have lower thermal stability due probably to the formation of low 

molecular weight species [18]. Nevertheless, before exposure, the degradation temperature of 

neat PLA at 10% weight loss (T10%) is 349°C and it falls to 327°C after irradiation dose of 

200 kGy. This represents a decrease of 22°C. This effect is less pronounced when PLA 

contains 5 wt.% of C30B indicating a lower thermal degradation kinetic. Indeed, initially the 

stability of the PLA nanocomposite samples is higher than that of neat PLA, the silicate layers 

act as an insulating barrier. T10% is then 356°C and this value falls to 343°C after gamma 

irradiation at 200 kGy, representing a decrease of only 13°C. Similar trends have been 

previously observed by Lu et al. [18]. They reported that the irradiation resistant properties of 

nanocomposites are superior to that of pure polymer because the nanodispersion of clay layers 

hinders the penetration of gamma rays and decreases the formation of low molecular weight 

material generated by irradiation-induced chain scission, which relatively stabilizes the 

nanocomposites, especially decreasing the radiolytic damage of the polymer at high dose 

levels. Other authors assume that C30B has sufficient stability to accumulate high energy 

radiations limiting PLA deterioration. 
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TABLE 2. DECOMPOSITION TEMPERATURES AT 10%, 50% WEIGHT LOSS AND THE CHAR YARDS 

AT 450°C OF PLA AND PLA-C30B (5 WT.%) NANOCOMPOSITES AS A FUNCTION OF IRRADIATION 

DOSE 

Samples Dose 

(kGy) 

T10% 

(°C) 

T50% 

(°C) 

Char yard 

(%) 

PLA 0 

20 

40 

100 

200 

349 

346 

345 

338 

327 

374 

373 

372 

371 

367 

1.5 

1.5 

1.6 

1,6 

1.0 

PLA-C30B  5 wt.% 0 

20 

40 

100 

200 

356 

353 

353 

347 

343 

380 

381 

379 

375 

373 

5.4 

5.2 

5.2 

4.9 

5.1 

3.4. Morphologies using transmission electron microscopy (TEM) 

The morphology has been more comprehensively analyzed using TEM for visualizing the 

C30B dispersion state in the PLA matrix. Figure 2(a) and (b) shows TEM micrographs of 

non-irradiated PLA-C30B films and PLA-C30B films after irradiation of 100 kGy, 

respectively. 
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FIG. 3. TEM micrographs of PLA-C30B films (5 wt.%). (a): before irradiation, (b): after irradiation 

of 50 kGy and (c): after gamma irradiation of 100 kGy. 

TEM micrograph shows nanodispersed morphology in the non-irradiated PLA-C30B 

nanocomposite (Figure 3(a)). On this image, the light and the dark regions represent 

respectively PLA and C30B platelets and a relatively heterogeneous disordered nanostructure 

was observed. Indeed, numerous individual clay layers coexist with some C30B layer stacks 

of micrometric size. This TEM observation suggests that only partially exfoliated PLA-C30B 

nanocomposites containing small amounts of aggregates have been obtained, in good 

agreement with the wide angle X-ray scattering patterns, the rheological measurements and 

the theoretical model completely described in a previous paper [5]. 

Figure 3(b) shows that the C30B aggregates size is significantly reduced for the samples 

irradiated at 100 kGy, compared to non-irradiated nanocomposite samples. The morphologies 

of irradiated nanocomposites clearly indicate better dispersion of the clay particles in the 

polymer matrix. Individual silicate layers are really identified in the irradiated samples. 

Micrometric C30B aggregates have not been visualized and the size of the remaining layer 

stacks is substantially inferior to that observed in the case of the non-irradiated nanocomposite 

sample. The TEM analyses reveal that the gamma irradiation process induces significant 

changes in the morphology of PLA-C30B nanocomposites. This suggests that higher level of 

dispersion is expected with the radiation dose. With increasing irradiation to 100 kGy doses, a 

morphological conversion occurred, where the orientation of silicate layers is completely 

destroyed, and the stacked clay layers randomly distribute in PLA matrix. 

The probable explanation may be that the species such as free radicals and ions generated 

initially under irradiation have high mobility, they may diffuse in and/or out from the clay 

galleries. This diffusivity state will go on for quite a long time due to the low experimental 

irradiation dose rate, which may be favorable of the improvement of the steric interaction 

between clay layers. This improvement is conducive to making ordered exfoliated structure 

within polymer since the periodicity of the clay layers having anisotropic is originated from 

the steric interaction [19]. On the other hand, those species mainly macromolecular cations 

may be terminated by the surfaces of negatively charged silicate layers to form dangling 

polymer chains. This results in a new conformation at polymer-clay interface, which may 

partly contribute to the formation of the ordered exfoliated structure. 
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4. Conclusion 

The results reported in this paper show that the oxidative degradation under gamma 

irradiation of neat PLA and PLA-C30B nanocomposites (5 wt.%) prepared by melt 

processing causes drastic modifications in the structure, morphology, thermal and mechanical 

properties of the materials. These considerable changes are attributed to the morphology 

evolution of irradiated nanocomposites which is strongly affected by the presence of C30B. 

Irradiation modifies the steric interactions of clay layers and induces a better nanodispersion 

of clay layers, especially at high irradiation level.  
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COUNTRY REPORT OF BANGLADESH ON CURRENT ACTIVITIES ON 

“MODIFICATION OF NATURAL/ SYNTHETIC POLYMERS” BY RADIATION 

PROCESSING  

N. C. Dafader, M. Z. I. Mollah, S. Sultana, Nazia Rahman, R. A. Khan and M. E. Haque  

Nuclear and Radiation Chemistry Division, Institute of Nuclear Science and Technology, 

Atomic Energy Research Establishment, Savar, Dhaka, Bangladesh. 

Radiation processing technology is one of the cleanest and reliable processes for material 

modification. Bangladesh is keenly interested in increasing the activities on radiation 

technology for processing, modification and improvement of polymeric materials. Nuclear 

and Radiation Chemistry Division of Bangladesh Atomic Energy Commission has program 

on radiation processing of hydrogel for wound dressing, superwater absorbent hydrogel, 

development of metal adsorbent by graft copolymerization, chitosan as plant growth promoter 

and biodegradable polymeric materials etc. 

1. Preparation of polyvinyl alcohol/kappa-carrageenan hydrogel for wound dressing 

Hydrogel is a polymeric material, which swells when keeps in contact with water. It is not 

soluble in water and has the ability to retain water in its structure. They are widely used in the 

field of biomedicine and pharmacy [1]. Hydrogel product for medical application is prepared 

from polyvinyl alcohol (PVA) and kappa-carrageenan (KC). KC is added to PVA for 

improvement of swelling properties of hydrogel. 

 

FIG. 1. Effect of radiation dose and concentration of KC on gel fraction of PVA/KC blend hydrogels. 
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FIG. 2. Effect of concentration of KC and standing time in water on water absorption of PVA/KC 

blend hydrogel [Dose – 25kGy]. 

The variation of gel fraction of PVA hydrogel with different radiation dose as well as the 

contents of KC is shown in Fig. 1. The gel fraction increases with increased radiation dose 

and reaches a maximum value at the radiation dose of 25 kGy. After this radiation dose the 

increasing trend of gel fraction is inconsequential. It is also found that the gel fraction 

decreases with increased content of KC in PVA hydrogel. It decreases from ~99% to ~84% 

for the variation of concentration of KC from 0% to 2% in the feed solution at the dose of 25 

kGy. The changes in water absorption capacity of PVA and KC blend hydrogel prepared at 25 

kGy radiation dose are shown in Fig. 2. Water absorption increases with increased standing 

time of hydrogel in water and reaches a maximum value at 24 hours. It is also found that 

water absorption of hydrogel increases with increased amount of KC in the feed solution. It 

increases from ~210 to ~ 605% for the concentration range of KC from 0.0 to 2.0%. The 

prepared hydrogel is applied as wound dressing on external wound of patients. Fig. 3 shows 

that foot ulcer of a patient is cured by the application of PVA/KC blend hydrogel with in 30 

days. 
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FIG. 3. Foot Ulcer before and after hydrogel dressing treatment for 30 days alternative day dressing. 

2. Synthesis of carboxylmethyl cellulose/acrylic acid superwater absorbent hydrogel 

The hydrogels, which can absorb very large amount of water and retain it even under pressure 

are called superwater absorbent hydrogel (SWA). These materials can absorb water many 

hundred times their dry weight [2]. This type of material is used personal care products, 

agriculture, oil recovery etc. The applications of SWA in agriculture are studied with a view 

to promote the growth of plants [3-4]. In our laboratory, SWA is prepared from a mixture of 

carboxylmethyl cellulose (CMC) and acrylic acid (AAc) and it is neutralized with KOH. The 

ratio of CMC to AAc is 1:1.5 at the radiation dose of 5 kGy. The water absorption capacity of 

SWA is ~15,000%. The SWA is applied as soil conditioner to observe the effect on 

germination of wheat seeds and growth of young plants.  For this purpose SWA is mixed with 

soil. The soil with SWA and without SWA is put in similar size trays. Each tray is moisture 

with water. Then same amount of wheat seeds are put in soil of each tray.  

From Table-1, it is found that the germination percentage and germination energy of wheat 

seeds in soil with SWA are higher than those of wheat seed in soil without SWA. The 

germination percentage and germination strength of wheat seed with SWA are 92.33% and 

85.33% respectively. On the other hand, the germination percentage and germination energy 

of wheat seed without SWA are 70.33% and 58.33% respectively. From the Table-2, it is also 

found that plant height, root length, fresh weight and dry weight of plant in soil with SWA are 

higher than those of plant in soil without SWA. From the initial study, it can be concluded 

that the SWA has potential for applications in agriculture. 
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TABLE 1. EFFECT OF SWA ON GERMINATION OF WHEAT SEED 

SWA Content (%) Germination percentage (%) Germination Energy (%) 

SWA (0%) 70.33 58.33 

SWA (0.3%) 92.33 85.33 

Germination percentage (%) = (amount of germination seeds/total seeds) ×100%; Germination energy (%) = 

(amount of germination seeds in first 3 days /total seeds) ×100%  

TABLE 2. EFFECT OF SWA ON GROWTH OF THE YOUNG WHEAT PLANTS 

SWA Content 

(%) 

Height of  plant 

(cm) 

Length of root 

(cm) 

Fresh weight (g) Dry weight (g) 

SWA (0%) 18.12  2.43  0.22  0.04  

SWA (0.3% 21.53 3.78  0.25  0.05 

3. Application of chitosan as plant growth promoter 

Chitosan is a natural biopolymer modified from chitin, which is the main structural 

component of cell wall of fungi, shrimp and crab shell. Chitosan is obtained from N-

deacetylation of chitin. Both chitin and chitosan are copolymers of β, (1-4) linked N-acetyl-D-

glucosamine and N-glucosamine units [5]. Chitosan exhibits numerous interesting 

physicochemical and biological properties. Due to biocompatibility, biodegradability and 

non-toxicity, it does no harm human beings and livestock. Chitosan regulates the immune 

system of plants, induces the excretion of resistant enzymes and it also improves disease and 

insect resistant ability [6]. In this study, chitosan is irradiated at the radiation dose of 25 kGy 

from Co-60 gamma source at room temperature. The irradiated chitosan is dissolved in 2% 

lactic acid and it is again irradiated at 10 kGy radiation dose. A small amount (0.3%) of H2O2 

is added before irradiation. pH of chitosan solution is controlled at 5 by adding 2M sodium 

hydroxide solution. Molecular weight (MW) of oligochitosan is measured using viscosity 

method. MW of oligochitosan is obtained ~ 7,000. 

Different concentrations of oligochitosan as plant growth promoter are applied to investigate 

the response of grain yield of maize. Quality protein maize-1 (QPM-1) is used as planting 

material. Five different concentrations of chitosan (0, 50, 75, 100 and 125 ppm) are sprayed 

three times at 40, 55 and 70 days after sowing (DAS). In control, water is sprayed as per 

treatment. Fertilizers such as urea, TSP, MP and gypsum are applied of 285, 250, 180 and 40 

kg ha
-1

, respectively. Urea is applied in three splits at 30, 50 and 70 DAS and other fertilizers 

are applied as basal dose during the final land preparation. Other cultural practices such as 

weeding and pest control are done as and when necessary for normal plant growth and 

development.  

Chitosan concentration has significant effect on plant height, biological yield, harvest index, 

yield components and seed yield in maize except number of cobs plant
-1

 (Table-3). Results 

reveal that all the plant parameters are greater in chitosan applied plants than control plants 

except 50 ppm chitosan. The highest plant height (218 cm), biological yield (278.0 g plant
-1

), 

yield attributes (except 100-seed weight) and seed yield (132.7 g plant
-1

 and 6.32 t ha
-1

) is 

recorded in 100 ppm followed by 125 ppm and 75 ppm.  The seed yield is higher in 100 ppm 

chitosan might be due to increase number of seeds cob
-1

. In contrast, the lowest above 
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mentioned parameters is recorded in control plants where no chitosan is sprayed. Further, the 

highest 100-grain weight and harvest index is recorded in 125 ppm chitosan indicating dry 

matter partitioning to economic yield is better in 125 ppm concentration than the other 

concentrations. However, the grain and biological yield is lower in 125 ppm than 100 ppm 

chitosan indicating application of chitosan 125 ppm may be toxic for maize production. So, 

chitosan may be applied thrice 100 ppm for increased grain yield of maize after few more 

field trials. 

TABLE 3. EFFECT OF DIFFERENT LEVELS OF CHITOSAN ON SOME MORPHOLOGICAL 

CHARACTERS, YIELD ATTRIBUTES AND SEED YIELD IN MAIZE CV. QPM-1 

Concentration 

of chitosan 

(ppm) 

Plant 

height 

(cm) 

Biological 

yield 

plant
-1

 (g) 

Cobs 

plant
-1

 

(no) 

Cob 

length 

(cm) 

Seeds 

cob
-1

 

(no) 

100-

seed 

weight 

(g) 

Seed 

weight 

plant
-1

 

(g) 

Seed 

yield 

 (t ha
-1

) 

Harvest 

index 

(%) 

   0 190.0 c 235.5 c  1.00    15.8 b  456.2 b  22.94 d     107.6 bc   5.10 c  45.69 ab  

   50 188.0 c   229.3 c  1.00     15.6 b   436.2 c   23.31 cd     95.52 c    4.64 d  41.66  b   

   75 211.0 b    258.8 b 1.14    16.8 a  450.0 b   24.08 ba    117.3 ab  5.59 bc   45.48 ab  

   100 218.0 a 278.0 a  1.14    17.4 a    511.7 a     23.95 b    132.7 a     6.32 a     47.74 a    

   125 212.0 ab    255.6 b 1.14   17.0 a     460.7 b  25.08 a     125.0 a    5.95 ab    48.91 a    

F-test ** ** NS * * * ** ** ** 

CV (%) 3.43 7.81 7.73 4.67 5.94 4.07 9.77 5.55 5.76 

In a column figures having same letter (s) do not differ significantly at P ≤ 0.05; *, ** indicates significant at 5% 

and 1% level of probability; NS = Not significant; 

4. Synthesis of metal adsorbent from grafted materials 

Graft polymerization is an effective method for the modification of chemical and physical 

properties of polymer materials. It can provide some desirable properties such as 

biocompatibility [7], ion-exchange [8], thermo-sensitivity [9] etc. For grafting of glycidyl 

methacrylate (GMA) onto non-woven polyethylene (PE) fabric, an emulsion of GMA is used. 

An emulsion of GMA is prepared by adding GMA to water containing Tween-20 

(Polyoxyethylene sorbital monolaurate) as surfactant and stirred in room temperature. PE 

fabric is irradiated under nitrogen atmosphere at dry-ice temperature with varying radiation 

dose like 20, 50 and 100 kGy. Grafting reaction is carried out under deaerated monomer 

emulsion at vacuum atmosphere with varying reaction time. The resultant grafted PE fabrics 

is referred as the GMA-g-PE fabric. The GMA-g-PE fabric is immersed in disodium 

iminoacetate solution and reaction is carried out at 80°C in water bath for 3 hours. Then it is 

treated with 0.1 M HNO3 at 80°C in water bath for 2 hours and washed with distilled water 

until it becomes neutral to obtain iminodiacetic acid adsorbent. 
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FIG. 4. Effect of radiation dose on degree of grafting of GMA onto PE fabric. 

 

FIG. 5. Effect of copper concentration and standing time of adsorbent in copper solution on 

adsorption of copper. 
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Fig. 4 shows the effect of radiation dose on degree of grafting of PE fabric. The degree of 

grafting increases with increased radiation dose. The highest degree of grafting is obtained 

about 400% from 100 kGy radiation dose and the lowest degree of grafting is about 200% 

obtained from 20 kGy radiation dose. This result can be explained as at higher radiation dose 

more free radical is obtained on the PE fabric and can participate in grafting reaction with 

GMA. It is also found that the degree of grafting depends on reaction time. The grafting 

reaction is carried out at 40°C in water bath. The GMA-g-PE is modified to iminodiacetate 

acid adsorbent. 

The obtained adsorbent is applied to absorb copper from aqueous solution of copper sulfate 

shown in Fig. 5. The maximum value of copper is absorbed from copper solution with pH 3.5 

at 24 hours adsorption time. The copper adsorption increases with increase in concentration of 

copper in solution. The adsorbent is regenerated and further used to absorb copper. The 

regenerated adsorbent shows good absorption capacity. 

5. Biodegradable polymer Films 

In recent years, there has been a marked increase in interest in the use of biodegradable 

materials world-wide for packaging applications. A number of blends using biopolymers can 

be the alternative of currently used synthetic polymeric materials. The most common and 

potential biopolymers are starch, chitosan, alginate, gelatin, shellac etc. The use of 

biodegradable polymers for packaging offers a solution to the problem of accumulation of 

non-degradable waste materials. In Bangladesh, there are biopolymer sources and can be 

extracted easily. The most common available biopolymers included chitosan (from 

prawn/shrimp), starch (from potato), alginate (from sea-weed), gelatin (from bones of 

animals), shellac (from insect secretion). These natural polymers can be used to prepare 

packaging materials.  

In the present investigation biodegradable films are prepared from the blend of chitosan/ 

potato starch by casting. Chitosan to starch ratio is taken 4:6. In chitosan/starch blend 25% 

glycerol is added as plasticizer and 25% mustard oil is added to reduced hydrophilicity of 

blend film. 2-hydroxyethyl methacrylate (HEMA) is used as monomer to graft onto blend 

film.  

Table-4 shows the effect of monomer concentration on tensile properties of chitosan/starch 

blend film at 5 kGy radiation dose. Tensile strength and elongation at break of blend film are 

found ~12.02 MPa and 11.17% respectively for 3% HEMA. Tensile strength and elongation 

at break increase with increased concentration of HEMA and they reach the maximum values 

of 15.75 MPa and 15.08% respectively for 7% HEMA. The tensile properties decrease with 

increased HEMA concentration and reach 10.92 MPa and 13.79% respectively for 10% 

HEMA. This result can be explained as monomer–polymer back bone reaction may occur at 

low monomer concentration. As monomer concentration increases, more HEMA may 

undergo reaction with chitosan molecules and tensile properties increased. But the high 

concentration of HEMA not only increases copolymerization but it also increases 

homopolymerization. As a result tensile properties decrease at higher HEMA concentration 

due to increase homopolymer rather than copolymer [10-11]. 
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TABLE 4. EFFECT OF MONOMER CONCENTRATION ON TENSILE PROPERTIES OF 

CHITOSAN/STARCH BLEND FILMS AT 5 KGY RADIATION DOSE [SOAKING TIME OF FILM IN 

MONOMER = 10 MIN.]. 

Monomer concentration in 

Methanol (%) 

Tensile strength (MPa) Elongation at break (%) 

3 12.02 11.17 

5 12.78 13.52 

7 15.75 15.08 

10 10.92 13.79 

The effect of radiation dose on tensile properties of chitosan/starch blend film at 10 min 

soaking time in 7% HEMA solution is shown in Table-5. Tensile strength and elongation at 

break is found 10.95 MPa and 4.98% respectively at 1 kGy radiation dose. Tensile properties 

are found to increase with increased radiation dose and reach maximum values at 5 kGy 

radiation dose. Tensile strength and elongation at break are obtained 15.75 MPa and 15.08% 

respectively at the radiation dose of 5 kGy. After this radiation dose (5 kGy) tensile properties 

are found a decreasing trend. This result can be explained as at high radiation dose chitosan 

may be degraded [12]. 

TABLE 5. EFFECT OF RADIATION DOSE ON TENSILE PROPERTIES OF CHITOSAN/STARCH BLEND 

FILMS [MONOMER CONCENTRATION = 7% HEMA, SOAKING TIME OF FILM IN MONOMER = 10 

MIN.] 

Radiation dose (kGy) Tensile strength (MPa) Elongation at break (%) 

1 10.95 4.98 

3 13.58 13.72 

5 15.75 15.08 

8 9.98 14.49 

The change of tensile properties of chitosan/starch films with varying soaking time in 

monomer are shown in Table-6. It is observed that tensile strength and elongation at break are 

9.12 MPa and 7.98% respectively for 3 min soaking time. Tensile properties are found to 

increase with increase in soaking time and tensile strength and elongation at break reach the 

maximum values of 15.75 MPa and 15.08% respectively for 10 min soaking time. Increase of 

soaking time cause more diffusion of monomer into the sites of reaction and thus increase the 

possibility of formation of copolymer by reaction between monomer and polymer [13]. Thus, 

with increase of soaking time, more HEMA comes in contact with chitosan to form 

copolymer and cross-linked network and the properties of the films increased. However, with 

further increase in soaking time homopolymerization might have predominated and tensile 

properties decrease.  
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TABLE 6. EFFECT OF SOAKING TIME OF CHITOSAN/STARCH FILM IN MONOMER SOLUTION ON 

TENSILE PROPERTIES AT 5 KGY RADIATION DOSE [MONOMER CONCENTRATION = 7% HEMA]. 

Soaking time of film in 

monomer solution (min) 

Tensile strength (MPa) Elongation at break (%) 

3 9.12 7.98 

5 8.95 12.04 

10 15.75 15.08 

15 10.55 9.35 

20 10.05 8.88 

The TGA thermograms for pure chitosan film, chitosan/starch film, chitosan/starch with 

glycerol and mustard oil film and HEMA treated chitosan/starch with glycerol and mustard 

oil film are shown in Fig. 6. 

 

FIG. 6. Thermal diagram curves for chitosan and modified chitosan film. 

It is observed that the thermal stability of the chitosan film is improved by addition of starch. 

Incorporation of glycerol and mustard oil also decreases weight loss of film. Radiation 

modification of chitosan/starch film incorporated with glycerol and mustard oil cause further 

improvement of the thermal stability of the film. The total weight loss of pure chitosan film at 

250°C is found to be 23 wt%, while the weight losses of chitosan/starch film, chitosan/starch 

with glycerol and mustard oil film and HEMA treated chitosan/starch with glycerol and 

mustard oil film at 250°C are found to be 18 wt%,16 wt% and 10 wt%, respectively. The 
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TGA results clearly indicate that thermal degradation of the chitosan films reduced after 

modification of the films. 

This work (chitosan-starch blend film) has been published in Radiation Physics and 

Chemistry [14]. 

Conclusion 

PVA/KC blend hydrogel is successfully prepared at 25 kGy radiation dose and obtained 

hydrogel prompts to cure foot ulcer of patient. CMC/AAc superwater absorbent hydrogel 

shows a significant effect on germination of wheat seeds. It enhances to improve plant height, 

root length, fresh and dry weight of young wheat plant. Three times application of 100 ppm 

oligo-chitosan improves the yield of maize. The maximum value of copper are absorbed from 

copper sulfate solution with pH 3.5 at 24 hour adsorption time by iminodiacetate acid 

adsorbent. Mechanical properties of the modified chitosan/starch are obtained maximum 

values at 5 kGy radiation dose for 10 min soaking time with 7% HEMA. The thermal stability 

of the chitosan/starch film improved after modification. The results suggest that the modified 

films might be suitable for packaging application in food or biomedical field.  
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APPLICATION OF RADIATION TECHNOLOGY IN DEVELOPMENT OF 

ADVANCED FOOD PACKAGING MATERIALS BASED ON PETROLEUM-

DERIVED POLYMERS FOR PRE-PACKAGED IRRADIATED FOODS AND ON 

BIOBASED AND COMPOSTABLE MATERIALS FOR DRY FOOD PACKAGING. 

Esperidiana A.B. Moura 

Our group at the Nuclear and Energy Research Institute - IPEN-CNEN/SP (Brazil)  in 

cooperation with important researchers from the  Polytechnic School of University of São 

Paulo (Brazil), the  Nuclear Energy Department of  the Federal University of  Pernambuco 

(Brazil), the Hacettepe University Department of Chemistry (Turkey), the Laboratoire de 

Chimie Physique at Université Paris-Sud (France) and the Center for Advanced Materials at  

Tuskegee University (USA) has been working on several studies related to the proposal 

presented in this CRP. We highlight some of our work already developed in this field: 

 The influence of electron-beam irradiation on properties of commercial multilayer 

flexible packaging materials; 

 Effects of gamma radiation on commercial food packaging films – study of changes in 

UV/VIS spectra; 

 Thermo-mechanical behaviour of HDPE/sugarcane bagasse fibre/organoclay  

nanocomposite; 

 Ionizing radiation influence on the morphological and thermal characteristics of a 

biocomposite  prepared with gelatine and Brazil nut waste as fibre source; 

 Thermal and morphological behaviour of PBT/Sugarcane bagasse ash composite; 

 Comparative study of the sugarcane bagasse fibre/HDPE composite properties using 

electron-beam and gamma radiation treatments ; 

 Contribution of Brazil nut shell fibre and electron irradiation  in thermo-mechanical 

properties of HDPE; 

 Composite based on poly(vinyl alcohol), starch and sugarcane bagasse ashes; 

 Effects of piassava fibre incorporation on the morphological, thermal and viscoelastic 

behaviour of HDPE; 

 Changes in physicochemical , morphological and thermal properties of electron-beam 

irradiated EVOH as a function of the irradiation dose and; 

 Comparison between HDPE/clay and HDPE/piassava fibre/clay treated by electron 

beam irradiation.  

Our work plan for this CRP involves several steps, as follows:  

For the next 18 months 

Modification of conventional food packaging materials 

 Preparation and characterization of natural clay and then preparation of clay reinforced 

composite;  

 Composite modification by irradiation and material characterization;  

 Production of food packaging structure prototypes. 
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Modification of Biobased and Compostable Material 

 Preparation and characterization of natural micro and nanoparticles (bio-CaCO3; green 

silica and clay); 

 Composite preparation by the use of the natural materials as reinforcement, 

modification by irradiation and characterization of irradiated and non-irradiated 

composites;  

 Production of food packaging structure prototypes. 
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USE OF IRRADIATION, EDIBLE COATINGS AND BEADS AND ACTIVE 

PACKAGING IN PRESERVATION OF FOODS 

Monique Lacroix 

Research Laboratories in sciences Applied to Foods 

Canadian Irradiation Centre, INRS-Institut Armand-Frappier 

531 des Prairies Blvd., Laval city, Québec, Canada H7V 1B7 

Tel : o1 450 687 5010 ext 4489 

Email : monique.lacroix@iaf.inrs.ca  

Abstract 

Development of antimicrobial formulation was done. Then, active beads, coatings and films 

were prepared using the antimicrobial formulation. The polymers in beads, films and coatings 

were crosslinked by ϒ-irradiation or by enzymatic process and put in contact with ready to eat 

foods for the evaluation of the antimicrobial properties evaluation in synergy with ϒ-

irradiation. Our results demonstrated high antimicrobial potential of beads, coating and films 

packaging in ready to eat vegetables and meat. A synergistic effect was also observed 

between irradiation and pathogens elimination as well as for shelf life extension evaluation. 

Introduction 

There is a need to develop active packaging and active edible coating by using natural 

ingredients. To reduce the pollution problems caused by synthetic and non -biodegradable 

packaging films, edible or biodegradable packaging materials are encouraged to be developed 

especially in case of antimicrobial packaging. Also, the consumer demand to replace synthetic 

antimicrobial by natural compounds is rising. However, edible films and coatings should 

possess the appropriate barrier and mechanical properties and should retain its properties 

during commercial marketing of foods. Proteins and polysaccharides have been used to 

develop edible coatings and biodegradable films. However, these polymers are soluble in 

water and their functional properties should be improved. This report will focus on the use of 

different methods of crosslinking and functionalization of polymers by gamma irradiation or 

by enzymatic reactions for the development of active edible coating, beads and packaging for 

food applications. The use of ϒ-irradiation in combination with active packaging to assure 

food safety was also demonstrated. 

Material and methods 

Raw materials 

Calcium caseinate (CC, New Zealand Milk Product Inc., Santa Rosa, CA, USA) and whey 

protein isolate (WPI (90.57% w/w proteins), BiPro Davisco, Eden Prairie, MN, USA), 

carboxymethylcellulose and chemical grade glycerol were used (Sigma Chemicals Co., St-

Louis, MO, USA). NCC (FP-Innovations, Pointe-Claire, Quebec, Canada), potato starch (PS, 

S4251) and potato soluble starch (SPS, S2004) were also from Sigma Chemicals Co. (St-

Louis, MO, USA). Water solutions were prepared containing 37.5 g kg
-1

 of calcium caseinate, 

37.5 g kg
-1

 of  whey protein isolate (WPI) and 37.5 g kg
-1

 of glycerol (weight  ratio equal to 1 

: 1 : 1 and total protein content equal to 75 g kg
-1

). These solutions were degassed and 

irradiated under an inert gas atmosphere with gamma rays 
60

Co. Methylcellulose, alginate 

(from brown algae, low viscosity; 39 g/100g guluronic acid) and polycaprolactone (average 

molecular weight of 1250 g/mol; melting point approximately 40°C) were purchased from 
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Sigma-Aldrich Canada Ltd (Oakville, ON, Canada) and were used as polymeric bulk for film 

preparation. Tween
®
80 and glycerol were purchased from Laboratoire Mat (Montreal, 

Quebec, Canada). Vegetable oil (sunflower oil) was purchased from a local grocery. Lecithin 

was also obtained from American Lecithin Company (ALC, USA). 

Limonene (LIM), peppermint (PM), spice mixture, spice extract, fruit extract and lactic acid 

bacteria metabolites were purchased from BSA, Montreal, Qc, Canada. The organic acids 

mixture was obtained from Kerry Ingredients and Flavours (Monterey, Tennessee, USA), 

spice extract was obtained from P.L. Thomas & Co., Inc. (Morristown, New Jersey, USA). 

Origan extract was obtained from Robert et Fils, Montreal, Quebec, Canada). A bacteriocins, 

Nisin was obtained from Profood (IL, China). 

Coating of strawberries 

Methyl cellulose (MC; 400 cP 2% solution), carboxymethylcellulose (CMC, 1,500-3,000 cP 

1% solution; high viscosity) and alginate (ALG; low viscosity; 39% guluronic acid; Mw 

12,000-80,000) were compared as stabilizing agents on the mechanical properties of films. 

Limonene (LIM) and peppermint (PM) were used as antimicrobial agents. Fresh strawberries 

were bought at a local supermarket and were inspected for no sign of disease and visual 

decay. The strawberries were separated into 5 groups (20 strawberries/group) depending on 

the treatment: (1) Control (non-coated); (2) Irradiated Proteins/Gly-MC + LIM; (3) Irradiated 

Proteins/Gly-MC + PM; (4) MC + LIM; (5) MC + PM. 

Coating of broccoli  

Methylcellulose was poured into a beaker containing warm water (60
o
C) to obtain a final 

concentration of 2 % (wt/vol) and subjected to constant stirring for MC pre-gelatinization. 

The suspension was firstly placed in an ice bath, under strong stirring, to insure a complete 

solubilization. The addition of 1% vegetable oil, 0.5% glycerol and 0.025% Tween
®
80 was 

performed at room temperature, under strong stirring for 5 min.  The bioactive agents were 

then incorporated into the coating formulation and stored at 4
o
C prior to application. 

Inoculated broccoli florets were dipped in baths containing different antimicrobial coating 

formulations. The antimicrobial formulations were composed of organic acids mixture, lactic 

acid bacteria metabolites, spice mixture extracts, spice extracts and fruit extract. It is relevant 

to note that all these antimicrobials contain phenolic and/or terpenic compounds. After 

dipping, broccoli were drained and dried on aluminum paper for 90 min, a portion of 25 g of 

vegetables were packaged in 0.5-mil metallized polyester-2-mil ethylene vinyl acetate 

copolymer bags (205 by 355 mm, Winpak Division Ltd) and all samples were left overnight 

at 4
o
C before irradiation treatment. 

Packaging of broccoli 

First, antimicrobial formulations were prepared in order to obtain a concentration of 60 g/L 

organic acids mixture, 13.5 g/L spice extract, and 6 g/L spice mixture or 6 g/L spice extract in 

the final film-forming suspension prior to casting. The mixtures were homogenized at room 

temperature using an Ultra-Turrax disperser (T25 model; IKA
®
 Works Inc., Wilmington, NC, 

USA) at 12,000 rpm for 1 min immediately followed by 24,000 rpm for 1 min. 

Then, an aqueous solution containing 30 g/L alginate and 20 g/L glycerol was prepared at 

room temperature under stirring. The antimicrobial formulation was incorporated into the 

alginate/glycerol suspension, under stirring at room temperature. Then, 10 g/L 

polycaprolacyone was added under molten state to the mixture under vigorous stirring for 5 



 

46 

min at 45°C. The polymer suspension was homogenized using an IKA
®
 T25 digital Ultra-

Turrax disperser (IKA
®
 Works Inc.) at 24,000 rpm for 1 min, by maintaining the temperature 

at 45°C. Films were then cast by applying 20 mL of the film-forming suspension onto Petri 

dishes (50  9 mm; VWR International, Ville Mont-Royal, QC, Canada) and allowed to dry 

for 24 h, at 20°C and 35% relative humidity (RH) before peeling. 

Then an antimicrobial film based on methylcellulose was prepared. The methylcellulose 

powder was poured into a beaker containing warm water (60
o
C) to obtain a final 

concentration of 10 g/L and subjected to constant stirring for MC pre-gelatinization. The 

suspension was then placed in an ice bath, under strong stirring, to ensure a complete 

solubilization. The addition of 5 g/L VO, 2.5 g/L glycerol and 0.25 g/L Tween
®
80 was 

performed at room temperature, under strong stirring for 5 min.  The antimicrobial 

formulation was then incorporated into the methylcellulose suspension and stored at 4
o
C prior 

to application. Films were then cast by applying 20 mL of the film-forming suspension onto 

Petri dishes (50  9 mm; VWR International) and allowed to dry for 24 h, at 20°C and 35% 

RH before peeling. This film was then, fixed to the polycaprolactone based film to form a 

bilayer film. 

Packaging of meat 

Chitosan, a natural linear polysaccharide consisting of 1,4-linked 2- amino-deoxy-β-d-glucan 

was used to develop a crosslinked films via enzymatic treatments. Then, the antimicrobial 

formulation (lactic acids metabolites/fruit extract/spice extract) was mixed with the polymer 

and microfluidized five time under 23 000 psi. The solution was left to dry and the films were 

peeled and used to packaged ground meat.  The meat samples were irradiated at 0.5 and 1.5 

kGy and microbial analysis were done to evaluate mesophilic and psycrophylic bacteria 

during storage.  

Beads application on meat 

An aqueous suspension containing 1.5% (w/v) alginate and NCC were  homogenized using a 

Ultra-Turrax TP18/1059 homogenizer (Janke & Kunkel, Staufen, Germany) at 23°C and 

25000 rpm for 1 min. A 0.5% w/v Lecithin was slowly added to the alginate suspension and 

heated to 60°C for 30 min. The pH of alginate-lipid suspension was adjusted to 7.5 to 8.0 by 

using 0.1M NaOH for the proper interaction of alginate and lecithin. Essential oil such as 

Origanum compactum, 0.025% w/v was added to the alginate-lipid suspension and formed the 

emulsion. Then, the pH of the emulsion was lowered to 5.5-6.0 by using 0.05M lactic acid. A 

0.25 % w/v of Nisin was mixed in 0.01M CaCl2 solution. Then, the antimicrobial gel beads 

were obtained by addition of 0.01M CaCl2 containing nisin to the emulsion under vigorous 

stirring at room temperature.  

Irradiation treatment 

Irradiation was performed in a underwater calibrator cobalt-60 irradiator at the Canadian 

Irradiation Centre. The reference non-irradiated solutions were also prepared. For crosslinking 

treatment of protein, the solutions were stored under inert atmosphere and irradiated. Fruits 

and vegetables products were irradiated under air and ready to eat meat under vacuum.  

Gel fracture strength measurements 

Gels were formed following a modified procedure of Sakamoto et. al.(1994). A solution (0.4 

ml) containing 5 % of total proteins was poured into a well of the microtest plate having 
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dimensions of 7 mm in diameter and 11 mm in height. Wells were sealed and placed into a 

water bath for 4 h at 90 
o
C. The solution was allowed to cool at room temperature and stored 

overnight at 4 
o
C. Gel fracture strength was measured using a 3 mm diameter cylindrical 

probe which was moved through the gel at a constant speed of 2 mm. S
-1

. The force-

deformation curves were recorded using of a Stevens LFRA Texture Analyser Model TA/100 

(NY, USA).  

Mechanical properties of films 

Puncture tests of films were carried out using of a Stevens LFRA Texture Analyser Model 

TA/100 (NY, USA) accordingly to the method described by Brault et al.(1997). A cylindrical 

probe (2 mm in diameter) was moved perpendicularly to the film surface at a constant speed 

(1 mm s
-1

) until it passed through the film.  

Results and Discussion 

Proteins crosslinking  

Irradiation of a protein mixture rich in tyrosine and sulfhydryl groups can enhance the 

molecular weight of the polymer by more than 60 times and can permit the development of 

insoluble packaging film or crosslinked coating formulation. The addition of a polysaccharide 

can also help to improve the physico-chemical properties of the matrice (reduction of 

swelling, improvement of the puncture strength, increase of the water vapor barrier) by the 

formation of a strong network due to the entrapment of proteins in polysaccharide network in 

presence of calcium and soluble potato starch who promote these interactions. Gels prepared 

with irradiated protein solutions were stronger than the non-irradiated ones. This is due to the 

preferential binding of calcium ions to the crosslinked protein network containing more -

strands and -sheets. Addition of sodium alginate and potato starch to irradiated protein 

solution produced weaker gels than irradiated protein solution alone due to weaker interaction 

of calcium with protein chain because of stiffening of these chains. Production of harder gels 

with addition of soluble potato starch proved the enhanced interaction between calcium ions 

and proteins (Table 1) (Ciesla et al., 2006). 

TABLE 1. STRENGTH OF THE GELS PREPARED AFTER ADDITION OF CALCIUM IONS TO SPECIFIC 

COMPOSITIONS, NON-IRRADIATED AND IRRADIATED WITH A 32 KGY DOSE 

composition 
Gel strength 

N
 

 0 kGy 32 kGy 

CC-WPI 48.0   4.7
b 

413.6  30.5
C* 

CC-WPI-PS 42.7   5.0
a 

363.6   21.2
B* 

CC-WPI-SPS 46.2   2.6
b 

475.5  26.7
D*

  

CC-WPI-Al 48.2   3.0
b 

224.3  8.4
A* 
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Means followed by different letters in each column are significantly different (p  0.05). 

Means followed by an asterisk in each row are significantly different (p  0.05). 

Coating of strawberries 

Coating formulations and irradiation showed a better preservation for strawberries coated with 

methyl cellulose (MC)-based coatings as compared to uncoated strawberries. MC-based 

coatings were efficient and showed at day 6, a level of decay of 20% for MC+ PM and 30% 

for MC+ LIM and irradiated proteins/Gly-MC+PM-based coatings as compared to 40% of 

decay for the control and 50% for the irradiated proteins/Gly-MC+LIM. In particular, 

MC+PM-based coating can be considered as the most efficient coating since it’s caused the 

percentage of decay remains lower than the control. It is possible that the presence of proteins 

in irradiated proteins/Gly-MC formulations might promotes moulds growth and increased the 

percentage of decay in strawberries during 10 days of storage. Moreover, the MC/PM 

formulation allowed a low stable decay until day 8 and showed an efficient preservation of 

strawberries during all storage. Also, irradiated proteins/Gly-MC+PM coating is the less 

efficient formulation with the highest degrees of decay from day 2 to day 8. As a result, it can 

be concluded that coatings containing PM are more efficient as preserving bioactive coatings 

with 35 and 40% of decay only at day 8 for MC+ PM and irradiated proteins/Gly-MC+PM 

respectively, as compared to the formulations containing LIM with 60% of decay (Vu et al., 

2012). 

Coating of broccoli 

This study showed that the radiosensitization of bacteria varied according to the bioactive 

coating that was applied onto broccolis. Indeed, the organic acids mixture/fruit extract coating 

was found to be the most effective coating in increasing the radiosensitivity of E. coli and 

aerobic microflora whereas the organic acids/lactic acid bacteria metabolites coating was the 

most efficient for S. Typhimurium. The organic acids mixture/spice extract coating was also 

found to be as efficient as organic acids/fruit extract coating against aerobic microflora. On 

the other hand all coatings (organic acids/lactic acid bacteria metabolites, organic acids/fruit 

extract, organic acids/fruit extract/spice mixture and organic acids/spice extract) had similar 

radiosensitizing effects (p  0.05) to L. monocytogenes but generated a lower relative 

radiosensitivity (< 1.5) as compared to other bacteria (2.39 for organic acids/fruit extract 

against E. coli and 2.40 for organic acids/lactic acid bacteria metabolites against S. 

Typhimurium) (Takala et al., 2011). 

Polycaprolactone-based films and packaging of Broccoli 

The development of active packaging should be done via the development of stable emulsion 

in order to permit a well distribution of active compounds throughout the polymer system. It 

was hypothesis also that the reduction of drop size of the antimicrobial compounds permit a 

better penetration of the active compounds inside the bacteria.  Microfluidisation is a nice 

technology to achieve this. We have developed a treatment in order to improve the stability of 

the emulsion and to reduce the size of the drop of the antimicrobial compounds via 5 passages 

of the emulsion in the system at the pressure of more than 23 000 psi. This treatment has also 

permitted the production of transparent and stabilized films. 

Methyl cellulose-based films showed a strong antimicrobial efficiency against S. 

Typhimurium with a remarkable reduction of bacterial concentration until total inhibition of 

bacteria during 12 days of storage nevertheless the formulation used. In case of L. 
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monocytogenes and E. coli, films were more efficient at short-term storage of 4 days but did 

not show any remarkable reduction of bacteria concentration after 4 days. The different 

antimicrobial effects of films against different target bacteria during storage could be due to 

the specific sensitivity of each bacterium to the mixed antimicrobial agents diffused through 

the films during storage. Moreover, film materials might be affected by relative humidity in 

package which alters the mechanism of release of volatile compounds (Takala et al., 2013). 

Chitosan based-film and microbial quality of meat 

Gamma irradiation of meat at doses (0.5 and 1.5 kGy) reduced bacterial count of meat and a 

lower level of bacteria was maintained throughout the storage compared to the control 

(without irradiation). At day 13, samples irradiated at 1.5 kGy have a reduced  psychrophilic 

bacteria count by 2.98 log (CFU/g) compared to the control. Combination of antimicrobial 

films with 1.5 kGy irradiation (Active Film (AF)+1.5 kGy) further reduced the bacterial count 

showing. The shelf life of the control was 6 days as compared to 8 and 16 days for meat 

packaged with active films and treated at 0.5 and 1.5 kGy respectively. 

Results for mesophilic bacteria demonstrated that AF and AF + 0.5 kGy were not able to 

reduce the bacterial population during storage. Irradiation dose of 1.5 kGy was however found 

to be very effective on the reduction of mesophilic bacteria. Bacterial count was beyond 

detection limit at day 1 for the control+1.5 kGy and AF+1.5 kGy formulations. Combination 

of antimicrobial films and γ-irradiation increased the shelf life of fresh pork sausages from 6 

days to the control to 14 days for samples treated with AF and 1.5 kGy. 

Lactobacillus species are also considered to be responsible for the degradation of meat 

products. A dose of 1.5 kGy with or without active films has permitted to decrease the growth 

of lactic acid bacteria. A 6 log CFU/gr was reached at day 7 in the control as compared to day 

17 for samples treated with 1.5 kGy with or without active film. T seems that only irradiation 

can be effective to reduce the level of this bacteria in food system.  

Beads application on meat 

The growth of L. monocytogenes in cooked hams coated with microencapsulated 

antimicrobials (nisin + Origanum compactum) was significantly (P ≤ 0.05) slower than the 

samples without microencapsulated antimicrobials. In control ham, the growth of L. 

monocytogenes reached 6 log after 7 days of storage at 4° C, whereas the hams coated with 

microencapsulated microencapsulated antimicrobials, showed a growth inhibition of L. 

monocytogenes during 7 days and reduced significantly the growth of the bacteria after 7 days 

of storage. The combined effect of ɤ-irradiation and microencapsulated antimicrobials showed 

a synergy between irradiation and the presence of active compounds. A dose of 1.5 kGy has 

permit a complete stabilization of the level of L. monocytogenes by more than 15 days and 

only 1 log CFU/gr increase was observed after 35 days of storage.  

Conclusion 

Gels prepared with irradiated protein solutions were stronger than the non-irradiated ones. 

This is due to the preferential binding of calcium ions to the crosslinked protein network 

containing more -strands and -sheets. Addition of sodium alginate and potato starch to 

irradiated protein solution produced weaker gels than irradiated protein solution alone due to 

weaker interaction of calcium with protein chain because of stiffening of these chains. 

Production of harder gels with addition of soluble potato starch proved the enhanced 

interaction between calcium ions and proteins.  
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Bioactive coatings containing PM are more efficient as preserving coatings than the 

formulations containing LIM. Irradiated proteins/Gly-MC+ PM formulation had only 40% of 

decay at day 8 while it was 65% of decay for the control. However, further research is 

required to improve the bioactive coating based on irradiated proteins so that it can be used 

more effective in increasing the shelf life of strawberries and other food products.  

Our results suggest that the use of bioactive MC-based coatings containing organic 

acids/lactic acid bacteria metabolites and organic acids/fruit extract mixtures could be a 

potential technology to control the microbial level of broccolis before de γ- radiation since 

they provided significant radiosensitizing effects. These formulations could be applied to 

other processed vegetables in combination with γ- radiation and offer a promising technology 

for eliminating foodborne pathogens due to its high industrial feasibility. 

Results on film packaging of broccoli showed that for psychrophilic bacteria, films containing 

antimicrobial formulation did not reduce the initial bacterial population. However, the active 

films packaging did manage to reduce the bacterial count during storage.  

The study of active chitosan based-packaging using a mixture of organic acids, fruit and spice 

extract demonstrated on sausage showed that γ-irradiation in combination with natural 

antimicrobial biopolymeric films can extend the shelf life of fresh pork sausages. Low dose γ-

irradiation (1.5 kGy) alone reduced bacterial growth and the growth was further reduced by 

the combined treatment. So, use of antimicrobial films along with γ-irradiation can be 

considered as suitable technique to improve the safety of packaged meat products.  

The combined effect of irradiation and microencapsulated antimicrobials microbeads was 

very effective in reducing L. monocytogenes in RTE hams during subsequent storage. 

Antimicrobial ingredient combinations (bacteriocins + essential oils) could be used in 

addition with irradiation dose at 1.5kGy of RTE ham to inhibit the growth of surviving 

pathogens during prolonged storage (35days) at 4° C. 
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PACKAGING 

Hassan .A. AbdEl-Rehim, El-Sayed A. Hegazy 

National Center for Radiation Research and Technology, Atomic Energy Authority, Cairo, 

Egypt 

Abstract 

One of the emerging technologies with potential to revolutionize the packaging industry is the 

use of color changing plastics. These would be packaging with the ability to alert consumers 

of a potential problem with a food product by producing a color change as a visual warning. 

In this connection, HCl doped polyaniline nano-fibers (PANF-HCl) was synthesized through 

interfacial polymerization. The prepared  polyaniline nanofibers were  blended with polymer 

like  biodegradable   polycaprolactone to obtained green color nano-composite  films. 

Mechanical and physical properties of such films were studied.  Polyaniline nanofibers 

/polycaprolactone are rapidly interact with basic  solutes or vapors associated with food decay 

likes amines , leading to a marked change in visible adsorption characteristics.  .Polyaniline in 

a protonated conductive form (green)  when exposed to basic vapor, it change to  neutral non-

conductive form (blue). Such prepared materials   could be used   as  sensors  to detect  food 

in order to give an  indication  of food spoilage spoilage. Gamma rays have no  significant  

effect on green color of polyaniline nanofibers /polycaprolactone film as well as its   

mechanical properties . This means that the prepared  sheet could be used  as  smart 

Packaging for  the food products treated with ionizing  radiation. 

Active packaging is  a materiel containing  components that are capable of scavenging 

oxygen; absorbing carbon dioxide, moisture, ethylene and/or flavour/odour taints; releasing 

carbon dioxide, ethanol, antioxidants antimicrobial  and/or other preservatives; and/or 

maintaining temperature control and/or compensating for temperature changes.  In this 

respect,  polysaccharides  chitosan  which has antimicrobial and antioxidant properties  was  

incorporated into cellulose acetate to enhance the antioxidant and antibacterial of the latter. 

The miscibility between CA and Chitosan  can be  improved    by irradiating  a  Chitosan 

solutions    at  different irradiation dose.  The obtained low  viscose  solution  chitosan was 

mixed with CA-DMF  solution,  and ultra- sonicated to obtain compatible  blends. The 

mechanical  proprieties  of obtained  CA-chitosan  are better if compared with that of CA. 

CA-chitosan showed  good antioxidant and antimicrobial activity. The antioxidant and 

antimicrobial activity  of the blends  depends on the chitosan molecular weight and its amount   

incorporated in CA films. 

Also, Trails were made to  incorporate nano  Ag   into  CA  films. Radiation is an effective 

tool to produce  nano silver from silver salt  solution .  In order  to obtain highly  dispersed 

and  stable nano silver, few amount of  stabilizing agents  like natural polymer  was added  

during the irradiation process of AgNO3  solution. The obtained nano- silver  was 

investigated and mixed with CA polymer solution. However, the color of  prepared Nano 

composite films was  change from colorless to brown , the  film transparency  is  still 

unchanged . The color intensity of the Ag-CA film  depended  on the amount of added Ag  

and the   structure of CA did  not alter  by  adding    Ag. CA-Ag  Nano composite of different 

compositions was exposed to ionizing radiation  at different irradiation doses.   ESR 

measurement  revealed that the  radicals that form during the irradiation  decay or recombined 

after short time. Mechanical properties of irradiated films was not  significantly affected by 
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radiation.  The antimicrobial activity  of  Ag-CA nano  composite  of different silver contents  

towards gram positive and gram negative  bacteria was investigated. The CA-Ag nano 

composites  showed  biological activity towards different microorganisms and the activity 

increased  as the  Ag content in the composite increased. 
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Abstract 

The paper reports the study of the properties of iPP/HOCP/clay  in dependence of preparation 

conditions. In particular two preparation procedures have been used: i)  mixing the three 

components together in the blender; ii) mixing the iPP with a masterbatch (MB) formed by 

HOCP and clay. The results indicate that depending on processing conditions nanocomposites 

with different phase structures and properties (morphological, rheological and mechanical 

properties) are obtained. 

1. Introduction 

In the field of packaging, isotactic polypropylene (iPP) films hold a prominent position 

because of their transparency, brilliance, low specific weight, chemical inertness and good 

processability. Unfortunately, iPP, like other polyolefins, is characterized by low barrier 

properties, which results in poor protection of the packaged food.(1) To  overcome these iPP 

drawbacks, films of iPP/hydrogenated oligocyclopentadiene (HOCP) were introduced some 

years ago in the packaging sector. It was found that for given conditions of preparation, the 

films presented reduced permeability to oxygen and to aroma, together with an increase of 

elastic modulus and optical properties compared to those of the pure iPP. In order to further 

improve the barrier properties of iPP/HOCP  blends for food packaging application clay 

nanoparticles  have been recently proposed by us to be added to the blend. In this work the 

study of the properties of iPP/HOCP/clay  in dependence of preparation conditions will be 

reported. In particular two preparation procedures have been used: i)  mixing the three 

components together in the blender; ii) mixing the iPP with a masterbatch (MB) formed by 

HOCP and clay. The results indicate that depending on processing conditions nanocomposites 

with different phase structures and properties (morphological, rheological and mechanical 

properties) are obtained. 

2. Experimental Part 

2.1 Materials 

Isotactic polypropylene (iPP) Moplen S30S provided by Basell, Ferrara, Italy: MFI = 1.8 

g/10min (230°C); Mw = 4.7 x 105 g/mol; Mw/Mn =5.7 

Hydrogenated oligocyclopentadiene (HOCP) resin provided by Exxon Mobil: Mw=680; 

Tg=89°C. 

Unmodified Montmorillonite (Dellite HPS), provided by Laviosa, Italy  
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2.2 Processing Conditions: 

1) Melt mixing in a Brabender-like apparatus at 200°C and 32 rpm for 10 minutes. (Table 1) 

2) Mixing the iPP with a masterbatch (HOCP/HPS 98/2 wt% ) at 200°C and 32 rpm for 10 

minutes.  

The MB were prepared in a Brabender-like apparatus at 160°C with  mixing time of 10 

minutes  and with screw speed of 50 rpm . (Table 1). 

TABLE 2. COMPOSITIONS OF THE SYSTEMS 

Sample Ipp(%wt) HOCP(%wt) HPS pph
a) 

iPP 100   

iPP/HPS 99 - 1 

iPP/HOCP/HPS 70 30 1 

iPP/HOCP 70 30 - 

iPP/MB 70 30 1 

a) 
pph part (or grams) per hundred parts (or grams) of iPP+HOCP

 

3. Results and Discussion 

3.1. X-Ray Diffractions and Morphological Analysis  

The X-Ray Diffraction patterns for all the samples  are reported in figure 1. From the figure it is 

evident  the reflection of the HPS at 2θ = 6.9° corresponding to (001) planes, for all the systems 

analyzed is evident, indicating that the HOCP does not induce intercalation of HPS.  
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FIG. 1. Wide angle X-Ray diffraction patterns.  

Conversely the TEM and ESEM micrographs (see figure 2) show  that the system 

iPP/HOCP/HPS presents big domains of HPS, whereas the system  iPP/MB  is characterized 

by shows well distributed small and large tactoids. 

 

FIG. 2. Examples of TEM and ESEM micrographs. 

3.2. Mechanical Properties 

The samples iPP/HOCP and iPP/HOCP/HPS, show a brittle behaviour with failure before 

necking, (see figure 3)  Their tensile behaviour can be interpreted by considering that the 

addition of HOCP to iPP changes the physical state of amorphous iPP from rubbery to glassy 
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phase, making the system harder. Moreover the presence of small domains (observed on the 

SEM micrograph) and attributed to HOCP phase can act as defects leading to the sample 

breakage before necking. (see figure 4). 

The sample iPP/MB exhibits a yield point followed by the necking and short cold drawing. 

The improvement of some tensile parameters respect to the samples iPP/HOCP/HPS (Table 2) 

could be attributed to a more homogenous matrix as observed on fractured surface (SEM 

micrographs). 

TABLE 3. TENSILE PROPERTIES 

 

 

FIG. 3. Stress strain curves. 
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FIG. 4. SEM micrographs of iPP/HOCP/HPS (left) and micrograph of iPP/MB (right). 

4. Conclusions 

The results indicate that depending on processing conditions nanocomposites with different 

phase structures and properties (morphological and  mechanical) are obtained. In particular 

for the system iPP/MB a better compatibility between the two phases improving  the tensile 

properties is obtained.   
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Annex 1 

1. Presentation of the groups involved 

1.1. Italian National Research Council  (CNR) –Institute of Chemistry and Technology of 

Polymers (ICTP)- Italy. 

The Italian National Research Council (CNR) is the largest public research institution 

in Italy. Its mission is to perform research in its own Institutes, to promote innovation and 

competitiveness of the national industrial system, to promote the internationalization of the 

national research system, to provide technologies and solutions to emerging public and 

private needs, and to contribute to the qualification of human resources. CNR is composed by 

more then 100 Institutions spread out through Italy with about 8000 employees. 

The Institute of Chemistry and Technology of Polymers (ICTP) of the National Research 

Council is established in Pozzuoli (Naples) and has a section located in Catania. The 

permanent staff of ICTP is composed of 32 researchers and 33 technicians/administrative. 

Moreover, the Institute hosts numerous students and post-doctors. The ICTP research 

activities are focused on : 1. Correlation among molecular characteristic, morphology and 

structure and physical mechanical properties of polymer based systems (homopolymers, 

copolymers, polymer blends, nanocomposites); 2. Determination and control of physical, 

structural and technological factors devoted to design and realize innovative ecosustainable 

polymer systems for application in the area of packaging, membranes, fire resistant textiles 

and biomaterials. 

The Institute is recognized by the international science community for its numerous prime 

contributions. The high number of collaborations with international and national research 

groups as well as the affective networking in the framework of many National and 

International funded projects qualifies the ICTP as a powerful coordinator and partner at the 

forefront of international science. ICTP possesses adequate skills and capability in workshops 

and meetings organisation, in the management of technology transfer of advanced academic 

know-how to the industrial environment, in the training of young researchers, in the diffusion 

of scientific culture and results to the wide public. 

The ICTP is fully equipped for studying the structure-properties-processing relationship of 

polymer based materials: The following infrastructures/expertises are available: For structural 

and morphological analysis: WAXD, SAXS, FEG-ESEM ,TEM, AFM, OM, NMR FTIR. 

Raman spectrometer/Confocal Raman microscope; For processing and sample preparation: 

Twin screw extruders + microcompounder; Blow extrusion line; Micro-injection moulding; 

Hot platen presses; Torque rheometer Plastograph®; For thermal, thermal mechanical, 

mechanical and permeability analisis; DSC, MDSC, TG/DTA, DMA, Instron dinamometers:- 

Charpy pendulum for impact tests; Permeabiliter for gas and water transmission measures. 

1.1.1. Key personnel 

Dr. Clara Silvestre, Senior research at ICTP. Expert in the structure-properties relationship of 

polymer based systems. Over 130 Papers published. 10 Monographs on science and 

technology of polymer based material, 3 Patents.; Dr. Sossio Cimmino, Director of research at 

ICTP, 115 papers published, 3 Patents. Expert in processing and mechanical properties of 

polymer based materials for application in the food packaging; Dr. Donatella Duraccio, 
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researcher at ICTP, expert in morphological and structural characterization of 

nanocomposites. Authors of tens of papers. 

The group participates as coordinator/responsible in national and International Research 

Projects funded by EU. The most relevant to this proposal are Napolynet(FP7), 

WomenInNano(FP6); COST ACTION FA0904 (Ecosustainable Polymer Nanomaterials for 

Food Packaging") www.cost0904.eu. Bilateral Italy/ Bulgaria, Italy/France, Italy/Romenia, 

Italy/Quebec (submitted) joint projects dealing on food packaging based on nanotechnology.  

1.2. The Department of Physics and Astronomy is part of the Faculty of Sciences of Ghent 

University. 

The research staff consists of about 20 tenured academic staff, 5 visiting professors, 100 

scientists and 30 PhD students. The Department is involved in the Large Hadron Collider, the 

largest and most energetic particle accelerator ever built, operational at the CERN laboratories 

in Switzerland. The Department also hosts the Centre for X-ray Tomography which is 

managed by the Radiation Physics Group 

The department is equipped with High Performing Computing facility: supercomputers and 

computer clusters essential to solve complex and advanced problems as the simulation of 

radiation effects on different nanomaterials for food packaging. X-ray micro/nanotomography 

technique and its applications in a scientific context 

1.2.1. Key personnel 

Dr. Anna Cimmino, PhD – Scientific Staff. Expertise in data analysis and processing, 

interaction matterradiation. Participated two COST Actions (FA0904 and MP0701 projects) 

on the applications of polymer nanotechnologies used in radiation hard environments for food 

packaging; Dr. Roberto Versaci visiting scientist expert in Monte Carlo radiation transport 

code and data analysis and processing. 

1.3. Istituto zooprofilattico sperimentale della Puglia e Basilicata IZS  

The food irradiation Group of the National Reference Center for the Detection of 

Radioactivity in Veterinary and Husbandry at the Istituto Zooprofilattico Sperimentale della 

Puglia e della Basilicata is carrying out several research activities on the development and set 

up of innovative analytical methods to detect irradiated foods andrelated packaging.  

The Group has equipment for food safety research and radiation processing: X-ray irradiator, 

electron spin resonance spectrometer,thermoluminescence and photostimulated luminescence 

reader, HPLC-MS, GC-MS, High resolution GC-MS and ICP-MS, liquid scintillation 

counters, gamma spectrometers. 

The group has actively participated in more than 15 national Research Projects funded by 

Italian Ministry of Health and the Ministry of Higher Education. It has also been involved as 

coordinator in national research program on food science platforms. The group is currently 

involved in 4 National Research Project focused on: food irradiation detection, radiation 

processing of food and food packaging, radiolytic product detection and risk assessment 
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1.3.1 Key personnel 

A.E. Chiaravalle – Senior Researcher at IZS. Expert in method validation, chromatography 

techniques, food toxicology, residue detection in food, radioactivity detection. He has 

published more than 50 papers and has supervised more than 10 master thesis on food safety 

and quality. He is chief of National Reference Centerfor the detection of radioactivity and has 

been involved in the development of analytical methods for the detection of irradiated foods 

using several chemical and physical methods; Dr. M. Mangiacotti is qualified expert on 

radioprotection and is attending the PhD on food irradiation detection. Expert on radiation 

dosimetry and radiation processing. He has published more than 40 papers and has supervised 

2 master thesis. 
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Annex 2 

2.1  Scenario   

Recent reports by FAO (2009, 2011) state that food availability, abundance, and safety are 

under threat and that by 2050 global production of safe and nutritious food must increase by 

70% to feed the growing world population. Efforts are being made to increase food 

productivity, however, improving yield is only one aspect of increasing food supply. It is 

equally important to conserve and protect what is produced. A huge amount of food (about 30 

to 40 % of the total) is lost between the stages of production and consumption, with 

catastrophic results  also on our environment. The food poisoning outbreaks cause immense 

economic burden due to food recalls and medical treatment costs. Food industry is searching 

for new solutions to solve these problems. 

The challenge is now to synergistically exploit the improvements in the packaging 

performance due to nanotechnology with the drastic reduction of microbial contamination 

onfood following irradiation procedures, to ensure food safety and quality, reduce post 

harvest losses, facilitate international trade, and provide sufficient food for everyone in a 

sustainable and environmentally responsible manner. 

2. 2 Current status of the field 

2.2.1. The role of Eco-sustainable food packaging for safe food conservation 

Nanotechnology  to contribute to Delivering Good Quality & Safe Food to Everyone  

The importance of food packaging based on polymer   in the  actual global market can be 

clearly demonstrated by the following numbers:  

  Food packaging  market: 440 billion $   

  Food industry uses 65% of all packaging placed on the market40% of total packaging is 

made of plastic 

  High growth rate of the market of plastic packaging: 7% 

These numbers also explain why many of the world's largest food packaging companies are 

actively exploring the potential of nanotechnology (defined as the Interdisciplinary Area of 

Research & Industrial Activity  Involving Devices with Dimensions  in the Nanoscale)  in 

order to obtain new food packaging materials with improved performance, longer Shelf-life 

together with  increased Sustainability:  

Nanothecnology is now considered as the next great frontier of material science in food 

packaging: can in fact  implements all the  packaging functions (Containment, Protection/ and 

preservation and Marketing and communication  and increases sustainability Using Less 

Resources and Producing Less Waste 

2.2.2.  Radiation technology applied to food  

The radiation methodology has been endorsed as safe for foods and health by the World 

Health Organisation, that found that irradiation posed no risk to human health . In Europe, in 

2011 EFSA experts conclude that there are no microbiological risks for the consumer linked 

to the use of food irradiation. Although the radiation technology kills up to 99% of pathogens 

it has a confusing thicket of legislation and restrictions. In the EU, food and food ingredients 

authorised for irradiation are listed by Directive 1993/3/EC. So far, this list contains only a 
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single food category: dried aromatic herbs, spices and vegetable seasonings. Member States 

can authorise at national levels the irradiation of foods and food ingredients which have 

received favourable opinion from the Scientific Committee on Food in 1986, 1992, 1998 such 

as fruits, vegetables, cereals, fish and shellfish, fresh meats, poultry. Ionizing radiation for the 

treatment of food can be achieved using electron beams, gamma rays (with Cobalt-60 or 

Cesium-137 radioisotope), or X-rays. 

2.2.3 Progress beyond the current status: Packaging nanomaterials suitable for radiation 

processing of pre-packaged foods 

Packaging is an integral part of the modern food supply chain. The use of nanotechnology can 

improve all packaging functions also increasing sustainability. Incorporating a few percent of 

commercial nanoparticles in a polymeric matrix can lead to several improvements like a 

decrease in the package permeability to gas and aroma, and an extended shelf life for the 

food. The role of irradiation on the properties of these materials, as well as the effect of 

irradiation on their components in contact with food in terms of food safety, need to be 

evaluated to obtain regulatory approval and allow their commercial use. Present day food 

processors prefer food be prepackaged in the final packaging form. This means that the 

packaging materials are being exposed to the same irradiation source as the food itself. 

Ionizing radiation can induce two competing reactions, cross-linking (polymerization) and 

chain scission (degradation). Radiation-induced degradation is likely to occur with the 

formation of radiolytic product, that they could migrate into food and affect the odor, taste, or 

safety of the irradiated food. To evaluate the fate of the components of irradiated new 

packaging materials in comparison to non-irradiated materials, one can develop an 

appropriate testing protocol that might involve an irradiation experiment designed to simulate 

the actual application conditions for determining the effects of irradiation on the packaging 

materials. After irradiation, thet materials can be analyzed for radiolytic products or other 

migrants.  

Successful technical development of nanomaterials for food packaging suitable for irradiation 

has to overcome several multidisciplinary barriers (science and technology, trained 

workforce, technology transfer as well as safety regulation/standardisation consumer 

concerns/acceptance) in order for commercial products to benefit from the global market 

potential. The expertise of the  participants and their groups completely cover all the issues 

related to packaging nanomaterials, food, and radiations. Moreover their interactions with 

specialists of regulatory control agencies (IAEA, EFSA) as well as of science communication, 

will insure that the issues for selecting/recommending packaging nanomaterials for radiation 

processing of pre-packaged foods will be treated with a completely ethic approach. 

2.2.4 Main objective  

The proposal is focused on the assessment of the effects of ionizing radiations on emerging 

food packaging materials based on nanomaterials for their use in pre-packaged foods intended 

for radiation processing. 
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Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia 

TEL: +603-89112000           FAKS: +603-8911 2175 

http://www.nuclearmalaysia.gov.my 

1. Introduction 

Radiation processing in Malaysia literally starts when the first electron beam accelerator was 

installed at Nuclear Malaysia, then Malaysian Institute of Nuclear Technology (MINT) in 

August 1991. Two accelerators, NHV EPS-3000 (3MeV, 90kW) and Curetron 200KeV 

Cockcroft-Walton were installed under collaborative research assistance with JICA of Japan. 

In the beginning, between 1991 and 1994 the accelerators were primarily used to support 

R&D on medical product sterilization project (medical glove) radiation curing of surface 

coating and some activities on radiation modification of polymers. Subsequently, the facility 

was been upgraded with additional machineries to show case radiation technology has a 

commercial potential on product such heat-shrink products, wire and cable crosslinking, 

treatment of flue gas. These include handling system for e-beam commercial irradiation 

services for product such as wire and cables, tubes and hydrogel. 

Radiation Processing Division at Nuclear Malaysia has specifically been established in 1990 

to lead the research activities on radiation processing with more emphasis on EB irradiation 

and to certain extends also gamma irradiation. Nuclear Malaysia has seen many successful 

outcome from this R&D work. On this success note Nuclear Malaysia has been twice 

designated as IAEA Collaboration Centre (ICC). The first one with respect to radiation 

processing of natural polymer that is from 2006 to 2009 and the latest on radiation processing 

of natural polymer and nano-materials, from 31 October 2010 for a period of 4 years. 

Most of the R&D work at Nuclear Malaysia focused on;  

 Radiation modification of natural polymers for industrial, environmental, agriculture 

and automotive applications 

 Development of nano-particles or nano-gel by irradiation processing of natural 

polymer for healthcare and industry applications. 

Table 1 summarized these R&D activities at Nuclear Malaysia with emphasis on natural 

polymer and nano-material and using electron beam irradiation for polymer modification.  

1.1. Research, Development and Commercialization (RDC) Activities 

Many of these R&D have come to a successful completion and some of it being 

commercialized by local industries. Notably, the radiation modification of sago hydrogel for 

cosmetic product Nuclear Malaysia (Fig.1). Other include radiation compatible compound for 

production of radiation crosslinked wire and cable (heat and flame retardant type cable) as 

shown in Fig. 2. 
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FIG. 1. Radiation modified sago hydrogel for cosmetic product (commercial). 

 

 

FIG. 2. EB cross-linked cable: PVC cables (thin) for harness applications, high performance spark 

plug cable, high performance truck coil cable and jumper cables, clockwise. 
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TABLE 1. SUMMARY OF R&D ACTIVITIES AT NUCLEAR MALAYSIA ON NATURAL POLYMER 

AND NANO-MATERIAL USING ELECTRON BEAM IRRADIATION 

No. R&D activities at Nuclear Malaysia on natural polymer and nano-material and using electron 

beam irradiation 

1 Development of Nano Particles of Epoxidized RBD Palm Olein Acrylate (EPOLA) As Drug 

Carrier In Delivery System Using Ionizing Radiation Technique 

2 Application of Radiation in the Development of Microwave Absorbing Ferrite-TPNR 

Nanocomposite 

3 Development of electrospun polymer nanofibers based natural rubber (NR) using 

electrospinning technique 

4 Application of Nano-hybrid Biocomposite for Development of Intergrated Aquacultural Cage 

ViaRadiation Induced Process 

5 Development of Polyvinyl Chloride / Epoxidized Natural Rubber /Carbon Nanotubes 

Nanocomposites by using Electron Beam Irradiation 

6 Development of Radiation Curable Nanocomposites for Clear Coatings 

7 Development of Boron-Selective Adsorbent using Radiation 

Induced Grafting Technique  

8 Radiation Modified Polymeric Material for Active Packaging 

 Applications 

9 Development of starch and cellulose waste as superwater absorbent for the treatment of 

palm oil mill effluent (POME) 

10 Treatment of Textiles Industrial Wastewater by Electron Beam: Effect of Decoloration on 

Biodegradability. 

11 Development of Hyperbranched Curable Resin from Palm Oil 

12 Development of graft copolymer as metal ion adsorbent from wastewater 

13 Radiation effects on the thermo mechanical, electrical and magnetic properties of copper 

filler reinforced nylon 66 nanocomposites for electromagnetic interference (EMI) shielding 

application. 

14 UV Spot OPV based on Acrylated Palm Oil Resin (EPOLA) 

15 Improving the Compatibility of Ethylene Vinyl Acetate, EVA / waste tire dust, WTD blend. 

(FRGS fund) 

1.2. Radiation Degradation of Chitosan 

Extensive R&D has been conducted at Nuclear Malaysia to modify of chitosan into 

oligochitosan thorough radiation degradation process. The protocol of how to produce 

oligochitosan through continuously flow gamma irradiation has been established. This is 
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however could not be achieved using electron beam process due un-available handling 

equipment and inherent low beta energy penetration. 

Field test and procedure of oligochitosan application on rice has been established in 

collaboration with Federal Land Consolidation and Rehabilitation Authority (FELCRA). The 

product has been put to market test through commercialization arrangement with the local 

company. The company has made a successful trial as plant promoter as well as anti-fungal 

on agarwood plant.  

 

FIG. 3. Commercial Oligochitosan developed by Nuclear Malaysia. 

 

 

FIG. 4. Rice seedling transplanting field trial of Oligochitosan. 
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1.3. Radiation Modification of Chitosan Derivative for Wound Dressing. 

There is an ongoing development at pilot production scale on the development wound 

management products from water-soluble chitosan derivatives for pre-clinical, clinical. The 

project is being undertaken in collaboration between Nuclear Malaysia with SIRIM Bhd and 

University Sains Malaysia and under funded by technofund MOSTI. The product is now 

under clinical trial at local Hospital UKM. HUSM and HKL. 

 

FIG. 5. Chitosan Hydrogel. 

2. Radiation Processing Of Polymer For Value Addition To Food 

Recent development on radiation modification of polymeric material also looks into the 

perceptive of value addition in food industry in particular the packaging material. Most of the 

raw materials used in film packaging product are derived from petroleum based material 

(plastic). Amongst them are polypropylene (PP), polyethylene (PE) and nylon which are not 

environmental friendly. These petroleum based products do not degrade biologically and are 

mostly disposed off as garbage in landfill disposal areas. Incineration of these materials poses 

other environmental and health related issues as a result of the release of flue gases (NOx and 

SOx) as well as dioxin, the by-products from the process.  

Some of these materials are treated and recycled, however, the remaining plastic waste remain 

and contaminates the environment and affect the ecology equilibrium and ultimately our well 

being and livelihood. Interest in biodegradable packaging has increased significantly in recent 

years due to many factors, including rapidly diminishing landfill space, concern over future 

oil prices for the manufacture of synthetic plastic packaging, public awareness of 

environmental issues, damage to marine life due to discarded plastics and the development of 

new technologies for alternative degradable packaging materials.   

Natural polysaccharides are among the most promising materials for the production of 

biodegradable packaging material such as films. One of them is sago starch, which is 

abundant in Malaysia. Carrageenan, like sago starch is totally biodegradable in a wide variety 

of environments and could assist in developing totally degradable materials to meet niche 

market demands for biodegradable plastics.  Product derived from sago starch and 

carrageenan can be disposed off in the environment as eco-friendly product and help reduce 

Hydrogel Sheet  

Hydrogel Paste 



 

69 

the dependency on fossil material such as petroleum. The following photos show some the 

prototype product produced from 'Biofilm', a patented process of radiation modified sago 

starch developed by Nuclear Malaysia. 

 

FIG. 6. Photos of product prototypes developed from 'Biofilm' sago starch, a patented process. 

 



 

70 

 

FIG. 7. Potential biodegradable packaging material developed at Nuclear Malaysia from 'Biofilm' 

(radiation modified sago starch), Food flavor, Detergent Sachet and Chocolate Trays 

2.1. Radiation Modified Polymer for Active Packaging Application 

Increase in consumer demand for ready prepared foods, globalization & changes in retail & 

distribution practices, higher health & safety requirements, need for shelf-life extension, cost 

efficiency, environmental (reduction, recycling, biodegradable, requirement of less 

additives/preservatives are among the driving forces in packaging innovations 

Active Packaging is an innovative concept that can be defined as a mode of packaging in 

which the package, the product, and the environment interact to prolong shelf life or enhance 

safety or sensory properties, while maintaining the quality of the product.  

Active packaging includes those that involve oxygen scavenging, moisture absorption and 

control, carbon dioxide and ethanol generation, and antimicrobial (AM) migrating and non-

migrating systems. Of these active packaging systems, the AM version is of great importance 

if food industry. 

Antimicrobial food packaging materials extend the lag phase and reduce the growth rate of 

microorganisms in order to extend shelf life and to maintain product quality and safety. 

Antimicrobial packaging systems combined with low-dose irradiation is expected to play an 

important role in ensuring safety by controlling post-processing contamination in pre-

packaged foods.  
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Antimicrobial packaging can take several forms including:  

1) Addition of sachets pads containing volatile antimicrobial agents into packages. 

2) Incorporation of volatile and non-volatile antimicrobial agents directly into 

polymers. 

3) Coating or adsorbing antimicrobials onto polymer surfaces. 

4) Immobilization of antimicrobials to polymers by ion or covalent linkages. 

5) Use of polymers that are inherently antimicrobial. 

Electron beam accelerator is becoming noticeable as a method to improve barrier properties in 

flexible packaging. It produces energy which is composed of a narrow stream of electrons in 

wave form. This energy is created from the acceleration and conversion of electricity. When a 

material is irradiated with electron beam, the material absorbs the energy and alters chemical 

bonds, which leads to modification of the material. Electron beam crosslinking and grafting 

works well with heat sensitive film materials because it is a very low heat. This technique is 

also reported to be very effective in enhancing flexible package’s barrier property.  

A novel non-migrate antimicrobial coating active film is proposed to be develop using 

electron beam irradiation. Antimicrobial agent such as potassium sorbate, organic acids 

(sorbic, propionic, benzoic, acetic, lactic) malic anhydrides and few others will be evaluated 

for the grafting onto commercial polyethylene (PE) film, normally used in packaging of 

bakery and pastries products.  

The organic acids such as sorbic acid and its mineral salts are antimicrobial agents often used 

as preservatives in food and drinks to prevent the growth of mold, yeast and fungi. The sorbic 

acid, or 2, 4-hexadienoic acid, is a natural organic compound used with the chemical formula 

C6H8O2. This acid is among the preservative listed in Malaysian Association of Standards 

User and it is safe to be used in Malaysia. 

Nuclear Malaysia is proposing a project to evaluates the potential of PE film grafted with AM 

as active packaging film. Grafting of AM onto PE film surface can be achieve using electron 

beam irradiation. The effects of electron beam radiation in the range of 10-150 kGy on the 

grafting properties of polyethylene (LDPE/LLDPE) will be studied. Potassium sorbate, sorbic 

acid and few other AM will be used and their optimum concentration will be evaluated. 

Radiation grafting can be achieved either through transfer or simultaneous methods. These 

methods will be elucidate and compare their effectiveness of grafting AM onto PE films.  

The grafted PE-AM film developed will be characterized and compare their properties 

differences with the commercial films. This self-sterile film, will then be used to cover food 

(bread or pastries) to study the effectiveness of the antimicrobial to prolong shelf life of the 

product as a packaging film. All samples will be stored for 7 and 14 days at room 

temperature. Measurement of the microbial activity will be carried to evaluate effectiveness of 

film as active packaging. 

Antimicrobial packaging film is proposed to be develop with a view that; 

1) The film will extend food shelf life (food price projected to increase by 20% in 

2014) and thus reduce food wastage as a result of spoilage due to bad packaging 

material. 

2) To reduce usage of preservative in food and create awareness on food safety 

3) The project will nurture active packaging expert for the industry in Malaysia 
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4) The project will provide alternative to chemical grafting process in the 

development of  active packaging 

5) The project will promote radiation processing into flexible film industry in 

Malaysia. 

2.1.1. Scope of the Project 

1) Evaluate effect of EB irradiation in the range of 10-100kGy on grafting of AM on 

LDPE.  

2) Grafting Method: Post-Irradiation & Pre-Irradiation Grafting 

3) Characterization of AM-PE grafted film (FTIR, XPS, SEM, AFM and Tensile). 

4) Trial of antimicrobial grafted polyethylene developed, i.e. to wrap food (bread or 

pastries) & evaluate  effectiveness of the antimicrobial inhibiting mould  growth.  

2.1.2 Project Objectives: 

1) To undertake a study to produce bioactive packaging film by means of radiation 

grafting of  food additive with antimicrobial (AM) properties onto  PE film 

2) To establish grafting methods and its optimum parameters  

3) To establish optimum electron beam irradiation parameters for effective grafting 

of AM. 

4) To characterize the film properties (mechanical, chemical, structural, thermal and 

barrier properties) and its capability for packaging purposes. 

5) To study the effectiveness of the antimicrobial coating and measure the microbial 

activity using bakery product such as bread. 

2.1.3 Detailed Work Plan  

1) To evaluate several food additive with antimicrobial properties that can be grafted 

on PE film  

2) To evaluate suitable grafting method for grafting of antimicrobial onto PE film: 

Post-Irradiation & Pre-Irradiation Grafting 

3) To optimize  grafting parameters (concentration, time and reaction temperature) 

4) Evaluate effect of EB irradiation in the range of 10-100kGy on grafting of AM on 

LDPE and establish optimum irradiation parameters  

5) Characterization of AM-PE grafted film (FTIR, XPS, SEM, AFM and Tensile). 

6) Trial of antimicrobial grafted polyethylene developed, i.e. to wrap food (bread or 

pastries) & evaluate effectiveness of the antimicrobial inhibiting mould  growth. 

2.1.4 Methodology 

It is plan that radiation grafting of AM onto PE film will be evaluated either through transfer 

or simultaneous methods. These methods will be elucidate and compare their effectiveness of 

grafting AM onto PE films especially with regard to degree of grafting. 
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2.1.4.1. Alternative Grafting Method 

An  alternative grafting method as below will also be tried should the grafting method above 

does not result in grafting of AM onto PE film. This is due to fact that sorbic acid is a organic 

acid and not a monomer and thus not reactive and grafting may not be easy. 
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2.1.5 Characterization Work 

The following characterization approach will be carried out in the proposed project. 
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Research Activity Project  Timeline 

2013 2014 2015 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 

Procurement of materials and equipment 
 

                         

Grafting of active material 
(additive) onto PE Film 
 

                         

Characterisation of grafted film 
                         

Optimization of grafting process 
(irradiation dose, concentration and type of AM) 
 

    
 

                    

Trial evaluation of PE film on food and effectiveness of AM 
 

                         

Preparation of large graft PE film for trial evaluation on food and 
effectiveness of AM 
 

           
 

             

Characterisation of film physical properties and 
comparison with commercial film 
 

               
 

         

Evaluation of commercial potential of 
active packaging material 
 

                         

Project report 
                         

Project Completion 
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3. Preliminary Results 

Fig. 8 below shows the effect of irradiation dose (kGy) on the degree of grafting (%). Grafting 

of sorbic acid/potassium sorbate onto LDPE film was done using a pre-irradiation method 

with doses of 10, 20, 40, 60, 80, 100 kGy. As shown, the degree of grafting observed is low if 

compared increased as the irradiation dose increased, in the range of 1.02% to 1.67%, when 

the irradiation dose is at 60 kGy. This result proves that the higher the irradiation dose, the 

higher the radical activation on the surface of the film which contributes to the increase of 

grafting reactivity. However, the value decreased with dose higher than 60 kGy, maybe due to 

graft chain degradation or structural damage caused by radiation in the copolymer matrix. 

 

FIG. 8. Graph of Effect of Irradiation Dose on Degree of Grafting. 

The relationship between degree of grafting (%) against antimicrobial additive (AM), sorbic 

acid/potassium sorbate concentration is reflected in Fig. 9. With just 10% AM concentration 

used the degree of grafting value is rather low. However, as the AM concentration increases 

to 20% and 30%, the Fig. 9 shows an increasing trend in the degree of grafting, with the 

highest degree of grafting of 1.65% at irradiation dose of 60 kGy for 30% AM concentration. 

However, the degree of grafting decreases with dose higher than 60 kGy, which support the 

earlier result in Fig.8. This is because depletion in AM concentration in the grafting layers and 

therefore the degree of grafting decreases. 
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FIG. 9. The Effect of AM Concentration on Degree of Grafting. 

Fig. 10 display the FTIP spectra obtain using glazing FTIR method on virgin PE film against 

grafted film. The spectra of grafted PE film clearly indicate that there indeed grafting of 

sorbic acid onto the film. There is no peaks due to carbon double bonds observed, and 

therefore, most probably grafting took place from the double bonds of sorbic acid. Since this  

grafting is not a chain reaction, it is therefore presume that there will not be a big increase in 

weight of the grafted material as observed inFig. 8. This is an initial assessments to confirm 

that grafting do occur. Further evaluation will be carried to confirm the observation.  It is also 

hope that subsequent XPS analysis on the sample can provide conclusive evident of grafted 

AM onto polymer films. 
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FIG. 10. Grazing angle FTIR spectra. 

Preliminary morphology evaluation was also carried out using SEM to verify the grafting. As 

Fig. 11 indicates, there seems to be a layer of graft of grafted PE as compared to virgin PE. 

This further confirms what was observed from FTIR analysis. 
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FIG. 11. Cross-sectional scanning electron micrographs of (A) virgin and (B) grafted LDPE film. 

4. Conclusions 

It is therefore can be conclude that; 

1. There is a higher possibility of grafting sorbic acid onto LDPE film by the pre-

irradiation  method. 

2. 60kGy irradiation dose, 30% monomer concentration & 80’C reaction  

temperature seems to be an optimum conditions. 

3. As this is just a preliminary, lots of parameters need to be evaluated before any 

conclusion can be made. 

4. Nonetheless, AM sorbic acid based films may have potential to be used  for 

packaging especially pastry & bakery  products and may have potential to  be 

commercial. 
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Abstract 

The Philippine Nuclear Research Institute is currently undertaking studies on the 

“Development of Safe, Quality and Shelf-Stable Filipino Ethnic Foods for Immuno-

compromised Patients and Calamity Victims”. Under this project, irradiated ethnic food 

“adobo” has been prepacked in commercial plastic and laminated films.  Microbiological 

testing indicated that the total aerobic plate counts (colony forming units/g) in the laminated 

films showed lower counts than those packed in plastic films.  The growth of molds and yeast 

in the cooked meat packed in laminated films for both treated and non-treated samples have 

considerable reduction in counts. Sensory evaluation of the irradiated and non-irradiated 

cooked meat packaged in both films did not vary significantly. Likewise, migration test using 

the Japan External Trade Organization (JETRO) standards for food packaging indicated 

increase in the values of migration with irradiation.  However, the values were quite neglible 

which did not exceed the maximum standard limit. This current CRP on the “Development 

and Characterization of Packaging Materials for Irradiated Food Products” would 

complement the study on irradiated shelf-stable food by investigating on the packaging 

materials used for the irradiated food. It aims to develop and screen locally available 

commercial packaging materials that would be safe for use for irradiated foods for immuno-

compromised patients. Details of the Work Plan is discussed in this paper.  

1. Introduction  

Irradiation is a non-thermal process utilized to achieve the preservation of food.  Many studies 

have shown that bacterial pathogens in food products are inactivated by irradiation. Currently, 

food processors prefer that food be pre-packaged in the final package form before treatment to 

prevent recontamination and to facilitate easy shipment to market after irradiation. Packaging 

that comes in contact with the food materials play an important role in the storage quality of 

food products. The use of packaging materials for irradiated food is  subject to pre-market 

safety evaluation. Components of packaging materials that have been irradiated may migrate 

to food as a result of irradiation at different levels in comparison with the non-irradiated. 

Irradiation can cause changes to the packaging materials that might affect its integrity and 

functionality as a barrier e.g. to chemical or microbial contamination.  Once irradiated, it can 

be prone to microbial contamination if the food is not properly packed.  Hence, the type of 

packaging materials required for a particular food is influence by the desired objective of the 

radiation treatment.  The packaging materials must also satisfy additional requirements such 

as resistance to radiation to prevent breakage, change in sensory properties, entrance of 

microorganisms or insects and migration of toxic substance from the packaging materials to 

food that might harm the public consumers.   

Early studies on the effects of ionizing radiation on various packaging polymers are 

undertaken on fairly high dose levels (Paquette, 2004; Stoppers and co-workers, 2005).  

Irradiated meat are found to contain substantial amount with different types of volatile 

compounds (Ahn, 2001). Recent studies focused on the effects of irradiation on phenol 
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antioxidants in packaging polymers (Dischene, 2004 and Jeon, 2007).  Goulas et al (2004) 

extensively studied the effects of both gamma and e-beam radiation, at doses of 4-50 kGy on 

migration of plasticizers. 

Food irradiation activities in the Philippines started 35 years ago with the main thrust of 

accelerating commercial application of the technology.  Research and development studies 

undertaken by the Philippine Nuclear Research Institute (PNRI) for more than three decades 

have indicated reduction in microbial contamination for frozen prawns and fishery products 

and for insect infestation in grains, bulbs and fruits and for delaying of ripening of fruits.  The 

PNRI is also currently participating in a CRP on “The Development of Irradiated Foods for 

Immuno-Compromised Patients and other Potential Target Groups” with its specific project 

entitled “Development of Safe, Quality and Shelf-Stable Filipino Ethnic Foods for Immuno-

compromised Patients and Calamity Victims”. This research is aimed towards developing 

radiation processed ready-to-eat foods for immuno-compromised patients and shelf-stable 

foods for calamity victims. While the main interest of this research is to evaluate the 

microbiological, sensory and nutritional contents of the products after irradiation, this current 

study would complement on-going research on irradiated shelf-stable food by investigating on 

the packaging materials used for the irradiated food. 

2. Methodology 

Cooked adobo (pork and chicken) meat were prepared, packed in plastic and laminated 

pouches and irradiated at doses of 0, 2, 4, 6, 8 and 10 kGy using the the PNRI Multi-purpose 

C0-60 Gamma Irradiation Facility with source strength of 180 kCi.  Microbiological, physico-

chemical and sensory evaluations were conducted to assess the effect of packaging materials 

in contact with cooked adobo.  The sensory parameters used were color, juiciness, odor, taste 

and tenderness of the cooked adobo meat.  Migration test of the irradiated and non-irradiated 

packaging materials in contact with food (simulated) was also tested using the Japan External 

Trade Organization (JETRO) Standards for food packaging. 

3. Results and Discussion 

3.1 Microbiological analysis  

A comparison on the effects of two types of packaging materials; plastic and laminated films 

on the microbial growth of the irradiated and non-irradiated cooked adobo would indicate that 

the total aerobic plate counts (colony forming units/g) in the laminated films showed lower 

counts than those packed in plastic films.  The growth of molds and yeast in the cooked meat 

packed in laminated films for both treated and non-treated samples have considerable 

reduction in counts. A reduction from 2 to 3 log cycles in the total microbial counts at a dose 

of 6 kGy was obtained.  

3.2. Sensory Evaluation 

The sensory qualities of the irradiated and non-irradiated cooked meat packaged in plastic and 

laminated films are shown in Table 1.  There was no significant difference in the organoleptic 

qualities of irradiated and non-irradiated in the overall qualities of cooked meat as judged by 

the 10 consumer panelists.  However, the panelists noted slight reduction in the texture and 

juiciness of the quality of meat as seen in the plastic packaging materials at a dose of 10 kGy.  

Higher ratings in the texture of irradiated doses up to 10 kGy were obtained in the laminated 

pouches. Taking into account the differences in the mean scores of two types of packaging, 

the laminated films scored higher than the plastic film.  This translates to a better quality of 
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cooked adobo in a laminated film packaging.  It would be safe to say that the  type plastic and 

laminated films used in this experiment did not give unacceptable change in the composition 

of food or deterioration in the organoleptic characteristics such as color, smell,  taste and color 

of the irradiated cooked adobo. 

TABLE 1. EFFECT OF PACKAGING MATERIALS (PLASTIC AND LAMINATED FILMS) ON THE 

SENSORY QUALITIES OF    IRRADIATED AND NON-IRRADIATED COOKED MEAT. 

              

  Sensory Parameters 

Type of Packaging Doses (kGy) Texture Juiciness Flavor Odor Color  

a.) Plastic film Control 4.63
a
 4.50

a
 5.13

a
 5.63

a
 5.75 

  2 kGy 4.50
a
 4.63

a
 5.00

a
 5.63

a
 5.88

a
 

  4 kGy 4.50
a
 4.50

a
 4.75

a
 5.50

a
 5.63

a
 

  6 kGy 4.00
a
 3.63

a
 4.88a 5.50

a
 5.50

a
 

  8 kGy 4.25
a
 4.75

a
 4.63

a
 5.88

a
 5.38

a
 

  10 kGy 3.75
a
 3.88

a
 4.38

a
 4.38

a
 5.13

a
 

            

b.) Laminated film Control 5.09
a
 5.09

a
 4.46

a
 5.82

a
 5.64

a
 

  2 kGy 4.73
a
 4.36

a
 3.82

a
 5.09

a
 5.18

a
 

  4 kGy 4.46
a
 4.36

a
 3.82

a
 5.46

a
 5.36

a
 

  6 kGy 4.64
a
 4.46

a
 4.09

a
 5.46

a
 5.18

a
 

  8 kGy 5.00
a
 5.00

a
 4.36

a
 5.28

a
 5.82

a
 

  10 kGy 5.27
a
 5.00

a
 4.46

a
 5.28

a
 5.82

a
 

Note: same letters within the column are not significantly different (P<0.05). Ratings were 

graded as: 7-like extremely,6-like moderately,5-like slightly,4-neither like nor dislike 3-dislike 

slightly,2-dislike moderately, 1-dislike extremely.   

3.3. Migration test  

The results of migration tests conducted on laminated films and plastic films for irradiated 

and non-irradiated samples are shown in Tables 2 and 3.  For both packaging materials, an 

increase in the values of migration was observed using different solvents.  However, the 

values were quite neglible which did not exceed the maximum standard limit.  Likewise, the 

residues on evaporation and potassium permanganate consumption increased in values with 

irradiation.  The test for residue on evaporation exhibited higher values for irradiated samples 

in n-heptane solvents (35 and 47 ppm) but were still within the acceptable limits of 150 ppm. 
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Overall, the migration of the non-volatile substances from irradiated samples packaged in 

plastic and laminated films are within the acceptable limits.  

TABLE 2. COMPARISON OF THE RESULTS OF MIGRATION TEST CONDUCTED ON THE 

IRRADIATED AND NON- IRRADIATED COOKED MEAT AND PACKED IN LAMINATED FILMS 

TEST RESULTS 

MAXIMUM 

LIMIT 

    Control 10 kGy     

1. UV Examination         

    a. Water 0.000 0.001 0.3 Au 

    b. 20% Ethanol 0.000 0.001 0.3 Au 

    c. 4% Acetic Acid 0.002 0.000 0.3 Au 

    d. n-heptane 0.009 0.022 0.1 Au 

2. Residue on 

Evaporation          

    a. Water 1 0 30 ppm 

    b. 20% Ethanol 0 0.7 30 ppm 

    c. 4% Acetic Acid 13 17 30 ppm 

    d. n-heptane 6 35 150 ppm 

3. Potassium 

Permanganate 2 3 10 ppm 

   Consumption         
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TABLE 3. COMPARISON OF THE RESULTS OF MIGRATION TESTS CONDUCTED ON THE 

IRRADIATED AND NON-IRRADIATED SAMPLES AND PACKED IN PLASTIC FILMS 

TEST RESULTS 

MAXIMUM 

LIMIT 

    Control 10 kGy     

1. UV Examination         

    a. Water 0.000 0.006 0.3 Au 

    b. 20% Ethanol 0.001 0.000 0.3 Au 

    c. 4% Acetic Acid 0.000 0.002 0.3 Au 

    d. n-heptane 0.001 0.005 0.1 Au 

2. Residue on 

Evaporation          

    a. Water 0.7 0 30 ppm 

    b. 20% Ethanol 0.0 10 30 ppm 

    c. 4% Acetic Acid 0.7 6 30 ppm 

    d. n-heptane 1.3 47 150 ppm 

3. Potassium 

Permanganate 0.2 9 10 ppm 

    Consumption         

Methodology: Based on JETRO (Japan External Trade Organization)  

4. Work Plan 

This CRP study on “Development and Characterization of Packaging Materials for Irradiated 

Food Products” will complement the on-going CRP on “Development of Safe, Quality and 

Shelf-Stable Filipino Ethnic Foods for Immuno-compromised Patients and Calamity 

Victims”. The main focus of this current study will be on the packaging materials.  

The overall objective of the study is to develop and screen locally available commercial 

packaging materials that would be safe for use for irradiated foods for immuno-compromised 

patients. Specifically, it aims to do the following: a) to determine radiolytic products from 

irradiated packaging materials used for ethnic Filipino food using conventional method of 

analysis; b) to assess utility of stable isotopic technique for determining migration of 

packaging materials in food ; and  c) to develop and characterize sago-starch polyethylene 

films for packaging. 

It plans to do the following: 

a)  Collection and identification of locally available packaging materials 
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All possible locally available packaging materials will be collected directly from the 

manufacturers.  The type of polymers and additives used will be identified. 

b)  Effect of food-stimulating solvents of the packaging material  

The packaging films will be added with food-simulating solvents (water, ethanol, and acetic 

acid) in separate packages, sealed in air or in vacuum.  The materials will be irradiated at 

doses of 1, 3, 5, 10 and 25 kGy.  The films will then be tested for migration of plastics using 

the procedure of Japan External Trade Organization (JETRO) Standards for food packaging. 

c)  Physisco- mechanical-chemical-thermal analyses of irradiated films 

Another set of films will be added with water and will be irradiated at doses of 1, 3, 5, 10 and 

25 kGy.  The water will then be tested by HPLC, UV-Vis Spectroscopy, TG-DTA, tensile 

strength analyses for any indication of degradation. 

Another set of films will be placed in vials (one set purged in He/Ar gas) and crimped.  These 

will be irradiated at 1, 3, 5, 10 and 25 kGy and analyzed by GC-MS for volatile gases. 

d)   Determination of degradation of packaging material by stable isotope technique  

Stable isotopic technique is now a much sought methodology to establish the authenticity and 

origin of foods, and other materials, where provenance and traceability are of importance.  It 

relies in natural abundance measurements of the bio-elements (HCNOS). While this technique 

has been quite useful in studies related to hydrology and provenancing e.g.differentiating 

products of various geographical origins, food adulteration, source attribution of packaging 

materials, etc.; this technique may find new application in determining food contaminants 

from packaging materials. 

Stable isotope techniques are based on the principle that materials – natural or synthetic will 

reflect the isotopic composition / signature specific to the origin of the material. Plastics 

which are of petrochemical in origin will have different relative abundance of the stable 

isotopes of carbon, 13C and 12C (δ13C), Oxygen (18O and 16O, or δ18O), and Hydrogen 

(2H and 1H, or δ2H) compared to food or fruits which are of natural origin. Additionally, if 

pure water were irradiated inside the plastic packaging material, volatile radiolytic products 

from plastics may mix with water, resulting in isotopic exchange that could ultimately change 

the isotopic ratio of δ2H and δ18O of water.  Thus, this method could possibly determine 

migration of packaging material. 

Films will be added with water and will be irradiated at doses of 1, 3, 5, 10 and 25 kGy.  The 

water will be analyzed using stable isotopic technique.  Two controls will be made – pure 

water and irradiated water in glass (to determine isotope fractionation of water due to 

irradiation). δ18O and δ2H will be determined and any changes against the control may be 

indicative of migration.  

e)  Development of Bioactive Coating and Packaging Materials 

Formulation of bioactive packaging and coating materials will be initiated with the use of 

nanocellulosic materials. 
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Abstract 

Radiation treatment might be adopted for improvement of the properties of the films formed 

using starch. Our previous results have shown radiation induced improvement of  

hydrophobic properties of the films prepared using potato and wheat starch, and the selected 

potato starch – surfactant composition. The films prepared basing the irradiated potato starch 

have reveal improved both strength and flexibility as compared to the non-irradiated ones, 

during several weeks of storage. In the case of wheat starch films, the increase of strength was 

accompanied by decrease in flexibility. Introduction of sodium laurate to the potato starch 

films composition results in decreased hydrophilicity and application of the irradiated starch 

lead to preparation of the hydrophobic films. The increase in the plasticizer content might 

result in decrease in hydrophilic properties of  starch – surfactant films, in regard to their 

reduced brittleness and therefore, to the limited induced porosity. Appropriate selection of the 

surfactant and plasticizer content and irradiation condition enables to optimize the films 

properties. The improvement of  the functional properties of potato starch films achieved due 

to  irradiation is connected to the improvement of their compactness and homogeneity 

(indicated by SEM) on the one hand and to the modified interaction of the  irradiated starch 

with surfactants/lipids  as compared to  the non-irradiated starch (discovered by using DSC, 

WAXD and FTIR spectroscopy).  

Prolonged storage of the films causes increase in tensile strength and in hydrophobicity with 

simultaneous decrease in flexibility. This process might occur faster in the cases of some 

compositions based on the irradiated starch and containing lipid/surfactant addition than in the 

cases of the appropriate non-irradiated specimens. This can be related to the presence of two 

phase systems in the films discovered by DMA DSC and SEM methods, modification of 

thermophysical properties of the films resulting due to irradiation and to the modified 

microstructure of the films. 

1. Introduction 

The studies are connected to the increasing interest in substitution of traditional packaging by 

the materials prepared basing the natural and biodegradable polymers and in increase the 

safety of food [1,2]. Beside to the traditional form, packaging based on naturally occurring 

components (polysaccharides, proteins and lipids) might serve as an edible packaging in food 

and pharmacy, forming a barrier for water and gas transfer. These materials can also serve as  

the carriers for active components enabling to produce an antimicrobially active packaging. 

Accordingly it enable to prolong shelf-life of food and to fulfil demand of environmental 

protection at the relatively low cost. 

Variety of commercial biodegradable plastics are proposed at present on the market as 

packaging materials for food products. These are biopolymers derived from the natural 

resources as well as biodegradable artificial polymers. Preparation of the films in the mixed 

systems composed from variety of natural polymers (polysaccharides or proteins) as well as 
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containing polysaccharide – artificial polymer seems to be one of the abilities  to obtain the 

better and more friendly for environment packaging material.  

Starch is an abundant and cheap biopolymer with a good film forming ability and therefore it 

appear to be an appropriate source for preparation of the cheap biodegradable packaging [2-

4]. However, athough starch forms relatively strong films, mechanical properties of these 

materials are  still worse as compared to the artificial plastic, in particular that the higher 

strength of these films is connected to their insufficient elasticity. films prepared basing 

natural starches alone have rather moderate properties. Serious disadvantage of such material 

is its’ high affinity to water. Therefore, in purpose to modify the properties of starch films 

various modification methods are applied for the starch preparation alike degradation, 

crosslinking, oxidation, etherification or estherification . Addition of the hydrophobic 

component is also expected to decrease the hydrophilicity of  natural polymers. 

Development of the methods of biopolymers modification that apply ionising radiation is 

observed last decades [3]. Modification induced by irradiation enable to limit the use of the 

strong chemicals  thus is more friendly for environment  and less expensive as compared to 

the chemical or enzymatic methods. Our previous results (described below) have shown that  

that the radiation treatment might be adopted for improvement of the properties of the films 

formed using potato and wheat starch as well as composition of  potato starch with several 

surfactants, all plasticized by glycerol and water [3,4]. This occur because that irradiation 

induces starch degradation and oxidation.  

The other ability is to blend starch with the other natural polymer or with the artificial 

biodegradable polymer. PVA is biocompatible polymer with an excellent film forming ability 

and an excellent compatibility with starch [5, 6]. PVA forms films with good mechanical and 

gas barrier properties.  The next solution to improve the properties of the starch or PVA based 

plastics is introducing of the reinforced agent, alike inorganic particles or natural fibre [7].  

Increasing interest in production of the more safe and more durable food of the higher quality 

induces the interest in application of the active packaging and in radiation decontamination of 

the “ready –to-eat” food. Therefore, evaluation of the effect of irradiation on the packaging is 

of high importance.  

2. Experimental 

Materials, irradiation  and the films preparation.  

Potato  and wheat starch of Sigma production as well as commercial potato starch were used 

for films preparation. Irradiations with Co-60 gamma radiation were carried out in air  in the 

gamma cell Issledovatiel placed in the Centre for Radiation Chemistry and Technology, 

INCT. The doses of 5, 10, 20 and 30 kGy were applied.  Films were prepared on the way of 

casting from the gelatinized starch solutions and dried at ambient temperature. Films 

containing surfactants and lipids  were prepared after performing the procedure, leading to 

obtaining starch-ligand complexes. (at ligand : starch   ratio  varying in the range from 0.016, 

to 0.100 depending on the ligand) [4]. The following lipids/surfactants were used for the films 

preparation: sodium laurate (Na-Lau), sodium palmitate (Na-Pam), cetyl-trimethylammonium 

bromide (CTAB), lauric acid and palmitic acid. Glycerol was introduced at the level of 0, 20 

or 30 wt% in terms of starch mass to the film forming solution directly before casting 

(procedure I) or before the starch gelatinization. The films were peeled from the substrate and 
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conditioned during several days at the required relative humidity (33, 43 or 56%) before the 

mechanical as well as wetting angle testing.  

The films thickness was equal to ca 95 15 m. 

Methods 

Mechanical tests (determination of tensile strength, elongation at break l and Young 

Modulus) were carried out using of Inström testing machine [4,8]. The wetting angle 

measurements ( values; enabling to evaluate the hydrophilic/hydrophobic properties) were 

done using the instrument constructed in the Laboratory of Material Research, INCT [4, 8].  

Thermophysical properties [9,10] of the films were examined by means of dynamic 

mechanical analysis (DMA) and differential scanning calorimetry (DSC) using of Perkin –

Elmer  DMA7 and Q2000 calorimeter of TA Instruments, respectively. The midpoint on DSC 

curve (determined on the basis of the minimum on its’ derivative (DDSC)) was taken as 

characteristic temperature of glass transition (Tg). The content of the volatile fraction  was 

determined in the residues obtained after DSC analyses as a mass loss occurring after drying  

at ambient temperature over silica gel and afterwards over P2O5 altogether for three months. 

Scanning electron microscopy (SEM) studies were conducted using the DSM 942 Scanning 

Electron Microscope (Zeiss-Leo production). Observations were carried out for the films 

subjected to chemical staining with glutaraldehyde or for the films dried during 6 months in 

air at ambient temperature. The results were related to the content of the volatile fractions (in 

general water) in the films. 

Structural properties of the films and interaction of starch with admixed lipids-surfactants 

were examined by means of DSC, WAXD diffraction and FTIR spectroscopy 

3. Results and discussion 

Functional properties of the films [4,8] 

The results show decrease of hydrophilicity of the films prepared basing potato and wheat 

starches and in the cases when the films of good quality were obtained basing the starch-

surfactant compositions (Tables 1, 3 and 4). This concerns the films containing the surfactants 

introduced on the following levels expressed in terms of g per 1 g of starch: Na-Lau -  0.049 

g/g, Na-Pam  - 0.038 g/g and CTAB – 0.075 g/g.  

TABLE 1. THE  AVERAGE  VALUES DETERMINED IN THE CASE OF THE FILMS PREPARED 

BASING THE SELECTED COMPOSITIONS 

composition Glycerol content wt % 0 kGy 30 kGy 

Potato starch 30 40.0 63.3 

Wheat starch 30 57.2 83.9 

Potato starch –CTAB ( 0.075 g/g) 30 40.0 73.3 

Potato starch –CTAB ( 0.075 g/g) 20 43.3 63.8 

Potato starch – Na-Pam (0.038 g/g) 30 71.1 104.2 

Radiation  induced improvement of mechanical properties of potato starch films [4]. In 

general, a higher tensile strength of those films  was accompanied by the higher elasticity 
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(Table 1). The properties of all the films prepared basing potato starch, as well irradiated as 

non-irradiated, differs in dependence on the conditions and time of storage. These factors 

have affected differently the films, containing various amount of plastificator. The potato 

starch  films were the better when the radiation dose was the higher  [4,8]. Prolonged storage 

lead to increase in tensile strength and to decrease in elasticity, leading in general to 

deterioration of the films properties. After 5 months of storage the best properties reveal the 

films prepared glycerol using the starch irradiated with a dose of 20 kGy and addition of 20 % 

of glycerol. The values of tensile strength and elongation at break were equal to 41.4  0.8 

MPa and to 9.3  0.8 % after conditioning at RH = 56%, as compared to values of 32.3  1.1 

and 6.4  0.5 determined in the case of the non-irradiated starch. In the case of addition of the 

30 % of glycerol the best films were obtained after irradiation with a dose of 10 kGy (the 

appropriate values were equal to 31.0  1.1 MPa and to 9.5  1.1 % versus the values of 24.3  

1.9 MPa and 7.8 % obtained in the case of the non-irradiated starch. 

In the case of the films prepared basing wheat starch and containing 30% of glycerol, 

irradiation induces increase in tensile strength accompanied by decrease in their elasticity. For 

example, after conditioning at RH = 56 % tensile strength increases  from 6.5  1.9 MPa to 

14.3  1.6 MPa after irradiation with a dose of 30 kGy while l simultaneously decreases 

from 26.5  1.6 to 8.0  1.2. 

Introduction of sodium laurate into the potato starch films composition induces decrease in 

hydrophilicity of these film resulting in the increase of barrier properties, in comparison to the 

films prepared using starch alone (compare data presented in Table 2, points 1, 2 with the 

appropriate values of 40.0 and to 63.3 
o
 found for the films prepared without addition of Na-

Lau. This was accompanied by the high plasticity and low tensile strength (Table 2). 

Irradiation induces further improvement in the films hydrobhobicity and plasticity and 

decrease in tensile strength (Table 2). In fact, the irradiated films containing Na-Lau have 

revealed the higher adhesion to the substrate as compared to the non-irradiated ones and 

longer stayed on the substrate . The irradiated films became, however, more brittle after 

peeling then the non-irradiated ones. Storage of the films results in decrease in plasticity but 

increase in both tensile strength and hydrophobicity (Table 6). The irradiated films reveal 

high plasticity when stored at conditions of high humidity but loses this property in air. 

The slightly higher values of the Young Modulus were noticed after irradiation in the case of 

potato and wheat  starch films after storage at 56% relative humidity [4,5]. In the case of 

potato starch the Modulus was the higher when the radiation dose was the higher. For 

example, it reaches the values of 1155 and 1488 MPa in the cases of the films obtained using 

the non-irradiated starch and that irradiated  after conditioning at RH 43 %. In the case of 

potato starch – sodium laurate films containing 20 % of glycerol the increase in Young 

Modulus was noticed after irradiation while decrease was detected in the case of the films 

containing 30 % of glycerol [9. 

Table 2: Comparison of the mechanical properties of the films, prepared using the non-

irradiated potato starch and the starch irradiated with the 30 kGy dose and stored 

simultaneously at the same condition of the relative humidity.  The measurements were 

performed: 
a 
–8 weeks,

  b 
–10 weeks, 

c 
–12 weeks, 

d
 –14 weeks –after peeling of  the films. 
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TABLE 2. COMPARISON OF THE MECHANICAL PROPERTIES OF THE FILMS 

Dose 

kGy 

Relative 

humidity 

(RH) % 

Tensile strength 

MPa 

Elongation at break 

(l) % 

20 % of glycerol 

0 33 34.3  4.0* 4.60  1.0* 

30 33 52.4 1.2 7.5  0.5 

0 43 44.2  2.0 9.1  0.1 

30 43 56.3  1.2 7.4  0.2 

0 56 25.4  0.7 6.8  0.4 

30 56 34.6 0.7 7.1  0.6 

30 % of  glycerol 

0 33 31.6  2.0 5.3  0.3 

30 33 37.5  0.5 7.6  0.0 

0 56 22.2  1.0 6.50  1.0 

30 56 26.8   1.0 11.4  0.2 

* Prepared using the non-irradiated potato starch and the starch irradiated with the 30 kGy 

dose and stored simultaneously at the same condition of the relative humidity.  The 

measurements were performed: 
a 

–8 weeks,
  b 

–10 weeks, 
c 

–12 weeks, 
d
 –14 weeks –after 

peeling of  the films. The data present the value, achieved before the brittle failure of the film. 
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TABLE 3. THE RESULTS OF THE MECHANICAL TESTS PERFORMED FOR THE FILMS, PREPARED 

BASING POTATO STARCH WITH ADDITION OF SODIUM LAURATE, NON-IRRADIATED AND 

IRRADIATED (0.049 G/G STARCH, I EXPERIMENTAL PROCEDURE). THE FILMS WERE 

CONDITIONED AT RH = 56 %.  

Nr Dose 

kGy 

Tensile strength,  

MPa 

Elongation at break 

(l) 

% 

The average 

 value 

(
o
) 

1 0 3.57  0.54
 

18.4 1.4 58.4 

2 30 2.56   0.20 32.6   2.7 100.4 

3 0 24.0  3.0 3.9  0.8 84.3 

4 5 16.6  0.9 3.2  0.2 108.2 

5 10 17.4  2.0 3.2  0.3 108.2 

6 20 8.8  0.6 2.8  0.5 110.2 

7 30 6.6  1.0 1.5  0.3 109.6 

8 0 28.8  1.9 4.4  0.1  84.7 

9 5 27.4  1.3 3.4  0.2 -- 

10 10 26.4  1.1 2.8  0.2 91.9 

11 20 16.1  1.0 2.0  0.1 92.4 

12 30 10.7  3.4 1.4 0.1 102.8 

The case of the films prepared with addition of sodium palmitate demonstrates how the 

hydrophilic/hydrophobic properties might be modified on the way of the modification the 

plasticizer and the surfactant content (Table 4). Therefore using of the addition of 30 % 

glycerol and the irradiated starch might enable  to obtain the films that reveal  similar 

properties at the lower content of surfactant (0.38 g/g) as at the higher surfactant level in the 

case of the non-irradiated  starch (0.61/g/g).  
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TABLE 4. THE 

STARCH AND SODIUM PALMITATE. 

Lipid : 

starch,  g/g 

0.038 0.061 0.046 

dose 

kGy 

0 % of glycerol 20 % of glycerol 30 % of glycerol 30 % of glycerol 0 % of glycerol 

0 87.0 75.5 71.1 115.1 79.4 

30 75.2 90.4 104.2 47.8 80.5 

Thermophysical properties [9, 10] 

Two glass transitions were observed as well in the cases of the films containing glycerol and 

water as in the cases of the films containing only water as a plasticizer (Fig.1) [10]. The most 

possible reason of the occurrence of two transition is the presence of two phases in the 

system: the phase containing high amount of plasticizers (water and glycerol) and the phase 

containing starch as a major component.  The plasticizer-rich phase transforms at the 

temperature below -30 
o
C, while several stages of transformation of the of starch-rich fraction 

occurs at higher temperature (Fig 1 presents beginning of the temperature range of the second 

transformation).  

DSC data have shown that in the case of the films based on the irradiated starch and those 

prepared basing potato starch with Na-Lau or Na-Pam the first glass transition takes place at 

higher temperature as compared to the non-irradiated specimens with the same composition 

(Table 1). To the contrary, in the cases of the films formed basing composition of potato 

starch with CTAB the first glass transition occurs at lower temperature after irradiation as 

compared to the non-irradiated species (Table 2).  Small differences in the content of the 

volatile fraction reached after the appropriate conditioning have no impact on the direction of 

temperature shift of Tg observed after irradiation. 
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FIG. 1. The example of DMA curves measured on tension of the films prepared using potato starch 

with addition of 30 % of glycerol (procedure I). 

 

TABLE 5. CONTENT OF THE VOLATILE FRACTION AND TEMPERATURE OF  THE FIRST  GLASS 

TRANSITION  DETERMINED ON THE BASIS OF DSC MEASUREMENTS FOR THE POTATO STARCH 

– SURFACTANT SYSTEMS, 30 % OF GLYCEROL. THE SURFACTANTS WERE INTRODUCED ON THE 

FOLLOWING LEVELS EXPRESSED IN TERMS OF G PER 1 G OF STARCH: NA-LAU -  0.049 G/G, NA-

PAM  - 0.038 G/G AND CTAB – 0.075 G/G 

Film composition procedure Dose kGy content of the volatile 

fraction wt % 

Tg 
o
C 

starch I 0 5.53 0.25 -74.9  0.8 

starch I 30 6.03  0.20 -67.4  0.6 

Starch- Na-Lau   I 0 5.85  0.10 -65.3  0.3 

Starch- Na-Lau   I 30 4.15  0.30 -57.5  0.3 

Starch- Na-Pam
 

II 0
 

5.27  0.10 -73.4  1.0 

Starch- Na-Pam
 

II 30
 

4.97  0.25 -68.7  2.2 

starch – CTAB I 0 4.86  0.30 -72.1  0.2 

starch – CTAB I 30 5.17 0.40 -77.3  0.6 
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Microstructure  

Surfaces as well as fractures  of all the films formed basing the systems, containing the non-

irradiated starch projected partially the honey-comb structure, typical for the gels obtained 

using the non-irradiated starch and formed on the intermediate step of the films preparation 

(i.e. Fig. 2). Presence of the honey-comb structure was particularly evident in the case of the 

films containing the non-irradiated starch and CTAB, regarding it’s activity as a surfactant. 

Pleated surfaces were observed in the case of  the non-irradiated films containing sodium 

laurate, probably due to the strong swelling of these films (Fig. 2). The fractures of the 

preparations reveal the fibrinous structure with a numerous narrow pores parallel to the 

surface and surrounded by thin walls (Fig. 2). 

The results obtained for the dried films have shown the similar structure with that difference 

that the flattening of the of the cracks or of the fibrinous structure in relation to the films 

subjected to chemical fixation was observed in some cases (Fig. 3). Moreover, small 

precipitates, were present in the surfaces of the dried films prepared basing starch or starch – 

laurate systems (Fig. 9) and appeared to be connected with plastificator leaving).  the films 

after drying.  

All the films obtained using the irradiated starch have appear more smooth and homogeneous 

as compared to these obtained using the  irradiated starch. These films were characterised by 

the more particular structure, better ordering in packing of material and lack in orientation of 

the structural elements. However, it seems that leaching the plastificator from these films is 

fascilitated due to irradiation. 

 

FIG. 2. The examples of SEM images recorded in the case of chemically stained films (1000x). 
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FIG. 3. The examples of SEM images recorded in the case of the dried films. 

Interaction of starch with lipids and surfactants 

Our data have shown deterioration of the structure of the inclusion complexes formed by  of 

wheat starch with the naturally occurring lipids [3]. The differences were also detected 

between interaction of the ligands with the irradiated and non-irradiated potato starch [3].This 

concerns formation and symmetry of the inclusion complexes (well defined in the case of 

CTAB, lauric acid and Na-Lau) and of surface complexes (observed rather in the case of 

palmitic acid). In the case of  CTAB and of lauric acid, decrease in the inclusion complex 

symmetry can be detected due to irradiation basing DSC data (decrease in the temperature of 

melting/crystallization of the complex. i.e. Fig.4). Moreover, improvement of the complex  

ordering might be concluded after further thermal treatment of the complex formed with the 

non-irradiated starch, while rather the opposite effect can be concluded in the case of the 

irradiated starch (fig 4). In the case of starch-sodium laurate more complied phenomena are 

connected to irradiation (not shown). In the case of starch-palmitic acid formation of the 

inclusion complex occurs with a low efficacy. However, the differences between interaction 

of the free lipid/surfactant with the non-irradiated and the irradiated starch can be concluded 

and interaction of starch with free lipid phase seems to be weaken after irradiation. These 

interaction are strengthen after thermal treatment in the case of the initial starch but weaken in 

the case of the no-irradiated starch. This occurs  independently on the fact that irradiated 

starch is able to bind less of the ligands [3]. The differences between structural properties 

were confirmed by WAXD (Fig.5) and FTIR spectroscopy. 

4. Conclusion 

Radiation treatment might be adopted for improvement of the properties of the films formed 

using starch. Appropriate selection of the surfactant and plasticizer content and irradiation 

condition enables to optimize the films properties. Our results have shown radiation induced 
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improvement of  hydrophobic properties of the films prepared using potato and wheat 

starches, and the selected potato starch – surfactant composition. Introduction of sodium 

laurate to the potato starch films composition results in decreased hydrophilicity and 

application of the irradiated starch lead to preparation of the hydrophobic films. The films 

prepared basing the irradiated potato starch have reveal improved both strength and flexibility 

as compared to the non-irradiated ones, during several weeks of storage. In the case of wheat 

starch films, the increase of strength was accompanied by decrease in flexibility.  

Improvement of the films properties occurs regarding the change in the structure of the 

macromolecules (leading, beside to direct effect,  to modified interaction of starch with 

naturally occurring or admixed fatty acids and surfactants) and to the change in the films 

microstructure, in particular to the  formation of the smoother and more  homogeneous films. 

The changes in the films properties occurring during storage can be related to the presence of 

two phase system in the films, while the differences in stability of the properties of the 

irradiated and non-irradiated samples are probably connected to the differences in their 

thermophysical properties.  

 

FIG. 4. DSC  curves recorded during the first and the subsequent cooling cycles carried out with a 

rate of 10 
o
Cmin

-1
 for the system, containing non-irradiated starch and that irradiated applying  a 30 

kGy dose. 

 

FIG. 5. Diffractogramms of the products containing non-irradiated or irradiated starch and lauric 

acid (0.016 g/g) confront with diffractogramms of lauric acid. 
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Activity planned in the frame of the new project  

The purpose of the new project is to prepare the improved material for appropriate packaging 

of food on the way of radiation modification of  the systems  starch -  PVA  and starch – PVA 

– cellulose fibre.   This includes food foreseen for radiation decontamination.  Cellulose fibres 

characterised by various size (till nano scale) will be added into the films’ composition. 

Modification of the functional  properties of the films (mechanical, barrier and antimicrobial) 

will be related to the physicochemical changes occurring in the material under influence of 

ionising radiation. Beside,  preparation and radiation modification of the packaging material 

that reveal antimicrobial activity is planned in the next stages of the project and verification of 

the safety of the new material for food. 
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Abstract 

Related to CRP activities our country has worked on the optimization of plasma treatment of 

the surfaces of natural and synthetic polymers in order implement suitable functional groups 

to attach in the second step bioactive compound able to impart to substrate multifunctional 

properties such as antimicrobial, antioxidant and bioactive function to create bio active food 

packaging. Food packages can be made multifunctional active by: I) incorporation and 

immobilization of antimicrobial agents or by II) surface modification and surface coating. 

Both solutions have been applied with satisfactory results, but because of low material 

consumption and better control of experimental conditions and reproducibility of the surface 

coating, it was decide to develop this procedure, using various procedures of surface 

activation and immobilization of bioactive compounds (mainly a selected formulation of 

them) to create multifunctional food packaging or biomaterial for medical applications.  

1. Objectives of the research 

The increasing consumer health consciousness and the growing demand for healthy foods are 

stimulating innovation and new product development in the food industry and it is also 

responsible for the expanding worldwide interest in functional foods. The coating of food is 

intended to provide some level of protection, prevent the transfer of materials from one to 

another food component, enhance the appearance of fruits and vegetables, and frequently they 

contain other compounds to retard insects, microorganisms, oxidation and other intruders that 

would spoil the product. Because of these considerations in the last few years there was a 

growth interest into new innovative technological developments in the production of 

functional foods, whose bioactive principles are to be contained within packaging or coating 

materials.  

Starting from these consideration the objectives of our studies focuse on: 

1. Development of new antimicrobial/antioxidative/bioactive food packaging materials;  

2. Pre-activation of inert synthetic polymeric surfaces by non-solvent, an environment friendly method 

by using of ionizing radiations and plasma gas discharges for developing of new surface active 

polymeric materials with special properties for food packaging applications; 

3. For obtaining stable layers onto polymeric substrates different coupling agents will be employed in 

covalent linking of active/bioactive formulations to the pre-treated polymeric surfaces.  

4. Selected materials: chitosan/chitin, lactoferrin, natural phenolic antioxidants 

The methodology followed to achieve these objectives consists in optimization of preparation 

conditions, detailed physico-chemical characterization, in vitro and in vivo evaluation of the 

new composites, nanocomposites and stratificated nanocomposites obtained.  
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2. Introduction 

Bacterial adhesion onto surfaces is the first event in a series of host and organism reactions. 

Adhesion is mediated by the physico-chemical interactions between bacteria and 

biomaterials’ surface. Hence, surface modification of biomaterials or devices is a relatively 

straight forward strategy for creating desirable surfaces which will decrease the susceptibility 

to bacterial adhesion. Polyolefins and polylactic acid are easily processable into desirable 

shapes at low costs but they lack biocompatibility and biodegradability. In spite of the 

considerable success achieved with the use of synthetic polymers in food packaging and 

medical devices, their surfaces are susceptible to bacterial colonization, which creates 

important public health concerns. Surface modification is one of the solutions recommended 

to avoid infections, to prolong the shelf-life and safety of food products. 

The combination of the good mechanical and barrier properties of low density polyethylene 

(LDPE) with the biodegradability and antimicrobial characteristics of chitosan (or chitosan-

based nanocomposites) is an alternative method for obtaining performant packing materials. 

Chitosan has film-forming ability and antimicrobial properties with a wide spectrum of 

antimicrobial activity against bacteria, yeast and fungi. Chitosan depending on its 

characteristics and medium conditions may be used in different food preservation applications 

such as, direct addition of chitosan into food, direct application of chitosan film or coatings 

onto packaging surfaces, addition of chitosan sachets into packages, and the use of chitosan 

incorporated packaging materials. For inert polymers, such as poly(ethylene) (PE), the 

polymer backbone requires functionalization prior to attach of bioactive agent of interest. 

Plasma treatment technologies are likely to be the most useful commercial techniques for 

controlled surface functionalisation of a broad range of polymers. Corona discharge oxidizes 

the film surface, introducing a series of oxygen and nitrogen-containing functional groups to 

the polymer backbone. 

Plasma treating a material can provide tremendous advantages to a package. Plasma 

technology uses relatively low heat, and is extremely quick when compared to its competitor 

processes. Plasma treating a surface can rid the material of all unwanted organic matter, 

creating a sterilized surface. If a material is surface treated with plasma, its surface energy can 

greatly increase and show an exceptionally better wettability quality. This increased 

wettability and can provide a package with an increased strength to adhere to ink, adhesive, or 

even another material. Furthermore, plasma’s deposition ability gives the packaging industry 

the tools to create materials with desirable qualities by adding a thin layer of a second 

material. All three applications make the research of plasma technology an opportunity that 

the packaging industry cannot overlook. 

The purpose of this work is to obtain new antimicrobial/antioxidative/bioactive food 

packaging materials by environmental friendly procedures as activation/functionalization by 

cold plasma discharge. In the next step the plasma functionalization of the polyolefins and 

polylactic acid studies will be comparatively effectuated with ionization radiation ones.  

3. Materials and Methods 

3.1. Materials 

3.1.1. Polyethylene(PE)/Chitosan system 

0.02 mm thick polyethylene (PE), purchased from SC LORACOM SRL, Roman, Romania, 

was used. The polyethylene was composed of two parts UV-treated Low Density 
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Polyethylene (LDPE) (Tipolen, Tiszai Vegyi, Hungary), and one part High Density 

Polyethylene (HDPE) (SIDPEC, Egypt), respectively.  

 Low molecular weight chitosan (CHT) with 20-300 cP dynamic viscosity in 1% acetic 

acid and a 75-85% deacetylation degree was purchased from Sigma-Aldrich, Steinheim, 

Germany.  

Ethanol (96%) and glacial acetic acid (99.5%) were purchased from Chemical Company, Iasi, 

Romania. A water-soluble carbodiimide crosslinker for zero-length carboxyl-to-amine 

conjugation EDC (1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride) and NHS 

((N-hydroxysuccinimide) (from Thermo Scientific Pierce Protein Research Products) were 

used. The excess reagent and the crosslinking by-products are easily removed by washing 

with water or dilute acid.  

 Commercial sodium montmorillonite (Na
+
-MMT) clay, Cloisite


 Na nanoclay with 

formulae: Na 0.65[Al, Fe]4Si8O20(OH)2 was supplied by the Southern Clay Product, USA, and 

was grinded and dried in a vacuum oven at 120 
o
C for 24 h before use. 

Nanocomposites based on chitosan and nanoclays (CSnano) were prepared by solution 

method [30]. Chitosan and sodium montmorillonite (Na-MMT) were dissolved in 1% acetic 

acid solution at room temperature and was left 24 hours under continuous stirring to ensure 

complete dissolution/dispersion. A solution of concentration 1 g/dL and a chitosan 

concentration of 5% in nanoclay were obtained. Then the two solutions were mixed for 4 

hours, resulting nanocomposites that was brought in solid form by freeze drying at low 

pressure in a Labconco FreeZone freezer.  

Irganox-1076 (Irg), a sterically hindered phenolic antioxidant, octadecyl-3-(3,5-di-tert.butyl-

4-hydroxyphenyl)-propionate produced by Ciba Specialty Chemicals has a molecular weight 

of 531 g/mol and melting range 50 - 55 °C. It is highly efficient non discolouring stabilizer for 

organic substrates such as plastics, synthetic fibres, elastomers, adhesives, waxes, oils and 

fats. It protects these substrates against thermo-oxidative degradation. IRGANOX 1076 is 

odourless, stable to light and has excellent colour retention. It has good compatibility with 

most substrates, low volatility and high resistance to extraction. 

Vitamin E, refers to a group of eight fat-soluble compounds that include both tocopherols and 

tocotrienols. (±)-α-Tocopherol was obtained from Sigma-Aldrich and has a molecular weight 

of 430.71 g/mol and density at 20°C of 0.950 g/mL. As a fat-soluble antioxidant, it stops the 

production of reactive oxygen species formed when fat undergoes oxidation 

3.1.2. Cellulose chitin system 

The unwoven cellulose/chitin mixture were delivered under the trade name of Chitcel by 

Shandong Helon Textile Sci. & Tech. Co., Ltd. China (Mainland). According to provider 

specifications they contain 9 – 11 wt % chitin, has a white colour, a fineness of 1.2 D and 

fibre length of 38 mm. Chitcel is a kind of modified cellulose fibre which is produced by the 

special chemical way of adding natural anti-bacterial high molecular weight polymer-chitin. It 

has both the excellent processing properties and permanent anti-smell and anti-bacterial 

functions. It is a new kind of viscose fibre concentrating on the advantages of viscose fibre 

and chitin fibre. From the elemental analysis, it was shown that the content of N2 was between 

0.75 and 1.06 wt%, which indicated 11-15 wt% chitin content in CHITCEL, close to that 

given in the provider specifications. 
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3.2. Procedures 

Corona treatment of PE was carried out prior to chitosan application using atmospheric 

plasma treatment equipment Enerkon Corona Osman Onder - Figure 1a or cold plasma 

activation using various discharge gases –Figure 1 b. 

 

FIG. 1. The experimental set-up for corona treatment  (a) and cold plasma activation (b). 

The cellulose/chitin mixture (CC) have been activated for 2 minutes in high frequency plasma 

which was created inside of a reactor, using a pressure of 10 Pa. Inside the reactor is a plate, 

representing one electrode, on which the material to be treated is placed, the other electrode 

being the reaction chamber. The reactor is connected to a source of high frequency of 13.56 

MHz and a 30 W discharge power. For the plasma treatment different discharge gases were 

used such as air, oxygen, nitrogen and argon at a 10 sccm gas flow. After activation, the 

activated polymeric materials were removed from the treatment chamber and immediately 

immersed in the treatment solutions containing compounds to be immobilized (grafted), in 

this case antimicrobial or antioxidative agents. 

3.3. Functionalization of the PE Surface: Coating/Immobilization Procedures  

Chitosan coating onto the PE surface was achieved by dipping/spreading of the corona-

treated PE films into chitosan solutions of 1 wt% concentration. Chitosan solutions were 

prepared in twice-distilled water containing 8% acetic acid and 30% ethanol, to facilitate film 

formation and solvent evaporation.  

Covalent bonding. Chitosan was immobilized (covalently attached) onto the corona-

activated PE film surface by means of coupling agents (EDC and NHS). EDC is a zero-length 

crosslinking agent used to couple carboxyl groups to primary amines. EDC reacts with a 

carboxyl to form an amine-reactive O-acylisourea intermediate. If this intermediate does not 

encounter an amine, it will hydrolyze and regenerate the carboxyl group. In the presence of 

NHS, EDC can be used to convert the carboxyl groups to amine-reactive NHS esters. This is 

accomplished by mixing of EDC with a carboxyl containing molecule, and followed by NHS 

addition. By combining EDC and NHS, amine reactive NHS esters can be created as 

intermediates on any carboxyl-containing molecule. 

An aqueous solution of 75 mM EDC and 15 mM NHS was used to activate the carboxylic 

groups formed at the PE surface after corona pre-treatment. When the activated PE film is 

immersed in the chitosan solution, the activated carboxylic groups, formed at the surface after 
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corona discharge exposure, will react with the chitosan amino groups, forming stable amide 

bonds, according to Scheme 1:  

 

SCHEME 1. Possible reaction scheme between corona activated PE surface and chitosan/vitamin E 

using EDC and NHS coupling system. 

Other reactions are also possible, if considering the high reactivity of the active species 

created by plasma exposure and the functional groups of chitosan.  

3.4. Investigation Methods 

ATR-FTIR, XPS, potentiometric titration, zeta potential measurements, polyelectrolyte 

titration, antimicrobial tests, thermal methods, evaluation of oxidation induction period, AFM 

have been used. 

4. Results and Discussion 

4.1. Polyethylene/Chitosan system 

The average mass and thickness of the chitosan layer deposited on the PE surface was 

determined by high precision weighing (gravimetric method) and automatic micrometer 

measurements, respectively.  

The thickness of the chitosan layer is 5 times higher after corona discharge exposure of the 

substrate (it varies from 4 m to 30 m). After corona treatment of the PE surface, the carbon 

content decreases from 99.2% to 94.2%, while the oxygen amount increases up to 5.6 %, 

indicating implementation of the oxygen-containing functionalities, which improves the 

adhesion of the chitosan on the PE surface and assures the covalent bonding via the above-

described coupling reaction. The oxygen content increases up to 25 atomic percentages, while 

the nitrogen amount reaches even 5.4 atomic percentages. The most significant change in 

surface composition was observed for sample corona treated and grafted with chitosan via 

coupling reaction with EDC+NHS (PEcor, EDC+NHS, CHT). Chitosan grafting onto the 

corona-treated PE surface can be achieved by forming the amide bond between surfaces 

containing oxygen functionalities and amino groups of chitosan by means of coupling agents 
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(i.e. EDC+NHS). The positive charge increases after corona discharge treatment and chitosan 

coating. In the case of the sample of PE corona-activated and coated with citosan (PEcor, 

CHT) was found a total charge amount value (113.04 mmol/kg) slightly higher than that for 

the PEcor,EDC+NHS,CHT sample (94.78 mmol/kg). In the latter case, the variation may be 

due to a decrease in the number of amino groups that can be protonated, caused by the 

coupling reaction and formation of amide bonds.  

Compared to the untreated PE, all modified samples showed a marked shift of the isoelectric 

point towards a higher pH, namely higher than pH 3.2, meaning that the surface is enriched in 

new basic functionalities. After chitosan coating, the function ZP = f(pH) showed reverse of 

charge towards positive values and, further on, typical amphoteric characteristics and shifting 

of the isoelectric point towards higher pH regions were observed. At basic pH values, the 

negative streaming potential is due to deprotonation of the chitosan hydroxyl groups. 

Protonation of the chitosan amino groups (NH3
+
) in acidic region changes the sign of the 

streaming potential to a positive streaming potential at the isoelectric point (pH ≈ 6.5). The 

higher amount of amino groups onto the corona-treated and chitosan-coated samples explains 

the higher positive and negative values of ZP in the plateau of these samples. 

The modified/functionalized PE films were tested against two Gram-negative bacteria, 

namely Salmonella enteritidis and Escherichia coli, and one Gram-positive bacterium, 

Listeria monocytogenes. 

The antibacterial activity of chitosan-modified polyethylene films against all bacteria is 

evident– Fig.2, however the influence of concentration is much more important in the case of 

Listeria monocytogenes. This behavior can be explained by the fact that chitosan and/or its 

derivatives have been proven as more effective for Gram-negative than for Gram-positive 

bacteria. 

Formation of new oxygen-containing functionalities after corona treatment and amine, amide 

groups after chitosan coating/grafting have been detected and analyzed by ATR-FTIR and 

XPS spectroscopy. It has been established that chitosan was attached only on the corona-

treated PE surface. A corona discharge treatment coupled with chemical activation using EDC 

and NHS led to covalent bonding of chitosan on the PE surface, mainly by formation of 

amide groups and other types of linkages, a stable surface layer of chitosan thus resulting.  



 

106 

  

FIG. 2. Microscopical aspects of the colonies of Salmonella enteritidis, Escherichia coli and Listeria 

monocytogenes grown over LDPE and LDPE/CS composites. 

Conclusions 

The corona discharge treatment of PE, a known industrially applied technology, followed by 

coating with chitosan, proved to be very useful for an appropriate modification of its surface 

properties. Furthermore, a chemical coupling system is needed for obtaining a stable surface 

chitosan layer, thus leading to an antibacterial polyethylene surface, useful for food packaging 

or medical devices, preventing bacterial attachment and achieving anti-infection. 

Furthermore, the covalently attached chitosan layer avoids undesirable migration of 

bioactive components in the surrounding media. 

Potentiometric and polyelectrolyte titrations showed that a certain amount of chitosan 

desorbed faster from the surface until reaching equilibrium, and also that the covalently 

attached chitosan layer is more stable than the physically adsorbed one.  

The chitosan immobilized on the PE surface exhibited the expected antibacterial activity 

when tested against three bacteria - two Gram-negative ones, namely Salmonella enteritidis 

and Escherichia coli, and one Gram-positive bacterium, Listeria monocytogenes.  

4.1. Cellulose chitin system 

Graft-polymerization or surface modification reactions initiated from plasma-activated 

polymer surfaces involve two distinctive and consecutive processes: the implantation of active 

sites, such as free radicals or reactive functionalities, onto the polymer substrate, followed by 

the initiation of conventional graft-polymerization reactions under either in situ or ex situ 

conditions, as depending on the stability of the active sites. Conventional modification 

techniques, performed on lignocellulosics to enhance their surface properties by grafting with 

some additives (such as acids), alter significantly the supramolecular order of the 

macromolecular chains, diminishing their inherent physico-chemical characteristics. 

Depending on the discharge gas various functional groups are implemented on the fibers 

surfaces changing the nature of these, namely acidic surfaces are obtained when oxygen and 

air are discharged gas, amphoteric surfaces when they are treated by N2 plasma activation. In 
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all cases should be considered that samples are treated and investigated after exposure to air 

for the same period of time of about 1 minute. This will lead to specific interactions with 

reagents used in the second stage. Cellulose/chitin mixture was modified successfully using 

different types of plasma: air, oxygen, nitrogen and argon activation followed by reaction with 

various monomers. 

Antimicrobial tests 

The results of antimicrobial tests for inhibition of three different bacteria (Salmonella 

enteritidis, Escherichia coli and Listeria monocytogenes) are given in Table 1. From the data 

of Table 1 it can be observed that the antimicrobial activity of mixed CC compared to 

cellulose against Gram-positive L. monocytogenes and Gram-negative E. coli and S. 

enteritidis is 2–5 times higher. Plasma activation has a great influence on the antimicrobial 

activity, being known that it is a relatively simple and quite safe microbial sterilization 

technique that is utilized in a variety of applications for its low operating costs and non-

polluting capabilities. Using the plasma, the surface of cellulose chitin mix system is cleaned 

and etched and so more chitin is available at the surface to impart better antimicrobial 

properties to the mixture. Further purification during modification also improves the 

antimicrobial properties. 

TABLE 1. ANTIMICROBIAL ACTIVITY (%) OF UNTREATED AND PLASMA ACTIVATED AND 

MODIFIED CC SYSTEM 

Sample Salmonella  

enteritidis 

Escherichia  

coli 

Listeria 

 monocytogenes 

Cellulose 3.2 8.3 12.5 

CC 12 44 26 

CC (after plasma activation) 95.90 47.62 54.17 

CC/NIPAAm 74 100 100 

CC/PNIPAAm 86 100 100 

*NIPAAm-N-isopropylacrylamide; PNIPAAm –poly(N-isopropylacrylamide) 

Grafting of cellulose/chitin mixture under cold plasma with several phenolic compounds such 

as p-hydroxybenzoic acid (HBA), galic acid (GA) and eugenol Eu enhanced thermal 

resistance of cellulosic materials – Table 2. 
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TABLE 2. THERMOGRAVIMETRIC DATA OF UNTREATED AND TREATED CC SYSTEM 

Sample* Ti (
0
C) Tm (

0
C) Tf (

0
C) W (wt %) 

Step I 

CC 47.00 80.13 115.87 8.30 

CC/HBA  46.96 88.96 115.07 7.40 

CC/GA  35.38 85.62 115.51 7.83 

CC/Eu  44.05 87.72 124.56 7.59 

Step II 

CC 255.35  335.54 346.38 74.49 

CC/HBA  258.79 321.48 332.51 71.29 

CC/GA  257.98 345.34 355.37 74.80 

CC/Eu  256.87 311.71 322.60 68.06 

*p-hydroxybenzoic acid (HBA), galic acid (GA) and eugenol Eu 

The major termogravimetric step assigned to degradation occurred between 240 
0
C and 360 

0
C for all samples. In the second thermogravimetric step, the onset temperatures for 

grafted/modified mixture are higher than those of the untreated ones. The onset temperatures 

are shifted to higher temperatures, indicating an increase in thermal stability at least at the 

surface. Furthermore, the graft samples yielded a residual mass which decreases for all treated 

samples. The increase of the thermal stability indicates good antioxidant properties of fibers 

treated by plasma activation. Studies are in progress. 

Such treatment could be transferred to practical applications, particularly in medical textile 

applications and food packaging field. Moreover, the fact that the proposed process is solvent 

free may be considered as an additional advantage. 
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Abstract 

This research aims to first study the effects of gamma and electron irradiation on 

commercially available polymers currently being used for food products sterilized by 

radiation processing at Thailand Irradiation Center (TIC). Parameters that will be used for the 

study include type of radiation, radiation dose, radiation atmosphere, type of polymer and 

type of additive. After irradiation, changes in mechanical and thermal properties, chemical 

structure and color will be examined, along with the study of volatile radiolysis products. The 

obtained information will subsequently be used to determine the most suitable packaging 

materials for food irradiation as well as to develop natural polymer-based packaging materials 

suitable for food irradiation. Radiation processing will be utilized to improve the properties 

and enhance the performance of natural polymer-based packaging materials. 

1. Introduction 

Radiation sterilization of food and medical products, including radiation pasteurization of 

foods, is one of the most important applications of ionizing radiation [1]. During the radiation, 

packaging materials of these products are exposed to radiation as well. Most of these 

packaging materials are synthetic polymers. During radiation, energy transferred to polymer 

molecules can induce chemical as well as structural changes through the formation of various 

reactive intermediates such as free radicals, ions and atoms in excited states [2]. These 

reactive intermediates will finally lead to disproportion, hydrogen abstraction, rearrangement 

and/or formation of new bonds, depending on structure of the polymers and conditions, both 

before, during and after irradiation. Two of the most important changes for polymers, after 

irradiation, are crosslinking and degradation. As a result, controlling undesired changes, such 

as deterioration of mechanical properties and color changes has become an important subject 

for radiation sterilization of commercial products. The success of radiation sterilization using 

packaging materials made from synthetic polymers is due to two major reasons. The first 

reason is simply the convenience of radiation sterilization of products in various shapes and 

sizes. The second reason is the fact that most of the synthetic polymers tend to crosslink rather 

than degrade, upon irradiation [1-2].  

On the contrary, natural polymers are likely to undergo degradation, upon irradiation [3-4]. 

For example, cellulose, which is the main component of paper, degrades upon irradiation, 

resulting in decline of mechanical properties of paper. Therefore, choosing the right natural 

polymers for food packaging materials is an important factor to be taken into consideration, in 

order to maintain the desired properties as well as to ensure the safety and suitability in food 

packaging of these natural polymer-based packaging materials. 

Biodegradable polymers have been attracting a lot of attention due to their environmental 

friendliness. They have become perfect candidates for food packaging materials. Some of 

these food packaging materials may be applied for food products to be sterilized by radiation 
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processing as well. Hence, the investigation of the effects of radiation on their properties is 

very important and must be done in order to ensure their suitability and safety as packaging 

materials for food irradiation. 

Thai Irradiation Center (TIC) is a part of Thailand Institute of Nuclear Technology (Public 

Organization) (TINT). TIC’s main mission is to offer radiation service to both government 

and private organizations, mostly for commercial purposes. TIC offers radiation service for 

various products from food and agricultural products to non-food products such as medical 

products and cosmetics. Examples of food and agricultural products include spices, fruits, 

frozen seafood, onion and garlic. Currently, TIC offers radiation service using a gamma 

irradiator with Co-60 as a source of gamma radiation which offers high-penetrating capability, 

therefore making it suitable for irradiation of packaged food as well as medical products. In 

addition to gamma irradiator, TINT has recently received a budget (FY 2013 – 2016) to start a 

capability building project for irradiation of agricultural products for exporting purposes using 

electron beam. In 2015, TIC will be installing a 10 MeV electron accelerator for this project. 

The operation is expected to be start sometimes in 2016.  

Each year, TIC hosts an annual seminar for the customers to offer basic knowledge of 

radiation as well as to discuss about the customers’ needs and problems. In recent years, TIC 

has received questions from a number of customers concerning the effects of radiation on 

plastic packaging of food products. Customer complained that after irradiation, properties of 

the packaging are lower than standard values. The customer would like TINT to do a research 

work on this problem to determine scientific reasons causing this problem, so that they can 

develop suitable packaging materials for their products. A private company offering radiation 

service in Thailand is also facing a similar problem, having a difficult time to find an 

optimum dose for each product. To solve these problems, TINT proposes this research project 

to investigate the effects of gamma and electron beam irradiation on properties of commercial 

packaging materials for food irradiation as well as to use the obtained knowledge to develop 

bio-based polymers as suitable packaging materials for food irradiation. 

2. Experimental 

2.1. Materials 

Cassava starch was kindly supplied by Siam Quality Starch Co., Ltd., whereas low density 

polyethylene (LDPE) was generously provided by Thai Polyethylene Co., Ltd. 

2.2. Preparation of LDPE/Starch Blends 

Cassava starch was dried in an air oven at 100
o
C for 48 h. LDPE and cassava starch (0, 10, 

20, 30 and 40% by weight) were thoroughly mixed using a two-roll mill. The temperatures 

were set at 160
o
C and 150

o
C for front roll and back roll, respectively. After 15 min of mixing 

in the two-roll mill, the blends were subsequently compression molded at 170
o
c into smooth, 

square plastic thin films, with the thickness of approximately 100 µm. The sheets were cut 

into dumbbell-shaped specimens. 

2.3. Sample Irradiation and Incubation 

The polymer blends were irradiated in a gamma radiation chamber (Gammacell 220 Excel, 

MDS Nordian, Canada) at the total dose of 20, 40, 60 and 100 kGy. Irradiation was carried 

out in air at ambient temperature. Unirradiated and irradiated samples were incubated in an air 

circulation oven at 70±1
o
C, for a total incubation time of up to 100 days. 
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2.4. Mechanical Properties 

Tensile strength and elongation at break of incubated samples were characterized by a 

universal testing machine (AG-G Series, Shimadzu), with initial grip separation set at 10 mm. 

Five samples were tested for each condition, and the data were averaged to acquire a mean 

value. Samples were analyzed by both techniques at regular time invervals. 

2.5. FTIR 

An FTIR from Bruker, Tensor 27, was used for detecting chemical modifications in the 

samples as a result of sample irradiation and incubation. Acquired in absorbance mode (thin 

films with approximate thickness of 100 m), the spectra were collected with 16 scans co-

added at a resolution of 2 cm
-1

. 

3. Results and Discussion 

3.1. FTIR spectra and carbonyl index 

The FTIR spectra of LDPE and LDPE blended with starch (40% by weight) irradiated at 0 

and 100 kGy, and subsequently incubated for up to 100 days are illustrated in Figure 1. The 

spectra are shown in the range of 2100 – 1600 cm
-1

, where major spectral changes are 

detected. It is obvious that, for both unirradiated LDPE and LDPE/Starch blend, incubation of 

these samples up to 100 days causes no differences in FTIR spectra, implying that incubation 

of unirradiated samples results in no alterations in chemical structures.  

In contrast, the FTIR spectra of LDPE and LDPE/Starch blend irradiated at 100kGy display 

significant changes in the range of 1850 – 1650 cm
-1

, in which the increase of carbonyl groups 

(C=O) with incubation time can be observed. This region represents characteristic infrared 

bands of various compounds containing carbonyl groups, such as acid (1713 cm
-1

), ketone 

(1718 cm
-1

), ester (1741 cm
-1

) and lactone (1786 cm
-1

). At the beginning of incubation, a 

small peak at 1714 cm
-1

 emerges, implying the formation of acid groups.  

With increasing incubation time, the intensity of this acid peak escalates. At the same time, 

two other peaks at higher frequencies, 1741 and 1786 cm
-1

, start to appear, indicating the 

existence of ester and lactone groups, respectively. The simultaneous presence of these 

compounds broadens the bands in this region and shifts them to higher wavenumber.  

To quantitatively follow the progress of oxidative degradation during incubation, a carbonyl 

index is calculated as a ratio of the peak area between 1850 – 1650 cm
-1

 and the peak area of 

an internal standard peak, 1975 – 1850 cm
-1

. The internal standard peak used in this study is a 

peak that is independent of the oxidative decomposition and remains unchanged throughout 

the course of the experiments. 

Carbonyl Index (CI) = A 1850-1650 / A 1975-1850 

Figure 2 shows the carbonyl index of LDPE and LDPE blended with 40% starch, irradiated at 

0, 20, 40, 60 and 100 kGy. It is obvious that, for both pure LDPE and the blends, there is no 

oxidation for unirradiated samples, since no carbonyl groups develop even after 100 days of 

incubation. On the contrary, the carbonyl index of irradiated samples rises gradually and 

increases rapidly after 30 – 40 days of incubation. 
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FIG. 1. FTIR Spectra, between 2100 – 1550 cm-1, of LDPE and LDPE blended with starch (40% by 

weight) irradiated at 0 and 100 kGy and incubated for, from bottom to top, 0, 10, 20, 30, 40 , 50, 60, 

70, 80, 90 and 100 days, respectively. 

 

 

FIG. 2. Carbonyl index of LDPE (left) and LDPE blended with 40% starch (right) irradiated at 0, 20, 

40, 60 and 100 kGy with incubation time. 
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3.2. Mechanical properties 

Changes in mechanical properties of samples, as a result of irradiation and incubation, were 

traced by measuring elongation at break and tensile strength. 

Figure 3 illustrates the elongation at break of the pure LDPE and LDPE/Starch blends 

irradiated at 0 and 100 kGy as a function of incubation time. The elongation at break of pure, 

unirradiated LDPE sample hardly changes with incubation time. 

  

FIG. 3. Elongation of LDPE and LDPE/Starch blend irradiated at 0 and 100 kGy as a 

function of incubation time. 

       

  

FIG. 4. Tensile strength of LDPE and LDPE/Starch blends irradiated at 0 and 100 kGy, as a 

function of incubation time. 

For the unirradiated LDPE/Starch blend with 10% starch, its elongation at break drops after 

10 days of incubation, but barely varies after that. For other three series of the unirradiated 

polymer blends, only minor changes are observed. Note that the presence of starch reduces 

the elongation at break of the polymer blends. 
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As for samples irradiated at 100 kGy, it is obvious that the elongation at break of pure, 

irradiated LDPE drastically drops until 30 days of incubation, after which a gradual decrease 

is observed. For the irradiated polymer blends, especially the one with 10% starch, it is 

noticeable that their elongation at break is slightly improved by radiation. Similar to pure 

LDPE, within 30 days of incubation, they also exhibit a significant decrease in elongation at 

break. These results imply that irradiated samples become mechanically fragile after about a 

month of incubation. These findings agree very well with the carbonyl index data observed 

from the FTIR results. 

Figure 4 displays the effects of incubation time on the tensile strength of pure LDPE and the 

polymer blends, irradiated at 0 and 100 kGy. It can be seen that incubation has almost no 

effects on tensile strength of unirradiated LDPE and the polymer blends. Similar to 

elongation, the tensile strength of the polymer blends decreases with starch content. 

As for samples irradiated at 100 kGy, it is evident that radiation somewhat improves the 

tensile strength of both pure LDPE and the polymer blends. While tensile strength of the 

polymer blends remains roughly constant, that of pure LDPE displays a sharp decline up to, 

also, 30 days of incubation. 

4. Conclusion 

Radiation induces oxidative degradation of both pure LDPE and the LDPE/Starch blends, 

while incubation enhances it even further. The results from FTIR identify that the major 

degradation products are compounds containing carbonyl groups, such as acid, ketone, ester 

and lactone. While the mechanical properties of the polymer blends are slightly improved by 

radiation, they decline with starch presence and content. Results from mechanical tests 

demonstrate that incubation has almost no effects on mechanical properties of unirradiated 

samples. After a month of incubation, irradiated samples become mechanically fragile. 

5. Work Plan for Coming Year 

 Discussion with TIC’s Discussion with TIC’s customers about the commercial 

packaging materials to be studied and scope of the research 

 Irradiation of commercial packaging materials with the following factors:  

type of radiation 

 radiation dose 

 radiation atmosphere 

 type of polymer 

 type of additive 

 Investigate the effects of radiation with different factors on the following properties 

 mechanical properties 

 thermal properties 

 chemical changes 

 color changes 

 volatile radiolysis products 

 Analyzing data for results, discussion and conclusion 
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BARRIER PROPERTIES OF FOOD PACKAGING POLYMER FILMS 
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Abstract 

The objective of this study was to investigate the effect of radiation on the light transmittance, 

oxygen permeability of packaging materials used (for three different types of packaging 

materials) in food industry and the changes also on the physical, mechanical properties of 

packaging materials. Three different packaging materials (polyethylene (PE), polyethylene-

polyamide (PE-PA), polyethylene-polyethyleneterepthalate (PE-PET)) were irradiated with 

doses 0-20 kGy at 0.26kGy/h dose rate. The changes of transmittance, FTIR spectra, the 

colour index such as yellowness were determined. The thermal and mechanical properties of 

unirradiated and irradiated to different irradiation doses PE, PE-PA, PE-PET films were 

examined in the presence of air. The structural characterization of packaging films between 0-

20 kGy irradiated were performed by ATR-FTIR spectroscopy.  In order to investigate the 

physical and thermal behaviour of packaging films, mechanical (stress-strain) and thermal 

(TGA/DTG and DSC) tests were made and corresponding changes were studied in more 

details.The oxygen  permeabilities of unirradiated and 20 kGy irradiated PE, PE-PA, PE-PET 

films were performed. In general, there was no significant effect of radiation observed in 

physical and chemical properties between 0-20 kGy irradiation doses. There were slight 

changes in yellowness index values and mechanical properties.  

1. Introduction 

How should be the packaging of the food for irradiation? Before the selection of packaging 

material, all types of foods that will be irradiated should be estimated according to their fat 

amount and being fresh or freezed (1-3). Irradiation may cause oxidation on food products 

which cause the diverse effects on the taste of the food(4,5). Many food products are 

subjected to irradiation after packaging. Because of this, to explain the possible interactions 

between food and irradiation, the effect of radiation on food and package should be examined 

seperately. After irradiation, unwanted diverse effects may be possible. Suitable packaging 

material should be selected for applied irradiation dose since response and resistivity of 

packaging materials to irradiation are different for each. 

Nowadays, a variety of materials are used as food packaging materials. These are polymeric 

films, metals, glass and paper (6-8). Some researchers are interested on the positive and 

negative effects of plastic films as package materials on fresh fruits and vegetables (9,10). 

The packaging has been developed to protect food from heat, light, moisture, oxygen, 

microorganisms, insects and dirt. Food preservation, augmenting the longevity of food, has 

also been a key requirement. In the past few decades it has seen an increase in the required 

functionalities of prolonging the shelf-life of foods by controlling microbial, enzymatic and 

biochemical reactions of the internal environment of food packaging via a number of 

strategies such as oxygen removal, controlled release of salts, carbon dioxide etc. Other 

drivers alongside food protection/preservation include containment and waste reduction, 

convenience packaging, traceability and tamper indication. These requirements for broader 

functionality have provided the stimulus for a number of fields of material development (11): 
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In this study, The packaging films selected for this research work are those that are already 

being used in frozen food and spices and dried fruits. They are multi-layer films made of 

polyethylene and polyethylene-poly(amide), polyethylene-poly(ethylene terephthalate). 

Although considerable information is available on the effect of ionizing radiation on these 

three polymers, new data were needed to be collected on the effect of gamma rays on various 

properties of multi-layer PE, PE-PA and PE-PET films and in our work we focused on the 

investigation of the effect of gamma rays on various properties of multi-layer PE, PE-PA, PE-

PET. 

2. Experimental 

The irradiation of samples with 
60

Co--rays was performed using a “Gammacell 220” with a 

dose rate of 0.26 kGy/h. For unirradiated and irradiated packaging films, the transmittances at 

200-900 nm wavelengths were measured by a Cary 100 model UV-vis spectrophotometer. 

The ATR-FTIR spectra for all films were recorded. ATR-FTIR spectroscopy (Thermo 

Scientific Nicolet iS10 FT-IR Spectrometer) technique was utilized for characterization of the 

packaging films. ATR-FTIR spectra were collected in the 400–4000 cm
-1

 region with 

resolution 4 cm
-1

. CIE (1976) L, a, b colour values (12) for unirradiated and irradiated 

packaging films were measured using a Minolta Spectrophotometer CM-3600d. Perkin Elmer 

Pyris1 Thermogravimetric Analyser was used for determination of thermal properties of 

packaging films. Samples weighing 5-10 mg were heated in dynamic nitrogen atmosphere 

from 20 
o
C to 800 

o
C at a heating rate of 10 

o
C min

-1
. Mechanical properties i.e. tensile 

strength at break, elongation at break and young modulus of films were determined by using a 

Zwick Z010 model Universal Testing Instrument and screw grip  module at room 

temperature. Strain rate for all samples is  50 mm/min. Dumbbell shaped samples were 

prepared by using  ISO 37 type 1 cutting die. The changes of mechanical properties as a 

function of irradiation dose were determined. 

3. Results and discussion 

In applications in which films require enhanced rigidity, HDPE polymers are used. In other 

laminates polyethylene is combined with a variety of polymer types, such as polyethylene 

terephthalate (PET), polypropylene (PP), polyvinylidene chloride, (PVdC) and ethylene vinyl 

alcohol (EVOH), selected to provide the particular required properties and performance 

characteristics. The low glass transition temperatures (Tg) of low-density polyethylene means 

that the films remain flexible at low temperatures. This characteristic makes them the 

preferred films for packaging frozen food products. 

Before suitable packaging, each food is evaluated according to its fat content and freshness or 

freezed before irradiation. Irradiation may cause oxidation and have negative effects on the 

flavor or taste of the products. Most of the food products are subjected to radiation after 

packaging. To understand the interaction between package, food and radiation, effect of 

radiation on food and packaging material shoul be investigated seperately. After irradiation, 

decomposition of functionality of plastic packaging materials can be observed which are not 

wanted. Suitable packaging material should be selected since they have different response and 

resistivity for the applied dose.  

The comparison of the ATR-FTIR spectra of PE, PE/PA, PE/PET films irradiated as a 

function of irradiation doses are shown in Figures 1-5. In Figures 2 and 3 PE and PA surfaces 

of PE/PA and in Figures 4 and 5 PE and PET surfaces of PE/PET films can be seen. ATR-

FTIR spectra of PE surfaces in PE/PA and PE/PET films are the same with PE in Figure 1. In 
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the ATR-FTIR spectra of PA and PET surfaces have the characteristic peaks. We can say that 

Irradiation have no effect on ATR-FTIR spectra of all packaging films. As shown, for PE, the 

absorption peaks  2916, 2848, 1463 and 719 cm
-1

 are attributed to methylene nonsymmetry 

stretching vibration, methylene symmetry stretching vibration, methylene nonsymmetry 

changing angle vibration, and methylene swing in plane vibration, respectively. For PET 

surface, The main absorption bands observed in the ATR-FTIR mode are: the aliphatic C-H 

nonsymmetry stretching vibration at 2960 cm
-1

; the C=O stretching vibration at 1710 cm
-1

; 

one of several aromatic skeletal stretching vibrations at 1410 cm
-1

; the C(O)-O stretching 

vibration of ester group at 1240 cm
-1

; bands in the skeletal ring at 1113 and 1021 cm
-1

 

indicative of an aromatic substitution pattern; the O-CH2 stretching vibration of ethylene 

glycol segment at 970 cm
-1

 (13). 

The transmittance percents of PE, PE/PA, PE/PET packaging film in UV-Vis wavelength 

region as a function of irradiation döşe are given in Figures 6-8. PE and PE/PA, PE/PET films 

have approximately 80% transmittances. The spectra of the irradiated films Show a similar 

pattern to the unirradiated films. 

Change of colour index as a function of irradiation döşe on PE, PE/PA films for each surface 

are given in Figures 9-11. Irradiation have  effect on CIE yellowness values of irradiated 

packaging films. When Irradiation doses up to 11 kGy increased CIE yellowness-values of  

PE and PE/PA films but at 20 kGy irradiation dose decreased., The changes of CIE 

yellowness-values in for PE/PET films were smaller than those of the PE and PE/PA films. 

Figures 12-14 present the thermogravimetric analysis weight loss results of PE. PE/PA. PE/ 

PET films, respectively, of unirradiated films and films irradiated to 1-20 kGY irradiation 

doses. The results obtained are not very easy to understand, probably because there are three 

different polymers and two surfaces. The 5, 11, 20 kGY irradiated PE films presented an 

increase in stability when compared with that of the unirradiated PE film an low irradiated PE 

films 

(Fig. 12). Figure 12-b  presents the derivative calculus performed in the TGA analysis of 

unirradiated and irradiated PE films. Besides the decreased thermal stability of the oxidized 

polymer, the weight loss temperature range was larger than that of unirradiated and lower 

irradiated PE. The temperature at maximum weight loss increased from 436°C to 462°C. after 

2.5 kGy irradiation dose.This result suggests that the weight loss mechanism in this film may 

changed by the crosslinking process (14).  

The thermal degradation results of PE/PA and PE/PET films are similar, as can be seen in Fig. 

13-a and 14-a.  Fig. 13-b and 14-b presents the derivative calculus performed in the TGA 

analysis of untreated PE/PA and PE/PET films. Besides thermal stabilities of the irradiated 

films are changed continuously. This fact suggests that the weight loss mechanism in this film 

may changed by crosslinking and chain scission processes. 

Figure 15 shows the melting enthalpy of unirradiated and irradiated at different irradiaton 

doses PE films and the melting enthalpy for unirradiated PE is 116 J/g but for irradiated PE 

films decreased to 109 J/g. After the stress-strain measurements to parallel and vertical to 

orientation direction there is significant changes depending on the orientation direction 

(Figure 16). At same samples 20 kGy irradiated melting enthalpy values are decreased (Figure 

17). For PE/PA and PE/PETfilms, The DSC thermograms of  are given in Figures 18 and 19 

and the melting enthapies of PE/PA (220°C) and PE/PET (255°C)  are lower than the PE 

films. 
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Stress-Strain % curves for unirradiated and 20 kGy irradiated PE (parallel to orientation) and 

(vertival to orientation), PE/PA, PE/PET films are shown in Figures 20-23.  Changes of E-

modulus, Strain %, Stress as a function of irradiation dose on PE (parallel and vertical to 

orientation), PE/PA an PE/PET are given in Figures 20-23.  For PE,PE/PET films E-modulus 

increased up to 11 kGY irradiation dose and then decreased but for PE/PA E-modulus 

decreased. When we compared TGA results with mechanical experiment results they ar agree 

with eachother. The important factor is chain scission and crosslinking which is competitive 

depend on irradiation dose. 

The oxygen gas permeabilities of unirradiated and 20 kGy irradiated Packaging films are 

given in Table 1. PE has higher oxygen gas permeability than PE/PA and PE/PET films.  

While for unirradiated and 20 kGy irradiated PE films the oxygen gas permeability are 

decreased from 1930 mL/m
2
/day to 1856 mL/m

2
/day, the oxygen permeabilities of PE/PA and 

PE/PET didn’t change with the irradiation dose. 

 

FIG. 1. FTIR spectra of Polyethylene (PE) films. 
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FIG. 2. FTIR spectra of Polyethylene-Polyamide film (PE/PA-PE surface). 

 

 

FIG. 3. FTIR spectra of Polyethylene-Polyamide film (PE/PA-PA surface). 
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FIG. 4. FTIR spectra of Polyethylene-Polyethyleneterephtalate film (PE/PET-PE surface). 
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FIG. 5. FTIR spectra of Polyethylene-Polyethyleneterephtalate film (PE/PET-PET surface). 

 

Error! Objects cannot be created from editing field codes. 

FIG. 6. Transmittance percent of Polyethylene (PE) films in UV-Vis wavelength region. 
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FIG. 7. Transmittance percent of Polyethylene-Polyamide (PE/PA) films in UV-Vis wavelength region. 

 

Error! Objects cannot be created from editing field codes. 

FIG. 8. Transmittance percent of Polyethylene- Polyethyleneterepthalate (PE/PET) films in UV-Vis 

wavelength region. 
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FIG. 9. Change of colour index as a function of irradiation dose on Polyethylene (PE) films. 
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FIG. 10. Change of colour index as a function of irradiation dose on Polyethylene-Polyamide (PE/PA) 

film. 
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FIG. 11. Change of colour index as a function of irradiation dose Polyethylene-Polyterepthalate 

(PE/PET) films. 

 

 

FIG. 12. TGA/DTG thermograms of Polyethylene (PE) films. 
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FIG. 13. TGA/DTG thermograms of Polyethylene-Polyamide (PE/PA) films. 

 

 

FIG. 14. TGA/DTG thermograms of Polyethylene-Polyethyleneterepthalate (PE/PET) films. 
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FIG. 15. DSC thermograms of Polyethylene (PE) films. 

 

 

FIG. 16. DSC thermograms of unirradiated Polyethylene films (after the stress-strain measurements. 
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FIG. 17. DSC thermograms of 20 kGy irradiated Polyethylene films after the stress-strain 

measurements. 
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FIG. 18. DSC thermograms of Polyethylene-Polyamide (PE/PA) films. 

 

 

FIG. 19. DSC thermograms of Polyethylene-Polyethyleneterepthalate (PE/PET) films. 
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Error! Objects cannot be created from editing field codes.Error! Objects cannot be created 

from editing field codes.Error! Objects cannot be created from editing field codes. 

FIG. 20. Change of E-modulus, Strain%, Stress as a function of irradiation dose on Polyethylene (PE) 

films (parallel to orientation). 

 

Error! Objects cannot be created from editing field codes.Error! Objects cannot be 

created from editing field codes.Error! Objects cannot be created from editing field 

codes. 

FIG. 21. Change of E-modulus, Strain%, Stress as a function of irradiation dose on Polyethylene 

(PE) films (vertical to orientation). 
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FIG. 22. Change of E-modulus, Strain%, Stress as a function of irradiation dose on Polyethylene-

Polyamide (PE/PA) films. 
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FIG. 23. Change of E-modulus, Strain%, Stress as a function of irradiation dose on Polyethylene-

Polyethyleneterepthalate (PE/PET) films. 

TABLE 1. O2 GAS PERMEABILITIES OF UNIRRADIATED AND 20 KGY IRRADIATED PACKAGING 

FILMS 

________________________________________________________________________ 

O2 gas permeabilities of Packaging films ( mL/m
2
/day) 

Packaging films  Unirradiated   20 kGy irradiated  

PE    1930    1856 

PE-PA    58    58 

PE-PET   115    111 
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Abstract 

This paper reports the use of a new method which allows the controlled modification of the 

structure of polysaccharide and other related materials in the solid state using ionizing 

radiation in the presence of a mediating alkyne gas. The range of materials modified by this 

process includes non-substituted polysaccharides extending over both plant and animal 

derived polysaccharides, whether charged or uncharged. The molecular weight can be 

increased by a cross-linking mechanism involving addition of C-C bond between two chains. 

The product has higher viscosity and is more elastic than the original material and, therefore, 

gives enhanced functionality which would potentially be useful for consideration as 

biodegradable packaging materials or formulations which could be used for coating where 

plastic packaging cannot be used. The method was also applied on blends of two biopolymers 

as well as on blend of synthetic and natural biopolymers. The results demonstrate greatly 

enhanced mechanical properties compared to starting material.  

1. Introduction 

Polysaccharides are widely used in various industrial sectors to confer functionality such as 

thickening, emulsification, gelling etc. They have been also considered as the materials of 

choice to produce environmentally friendly packaging materials in order to reduce the use of 

petroleum based non degradable polymers. However, limitation such as (i) low water 

resistance as a consequence of their hydrophilic nature and (ii) low mechanical strength are 

the key challenges which need to be addressed. Other alternatives which have also been 

considered are bio-nanocomposite, active packaging and blends of polysaccharide and 

biodegradable biopolymer such as polylactic acid (PLA).  

This paper reports the application of our patented method (1-3) on gum acacia and interactive 

blends to demonstrate the increase of the molecular weight and mechanical properties.  

2. Methodology 

The GPC-MALLS system used in this study has been previously described [4,5]. 
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Rheological measurements were performed using a controlled stress rheometer according to 

the method previously described [6]. Emulsion composition was: gum arabic 20 w/w%, citric 

acid 0.12 w/w%, sodium benzoate 0.13 w/w% and MCT  20 w/w%. Detailed methodology 

has already been described [6]. 

3. Results and Discussion 

We have previously shown that γ-irradiation of polysaccharides such as pullulan, dextran, 

pectin, protein and interactive blends (two polysaccharides) thereof can be increased in 

molecular weight, by a cross-linking mechanism [1-3].  

Initially, we describe the effect of radiation modification of arabinogalactan protein complex 

(Acacia senegal referred also to as gum arabic), in the solid state. Gum arabic is a complex 

polysaccharide consisting of D-galactopyranose (~44 %), L-arabino- pyranose and furanose 

(~25 %), L- rhamnopyranose (14 %), D-glucuropyranosyl uronic acid (15.5 %), 4-O-methyl-

D-glucuropyranosyl uronic acid (1.5 %) and contains a small amount (~2 %) of protein as an 

integral part of the structure [7]. Thus numerous attempts have been made to control and 

improve the functionality of such polysaccharides by chemical cross-linking. Hydrophobic 

fractionation of gum arabic (A. senegal) has shown that it is a highly heterogeneous complex 

polysaccharide which consists of three main fractions.  These fractions are: arabinogalactan 

protein complex (AGP), arabinogalactan (AG) and glycoprotein (GP).  Each fraction contains 

a range of different molecular weight components with different protein contents [8].  The 

AGP fraction is composed of hydrophilic carbohydrate blocks linked to a protein chain and 

has been reported to have a wattle blossom-type structure due to being readily degraded by 

proteolytic enzyme (Figure 1). 

 

FIG. 1. Schematic representation of the 'wattle blossom' structure of A. senegal gum [18]. 

Gum arabic is used mainly in confectionary, clarification of wine, thickener, stabiliser and 

emulsifier in variety of food stuff. One of its most widely used application is the beverage 

industry as an emulsifier of citrus flavour. Of particular importance is the amount of the high 

molecular weight AGP component which is present since it has now been established that this 

is the component controlling efficiency of emulsification and adhesion [6,7, 9].  Gum arabic's 

role as an emulsifier is achieved as a consequence of its amphiphilic character due to the 

presence of protein and polysaccharide moieties (see Figure 1). It reduces the oil–water 

interfacial tension, thereby facilitating the disruption of emulsion droplets during 

homogenization. The peptide moieties (2-3% present in gum arabic) are hydrophobic and 

strongly adsorb onto the surface of oil droplets, while the polysaccharide chains are 

hydrophilic and extend out into the solution, preventing droplet flocculation and coalescence 

through electrostatic and steric repulsion forces [7].  
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Gel permeation chromatography coupled on line to a multi angle laser light scattering detector 

(GPC-MALLS) is currently the best available technique for the absolute determination 

polysaccharide molecular weights and their distribution. A typical elution profile of gum 

arabic following fractionation by GPC is shown in Figure 2 below. 

 

FIG. 2. GPC elution profile monitored by light scattering, refractive index and UV for control gum 

Arabic. 

The elution profile of A. senegal and determination of the weight average molecular weight 

(Mw) for the whole gum and for two components have been previously interpreted [2,5,10, 

11]. The first peak is assigned to the high molecular weight arabinogalactan protein (AGP) 

and integration of the area under the peak gives its mass % with respect to the total injected 

mass. The second peak is broader with lower response is associated with the arabinogalactan 

(AG) component and it accounts for the rest of the gum (~90%). The molecular weight data 

are tabulated in Table 1. The weight average molecular weight for the starting material was 

5.9 x 10
5
 (g/mol). The AGP content was 14.5% of the total gum by mass with molecular 

weight of 2.3 x 10
6
 (g/mol).  The results are typical A. senegal var. senegal in the spray dried 

form. Our first objective was to increase the molecular weight of gum arabic and in particular 

the proportion of the active ingredient responsible for its emulsification performance. Table 1 

gives the molecular weight parameters of control and irradiated sample for 6.2kGy.  The 

results shown in Table 1 clearly show that irradiation in the presence acetylene for a dose of 

6.2kGy resulted in increasing the weight average molecular weight of the whole gum by 2.5 

times compared to the control (Mw 1.5 x 10
6
 g/mol). This increase is also reflected in the % of 

AGP which increased to 22.7% and its average molecular weight is more than doubled to 5.2 

x 10
6
 (g/mol).  The radiation dose of 6.2kGy achieved this increase in molecular dimensions 

with the sample retaining complete solubility. 

Table 1. Molecular weight (g/mol) of gum arabic determined by GPC-MALLS. Mw means 

weight average molecular and is given in column 2. % mass means the recovered mass which 

is calculated using a dn/dc value of 0.141 g/ml, Rg is the RMS-radius of gyration. Mw/Mn 

means the polydispersity. Mw processed as two peaks means that the AGP peak was processed 

as one peak and the rest of the gum (AG+GP peaks) is processed as the second peak. 
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TABLE 1. MOLECULAR WEIGHT (G/MOL) OF GUM ARABIC DETERMINED BY GPC-MALLS. 

Dose 

/kGy 

Processed as one peak  Processed as two peaks 

Mw (g/mol) % 

mass 

Mw/Mn Rg/ 

nm 

Mw (g/mol) % mass Mw/Mn Rg 

Control 5.99  0.2 x 10
5
 100 2.24 25 2.34   0.09 x 10

6 

3.19   0.08 x 10
5
 

14.5 

93.1 

1.49 

1.35 

35 

- 

6.2 1.48  0.08 x 10
6
 100 3.73 56 5.26   0.30 x 10

6 

4.61   0.24 x 10
5
 

22.7 

84.1 

1.59 

1.43 

63 

24 

* Mw means weight average molecular and is given in column 2. % mass means the recovered mass which is 

calculated using a dn/dc value of 0.141 g/ml, Rg is the RMS-radius of gyration. Mw/Mn means the 

polydispersity. Mw processed as two peaks means that the AGP peak was processed as one peak and the rest of 

the gum (AG+GP peaks) is processed as the second peak. 

Figure 3 shows the % particles greater than 1 micron for initial and accelerated emulsions for 

3 and 7 days at 60
o
C for the control and irradiated A. senegal for 6.2kGy. The results given in 

the latter Figure show the initial emulsification performance is almost similar but greater 

emulsion stability was achieved for the irradiated samples compared to the control. The 

stability of the emulsion is directly related to greater oil surface coverage by the increased 

AGP content and molecular weight of the irradiated sample (Table 1). 

 

FIG. 3. % Particles greater than 1 micron for initial and accelerated emulsions made using control 

(5.9 x 10
6
 gm/mol) and irradiated samples for 6.2kGy (Mw 2.5 x 10

6
 g/mol). 

The equations below (1-5) illustrate the proposed cross-linking mechanism between two 

chains. For ease of presentation we labelled the two chains as R1H and R2H.  The direct 

radiation action forms a free radical (designated here as R1
●) which then adds to the acetylene 

to give a radical with a double bond. This addition to the acetylene is slow and the reactive 

radical with a double bond abstracts hydrogen atom form a nearby polysaccharide chain to 

give two radicals, one on the original acetylene adduct and one on a nearby polysaccharide 

chain (R2
•). These recombine to give a cross- linked stable radical. This radical has fair degree 

of mobility and either recombines with acetylene, radical generated as a result of the action of 

ionizing radiation or another similar radical. This process occurs also with polyethylene in 

radiolysis and for many polymers during photolysis [3].  
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R1H    R1
●         (1) 

R1
●  +   HC≡CH  R1CH=CH●        (2) 

R1HC=CH●  + R2H   R1CH=CH2  + R2
●     (3) 

R1HC=CH2  + R2
●  
 R1HĊ–CH2 R2       (4) 

R1HĊ–CH2 R2  +  R●  or HC≡CH    cross-linked chains    (5)  

4. Interactive Blends  

Gum arabic even at a concentration of 50% exhibit typical diluted solution behaviour where 

G’’ (the viscous modules) is higher than G’ (elastic modulus) at the entire frequency range. 

This is due to the fact that gum arabic molecules are globular shape and are not capable of 

entanglement compared to other polysaccharides which take on rod or random coil 

conformation in solution. Here the possibility of entanglement is far greater and is achieved at 

much lower concentration.  The rheological changes induced by the irradiation process were 

determined using small deformation oscillation measurements to monitor the viscoelastic 

properties. Figure 4 shows the elastic modulus (G’) as a function of oscillation frequency for 

4 wt% blend made using 50:50 gum Arabic and poly (vinylpyridine) (PVP). The blend was 

prepared in the solid state by mixing the powder of the two polymers by tumble mixing. 

Subsequently concentrated solution was prepared in water and then freeze dried. The freeze 

dried blend as well the mixed powder and the individual polymers were irradiated for 3.1kGy 

and 10.4kGy in the presence of acetylene.  The results clearly show that the control sample 

show the lowest mechanical properties. The blend made following irradiation of gum arabic 

and PVA separately showed greater elasticity compared to the control. However the increase 

can be largely attributed to modification of individual polymers following irradiation as 

shown above for gum arabic alone. On the other hand, the increase of the elasticity of blend 

which was made into solution, freeze dried and then irradiated suggests possible linking of 

gum arabic molecules to PVP. 
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FIG. 4. Elastic modulus (G’) as a function of oscillation frequency for 10 wt% blend made using 

50:50 gum Arabic and poly (vinylpyridine) (PVP). 

5. Conclusion  

We have demonstrated here that our process allows systematic modification of Acacia gums 

in the solid state when irradiated in the presence of alkyne gas. Relatively low radiation doses 

(~6KGy) resulted in greatly enhancing the emulsification performance and stability of A 

senegal. This low radiation dose is typically used for the decontamination of polysaccharides.  

Additionally, we have also shown that blends of natural biodegradable polysaccharide such as 

gum arabic can successfully incorporated to a synthetic polymer.   
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Introduction 

The use of ionizing irradiation technology for food preservation and sanitation is over 115 

years old.  The technology has come a long way since its early days. Today, this technology is 

making significant improvements in the sterility of medical devices and products, the 

development of new materials, preventing the spread of agriculturally important insects and 

pathogens and enhancing the microbiological safety of foods.  Consumers around the world 

are getting sophisticated in terms of their food needs and expectations.  These demands extend 

the entire gamut from availability of fresh produce year-round, to pesticide-free food and 

fiber, minimally processed, and organically-grown foods. 

There can be no discussion of food irradiation without discussing the topic of food packaging. 

Food packaging and ionizing irradiation technology have a long intertwined relationship. 

Food irradiation is expected to be used as a final step of a comprehensive HACCP program. 

Thus, it is expected that the packaging used for food should be compatible with this 

technology.  In the United States, there are federal regulations governing the type of polymers 

that are acceptable to be used with pre-packaged food intended to be used in irradiation.  

The use of irradiation technologies for pre-packaged foods requires a clear understanding of 

the regulations governing the doses that are approved for the different applications of this 

technology.  For example, fruits and vegetables treated with irradiation for phytosanitary 

treatment requires very specific dose ranges as compared to foods that are treated with 

irradiation for the elimination of microbial pathogens (ie., food safety). 

This article provides a high-level discussion of some issues as it relates to the use of 

irradiation technologies for pre-packaged foods. The discussion revolves around the issues of 

how the packaging materials will respond to the irradiation doses. 

Global distribution and consumption of foods 

The globalization of foods has resulted in fresh produce grown in one country being 

consumed in another country. This change can be attributed to rising consumer incomes, 

international trade agreements, and improved technologies. U.S. fresh fruit and vegetable 

imports between 1990-92 and 2004-2006 increased from $2.7 billion to $7.9 billion (Huang 

and Huang, 2007). Tomatoes, peppers and cucumbers account for 60% of the total volume of 

fresh vegetables that are imported into the U.S. though developed countries.  Today, 13% of 

vegetables consumed in the United States are grown outside the United States.   According to 

recent estimates, foodborne illnesses linked to domestic and imported fresh fruits and 

vegetables cost the US economy over $150 billion per year (Scharf, 2010). 

The International Plant Protection Convention (IPPC) is an international agreement that is 

focused on preserving standardization of plant health practices around the world. The IPPC 
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provides countries with a framework to assess risks to their national plant resources and use 

science-based measures to safeguard their cultivated and wild plant systems.   Countries 

employ a wide variety of technologies to prevent the spread of insects and pests that may be 

associated with fresh produce and agricultural commodities in international trade.  These 

technologies include chemical treatments such as methyl bromide, heat treatments (hot air, 

hot water dip and steam), cold treatments, fumigation (phosphine gas, methyl bromide) and 

ionizing radiation.  There is a growing trend in employing ionizing radiation as a 

phytosanitary treatment technology (Pillai et al., 2013).  In the United States, the USDA-

APHIS has been encouraging the use of methyl-bromide alternatives including ionizing 

radiation for phytosanitary treatments.  In 2006, it established 400 Gy as the generic dose for 

all insects and 150 Gy for all fruit flies.  A current trend is the approval by USDA-APHIS of 

ionizing radiation as the only viable treatment for new commodities.  An example is the 

stipulation that only ionizing radiation can be used for the import of carambola, sweet lime, 

guava, manzano pepper, sweet orange and tangelo from Mexico (Pillai et al., 2013). There is 

a need to expand the technology portfolio that is available to improve the microbiological 

safety and quality of fresh-cut fruits and vegetables.  

Recent estimates put foodborne illnesses linked to fresh fruits and vegetables costing the US 

economy over $150 billion a year.  Additionally, there is a need for optimizing irradiation 

technologies to prevent the accidental importation/exportation of insects and pests that can 

have agricultural relevance. 

Ionizing Radiation Technology  

Ionizing radiation can be delivered using electrons, X-ray photons, as well as gamma ray 

photons. The method to generate these types of ionizing radiation are quite different..  The 

irradiation sources that have been internationally approved for food processing are gamma 

rays produced from radioisotopes cobalt-60 (1.17 and 1.33 MeV) or cesium-137 (0.662 

MeV), machine generated electron beams (max. energy 10 MeV) and X-ray photons (max 

energy 5 or 7.5 MeV in the U.S. while 5meV rest of the world). Irradiation technologies that 

rely on gamma ray photons must necessarily involve the radioactive material cobalt-60 or 

cesium-137 . The source is radioactive and cannot be switched off, the source strength decays 

with time as part of the natural radioactive decay process and the time of exposure needs to be 

adjusted to take this into account. Thus, facilities using gamma irradiation have inherently 

different designs to accommodate the normal operation, protection, shielding, and safe-

guarding of the radioactive materials.  In contrast, irradiation facilities that employ E-Beam or 

X-ray are machine based using high energy linear accelerators (linacs) to generate the 

electrons or the x-ray and since the accelerators can be turned on and off, no radioactive 

residue is generated and/or needs to be protected.  

Electron Beam and X-ray Technology 

Electron beam and X-ray technologies do not involve radioactive isotope sources.  Electron 

beam and X-rays are generated from regular electricity using linear accelerators. The singular 

most important value of this technology is that it can be switched on and switched off (unlike 

gamma irradiators). Because this technology relies on electricity, issues of safety and security 

in radioactive isotope transportation, and disposal are non-existent. Because of this, the 

number of E-Beam irradiation facilities has grown to 1500 worldwide and outnumber gamma 

irradiation facilities by almost 10:1 (Hamm and Hamm, 2012). Most recent estimates suggest 

that E-Beam systems account for approximately $ 80 billion of added value to commercial 

products.  A variety of linear accelerator configurations have been developed since the 

1950’s. Different applications of the electron beam technology require different linear 
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accelerator configurations. The ability to penetrate materials and products is dictated by the 

energy of the electrons that are generated by the accelerator.  The higher the energy, the 

greater the penetration into the material..  The penetrating potential depends not only on the 

thickness of the package product, but also the bulk density of the material.  This makes it 

possible to calculate whether E-Beam can be used for irradiating the product based on 

packaging- box dimensions and the product density (Miller, 2005).    Table 1 provides a 

general description of the applications for accelerators of different energy profiles. It is 

important to note that E-Beam energies greater than 10 MeV cannot be used for any food or 

food-related applications (IAEA, 1977; CODEX, 2003).  The upper threshold is kept at 10 

MeV to eliminate any possibility of temporary radioactivity being imparted to the products 

being irradiated with excessive energy.   

TABLE 1. COMMERCIAL APPLICATIONS OF ACCELERATORS OF VARYING ENERGY RANGE 

(ADAPTED FROM CLELAND, 2012) 

Application Preferred Electron Beam Energy 

Surface curing of materials 80-300 kilo electron volts (keV) 

Shrink film treatment 300-800 kilo electron volts (keV) 

Wire and cable cross linking 0.4 – 3  million electron volts (Mev) 

Food Pasteurization and Medical sterilization 3-10  million electron volts (MeV) 

Table 2 shows the dose limits established by the FDA for the application of ionizing 

irradiation technologies. 

TABLE 2. IONIZING IRRADIATION DOSES APPROVED BY THE FDA FOR FOODS IN THE U.S. 

Food Purpose 
Maximum 

Allowable Dose 

Fresh, non-heated processed pork Control of Trichinella spiralis 
0.3 kGy min. to 1 

kGy max.  

Fresh foods Growth and maturation inhibition 1 kGy max. 

Foods  Arthropod disinfection  1 kGy max.  

Dry or dehydrated Enzyme 

preparations  
Microbial disinfection  10 kGy max.  

Dry or dehydrated spices/seasonings  Microbial disinfection  30 kGy max.  

Fresh or frozen, uncooked poultry 

products  
Pathogen control  3 kGy max.  

Refrigerated, uncooked meat products  Pathogen control  4.5 kGy max.  

Frozen uncooked meat products  Pathogen control  7 kGy max.  

Fresh shell eggs  Control of Salmonella  3.0 kGy max.  

Seeds for sprouting  Control of microbial pathogens  8.0 kGy max.  

Fresh or frozen molluscan shellfish  
Control of Vibrio species and 

other foodborne pathogens  
5.5 kGy max.  

Fresh iceberg lettuce and fresh spinach Control of food-borne pathogens, 

and extension of shelf-life 

4.0 kGy max.  

Table 3 shows the FDA approved dose limits and fresh produce commodities that can be 

treated with ionizing radiation.  It should be emphasized that post-harvest technologies such 

as E-Beam irradiation were never designed to be used as clean-up technologies (Espinosa et 
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al., 2012). These technologies are meant to be used only as the final step of a comprehensive 

food safety program that starts with Good Agricultural Practices (GAP) in the field and Good 

Manufacturing Practices (GMP) in packing facilities. Unless the fresh produce commodity 

has manageable levels of contaminants to begin with, the use of E-Beam or other such post-

harvest technologies cannot be expected to make significant reductions in the infection rates 

in the general public. 

TABLE 3. US. FDA APPROVED IRRADIATION DOSE LIMITS FOR FRESH PRODUCE AND 

VEGETABLES  

Commodity Intended Application Maximum Dose limit (kGy) 

lettuce Pathogen control 4.0 kGy 

spinach Pathogen control 4.0 kGy 

Seeds for sprouting Pathogen control 8.0 kGy 

Fresh fruits Growth and maturation inhibition  1 kGy 

Fresh fruits Arthropod disinfestation 1 kGy 

Ionizing radiation and packaging materials 

A variety of polymers used for pre-packaged irradiated foods have already been approved by 

the FDA. Table 4 provides a listing of polymers that are approved as packaging material for 

irradiated foods. 

TABLE 4. A SELECTED LIST OF PACKAGING MATERIALS APPROVED BY THE FDA FOR USE WITH 

IRRADIATED FOODS 

Packaging Materials Max Dose [kGy] 

Nitrocellulose-coated cellophane 10 

Glassine paper 10 

Wax-coated paperboard 10 

Polyolefin film 10 

Kraft paper 0.5 

Polyethylene terephthalate film (basic polymer) 10 

Polystyrene film 10 

Rubber hydrochloride film 10 

Vinylidene chloride-vinyl chloride copolymer film 10 

Nylon 11 [polyamide-11] 10 

Ethylene-vinyl acetate copolymer 30 

Vegetable parchment 60 

Polyethylene film (basic polymer) 60 

Polyethylene terephthalate film 60 

Nylon 6 [polyamide-6] 60 

Vinyl chloride-vinyl acetate copolymer film 60 
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Modified atmosphere packaging (MAP) and food irradiation 

In addition to ionizing irradiation technology, modified atmosphere packaging (MAP) can be 

used to improve retention of quality and prolonging shelf life.  There are a number of 

knowledge gaps as it relates to MAP and ionizing radiation technology.  Though there is a lot 

of published information on the role of MAP to extend the shelf-life of meat and poultry 

products, there is only limited information on the combined use of MAP and ionizing 

radiation.  More specifically, the effects of MAP and e-beam technology on fresh produce 

shelf-life are particularly lacking.  The MAP technology is used to extend produce shelf life 

by reducing water loss, respiration rate, enzymatic browning, microbial growth and ethylene 

production.  The oxygen content is lowered from the normal 20% found in air to 5% or less.  

This slows down respiration rate and enzymatic browning as well as ethylene production by 

limiting the substrate oxygen that is needed for these reactions.  The carbon dioxide content is 

elevated from <1% in the air to 3% or higher depending on the fruit.  Elevated carbon dioxide 

atmospheres has an antimicrobial effect on microorganisms as it lowers the pH to a level 

below that suitable for the growth of many bacteria.  Nitrogen is used as a filler gas to 

complete the gas mixture to 100%. There is a strong rationale for evaluating the value of 

MAP in combination with e-beam phytosanitary and food safety relevant doses. 

Novel distribution channels for irradiated foods 

There is a national urgency to improve the nutritional choices available in convenience foods 

offered through vending machines and in convenience stores. Convenience foods sold via 

vending machines and convenience stores are particularly high in sugar, sodium, and 

saturated fat.  It is estimated that approximately 23 million US children are either obese or 

overweight. The vending machine market is estimated to be around $20 billion.  There is an 

untapped business opportunity to positively influence nutrition and health by positioning 

fruits and vegetable in the vending machine channel, particularly in schools, universities, 

workplace, and in public areas.  Ionizing irradiation can play a major role in developing such 

fruit and vegetable products customized for the vending machine industry with enhanced 

quality and guaranteed microbiological safety.  Developing new food packaging material and 

evaluating commercially available packaging material for ionizing radiation compatibility for 

use in the vending machine distribution channel has significant commercial potential. The 

potential that can be realized when for combining novel packaging material with modified 

atmosphere packaging and e-beam cannot be over emphasized. 
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APPENDIX I. TABLES 

Table 1. Facilities and equipment in participating institutions 

MS 
Radiation 

Source 

Polymer Characterization Testing 

of Final 

Product 

Characterization 

of Additives 
Migration Formulation Processing Characterization 

Types 

Algeria Gamma  X     

Bangladesh Gamma   Water Permeability X   

Brazil Gamma & 

E-beam 

 X  X X  

Canada Gamma X X Oxygen / CO2 

Barrier, Water 

permeability, 

Particle Sizing 

X X X 

Egypt Gamma & 

E-beam 

 X Nano-indenter, 

FEM, AFM,DSL, 

Rheology 

X   

Italy Gamma, 

X-ray 

X X Oxygen / CO2 

Barrier, Water 

permeability, 

ESEM, 

WAX/SAX, AFM, 

NMR Solid State, 

GPC organic 

X X X 

Malaysia Gamma & 

E-beam 

X X AFM, TEM, DLS X   

Philippines  Gamma   X-ray Diffraction, 

Stable Isotope 

Analyzer 

X  X 

Poland Gamma & 

E-beam 

X X DRS, Rheology X   

Romania Gamma & 

Cold 

Plasma 

X X Oxygen Barrier, 

Particle Sizer, 

Migration tester 

X X X 

Thailand Gamma & 

E-beam 

X X  X   

Turkey Gamma X X Oxygen / CO2 

Barrier, Water 

permeability, AFM 

X   

UK Gamma   GPC MALLS, 

Rheology 

   

USA Gamma, 

E-beam, 

X-ray 

X X Barrier Properties, 

X-ray Diffraction 

X X X 
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Table 2. Overview of the participants working towards specific objectives 

 Active 

Food 

Coating 

 

New Food Packaging Commerci

al 

Packaging 

Radiation 

Sensitivity 

of 

Packaging 

Synthetic Natural Synthetic-

Natural 

Blends 

Algeria   X  X X 

Banglades

h 

  X X  X 

Brazil  X X  X X 

Canada X  X X   

Egypt  X X X X X 

Italy  X X X  X 

Malaysia  X X  X  

Philippine

s  

X   X X X 

Poland   X X  X 

Romania  X X X  X 

Thailand  X  X  X 

Turkey  X  X  X 

UK X  X   X 

USA     X X 
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Table 3. Starting materials to be used by participants for development of active food 

packaging 

MS Active Food Coating Materials 

 Nanocellulose Methyl 

cellulose 

Alginate Protein Essential 

Oil 

Pectin 

Canada X X X X X X 

Philippines  X  X  X  

UK       
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Table 4. Base materials to be used by participants for development of new packaging 

New Materials for Food Packaging 

MS        

Algeria PLA PHVA      

Bangladesh Chitosan Alginate Gelatin Gelatin / PVA    

Brazil EVA nanocomposites EVOH nanocomposites Copolyester / Starch 

nanocomposite 

Copolyester / PLA 

nanocomposite 

   

Canada Chitosan PLA PCL Protein Alginate Cellulose Nanocellulose 

Egypt Polyaniline PCL Chitosan/ 

nanocomposite 

Cellulose acetate 

/nanocomposites 

PCL / 

nanocomposites 

  

Italy PLA PLA nanocomposites Polyolefin nanocomposites     

Malaysia PE Starch      

Philippines  PE / Starch Nanocellulose      

Poland PVA Starch Cellulose Nanocellulose    

Romania Polyolefin stratified 

composites 

PLA stratified composites Chitosan Cellulose Chitin Polyphenols Lactoferrin 

Thailand LDPE / Cassava starch LDPE / PLA      

Turkey PCL/clay 

nanocomposites 

PVA/Alginate blends      

UK Starch Blends       
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Table 5. Commercial packaging materials to be tested by participants 

Radiation Resistance of Commercial Packaging 

Algeria PLA   

Brazil EVA / EVOH / 

EVA 

  

Egypt PCL   

Malaysia PE   

Philippines  PE   

Thailand LDPE PP  

USA Polyolefin   
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II 

(Non-legislative acts) 

REGULATIONS 

   

COMMISSION REGULATION (EU) No 10/2011

of 14 January 2011

on plastic materials and articles intended to come into contact with food

(Text with EEA relevance)

THE EUROPEAN COMMISSION,

Having regard to the Treaty on the Functioning of the European 
Union,

Having regard to Regulation (EC) No 1935/2004 of the European 
Parliament and of the Council of 27 October 2004 on materials 
and articles intended to come into contact with food and repeal
ing Directives 80/590/EEC and 89/109/EEC

(1)  OJ L 338, 13.11.2004, p. 4.

, and in particular 
Article 5(1)(a), (c), (d), (e), (f), (h), (i) and (j) thereof,

After consulting the European Food Safety Authority,

Whereas:

(1) Regulation (EC) No  1935/2004 lays down the general 
principles for eliminating the differences between the laws 
of the Member States as regards food contact materials. 
Article 5(1) of that Regulation provides for the adoption of 
specific measures for groups of materials and articles and 
describes in detail the procedure for the authorisation of 
substances at EU level when a specific measure provides 
for a list of authorised substances.

(2) This Regulation is a specific measure within the meaning 
of Article  5(1) of Regulation (EC) No  1935/2004. This 
Regulation should establish the specific rules for plastic 
materials and articles to be applied for their safe use and 
repeal Commission Directive 2002/72/EC of 6  August 
2002 on plastic materials and articles intended to come 
into contact with foodstuffs

(2)  OJ L 220, 15.8.2002, p. 18.

.

(3) Directive 2002/72/EC sets out basic rules for the manufac
ture of plastic materials and articles. The Directive has been 
substantially amended 6 times. For reasons of clarity the 
text should be consolidated and redundant and obsolete 
parts removed.

(4) In the past Directive 2002/72/EC and its amendments have 
been transposed into national legislation without any 
major adaptation. For transposition into national law usu
ally a time period of 12 months is necessary. In case of 
amending the lists of monomers and additives in order to 
authorise new substances this transposition time leads to a 
retardation of the authorisation and thus slows down inno
vation. Therefore it seems appropriate to adopt rules on 
plastic materials and articles in form of a Regulation 
directly applicable in all Member States.

Appendix II - Pag. 1 of 306

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:338:0004:0004:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:220:0018:0018:EN:PDF


(1)

L 12/2 EN Official Journal of the European Union 15.1.2011

(5) Directive 2002/72/EC applies to materials and articles 
purely made of plastics and to plastic gaskets in lids. In the 
past these were the main use of plastics on the market. 
However, in recent years, besides materials and articles 
purely made of plastics, plastics are also used in combina
tion with other materials in so called multi-material multi-
layers. Rules on the use of vinyl chloride monomer laid 
down in Council Directive 78/142/EEC of 30  January 
1978 on the approximation of the laws of the Member 
States relating to materials and articles which contain vinyl 
chloride monomer and are intended to come into contact 
with foodstuffs

(1)  OJ L 44, 15.2.1978, p. 15.

 already apply to all plastics. Therefore it 
seems appropriate to extend the scope of this Regulation 
to plastic layers in multi-material multi-layers.

(6) Plastic materials and articles may be composed of different 
layers of plastics held together by adhesives. Plastic mate
rials and articles may also be printed or coated with an 
organic or inorganic coating. Printed or coated plastic 
materials and articles as well as those held together by 
adhesives should be within the scope of the Regulation. 
Adhesives, coatings and printing inks are not necessarily 
composed of the same substances as plastics. Regulation 
(EC) No  1935/2004 foresees that for adhesives, coatings 
and printing inks specific measures can be adopted. There
fore plastic materials and articles that are printed, coated or 
held together by adhesives should be allowed to contain in 
the printing, coating or adhesive layer other substances 
than those authorised at EU level for plastics. Those layers 
may be subject to other EU or national rules.

(7) Plastics as well as ion exchange resins, rubbers and sili
cones are macromolecular substances obtained by poly
merisation processes. Regulation (EC) No  1935/2004 
foresees that for ion exchange resins, rubbers and silicones 
specific measures can be adopted. As those materials are 
composed of different substances than plastics and have 
different physico-chemical properties specific rules for 
them need to apply and it should be made clear that they 
are not within the scope of this Regulation.

(8) Plastics are made of monomers and other starting sub
stances which are chemically reacted to a macromolecular 
structure, the polymer, which forms the main structural 
component of the plastics. To the polymer additives are 
added to achieve defined technological effects. The poly
mer as such is an inert high molecular weight structure. As 

substances with a molecular weight above 1 000 Da usu
ally cannot be absorbed in the body the potential health 
risk from the polymer itself is minimal. Potential health 
risk may occur from non- or incompletely reacted mono
mers or other starting substances or from low molecular 
weight additives which are transferred into food via migra
tion from the plastic food contact material. Therefore 
monomers, other starting substances and additives should 
be risk assessed and authorised before their use in the 
manufacture of plastic materials and articles.

(9) The risk assessment of a substance to be performed by the 
European Food Safety Authority (hereinafter the Author
ity) should cover the substance itself, relevant impurities 
and foreseeable reaction and degradation products in the 
intended use. The risk assessment should cover the poten
tial migration under worst foreseeable conditions of use 
and the toxicity. Based on the risk assessment the authori
sation should if necessary set out specifications for the sub
stance and restrictions of use, quantitative restrictions or 
migration limits to ensure the safety of the final material or 
article.

(10) No rules have yet been set out at EU level for the risk 
assessment and use of colorants in plastics. Therefore their 
use should remain subject to national law. That situation 
should be reassessed at a later stage.

(11) Solvents used in the manufacture of plastics to create a 
suitable reaction environment are expected to be removed 
in the manufacturing process as they are usually volatile. 
No rules have yet been set out at EU level for the risk 
assessment and use of solvents in the manufacture of plas
tics. Therefore their use should remain subject to national 
law. That situation should be reassessed at a later stage.

(12) Plastics can also be made of synthetic or natural occurring 
macromolecular structures which are chemically reacted 
with other starting substances to create a modified macro
molecule. Synthetic macromolecules used are often inter
mediate structures which are not fully polymerised. 
Potential health risk may occur from the migration of non-
or incompletely reacted other starting substances used to 
modify the macromolecule or an incompletely reacted 
macromolecule. Therefore the other starting substances as 
well as the macromolecules used in the manufacture of 
modified macromolecules should be risk assessed and 
authorised before their use in the manufacture of plastic 
materials and articles.
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(13) Plastics can also be made by micro-organisms that create 
macromolecular structures out of starting substances by 
fermentation processes. The macromolecule is then either 
released to a medium or extracted. Potential health risk 
may occur from the migration of non- or incompletely 
reacted starting substances, intermediates or by-products 
of the fermentation process. In this case the final product 
should be risk assessed and authorised before its use in the 
manufacture of plastic materials and articles.

(14) Directive 2002/72/EC contains different lists for mono
mers or other starting substances and for additives autho
rised for the manufacture of plastic materials and articles. 
For monomers, other starting substances and additives the 
Union list is now complete, this means that only sub
stances authorised at EU level may be used. Therefore a 
separation of monomers or other starting substances and 
of additives in separate lists due to their authorisation sta
tus is no longer necessary. As certain substances can be 
used both as monomer or other starting substances and as 
additive for reasons of clarity they should be published in 
one list of authorised substances indicating the authorised 
function.

(15) Polymers can not only be used as main structural compo
nent of plastics but also as additives achieving defined tech
nological effects in the plastic. If such a polymeric additive 
is identical to a polymer that can form the main structural 
component of a plastic material the risk from polymeric 
additive can be regarded as evaluated if the monomers have 
already been evaluated and authorised. In such a case it 
should not be necessary to authorise the polymeric addi
tive but it could be used on the basis of the authorisation 
of its monomers and other starting substances. If such a 
polymeric additive is not identical to a polymer that can 
form the main structural component of a plastic material 
then the risk of the polymeric additive can not be regarded 
as evaluated by evaluation of the monomers. In such a case 
the polymeric additive should be risk assessed as regards its 
low molecular weight fraction below 1 000 Da and autho
rised before its use in the manufacture of plastic materials 
and articles.

(16) In the past no clear differentiation has been made between 
additives that have a function in the final polymer and 
polymer production aids (PPA) that only exhibit a function 
in the manufacturing process and are not intended to be 
present in the final article. Some substances acting as PPA 
had already been included in the incomplete list of addi
tives in the past. These PPA should remain in the Union list 
of authorised substances. However, it should be made clear 

that the use of other PPA will remain possible, subject to 
national law. That situation should be reassessed at a later 
stage.

(17) The Union list contains substances authorised to be used 
in the manufacture of plastics. Substances such as acids, 
alcohols and phenols can also occur in form of salts. As the 
salts usually are transformed in the stomach to acid, alco
hol or phenol the use of salts with cations that have under
gone a safety evaluation should in principle be authorised 
together with the acid, alcohol or phenol. In certain cases, 
where the safety assessment indicates concerns on the use 
of the free acids, only the salts should be authorised by 
indicating in the list the name as ‘… acid(s), salts’.

(18) Substances used in the manufacture of plastic materials or 
articles may contain impurities originating from their 
manufacturing or extraction process. These impurities are 
non-intentionally added together with the substance in the 
manufacture of the plastic material (non-intentionally 
added substance – NIAS). As far as they are relevant for the 
risk assessment the main impurities of a substance should 
be considered and if necessary be included in the specifi
cations of a substance. However it is not possible to list 
and consider all impurities in the authorisation. Therefore 
they may be present in the material or article but not 
included in the Union list.

(19) In the manufacture of polymers substances are used to ini
tiate the polymerisation reaction such as catalysts and to 
control the polymerisation reaction such as chain transfer, 
chain extending or chain stop reagents. These aids to poly
merisation are used in minute amounts and are not 
intended to remain in the final polymer. Therefore they 
should at this point of time not be subject to the authori
sation procedure at EU level. Any potential health risk in 
the final material or article arising from their use should be 
assessed by the manufacturer in accordance with interna
tionally recognised scientific principles on risk assessment.

(20) During the manufacture and use of plastic materials and 
articles reaction and degradation products can be formed. 
These reaction and degradation products are non-
intentionally present in the plastic material (NIAS). As far 
as they are relevant for the risk assessment the main reac
tion and degradation products of the intended application 
of a substance should be considered and included in the 
restrictions of the substance. However it is not possible to 
list and consider all reaction and degradation products in 
the authorisation. Therefore they should not be listed as 
single entries in the Union list. Any potential health risk in 
the final material or article arising from reaction and deg
radation products should be assessed by the manufacturer 
in accordance with internationally recognised scientific 
principles on risk assessment.
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(21) Prior to the establishment of the Union list of additives, 
other additives than those authorised at EU level could be 
used in the manufacture of plastics. For those additives 
which were permitted in the Member States, the time limit 
for the submission of data for their safety evaluation by the 
Authority with a view to their inclusion in the Union list 
expired on 31 December 2006. Additives for which a valid 
application was submitted within this time limit were listed 
in a provisional list. For certain additives on the provisional 
list a decision on their authorisation at EU level has not yet 
been taken. For those additives, it should be possible to 
continue to be used in accordance with national law until 
their evaluation is completed and a decision is taken on 
their inclusion in the Union list.

(22) When an additive included in the provisional list is inserted 
in the Union list or when it is decided not to include it in 
the Union list, that additive should be removed from the 
provisional list of additives.

(23) New technologies engineer substances in particle size that 
exhibit chemical and physical properties that significantly 
differ from those at a larger scale, for example, nanopar
ticles. These different properties may lead to different toxi
cological properties and therefore these substances should 
be assessed on a case-by-case basis by the Authority as 
regards their risk until more information is known about 
such new technology. Therefore it should be made clear 
that authorisations which are based on the risk assessment 
of the conventional particle size of a substance do not 
cover engineered nanoparticles.

(24) Based on the risk assessment the authorisation should if 
necessary set out specific migration limits to ensure the 
safety of the final material or article. If an additive that is 
authorised for the manufacture of plastic materials and 
articles is at the same time authorised as food additive or 
flavouring substance it should be ensured that the release 
of the substance does not change the composition of the 
food in an unacceptable way. Therefore the release of such 
a dual use additive or flavouring should not exhibit a tech
nological function on the food unless such a function is 
intended and the food contact material complies with the 
requirements on active food contact materials set out in 
Regulation (EC) No 1935/2004 and Commission Regula
tion (EC) No  450/2009 of 29  May 2009 on active and 
intelligent materials and articles intended to come into 
contact with food

(1)  OJ L 135, 30.5.2009, p. 3.

. The requirements of Regulations (EC) 
No  1333/2008 of the European Parliament and of the 
Council of 16 December 2008 on food additives

(2)  OJ L 354, 31.12.2008, p. 16.

 or (EC) 

No  1334/2008 of the European Parliament and of the 
Council of 16 December 2008 on flavourings and certain 
food ingredients with flavouring properties for use in and 
on foods and amending Council Regulation (EEC) 
No  1601/91, Regulations (EC) No  2232/96 and  (EC) 
No  110/2008 and Directive 2000/13/EC

(3)  OJ L 354, 31.12.2008, p. 34.

 should be 
respected where applicable.

(25) According to Article  3(1)(b) of Regulation (EC) 
No  1935/2004 the release of substances from food con
tact materials and articles should not bring about unac
ceptable changes in the composition of the food. 
According to good manufacturing practice it is feasible to 
manufacture plastic materials in such a way that they are 
not releasing more than 10 mg of substances per 1 dm2 of 
surface area of the plastic material. If the risk assessment of 
an individual substance is not indicating a lower level, this 
level should be set as a generic limit for the inertness of a 
plastic material, the overall migration limit. In order to 
achieve comparable results in the verification of compli
ance with the overall migration limit, testing should be 
performed under standardised test conditions including 
testing time, temperature and test medium (food simulant) 
representing worst foreseeable conditions of use of the 
plastic material or article.

(26) The overall migration limit of 10 mg per 1 dm2 results for 
a cubic packaging containing 1kg of food to a migration 
of 60 mg per kg food. For small packaging where the sur
face to volume ratio is higher the resulting migration into 
food is higher. For infants and small children which have a 
higher consumption of food per kilogram bodyweight 
than adults and do not yet have a diversified nutrition, spe
cial provisions should be set in order to limit the intake of 
substances migrating from food contact materials. In order 
to allow also for small volume packaging the same protec
tion as for high volume packaging, the overall migration 
limit for food contact materials that are dedicated for pack
aging foods for infants and small children should be linked 
to the limit in food and not to the surface area of the 
packaging.

(27) In recent years plastic food contact materials are being 
developed that do not only consist of one plastic but com
bine up to  15 different plastic layers to attain optimum 
functionality and protection of the food, while reducing 
packaging waste. In such a plastic multi-layer material or 
article, layers may be separated from the food by a func
tional barrier. This barrier is a layer within food contact 
materials or articles preventing the migration of substances 
from behind that barrier into the food. Behind a functional 
barrier, non-authorised substances may be used, provided
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they fulfil certain criteria and their migration remains 
below a given detection limit. Taking into account foods 
for infants and other particularly susceptible persons, as 
well as the large analytical tolerance of the migration analy
sis, a maximum level of 0,01 mg/kg in food should be 
established for the migration of a non-authorised sub
stance through a functional barrier. Substances that are 
mutagenic, carcinogenic or toxic to reproduction should 
not be used in food contact materials or articles without 
previous authorisation and should therefore not be cov
ered by the functional barrier concept. New technologies 
that engineer substances in particle size that exhibit chemi
cal and physical properties that significantly differ from 
those at a larger scale, for example, nanoparticles, should 
be assessed on a case-by-case basis as regards their risk 
until more information is known about such new technol
ogy. Therefore, they should not be covered by the func
tional barrier concept.

(28) In recent years food contact materials and articles are being 
developed that consist of a combination of several materi
als to achieve optimum functionality and protection of the 
food while reducing packaging waste. In these multi-
material multi-layer materials and articles plastic layers 
should comply with the same compositional requirements 
as plastic layers which are not combined with other mate
rials. For plastic layers in a multi-material multi-layer which 
are separated from the food by a functional barrier the 
functional barrier concept should apply. As other materi
als are combined with the plastic layers and for these other 
materials specific measures are not yet adopted at EU level 
it is not yet possible to set out requirements for the final 
multi-material multi-layer materials and articles. Therefore 
specific migration limits and the overall migration limit 
should not be applicable except for vinyl chloride mono
mer for which such a restriction is already in place. In the 
absence of a specific measure at EU level covering the 
whole multi-material multi-layer material or article Mem
ber States may maintain or adopt national provisions for 
these materials and articles provided they comply with the 
rules of the Treaty.

(29) Article  16(1) of Regulation (EC) No  1935/2004 provides 
that materials and articles covered by specific measures be 
accompanied by a written declaration of compliance stat
ing that they comply with the rules applicable to them. To 
strengthen the coordination and responsibility of the sup
pliers at each stage of manufacture, including that of the 
starting substances, the responsible persons should docu
ment the compliance with the relevant rules in a declara
tion of compliance which is made available to their 
customers.

(30) Coatings, printing inks and adhesives are not yet covered 
by a specific EU legislation and therefore not subject to the 
requirement of a declaration of compliance. However, for 

coatings, printing inks and adhesives to be used in plastic 
materials and articles adequate information should be pro
vided to the manufacturer of the final plastic article that 
would enable him to ensure compliance for substances for 
which migration limits have been established in this 
Regulation.

(31) Article 17(1) of Regulation (EC) No 178/2002 of the Euro
pean Parliament and of the Council of 28  January 2002 
laying down the general principles and requirements of 
food law, establishing the European Food Safety Authority 
and laying down procedures in matters of food safety

(1)  OJ L 31, 1.2.2002, p. 1.

requires the food business operator to verify that foods are 
compliant with the rules applicable to them. To this end 
and subject to the requirement of confidentiality, food 
business operators should be given access to the relevant 
information to enable them to ensure that the migration 
from the materials and articles to food complies with the 
specifications and restrictions laid down in food legislation.

(32) At each stage of manufacture, supporting documentation, 
substantiating the declaration of compliance, should be 
kept available for the enforcement authorities. Such dem
onstration of compliance may be based on migration test
ing. As migration testing is complex, costly and time 
consuming it should be admissible that compliance can be 
demonstrated also by calculations, including modelling, 
other analysis, and scientific evidence or reasoning if these 
render results which are at least as severe as the migration 
testing. Test results should be regarded as valid as long as 
formulations and processing conditions remain constant 
as part of a quality assurance system.

(33) When testing articles not yet in contact with food, for cer
tain articles, such as films or lids, it is often not feasible to 
determine the surface area that is in contact with a defined 
volume of food. For these articles specific rules should be 
set out for verification of compliance.

(34) The setting of migration limits takes into account a con
ventional assumption that 1kg of food is consumed daily 
by a person of 60 kg bodyweight and that the food is pack
aged in a cubic container of 6 dm2 surface area releasing 
the substance. For very small and very large containers the 
real surface area to volume of packaged food is varying a 
lot from the conventional assumption. Therefore, their sur
face area should be normalised before comparing testing 
results with migration limits. These rules should be 
reviewed when new data on food packaging uses become 
available.
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(35) The specific migration limit is a maximum permitted 
amount of a substance in food. This limit should ensure 
that the food contact material does not pose a risk to 
health. It should be ensured by the manufacturer that 
materials and articles not yet in contact with food will 
respect these limits when brought into contact with food 
under the worst foreseeable contact conditions. Therefore 
compliance of materials and articles not yet in contact with 
food should be assessed and the rules for this testing should 
be set out.

(36) Food is a complex matrix and therefore the analysis of 
migrating substances in food may pose analytical difficul
ties. Therefore test media should be assigned that simulate 
the transfer of substances from the plastic material into 
food. They should represent the major physico-chemical 
properties exhibited by food. When using food simulants 
standard testing time and temperature should reproduce, 
as far as possible, the migration which may occur from the 
article into the food.

(37) For determining the appropriate food simulant for certain 
foods the chemical composition and the physical proper
ties of the food should be taken into account. Research 
results are available for certain representative foods com
paring migration into food with migration into food simu
lants. On the basis of the results, food simulants should be 
assigned. In particular, for fat containing foods the result 
obtained with food simulant may in certain cases signifi
cantly overestimate migration into food. In these cases it 
should be foreseen that the result in food simulant is cor
rected by a reduction factor.

(38) The exposure to substances migrating from food contact 
materials was based on the conventional assumption that 
a person consumes daily 1 kg of food. However, a person 
ingests at most 200 g of fat on a daily basis. For lipophilic 
substances that only migrate into fat this should be taken 
into consideration. Therefore a correction of the specific 
migration by a correction factor applicable to lipophilic 
substances in accordance with the opinion of the Scientific 
Committee on Food (SCF)

(1)  SCF opinion of 4 December 2002 on the introduction of a Fat (Con
sumption) Reduction Factor (FRF) in the estimation of the exposure to
a migrant from food contact materials.
http://ec.europa.eu/food/fs/sc/scf/out149_en.pdf

 and the opinion of the 
Authority

(2)  Opinion of the Scientific Panel on Food Additives, Flavourings, Pro
cessing Aids and Materials in Contact with Food (AFC) on a request
from the Commission related to the introduction of a Fat (consump
tion) Reduction Factor for infants and children, The EFSA Journal
(2004) 103, 1-8.

 should be foreseen.

(39) Official control should establish testing strategies which 
allow the enforcement authorities to perform controls 

efficiently making best use of available resources. There
fore it should be admissible to use screening methods for 
checking compliance under certain conditions. Non-
compliance of a material or article should be confirmed by 
a verification method.

(40) Basic rules on migration testing should be set out in this 
Regulation. As migration testing is a very complex issue, 
these basic rules can, however, not cover all foreseeable 
cases and details necessary for performing the testing. 
Therefore a EU guidance document should be established, 
dealing with more detailed aspects of the implementation 
of the basic migration testing rules.

(41) The updated rules on food simulants and migration test
ing provided by this Regulation will supersede those in 
Directive 78/142/EEC and the Annex to Council Directive 
82/711/EEC of 18  October 1982 laying down the basic 
rules necessary for testing migration of the constituents of 
plastic materials and articles intended to come into con
tact with foodstuffs

(3)  OJ L 297, 23.10.1982, p. 26.

.

(42) Substances present in the plastic but not listed in Annex I 
to this Regulation have not necessarily been risk assessed 
as they had not been subject to an authorisation procedure. 
Compliance with Article  3 of Regulation (EC) 
No 1935/2004 for these substances should be assessed by 
the relevant business operator in accordance with interna
tionally recognised scientific principles taking into account 
exposure from food contact materials and other sources.

(43) Recently additional monomers, other starting substances 
and additives have received a favourable scientific evalua
tion by the Authority and should now be added to the 
Union list.

(44) As new substances are added to the Union list the Regula
tion should apply as soon as possible to allow for manu
facturers to adapt to technical progress and allow for 
innovation.

(45) Certain migration testing rules should be updated in view 
of new scientific knowledge. Enforcement authorities and 
industry need to adapt their current testing regime to these 
updated rules. To allow for this adaptation it seems appro
priate that the updated rules only apply 2 years after the 
adoption of the Regulation.
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(46) Business operators are currently basing their declaration of 
compliance on supporting documentation following the 
requirements set out in Directive 2002/72/EC. Declaration 
of compliance need, in principle, only to be updated when 
substantial changes in the production bring about changes 
in the migration or when new scientific data are available. 
In order to limit the burden to business operators, materi
als which have been lawfully placed on the market based 
on the requirements set out in Directive 2002/72/EC 
should be able to be placed on the market with a declara
tion of compliance based on supporting documentation in 
accordance with Directive 2002/72/EC until 5 years after 
the adoption of the Regulation.

(47) Analytical methods for testing migration and residual con
tent of vinyl chloride monomer as described in Commis
sion Directives 80/766/EEC of 8  July 1980 laying down 
the Community method of analysis for the official control 
of the vinyl chloride monomer level in materials and 
articles which are intended to come into contact with 
foodstuffs

(1)  OJ L 213, 16.8.1980, p. 42.

 and  81/432/EEC of 29  April 1981 laying 
down the Community method of analysis for the official 
control of vinyl chloride released by materials and articles 
into foodstuffs

(2)  OJ L 167, 24.6.1981, p. 6.

 are outdated. Analytical methods should 
comply with the criteria set out in Article 11 of Regulation 
(EC) No  882/2004

(3)  OJ L 165, 30.4.2004, p. 1.

 of the European Parliament and of 
the Council on official controls performed to ensure the 
verification of compliance with feed and food law, animal 
health and animal welfare rules. Therefore Directives 
80/766/EEC and 81/432/EEC should be repealed.

(48) The measures provided for in this Regulation are in accor
dance with the opinion of the Standing Committee on the 
Food Chain and Animal Health,

HAS ADOPTED THIS REGULATION:

CHAPTER I

GENERAL PROVISIONS

Article 1

Subject matter

1. This Regulation is a specific measure within the meaning of 
Article 5 of Regulation (EC) No 1935/2004.

2. This Regulation establishes specific requirements for the 
manufacture and marketing of plastic materials and articles: 

(a) intended to come into contact with food; or

(b) already in contact with food; or

(c) which can reasonably be expected to come into contact with 
food.

Article 2

Scope

1. This Regulation shall apply to materials and articles which 
are placed on the EU market and fall under the following 
categories: 

(a) materials and articles and parts thereof consisting exclusively 
of plastics;

(b) plastic multi-layer materials and articles held together by 
adhesives or by other means;

(c) materials and articles referred to in points  a) or  b) that are 
printed and/or covered by a coating;

(d) plastic layers or plastic coatings, forming gaskets in caps and 
closures, that together with those caps and closures compose 
a set of two or more layers of different types of materials;

(e) plastic layers in multi-material multi-layer materials and 
articles.

2. This Regulation shall not apply to the following materials 
and articles which are placed on the EU market and are intended 
to be covered by other specific measures: 

(a) ion exchange resins;

(b) rubber;

(c) silicones.

3. This Regulation shall be without prejudice to the EU or 
national provisions applicable to printing inks, adhesives or 
coatings.

Article 3

Definitions

For the purpose of this Regulation, the following definitions shall 
apply:

(1) ‘plastic materials and articles’ means:

(a) materials and articles referred to in points (a), (b) and (c) 
of Article 2(1); and

(b) plastic layers referred to in Article 2(1)(d) and (e);
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(2) ‘plastic’ means polymer to which additives or other sub
stances may have been added, which is capable of function
ing as a main structural component of final materials and 
articles;

(3) ‘polymer’ means any macromolecular substance obtained 
by:

(a) a polymerisation process such as polyaddition or poly
condensation, or by any other similar process of mono
mers and other starting substances; or

(b) chemical modification of natural or synthetic macro
molecules; or

(c) microbial fermentation;

(4) ‘plastic multi-layer’ means a material or article composed of 
two or more layers of plastic;

(5) ‘multi-material multi-layer’ means a material or article com
posed of two or more layers of different types of materials, 
at least one of them a plastic layer;

(6) ‘monomer or other starting substance’ means:

(a) a substance undergoing any type of polymerisation pro
cess to manufacture polymers; or

(b) a natural or synthetic macromolecular substance used 
in the manufacture of modified macromolecules; or

(c) a substance used to modify existing natural or synthetic 
macromolecules;

(7) ‘additive’ means a substance which is intentionally added to 
plastics to achieve a physical or chemical effect during pro
cessing of the plastic or in the final material or article; it is 
intended to be present in the final material or article;

(8) ‘polymer production aid’ means any substance used to pro
vide a suitable medium for polymer or plastic manufactur
ing; it may be present but is neither intended to be present 
in the final materials or articles nor has a physical or chemi
cal effect in the final material or article;

(9) ‘non-intentionally added substance’ means an impurity in 
the substances used or a reaction intermediate formed dur
ing the production process or a decomposition or reaction 
product;

(10) ‘aid to polymerisation’ means a substance which initiates 
polymerisation and/or controls the formation of the macro
molecular structure;

(11) ‘overall migration limit’ (OML) means the maximum permit
ted amount of non-volatile substances released from a mate
rial or article into food simulants;

(12) ‘food simulant’ means a test medium imitating food; in its 
behaviour the food simulant mimics migration from food 
contact materials;

(13) ‘specific migration limit’ (SML) means the maximum permit
ted amount of a given substance released from a material or 
article into food or food simulants;

(14) ‘total specific migration limit’ (SML(T)) means the maximum
permitted sum of particular substances released in food or
food simulants expressed as total of moiety of the substances
indicated;

(15) ‘functional barrier’ means a barrier consisting of one or more
layers of any type of material which ensures that the final
material or article complies with Article 3 of Regulation (EC)
No 1935/2004 and with the provisions of this Regulation;

(16) ‘non-fatty food’ means a food for which in migration testing
only food simulants other than food simulants D1 or D2 are
laid down in Table 2 of Annex V to this Regulation;

(17) ‘restriction’ means limitation of use of a substance or migra
tion limit or limit of content of the substance in the material
or article;

(18) ‘specification’ means composition of a substance, purity cri
teria for a substance, physico-chemical characteristics of a
substance, details concerning the manufacturing process of
a substance or further information concerning the expres
sion of migration limits.

Article 4

Placing on the market of plastic materials and articles

Plastic materials and articles may only be placed on the market if
they:

(a) comply with the relevant requirements set out in Article 3 of
Regulation (EC) No 1935/2004 under intended and foresee
able use; and

(b) comply with the labelling requirements set out in Article 15
of Regulation (EC) No 1935/2004; and
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(c) comply with the traceability requirements set out in
Article 17 of Regulation (EC) No 1935/2004; and

(d) are manufactured according to good manufacturing practice
as set out in Commission Regulation (EC) No 2023/2006

(1)  OJ L 384, 29.12.2006, p. 75.

;
and

(e) comply with the compositional and declaration requirements
set out in Chapters II, III and IV of this Regulation.

CHAPTER II

COMPOSITIONAL REQUIREMENTS

SECTION 1

Authorised substances

Article 5

Union list of authorised substances

1. Only the substances included in the Union list of authorised
substances (hereinafter referred to as the Union list) set out in
Annex  I may be intentionally used in the manufacture of plastic
layers in plastic materials and articles.

2. The Union list shall contain: 

(a) monomers or other starting substances;

(b) additives excluding colorants;

(c) polymer production aids excluding solvents;

(d) macromolecules obtained from microbial fermentation.

3. The Union list may be amended in accordance with the pro
cedure established by Articles  8 to  12 of Regulation (EC)
No 1935/2004.

Article 6

Derogations for substances not included in the Union list

1. By way of derogation from Article 5, substances other than
those included in the Union list may be used as polymer produc
tion aids in the manufacture of plastic layers in plastic materials
and articles subject to national law.

2. By way of derogation from Article 5, colorants and solvents
may be used in the manufacture of plastic layers in plastic mate
rials and articles subject to national law.

3. The following substances not included in the Union list are
authorised subject to the rules set out in Articles  8, 9, 10, 11
and 12: 

(a) salts (including double salts and acid salts) of aluminium,
ammonium, barium, calcium, cobalt, copper, iron, lithium,
magnesium, manganese, potassium, sodium, and zinc of
authorised acids, phenols or alcohols;

(b) mixtures obtained by mixing authorised substances without
a chemical reaction of the components;

(c) when used as additives, natural or synthetic polymeric sub
stances of a molecular weight of at least 1 000  Da, except
macromolecules obtained from microbial fermentation,
complying with the requirements of this Regulation, if they
are capable of functioning as the main structural component
of final materials or articles;

(d) when used as monomer or other starting substance, pre-
polymers and natural or synthetic macromolecular sub
stances, as well as their mixtures, except macromolecules
obtained from microbial fermentation, if the monomers or
starting substances required to synthesise them are included
in the Union list.

4. The following substances not included in the Union list may
be present in the plastic layers of plastic materials or articles: 

(a) non-intentionally added substances;

(b) aids to polymerisation.

5. By derogation from Article 5, additives not included in the
Union list may continue to be used subject to national law after
1  January 2010 until a decision is taken to include or not to
include them in the Union list provided they are included in the
provisional list referred to in Article 7.

Article 7

Establishment and management of the provisional list

1. The provisional list of additives that are under evaluation by
the European Food Safety Authority (hereinafter referred to as the
Authority) that was made public by the Commission in 2008
shall be regularly updated.

2. An additive shall be removed from the provisional list: 

(a) when it is included in the Union list set out in Annex I; or

(b) when a decision is taken by the Commission not to include
it in the Union list; or

(c) if during the examination of the data, the Authority calls for
supplementary information and that information is not sub
mitted within the time limits specified by the Authority.
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SECTION 2

General requirements, restrictions and specifications

Article 8

General requirement on substances

Substances used in the manufacture of plastic layers in plastic
materials and articles shall be of a technical quality and a purity
suitable for the intended and foreseeable use of the materials or
articles. The composition shall be known to the manufacturer of
the substance and made available to the competent authorities on
request.

Article 9

Specific requirements on substances

1. Substances used in the manufacture of plastic layers in plas
tic materials and articles shall be subject to the following restric
tions and specifications: 

(a) the specific migration limit set out in Article 11;

(b) the overall migration limit set out in Article 12;

(c) the restrictions and specifications set out in column 10 of
Table 1 of point 1 of Annex I;

(d) the detailed specifications set out in point 4 of Annex I.

2. Substances in nanoform shall only be used if explicitly
authorised and mentioned in the specifications in Annex I.

Article 10

General restrictions on plastic materials and articles

General restrictions related to plastic materials and articles are laid
down in Annex II.

Article 11

Specific migration limits

1. Plastic materials and articles shall not transfer their constitu
ents to foods in quantities exceeding the specific migration limits
(SML) set out in Annex I. Those specific migration limits (SML) are
expressed in mg of substance per kg of food (mg/kg).

2. For substances for which no specific migration limit or
other restrictions are provided in Annex  I, a generic specific
migration limit of 60 mg/kg shall apply.

3. By derogation from paragraphs 1 and 2, additives which are
also authorised as food additives by Regulation (EC)
No  1333/2008 or as flavourings by Regulation (EC)
No 1334/2008 shall not migrate into foods in quantities having
a technical effect in the final foods and shall not: 

(a) exceed the restrictions provided for in Regulation (EC)
No  1333/2008 or in Regulation (EC) No  1334/2008 or in
Annex  I to this Regulation for foods for which their use is
authorised as food additive or flavouring substances; or

(b) exceed the restrictions set out in Annex  I to this Regulation
in foods for which their use is not authorised as food addi
tive or flavouring substances.

Article 12

Overall migration limit

1. Plastic materials and articles shall not transfer their constitu
ents to food simulants in quantities exceeding 10 milligrams of
total constituents released per dm2 of food contact surface
(mg/dm2).

2. By derogation from paragraph  1, plastic materials and
articles intended to be brought into contact with food intended
for infants and young children, as defined by Commission Direc
tives 2006/141/EC

(1)  OJ L 401, 30.12.2006, p. 1.

 and  2006/125/EC

(2)  OJ L 339, 6.12.2006, p. 16.

, shall not transfer
their constituents to food simulants in quantities exceeding
60 milligrams of total of constituents released per kg of food
simulant.

CHAPTER III

SPECIFIC PROVISIONS FOR CERTAIN MATERIALS AND
ARTICLES

Article 13

Plastic multi-layer materials and articles

1. In a plastic multi-layer material or article, the composition
of each plastic layer shall comply with this Regulation.

2. By derogation from paragraph 1, a plastic layer which is not
in direct contact with food and is separated from the food by a
functional barrier, may: 

(a) not comply with the restrictions and specifications set out in
this Regulation except for vinyl chloride monomer as pro
vided in Annex I; and/or

(b) be manufactured with substances not listed in the Union list
or in the provisional list.
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3. The migration of the substances under paragraph 2(b) into
food or food simulant shall not be detectable measured with sta
tistical certainty by a method of analysis set out in Article 11 of
Regulation (EC) No  882/2004 with a limit of detection of
0,01 mg/kg. That limit shall always be expressed as concentration
in foods or food simulants. That limit shall apply to a group of
compounds, if they are structurally and toxicologically related, in
particular isomers or compounds with the same relevant func
tional group, and shall include possible set-off transfer.

4. The substances not listed in the Union list or provisional list
referred to in paragraph 2(b) shall not belong to either of the fol
lowing categories: 

(a) substances classified as ‘mutagenic’, ‘carcinogenic’ or ‘toxic to
reproduction’ in accordance with the criteria set out in sec
tions  3.5, 3.6. and  3.7 of Annex  I to Regulation (EC)
No  1272/2008 of the European Parliament and the
Council

(1)  OJ L 353, 31.12.2008, p. 1.

;

(b) substances in nanoform.

5. The final plastic multi-layer material or article shall comply
with the specific migration limits set out in Article  11 and the
overall migration limit set out in Article 12 of this Regulation.

Article 14

Multi-material multi-layer materials and articles

1. In a multi-material multi-layer material or article, the com
position of each plastic layer shall comply with this Regulation.

2. By derogation from paragraph 1, in a multi-material multi-
layer material or article a plastic layer which is not in direct con
tact with food and is separated from the food by a functional
barrier, may be manufactured with substances not listed in the
Union list or the provisional list.

3. The substances not listed in the Union list or provisional list
referred to in paragraph  2 shall not belong to either of the fol
lowing categories: 

(a) substances classified as ‘mutagenic’, ‘carcinogenic’ or ‘toxic to
reproduction’ in accordance with the criteria set out in sec
tions  3.5, 3.6. and  3.7 of Annex  I to Regulation (EC)
No 1272/2008;

(b) substances in nanoform.

4. By derogation from paragraph 1, Articles 11 and 12 of this
Regulation do not apply to plastic layers in multi-material multi-
layer materials and articles.

5. The plastic layers in a multi-material multi-layer material or
article shall always comply with the restrictions for vinyl chloride
monomer laid down in Annex I to this Regulation.

6. In a multi-material multi-layer material or article, specific
and overall migration limits for plastic layers and for the final
material or article may be established by national law.

CHAPTER IV

DECLARATION OF COMPLIANCE AND DOCUMENTATION

Article 15

Declaration of compliance

1. At the marketing stages other than at the retail stage, a writ
ten declaration in accordance with Article 16 of Regulation (EC)
No 1935/2004 shall be available for plastic materials and articles,
products from intermediate stages of their manufacturing as well
as for the substances intended for the manufacturing of those
materials and articles.

2. The written declaration referred to in paragraph 1 shall be
issued by the business operator and shall contain the information
laid down in Annex IV.

3. The written declaration shall permit an easy identification of
the materials, articles or products from intermediate stages of
manufacture or substances for which it is issued. It shall be
renewed when substantial changes in the composition or produc
tion occur that bring about changes in the migration from the
materials or articles or when new scientific data becomes
available.

Article 16

Supporting documents

1. Appropriate documentation to demonstrate that the mate
rials and articles, products from intermediate stages of their
manufacturing as well as the substances intended for the manu
facturing of those materials and articles comply with the require
ments of this Regulation shall be made available by the business
operator to the national competent authorities on request.

2. That documentation shall contain the conditions and results
of testing, calculations, including modelling, other analysis, and
evidence on the safety or reasoning demonstrating compliance.
Rules for experimental demonstration of compliance are set out
in Chapter V.
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CHAPTER V

COMPLIANCE

Article 17

Expression of migration test results

1. To check the compliance, the specific migration values shall
be expressed in mg/kg applying the real surface to volume ratio
in actual or foreseen use.

2. By derogation from paragraph 1 for: 

(a) containers and other articles, containing or intended to con
tain, less than 500 millilitres or grams or more than 10 litres,

(b) materials and articles for which, due to their form it is
impracticable to estimate the relationship between the sur
face area of such materials or articles and the quantity of food
in contact therewith,

(c) sheets and films that are not yet in contact with food,

(d) sheets and films containing less than 500 millilitres or grams
or more than 10 litres,

the value of migration shall be expressed in mg/kg applying a sur
face to volume ratio of 6 dm2 per kg of food.

This paragraph does not apply to plastic materials and articles
intended to be brought into contact with or already in contact
with food for infants and young children, as defined by Directives
2006/141/EC and 2006/125/EC.

3. By derogation from paragraph 1, for caps, gaskets, stoppers
and similar sealing articles the specific migration value shall be
expressed in: 

(a) mg/kg using the actual content of the container for which the
closure is intended or in mg/dm2 applying the total contact
surface of sealing article and sealed container if the intended
use of the article is known, while taking into account the pro
visions of paragraph 2;

(b) mg/article if the intended use of the article is unknown.

4. For caps, gaskets, stoppers and similar sealing articles the
overall migration value shall be expressed in: 

(a) mg/dm2 applying the total contact surface of sealing article
and sealed container if the intended use of the article is
known;

(b) mg/article if the intended use of the article is unknown.

Article 18

Rules for assessing compliance with migration limits

1. For materials and articles already in contact with food veri
fication of compliance with specific migration limits shall be car
ried out in accordance with the rules set out in Chapter 1 of
Annex V.

2. For materials and articles not yet in contact with food veri
fication of compliance with specific migration limits shall be car
ried out in food or in food simulants set out in Annex  III in
accordance with the rules set out in Chapter 2, Section  2.1 of
Annex V.

3. For materials and articles not yet in contact with food
screening of compliance with the specific migration limit can be
performed applying screening approaches in accordance with the
rules set out in Chapter 2, Section 2.2 of Annex V. If a material or
article fails to comply with the migration limits in the screening
approach a conclusion of non-compliance has to be confirmed by
verification of compliance in accordance with paragraph 2.

4. For materials and articles not yet in contact with food veri
fication of compliance with the overall migration limit shall be
carried out in food simulants A, B, C, D1 and  D2 as set out in
Annex III in accordance with the rules set out in Chapter 3, Sec
tion 3.1 of Annex V.

5. For materials and articles not yet in contact with food
screening of compliance with the overall migration limit can be
performed applying screening approaches in accordance with the
rules set out in Chapter 3, Section 3.4 of Annex V. If a material or
article fails to comply with the migration limit in the screening
approach a conclusion of non-compliance has to be confirmed by
verification of compliance in accordance with paragraph 4.

6. The results of specific migration testing obtained in food
shall prevail over the results obtained in food simulant. The results
of specific migration testing obtained in food simulant shall pre
vail over the results obtained by screening approaches.

7. Before comparing specific and overall migration test results
with the migration limits the correction factors in Chapter 4 of
Annex  V shall be applied in accordance with the rules set out
therein.

Article 19

Assessment of substances not included in the Union list

Compliance with Article 3 of Regulation (EC) No 1935/2004 of
substances referred to in Articles  6(1), 6(2), 6(4), 6(5) and  14(2)
of this Regulation which are not covered by an inclusion in
Annex  I to this Regulation shall be assessed in accordance with
internationally recognised scientific principles on risk assessment.
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CHAPTER VI

FINAL PROVISIONS

Article 20

Amendments of EU acts

The Annex to Council Directive 85/572/EEC

(1)  OJ L 372, 31.12.1985, p. 14.

 is replaced by the 
following:

‘The food simulants to be used for testing migration of constitu
ents of plastic materials and articles intended to come into con
tact with a single food or specific groups of foods are set out
in point  3 of Annex  III to Commission Regulation (EU)
No 10/2011.’

Article 21

Repeal of EU acts

Directives 80/766/EEC, 81/432/EEC, and 2002/72/EC are hereby 
repealed with effect from 1 May 2011.

References to the repealed Directives shall be construed as refer
ences to this Regulation and shall be read in accordance with the 
correlation tables in Annex VI.

Article 22

Transitional provisions

1. Until 31  December 2012 the supporting documents 
referred to in Article 16 shall be based on the basic rules for over
all and specific migration testing set out in the Annex to Direc
tive 82/711/EEC.

2. As from 1 January 2013 the supporting documents referred 
to in Article  16 for materials, articles and substances placed on 
the market until 31 December 2015, may be based on:

(a) the rules for migration testing set out in Article  18 of this 
Regulation; or

(b) the basic rules for overall and specific migration testing set 
out in the Annex to Directive 82/711/EEC.

3. As from 1 January 2016, the supporting documents referred 
to in Article 16 shall be based on the rules for migration testing 
set out in Article  18, without prejudice to paragraph  2 of this 
Article.

4. Until 31 December 2015 additives used in glass fibre sizing 
for glass fibre reinforced plastics which are not listed in Annex I 
have to comply with the risk assessment provisions set out in 
Article 19.

5. Materials and articles that have been lawfully placed on the 
market before 1  May 2011 may be placed on the market until
31 December 2012.

Article 23

Entry into force and application

This Regulation shall enter into force on the 20th day following 
its publication in the Official Journal of the European Union.

It shall apply from 1 May 2011.

The provision of Article 5 as regards the use of additives, others 
than plasticisers, shall apply for plastic layers or plastic coatings 
in caps and closures referred to in Article  2(1)(d), as from
31 December 2015.

The provision of Article 5 as regards the use of additives used in 
glass fibre sizing for glass fibre reinforced plastics, shall apply 
from 31 December 2015.

The provisions of Articles  18(2), 18(4) and  20 shall apply from
31 December 2012.

This Regulation shall be binding in its entirety and directly applicable in the Member States in 
accordance with the Treaties.

Done at Brussels, 14 January 2011.

For the Commission
The President

José Manuel BARROSO
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ANNEX I

Substances

1.  Union list of authorised monomers, other starting substances, macromolecules obtained from microbial fer
mentation, additives and polymer production aids

Table 1 contains the following information:

Column 1 (FCM substance No): the unique identification number of the substance

Column 2 (Ref. No): the EEC packaging material reference number

Column 3 (CAS No): the Chemical Abstracts Service (CAS) registry number

Column 4 (Substance Name): the chemical name

Column 5 (Use as additive or polymer production aid (PPA) (yes/no)): an indication if the substance is authorised to be 
used as additive or polymer production aid (yes) or if the substance is not authorised to be used as additive or polymer 
production aid (no). If the substance is only authorised as PPA it is indicated (yes) and in the specifications the use is 
restricted to PPA.

Column 6 (Use as monomer or other starting substance or macromolecule obtained from microbial fermentation 
(yes/no)): an indication if the substance is authorised to be used as monomer or other starting substance or macromol
ecule obtained from microbial fermentation (yes) or if the substance is not authorised to be used as monomer or other 
starting substance or macromolecule obtained from microbial fermentation (no). If the substance is authorised as mac
romolecule obtained from microbial fermentation it is indicated (yes) and in the specifications it is indicated that the 
substance is a macromolecule obtained from microbial fermentation.

Column 7 (FRF applicable (yes/no)): an indication if for the substance the migration results can be corrected by the Fat 
Consumption Reduction Factor (FRF) (yes) or if they cannot be corrected by the FRF (no).

Column 8 (SML [mg/kg]): the specific migration limit applicable for the substance. It is expressed in mg substance per 
kg food. It is indicated ND if the substance shall not migrate in detectable quantities.

Column 9 (SML(T) [mg/kg] (group restriction No)): contains the identification number of the group of substances for 
which the group restriction in Column 1 in Table 2 of this Annex applies.

Column 10 (Restrictions and specifications): contains other restrictions than the specific migration limit specifically men
tioned and it contains specifications related to the substance. In case detailed specifications are set out a reference to 
Table 4 is included.

Column 11 (Notes on verification of compliance): contains the Notes number which refers to the detailed rules appli
cable for verification of compliance for this substance included in Column 1 in Table 3 of this Annex.

If a substance appearing on the list as an individual compound is also covered by a generic term, the restrictions apply
ing to this substance shall be those indicated for the individual compound.

If in Column 8 the specific migration limit is non-detectable (ND) a detection limit of 0,01 mg substance per kg food is 
applicable unless specified differently for an individual substance.
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Table 1

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

FCM 
substance No Ref. No CAS No Substance name

Use as additive 
or polymer 

production aid
(yes/no)

Use as mono
mer or other 

starting 
substance or 

macromolecule 
obtained from 

microbial 
fermentation

(yes/no)

FRF applicable
(yes/no)

SML
[mg/kg]

SML(T)
[mg/kg]
(Group 

restriction 
No)

Restrictions and specifications
Notes on 

verification of 
compliance

1 12310 0266309-43-7 albumin no yes no

2 12340 — albumin, coagulated by formal
dehyde

no yes no

3 12375 — alcohols, aliphatic, monohydric, 
saturated, linear, primary 
(C4-C22)

no yes no

4 22332 — mixture of (40 % w/w) 2,2,4-
trimethylhexane-1,6-
diisocyanate and (60 % w/w) 
2,4,4-trimethylhexane-1,6-
diisocyanate

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety.

(10)

5 25360 — trialkyl(C5-C15)acetic acid, 2,3-
epoxypropyl ester

no yes no ND 1 mg/kg in final product 
expressed as epoxygroup.
Molecular weight is 43 Da.

6 25380 — trialkyl acetic acid (C7-C17), 
vinyl esters

no yes no 0,05 (1)

7 30370 — acetylacetic acid, salts yes no no

8 30401 — acetylated mono- and diglycer
ides of fatty acids

yes no no (32)

9 30610 — acids, C2-C24, aliphatic, linear, 
monocarboxylic from natural 
oils and fats, and their mono-, 
di- and triglycerol esters 
(branched fatty acids at naturally 
occuring levels are included)

yes no no

10 30612 — acids, C2-C24, aliphatic, linear, 
monocarboxylic, synthetic and 
their mono-, di- and triglycerol 
esters

yes no no
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11 30960 — acids, aliphatic, monocarboxylic 
(C6-C22), esters with 
polyglycerol

yes no no

12 31328 — acids, fatty, from animal or 
vegetable food fats and oils

yes no no

13 33120 — alcohols, aliphatic, monohydric, 
saturated, linear, primary 
(C4-C24)

yes no no

14 33801 — n-alkyl(C10-C13) 
benzenesulphonic acid

yes no no 30

15 34130 — alkyl, linear with even number 
of carbon atoms (C12-C20) 
dimethylamines

yes no yes 30

16 34230 — alkyl(C8-C22)sulphonic acids yes no no 6

17 34281 — alkyl(C8-C22)sulphuric acids, 
linear, primary with an even 
number of carbon atoms

yes no no

18 34475 — aluminium calcium hydroxide 
phosphite, hydrate

yes no no

19 39090 — N,N-bis(2-hydroxyethyl)alkyl 
(C8-C18)amine

yes no no (7)

20 39120 — N,N-bis(2-hydroxyethyl)alkyl 
(C8-C18)amine hydrochlorides

yes no no (7) SML(T) expressed excluding 
HCl

21 42500 — carbonic acid, salts yes no no

22 43200 — castor oil, mono- and 
diglycerides

yes no no

23 43515 — chlorides of choline esters of 
coconut oil fatty acids

yes no no 0,9 (1)

24 45280 — cotton fibers yes no no

25 45440 — cresols, butylated, styrenated yes no no 12
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26 46700 — 5,7-di-tert-butyl-3-(3,4- and 
2,3-dimethylphenyl)-3H-
benzofuran-2-one containing: a) 
5,7-di-tert-butyl-3-(3,4-
dimethylphenyl)-3H-
benzofuran-2-one (80 to 100 % 
w/w) and b) 5,7-di-tert-butyl-3-
(2,3-dimethylphenyl)-3H-
benzofuran-2-one (0 to 
20 % w/w)

yes no no 5

27 48960 — 9,10-dihydroxy stearic acid and 
its oligomers

yes no no 5

28 50160 — di-n-octyltin bis(n-alkyl(C10-C16) 
mercaptoacetate)

yes no no (10)

29 50360 — di-n-octyltin bis(ethyl maleate) yes no no (10)

30 50560 — di-n-octyltin 1,4-butanediol 
bis(mercaptoacetate)

yes no no (10)

31 50800 — di-n-octyltin dimaleate, 
esterified

yes no no (10)

32 50880 — di-n-octyltin dimaleate, 
polymers (n = 2-4)

yes no no (10)

33 51120 — di-n-octyltin thiobenzoate 
2-ethylhexyl mercaptoacetate

yes no no (10)

34 54270 — ethylhydroxymethylcellulose yes no no

35 54280 — ethylhydroxypropylcellulose yes no no

36 54450 — fats and oils, from animal or 
vegetable food sources

yes no no

37 54480 — fats and oils, hydrogenated, 
from animal or vegetable food 
sources

yes no no

38 55520 — glass fibers yes no no

39 55600 — glass microballs yes no no

40 56360 — glycerol, esters with acetic acid yes no no

Appendix II - Pag. 17 of 306



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
L

12/18
EN

O
fficialJournalofthe

European
U

nion
15.1.2011

41 56486 — glycerol, esters with acids, 
aliphatic, saturated, linear, with 
an even number of carbon 
atoms (C14-C18) and with acids, 
aliphatic, unsaturated, linear, 
with an even number of carbon 
atoms (C16-C18)

yes no no

42 56487 — glycerol, esters with butyric acid yes no no

43 56490 — glycerol, esters with erucic acid yes no no

44 56495 — glycerol, esters with 
12-hydroxystearic acid

yes no no

45 56500 — glycerol, esters with lauric acid yes no no

46 56510 — glycerol, esters with linoleic acid yes no no

47 56520 — glycerol, esters with myristic 
acid

yes no no

48 56535 — glycerol, esters with nonanoic 
acid

yes no no

49 56540 — glycerol, esters with oleic acid yes no no

50 56550 — glycerol, esters with palmitic 
acid

yes no no

51 56570 — glycerol, esters with propionic 
acid

yes no no

52 56580 — glycerol, esters with ricinoleic 
acid

yes no no

53 56585 — glycerol, esters with stearic acid yes no no

54 57040 — glycerol monooleate, ester with 
ascorbic acid

yes no no

55 57120 — glycerol monooleate, ester with 
citric acid

yes no no

56 57200 — glycerol monopalmitate, ester 
with ascorbic acid

yes no no

57 57280 — glycerol monopalmitate, ester 
with citric acid

yes no no
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58 57600 — glycerol monostearate, ester 
with ascorbic acid

yes no no

59 57680 — glycerol monostearate, ester 
with citric acid

yes no no

60 58300 — glycine, salts yes no no

62 64500 — lysine, salts yes no no

63 65440 — manganese pyrophosphite yes no no

64 66695 — methylhydroxymethylcellulose yes no no

65 67155 — mixture of 4-(2-benzoxazolyl)-
4′-(5-methyl-2-benzoxazolyl) 
stilbene, 4,4′-bis 
(2-benzoxazolyl) stilbene and 
4,4′-bis(5-methyl-2-
benzoxazolyl)stilbene

yes no no Not more than 0,05 % 
(w/w) (quantity of substance 
used/quantity of the formu
lation).
Mixture obtained from the 
manufacturing process in 
the typical ratio of (58-
62 %):(23-27 %):(13-17 %).

66 67600 — mono-n-octyltin tris(alkyl 
(C10-C16) mercaptoacetate)

yes no no (11)

67 67840 — montanic acids and/or their 
esters with ethyleneglycol 
and/or with 1,3-butanediol 
and/or with glycerol

yes no no

68 73160 — phosphoric acid, mono- and 
di-n-alkyl (C16 and C18) esters

yes no yes 0,05

69 74400 — phosphorous acid, tris(nonyl-
and/or dinonylphenyl) ester

yes no yes 30

70 76463 — polyacrylic acid, salts yes no no (22)

71 76730 — polydimethylsiloxane, 
γ-hydroxypropylated

yes no no 6

72 76815 — polyester of adipic acid with 
glycerol or pentaerythritol, 
esters with even numbered, 
unbranched C12-C22 fatty acids

yes no no (32) The fraction with molecular 
weight below 1 000 Da 
should not exceed 5 % 
(w/w)

73 76866 — polyesters of 1,2-propanediol 
and/or 1,3- and/or 1,4-
butanediol and/or polypropyle
neglycol with adipic acid, which 
may be end-capped with acetic 
acid or fatty acids C12-C18 or 
n-octanol and/or n-decanol

yes no yes (31)
(32)
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74 77440 — polyethyleneglycol diricinoleate yes no yes 42

75 77702 — polyethyleneglycol esters of 
aliph. monocarb. acids (C6-C22) 
and their ammonium and 
sodium sulphates

yes no no

76 77732 — polyethylene glycol (EO = 1-30, 
typically 5) ether of butyl 
2-cyano 3-(4-hydroxy-
3-methoxyphenyl) acrylate

yes no no 0,05 Only for use in PET

77 77733 — polyethyleneglycol (EO = 1-30, 
typically 5) ether of 
butyl-2-cyano-3-
(4-hydroxyphenyl) acrylate

yes no no 0,05 Only for use in PET

78 77897 — polyethyleneglycol (EO = 1-50) 
monoalkylether (linear and 
branched, C8-C20) sulphate, salts

yes no no 5

79 80640 — polyoxyalkyl (C2-C4) 
dimethylpolysiloxane

yes no no

80 81760 — powders, flakes and fibres of 
brass, bronze, copper, stainless 
steel, tin, iron and alloys of 
copper, tin and iron

yes no no

81 83320 — propylhydroxyethylcellulose yes no no

82 83325 — propylhydroxymethylcellulose yes no no

83 83330 — propylhydroxypropylcellulose yes no no

84 85601 — silicates, natural (with the 
exception of asbestos)

yes no no

85 85610 — silicates, natural, silanated (with 
the exception of asbestos)

yes no no

86 86000 — silicic acid, silylated yes no no

87 86285 — silicon dioxide, silanated yes no no

88 86880 — sodium monoalkyl dialkylphe
noxybenzenedisulphonate

yes no no 9

89 89440 — stearic acid, esters with 
ethyleneglycol

yes no no (2)

90 92195 — taurine, salts yes no no
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91 92320 — tetradecyl-polyethyleneglycol 
(EO = 3-8) ether of glycolic acid

yes no yes 15

92 93970 — tricyclodecanedimethanol 
bis(hexahydrophthalate)

yes no no 0,05

93 95858 — waxes, paraffinic, refined, 
derived from petroleum based 
or synthetic hydrocarbon 
feedstocks, low viscosity

yes no no 0,05 Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
Average molecular weight 
not less than 350 Da.
Viscosity at 100 °C not less 
than 2,5 cSt 
(2,5 × 10-6 m2/s).
Content of hydrocarbons 
with Carbon number less 
than 25, not more than 
40 % (w/w).

94 95859 — waxes, refined, derived from 
petroleum based or synthetic 
hydrocarbon feedstocks, high 
viscosity

yes no no Average molecular weight 
not less than 500 Da.
Viscosity at 100 °C not less 
than 11 cSt 
(11 × 10-6 m2/s).
Content of mineral hydro
carbons with Carbon num
ber less than 25, not more 
than 5 % (w/w).

95 95883 — white mineral oils, paraffinic, 
derived from petroleum based 
hydrocarbon feedstocks

yes no no Average molecular weight 
not less than 480 Da.
Viscosity at 100 °C not less 
than 8,5 cSt 
(8,5 × 10-6 m2/s).
Content of mineral hydro
carbons with Carbon num
ber less than 25, not more 
than 5 % (w/w).

96 95920 — wood flour and fibers, untreated yes no no
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97 72081/10 — petroleum hydrocarbon resins 
(hydrogenated)

yes no no Petroleum hydrocarbon 
resins, hydrogenated are 
produced by the catalytic or 
thermalpolymerisation of 
dienes and olefins of the 
aliphatic, alicyclic and/or 
monobenzenoidarylalkene 
types from distillates of 
cracked petroleum stocks 
with a boiling range not 
greater than 220 °C, as well 
as the pure monomers 
found in these distillation 
streams, subsequently fol
lowed by distillation, hydro
genation and additional 
processing.
Properties:
— Viscosity at 120 °C: 

> 3 Pa.s, 
— Softening point: 

> 95 °C as determined 
by ASTM Method 
E 28-67, 

— Bromine number: < 40 
(ASTM D1159), 

— The colour of a 50 % 
solution in toluene 
< 11 on the Gardner 
scale, 

— Residual aromatic 
monomer ≤ 50 ppm,

98 17260 0000050-00-0 formaldehyde yes yes no (15)

54880

99 19460 0000050-21-5 lactic acid yes yes no

62960

100 24490 0000050-70-4 sorbitol yes yes no

88320

101 36000 0000050-81-7 ascorbic acid yes no no

102 17530 0000050-99-7 glucose no yes no

103 18100 0000056-81-5 glycerol yes yes no

55920
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104 58960 0000057-09-0 hexadecyltrimethylammonium 
bromide

yes no no 6

105 22780 0000057-10-3 palmitic acid yes yes no

70400

106 24550 0000057-11-4 stearic acid yes yes no

89040

107 25960 0000057-13-6 urea no yes no

108 24880 0000057-50-1 sucrose no yes no

109 23740 0000057-55-6 1,2-propanediol yes yes no

81840

110 93520 0000059-02-9
0010191-41-0

α-tocopherol yes no no

111 53600 0000060-00-4 ethylenediaminetetraacetic acid yes no no

112 64015 0000060-33-3 linoleic acid yes no no

113 16780 0000064-17-5 ethanol yes yes no

52800

114 55040 0000064-18-6 formic acid yes no no

115 10090 0000064-19-7 acetic acid yes yes no

30000

116 13090 0000065-85-0 benzoic acid yes yes no

37600

117 21550 0000067-56-1 methanol no yes no

118 23830 0000067-63-0 2-propanol yes yes no

81882

119 30295 0000067-64-1 acetone yes no no

120 49540 0000067-68-5 dimethyl sulphoxide yes no no

121 24270 0000069-72-7 salicylic acid yes yes no

84640

122 23800 0000071-23-8 1-propanol no yes no

123 13840 0000071-36-3 1-butanol no yes no

124 22870 0000071-41-0 1-pentanol no yes no
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125 16950 0000074-85-1 ethylene no yes no

126 10210 0000074-86-2 acetylene no yes no

127 26050 0000075-01-4 vinyl chloride no yes no ND 1 mg/kg in final product

128 10060 0000075-07-0 acetaldehyde no yes no (1)

129 17020 0000075-21-8 ethylene oxide no yes no ND 1 mg/kg in final product (10)

130 26110 0000075-35-4 vinylidene chloride no yes no ND (1)

131 48460 0000075-37-6 1,1-difluoroethane yes no no

132 26140 0000075-38-7 vinylidene fluoride no yes no 5

133 14380 0000075-44-5 carbonyl chloride no yes no ND 1 mg/kg in final product (10)

23155

134 43680 0000075-45-6 chlorodifluoromethane yes no no 6 Content of 
chlorofluoromethane less 
than 1 mg/kg of the 
substance

135 24010 0000075-56-9 propylene oxide no yes no ND 1 mg/kg in final product

136 41680 0000076-22-2 camphor yes no no (3)

137 66580 0000077-62-3 2,2′-methylenebis(4-methyl-6-
(1-methylcyclohexyl)phenol)

yes no yes (5)

138 93760 0000077-90-7 tri-n-butyl acetyl citrate yes no no (32)

139 14680 0000077-92-9 citric acid yes yes no

44160

140 44640 0000077-93-0 citric acid, triethyl ester yes no no (32)

141 13380 0000077-99-6 1,1,1-trimethylolpropane yes yes no 6

25600

94960

142 26305 0000078-08-0 vinyltriethoxysilane no yes no 0,05 Only to be used as a surface 
treatment agent

(1)

143 62450 0000078-78-4 isopentane yes no no

144 19243 0000078-79-5 2-methyl-1,3-butadiene no yes no ND 1 mg/kg in final product

21640
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145 10630 0000079-06-1 acrylamide no yes no ND

146 23890 0000079-09-4 propionic acid yes yes no

82000

147 10690 0000079-10-7 acrylic acid no yes no (22)

148 14650 0000079-38-9 chlorotrifluoroethylene no yes no ND (1)

149 19990 0000079-39-0 methacrylamide no yes no ND

150 20020 0000079-41-4 methacrylic acid no yes no (23)

151 13480 0000080-05-7 2,2-bis(4-hydroxyphenyl) 
propane

no yes no 0,6

13607

152 15610 0000080-07-9 4,4′-dichlorodiphenyl sulphone no yes no 0,05

153 15267 0000080-08-0 4,4′-diaminodiphenyl sulphone no yes no 5

154 13617 0000080-09-1 4,4′-dihydroxydiphenyl 
sulphone

no yes no 0,05

16090

155 23470 0000080-56-8 α-pinene no yes no

156 21130 0000080-62-6 methacrylic acid, methyl ester no yes no (23)

157 74880 0000084-74-2 phthalic acid, dibutyl ester yes no no 0,3 (32) Only to be used as:

(a) plasticiser in repeated 
use materials and 
articles contacting 
non-fatty foods;

(b) technical support agent 
in polyolefins in con
centrations up to 
0,05 % in the final 
product.

(7)

158 23380 0000085-44-9 phthalic anhydride yes yes no

76320
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159 74560 0000085-68-7 phthalic acid, benzyl butyl ester yes no no 30 (32) Only to be used as:
(a) plasticiser in repeated 

use materials and 
articles;

(b) plasticiser in single-use 
materials and articles 
contacting non-fatty 
foods except for infant 
formulae and 
follow-on formulae as 
defined by Directive 
2006/141/EC or pro
cessed cereal-based 
foods and baby foods 
for infants and young 
children as defined by 
Directive 
2006/125/EC;

(c) technical support agent 
in concentrations up 
to 0,1 % in the final 
product.

(7)

160 84800 0000087-18-3 salicylic acid, 4-tert-butylphenyl 
ester

yes no yes 12

161 92160 0000087-69-4 tartaric acid yes no no

162 65520 0000087-78-5 mannitol yes no no

163 66400 0000088-24-4 2,2′-methylene bis(4-ethyl-6-
tert-butylphenol)

yes no yes (13)

164 34895 0000088-68-6 2-aminobenzamide yes no no 0,05 Only for use in PET for 
water and beverages

165 23200 0000088-99-3 o-phthalic acid yes yes no

74480

166 24057 0000089-32-7 pyromellitic anhydride no yes no 0,05

167 25240 0000091-08-7 2,6-toluene diisocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

168 13075 0000091-76-9 2,4-diamino-6-phenyl-1,3,5-
triazine

no yes no 5 (1)

15310
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169 16240 0000091-97-4 3,3′-dimethyl-
4,4′-diisocyanatobiphenyl

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

170 16000 0000092-88-6 4,4′-dihydroxybiphenyl no yes no 6

171 38080 0000093-58-3 benzoic acid, methyl ester yes no no

172 37840 0000093-89-0 benzoic acid, ethyl ester yes no no

173 60240 0000094-13-3 4-hydroxybenzoic acid, propyl 
ester

yes no no

174 14740 0000095-48-7 o-cresol no yes no

175 20050 0000096-05-9 methacrylic acid, allyl ester no yes no 0,05

176 11710 0000096-33-3 acrylic acid, methyl ester no yes no (22)

177 16955 0000096-49-1 ethylene carbonate no yes no 30 SML expressed as ethyleneg
lycol.
Residual content of 5 mg 
ethylene carbonate per kg 
of hydrogel with max 10 g 
of hydrogel in contact with 
1 kg of food.

178 92800 0000096-69-5 4,4′-thiobis(6-tert-butyl-3-
methylphenol)

yes no yes 0,48

179 48800 0000097-23-4 2,2′-dihydroxy-–5,5′-
dichlorodiphenylmethane

yes no yes 12

180 17160 0000097-53-0 eugenol no yes no ND

181 20890 0000097-63-2 methacrylic acid, ethyl ester no yes no (23)

182 19270 0000097-65-4 itaconic acid no yes no

183 21010 0000097-86-9 methacrylic acid, isobutyl ester no yes no (23)

184 20110 0000097-88-1 methacrylic acid, butyl ester no yes no (23)

185 20440 0000097-90-5 methacrylic acid, diester with 
ethyleneglycol

no yes no 0,05

186 14020 0000098-54-4 4-tert-butylphenol no yes no 0,05

187 22210 0000098-83-9 α-methylstyrene no yes no 0,05

188 19180 0000099-63-8 isophthalic acid dichloride no yes no (27)

189 60200 0000099-76-3 4-hydroxybenzoic acid, methyl 
ester

yes no no

190 18880 0000099-96-7 p-hydroxybenzoic acid no yes no

191 24940 0000100-20-9 terephthalic acid dichloride no yes no (28)

192 23187 — phthalic acid no yes no (28)

193 24610 0000100-42-5 styrene no yes no
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194 13150 0000100-51-6 benzyl alcohol no yes no

195 37360 0000100-52-7 benzaldehyde yes no no (3)

196 18670 0000100-97-0 hexamethylenetetramine yes yes no (15)

59280

197 20260 0000101-43-9 methacrylic acid, cyclohexyl 
ester

no yes no 0,05

198 16630 0000101-68-8 diphenylmethane-
4,4′-diisocyanate

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

199 24073 0000101-90-6 resorcinol diglycidyl ether no yes no ND Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
For indirect food contact 
only, behind a PET layer.

(8)

200 51680 0000102-08-9 N,N′-diphenylthiourea yes no yes 3

201 16540 0000102-09-0 diphenyl carbonate no yes no 0,05

202 23070 0000102-39-6 (1,3-phenylenedioxy) 
diacetic acid

no yes no 0,05 (1)

203 13323 0000102-40-9 1,3-bis(2-hydroxyethoxy) 
benzene

no yes no 0,05

204 25180 0000102-60-3 N,N,N′,N′-tetrakis(2-
hydroxypropyl)ethylenediamine

yes yes no

92640

205 25385 0000102-70-5 triallylamine no yes no 40 mg/kg hydrogel at a 
ratio of 1 kg food to a 
maximum of 1,5 grams of 
hydrogel.
Only to be used in hydro
gels intended for non-direct 
food contact use.

206 11500 0000103-11-7 acrylic acid, 2-ethylhexyl ester no yes no 0,05

207 31920 0000103-23-1 adipic acid, bis(2-ethylhexyl) 
ester

yes no yes 18 (32) (2)

208 18898 0000103-90-2 N-(4-hydroxyphenyl) acetamide no yes no 0,05

209 17050 0000104-76-7 2-ethyl-1-hexanol no yes no 30

210 13390 0000105-08-8 1,4-bis(hydroxymethyl) 
cyclohexane

no yes no

14880
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211 23920 0000105-38-4 propionic acid, vinyl ester no yes no (1)

212 14200 0000105-60-2 caprolactam yes yes no (4)

41840

213 82400 0000105-62-4 1,2-propyleneglycol dioleate yes no no

214 61840 0000106-14-9 12-hydroxystearic acid yes no no

215 14170 0000106-31-0 butyric anhydride no yes no

216 14770 0000106-44-5 p-cresol no yes no

217 15565 0000106-46-7 1,4-dichlorobenzene no yes no 12

218 11590 0000106-63-8 acrylic acid, isobutyl ester no yes no (22)

219 14570 0000106-89-8 epichlorohydrin no yes no ND 1 mg/kg in final product (10)

16750

220 20590 0000106-91-2 methacrylic acid, 
2,3-epoxypropyl ester

no yes no 0,02 (10)

221 40570 0000106-97-8 butane yes no no

222 13870 0000106-98-9 1-butene no yes no

223 13630 0000106-99-0 butadiene no yes no ND 1 mg/kg in final product

224 13900 0000107-01-7 2-butene no yes no

225 12100 0000107-13-1 acrylonitrile no yes no ND

226 15272 0000107-15-3 ethylenediamine no yes no 12

16960

227 16990 0000107-21-1 ethyleneglycol yes yes no (2)

53650

228 13690 0000107-88-0 1,3-butanediol no yes no

229 14140 0000107-92-6 butyric acid no yes no

230 16150 0000108-01-0 dimethylaminoethanol no yes no 18

231 10120 0000108-05-4 acetic acid, vinyl ester no yes no 12

232 10150 0000108-24-7 acetic anhydride yes yes no

30280

233 24850 0000108-30-5 succinic anhydride no yes no

234 19960 0000108-31-6 maleic anhydride no yes no (3)

235 14710 0000108-39-4 m-cresol no yes no
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236 23050 0000108-45-2 1,3-phenylenediamine no yes no ND

237 15910 0000108-46-3 1,3-dihydroxybenzene no yes no 2,4

24072

238 18070 0000108-55-4 glutaric anhydride no yes no

239 19975 0000108-78-1 2,4,6-triamino-1,3,5-triazine yes yes no 30

25420

93720

240 45760 0000108-91-8 cyclohexylamine yes no no

241 22960 0000108-95-2 phenol no yes no

242 85360 0000109-43-3 sebacic acid, dibutyl ester yes no no (32)

243 19060 0000109-53-5 isobutyl vinyl ether no yes no 0,05 (10)

244 71720 0000109-66-0 pentane yes no no

245 22900 0000109-67-1 1-pentene no yes no 5

246 25150 0000109-99-9 tetrahydrofuran no yes no 0,6

247 24820 0000110-15-6 succinic acid yes yes no

90960

248 19540 0000110-16-7 maleic acid yes yes no (3)

64800

249 17290 0000110-17-8 fumaric acid yes yes no

55120

250 53520 0000110-30-5 N,N′-ethylenebisstearamide yes no no

251 53360 0000110-31-6 N,N′-ethylenebisoleamide yes no no

252 87200 0000110-44-1 sorbic acid yes no no

253 15250 0000110-60-1 1,4-diaminobutane no yes no

254 13720 0000110-63-4 1,4-butanediol yes yes no (30)

40580

255 25900 0000110-88-3 trioxane no yes no 5

256 18010 0000110-94-1 glutaric acid yes yes no

55680

257 13550 0000110-98-5 dipropyleneglycol yes yes no

16660

51760
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258 70480 0000111-06-8 palmitic acid, butyl ester yes no no

259 58720 0000111-14-8 heptanoic acid yes no no

260 24280 0000111-20-6 sebacic acid no yes no

261 15790 0000111-40-0 diethylenetriamine no yes no 5

262 35284 0000111-41-1 N-(2-aminoethyl)ethanolamine yes no no 0,05 Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
For indirect food contact 
only, behind a PET layer.

263 13326 0000111-46-6 diethyleneglycol yes yes no (2)

15760

47680

264 22660 0000111-66-0 1-octene no yes no 15

265 22600 0000111-87-5 1-octanol no yes no

266 25510 0000112-27-6 triethyleneglycol yes yes no

94320

267 15100 0000112-30-1 1-decanol no yes no

268 16704 0000112-41-4 1-dodecene no yes no 0,05

269 25090 0000112-60-7 tetraethyleneglycol yes yes no

92350

270 22763 0000112-80-1 oleic acid yes yes no

69040

271 52720 0000112-84-5 erucamide yes no no

272 37040 0000112-85-6 behenic acid yes no no

273 52730 0000112-86-7 erucic acid yes no no

274 22570 0000112-96-9 octadecyl isocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

275 23980 0000115-07-1 propylene no yes no

276 19000 0000115-11-7 isobutene no yes no
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277 18280 0000115-27-5 hexachloroendomethylenetetra
hydrophthalic anhydride

no yes no ND

278 18250 0000115-28-6 hexachloroendomethylenetetra
hydrophthalic acid

no yes no ND

279 22840 0000115-77-5 pentaerythritol yes yes no

71600

280 73720 0000115-96-8 phosphoric acid, trichloroethyl 
ester

yes no no ND

281 25120 0000116-14-3 tetrafluoroethylene no yes no 0,05

282 18430 0000116-15-4 hexafluoropropylene no yes no ND

283 74640 0000117-81-7 phthalic acid, bis(2-ethylhexyl) 
ester

yes no no 1,5 (32) Only to be used as:
(a) plasticiser in repeated 

use materials and 
articles contacting 
non-fatty foods;

(b) technical support agent 
in concentrations up 
to 0,1 % in the final 
product.

(7)

284 84880 0000119-36-8 salicylic acid, methyl ester yes no no 30

285 66480 0000119-47-1 2,2′-methylene bis(4-methyl-6-
tert-butylphenol)

yes no yes (13)

286 38240 0000119-61-9 benzophenone yes no yes 0,6

287 60160 0000120-47-8 4-hydroxybenzoic acid, ethyl 
ester

yes no no

288 24970 0000120-61-6 terephthalic acid, dimethyl ester no yes no

289 15880 0000120-80-9 1,2-dihydroxybenzene no yes no 6

24051

290 55360 0000121-79-9 gallic acid, propyl ester yes no no (20)

291 19150 0000121-91-5 isophthalic acid no yes no (27)

292 94560 0000122-20-3 triisopropanolamine yes no no 5

293 23175 0000122-52-1 phosphorous acid, triethyl ester no yes no ND 1 mg/kg in final product (1)

294 93120 0000123-28-4 thiodipropionic acid, didodecyl 
ester

yes no yes (14)

295 15940 0000123-31-9 1,4-dihydroxybenzene yes yes no 0,6

18867

48620
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296 23860 0000123-38-6 propionaldehyde no yes no

297 23950 0000123-62-6 propionic anhydride no yes no

298 14110 0000123-72-8 butyraldehyde no yes no

299 63840 0000123-76-2 levulinic acid yes no no

300 30045 0000123-86-4 acetic acid, butyl ester yes no no

301 89120 0000123-95-5 stearic acid, butyl ester yes no no

302 12820 0000123-99-9 azelaic acid no yes no

303 12130 0000124-04-9 adipic acid yes yes no

31730

304 14320 0000124-07-2 caprylic acid yes yes no

41960

305 15274 0000124-09-4 hexamethylenediamine no yes no 2,4

18460

306 88960 0000124-26-5 stearamide yes no no

307 42160 0000124-38-9 carbon dioxide yes no no

308 91200 0000126-13-6 sucrose acetate isobutyrate yes no no

309 91360 0000126-14-7 sucrose octaacetate yes no no

310 16390 0000126-30-7 2,2-dimethyl-1,3-propanediol no yes no 0,05

22437

311 16480 0000126-58-9 dipentaerythritol yes yes no

51200

312 21490 0000126-98-7 methacrylonitrile no yes no ND

313 16650 0000127-63-9 diphenyl sulphone yes yes no 3

51570

314 23500 0000127-91-3 β-pinene no yes no

315 46640 0000128-37-0 2,6-di-tert-butyl-p-cresol yes no no 3

316 23230 0000131-17-9 phthalic acid, diallyl ester no yes no ND

317 48880 0000131-53-3 2,2′-dihydroxy-
4-methoxybenzophenone

yes no yes (8)

318 48640 0000131-56-6 2,4-dihydroxybenzophenone yes no no (8)
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319 61360 0000131-57-7 2-hydroxy-
4-methoxybenzophenone

yes no yes (8)

320 37680 0000136-60-7 benzoic acid, butyl ester yes no no

321 36080 0000137-66-6 ascorbyl palmitate yes no no

322 63040 0000138-22-7 lactic acid, butyl ester yes no no

323 11470 0000140-88-5 acrylic acid, ethyl ester no yes no (22)

324 83700 0000141-22-0 ricinoleic acid yes no yes 42

325 10780 0000141-32-2 acrylic acid, n-butyl ester no yes no (22)

326 12763 0000141-43-5 2-aminoethanol yes yes no 0,05 Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
For indirect food contact 
only, behind a PET layer.

35170

327 30140 0000141-78-6 acetic acid, ethyl ester yes no no

328 65040 0000141-82-2 malonic acid yes no no

329 59360 0000142-62-1 hexanoic acid yes no no

330 19470 0000143-07-7 lauric acid yes yes no

63280

331 22480 0000143-08-8 1-nonanol no yes no

332 69760 0000143-28-2 oleyl alcohol yes no no

333 22775 0000144-62-7 oxalic acid yes yes no 6

69920

334 17005 0000151-56-4 ethyleneimine no yes no ND

335 68960 0000301-02-0 oleamide yes no no

336 15095 0000334-48-5 n-decanoic acid yes yes no

45940

337 15820 0000345-92-6 4,4′-difluorobenzophenone no yes no 0,05

338 71020 0000373-49-9 palmitoleic acid yes no no

339 86160 0000409-21-2 silicon carbide yes no no
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340 47440 0000461-58-5 dicyanodiamide yes no no

341 13180 0000498-66-8 bicyclo[2.2.1]hept-2-ene no yes no 0,05

22550

342 14260 0000502-44-3 caprolactone no yes no (29)

343 23770 0000504-63-2 1,3-propanediol no yes no 0,05

344 13810 0000505-65-7 1,4-butanediol formal no yes no ND (10)

21821

345 35840 0000506-30-9 arachidic acid yes no no

346 10030 0000514-10-3 abietic acid no yes no

347 13050 0000528-44-9 trimellitic acid no yes no (21)

25540

348 22350 0000544-63-8 myristic acid yes yes no

67891

349 25550 0000552-30-7 trimellitic anhydride no yes no (21)

350 63920 0000557-59-5 lignoceric acid yes no no

351 21730 0000563-45-1 3-methyl-1-butene no yes no ND Only to be used in 
polypropylene

(1)

352 16360 0000576-26-1 2,6-dimethylphenol no yes no 0,05

353 42480 0000584-09-8 carbonic acid, rubidium salt yes no no 12

354 25210 0000584-84-9 2,4-toluene diisocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

355 20170 0000585-07-9 methacrylic acid, tert-butyl ester no yes no (23)

356 18820 0000592-41-6 1-hexene no yes no 3

357 13932 0000598-32-3 3-buten-2-ol no yes no ND Only to be used as a 
co-monomer for the 
preparation of polymeric 
additive

(1)

358 14841 0000599-64-4 4-cumylphenol no yes no 0,05

359 15970 0000611-99-4 4,4′-dihydroxybenzophenone yes yes no (8)

48720

360 57920 0000620-67-7 glycerol triheptanoate yes no no

361 18700 0000629-11-8 1,6-hexanediol no yes no 0,05
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362 14350 0000630-08-0 carbon monoxide no yes no

363 16450 0000646-06-0 1,3-dioxolane no yes no 5

364 15404 0000652-67-5 1,4:3,6-dianhydrosorbitol no yes no 5 Only to be used as a 
co-monomer in 
poly(ethylene-co-isosorbide 
terephthalate)

365 11680 0000689-12-3 acrylic acid, isopropyl ester no yes no (22)

366 22150 0000691-37-2 4-methyl-1-pentene no yes no 0,05

367 16697 0000693-23-2 n-dodecanedioic acid no yes no

368 93280 0000693-36-7 thiodipropionic acid, 
dioctadecyl ester

yes no yes (14)

369 12761 0000693-57-2 12-aminododecanoic acid no yes no 0,05

370 21460 0000760-93-0 methacrylic anhydride no yes no (23)

371 11510 0000818-61-1 acrylic acid, monoester with 
ethyleneglycol

no yes no (22)

11830

372 18640 0000822-06-0 hexamethylene diisocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

373 22390 0000840-65-3 2,6-naphthalenedicarboxylic 
acid, dimethyl ester

no yes no 0,05

374 21190 0000868-77-9 methacrylic acid, monoester 
with ethyleneglycol

no yes no (23)

375 15130 0000872-05-9 1-decene no yes no 0,05

376 66905 0000872-50-4 N-methylpyrrolidone yes no no

377 12786 0000919-30-2 3-aminopropyltriethoxysilane no yes no 0,05 Residual extractable 
content of 3-
aminopropyltriethoxysilane 
to be less than 3 mg/kg 
filler when used for the 
reactive surface treatment of 
inorganic fillers.
SML = 0,05 mg/kg when 
used for the surface treat
ment of materials and 
articles.

378 21970 0000923-02-4 N-methylolmethacrylamide no yes no 0,05

379 21940 0000924-42-5 N-methylolacrylamide no yes no ND
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380 11980 0000925-60-0 acrylic acid, propyl ester no yes no (22)

381 15030 0000931-88-4 cyclooctene no yes no 0,05 Only to be used in 
polymers contacting foods 
for which simulant A is laid 
down

382 19490 0000947-04-6 laurolactam no yes no 5

383 72160 0000948-65-2 2-phenylindole yes no yes 15

384 40000 0000991-84-4 2,4-bis(octylmercapto)-6-
(4-hydroxy-3,5-di-tert-
butylanilino)-1,3,5-triazine

yes no yes 30

385 11530 0000999-61-1 acrylic acid, 2-hydroxypropyl 
ester

no yes no 0,05 SML expressed as the sum 
of acrylic acid, 
2-hydroxypropyl ester and 
acrylic acid, 
2-hydroxyisopropyl ester.
It may contain up to 25 % 
(m/m) of acrylic acid, 
2-hydroxyisopropyl ester 
(CAS No 0002918-23-2).

(1)

386 55280 0001034-01-1 gallic acid, octyl ester yes no no (20)

387 26155 0001072-63-5 1-vinylimidazole no yes no 0,05 (1)

388 25080 0001120-36-1 1-tetradecene no yes no 0,05

389 22360 0001141-38-4 2,6-naphthalenedicarboxylic 
acid

no yes no 5

390 55200 0001166-52-5 gallic acid, dodecyl ester yes no no (20)

391 22932 0001187-93-5 perfluoromethyl perfluorovinyl 
ether

no yes no 0,05 Only to be used in anti-stick 
coatings

392 72800 0001241-94-7 phosphoric acid, diphenyl 
2-ethylhexyl ester

yes no yes 2,4

393 37280 0001302-78-9 bentonite yes no no

394 41280 0001305-62-0 calcium hydroxide yes no no

395 41520 0001305-78-8 calcium oxide yes no no

396 64640 0001309-42-8 magnesium hydroxide yes no no

397 64720 0001309-48-4 magnesium oxide yes no no

398 35760 0001309-64-4 antimony trioxide yes no no 0,04 SML expressed as antimony (6)

399 81600 0001310-58-3 potassium hydroxide yes no no

400 86720 0001310-73-2 sodium hydroxide yes no no
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401 24475 0001313-82-2 sodium sulphide no yes no

402 96240 0001314-13-2 zinc oxide yes no no

403 96320 0001314-98-3 zinc sulphide yes no no

404 67200 0001317-33-5 molybdenum disulphide yes no no

405 16690 0001321-74-0 divinylbenzene no yes no ND SML expressed as the sum 
of divinylbenzene and eth
ylvinylbenzene.
It may contain up to 45 % 
(m/m) of ethylvinylbenzene.

(1)

406 83300 0001323-39-3 1,2-propyleneglycol monostear
ate

yes no no

407 87040 0001330-43-4 sodium tetraborate yes no no (16)

408 82960 0001330-80-9 1,2-propyleneglycol monooleate yes no no

409 62240 0001332-37-2 iron oxide yes no no

410 62720 0001332-58-7 kaolin yes no no

411 42080 0001333-86-4 carbon black yes no no Primary particles of 10 – 
300 nm which are aggre
gated to a size of 100 –
1 200 nm which may form 
agglomerates within the size 
distribution of 300 nm – 
mm.
Toluene extractables: maxi
mum 0,1 %, determined 
according to ISO method 
6209.
UV absorption of cyclohex
ane extract at 386 nm: 
< 0,02 AU for a 1 cm cell 
or < 0,1 AU for a 5 cm cell, 
determined according to a 
generally recognised 
method of analysis.
Benzo(a)pyrene content: 
max 0,25 mg/kg carbon 
black.
Maximum use level of car
bon black in the polymer: 
2,5 % w/w.

412 45200 0001335-23-5 copper iodide yes no no (6)

413 35600 0001336-21-6 ammonium hydroxide yes no no
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414 87600 0001338-39-2 sorbitan monolaurate yes no no

415 87840 0001338-41-6 sorbitan monostearate yes no no

416 87680 0001338-43-8 sorbitan monooleate yes no no

417 85680 0001343-98-2 silicic acid yes no no

418 34720 0001344-28-1 aluminium oxide yes no no

419 92150 0001401-55-4 tannic acids yes no no According to the JECFA 
specifications

420 19210 0001459-93-4 isophthalic acid, dimethyl ester no yes no 0,05

421 13000 0001477-55-0 1,3-benzenedimethanamine no yes no 0,05

422 38515 0001533-45-5 4,4′-bis(2-benzoxazolyl)stilbene yes no yes 0,05 (2)

423 22937 0001623-05-8 perfluoropropylperfluorovinyl 
ether

no yes no 0,05

424 15070 0001647-16-1 1,9-decadiene no yes no 0,05

425 10840 0001663-39-4 acrylic acid, tert-butyl ester no yes no (22)

426 13510 0001675-54-3 2,2-bis(4-hydroxyphenyl) 
propane bis(2,3-epoxypropyl) 
ether

no yes no In compliance with 
Commission Regulation 
(EC) No 1895/2005 (1)13610

427 18896 0001679-51-2 4-(hydroxymethyl)-1-cyclohexene no yes no 0,05

428 95200 0001709-70-2 1,3,5-trimethyl-2,4,6-tris(3,5-
di-tert-butyl-4-hydroxybenzyl) 
benzene

yes no no

429 13210 0001761-71-3 bis(4-aminocyclohexyl)methane no yes no 0,05

430 95600 0001843-03-4 1,1,3-tris(2-methyl-4-hydroxy-
5-tert-butylphenyl) butane

yes no yes 5

431 61600 0001843-05-6 2-hydroxy-4-n-
octyloxybenzophenone

yes no yes (8)

432 12280 0002035-75-8 adipic anhydride no yes no

433 68320 0002082-79-3 octadecyl 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate

yes no yes 6

434 20410 0002082-81-7 methacrylic acid, diester with 
1,4-butanediol

no yes no 0,05

435 14230 0002123-24-2 caprolactam, sodium salt no yes no (4)

436 19480 0002146-71-6 lauric acid, vinyl ester no yes no

437 11245 0002156-97-0 acrylic acid, dodecyl ester no yes no 0,05 (2)
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438 38875 0002162-74-5 bis(2,6-diisopropylphenyl) 
carbodiimide

yes no no 0,05 For indirect food contact 
only, behind a PET layer

439 21280 0002177-70-0 methacrylic acid, phenyl ester no yes no (23)

440 21340 0002210-28-8 methacrylic acid, propyl ester no yes no (23)

441 38160 0002315-68-6 benzoic acid, propyl ester yes no no

442 13780 0002425-79-8 1,4-butanediol 
bis(2,3-epoxypropyl)ether

no yes no ND Residual content = 1 mg/kg 
in final product expressed 
as epoxygroup.
Molecular weight is 43 Da.

(10)

443 12788 0002432-99-7 11-aminoundecanoic acid no yes no 5

444 61440 0002440-22-4 2-(2′-hydroxy-5′-
methylphenyl)benzotriazole

yes no no (12)

445 83440 0002466-09-3 pyrophosphoric acid yes no no

446 10750 0002495-35-4 acrylic acid, benzyl ester no yes no (22)

447 20080 0002495-37-6 methacrylic acid, benzyl ester no yes no (23)

448 11890 0002499-59-4 acrylic acid, n-octyl ester no yes no (22)

449 49840 0002500-88-1 dioctadecyl disulphide yes no yes 3

450 24430 0002561-88-8 sebacic anhydride no yes no

451 66755 0002682-20-4 2-methyl-4-isothiazolin-3-one yes no no 0,5 Only to be used in aqueous 
polymer dispersions and 
emulsions

452 38885 0002725-22-6 2,4-bis(2,4-dimethylphenyl)-6-
(2-hydroxy-4-n-
octyloxyphenyl)-1,3,5-triazine

yes no no 0,05 Only to be used in aqueous 
foods

453 26320 0002768-02-7 vinyltrimethoxysilane no yes no 0,05 (10)

454 12670 0002855-13-2 1-amino-3-aminomethyl-3,5,5-
trimethylcyclohexane

no yes no 6

455 20530 0002867-47-2 methacrylic acid, 
2-(dimethylamino)-ethyl ester

no yes no ND

456 10810 0002998-08-5 acrylic acid, sec-butyl ester no yes no (22)

457 20140 0002998-18-7 methacrylic acid, sec-butyl ester no yes no (23)

458 36960 0003061-75-4 behenamide yes no no
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459 46870 0003135-18-0 3,5-di-tert-butyl-4-
hydroxybenzylphosphonic acid, 
dioctadecyl ester

yes no no

460 14950 0003173-53-3 cyclohexyl isocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

461 22420 0003173-72-6 1,5-naphthalene diisocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

462 26170 0003195-78-6 N-vinyl-N-methylacetamide no yes no 0,02 (1)

463 25840 0003290-92-4 1,1,1-trimethylolpropane 
trimethacrylate

no yes no 0,05

464 61280 0003293-97-8 2-hydroxy-4-n-
hexyloxybenzophenone

yes no yes (8)

465 68040 0003333-62-8 7-[2H-naphtho-(1,2-D)triazol-
2-yl]-3-phenylcoumarin

yes no no

466 50640 0003648-18-8 di-n-octyltin dilaurate yes no no (10)

467 14800 0003724-65-0 crotonic acid yes yes no 0,05 (1)

45600

468 71960 0003825-26-1 perfluorooctanoic acid, 
ammonium salt

yes no no Only to be used in repeated 
use articles, sintered at high 
temperatures

469 60480 0003864-99-1 2-(2′-hydroxy-3,5′-di-tert-
butylphenyl)-5-
chlorobenzotriazole

yes no yes (12)

470 60400 0003896-11-5 2-(2′-hydroxy-3′-tert-butyl-5′-
methylphenyl)-5-
chlorobenzotriazole

yes no yes (12)

471 24888 0003965-55-7 5-sulphoisophthalic acid, 
monosodium salt, dimethyl 
ester

no yes no 0,05

472 66560 0004066-02-8 2,2′-methylenebis(4-methyl-6-
cyclohexylphenol)

yes no yes (5)

473 12265 0004074-90-2 adipic acid, divinyl ester no yes no ND 5 mg/kg in final product.
Only to be used as 
co-monomer.

(1)

474 43600 0004080-31-3 1-(3-chloroallyl)-3,5,7-triaza-1-
azoniaadamantane chloride

yes no no 0,3

475 19110 0004098-71-9 1-isocyanato-3-
isocyanatomethyl-3,5,5-
trimethylcyclohexane

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)
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476 16570 0004128-73-8 diphenylether-4,4′-diisocyanate no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

477 46720 0004130-42-1 2,6-di-tert-butyl-4-ethylphenol yes no yes 4,8 (1)

478 60180 0004191-73-5 4-hydroxybenzoic acid, 
isopropyl ester

yes no no

479 12970 0004196-95-6 azelaic anhydride no yes no

480 46790 0004221-80-1 3,5-di-tert-butyl-4-
hydroxybenzoic acid, 
2,4-di-tert-butylphenyl ester

yes no no

481 13060 0004422-95-1 1,3,5-benzenetricarboxylic acid 
trichloride

no yes no 0,05 SML expressed as 
1,3,5-benzenetricarboxylic 
acid

(1)

482 21100 0004655-34-9 methacrylic acid, isopropyl ester no yes no (23)

483 68860 0004724-48-5 n-octylphosphonic acid yes no no 0,05

484 13395 0004767-03-7 2,2-bis(hydroxymethyl) 
propionic acid

no yes no 0,05 (1)

485 13560 0005124-30-1 dicyclohexylmethane-4,4′-
diisocyanate

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

15700

486 54005 0005136-44-7 ethylene-N-palmitamide-N′-
stearamide

yes no no

487 45640 0005232-99-5 2-cyano-3,3-diphenylacrylic 
acid, ethyl ester

yes no no 0,05

488 53440 0005518-18-3 N,N′-ethylenebispalmitamide yes no no

489 41040 0005743-36-2 calcium butyrate yes no no

490 16600 0005873-54-1 diphenylmethane-2,4′-
diisocyanate

no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

491 82720 0006182-11-2 1,2-propyleneglycol distearate yes no no

492 45650 0006197-30-4 2-cyano-3,3-diphenylacrylic 
acid, 2-ethylhexyl ester

yes no no 0,05

493 39200 0006200-40-4 bis(2-hydroxyethyl)-2-
hydroxypropyl-3-(dodecyloxy) 
methylammonium chloride

yes no no 1,8

494 62140 0006303-21-5 hypophosphorous acid yes no no

495 35160 0006642-31-5 6-amino-1,3-dimethyluracil yes no no 5

496 71680 0006683-19-8 pentaerythritol tetrakis[3-(3,5-
di-tert-butyl-4-hydroxyphenyl)-
propionate]

yes no no
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497 95020 0006846-50-0 2,2,4-trimethyl-1,3-pentanediol 
diisobutyrate

yes no no 5 Only to be used in 
single-use gloves

498 16210 0006864-37-5 3,3′-dimethyl-4,4′-
diaminodicyclohexylmethane

no yes no 0,05 Only to be used in 
polyamides

(5)

499 19965 0006915-15-7 malic acid yes yes no In case of use as a 
monomer only to be used 
as a co-monomer in 
aliphatic polyesters up to 
maximum level of 1 % on a 
molar basis

65020

500 38560 0007128-64-5 2,5-bis(5-tert-butyl-2-
benzoxazolyl)thiophene

yes no yes 0,6

501 34480 — aluminium fibers, flakes and 
powders

yes no no

502 22778 0007456-68-0 4,4′-oxybis(benzenesulphonyl 
azide)

no yes no 0,05 (1)

503 46080 0007585-39-9 β-dextrin yes no no

504 86240 0007631-86-9 silicon dioxide yes no no For synthetic amorphous 
silicon dioxide: primary 
particles of 1 – 100 nm 
which are aggregated to a 
size of 0,1 – 1 µm which 
may form agglomerates 
within the size distribution 
of 0,3 µm to the mm size.

505 86480 0007631-90-5 sodium bisulphite yes no no (19)

506 86920 0007632-00-0 sodium nitrite yes no no 0,6

507 59990 0007647-01-0 hydrochloric acid yes no no

508 86560 0007647-15-6 sodium bromide yes no no

509 23170 0007664-38-2 phosphoric acid yes yes no

72640

510 12789 0007664-41-7 ammonia yes yes no

35320

511 91920 0007664-93-9 sulphuric acid yes no no

512 81680 0007681-11-0 potassium iodide yes no no (6)

513 86800 0007681-82-5 sodium iodide yes no no (6)

514 91840 0007704-34-9 sulphur yes no no
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515 26360 0007732-18-5 water yes yes no In compliance with 
Directive 98/83/EC (2)

95855

516 86960 0007757-83-7 sodium sulphite yes no no (19)

517 81520 0007758-02-3 potassium bromide yes no no

518 35845 0007771-44-0 arachidonic acid yes no no

519 87120 0007772-98-7 sodium thiosulphate yes no no (19)

520 65120 0007773-01-5 manganese chloride yes no no

521 58320 0007782-42-5 graphite yes no no

522 14530 0007782-50-5 chlorine no yes no

523 45195 0007787-70-4 copper bromide yes no no

524 24520 0008001-22-7 soybean oil no yes no

525 62640 0008001-39-6 japan wax yes no no

526 43440 0008001-75-0 ceresin yes no no

527 14411 0008001-79-4 castor oil yes yes no

42880

528 63760 0008002-43-5 lecithin yes no no

529 67850 0008002-53-7 montan wax yes no no

530 41760 0008006-44-8 candelilla wax yes no no

531 36880 0008012-89-3 beeswax yes no no

532 88640 0008013-07-8 soybean oil, epoxidised yes no no 60
30(*)

(32) (*) In the case of PVC gas
kets used to seal glass 
jars containing infant 
formulae and follow-on 
formulae as defined by 
Directive 2006/141/EC 
or processed cereal-
based foods and baby 
foods for infants and 
young children as 
defined by Directive 
2006/125/EC, the SML 
is lowered to 30 mg/kg.
Oxirane < 8 %, iodine 
number < 6.
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533 42720 0008015-86-9 carnauba wax yes no no

534 80720 0008017-16-1 polyphosphoric acids yes no no

535 24100 0008050-09-7 rosin yes yes no

24130

24190

83840

536 84320 0008050-15-5 rosin, hydrogenated, ester with 
methanol

yes no no

537 84080 0008050-26-8 rosin, ester with pentaerythritol yes no no

538 84000 0008050-31-5 rosin, ester with glycerol yes no no

539 24160 0008052-10-6 rosin tall oil no yes no

540 63940 0008062-15-5 lignosulphonic acid yes no no 0,24 Only to be used as 
dispersant for plastics 
dispersions

541 58480 0009000-01-5 gum arabic yes no no

542 42640 0009000-11-7 carboxymethylcellulose yes no no

543 45920 0009000-16-2 dammar yes no no

544 58400 0009000-30-0 guar gum yes no no

545 93680 0009000-65-1 tragacanth gum yes no no

546 71440 0009000-69-5 pectin yes no no

547 55440 0009000-70-8 gelatin yes no no

548 42800 0009000-71-9 casein yes no no

549 80000 0009002-88-4 polyethylene wax yes no no

550 81060 0009003-07-0 polypropylene wax yes no no

551 79920 0009003-11-6
0106392-12-5

poly(ethylene propylene) glycol yes no no

552 81500 0009003-39-8 polyvinylpyrrolidone yes no no The substance shall meet 
the purity criteria as laid 
down in Commission Direc
tive 2008/84/EC (3)
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553 14500 0009004-34-6 cellulose yes yes no

43280

554 43300 0009004-36-8 cellulose acetate butyrate yes no no

555 53280 0009004-57-3 ethylcellulose yes no no

556 54260 0009004-58-4 ethylhydroxyethylcellulose yes no no

557 66640 0009004-59-5 methylethylcellulose yes no no

558 60560 0009004-62-0 hydroxyethylcellulose yes no no

559 61680 0009004-64-2 hydroxypropylcellulose yes no no

560 66700 0009004-65-3 methylhydroxypropylcellulose yes no no

561 66240 0009004-67-5 methylcellulose yes no no

562 22450 0009004-70-0 nitrocellulose no yes no

563 78320 0009004-97-1 polyethyleneglycol 
monoricinoleate

yes no yes 42

564 24540 0009005-25-8 starch, edible yes yes no

88800

565 61120 0009005-27-0 hydroxyethyl starch yes no no

566 33350 0009005-32-7 alginic acid yes no no

567 82080 0009005-37-2 1,2-propyleneglycol alginate yes no no

568 79040 0009005-64-5 polyethyleneglycol sorbitan 
monolaurate

yes no no

569 79120 0009005-65-6 polyethyleneglycol sorbitan 
monooleate

yes no no

570 79200 0009005-66-7 polyethyleneglycol sorbitan 
monopalmitate

yes no no

571 79280 0009005-67-8 polyethyleneglycol sorbitan 
monostearate

yes no no

572 79360 0009005-70-3 polyethyleneglycol sorbitan 
trioleate

yes no no

573 79440 0009005-71-4 polyethyleneglycol sorbitan 
tristearate

yes no no

574 24250 0009006-04-6 rubber, natural yes yes no

84560

575 76721 0063148-62-9 polydimethylsiloxane 
(Mw > 6 800 Da)

yes no no Viscosity at 25 °C not less 
than 100 cSt 
(100 × 10-6 m2/s)
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576 60880 0009032-42-2 hydroxyethylmethylcellulose yes no no

577 62280 0009044-17-1 isobutylene-butene copolymer yes no no

578 79600 0009046-01-9 polyethyleneglycol tridecyl ether 
phosphate

yes no no 5 For materials and articles 
intended for contact with 
aqueous foods only.
Polyethyleneglycol 
(EO ≤ 11) tridecyl ether 
phosphate (mono-and 
dialkyl ester) with a maxi
mum 10 % content of poly
ethyleneglycol (EO ≤ 11) 
tridecylether.

579 61800 0009049-76-7 hydroxypropyl starch yes no no

580 46070 0010016-20-3 α-dextrin yes no no

581 36800 0010022-31-8 barium nitrate yes no no

582 50240 0010039-33-5 di-n-octyltin bis(2-ethylhexyl 
maleate)

yes no no (10)

583 40400 0010043-11-5 boron nitride yes no no (16)

584 13620 0010043-35-3 boric acid yes yes no (16)

40320

585 41120 0010043-52-4 calcium chloride yes no no

586 65280 0010043-84-2 manganese hypophosphite yes no no

587 68400 0010094-45-8 octadecylerucamide yes no yes 5

588 64320 0010377-51-2 lithium iodide yes no no (6)

589 52645 0010436-08-5 cis-11-eicosenamide yes no no

590 21370 0010595-80-9 methacrylic acid, 2-sulphoethyl 
ester

no yes no ND (1)

591 36160 0010605-09-1 ascorbyl stearate yes no no

592 34690 0011097-59-9 aluminium magnesium carbon
ate hydroxide

yes no no

593 44960 0011104-61-3 cobalt oxide yes no no

594 65360 0011129-60-5 manganese oxide yes no no

595 19510 0011132-73-3 lignocellulose no yes no

596 95935 0011138-66-2 xanthan gum yes no no

Appendix II - Pag. 47 of 306



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
L

12/48
EN

O
fficialJournalofthe

European
U

nion
15.1.2011

597 67120 0012001-26-2 mica yes no no

598 41600 0012004-14-7
0037293-22-4

calcium sulphoaluminate yes no no

599 36840 0012007-55-5 barium tetraborate yes no no (16)

600 60030 0012072-90-1 hydromagnesite yes no no

601 35440 0012124-97-9 ammonium bromide yes no no

602 70240 0012198-93-5 ozokerite yes no no

603 83460 0012269-78-2 pyrophyllite yes no no

604 60080 0012304-65-3 hydrotalcite yes no no

605 11005 0012542-30-2 acrylic acid, dicyclopentenyl 
ester

no yes no 0,05 (1)

606 65200 0012626-88-9 manganese hydroxide yes no no

607 62245 0012751-22-3 iron phosphide yes no no Only to be used in PET 
polymers and copolymers

608 40800 0013003-12-8 4,4′-butylidene-bis(6-tert-butyl-
3-methylphenyl-ditridecyl phos
phite)

yes no yes 6

609 83455 0013445-56-2 pyrophosphorous acid yes no no

610 93440 0013463-67-7 titanium dioxide yes no no

611 35120 0013560-49-1 3-aminocrotonic acid, diester 
with thiobis (2-hydroxyethyl) 
ether

yes no no

612 16694 0013811-50-2 N,N′-divinyl-2-imidazolidinone no yes no 0,05 (10)

613 95905 0013983-17-0 wollastonite yes no no

614 45560 0014464-46-1 cristobalite yes no no

615 92080 0014807-96-6 talc yes no no

616 83470 0014808-60-7 quartz yes no no

617 10660 0015214-89-8 2-acrylamido-2-
methylpropanesulphonic acid

no yes no 0,05

618 51040 0015535-79-2 di-n-octyltin mercaptoacetate yes no no (10)

619 50320 0015571-58-1 di-n-octyltin bis(2-ethylhexyl 
mercaptoacetate)

yes no no (10)

620 50720 0015571-60-5 di-n-octyltin dimaleate yes no no (10)
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621 17110 0016219-75-3 5-ethylidenebicyclo[2,2,1] 
hept-2-ene

no yes no 0,05 (9)

622 69840 0016260-09-6 oleylpalmitamide yes no yes 5

623 52640 0016389-88-1 dolomite yes no no

624 18897 0016712-64-4 6-hydroxy-2-
naphthalenecarboxylic acid

no yes no 0,05

625 36720 0017194-00-2 barium hydroxide yes no no

626 57800 0018641-57-1 glycerol tribehenate yes no no

627 59760 0019569-21-2 huntite yes no no

628 96190 0020427-58-1 zinc hydroxide yes no no

629 34560 0021645-51-2 aluminium hydroxide yes no no

630 82240 0022788-19-8 1,2-propyleneglycol dilaurate yes no no

631 59120 0023128-74-7 1,6-hexamethylene-bis(3-(3,5-
di-tert-butyl-4-hydroxyphenyl) 
propionamide)

yes no yes 45

632 52880 0023676-09-7 4-ethoxybenzoic acid, ethyl 
ester

yes no no 3,6

633 53200 0023949-66-8 2-ethoxy-2′-ethyloxanilide yes no yes 30

634 25910 0024800-44-0 tripropyleneglycol no yes no

635 40720 0025013-16-5 tert-butyl-4-hydroxyanisole yes no no 30

636 31500 0025134-51-4 acrylic acid, acrylic acid, 
2-ethylhexyl ester, copolymer

yes no no 0,05 (22) SML expressed as acrylic 
acid, 2-ethylhexyl ester

637 71635 0025151-96-6 pentaerythritol dioleate yes no no 0,05 Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down

638 23590 0025322-68-3 polyethyleneglycol yes yes no

76960

639 23651 0025322-69-4 polypropyleneglycol yes yes no

80800

640 54930 0025359-91-5 formaldehyde-1-naphthol, 
copolymer

yes no no 0,05
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641 22331 0025513-64-8 mixture of (35-45 % w/w) 
1,6-diamino-2,2,4-
trimethylhexane and 
(55-65 % w/w)1,6-diamino-
2,4,4-trimethylhexane

no yes no 0,05 (10)

642 64990 0025736-61-2 maleic anhydride-styrene, 
copolymer, sodium salt

yes no no The fraction with molecular 
weight below 1 000 Da 
should not exceed 0,05 % 
(w/w)

643 87760 0026266-57-9 sorbitan monopalmitate yes no no

644 88080 0026266-58-0 sorbitan trioleate yes no no

645 67760 0026401-86-5 mono-n-octyltin tris(isooctyl 
mercaptoacetate)

yes no no (11)

646 50480 0026401-97-8 di-n-octyltin bis(isooctyl 
mercaptoacetate)

yes no no (10)

647 56720 0026402-23-3 glycerol monohexanoate yes no no

648 56880 0026402-26-6 glycerol monooctanoate yes no no

649 47210 0026427-07-6 dibutylthiostannoic acid 
polymer

yes no no Molecular unit = 
(C8H18S3Sn2)n (n = 1,5-2)

650 49600 0026636-01-1 dimethyltin bis(isooctyl 
mercaptoacetate)

yes no no (9)

651 88240 0026658-19-5 sorbitan tristearate yes no no

652 38820 0026741-53-7 bis(2,4-di-tert-butylphenyl) 
pentaerythritol diphosphite

yes no yes 0,6

653 25270 0026747-90-0 2,4-toluene diisocyanate dimer no yes no (17) 1 mg/kg in final product 
expressed as isocyanate 
moiety

(10)

654 88600 0026836-47-5 sorbitol monostearate yes no no

655 25450 0026896-48-0 tricyclodecanedimethanol no yes no 0,05

656 24760 0026914-43-2 styrenesuphonic acid no yes no 0,05

657 67680 0027107-89-7 mono-n-octyltin 
tris(2-ethylhexyl 
mercaptoacetate)

yes no no (11)

658 52000 0027176-87-0 dodecylbenzenesulphonic acid yes no no 30

659 82800 0027194-74-7 1,2-propyleneglycol 
monolaurate

yes no no

660 47540 0027458-90-8 di-tert-dodecyl disulphide yes no yes 0,05
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661 95360 0027676-62-6 1,3,5-tris(3,5-di-tert-butyl-4-
hydroxybenzyl)-1,3,5-triazine-
2,4,6(1H,3H,5H)-trione

yes no yes 5

662 25927 0027955-94-8 1,1,1-tris(4-hydroxyphenol) 
ethane

no yes no 0,005 Only to be used in 
polycarbonates

(1)

663 64150 0028290-79-1 linolenic acid yes no no

664 95000 0028931-67-1 trimethylolpropane 
trimethacrylate-methyl 
methacrylate copolymer

yes no no

665 83120 0029013-28-3 1,2-propyleneglycol 
monopalmitate

yes no no

666 87280 0029116-98-1 sorbitan dioleate yes no no

667 55190 0029204-02-2 gadoleic acid yes no no

668 80240 0029894-35-7 polyglycerol ricinoleate yes no no

669 56610 0030233-64-8 glycerol monobehenate yes no no

670 56800 0030899-62-8 glycerol monolaurate diacetate yes no no (32)

671 74240 0031570-04-4 phosphorous acid, 
tris(2,4-di-tert-butylphenyl)ester

yes no no

672 76845 0031831-53-5 polyester of 1,4-butanediol with 
caprolactone

yes no no (29)
(30)

The fraction with molecular 
weight below 1 000 Da 
should not exceed 0,5 % 
(w/w)

673 53670 0032509-66-3 ethylene glycol bis[3,3-bis(3-
tert-butyl-4-
hydroxyphenyl)butyrate]

yes no yes 6

674 46480 0032647-67-9 dibenzylidene sorbitol yes no no

675 38800 0032687-78-8 N,N′-bis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionyl)hy
drazide

yes no yes 15

676 50400 0033568-99-9 di-n-octyltin bis(isooctyl male
ate)

yes no no (10)

677 82560 0033587-20-1 1,2-propyleneglycol dipalmitate yes no no

678 59200 0035074-77-2 1,6-hexamethylene-bis(3-(3,5-di-
tert-butyl-4-
hydroxyphenyl)propionate)

yes no yes 6

679 39060 0035958-30-6 1,1-bis(2-hydroxy-3,5-di-tert-
butylphenyl)ethane

yes no yes 5
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680 94400 0036443-68-2 triethyleneglycol bis[3-(3-tert-
butyl-4-hydroxy-5-
methylphenyl) propionate]

yes no no 9

681 18310 0036653-82-4 1-hexadecanol no yes no

682 53270 0037205-99-5 ethylcarboxymethylcellulose yes no no

683 66200 0037206-01-2 methylcarboxymethylcellulose yes no no

684 68125 0037244-96-5 nepheline syenite yes no no

685 85950 0037296-97-2 silicic acid, magnesium-
sodium-fluoride salt

yes no no 0,15 SML expressed as fluoride.
Only to be used in layers of 
multi-layer materials not 
coming into direct contact 
with food.

686 61390 0037353-59-6 hydroxymethylcellulose yes no no

687 13530 0038103-06-9 2,2-bis(4-hydroxyphenyl) 
propane bis(phthalic anhydride)

no yes no 0,05

13614

688 92560 0038613-77-3 tetrakis(2,4-di-tert-butyl-
phenyl)-4,4′-biphenylylene 
diphosphonite

yes no yes 18

689 95280 0040601-76-1 1,3,5-tris(4-tert-butyl-3-
hydroxy-2,6-dimethylbenzyl)-
1,3,5-triazine-2,4,6(1H,3H,5H)-
trione

yes no yes 6

690 92880 0041484-35-9 thiodiethanol bis(3-(3,5-di-tert-
butyl-4-hydroxy phenyl) propi
onate)

yes no yes 2,4

691 13600 0047465-97-4 3,3-bis(3-methyl-4-
hydroxyphenyl)2-indolinone

no yes no 1,8

692 52320 0052047-59-3 2-(4-dodecylphenyl)indole yes no yes 0,06

693 88160 0054140-20-4 sorbitan tripalmitate yes no no

694 21400 0054276-35-6 methacrylic acid, sulphopropyl 
ester

no yes no 0,05 (1)

695 67520 0054849-38-6 monomethyltin tris(isooctyl 
mercaptoacetate)

yes no no (9)

696 92205 0057569-40-1 terephthalic acid, diester with 
2,2′-methylenebis(4-methyl-6-
tert-butylphenol)

yes no no
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697 67515 0057583-34-3 monomethyltin tris(ethylhexyl 
mercaptoacetate)

yes no no (9)

698 49595 0057583-35-4 dimethyltin bis(ethylhexyl 
mercaptoacetate)

yes no no (9)

699 90720 0058446-52-9 stearoylbenzoylmethane yes no no

700 31520 0061167-58-6 acrylic acid, 2-tert-butyl-6-(3-
tert-butyl-2-hydroxy-5-
methylbenzyl)-4-methylphenyl 
ester

yes no yes 6

701 40160 0061269-61-2 N,N′-bis(2,2,6,6-tetramethyl-4-
piperidyl)hexamethylenediamine-
1,2-dibromoethane, copolymer

yes no no 2,4

702 87920 0061752-68-9 sorbitan tetrastearate yes no no

703 17170 0061788-47-4 fatty acids, coco no yes no

704 77600 0061788-85-0 polyethyleneglycol ester of 
hydrogenated castor oil

yes no no

705 10599/90A 0061788-89-4 acids, fatty, unsaturated (C18), 
dimers, non hydrogenated, 
distilled and non-distilled

no yes no (18) (1)

10599/91

706 17230 0061790-12-3 fatty acids, tall oil no yes no

707 46375 0061790-53-2 diatomaceous earth yes no no

708 77520 0061791-12-6 polyethyleneglycol ester of 
castor oil

yes no no 42

709 87520 0062568-11-0 sorbitan monobehenate yes no no

710 38700 0063397-60-4 bis(2-carbobutoxyethyl)tin-bis 
(isooctyl mercaptoacetate)

yes no yes 18

711 42000 0063438-80-2 (2-carbobutoxyethyl)tin-tris 
(isooctyl mercaptoacetate)

yes no yes 30

712 42960 0064147-40-6 castor oil, dehydrated yes no no
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713 43480 0064365-11-3 charcoal, activated yes no no Only for use in PET at 
maximum 10 mg/kg of 
polymer.
Same purity requirements as 
for Vegetable Carbon 
(E 153) set out by Commis
sion Directive 95/45/EC (4) 
with exception of ash con
tent which can be up to 
10 % (w/w).

714 84400 0064365-17-9 rosin, hydrogenated, ester with 
pentaerythritol

yes no no

715 46880 0065140-91-2 3,5-di-tert-butyl-4-
hydroxybenzylphosphonic acid, 
monoethyl ester, calcium salt

yes no no 6

716 60800 0065447-77-0 1-(2-hydroxyethyl)-4-hydroxy-
2,2,6,6-tetramethyl piperidine-
succinic acid, dimethyl ester, 
copolymer

yes no no 30

717 84210 0065997-06-0 rosin, hydrogenated yes no no

718 84240 0065997-13-9 rosin, hydrogenated, ester with 
glycerol

yes no no

719 65920 0066822-60-4 N-methacryloyloxyethyl-N,N-
dimethyl-N-
carboxymethylammonium 
chloride, sodium salt -octadecyl 
methacrylate-ethyl methacrylate-
cyclohexyl methacrylate-N-
vinyl-2-pyrrolidone, copolymers

yes no no

720 67360 0067649-65-4 mono-n-dodecyltin tris(isooctyl 
mercaptoacetate)

yes no no (25)

721 46800 0067845-93-6 3,5-di-tert-butyl-4-
hydroxybenzoic acid, hexadecyl 
ester

yes no no

722 17200 0068308-53-2 fatty acids, soya no yes no

723 88880 0068412-29-3 starch, hydrolysed yes no no
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724 24903 0068425-17-2 syrups, hydrolysed starch, 
hydrogenated

no yes no In compliance with the 
purity criteria for maltitol 
syrup E 965(ii) as laid down 
in Commission Directive 
2008/60/EC (5)

725 77895 0068439-49-6 polyethyleneglycol (EO = 2-6) 
monoalkyl (C16-C18) ether

yes no no 0,05 The composition of this 
mixture is as follows:
— polyethyleneglycol 

(EO = 2-6)monoalkyl 
(C16-C18) ether 
(approximately 28 %), 

— fatty alcohols (C16-C18) 
(approximately 48 %), 

— ethyleneglycol 
monoalkyl (C16-C18) 
ether (approximately 
24 %),

726 83599 0068442-12-6 reaction products of oleic acid, 
2-mercaptoethyl ester, with 
dichlorodimethyltin, sodium 
sulphide and trichloromethyltin

yes no yes (9)

727 43360 0068442-85-3 cellulose, regenerated yes no no

728 75100 0068515-48-0
0028553-12-0

phthalic acid, diesters with pri
mary, saturated C8-C10 
branched alcohols, more than 
60 % C9

yes no no (26)
(32)

Only to be used as:
(a) plasticiser in repeated 

use materials and 
articles;

(b) plasticiser in single-use 
materials and articles 
contacting non-fatty 
foods except for infant 
formulae and 
follow-on formulae as 
defined by Directive 
2006/141/EC or pro
cessed cereal-based 
foods and baby foods 
for infants and young 
children as defined by 
Directive 
2006/125/EC;

(c) technical support agent 
in concentrations up 
to 0,1 % in the final 
product.

(7)
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729 75105 0068515-49-1
0026761-40-0

phthalic acid, diesters with pri
mary, saturated C9-C11 alcohols 
more than 90 % C10

yes no no (26)
(32)

Only to be used as:
(a) plasticiser in repeated 

use materials and 
articles;

(b) plasticiser in single-use 
materials and articles 
contacting non-fatty 
foods except for infant 
formulae and 
follow-on formulae as 
defined by Directive 
2006/141/EC or pro
cessed cereal-based 
foods and baby foods 
for infants and young 
children as defined by 
Directive 
2006/125/EC;

(c) technical support agent 
in concentrations up 
to 0,1 % in the final 
product.

(7)

730 66930 0068554-70-1 methylsilsesquioxane yes no no Residual monomer in meth
ylsilsesquioxane: < 1 mg 
methyltrimethoxysilane/kg 
of methylsilsesquioxane

731 18220 0068564-88-5 N-heptylaminoundecanoic acid no yes no 0,05 (2)

732 45450 0068610-51-5 p-cresol-dicyclopentadiene-
isobutylene, copolymer

yes no yes 5

733 10599/92A 0068783-41-5 acids, fatty, unsaturated (C18), 
dimers, hydrogenated, distilled 
and non-distilled

no yes no (18) (1)

10599/93

734 46380 0068855-54-9 diatomaceous earth, soda ash 
flux-calcined

yes no no

735 40120 0068951-50-8 bis(polyethyleneglycol)hy
droxymethylphosphonate

yes no no 0,6

736 50960 0069226-44-4 di-n-octyltin ethyleneglycol bis
(mercaptoacetate)

yes no no (10)
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737 77370 0070142-34-6 polyethyleneglycol-30 
dipolyhydroxystearate

yes no no

738 60320 0070321-86-7 2-[2-hydroxy-3,5-bis(1,1-
dimethylbenzyl)phenyl] 
benzotriazole

yes no yes 1,5

739 70000 0070331-94-1 2,2′-oxamidobis[ethyl-3-(3,5-
di-tert-butyl-4-hydroxyphenyl)-
propionate]

yes no no

740 81200 0071878-19-8 poly[6-[(1,1,3,3-
tetramethylbutyl)amino]-1,3,5-
triazine-2,4-diyl]-[(2,2,6,6-
tetramethyl-4-piperidyl)-imino] 
hexamethylene[(2,2,6,6-
tetramethyl-4-piperidyl) imino]

yes no yes 3

741 24070 0073138-82-6 resin acids and rosin acids yes yes no

83610

742 92700 0078301-43-6 2,2,4,4-tetramethyl-20-(2,3-
epoxypropyl)-7-oxa-3,20-
diazadispiro-[5.1.11.2]-
heneicosan-21-one, polymer

yes no yes 5

743 38950 0079072-96-1 bis(4-ethylbenzylidene)sorbitol yes no no

744 18888 0080181-31-3 3-hydroxybutanoic 
acid-3-hydroxypentanoic acid, 
copolymer

no yes no The substance is used as 
product obtained by 
bacterial fermentation. In 
compliance with the 
specifications mentioned in 
the Table 4 of Annex I

745 68145 0080410-33-9 2,2′,2′-nitrilo(triethyl 
tris(3,3′,5,5′-tetra-tert-
butyl-1,1′-bi-phenyl-2,2′-
diyl)phosphite)

yes no yes 5 SML expressed as sum of 
phosphite and phosphate

746 38810 0080693-00-1 bis(2,6-di-tert-butyl-4-
methylphenyl)pentaerythritol 
diphosphite

yes no yes 5 SML expressed as sum of 
phosphite and phosphate
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747 47600 0084030-61-5 di-n-dodecyltin bis(isooctyl 
mercaptoacetate)

yes no yes (25)

748 12765 0084434-12-8 N-(2-aminoethyl)-β-alanine, 
sodium salt

no yes no 0,05

749 66360 0085209-91-2 2,2′-methylene 
bis(4,6-di-tert-butylphenyl) 
sodium phosphate

yes no yes 5

750 66350 0085209-93-4 2,2′-methylenebis(4,6-di-tert-
butylphenyl) lithium phosphate

yes no no 5

751 81515 0087189-25-1 poly(zinc glycerolate) yes no no

752 39890 0087826-41 – 
30069158-41 – 
40054686-97 – 
40081541-12-0

bis(methylbenzylidene)sorbitol yes no no

753 62800 0092704-41-1 kaolin, calcined yes no no

754 56020 0099880-64-5 glycerol dibehenate yes no no

755 21765 0106246-33-7 4,4′-methylenebis(3-chloro-
2,6-diethylaniline)

no yes no 0,05 (1)

756 40020 0110553-27-0 2,4-bis(octylthiomethyl)-6-
methylphenol

yes no yes (24)

757 95725 0110638-71-6 vermiculite, reaction product 
with citric acid, lithium salt

yes no no

758 38940 0110675-26-8 2,4-bis(dodecylthiomethyl)-6-
methylphenol

yes no yes (24)

759 54300 0118337-09-0 2,2′-ethylidenebis(4,6-di-tert-
butylphenyl) fluorophosphonite

yes no yes 6
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760 83595 0119345-01-6 reaction product of 
di-tert-butylphosphonite with 
biphenyl, obtained by 
condensation of 
2,4-di-tert-butylphenol with 
Friedel Craft reaction product of 
phosphorous trichloride and 
biphenyl

yes no no 18 Composition:
— 4,4′-biphenylene-

bis[0,0-bis(2,4-di-tert-
butylphenyl) 
phosphonite] (CAS 
No 0038613-77-3) 
(36-46 % w/w (*)), 

— 4,3′-biphenylene-
bis[0,0-bis(2,4-di-tert-
butylphenyl) 
phosphonite] (CAS 
No 0118421-00-4) 
(17-23 % w/w (*)), 

— 3,3′-biphenylene-
bis[0,0-bis(2,4-di-tert-
butylphenyl) 
phosphonite] (CAS 
No 0118421-01-5) 
(1-5 % w/w (*)), 

— 4-biphenylene-0,0-
bis(2,4-di-tert-
butylphenyl) 
phosphonite (CAS 
No 0091362-37-7) 
(11-19 % w/w (*)), 

— tris(2,4-di-tert-
butylphenyl)phosphite 
(CAS No 0031570-
04-4) (9-18 % w/w (*)), 

— 4,4′-biphenylene-0,0-
bis(2,4-di-tert-
butylphenyl) 
phosphonate-0,0-
bis(2,4-di-tert-
butylphenyl) 
phosphonite (CAS 
No 0112949-97-0) 
(< 5 % w/w (*))

(*) Quantity of substance 
used/quantity of formu
lation

Other specifications:
— Phosphor content of 

min. 5,4 % to max. 
5,9 %, 

— Acid value of max. 
10 mg KOH per gram, 

— Melt range of 85– 
110 °C,
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761 92930 0120218-34-0 thiodiethanolbis(5-
methoxycarbonyl-2,6-dimethyl-
1,4-dihydropyridine-3-
carboxylate)

yes no no 6

762 31530 0123968-25-2 acrylic acid, 2,4-di-tert-pentyl-6-
(1-(3,5-di-tert-pentyl-2-
hydroxyphenyl)ethyl)phenyl 
ester

yes no yes 5

763 39925 0129228-21-3 3,3-bis(methoxymethyl)-2,5-
dimethylhexane

yes no yes 0,05

764 13317 0132459-54-2 N,N′-bis[4-(ethoxycarbonyl) 
phenyl]-1,4,5,8-
naphthalenetetracarboxydiimide

no yes no 0,05 Purity > 98,1 % (w/w).
Only to be used as 
co-monomer (max 4 %) for 
polyesters (PET, PBT).

765 49485 0134701-20-5 2,4-dimethyl-6-(1-
methylpentadecyl)phenol

yes no yes 1

766 38879 0135861-56-2 bis(3,4-dimethylbenzylidene) 
sorbitol

yes no no

767 38510 0136504-96-6 1,2-bis(3-aminopropyl) 
ethylenediamine, polymer with 
N-butyl-2,2,6,6-tetramethyl-4-
piperidinamine and 2,4,6-
trichloro-1,3,5-triazine

yes no no 5

768 34850 0143925-92-2 amines, bis(hydrogenated tallow 
alkyl) oxidised

yes no no Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
Only to be used in:
(a) polyolefins at 0,1 % 

(w/w) concentration 
and in

(b) PET at 0,25 % (w/w) 
concentration.

(1)

769 74010 0145650-60-8 phosphorous acid, bis(2,4-di-
tert-butyl-6-methylphenyl) ethyl 
ester

yes no yes 5 SML expressed as sum of 
phosphite and phosphate

770 51700 0147315-50-2 2-(4,6-diphenyl-1,3,5-triazin-2-
yl)-5-(hexyloxy)phenol

yes no no 0,05

771 34650 0151841-65-5 aluminium hydroxybis [2,2′-
methylenebis (4,6-di-tert-
butylphenyl) phosphate]

yes no no 5
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772 47500 0153250-52-3 N,N′-dicyclohexyl-2,6-

naphthalene dicarboxamide
yes no no 5

773 38840 0154862-43-8 bis(2,4-dicumylphenyl) 
pentaerythritol-diphosphite

yes no yes 5 SML expressed as sum of 
the substance itself, its 
oxidised form bis(2,4-
dicumylphenyl) 
pentaerythritol-phosphate 
and its hydrolysis product 
(2,4-dicumylphenol)

774 95270 0161717-32-4 2,4,6-tris(tert-butyl)phenyl-2-
butyl-2-ethyl-1,3-propanediol 
phosphite

yes no yes 2 SML expressed as sum of 
phosphite, phosphate and 
the hydrolysis product = 
TTBP

775 45705 0166412-78-8 1,2-cyclohexanedicarboxylic 
acid, diisononyl ester

yes no no (32)

776 76723 0167883-16-1 polydimethylsiloxane, 
3-aminopropyl terminated, 
polymer with 
dicyclohexylmethane-
4,4′-diisocyanate

yes no no The fraction with molecular 
weight below 1 000 Da 
should not exceed 1,5 % 
(w/w)

777 31542 0174254-23-0 acrylic acid, methyl ester, 
telomer with 1-dodecanethiol, 
C16-C18 alkyl esters

yes no no 0,5 % in final product (1)

778 71670 0178671-58-4 pentaerythritol tetrakis 
(2-cyano-3,3-diphenylacrylate)

yes no yes 0,05

779 39815 0182121-12-6 9,9-bis(methoxymethyl)fluorene yes no yes 0,05 (1)

780 81220 0192268-64-7 poly-[[6-[N-(2,2,6,6-tetramethyl-
4-piperidinyl)-n-butylamino]-
1,3,5-triazine-2,4-diyl][(2,2,6,6-
tetramethyl-4-piperidinyl)imino]-
1,6-hexanediyl[(2,2,6,6-
tetramethyl-4-piperidinyl) 
imino]]-α-[N,N,N′,N′-tetrabutyl-

″-(2,2,6,6-tetramethyl-4-
piperidinyl)- ″-[6-(2,2,6,6-
tetramethyl-4-piperidinylamino)-
hexyl]-[1,3,5-triazine-2,4,6-
triamine]-ω-N,N,N′,N′-
tetrabutyl-1,3,5-triazine-
2,4-diamine]

yes no no 5
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781 95265 0227099-60-7 1,3,5-tris(4-benzoylphenyl) 
benzene

yes no no 0,05

782 76725 0661476-41-1 polydimethylsiloxane, 
3-aminopropyl terminated, 
polymer with 1-isocyanato-3-
isocyanatomethyl-3,5,5-
trimethylcyclohexane

yes no no The fraction with molecular 
weight below 1 000 Da 
should not exceed 1 % 
(w/w)

783 55910 0736150-63-3 glycerides, castor-oil mono-, 
hydrogenated, acetates

yes no no (32)

784 95420 0745070-61-5 1,3,5-tris 
(2,2-dimethylpropanamido) 
benzene

yes no no 0,05

785 24910 0000100-21-0 terephthalic acid no yes no (28)

786 14627 0000117-21-5 3-chlorophthalic anhydride no yes no 0,05 SML expressed as 
3-chlorophthalic acid

787 14628 0000118-45-6 4-chlorophthalic anhydride no yes no 0,05 SML expressed as 
4-chlorophthalic acid

788 21498 0002530-85-0 [3-(methacryloxy)propyl] 
trimethoxysilane

no yes no 0,05 Only to be used as a surface 
treatment agent of 
inorganic fillers

(1)
(11)

789 60027 — hydrogenated homopolymers 
and/or copolymers made of 
1-hexene and/or 1-octene 
and/or 1-decene and/or 
1-dodecene and/or 
1-tetradecene (Mw: 
440–12 000)

yes no no Average molecular weight 
not less than 440 Da.
Viscosity at 100 °C not less 
than 3,8 cSt 
(3,8 × 10-6 m2/s).

(2)

790 80480 0090751-07-8
0082451-48-7

poly(6-morpholino-1,3,5-
triazine-2,4-diyl)-[(2,2,6,6-
tetramethyl-4-piperidyl)imino)] 
hexa-methylene-[(2,2,6,6-
tetramethyl-4-piperidyl)imino)]

yes no no 5 Average molecular weight 
not less than 2 400 Da.
Residual content of mor
pholine ≤ 30 mg/kg, of 
N,N′-bis(2,2,6,6-
tetramethylpiperidin-4-
yl)hexane-1,6-diamine 
< 15 000 mg/kg, and of 
2,4-dichloro-6-morpholino-
1,3,5-triazine ≤ 20 mg/kg.

(16)
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791 92470 0106990-43-6 N,N′,N″,N″-tetrakis(4,6-bis 
(N-butyl-(N-methyl-2,2,6,6-
tetramethylpiperidin-4-yl) 
amino)triazin-2-yl)-4,7-
diazadecane-1,10-diamine

yes no no 0,05

792 92475 0203255-81-6 3,3′,5,5′-tetrakis(tert-butyl)-
2,2′-dihydroxybiphenyl, cyclic 
ester with [3-(3-tert-butyl-4-
hydroxy-5-methylphenyl) 
propyl]oxyphosphonous acid

yes no yes 5 SML expressed as the sum 
of phosphite and phosphate 
form of the substance and 
the hydrolysis products

793 94000 0000102-71-6 triethanolamine yes no no 0,05 SML expressed as the sum 
of triethanolamine and the 
hydrochloride adduct 
expressed as 
triethanolamine

794 18117 0000079-14-1 glycolic acid no yes no For indirect food contact 
only, behind a PET layer

795 40155 0124172-53-8 N,N′-bis(2,2,6,6-tetramethyl-4-
piperidyl)-N,N′-
diformylhexamethylenediamine

yes no no 0,05 (2)
(12)

796 72141 0018600-59-4 2,2′-(1,4-phenylene)bis[4H-3,1-
benzoxazin-4-one]

yes no yes 0,05 SML including the sum of 
its hydrolysis products

797 76807 0007328-26-5 polyester of adipic acid with 
1,3-butanediol, 1,2-propanediol 
and 2-ethyl-1-hexanol

yes no yes (31)
(32)

798 92200 0006422-86-2 terephthalic acid, bis(2-
ethylhexyl)ester

yes no no 60 (32)

799 77708 — polyethyleneglycol (EO = 1-50) 
ethers of linear and branched 
primary (C8-C22) alcohols

yes no no 1,8 In compliance with the 
purity criteria for ethylene 
oxide as laid down in Direc
tive 2008/84/EC laying 
down specific purity criteria 
on food additives other than 
colours and sweeteners 
(OJ L 253, 20.9.2008, p. 1)

800 94425 0000867-13-0 triethyl phosphonoacetate yes no no Only for use in PET
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801 30607 — acids, C2-C24, aliphatic, linear, 
monocarboxylic, from natural 
oils and fats, lithium salt

yes no no

802 33105 0146340-15-0 alcohols, C12-C14 secondary, 
β-(2-hydroxyethoxy), 
ethoxylated

yes no no 5 (12)

803 33535 0152261-33-1 α-alkenes(C20-C24) copolymer 
with maleic anhydride, reaction 
product with 4-amino-2,2,6,6-
tetramethylpiperidine

yes no no Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
Not to be used in contact 
with alcoholic foods.

(13)

804 80510 1010121-89-7 poly(3-nonyl-1,1-dioxo-1-
thiopropane-1,3-diyl)-block-
poly(x-oleyl-7-hydroxy-1,5-
diiminooctane-1,8-diyl), process 
mixture with x = 1 and/or 5, 
neutralised with dodecylbenze
nesulfonic acid

yes no no Only to be used as polymer 
production aid in polyethyl
ene (PE), polypropylene (PP) 
and polystyrene (PS)

805 93450 — titanium dioxide, coated with a 
copolymer of 
n-octyltrichlorosilane and [ami
notris(methylenephosphonic 
acid), penta sodium salt]

yes no no The content of the surface 
treatment copolymer of the 
coated titanium dioxide is 
less than 1 % w/w

806 14876 0001076-97-7 1,4-cyclohexanedicarboxylic 
acid

no yes no 5 Only to be used for manu
facture of polyesters

807 93485 — titanium nitride, nanoparticles yes no no No migration of titanium 
nitride nanoparticles.
Only to be used in PET 
bottles up to 20 mg/kg.
In the PET, the agglomerates 
have a diameter of 100 – 
500 nm consisting of pri
mary titanium nitride nano
particles; primary particles 
have a diameter of approxi
mately 20 nm.

808 38550 0882073-43-0 bis(4-propylbenzylidene) 
propylsorbitol

yes no no 5 SML including the sum of 
its hydrolysis products
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809 49080 0852282-89-4 N-(2,6-diisopropylphenyl)-6-
[4-(1,1,3,3-tetramethylbutyl) 
phenoxy]-1H-benzo[de] 
isoquinolin-1,3(2H)-dione

yes no yes 0,05 Only for use in PET (6)
(14)
(15)

810 68119 neopentyl glycol, diesters and 
monoesters with benzoic acid 
and 2-ethylhexanoic acid

yes no no 5 (32) Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.

811 80077 0068441-17-8 polyethylene waxes, oxidised yes no no 60

812 80350 0124578-12-7 poly(12-hydroxystearic acid)-
polyethyleneimine copolymer

yes no no Only to be used in polyeth
ylene terephthalate (PET), 
polystyrene (PS), high 
impact polystyrene (HIPS) 
and polyamide (PA) up to 
0,1 % w/w.
Prepared by the reaction of 
poly(12-hydroxystearic acid) 
with polyethyleneimine.

813 91530 — sulphosuccinic acid alkyl 
(C4-C20) or cyclohexyl diesters, 
salts

yes no no 5

814 91815 — sulphosuccinic acid monoalkyl 
(C10-C16) polyethyleneglycol 
esters, salts

yes no no 2

815 94985 — trimethylolpropane, mixed tri
esters and diesters with benzoic 
acid and 2-ethylhexanoic acid

yes no no 5 (32) Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down

816 45704 — cis-1,2-cyclohexanedicarboxylic 
acid, salts

yes no no 5

817 38507 — cis-endo-bicyclo[2.2.1]heptane-
2,3-dicarboxylic acid, salts

yes no no 5 Not to be used with poly
ethylene in contact with 
acidic foods.
Purity ≥ 96 %.

818 21530 — methallylsulphonic acid, salts no yes no 5
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819 68110 — neodecanoic acid, salts yes no no 0,05 Not to be used in polymers 
contacting fatty foods.
Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.
SML expressed as neode
canoic acid.

820 76420 — pimelic acid, salts yes no no

821 90810 — stearoyl-2-lactylic acid, salts yes no no

822 71938 — perchloric acid, salts yes no no 0,05 (4)

823 24889 — 5-Sulphoisophthalic acid, salts no yes no 5

854 71943 0329238-24-6 perfluoro acetic acid, 
α-substituted with the copoly
mer of perfluoro-1,2-propylene 
glycol and perfluoro-1,1-
ethylene glycol, terminated with 
chlorohexafluoropropyloxy 
groups

yes no no Only to be used in concen
trations up to 0,5 % w/w in 
the polymerisation of fluo
ropolymers that are pro
cessed at temperatures at or 
above 340 °C and are 
intended for use in repeated 
use articles

860 71980 0051798-33-5 perfluoro[2-(poly(n-
propoxy))propanoic acid]

yes no no Only to be used in the poly
merisation of fluoropoly
mers that are processed at 
temperatures at or above 
265 °C and are intended for 
use in repeated use articles

861 71990 0013252-13-6 perfluoro[2-(n-
propoxy)propanoic acid]

yes no no Only to be used in the poly
merisation of fluoropoly
mers that are processed at 
temperatures at or above 
265 °C and are intended for 
use in repeated use articles

862 15180 0018085-02-4 3,4-diacetoxy-1-butene no yes no 0,05 SML including the hydroly
sis product 3,4-dihydroxy-
1-butene.
Only for use as a 
co-monomer for ethyl vinyl 
alcohol copolymers.

Appendix II - Pag. 66 of 306



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
15.1.2011

EN
O

fficialJournalofthe
European

U
nion

L
12/67

864 46330 0000056-06-4 2,4-diamino-6-
hydroxypyrimidine

yes no no 5 Only to be used in rigid 
poly(vinyl chloride) (PVC) in 
contact with non-acidic and 
non-alcoholic aqueous food

865 40619 0025322-99-0 (butyl acrylate, methyl 
methacrylate, butyl 
methacrylate) copolymer

yes no no Only to be used in rigid 
poly(vinyl chloride) (PVC) at 
a maximum level of 1 %

866 40620 — (butyl acrylate, methyl 
methacrylate) copolymer, 
cross-linked with allyl 
methacrylate

yes no no Only to be used in rigid 
poly(vinyl chloride) (PVC) at 
a maximum level of 7 %

867 40815 0040471-03-2 (butyl methacrylate, ethyl 
acrylate, methyl methacrylate) 
copolymer

yes no no Only to be used in rigid 
poly(vinyl chloride) (PVC) at 
a maximum level of 2 %

868 53245 0009010-88-2 (ethyl acrylate, methyl 
methacrylate) copolymer

yes no no Only to be used in rigid 
poly(vinyl chloride) (PVC) at 
a maximum level of 2 %

869 66763 0027136-15-8 (butyl acrylate, methyl 
methacrylate, styrene) 
copolymer

yes no no Only to be used in rigid 
poly(vinyl chloride) (PVC) at 
a maximum level of 3 %

870 95500 0160535-46-6 N,N′,N″-tris(2-
methylcyclohexyl)-1,2,3-
propane-tricarboxamide

yes no no 5

875 80345 0058128-22-6 poly(12-hydroxystearic acid) 
stearate

yes no yes 5

878 31335 — acids, fatty (C8-C22) from 
animal or vegetable fats and 
oils, esters with branched 
alcohols, aliphatic, monohydric, 
saturated, primary (C3-C22)

yes no no

879 31336 — acids, fatty (C8-C22) from 
animal or vegetable fats and 
oils, esters with alcohols, linear, 
aliphatic, monohydric, 
saturated, primary (C1-C22)

yes no no
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880 31348 0085116-93-4 acids, fatty (C8-C22), esters with 
pentaerythritol

yes no no

881 25187 0003010-96-6 2,2,4,4-tetramethylcyclobutane-
1,3-diol

no yes no 5 Only for repeated use 
articles for long term 
storage at room 
temperature or below and 
hotfill

882 25872 0002416-94-6 2,3,6-trimethylphenol no yes no 0,05

883 22074 0004457-71-0 3-methyl-1,5-pentanediol no yes no 0,05 Only to be used in 
materials in contact with 
food at a surface to mass 
ratio up to 0,5 dm2/kg

884 34240 0091082-17-6 alkyl(C10-C21)sulphonic acid, 
esters with phenol

yes no no 0,05 Not to be used for articles 
in contact with fatty foods 
for which simulant D is laid 
down.

885 45676 0263244-54-8 cyclic oligomers of (butylene 
terephthalate)

yes no no Only to be used in 
poly(ethylene terephthalate) 
(PET), poly(butylene 
terephthalate) (PBT), 
polycarbonate (PC), 
polystyrene (PS) and rigid 
poly(vinyl chloride) (PVC) 
plastics in concentrations 
up to 1 % w/w, in contact 
with aqueous, acidic and 
alcoholic foods, for long 
term storage at room 
temperature.

(1) OJ L 302, 19.11.2005, p. 28. 
(2) OJ L 330, 5.12.1998, p. 32. 
(3) OJ L 253, 20.9.2008, p. 1. 
(4) OJ L 226, 22.9.1995, p. 1. 
(5) OJ L 158, 18.6.2008, p. 17.
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2.  Group restriction of substances

Table 2 on Group restrictions contains the following information:

Column 1 (Group restriction No): contains the identification number of the group of substances for which the group 
restriction applies. It is the number referred to in Column 9 in Table 1 of this Annex.

Column 2 (FCM substance No): contains the unique identification numbers of the substances for which the group restric
tion applies. It is the number referred to in Column 1 in Table 1 of this Annex.

Column 3 (SML (T) [mg/kg]): contains the total specific migration limit for the sum of substances applicable to this 
group. It is expressed in mg substance per kg food. It is indicated ND if the substance shall not migrate in detectable 
quantities.

Column 4 (Group restriction specification): contains an indication of the substance whose molecular weight forms the 
basis for expression of the result.

Table 2

(1) (2) (3) (4)

Group 
Restriction No

FCM 
substance No

SML (T)
[mg/kg] Group restriction specification

1 128
211

6 expressed as acetaldehyde

2 89
227
263

30 expressed as ethyleneglycol

3 234
248

30 expressed as maleic acid

4 212
435

15 expressed as caprolactam

5 137
472

3 expressed as the sum of the substances

6 412
512
513
588

1 expressed as iodine

7 19
20

1,2 expressed as tertiary amine

8 317
318
319
359
431
464

6 expressed as the sum of the substances

9 650
695
697
698
726

0,18 expressed as tin
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10 28
29
30
31
32
33

466
582
618
619
620
646
676
736

0,006 expressed as tin

11 66
645
657

1,2 expressed as tin

12 444
469
470

30 expressed as the sum of the substances

13 163
285

1,5 expressed as the sum of the substances

14 294
368

5 expressed as the sum of the substances

15 98
196

15 expressed as formaldehyde

16 407
583
584
599

6 expressed as boron

Without prejudice to the provisions of Directive 98/83/EC

17 4
167
169
198
274
354
372
460
461
475
476
485
490
653

ND expressed as isocyanate moiety

18 705
733

0,05 expressed as the sum of the substances

19 505
516
519

10 expressed as SO2

20 290
386
390

30 expressed as the sum of the substances

21 347
349

5 expressed as trimellitic acid
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22 70
147
176
218
323
325
365
371
380
425
446
448
456
636

6 expressed as acrylic acid

23 150
156
181
183
184
355
370
374
439
440
447
457
482

6 expressed as methacrylic acid

24 756
758

5 expressed as the sum of the substances

25 720
747

0,05 sum of mono-n-dodecyltin tris(isooctylmercaptoacetate), di-n-
dodecyltin bis(isooctyl mercaptoacetate), mono-dodecyltin 
trichloride and di-dodecyltin dichloride) expressed as the sum 
of mono- and di-dodecyltin chloride

26 728
729

9 expressed as the sum of the substances

27 188
291

5 expressed as isophthalic acid

28 191
192
785

7,5 expressed as terephthalic acid

29 342
672

0,05 expressed as the sum of 6-hydroxyhexanoic acid and caprolac
tone

30 254
672

5 expressed as 1,4-butanediol

31 73
797

30 expressed as the sum of the substances

32 8
72
73

138
140
157
159
207
242
283
532
670
728
729
775
783
797
798
810
815

60 expressed as the sum of the substances
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3.  Notes on verification of compliance

Table 3 on notes on verification of compliance contains the following information:

Column 1 (Note No): contains the identification number of the Note. It is the number referred to in Column 11 in Table 
1 of this Annex.

Column 2 (Notes on verification of compliance): contains rules that shall be respected when testing for compliance of 
the substance with specific migration limits or other restrictions or it contains remarks on situations where there is a 
risk of non-compliance.

Table 3

(1) (2)

Note No Notes on verification of compliance

(1) Verification of compliance by residual content per food contact surface area (QMA) pending the 
availability of an analytical method.

(2) There is a risk that the SML or OML could be exceeded in fatty food simulants.

(3) There is a risk that the migration of the substance deteriorates the organoleptic characteristics of the 
food in contact and then, that the final product does not comply with Article 3(1) c of the Framework 
Regulation (EC) No 1935/2004.

(4) Compliance testing when there is a fat contact should be performed using saturated fatty food 
simulants as simulant D.

(5) Compliance testing when there is a fat contact should be performed using isooctane as substitute of 
simulant D2 (unstable).

(6) Migration limit might be exceeded at very high temperature.

(7) If testing in food is performed, Annex V 1.4 shall be taken into account.

(8) Verification of compliance by residual content per food contact surface area (QMA); QMA = 
0,005 mg/6 dm2.

(9) Verification of compliance by residual content per food contact surface area (QMA) pending the 
availability of analytical method for migration testing. The ratio surface to quantity of food shall be 
lower than 2dm2/kg.

(10) Verification of compliance by residual content per food contact surface area (QMA) in case of reaction 
with food or simulant.

(11) Only a method of analysis for the determination of the residual monomer in the treated filler is 
available.

(12) There is a risk that the SML could be exceeded from polyolefins.

(13) Only a method for determination of the content in polymer and a method for determination of the 
starting substances in food simulants are available.

(14) There is a risk that the SML could be exceeded from plastics containing more than 0,5 % w/w of the 
substance.

(15) There is a risk that the SML could be exceeded in contact with foods with high alcoholic content.

(16) There is a risk that the SML could be exceeded from low-density polyethylene (LDPE) containing more 
than 0,3 % w/w of the substance when in contact with fatty foods

(17) Only a method for determination of the residual content of the substance in the polymer is available

4.  Detailed specification on substances

Table 4 on detailed specifications on substances contains the following information

Column 1 (FCM substance No): contains the unique identification number of the substances referred to in Column 1 in 
Table 1 of Annex I to which the specification applies.

Column 2 (Detailed specification on the substance): contains the specification on the substance.
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Table 4

(1) (2)

FCM 
substance No Detailed specification on the substance

744 Definition The copolymers are produced by the controlled fermentation of Alcaligenes eutrophus using mixtures of glucose and propanoic acid as carbon sources. The organism used 
has not been genetically engineered and has been derived from a single wildtype organism Alcaligenes eutrophus strain H16 NCIMB 10442. Master stocks of the organism 
are stored as freeze-dried ampoules. A submaster/working stock is prepared from the master stock and stored in liquid nitrogen and used to prepare inocula for the fermenter. 
Fermenter samples will be examined daily both microscopically and for any changes in colonial morphology on a variety of agars at different temperatures. The copolymers 
are isolated from heat treatment bacteria by controlled digestion of the other cellular components, washing and drying. These copolymers are normally offered as formulated, 
melt formed granules containing additives such as nucleating agents, plasticisers, fillers, stabilisers and pigments which all conform to the general and individual specifications

Chemical name Poly(3-D-hydroxybutanoate-co-3-D-hydroxypentanoate)

CAS number 0080181-31-3

Structural formula

where n/(m + n) greater than 0 and less or equal to 0,25

Average molecular 
weight

Not less than 150 000 Daltons (measured by gel permeation chromatography)

Assay Not less than 98 % poly(3-D-hydroxybutanoate-co-3-D-hydoxy-pentanoate) analysed after hydrolysis as a mixture of 3-D-hydro-xybutanoic and 3-D-hydroxypentanoic acids

Description White to off-white powder after isolation

Characteristics

Identification tests:

Solubility Soluble in chlorinated hydrocarbons such as chloroform or dichloromethane but practically insoluble in ethanol, aliphatic alkanes and water

Restriction QMA for crotonic acid is 0,05 mg/6 dm2

Purity Prior to granulation the raw material copolymer powder must contain:

— nitrogen, Not more than 2 500 mg/kg of plastic

— zinc, Not more than 100 mg/kg of plastic

— copper, Not more than 5 mg/kg of plastic

— lead, Not more than 2 mg/kg of plastic

— arsenic, Not more than 1 mg/kg of plastic

— chromium, Not more than 1 mg/kg of plastic
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ANNEX II

Restrictions on materials and articles

1. Plastic materials and articles shall not release the following substances in quantities exceeding the specific migration lim
its below: 

Barium = 1 mg/kg food or food simulant. 

Cobalt = 0,05 mg/kg food or food simulant. 

Copper = 5 mg/kg food or food simulant. 

Iron = 48 mg/kg food or food simulant. 

Lithium = 0,6 mg/kg food or food simulant. 

Manganese = 0,6 mg/kg food or food simulant. 

Zinc = 25 mg/kg food or food simulant. 

2. Plastic materials and articles shall not release primary aromatic amines, excluding those appearing in Table 1 of Annex I, 
in a detectable quantity into food or food simulant. The detection limit is 0,01 mg of substance per kg of food or food 
simulant. The detection limit applies to the sum of primary aromatic amines released. 
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ANNEX III

Food simulants

1.  Food simulants

For demonstration of compliance for plastic materials and articles not yet in contact with food the food simulants listed 
in Table 1 below are assigned.

Table 1

List of food simulants

Food simulant Abbreviation

Ethanol 10 % (v/v) Food simulant A

Acetic acid 3 % (w/v) Food simulant B

Ethanol 20 % (v/v) Food simulant C

Ethanol 50 % (v/v) Food simulant D1

Vegetable oil (*) Food simulant D2

poly(2,6-diphenyl-p-phenylene oxide), particle size 
60-80 mesh, pore size 200 nm

Food simulant E

(*) This may be any vegetable oil with a fatty acid distribution of

No of carbon atoms in fatty acid chain: No of 
unsaturation 6-12 14 16 18:0 18:1 18:2 18:3

Range of fatty acid composition expressed % 
(w/w) of methyl esters by Gas chromatography < 1 < 1 1,5-20 < 7 15-85 5-70 < 1,5

2.  General assignment of food simulants to foods

Food simulants A, B and C are assigned for foods that have a hydrophilic character and are able to extract hydrophilic 
substances. Food simulant B shall be used for those foods which have a pH below 4.5. Food simulant C shall be used for 
alcoholic foods with an alcohol content of up to 20 % and those foods which contain a relevant amount of organic ingre
dients that render the food more lipophilic.

Food simulants D1 and D2 are assigned for foods that have a lipophilic character and are able to extract lipophilic sub
stances. Food simulant D1 shall be used for alcoholic foods with an alcohol content of above 20 % and for oil in water 
emulsions. Food simulant D2 shall be used for foods which contain free fats at the surface.

Food simulant E is assigned for testing specific migration into dry foods.

3.  Specific assignment of food simulants to foods for migration testing of materials and articles not yet in contact 
with food

For testing migration from materials and articles not yet in contact with food the food simulants that corresponds to a 
certain food category shall be chosen according Table 2 below.

For testing overall migration from materials and articles intended to come into contact with different food categories or 
a combination of food categories the food simulant assignment in point 4 is applicable.

Table 2 contains the following information:

Column 1 (Reference number): contains the reference number of the food category.

Column 2 (Description of food): contains a description of the foods covered by the food category

Column 3 (Food simulants): contains sub-columns for each of the food simulants
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The food simulant for which a cross is contained in the respective sub-column of column 3 shall be used when testing 
migration of materials and articles not yet in contact with food.

For food categories where in sub-column D2 the cross is followed by an oblique stroke and a figure, the migration test 
result shall be divided by this figure before comparing the result with the migration limit. The figure is the correction 
factor referred to in point 4.2 of Annex V to this Regulation.

For food category 01.04 food simulant D2 shall be replaced by 95 % ethanol.

For food categories where in sub-column B the cross is followed by (*) the testing in food simulant B can be omitted if 
the food has a pH of more than 4.5.

For food categories where in sub-column D2 the cross is followed by (**) the testing in food simulant D2 can be omitted 
if it can be demonstrated by means of an appropriate test that there is no ‘fatty contact’ with the plastic food contact 
material.

Table 2

food category specific assignment of food simulants

(1) (2) (3)

Reference 
number Description of food

Food simulants

A B C D1 D2 E

01 Beverages

01.01 Non-alcoholic beverages or alcoholic beverages 
of an alcoholic strength lower than or equal 
to 6 % vol.:

A. Clear drinks:

Water, ciders, clear fruit or vegetable juices of 
normal strength or concentrated, fruit nectars, 
lemonades, syrups, bitters, infusions, coffee, tea, 
beers, soft drinks, energy drinks and the like, fla
voured water, liquid coffee extract

X(*) X

B. cloudy drinks:

juices and nectars and soft drinks containing fruit 
pulp, musts containing fruit pulp, liquid choco
late

X(*) X

01.02 Alcoholic beverages of an alcoholic strength of 
between 6 %vol and 20 %.

X

01.03 Alcoholic beverages of an alcoholic strength 
above 20 % and all cream liquors

X

01.04 Miscellaneous: undenaturated ethyl alcohol X(*) Substitute 
95 % 

ethanol

02 Cereals, cereal products, pastry, biscuits, 
cakes and other bakers’ wares

02.01 Starches X

02.02 Cereals, unprocessed, puffed, in flakes (including 
popcorn, corn flakes and the like)

X

02.03 Cereal flour and meal X

02.04 Dry pasta e.g. macaroni, spaghetti and similar 
products and fresh pasta

X
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02.05 Pastry, biscuits, cakes, bread, and other bakers’ 
wares, dry:

A. With fatty substances on the surface X/3

B. Other X

02.06 Pastry, cakes, bread, dough and other bakers’ 
wares, fresh:

A. With fatty substances on the surface X/3

B. Other X

03 Chocolate, sugar and products thereof

Confectionery products

03.01 Chocolate, chocolate-coated products, substi
tutes and products coated with substitutes

X/3

03.02 Confectionery products:

A. In solid form:

I. With fatty substances on the surface X/3

II. Other X

B. In paste form:

I. With fatty substances on the surface X/2

II. Moist X

03.03 Sugar and sugar products

A. In solid form: crystal or powder X

B. Molasses, sugar syrups, honey and the like X

04 Fruit, vegetables and products thereof

04.01 Whole fruit, fresh or chilled, unpeeled

04.02 Processed fruit:

A. Dried or dehydrated fruits, whole, sliced, 
flour or powder

X

B. Fruit in the form of purée, preserves, pastes 
or in its own juice or in sugar syrup (jams, 
compote, and similar products)

X(*) X

C. Fruit preserved in a liquid medium:

I. In an oily medium X

II. In an alcoholic medium X

04.03 Nuts (peanuts, chestnuts, almonds, hazelnuts, 
walnuts, pine kernels and others):

A. Shelled, dried, flaked or powdered X

B. Shelled and roasted X

C. In paste or cream form X X
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04.04 Whole vegetables, fresh or chilled, unpeeled

04.05 Processed vegetables:

A. Dried or dehydrated vegetables whole, sliced 
or in the form of flour or powder

X

B. Fresh vegetables, peeled or cut X

C. Vegetables in the form of purée, preserves, 
pastes or in its own juice (including pickled 
and in brine)

X(*) X

D. Preserved vegetables:

I. In an oily medium X X

II. In an alcoholic medium X

05 Fats and oils

05.01 Animals and vegetable fats and oils, whether 
natural or treated (including cocoa butter, lard, 
resolidified butter)

X

05.02 Margarine, butter and other fats and oils made 
from water emulsions in oil

X/2

06 Animal products and eggs

06.01 Fish:

A. Fresh, chilled, processed, salted or smoked 
including fish eggs

X X/3(**)

B. Preserved fish:

I. In an oily medium X X

II. In an aqueous medium X(*) X

06.02 Crustaceans and molluscs (including oysters, 
mussels, snails)

A. Fresh within the shell

B. Shell removed, processed, preserved or 
cooked with the shell

I. In an oily medium X X

II. In an aqueous medium X(*) X

06.03 Meat of all zoological species (including poultry 
and game):

A. Fresh, chilled, salted, smoked X X/4(**)

B. Processed meat products (such as ham, 
salami, bacon, sausages, and other) or in the 
form of paste, creams

X X/4(**)

C. Marinated meat products in an oily medium X X

06.04 Preserved meat:

A. In an fatty or oily medium X X/3

B. In an aqueous medium X(*) X

06.05 Whole eggs, egg yolk, egg white

A. Powdered or dried or frozen X

B. Liquid and cooked X
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07 Milk products

07.01 Milk

A. Milk and milk based drinks whole, partly 
dried and skimmed or partly skimmed

X

B. Milk powder including infant formula (based 
on whole milk powder)

X

07.02 Fermented milk such as yoghurt, buttermilk and 
similar products

X(*) X

07.03 Cream and sour cream X(*) X

07.04 Cheeses:

A. Whole, with not edible rind X

B. Natural cheese without rind or with edible 
rind (gouda, camembert, and the like) and 
melting cheese

X/3(**)

C. Processed cheese (soft cheese, cottage cheese 
and similar)

X(*) X

D. Preserved cheese:

I. In an oily medium X X

II. In an aqueous medium (feta, mozarella, 
and similar)

X(*) X

08 Miscellaneous products

08.01 Vinegar X

08.02 Fried or roasted foods:

A. Fried potatoes, fritters and the like X X/5

B. Of animal origin X X/4

08.03 Preparations for soups, broths, sauces, in liquid, 
solid or powder form (extracts, concentrates); 
homogenised composite food preparations, pre
pared dishes including yeast and raising agents

A. Powdered or dried:

I. With fatty character X/5

II. Other X

B. any other form than powdered or dried:

I. With fatty character X X(*) X/3

II. Other X(*) X

08.04 Sauces:

A. With aqueous character X(*) X

B. With fatty character e.g. mayonnaise, sauces 
derived from mayonnaise, salad creams and 
other oil/water mixtures e.g. coconut based 
sauces

X X(*) X

08.05 Mustard (except powdered mustard under head
ing 08.14)

X X(*) X/3(**)
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08.06 Sandwiches, toasted bread pizza and the like 
containing any kind of foodstuff

A. With fatty substances on the surface X X/5

B. Other X

08.07 Ice-creams X

08.08 Dried foods:

A. With fatty substances on the surface X/5

B. Other X

08.09 Frozen or deep-frozen foods X

08.10 Concentrated extracts of an alcoholic strength 
equal to or exceeding 6 % vol.

X(*) X

08.11 Cocoa:

A. Cocoa powder, including fat-reduced and 
highly fat reduced

X

B. Cocoa paste X/3

08.12 Coffee, whether or not roasted, decaffeinated or 
soluble, coffee substitutes, granulated or pow
dered

X

08.13 Aromatic herbs and other herbs such as camo
mile, mallow, mint, tea, lime blossom and others

X

08.14 Spices and seasonings in the natural state such as 
cinnamon, cloves, powdered mustard, pepper, 
vanilla, saffron, salt and other

X

08.15 Spices and seasoning in oily medium such as 
pesto, curry paste

X

4.  Food simulant assignment for testing overall migration

To demonstrate compliance with the overall migration limit for all type of foods testing in distilled water or water of 
equivalent quality or food simulant A and food simulant B and simulant D2 shall be performed.

To demonstrate compliance with the overall migration limit for all types of food except for acidic foods testing in dis
tilled water or water of equivalent quality or food simulant A and food simulant D2 shall be performed.

To demonstrate compliance with the overall migration limit for all aqueous and alcoholic foods and milk products test
ing in food simulant D1 shall be performed.

To demonstrate compliance with the overall migration limit for all aqueous, acidic and alcoholic foods and milk prod
ucts testing in food simulant D1 and food simulant B shall be performed.

To demonstrate compliance with the overall migration limit for all aqueous foods and alcoholic foods up to an alcohol 
content of 20 % testing in food simulant C shall be performed.

To demonstrate compliance with the overall migration limit for all aqueous and acidic foods and alcoholic foods up to 
an alcohol content of 20 % testing in food simulant C and food simulant B shall be performed.
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ANNEX IV

Declaration of compliance

The written declaration referred to in Article 15 shall contain the following information:

(1) the identity and address of the business operator issuing the declaration of compliance;

(2) the identity and address of the business operator which manufactures or imports the plastic materials or articles or 
products from intermediate stages of their manufacturing or the substances intended for the manufacturing of those 
materials and articles;

(3) the identity of the materials, the articles, products from intermediate stages of manufacture or the substances intended 
for the manufacturing of those materials and articles;

(4) the date of the declaration;

(5) confirmation that the plastic materials or articles, products from intermediate stages of manufacture or the substances 
meet relevant requirements laid down in this Regulation and Regulation (EC) No 1935/2004;

(6) adequate information relative to the substances used or products of degradation thereof for which restrictions and/or 
specifications are set out in Annexes I and II to this Regulation to allow the downstream business operators to ensure 
compliance with those restrictions;

(7) adequate information relative to the substances which are subject to a restriction in food, obtained by experimental 
data or theoretical calculation about the level of their specific migration and, where appropriate, purity criteria in accor
dance with Directives 2008/60/EC, 95/45/EC and 2008/84/EC to enable the user of these materials or articles to com
ply with the relevant EU provisions or, in their absence, with national provisions applicable to food;

(8) specifications on the use of the material or article, such as:

(i) type or types of food with which it is intended to be put in contact;

(ii) time and temperature of treatment and storage in contact with the food;

(iii) ratio of food contact surface area to volume used to establish the compliance of the material or article;

(9) when a functional barrier is used in a multi-layer material or article, the confirmation that the material or article com
plies with the requirements of Article 13(2), (3) and (4) or Article 14(2) and (3) of this Regulation.
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ANNEX V

COMPLIANCE TESTING

For testing compliance of migration from plastic food contact materials and articles the following general rules apply.

CHAPTER 1

Testing for specific migration of materials and articles already in contact with food

1.1.  Sample preparation

The material or article shall be stored as indicated on the packaging label or under conditions adequate for the pack
aged food if no instructions are given. The food shall be removed from contact with the material or article before its 
expiration date or any date by which the manufacturer has indicated the product should be used for reasons of quality 
or safety.

1.2.  Conditions of testing

The food shall be treated in accordance with the cooking instructions on the package if the food is to be cooked in the 
package. Parts of the food which are not intended to be eaten shall be removed and discarded. The remainder shall be 
homogenised and analysed for migration. The analytical results shall always be expressed on the basis of the food mass 
that is intended to be eaten, in contact with the food contact material.

1.3.  Analysis of migrated substances

The specific migration is analysed in the food using an analytical method in accordance with the requirements of 
Article 11 of Regulation (EC) No 882/2004.

1.4.  Special cases

When contamination occurs from sources other than food contact materials this has to be taken into account when 
testing for compliance of the food contact materials, in particular for phthalates (FCM substance 157, 159, 283, 728, 
729) referred to in Annex I.

CHAPTER 2

Testing for specific migration of materials and articles not yet in contact with food

2.1.  Verification method

Verification of compliance of migration into foods with the migration limits shall be carried out under the most 
extreme conditions of time and temperature foreseeable in actual use taking into account paragraphs 1.4, 2.1.1, 2.1.6 
and 2.1.7.

Verification of compliance of migration into food simulants with the migration limits shall be carried out using con
ventional migration tests according to the rules set out in paragraphs 2.1.1 to 2.1.7.

2.1.1.  Sample preparation

The material or article shall be treated as described by accompanying instructions or by provisions given in the dec
laration of compliance.

Migration is determined on the material or article or, if this is impractical, on a specimen taken from the material or 
article, or a specimen representative of this material or article. For each food simulant or food type, a new test speci
men is used. Only those parts of the sample which are intended to come into contact with foods in actual use shall 
be placed in contact with the food simulant or the food.
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2.1.2.  Choice of food simulant

Materials and articles intended for contact with all types of food shall be tested with food simulant A, B and  D2. 
However, if substances that may react with acidic food simulant or foods are not present testing in food simulant B 
can be omitted.

Materials and articles intended only for specific types of foods shall be tested with the food simulants indicated for 
the food types in Annex III.

2.1.3.  Conditions of contact when using food simulants

The sample shall be placed in contact with the food simulant in a manner representing the worst of the foreseeable 
conditions of use as regard contact time in Table 1 and as regard contact temperature in Table 2.

If it is found that carrying out the tests under the combination of contact conditions specified in Tables 1 and  2 
causes physical or other changes in the test specimen which do not occur under worst foreseeable conditions of use 
of the material or article under examination, the migration tests shall be carried out under the worst foreseeable con
ditions of use in which these physical or other changes do not take place.

Table 1

Contact time

Contact time in worst foreseeable use Test time

t ≤ 5 min 5 min

5 min < t ≤ 0,5 hour 0,5 hour

0,5 hours < t ≤ 1 hour 1 hour

1 hour < t ≤ 2 hours 2 hours

2 hours < t ≤ 6 hours 6 hours

6 hours < t ≤ 24 hours 24 hours

1 day < t ≤ 3 days 3 days

3 days < t ≤ 30 days 10 days

Above 30 days See specific conditions

Table 2

Contact temperature

Conditions of contact in worst foreseeable use Test conditions

Contact temperature Test temperature

T ≤ 5 °C 5 °C

5 °C < T ≤ 20 °C 20 °C

20 °C < T ≤ 40 °C 40 °C

40 °C < T ≤ 70 °C 70 °C

70 °C < T ≤ 100 °C 100 °C or reflux temperature

100 °C < T ≤ 121 °C 121 °C (*)

121 °C < T ≤ 130 °C 130 °C (*)

130 °C < T ≤ 150 °C 150 °C (*)

150 °C < T < 175 °C 175 °C (*)

T > 175 °C Adjust the temperature to the real temperature at the 
interface with the food (*)

(*) This temperature shall be used only for food simulants D2 and E. For applications heated under pressure migration testing under 
pressure at the relevant temperature may be performed. For food simulants A, B, C or D1 the test may be replaced by a test at 
100 °C or at reflux temperature for duration of four times the time selected according to the conditions in Table 1.
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2.1.4.  Specific conditions for contact times above 30 days at room temperature and below

For contact times above 30 days at room temperature and below the specimen shall be tested in an accelerated test 
at elevated temperature for a maximum of 10 days at 60 °C. Testing time and temperature conditions shall be based 
on the following formula.

t2 = t1 * Exp ((-Ea/R) * (1/T1-1/T2))

Ea is the worst case activation energy 80kJ/mol

R is a factor 8,31 J/Kelvin/mol

Exp -9627 * (1/T1-1/T2)

t1 is the contact time

t2 is the testing time

T1 is the contact temperature in Kelvin. For room temperature storage this is set at 298 K (25 °C). For refrigerated 
and frozen conditions it is set at 278 K (5 °C).

T2 is the testing temperature in Kelvin.

Testing for 10 days at 20 °C shall cover all storage times at frozen condition.

Testing for 10 days at 40 °C shall cover all storage times at refrigerated and frozen conditions including heating up 
to 70 °C for up to 2 hours, or heating up to 100 °C for up to 15 minutes.

Testing for 10 days at 50 °C shall cover all storage time at refrigerated and frozen conditions including heating up 
to 70 °C for up to 2 hours, or heating up to 100 °C for up to 15 minutes and storage times of up to 6 months at 
room temperature.

Testing for 10 days at 60 °C shall cover long term storage above 6 months at room temperature and below includ
ing heating up to 70 °C for up to 2 hours, or heating up to 100 °C for up to 15 minutes.

The maximum testing temperature is governed by the phase transition temperature of the polymer. At the test tem
perature the test specimen should not undergo any physical changes.

For storage at room temperature testing time can be reduced to 10 days at 40 °C if there is scientific evidence that 
migration of the respective substance in the polymer has reached equilibration under this test condition.

2.1.5.  Specific conditions for combinations of contact times and temperature

If a material or article is intended for different applications covering different combinations of contact time and tem
perature the testing should be restricted to the test conditions which are recognised to be the most severe on the 
basis of scientific evidence.

If the material or article is intended for a food contact application where it is successively subject to a combination 
of two or more times and temperatures, the migration test shall be carried out subjecting the test specimen succes
sively to all the applicable worst foreseeable conditions appropriate to the sample, using the same portion of food 
simulant.

2.1.6.  Repeated use articles

If the material or article is intended to come into repeated contact with foods, the migration test(s) shall be carried 
out three times on a single sample using another portion of food simulant on each occasion. Its compliance shall be 
checked on the basis of the level of the migration found in the third test.

However, if there is conclusive proof that the level of the migration does not increase in the second and third tests 
and if the migration limits are not exceeded on the first test, no further test is necessary.
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The material or article shall respect the specific migration limit already in the first test for substances for which in 
Annex  I Table 1 column 8 or Table 2 column 3 the specific migration limit is set as non-detectable and for non-
listed substances used behind a plastic functional barrier covered by the rules of point  (b) of Articles  13(2) which 
should not migrate in detectable amounts.

2.1.7.  Analysis of migrating substances

At the end of the prescribed contact time, the specific migration is analysed in the food or food simulant using an 
analytical method in accordance with the requirements of Article 11 of Regulation (EC) No 882/2004.

2.1.8.  Verification of compliance by residual content per food contact surface area (QMA)

For substances which are unstable in food simulant or food or for which no adequate analytical method is available 
it is indicated in Annex I that verification of compliance shall be undertaken by verification of residual content per 
6 dm2 of contact surface. For materials and articles between 500 ml and 10 l the real contact surface is applied. For 
materials and articles below 500 ml and above 10 l as well as for articles for which it is impractical to calculate the 
real contact surface the contact surface is assumed to be 6 dm2 per kg food.

2.2.  Screening approaches

To screen if a material or article complies with the migration limits any of the following approaches can be applied 
which are considered more severe than the verification method described in section 2.1.

2.2.1.  Replacing specific migration by overall migration

To screen for specific migration of non-volatile substances, determination of overall migration under test conditions 
at least as severe as for specific migration can be applied.

2.2.2.  Residual content

To screen for specific migration the migration potential can be calculated based on the residual content of the sub
stance in the material or article assuming complete migration.

2.2.3.  Migration modelling

To screen for specific migration the migration potential can be calculated based on the residual content of the sub
stance in the material or article applying generally recognised diffusion models based on scientific evidence that are 
constructed such as to overestimate real migration.

2.2.4.  Food simulant substitutes

To screen for specific migration, food simulants can be replaced by substitute food simulants if it is based on sci
entific evidence that the substitute food simulants overestimate migration compared to the regulated food simulants.

CHAPTER 3

Testing for overall migration

Overall migration testing shall be performed under the standardised testing conditions set out in this chapter.

3.1.  Standardised testing conditions

The overall migration test for materials and articles intended for the food contact conditions described in column 3 
of Table 3 shall be performed for the time specified and at the temperature specified in column 2. For test OM5 the 
test can be performed either for 2 hours at 100 °C (food simulant D2) or at reflux (food simulant A, B, C, D1) or for 
1 hour at 121 °C. The food simulant shall be chosen in accordance with Annex III.
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If it is found that carrying out the tests under the contact conditions specified in Table 3 causes physical or other 
changes in the test specimen which do not occur under worst foreseeable conditions of use of the material or article 
under examination, the migration tests shall be carried out under the worst foreseeable conditions of use in which 
these physical or other changes do not take place.

Table 3

Standardised testing conditions

Column 1 Column 2 Column 3

Test number Contact time in days [d] or hours [h] at Contact 
temperature in [°C] Intended food contact conditions

OM1 10 d at 20 °C Any food contact at frozen and 
refrigerated conditions.

OM2 10 d at 40 °C Any long term storage at room 
temperature or below, including 
heating up to 70 °C for up to 2 hours, 
or heating up to 100 °C for up 
to 15 minutes.

OM3 2 h at 70 °C Any contact conditions that include 
heating up to 70 °C for up to 2 hours, 
or up to 100 °C for up to 15 minutes, 
which are not followed by long term 
room or refrigerated temperature 
storage.

OM4 1 h at 100 °C High temperature applications for all 
food simulants at temperature up 
to 100 °C.

OM5 2 h at 100 °C or at reflux or alternatively 1 h at 
121 °C

High temperature applications up 
to 121 °C.

OM6 4 h at 100 °C or at reflux Any food contact conditions with 
food simulants A, B or C, at 
temperature exceeding 40 °C.

OM7 2 h at 175 °C High temperature applications with 
fatty foods exceeding the conditions 
of OM5.

Test OM 7 covers also food contact conditions described for OM1, OM2, OM3, OM4, OM5. It represents the worst 
case conditions for fatty food simulants in contact with non-polyolefins. In case it is technically not feasible to per
form OM 7 with food simulant D2 the test can be replaced as set out in paragraph 3.2.

Test OM 6 covers also food contact conditions described for OM1, OM2, OM3, OM4 and OM5. It represents worst 
case conditions for food simulants A, B and C in contact with non-polyolefins.

Test OM 5 covers also food contact conditions described for OM1, OM2, OM3, OM4. It represents the worst case 
conditions for all food simulants in contact with polyolefins.

Test OM 2 covers also food contact conditions described for OM1 and OM3.
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3.2.  Substitute test for OM7 with food simulant D2

In case it is technically NOT feasible to perform OM7 with food simulant D2 the test can be replaced by test OM 8 
or OM9. Both test conditions described under the respective test shall be performed with a new test sample.

Test number Test conditions Intended food contact condi
tions

Covers the intended food contact 
conditions described in

OM 8 Food simulant E for 2 hours 
at 175 °C and food simulant 
D2 for 2 hours at 100 °C

High temperature applica
tions only

OM1, OM3, OM4, OM5, and 
OM6

OM 9 Food simulant E for 2 hours 
at 175 °C and food simulant 
D2 for 10 days at 40 °C

High temperature applica
tions including long term 
storage at room temperature

OM1, OM2, OM3, OM4, OM5 
and OM6

3.3.  Repeated use articles

Where a material or article is intended to come into repeated contact with foods, the migration test shall be carried 
out three times on a single sample using another sample of the food simulant on each occasion.

Its compliance shall be checked on the basis of the level of the migration found in the third test. However, if there is 
conclusive proof that the level of the migration does not increase in the second and third tests and if the overall 
migration limit is not exceeded on the first test, no further test is necessary.

3.4.  Screening approaches

To screen if a material or article complies with the migration limits any of the following approaches can be applied 
which are considered more severe than the verification method described in sections 3.1. and 3.2.

3.4.1.  Residual content

To screen for overall migration the migration potential can be calculated based on the residual content of migratable 
substances determined in a complete extraction of the material or article.

3.4.2.  Food simulant substitutes

To screen for overall migration food simulants can be replaced if based on scientific evidence the substitute food 
simulants overestimate migration compared to the regulated food simulants.

CHAPTER 4

Correction factors applied when comparing migration test results with migration limits

4.1.  Correction of specific migration in foods containing more than 20 % fat by the Fat Reduction Factor (FRF)

For lipophilic substances for which in Annex I it is indicated in column 7 that the FRF is applicable the specific migra
tion can be corrected by the FRF. The FRF is determined according to the formula FRF = (g fat in food/kg of food)/200 = 
(% fat × 5)/100.

The FRF shall be applied according to the following rules.

The migration test results shall be divided by the FRF before comparing with the migration limits.
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The correction by the FRF is not applicable in the following cases:

(a) when the material or article is or is intended to be brought in contact with food intended for infants and young 
children as defined by Directives 2006/141/EC and 2006/125/EC;

(b) for materials and articles for which it is impracticable to estimate the relationship between the surface area and 
the quantity of food in contact therewith, for example due to their shape or use, and the migration is calculated 
using the conventional surface area/volume conversion factor of 6 dm2/kg.

The application of the FRF shall not lead to a specific migration exceeding the overall migration limit.

4.2.  Correction of migration into food simulant D2

For the food categories where in sub-column D2 of column 3 of Table 2 of Annex III the cross is followed by a figure 
the migration test result into food simulant D2 shall be divided by this figure.

The migration test results shall be divided by the correction factor before comparing with the migration limits.

The correction is not applicable to the specific migration for substances in the Union list in Annex  I for which the 
specific migration limit in column 8 is ‘not detectable’ and for non-listed substances used behind a plastic functional 
barrier covered by the rules of Article 13(2)(b) which should not migrate in detectable amounts.

4.3.  Combination of correction factors 4.1 and 4.2.

The correction factors described in 4.1 and 4.2 can be combined for migration of substances for which the FRF is appli
cable when testing is performed in food simulant D2 by multiplying both factors. The applied maximum factor shall 
not exceed 5.
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ANNEX VI

Correlation tables

Directive 2002/72/EC This Regulation

Article 1(1) Article 1

Article 1(2), (3) and (4) Article 2

Article 1a Article 3

Article 3(1), Article 4(1) and Article 5 Article 5

Article 4(2), Article 4a(1) and (4), Article 4d, Annex II (2) and (3) and Annex III 
(2) and (3)

Article 6

Article 4a(3) and (6) Article 7

Annex II (4) and Annex III (4) Article 8

Article 3(1) and Article 4(1) Article 9

Article 6 Article 10

Article 5a(1) and Annex I (8) Article 11

Article 2 Article 12

Article 7a Article 13

Article 9(1) and (2) Article 15

Article 9(3) Article 16

Article 7 and Annex I (5a) Article 17

Article 8 Article 18

Annex II (3) and Annex III (3) Article 19

Annex I, Annex II, Annex IV, Annex IVa, Annex V Part B, and Annex VI Annex I

Annex II (2), Annex III (2) and Annex V, Part A Annex II

Article 8(5) and Annex VIa Annex IV

Annex I Annex V

Directive 93/8/EEC This Regulation

Article 1 Article 11

Article 1 Article 12

Article 1 Article 18

Annex Annex III

Annex Annex V

Directive 97/48/EC This Regulation

Annex Annex III

Annex Annex V
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Preface 
 
This document is an unofficial English translation of Specifications and Standards for 
Food, Additives, etc.  (Ministry of Health and Welfare Notice No. 370, December 28 
1959; last amendment: Ministry of Health, Labour and Welfare Notice No. 529, 
November 27, 2008), which complies with the provisions of Article 7 paragraph 1 and 
Article 10 paragraph 1 of the Food Sanitation Act (Act No. 233, 1947, last amendment: 
Act No. 53 June 7, 2006)*. 
 
The document contains the standards and testing methods specified in sections I, III, IV, 
and V I Food,  III Implements, Containers, and Packaging,  IV Toys,  and V 
Detergents of the Specifications and Standards for Food, Additives, etc.  As for 

section II Additives,  which is not covered in the document, please refer to 
 (the 8th edition) , published by the 

Ministry of Health, Labour and Welfare. For an outline of the regulations of food 
additives, please refer to the publication, 

.

http://www.jetro.go.jp/en/reports/regulations/pdf/foodadd2009-e.pdf  

*Note: In the amended act, Article 7 paragraph 1 and Article 10 paragraph 1 correspond to Article 11 

paragraph 1 and Article 18 paragraph 1, respectively. 
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I. Standards and Testing Methods for 
Foodstuffs 

 
 
A. General Compositional Standards for Food 
 
Ministry of Health, Labour and Welfare (in English) 
http://www.mhlw.go.jp/english/topics/foodsafety/index.html  
 
1 
Foods shall not contain any antibiotics or chemically synthesized antibacterial substances 
(substances obtained by instigating chemical reactions to elements and/or compounds through 
chemical methods, except for decomposition; this applies hereinafter in this paragraph), 
except for the following cases: 
 
(1) When the substance concerned is identical to the food additive determined by the Minister 

of Health, Labour and Welfare as having no potential to cause damage to human health 
under Article 10 of the Food Sanitation Act (Act Act  

 
(2) When compositional standards are set forth in 5, 6, 7, 8 or 9 below for the substance 

concerned. 
 
(3) When the food product concerned has been manufactured or processed using a food 

ingredient that meets the compositional standards given in 5, 6, 7, 8 or 9 below (except for 
foods containing antibiotics or chemically synthesized antibacterial substances for which 
compositional standards are not set forth in 5, 6, 7, 8 or 9 below.) 

 
 
2 
Foodstuffs that are all or part of an organism derived by DNA recombination (i.e. a technology 
that uses enzymes, etc. to cut and reunite DNA, thus creating recombined DNA molecules in 
which different DNA is joined together, and then transferring this into living cells and 
propagating them; the same applies below) or that contain all or part of such an organism 
must be marked to show that the organism has undergone the safety inspection procedures 
prescribed by the Minister of Health, Labour and Welfare. 
 
 
3 
Foodstuffs manufactured using microorganisms derived by DNA recombination or containing 
such substances must be marked to show that the substances have undergone the safety 
inspection procedures prescribed by the Minister of Health, Labour and Welfare. 
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4 
Foods for specified health use as prescribed in the Food Sanitation Act enforcement 
regulations (Ministry of Health, Labour and Welfare Ordinance No. 23 of 1948) Article 21, 
Paragraph 1-1-xli must undergo the safety and effectiveness inspection procedures prescribed 
by the Minister of Health, Labour and Welfare.  
 
 
5 
Foods shall not contain substances (including substances produced by chemical 
transformation: this applies hereinafter in this paragraph) used as ingredients of agricultural 
chemicals and other chemical substances listed in the table in (1) below. The agricultural 
chemicals and other Provisional Translation from Japanese Original 2/103 hemical substances 
stated above, here and also later in this paragraph, refer to substances used for purposes 
designated by the Agriculture, Forestry and Fisheries Ministerial Ordinance according to the 
provision of Paragraph 3 of Article 2 of the Law Concerning Safety Assurance and Quality 
Improvement of Agricultural Chemicals and Feeds (Law No. 35, 1953), which is stipulated 
under Paragraph 1 of Article 1-2 of the Agricultural Chemicals Regulation Law (Law No. 82, 
1948), with such aims as adding to, mixing with, or infiltrating into feeds (the feeds stipulated 
under Paragraph 2 of Article 2 of Law No. 35), or medical products to be used for animals, 
which are stipulated in Paragraph 1 of Article 2 of the Pharmaceutical Affairs Law (Law No. 
145, 1960). In association with this regul

the table by the testing methods described in (3) to (17)*. No ingredients of agricultural 
chemicals or other chemical substances shall be detected in these tests. 
 
*Explanation of (3) to (17) testing methods are abbreviated. For details, refer to the website of 
the Ministry of Health, Labour and Welfare (in Japanese only): 
http://www.mhlw.go.jp/topics/bukyoku/iyaku/syoku-anzen/zanryu2/591228-1.html  
 
 
(1) Substances used as ingredients of agricultural chemicals and other 

 
 

2, 4, 5-T 
Azocyclotin and cyhexatin 
Amitrol 
Captafol 
Carbadox 
Coumaphos 
Chloramphenicol 
Chlorpromazine 
Diethylstilbestrol 
Dimetridazole 
Daminozide 
Nitrofurans 
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Nitrofurantoin 
Furazolidone 
Furaltadone 
Propham 
Malachite green 
Metronidazole 
Ronidazole 

 
 
(2) Samples 
 

Food Sample material 
Barley and buckwheat Threshed seeds 
Wheat and rye Husked seeds 
Rice (brown rice) Husked seeds 
Corn (maize) Seeds with the husks, the silk and the 

cores removed 
Other cereal grains Threshed seeds 
Peas, red beans, broad beans and soybeans Seeds without the pods 
Peanuts With the shells removed 
Other legumes/pulses Seeds without the pods 
Apricot, ume plum, cherry, Japanese plum 
(including prune) and nectarine 

With the peduncle and the seeds removed 

Peach With the skins and the seeds removed 
Orange (including navel orange), 
grapefruit, citrus natsudaidai (whole), 
lime and lemon 

Whole fruit 

Citrus natsudaidai (pulp) and unshu 
orange (pulp) 

With the peels removed 

Citrus natsudaidai, peels With the calyxes removed 
Other citrus fruits Whole fruit 
Pear, Japanese pear, quince and apple With the blossom scars, the cores and the 

peduncles removed 
Loquat With the peduncles, the skins and the 

seeds removed 
Avocado and mango With the seeds removed 
Kiwifruit With the skins removed 
Guava With the calyxes removed 
Date With the calyxes and the seeds 

removed 
Pineapple With the tops removed 
Passion fruit and papaya Whole fruit 
Banana With the pedicels removed 
Strawberry, cranberry, huckleberry, With the calyxes removed 
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blackberry and blueberry 
Raspberry Whole fruit 
Other berries With the calyxes removed 
Japanese persimmon With the calyxes and the seeds removed 
Watermelon, Oriental melon and melons With the rinds removed 
Grape With the peduncles removed 
Other fruits Edible portions 
Turnip (roots), Japanese radish (roots) and 
radish (roots) 

With the dirt lightly rinsed off with water 

Turnip (leaves), watercress, kale, 
Japanese radish (leaves), radish (leaves) 
and brussels sprouts 

With the decayed leaves removed 

Cauliflower and broccoli With the leaves removed 
Cabbage and Chinese cabbage A sample consisting of one portion from 

each of four heads, with each head equally 
cut into four portions, without the decayed 
outer leaves and the cores 

Kyona and komatsuna (Japanese mustard 
spinach) 

With the roots and the decayed leaves 
removed 

Horseradish Roots with the dirt lightly rinsed off with 
water 

Qing-geng-cai and other cruciferous 
vegetables 

Edible portions 

Sweet potato, konjak, taro, white potato, 
yam and other potatoes 

With the dirt lightly rinsed off with water 

Pumpkin (including squash), cucumber 
(including gherkin) and Oriental pickling 
melon (vegetable) 

With the vines removed 

Other cucurbitaceous vegetables Edible portions 
Artichoke, endive and chicory  With the decayed leaves removed  
Burdock and salsify A sample thinly sliced then ground with a 

meat grinder, the leaves having been 
removed and the dirt having been lightly 
rinsed off with water 

Shungiku With the roots and the decayed leaves 
removed 

Lettuce (including cos lettuce and leaf 
lettuce) 

With the decayed outer leaves and the 
cores removed 

Other composite vegetables Edible portions 
Shiitake mushroom, button mushroom 
and other mushrooms 

Edible portions 

Celery, parsley and mitsuba With the roots and the decayed leaves 
removed 

Carrot and parsnip With the dirt lightly rinsed off with water 
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Other umbelliferous vegetables Edible portions 
Tomato, egg plant and pimiento (sweet 
pepper) 

With the calyxes removed 

Other solanaceous vegetables Edible portions 
Asparagus Stems 
Onion, garlic, Welsh onion, leek) and 
wakegi 

With the outer skins and the root hair 
removed 

Nira and other liliaceous vegetables Edible portions 
Green soybeans, kidney beans (immature, 
with pods) and peas (immature, with pods) 

With the pedicels removed 

Okra With the calyxes removed 
Sugarcane With the husks removed 
Ginger With the leaves removed, and with the dirt 

lightly rinsed off with water 
Sugar beet With the dirt lightly rinsed off with water 
Spinach With red roots left on, and with the root 

hair and the decayed leaves removed 
Bamboo shoots and other vegetables  Edible portions 
Sesame seeds, rapeseeds, sunflower seeds, 
safflower seeds, cotton seeds and other oil 
seeds 

Seeds only 

Almond, ginkgo nut, chestnut, walnut, 
pecan and other nuts 

With the husks removed 

Cacao beans and coffee beans Beans without the pods 
Tea Tea leaves 
Hop Dried flowers 
Other spices and other herbs Edible portions 
 
 
6 
Regardless of the provisions in 5, ingredients of agricultural chemicals and other chemical 
substances listed in the first column of the table in (1) must not be contained in foods at levels 
exceeding the limits stipulated in the third column of the same table according to the food 
categories shown in the second column of the same table. In association with this regulation, 

dients 
of agricultural chemicals and other chemical substances listed in the first column of the table 

foods listed in the second column of the same table, no ingredient of agricultural chemicals or 
other chemical substances shall be detected when these foods are tested using the test 
methods stipulated in (3) to (10). 
 
*The tables and the explanation of these testing methods are abbreviated. For details, refer to 
the website of the Ministry of Health, Labour and Welfare (in Japanese only): 
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http://www.mhlw.go.jp/topics/bukyoku/iyaku/syoku-anzen/zanryu2/591228-1.html  
 
The residual tolerance for each agricultural chemical can be examined on the website of the 
Japan Food Chemical Research Foundation (in English): 
 
 
7 
In addition to the substances stipulated under 6, ingredients of agricultural chemicals and 
other chemical substances listed in the first column of the table in (1) must not be contained in 
foods at levels exceeding the limits stipulated in the third column of the same table according 
to the food categories shown in the second column of the same table. Concerning this, foods 

ed as ingredients 
of agricultural chemicals and other chemical substances listed in the first column of the table 

foods listed in the second column of the same table, no ingredient of agricultural chemicals or 
other chemical substances shall be detected when these foods are tested using the test 
methods stipulated in (3) to (8). 
 
*The tables and the explanation of these testing methods are abbreviated. For details, refer to 
the website of the Ministry of Health, Labour and Welfare (in Japanese only): 
http://www.mhlw.go.jp/topics/bukyoku/iyaku/syoku-anzen/zanryu2/591228-1.html 
 
 
8 
In cases where a substance used as an ingredient of an agricultural chemical (excluding 
substances determined by the Minister of Health, Labour and Welfare as having no potential 
to cause damage to human health under Paragraph 3 of Article 11 of the Act), for which no 
compositional standards are stipulated in 5 to 7, is the same as the substance naturally 
contained in the food, the amount of the substance contained in the food shall not exceed the 
amount normally contained in the food. This, however, does not apply to foods containing 
substances that may cause damage to human health at the amount normally contained. 
 
 
9 
In cases where substances used as ingredients of agricultural chemicals and other chemical 
substances that are listed in the first column of the following table* are contained in a food, 
the amount of the substances shall not exceed the amount stipulated in the third column of the 
same table according to the food categories shown in the second column of the same table.  
 
*The table is abbreviated. For details, refer to the website of the Ministry of Health, Labour 
and Welfare (in Japanese only): 
 
 

Appendix II - Pag. 98 of 306



 

9 
 

10 
In addition to the provisions of 6 or 9, when food products are manufactured or processed 
using foods for which compositional standards are specified in 6 through 9, the foods used 
must comply with the standards given in 6 through 9. 
 
 
11 
In addition to the provisions of 6 or 9, food products that are manufactured or processed using 
foods for which compositional standards are not specified in 5 through 9 shall not contain 
substances used as agricultural chemicals nor other chemical substances in excess of the 
amount determined by the Minister of Health, Labour and Welfare as having no potential to 
cause damage to human health under Paragraph 3 of Article 11 of the Act (excluding 
substances determined by the Minister of Health, Labour and Welfare as having no potential 
to cause damage to human health under Paragraph 3 of Article 11 of the Act).  
 
 
 
B. General Food Production, Processing and 

Preparation Standards 
 
B-1 
When food is to be produced or processed, it must not be exposed to radiation (as stipulated in 
Article 3, No. 5 of the Atomic Energy Basic Law (No.186, 1955); hereafter the same in Part I: 
Foodstuffs). However, this does not apply if food is exposed to radiation during any processes 
in the production or processing of food in order to control those processes, if the dosage to 
which the food is exposed is no more than 0.10 Gy, or if there are special provisions in the 
items under Section D: Specific Food Items. 
 
 
B-2 
When food is to be produced using fresh cow's milk or fresh goat's milk, during the production 
of that food the fresh cow's milk or fresh goat's milk must either be pasteurized for 30 minutes 
at 63°C by means of a holding system or pasteurized using a method that achieves an 
equivalent or better pasteurization effect. 
The milk added to food or used in preparing food must be cow's milk, special cow's milk, 
pasteurized goat's milk, homogenized cow's milk, low-fat cow's milk, non-fat cow's milk or 
processed milk. 
 
 
B-3 
When food is to be produced, processed, or prepared using blood, blood corpuscles, or blood 
plasma (limited to livestock; hereafter the same), during the production, processing, or 
preparation of that food, the blood, blood corpuscles, or blood plasma must be sterilized for 30 
minutes at 63°C or heated and sterilized using a method that achieves an equivalent or better 
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sterilization effect. 
 
 
B-4 
Chicken eggs in their shells used for the production, processing, or preparation of food may not 
be eggs unfit for eating (defined as rotten eggs in their shells, moldy eggs in their shells, eggs 
in their shells containing foreign matter, eggs in their shells containing blood, eggs in their 
shells from which fluids are leaking, or eggs in their shells with broken yolks (with the 
exception of eggs when their yolks are broken due to physical causes), as well as eggs in their 
shells that have been heated to initiate hatching when the heating was discontinued at an 
interim stage; hereafter the same). 
When producing, processing, or preparing food using chicken eggs, during the production, 
processing, or preparation of that food the chicken eggs must be sterilized for at least 1 minute 
at 70°C or they must be heated and sterilized using a method that achieves an equivalent or 
better sterilization effect. However, this does not apply when food is to be prepared promptly 
after breaking normal eggs whose best-before date has not passed, and which are fresh enough 
to be eaten raw (defined as eggs in their shells other than eggs unfit to be eaten, dirty eggs (in 
turn defined as eggs in shells contaminated by fecal matter, blood, egg contents, feathers or 
other matter; hereafter the same), soft eggs (defined as eggs in their shells whose eggshell 
membrane is sound but whose eggshells are damaged or thin; hereafter the same), or broken 
eggs (defined as eggs in their shells that appear to be cracked; hereafter the same)); when that 
food is to be ingested promptly after preparation, and when liquid chicken eggs that have been 
sterilized (defined as chicken eggs in their shells whose shells have been removed; hereafter 
the same) are to be used. 
 
 
B-5 
When seafood is to be prepared to be eaten raw, it must be washed thoroughly in potable water 
(defined under Part I: Foodstuffs, Section D : Specific Food Items, Sub-section D1: Soft Drink 
Beverages, Paragraph 2: Production Standards for Soft Drink Beverages, Sub-paragraph b., 
and all matter that might contaminate the products must be removed. 
 
 
B-6 
When food is to be produced using microorganisms obtained using recombinant DNA 
technology, it must be produced using a method recognized as complying with the standards 
set forth by the Ministry of Health, Labor and Welfare. 
 
*For details, refer to the website of the Ministry of Health, Labour and Welfare (in English) 
Food safety: http://www.mhlw.go.jp/english/topics/foodsafety/dna/index.html  
 
B-7 
When food is to be produced or processed, additives must not be used if they do not comply 
with the stipulations in Part II: Additives, Section D: Component Standards and Storage 
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Standards, or if they are additives manufactured by any method that does not comply with 
Part II: Additives, Section E: Production Standards. 
 
*For details, refer to the website of the Ministry of Health, Labour and Welfare (in English) 
Food additives: http://www.mhlw.go.jp/english/topics/foodsafety/foodadditives/index.html  
 
B-8 
When the meat of cattle bred in a country or area where bovine spongiform encephalopathy 
has occurred (BSE as specified in Article 2 of the Special Measures Law on Bovine Spongiform 
Encephalopathy (No.70, 2002; such cattle defined as "specific cattle") is to be sold directly to 
consumers, the vertebral columns of the cattle (with the exception of the transverse processes 
of thoracic vertebrae, transverse processes of lumbar vertebrae, ala sacralis and caudal 
vertebrae; hereafter the same) must be removed. The removal of the vertebral columns as 
specified above must be undertaken using a method capable of preventing contamination, by 
the dorsal root ganglia, of the meat of the cattle and their internal organs, as well as meat 
situated in the vicinity of the removal and that is to be supplied for food. 
When food is to be produced, processed or prepared, the vertebral columns of specific cattle 
must not be used as the ingredients of that food. However, this does not apply when the fats 
and oils from the vertebral columns of the specific cattle are to be used as ingredients after 
they have undergone hydrolysis, saponification or interesterification under high-temperature 
and high-pressure conditions. 
 
*For details, refer to the website of the Ministry of Health, Labour and Welfare (in English) 
BSE:http://www.mhlw.go.jp/english/topics/foodsafety/bse/index.html  
 
 
 
C. General Food Storage Standards 
 
C-1 
When food is to be stored in direct contact with crushed ice other than crushed ice for eating 
and drinking, crushed ice that tests negative for coliform bacilli (defined as all aerobic or 
facultative Gram-negative nonspore-forming bacilli that break down lactose and generate 
acids and gases; hereafter the same) must be used. The following test method is used to detect 
the coliform bacilli. 
 
 
1. Collecting Test Specimens and Preparing Test Samples 
 
Wash the test specimen thoroughly in sterile distilled water, place it in a sterilized container, 
and shake in warm water at room temperature (less than 40°C) until totally dissolved. 
Immediately prepare a sample solution as well as sample solutions diluted 10x, 100x and 
1,000x. 
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2. Coliform Bacilli Test Method 
 
a. Presumptive test:  
In separate fermentation tubes, place 10 ml and 1 ml of the sample solution, as well as 1 ml 
each of the 10x, 100x and 1,000x diluted solutions. Use Durham or Smith tubes and add a BTB 
lactose broth in an amount at least double that of the sample solution. 
If generation of gases is not discernible after the fermentation tubes have been cultivated for 
24 hours (a 2-hour margin either way is acceptable) at 35°C (a 1.0°C margin either way is 
acceptable), continue the cultivation and observe for up to 48 hours (a 3-hour margin either 
way is acceptable). 
 
If generation of gases is not discernible after this, the samples are considered negative for the 
presumptive test. Samples in which the generation of gases is discernible (coliform bacilli 
tentatively positive) are considered positive. 
 
b. Confirmation test:  
The following steps are to be taken for samples that were positive in the presumptive test. 
Use an Endo or EMB culture medium, or a BGLB fermentation tube. 
 
Use a platinum loop to streak the sample solution from the tube in which gases were 
generated during the preliminary test (if gases were generated in several tubes, use the most 
dilute solution) on an Endo or EMB culture medium, and observe whether an independent 
colony grows. Alternately, transfer some of the solution to a fermentation tube containing 
BGLB and cultivate. If after 24 hours a typical colony grows on the Endo or EMB culture 
medium, the test is considered positive for coliform bacilli. If an atypical colony grows, a 
conclusive test is required. 
 
If gases are generated in the BGLB fermentation tube within 48 hours, the test is considered 
positive for coliform bacilli. However, if the culture medium turns brown, a conclusive test 
should be performed. 
 
c. Conclusive test: 
If a BGLB fermentation tube was used for the confirmation test, first transfer the sample in 
the tube to an Endo or EMB culture medium, and do the following: 
 
From the Endo or EMB culture medium, swab the typical coliform bacillus colony, or two or 
more atypical colonies, and transplant each to both a lactose broth fermentation tube and an 
agar slant. Cultivate for 48 hours (a 3-hour margin either way is acceptable). Perform a Gram 
stain procedure for the agar slant sample corresponding to the sample in which gas generation 
was verified, and perform a microscopic test. If gases are generated in the lactose broth 
fermentation tube, and the microorganisms of the colony on the agar slant are Gram-negative 
nonspore-forming bacilli, the conclusive test is considered positive for coliform bacilli. 
 

i) Lactose broth fermentation tube:  
Add lactose to ordinary broth (5 g of meat extract, 10 g of peptone, 1,000 ml of water, 
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pH 6.4 to 7.0); the final solution should be 0.5% lactose. Pour this solution into a 
number of fermentation tubes; sterilize the tubes at high pressure and cool promptly. 
The intermittent sterilization method may be used. 

 
ii) Endo culture medium:  

Heat and dissolve 3% nutrient agar (pH 7.4 to 7.8); add 15 g of lactose dissolved in a 
small quantity of distilled water to 1,000 ml of the agar; mix thoroughly. Add 10 ml of 
an ethanol-saturated solution of fuchsine (consisting of approximately 11 g of fuchsine 
dissolved in 100 ml of ethanol), and cool; when the solution has cooled to about 50°C, 
add newly prepared 10% sodium sulfite solution one drop at a time until the fuchsine 
turns light pink. 

 
Pour the solution in amounts ranging from 40 to 100 ml into large test tubes and 
sterilize the tubes for 30 minutes at 100°C. Place about 15 ml each in several flat 
dishes. 

 
iii) EMB culture medium:  

Heat and dissolve 10 g of peptone, 2 g of dipotassium phosphate and 25 to 30 g of agar 
in 1,000 ml of distilled water; after boiling, replace the amount of water lost to 
evaporation. Add 10 g of lactose, 20 ml of a 2% aqueous solution of bromeosin and 13 ml 
of a 0.5% aqueous solution of methylene blue and mix; after distributing to large test 
tubes as before, intermittently sterilize the solution and place about 15 ml each in flat 
dishes. 

 
iv) BGLB fermentation tube:  

Dissolve 10 g of peptone and 10 g of lactose in 500 ml of distilled water; add 200 ml of 
fresh cow's bile (or 20 g of dried cow's bile dissolved in 200 ml of water, pH7.0 to 7.5); 
add more distilled water to make approximately 975 ml of the resulting solution; 
adjust the pH to pH7.4; add 13.3 ml of a 0.1% aqueous solution of brilliant green until 
the total volume reaches 1,000 ml; filter the solution through cotton; pour it into a 
number of fermentation tubes and intermittently sterilize. The pH of this solution 
should be between 7.1 and 7.4. 

 
 
C-2 
When food is to be stored, no antibiotics may be used. However, this does not apply to use of 
additives determined by the Minister of Health, Labour and Welfare as having no potential to 
cause damage to human health under Article 10 of the Act. 
 
 
C-3 
Food must not be exposed to radiation to increase storage life. 
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D. Specific Food Items 
 
D-1 Soft Drink Beverages 
 
 
1. Standards for Soft Drink Beverage Components  
 
(1) The beverages must not be turbid (with the exception of turbidity originating from 

the constituents of plants or animals used as the raw materials, from additives 
used for flavoring or coloring purposes, or from dead microorganisms generally 
recognized as being harmless to human health (but only those microorganisms 
that are unavoidably mixed in with the raw materials of the products)). 

 
(2) The beverages must not contain any sediment (with the exception of sediment 

originating from plant or animal constituents used as raw materials, from additives 
used for flavoring or coloring purposes, or from dead microorganisms generally 
recognized as being harmless to human health (but only those microorganisms 
that are unavoidably mixed in with the raw product materials)) or any solid foreign 
matter (with the exception of solid plant matter used as raw materials whose 
volume percentage is less than 30%). 

 
(3) The beverage must not contain detectable levels of arsenic, lead, or cadmium. The 

tin content must not exceed 150.0 ppm. 
 
The following test method is used to test for arsenic, lead, cadmium and tin. 
 
a. Preparation of sample solutions 
The sample solution is prepared by the wet degradation method described in i) below or the 
dry incineration method described in ii) below. However, in testing for arsenic, only the wet 
degradation method described in a. below may be used. 
 

i) Wet degradation method: 
Prepare a 100 g test sample (for a soft drink beverage that is diluted for drinking, use 
an amount equal to that obtained by dividing 100 g by the multiple by which the 
beverage is to be diluted; for a concentrated fruit juice, use the amount obtained by 
dividing 100 g by the multiple by which the original juice was concentrated); heat on a 
water bath, and concentrate by evaporation until the sample turns into a syrup. Using 
about 10 ml of water, transfer the syrup to a decomposition flask, add and dissolve 8 ml 
of sulfuric acid and 10 ml of nitric acid, and while heating the solution, add nitric acid, 
1 to 2 ml at a time, until the solution turns essentially colorless or light yellow. Cool the 
solution, and once it has cooled, add 15 ml of water and 10 ml of ammonium oxalate 
solution, and heat until a white smoke appears around the neck of the flask. After 
cooling, add water to total 50 ml, and use this as the sample solution. Using water 
instead of the test sample, prepare a blank sample solution following the same steps. 
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ii) Dry incineration method 
In a dehydrator or under an infrared lamp, dry a 50 g test specimen (for a soft drink 
beverage that is diluted for drinking, use an amount equal to that obtained by dividing 
50 g by the multiple by which the beverage is to be diluted; for a concentrated fruit 
juice, use the amount obtained by dividing 50 g by the multiple by which the original 
juice was concentrated) and heat it at 450 to 500°C until a nearly white ash is obtained. 
After cooling, gently add 5 ml of hydrochloric acid (1  2) and dissolve the ash-like 
material. Heat in a water bath until the liquid evaporates. After cooling, add enough 1 
mol/l hydrochloric acid to dissolve the ash and make 25 ml, and use this as the sample 
solution. Using water instead of the test specimen, prepare a blank sample solution 
following the same steps. 

 
b. Test methods for arsenic 
Arsenic is tested using the Gutzeit method as described in i) below or the silver 
diethyldithiocarbamate method as described in ii) below. 
 

i) Gutzeit method 
When testing a 3 ml sample solution for arsenic using equipment A in the arsenic test 
methods described in Part II: Additives, Section B: General Testing Methods, the color 
of the sample solution should not be darker than the standard color. The standard color 
is established by following the same steps as for the sample solution with a solution 
obtained by adding 1.2 ml of the standard arsenic solution to 3 ml of the blank sample 
solution. 
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ii) Silver diethyldithiocarbomate method 
<1> Equipment 

An overview of the equipment is provided in the next figure (unit: mm). 

 
A:  Generation flask (with a 100 to 125 ml internal capacity) 
B:  Absorption tube (packed with glass wool moistened with a lead acetate solution) 
C:  Gas guidance tube 
D:  Absorption receiver 

 
<2> Agents and reagents 

Use agents and reagents listed in Part II: Additives, Section C: Reagents and 
Solutions in most cases. Exceptions are listed below.  
 

- Silver diethyldithiocarbamate pyridine solution: Dissolve 1 g of silver 
diethyldithiocarbamate into 200 ml of pyridine, protect from it the light, and 
keep it in a cool place. 

- Arenaceous zinc: Soak 20 to 30-mesh zinc without arsenic in a 1% solution of 
copper sulfate until it turns black; wash, and then dry. 

- Tin chloride: Dissolve 4 g of tin chloride into 125 ml of zinc without arsenic 
hydrochloric acid and add water until the total volume equals 250 ml; pour 
into a stoppered bottle, seal, and store. 

 
<3> Test procedure 

Place 10 ml of the sample solution into the generation flask and add water until 
the total volume equals 25 ml; add 5 ml of hydrochloric acid (1  2), 2 ml of 
potassium iodide solution and 5 ml of tin chloride solution and leave standing at 
room temperature for 15 minutes. Next, add 3 g of arenaceous zinc to the 
generation flask; immediately connect the absorption and gas guidance tubes; 

Inside  
diameter 

Openin

Rubber 
stopper
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place in an absorption receiver that already contains 3 ml of the silver 
diethyldithiocarbamate pyridine solution; leave standing for one hour at 20 to 
25°C. Disconnect the equipment, and after thoroughly mixing the solution in 
the gas guidance tube with the absorption solution in the absorption receiver, 
place the absorption solution in a 1 cm absorption cell. Within 30 minutes, 
measure the absorbency using a wavelength in the vicinity of 525 nm, with the 
silver diethyldithiocarbamate pyridine solution as a reference. The absorbency 
of the sample solution thus measured must not exceed the absorbency that is 
obtained by following the same steps with 10 ml of the blank sample solution to 
which 4 ml of a standard arsenic solution and water have been added to equal 
25 ml. 

 
c. Test methods for lead and cadmium 
Lead and cadmium are tested using atomic absorption spectrophotometry as described in i) 
below or polarographic analysis as described in ii) below. 
 

i) Atomic absorption spectrophotometry 
<1> Equipment 

Atomic absorption spectrophotometer 
- Light source: A lead hollow cathode lamp to test for lead; a cadmium hollow 

cathode lamp to test for cadmium 
- Fuel: Acetylene gas or hydrogen 

 
<2> Agents and reagents 

Use agents and reagents listed in Part II: Additives, Section C: Reagents and 
Solutions in most cases. Exceptions are listed below.  

- Ammonium citrate solution: Dissolve 2.5 g of diammonium citrate in water 
to total 100 ml. 

- Ammonium sulfate solution: Dissolve 40 g of ammonium sulfate in water to 
total 100 ml. 

- DDTC solution: Dissolve 10 g of sodium diethyldithiocarbamate in water to 
total 100 ml. 

- Lead control solution: Dissolve 1.598 g of lead nitrate in 1 mol/l nitric acid to 
total 1,000 ml. Take 8 ml of this solution and add 0.5 mol/l nitric acid to total 
1,000 ml. 

- Cadmium control solution: Add 100 ml of 1 mol/l nitric acid to 1.000 g of 
metal cadmium and dissolve by heating. After cooling, add 1 mol/l nitric acid 
to total 1,000 ml. Take 2 ml of this solution and add 0.5 mol/l nitric acid to 
total 1,000 ml. 

 
<3> Test procedure 

Take 10 ml each of the sample solution and blank sample solution, add 2 ml of 
ammonium citrate and 2 drops of bromothymol blue reagent to each; neutralize 
using ammonia water until the solution turns from yellow to green; add 2 ml of 
the ammonium sulfate solution to each and add water to total 20 ml. Next, add 2 
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ml of the DDTC solution to each and mix; let stand for several minutes, add 10 
ml of methyl isobutyl ketone and shake vigorously. Let the solutions stand, then 
remove the methyl isobutyl ketone layer. Measure the absorbency A of the 
sample solution and the absorbency Ab of the blank sample solution at a 
measurement wavelength of 217.0 nm for the lead test and of 228.8 nm for the 
cadmium test. Take 1 ml of the lead control solution or 1 ml of the cadmium 
control solution and 1 ml of water; add 0.5 mol/l nitric acid to each to total 10 ml 
and measure absorbency. Determine the absorbency As of the control solution 
and absorbency Ao of the water following the same steps as with the sample 
solutions. The value of A-Ab thus obtained must not exceed As-A0. 

 
ii) Polarographic analysis  

<1> Agents and reagents 
Use agents and reagents listed in Part II: Additives, Section C: Reagents and 
Solutions in most cases. Exceptions are listed below. 

 
- First electrolyte solution: Mix equal quantities of 1.2 Mol/l perchloric acid 

and 0.004 mol/l hydrochloric acid. 
- Second electrolyte solution: Mix equal quantities of 0.6 mol/l perchloric acid 

and 0.002 mol/l hydrochloric acid. 
- Gelatin solution: Add 100 mg of gelatin to 100 ml of water, heat and dissolve. 
- Lead or cadmium control solution: Add 1 ml of nitric acid (1  100) to 0.1598 

g of lead nitrate; add 10 ml of water to make a solution and then add 50 ml of 
the first electrolyte solution. Add water to total 100 ml; use this as the lead 
control solution. Next, add 5 ml of hydrochloric acid (1  2) and 
approximately 5 ml of water to 0.250 g of metal cadmium; heat and dissolve; 
cool; then add 1 mol/l hydrochloric acid to total 250 ml. To 10 ml of this 
solution, add 50 ml of the first electrolyte solution; add water to total 100 ml, 
and use this as the cadmium control solution. 

- Add the first electrolyte solution to 0.8 ml of the lead control solution and 2 
ml of the cadmium control solution to total 100 ml. Take 10 ml of this 
solution, and add the first electrolyte solution to total 100 ml. 

- Hydrobromic acid reagent: Use hydrobromic acid (special grade) 
 

<2> Test procedure 
Mix 5 ml of the sample solution with 5 ml of the first electrolyte solution (when 
using a DC polarograph, also add 0.2 ml of the gelatin solution). However, when 
tin is also present in the sample solution, first evaporate 5 ml of the sample 
solution to dryness on a sand bath; add 10 ml of a hydrobromic acid sample 
solution, and evaporate again to dryness. After cooling, add 5 ml of the 
hydrobromic acid sample solution; evaporate again to dryness; gently pour 5 ml 
of hydrochloric acid (1  2); evaporate again to dryness in a sand bath. Add 10 
ml of the second electrolyte solution to the residue (when using a DC 
polarograph, also add 0.2 ml of the gelatin solution); let stand for at least 3 
hours, mixing occasionally. Place approximately 5 ml of this solution in an 
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place the solution in a 25°C constant-temperature water bath, and insert a 
dropping mercury electrode. Next, pass nitrogen through the electrolysis jar for 
15 minutes and record a polarograph between -0.3 and -1.0V. The peak for the 
sample solution must not exceed the peak obtained by following the same steeps 
with 5 ml of the blank sample solution to which 5 ml of the cadmium control 
solution has been added. 

 
d. Test methods for tin 
Tin is tested using the salicylidenamino-2-thiophenol method as described in i) below or by 
polarographic analysis method as described in ii) below. 
 

i) Salicylidenamino-2-thiophenol method  
<1> Agents and reagents 

Use agents and reagents listed in Part II: Additives, Section C: Reagents and 
Solutions in most cases. Exceptions are listed below. 

 
- SATP solution: Dissolve 1 g of L-absorbic acid in a small amount of water 

and add ethanol to total 100 ml. Add 0.1 g of salicylidenamino-2-thiophenol 
to this solution and heat to dissolve. 

- Dinitrophenol solution: Add 0.25 g of 2, 4-dinitrophenol to 100 ml of 50% 
ethanol, and dissolve. 

- Lactic acid solution: Add water to 20 ml of lactic acid (special grade) to total 
100 ml. 

- Tin control solution: Add 30 ml of hydrochloric acid to 0.500 g of metal tin, 
and heat on a water bath to dissolve. After cooling, add 1 ml of 30% hydrogen 
peroxide water, and add 1 mo/l hydrochloric acid to total 500 ml. Take 1 ml of 
this solution and add 1 mol/l hydrochloric acid to total 100 ml. One ml of this 
solution contains 10 g of tin. 

- Sodium hydroxide solution: Dissolve 10 g of sodium hydroxide in water to 
total 100 ml. 

- Sodium thiosulfate solution: Dissolve 1 g of sodium thiosulfate in water to 
total 100 ml. 

 
<2> Test procedure 

Take 1 ml of the sample solution and add 1 mol/l hydrochloric acid to total 10 ml. 
To 1 ml of this solution, add 1 mol/l hydrochloric acid to total 10 ml; add two 
drops of the dinitrophenol solution. Add enough sodium hydroxide solution to 
neutralize and add water to total 20 ml. Next, add 2 ml of the lactic acid solution, 
1 ml of the sodium thiosulfate solution and 5 ml of the SATP solution and mix; 
let stand for 20 minutes, add 10 ml of xylene and shake vigorously. Using the 
xylene layer as a control, measure absorbency at about the 415nm wavelength. 
Determine the amount of tin in the sample solution using an analytical curve; 
use this to calculate the concentration of tin in the test specimen. 
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<3> Plotting an analytical curve 
An analytical curve is plotted as follows. First, take 0, 1.0, 2.0, 3.0, 4.0 and 5.0 
ml of the tin control solution, and to each of these add 1 ml of a solution made by 
taking 1 ml of the blank sample solution and adding 1 mol/l hydrochloric acid to 
total 10 ml. Add 1 mol/l hydrochloric acid to total 10 ml. Next, add two drops of 
the dinitrophenol solution; hereafter, follow the same steps as for the sample 
solution. Measure the absorbency of each solution and plot the curve. 

 
ii) Polarographic analysis 

<1> Agents and reagents 
Use agents and reagents listed in Part II: Additives, Section C: Reagents and 
Solutions in most cases. Exceptions are listed below. 

 
- First electrolyte solution: Mix equal quantities of 4 mol/l ammonium chloride 

solution and 4 mol/l hydrochloric acid. 
- Second electrolyte solution: Mix equal quantities of 2 mol/l ammonium 

chloride solution and 2 mol/l hydrochloric acid. 
- Tin control solution: Add 40 ml of hydrochloric acid to 0.500 g of metal tin 

and heat on a water bath to dissolve; add hydrochloric acid to total 250 ml. 
Take 10 ml of this solution, and add the second electrolyte solution to total 
100 ml. One ml of this solution contains 200 g of tin. 

 
<2> Test procedure 

Take 1 ml of the sample solution and mix it with 5 ml of the first electrolyte 
solution; add water to total 10 ml. Place approximately 5 ml of this solution in 

place the solution in a 25°C constant-temperature water bath, and insert a 
dropping mercury electrode. Next, pass nitrogen through the electrolysis jar for 
15 minutes and record a polarograph between -0.3 and -0.7 V. Measure the peak; 
obtain the amount of tin in the sample solution using an analytical curve; 
calculate the concentration of tin in the test specimen. 

 
<3> Plotting an analytical curve 

An analytical curve is plotted as follows. First, take 0, 0.5, 1.0, 1.5, 2.0 and 2.5 
ml of the tin control solution, add 1 ml of the blank sample solution and 5 ml of 
the first electrolyte solution to each and mix; add water to total 10 ml. Hereafter, 
follow the same steps as for the sample solution, measure the peaks and plot the 
curve. 

 
(4) Tests for coliform bacilli must be negative.  
 
The method used to test for coliform bacilli is as follows. 
 
a. Collecting the test specimens and preparing the samples 
Use test specimens that are still in their containers; wash the outside of the containers briefly 
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under running water and dry. Use cotton dipped in alcohol (defined as cotton dipped in 70% 
ethanol; hereafter the same) to wipe around the areas to be tested; use a sterilized implement 
to unseal the containers; open the containers and take 10 ml and 1 ml of the solution as well as 
1 ml of a 10x solution and use these as sample solutions. For soft drink beverages containing 
carbonic acid, first transfer the specimen to another sterilized container, stir and let stand 
until the carbon dioxide disperses; then follow the step above to make sample solutions. 
 
b. Coliform bacilli test method 
The method used is that described in Part I: Foodstuffs, Section B: General Food Storage 
Standards, Paragraph 1, Sub-paragraph (2): Coliform Bacilli Test Method. 
 
(5) Mineral water (defined as a soft drink beverage whose basic material consists 

solely of water; hereafter the same) with a carbon dioxide pressure inside the 
container of not more than 98 kPa at 20°C, and that has not been sterilized or 
disinfected, must test negative for enterococci or green pus bacilli.  

 
The following method is used to test for enterococci or green pus bacilli in such beverages: 
 
a. Collecting the test specimens and preparing the samples 
Use test specimens in unopened containers; use cotton dipped in alcohol to wipe around the 
test areas; use a sterilized implement to unseal or open the containers; take 10 ml and 1 ml of 
the solution; use these as the samples. 
 
b. Enterococci test method 

i) Presumptive test:  
Inoculate both the 10 ml and 1 ml samples into AC culture medium.  
When inoculating the 10 ml sample, use 10 ml of double-concentration AC culture 
medium. After cultivating the samples for 48 +/-3 hours at 35.0 +/-1.0°C, inspect for 
turbidity. If turbidity has occurred, the presumptive test is considered positive. 

 
ii) Confirmation test:  

Using a platinum loop, transplant a sample from the test tube yielding positive results 
in the preliminary test to a new AC culture medium; cultivate the samples for 48 +/-3 
hours at 45.0 +/-1.0°C and inspect for turbidity. If turbidity has occurred, the 
confirmation test is considered positive. 

 
iii) Conclusive test:  

Use a platinum loop to make a streak culture from the test tube yielding positive 
results in the preliminary test in a glucose agar medium, and cultivate an independent 
colony. After cultivation for 24 +/-2 hours at 35.0 +/-1.0°C, swab the independent colony 
and transfer it to a glucose broth; cultivate it for 24 +/-2 hours at 35.0 +/-1.0°C. 
Transfer samples of the colony to a glucose agar slant and a 6.5% sodium 
chloride-added glucose broth, and cultivate at 35.0 +/-1.0°C. After cultivating for 24 
+/-2 hours on the glucose agar slant, perform a catalase test on the bacilli that develop. 
If any bacilli yield negative results in the catalase test, perform a Gram stain 
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procedure, and a microscopic test. After cultivation for 48 +/-3 hours in the 6.5% 
sodium chloride-added glucose broth, inspect for turbidity. If the bacilli on the glucose 
agar slant are Gram-negative cocci and the samples show turbidity in the 6.5% sodium 
chloride-added glucose broth, the conclusive test is considered positive for coliform 
bacilli. 

 
<1> AC culture medium:  

Dissolve 20 g of peptone, 5 g of yeast extract, 5 g of glucose, 10 g of sodium citrate, 
5 g of sodium chloride, 4 g of dipotassium phosphate, 1.5 g of monobasic 
potassium phosphate and 0.25 g of sodium azide in 1,000 ml of purified water; 
sterilize the solution and adjust the pH to 7.0. Pour some of the solution into a 
test tube, and sterilize for 15 minutes at 121°C. 

 
<2> Glucose agar medium:  

Heat and dissolve 10 g of peptone, 3 g of yeast extract, 10 g of glucose, 5 g of 
sodium chloride and 15 g of agar in 1,000 ml of purified water; sterilize the 
solution and adjust the pH to 7.4. Sterilize for 15 minutes at 121°C. 

 
<3> Glucose broth: 

Dissolve 10 g of peptone, 5 g of meat extract, 10 g of glucose and 5 g of sodium 
chloride in 1,000 ml of purified water; sterilize the solution; adjust the pH to 7.0; 
pour some of the solution into a test tube, and sterilize for 15 minutes at 121°C. 

 
<4> Glucose agar slant:  

Heat and dissolve 10 g of peptone, 3 g of yeast extract, 5 g of glucose, 5 g of 
sodium chloride and 13 g of agar in 1,000 ml of purified water; sterilize the 
solution; adjust the pH to 7.4; pour some of the solution into a test tube, and 
sterilize for 15 minutes at 121°C. 

 
<5> 6.5% sodium chloride-added glucose broth:  

Dissolve 10 g of peptone, 5 g of meat extract, 10 g of glucose and 65 g of sodium 
chloride in 1,000 ml of purified water; sterilize the solution; adjust the pH to 7.0; 
pour some of the solution into a test tube, and sterilize for 15 minutes at 121°C. 

 
a. Green pus bacilli test method 

i) Presumptive test:  
Inoculate the 10 ml and 1 ml samples into separate containers of asparagine broth. 
When inoculating the 10 ml sample, use 10 ml of the asparagine broth at double the 
concentration. After cultivating the sample for 24 +/-2 hours at 35 +/-1 C, inspect for 
turbidity and also for fluorescence under an ultraviolet lamp with a long wavelength 
(365 nm). If turbidity or fluorescence is not found, continue the cultivation and observe 
up to 48 +/-3 hours. If turbidity or fluorescence is found, this is considered positive for 
the presumptive test. 
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ii) Confirmation test: 
Using a platinum loop, prepare a streak culture on a cetrimide agar medium using 
samples from the test tube yielding a positive result in the presumptive test, and 
cultivate independent colonies. After cultivating the colonies for 48 +/-3 hours at 35 
+/-1 C, swab the colonies that are green or reddish-brown in color, and transplant them 
to a regular agar slant. After cultivating the colonies for 24 +/-2 hours at 41.5 +/-0.5 C, 
observe whether bacilli have grown, and if they have, conduct an oxidase test. If a 
positive result is yielded in the oxidase test, perform a Gram stain procedure, and 
examine the results under a microscope. If the bacilli are Gram-negative 
nonspore-forming bacilli, the sample is considered positive for green pus bacilli. 

 
<1> Asparagine broth: 

Dissolve 3 g of DL-asparagine, 1 g of dipotassium phosphate and 0.5 g of 
magnesium sulfate in 1,000 ml of purified water, and after sterilizing the 
solution, adjust the pH to 6.9 to 7.2. Then pour part of the solution into a test 
tube, and sterilize for 15 minutes at 121 C. 

 
<2> Cetrimide agar medium: 

Heat and dissolve 20 g of peptone, 1.4 g of magnesium chloride, 10 g of 
magnesium sulfate, 0.3 g of cetrimide and 15 g of agar in 1,000 ml of purified 
water. After sterilizing the solution, adjust the pH to 7.0 to 7.4, and sterilize for 
15 minutes at 121 C. 

 
(6) For beverages made solely of apple juices and/or juiced fruit, the patulin content 

must not exceed 0.050 ppm.  
 
Use either the patulin test method described below or a test method recognized as having an 
equivalent or superior performance to test patulin content. 
 
a. Equipment 
A high-speed liquid chromatograph equipped with an ultraviolet spectrophotometer detector 
and a liquid chromatograph/mass spectrometer, or a gas chromatograph/mass spectrometer 
should be used. 
 
b. Agents and reagents 
Use agents and reagents listed in Part I: Foodstuff, Section C: Specific Food Items, Sub-section 
C17: Grains, Beans and Vegetables, Paragraph 2: Test Methods for Standards for Grains and 
Beans Component, Sub-paragraph (2): Agents and reagents in most cases. Exceptions are 
listed below. 

- Trimethylsilyl agent: Add ethyl acetate to 0.5 ml of N, O-bis (trimethylsilyl) 
trifluoroacetamide to total 20 ml. 

- Patulin control solution: Add ethyl acetate or acetonitrile to patulin, dissolve 
and prepare. 
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c. Standard product 
- Patulin: This product contains more than 98% patulin. 
- Melting point: The melting point of this product is 110 to 111 C. 

 
d. Preparation of sample solution 

i) Extraction 
Put 5 g of a test specimen (for a soft drink beverage that is diluted for consumption, 
this means a beverage that has been diluted with water by the prescribed percentage 
and is ready for consumption; for a concentrated fruit juice, it means reconstituting the 
juice to its original concentration) into a 30 to 50 ml test tube with a stopper, and add 
10 ml of ethyl acetate. After shaking vigorously for one minute, let the solution stand, 
and then transfer the ethyl acetate layer to another 30 to 50 ml test tube with stopper. 
Add 10 ml of ethyl acetate to the water layer in the original test tube and repeat the 
above process, removing the ethyl acetate layer to the second test tube. Repeat the 
entire process again. 

 
ii) Purification 

Add 2 ml of a 1.5% sodium carbonate solution to the solution extracted to the second 
test tube above i, and shake it vigorously for 10 to 20 seconds. Using a solution layer 
liquid-phase separation filter paper or a funnel in which about 10 g of sodium sulfate 
has been placed, filter the ethyl acetate layer into a vacuum concentrator. Add 5 ml of 
ethyl acetate to the remaining sodium carbonate layer, and after shaking vigorously for 
30 seconds, perform the same operations as above. Combine the filtrate with that 
already in the vacuum concentrator, and concentrate to about 2 ml at less than 40 C. 
Transfer to a glass test tube or vial. Next, wash the vacuum concentrator using a small 
amount of ethyl acetate, repeat the operations in which the filtrates are combined 
three times, and remove the ethyl acetate under a nitrogen air flow at less than 40 C. 
Add 1.0 ml of an ethyl acetate solution (pH 3.6 to 4.0) to the residue and dissolve, and 
after shaking vigorously, filter using a 0.45 m membrane filter. This is the sample 
solution. 
 
To use as a sample solution in the gas chromatograph/mass spectrometer, add 0.5 ml of 
the trimethylsilyl agent to the above residue, put the stopper in place, and after 
shaking, leave standing for 60 minutes at room temperature.  

 
e. Testing procedure 

i) Qualitative test 
Using a high-speed liquid chromatograph equipped with an ultraviolet 
spectrophotometer-type detector, perform the test under the following operating 
conditions. The test results must tally with the patulin control solution. 

 
Operating conditions 

- Column filler: An octadecylsilyl silica gel (with a particle size of 5 m) from 
the silanol group, which has been completely end-capped, must be used. 

- Column tube: A stainless steel tube with an inside diameter of 4.0 to 4.6 mm 
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and a length of 250 mm must be used. 
- Column temperature: 40 C 
- Detector: This must be operated on a wavelength of 276 or 290 nm. 
- Moving phase: A mixed solution of acetonitrile and water (ratio of 4:96) must 

be used. Adjust the flow rate so that the patulin will flow out in about 14 
minutes. 
 

ii) Quantitative test 
Based on the test results yielded under the same test conditions as the qualitative test 
i, perform a quantitative test using the peak height method or peak area method. 

 
iii) Verification test 

<1>When performing the test using a high-speed liquid chromatograph/mass 
spectrometer: 
Proceed with the liquid chromatograph/mass spectrometer analysis under the 
same test conditions as the qualitative test i). The test results must tally with 
the patulin control solution. If necessary, perform a quantitative test using the 
peak height method or peak area method. 

 
<2> When performing the test using a gas chromatograph/mass spectrometer: 

Perform the test under the following test conditions. With regard to the patulin 
control solution, the test results must tally with those obtained performing the 
same operations as with the sample solution used for the gas 
chromatograph/mass spectrometer analysis in Paragraph 4: Preparation of 
sample solution. If necessary, perform a quantitative test using the peak height 
method or peak area method. 

 
Test conditions 

- Column: A thin tube made of silicate glass with an inside diameter of 0.22 to 
0.25 mm and a length of 25 to 30 mm, and coated with 35% phenyl 
polysilphenylenesiloxane used for gas chromatography to a thickness of 0.25 
to 1.5 m, must be used. 

- Column temperature: Temperature must be maintained for 2 minutes at 
80 C, after which it must be raised by 10 C per minute. After it has reached 
150 C, it must be raised by 5 C per minute, and after it has reached 230 C, it 
must be maintained for 15 minutes. 

- Temperature of inlet through which sample solution is poured: 230 C 
- Pouring method: No splits  
- Detector: Must operate at 230 C. 
- Gas flow rate: Helium must be used as the carrier gas. Adjust the flow rate 

so that the patulin will flow out in about 14 minutes. 
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2. Production Standards for Soft Drink Beverages 
 
(1) Soft drink beverages other than mineral water, frozen fruit juice drinks (defined as 

frozen fruit juices or frozen concentrates of fruit juices and not the original juices 
of the fruits from which these beverages are made; hereafter the same), and soft 
drink beverages other than fruit juices used as raw materials for such. 

 
a. The fruits, vegetables and other raw materials used in the production of soft drink 

beverages must be fresh and other quality aspects must be excellent. Furthermore they 
must be thoroughly washed if necessary. 

 
b. The water used as the raw material must be water that is potable (defined as water 

supplied from a water supply for water supply businesses as stipulated in Section 2 Article 
3 of the Water Supply Law (No.177, 1957); water supplied from a dedicated water-supply 
system as specified in Section 6 of the same article; water supplied from a small dedicated 
water-supply system as specified in Section 7 of the same article; or water that is found to 
be compliant with the standards listed in Col. 2 of the table below by an inspection for the 
elements listed in Col. 1 using a method listed in Col. 2 of the same table; hereafter the 
same). 

 
Column 1 Column 2 Column 3 

Non-specific 
microorganisms 

The number of colonies 
formed in 1 ml of the test 
water must be 100 or less. 

Standard agar media method 

Coliform bacilli Must be not be detected. Lactose broth/brilliant green lactose 
bile broth method 

Cadmium Must be 0.01 mg/1 or less. Flameless atomic absorption 
spectrometry or inductively coupled 
plasma emission spectroscopic analysis 
(hereafter the "ICP method") 

Mercury Must be 0.0005 mg/1 or less. Reduction vaporization/atomic 
absorption  spectrometry 

Lead Must be 0.1 mg/1 or less. Flameless atomic absorption 
spectrometry  or  ICP method 

Arsenic Must be 0.05 mg/1 or less. Hydride generation/atomic absorption 
spectrometry or flameless atomic 
absorption  spectrometry 

Hexavalent 
chromium 

Must be 0.05 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Cyanide Must be 0.01 mg/1 or less. Absorption spectrophotometry 
Nitrate nitrogen 
and nitrite 
nitrogen 

Must be 10 mg/1 or less. Ion chromatography or absorption 
spectrophotometry 
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Fluorine Must be 0.8 mg/1 or less Ion chromatography or absorption 
spectrophotometry 

Organophosphorus Must be 0.1 mg/1 or less. Absorption spectrophotometry 

Zinc Must be 0.1 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Iron Must be 0.3 mg/1 or less. Flameless atomic absorption 
spectrophotometry, ICP method or 
absorption spectrophotometry 

Copper Must be 1.0 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Manganese Must be 0.3 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Chlorine ions Must be 200 mg/1 or less. Ion chromatography or titration 

Calcium, 
magnesium, etc. 
(hardness) 

Must be 300 mg/1 or less. Titration 

Evaporation 
residues 

Must be 500 mg/1 or less. Gravimetric method 

Anionic surface 
active agents 

Must be 0.5 mg/1 or less. Absorption spectrophotometry 

Phenols Must be 0.005 mg/1 or less as 
phenol. 

Absorption spectrophotometry 

Organic matter (in 
terms of the 
amount of 
potassium 
permanganate 
consumed)  

Must be 10 mg/1 or less. Titration 

pH level Must be within the 5.8 to 8.6 
range. 

Glass electrode method or colorimetric 
method 

Taste Must not be abnormal. Sensory method 
Odor Must not be abnormal. Sensory method 
Chromaticity Must be 5 degrees or less. Colorimetric method or transmitted 

light measurement method  

Turbidity Must be 2 degrees or less. Turbimetry, transmitted light 
measurement method or 
integrating-sphere electrophotometry 

 
c. The instruments to be used for production and the container packages must be washed 

using an appropriate method and also sterilized. However, this shall not apply to unused 
container packages that have been sterilized, or produced in a way that imparts a 
sterilizing effect, and that have been handled in a manner that precludes contamination 
before use. 
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d. Soft drink beverages must be either filled in the container packages and completely 

stoppered or sealed and then sterilized, or they must first be sterilized by a pasteurizer or 
other such unit equipped with a thermograph or first disinfected by a filter or other such 
unit and then filled automatically in the container packages, and after this must be 
completely stoppered or sealed. The following method shall be used for sterilization or 
disinfection. However, sterilization or disinfection is not required for soft drink beverages 
that have a carbon dioxide pressure inside the container packages of more than 98 kPa at 
20 C and that do not contain any plant or animal components. 

 
i)  Soft drink beverages with a pH of less than 4.0 must be sterilized by a method that 

heats the center for 10 minutes at a temperature 65 C or by a method of equal or 
better efficacy. 

 
ii)  Soft drink beverages with a pH or 4.0 or more (excluding soft drink beverages with 

pH 4.6 or more and a water activity in excess of 0.94) must be sterilized by a method 
that heats the center for 30 minutes at a temperature 85 C or by a method of equal 
or better efficacy. 

 
iii)  Soft drink beverages with a pH or 4.6 or more and a water activity in excess of 0.94 

must be sterilized by a method effective enough to destroy the microorganisms that 
originate in the raw materials, etc. and are present in the foods concerned, and that 
may possibly grow or by a method specified in "b" above. 

 
iv)  Soft drink beverages must be disinfected by a method effective enough to remove 

the microorganisms that originate in the raw materials, etc. and are present in the 
foods concerned, and that may possibly grow. 

 
e. Records of the sterilization temperatures and sterilization times applicable to the 

sterilization processes described in d. and records relating to the disinfection also described 
in d. must be kept for six months. 

 
f. When soft drink beverages are to be capped with paper tops, it must be done by capping 

machines. 
 
(2) Mineral waters 
 
a. The water used as the raw material must be water supplied from a water supply for water 

supply businesses as stipulated in Section 2 Article 3 of the Water Supply Law, water 
supplied from a dedicated water-supply system as specified in Section 6 of the same article, 
water from a small dedicated water-supply system as specified in Section 7 of the same 
article, or water that is found to be compliant with the standards listed in Col. 2 of the table 
below by the inspection for the elements listed in Col. 1 using a method listed in Col. 3 of 
the same table. 
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Column 1 Column 2 Column 3 
Non-specific 
microorganisms 

The number of colonies 
formed in 1 ml of the test 
water must be 100 or less. 

Standard agar media method 

Coliform bacilli Amount must be 
undetectable. 

Lactose broth/brilliant green lactose 
bile broth method 

Cadmium Must be 0.01 mg/1 or less. Flameless atomic absorption 
spectrometry or the ICP method 

Mercury Must be 0.0005 mg/1 or 
less. 

Reduction vaporization/atomic 
absorption spectrometry 

Selenium Must be 0.01 mg/1 or less. Hydride generation/atomic absorption 
spectrometry or flameless atomic 
absorption  spectrometry 

Lead Must be 0.05 mg/1 or less. Flameless atomic absorption 
spectrometry or ICP method 

Barium Must be 1 mg/1 or less. Flameless atomic absorption 
spectrometry or ICP method 

Arsenic Must be 0.05 mg/1 or less. Hydride generation/atomic absorption 
spectrometry or flameless atomic 
absorption spectrometry 

Hexavalent 
chromium 

Must be 0.05 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Cyanide Must be 0.01 mg/1 or less. Absorption pectrophotometry 
Nitrate nitrogen and 
nitrite nitrogen 

Must be 10 mg/1 or less. Ion chromatography or absorption 
spectrophotometry 

Fluorine Must be 2 mg/1 or less. Ion chromatography or absorption 
spectrophotometry 

Boron Must be 30 mg/1 or less as 
boric acid. 

ICP method or absorption 
spectrophotometry 

Zinc Must be 5 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Copper Must be 1 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Manganese Must be 2 mg/1 or less. Flameless atomic absorption 
spectrophotometry or ICP method 

Organic matter Must be 12 mg/1 or less in 
terms of the amount of 
potassium permanganate 
consumed 

Titration 

Sulfides Must be 0.05 mg/1 or less 
as hydrogen sulfide 

Absorption spectrophotometry 
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b. The instruments to be used for production and the container packages must be washed 
using an appropriate method and then sterilized. However, this shall not apply to unused 
container packages that have been previously sterilized or produced in a way that imparts 
a sterilizing effect, and that have been handled in a manner that precludes contamination 
before use. 

 
c. The containers should either first be filled with mineral water, completely stoppered or 

sealed and then sterilized; or they must first be sterilized by a pasteurizer or other such 
unit equipped with a thermograph or disinfected by a filter or other such unit and then 
filled automatically, and after this must be completely stoppered or sealed. They must be 
sterilized or disinfected to this end by a method that heats the center for 30 minutes at a 
temperature 85 C or by another method effective enough to destroy or remove the 
microorganisms that originate in the water or other raw materials and are present in the 
foods concerned and that may possibly grow. However, sterilization or disinfection is not 
required for mineral waters that have a carbon dioxide pressure inside the container of 
more than 98 kPa at 20 C or that are produced by a method complying with the following 
standard. 

 
i)  The water used as the raw material must be mineral water only, and after 

automatically filling the container with water taken directly from the spring source, 
it must be completely stoppered or sealed. 

 
ii)  The water used as the raw material must not be contaminated with pathogenic 

microbes, or contain organisms or substances that Could cause the water to be 
suspected of being contaminated with pathogenic microbes. 

 
iii)  The water used as the raw material must test negative for anaerobic 

sulfite-reducing sporeforming bacilli, enterococci and green pus bacilli, and the 
bacterial count per 1 ml must be 5 or less. The following methods shall be used to 
test for anaerobic sulfite-reducing sporeforming bacilli, enterococci, green pus 
bacilli and to determine the bacterial count. 

 
<1> Collecting the test specimens and preparing the samples 

Using a sterilized sampling instrument, aseptically collect a sample of the water 
used as the raw material and place it in a sterilized container for each test and 
count determination. This is the test specimen. After pouring 250 ml (or 100 ml 
to determine the bacterial count) of the test specimen (which, for the anaerobic 
sulfite-reducing sporeforming bacilli tests, must be heat-treated for 20 minutes 
at 70 C) into the funnel of a membrane filter unit and after suction filtration, 
wash the inside of the funnel two or three times using 20 to 30 ml of sterilized 
purified water before suction filtering again. After filtration, use sterilized 
tweezers to peel the membrane filter from the filter holder, and use this as the 
sample. 

 
Membrane filter unit: Use a unit whose funnel and filter holder have been 
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sterilized for 15 minutes at 121 C, and a 0.45 m membrane filter (or 0.22 m 
for testing for anaerobic sulfite-reducing sporeforming bacilli), and that has 
been sterilized ahead of time and washed in sterilized purified water. 

 
<2> Anaerobic sulfite-reducing sporeforming bacilli test method 

Tightly adhere the samples on an agar medium containing sulfite and ferrous in 
such a way that no air is included, and cultivate anaerobically for 48 +/-3 hours 
at 35.0 +/-1 C. Those samples on which black colonies grow are considered 
positive for anaerobic sulfite-reducing sporeforming bacilli. 

 
Agar medium containing sulfite and ferrous: For every 18 ml of the nutrient 
agar, add 1 ml of sodium sulfite solution (produced by dissolving 10 g of sodium 
sulfite in 100 ml of purified water) and 5 drops of ferrous sulfate solution 
(produced by dissolving 8 g of ferrous sulfate in 100 ml of purified water) to the 
nutrient agar immediately before plate preparation. 

 
<3> Coliform bacilli test method 

<a> Presumptive test: Tightly adhere the samples on a KF-chain coccus agar 
medium in such a way that no air is included, and cultivate for 48 +/-3 hours 
at 35.0 +/-1 C. Those samples on which light crimson to red colonies grow 
are considered positive for the presumptive test. 

 
<b> Confirmation test: Swab the light crimson to red colonies and culture on a 

bile/esculin/azide agar medium until independent colonies are generated. 
After cultivating for 48 +/-3 hours at 45.0 +/-1.0 C, swab the ocher to black 
colonies, and transplant them to a glucose agar slant. After cultivation for 24 
+/-2 hours at 35.0 +/-1.0 C, conduct a catalase test on the colonies that 
develop. For colonies yielding negative results in the catalase test, perform a 
Gram stain procedure, and examine under a microscope. If the colonies are 
Gram-positive cocci, the confirmation test is considered positive for coliform 
bacilli. 

 
KF-chain coccus agar medium: Heat and dissolve 10 g of peptone, 10 g of 
yeast extract, 5 g of sodium chloride, 10 g of sodium glycerophosphate, 20 g 
of maltose, 1 g of lactose, 0.4 g of sodium azide, 1 ml of bromocresol purple 
solution (produced by dissolving 15 g of bromocresol purple in 1,000 ml of 
ethanol) and 15 g of agar in 1,000 ml of purified water, and after boiling for 5 
minutes, cool until the temperature drops to between 50 and 60 C. After 
adding 10 ml of pre-prepared TTC solution (produced by dissolving 1 g of 2, 3, 
5-triphenyltetrazolium chloride in 100 ml of purified water and filtering 
through a 0.45 m membrane filter), adjust the pH to 7.2. 

 
Bile/esculin/azide agar medium: Heat and dissolve 20 g of peptone, 5 g of 
yeast extract, 10 g of powdered cow's bile, 5 g of sodium chloride, 1 g of 
esculin, 0.5 g of ferric ammonium citrate, 0.15 g of sodium azide and 15 g of 
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agar in 1,000 ml of purified water, and after sterilizing, adjust the pH to 7.0 
to 7.2, and sterilize for 15 minutes at 121 C. 

 
<4> Green pus bacilli test method 

<a> Presumptive test: Tightly adhere the samples on an mPA-B agar medium 
in such a way that no air is included, and cultivate for 48 +/-3 hours at 41.5 
+/-0.5 C. Those samples on which dark-brown or dark-green colonies have 
grown are considered positive for the presumptive test. 

 
<b> Confirmation test: Swab the dark-brown to dark-green colonies, transfer to 

a cetrimide agar medium, and culture until independent colonies develop. 
After cultivating for 48 +/-3 hours at 35.0 +/-1.0 C, swab the greenish or 
reddish-brown colonies, and transplant them to a regular agar slant. After 
cultivating the colonies for 24 +/-2 hours at 41.5 +/-0.5 C, observe whether 
the bacilli have grown, and if they have, conduct an oxidase test. If a positive 
result is yielded in the oxidase test, perform a Gram stain procedure, and 
examine under a microscope. If the bacilli are Gram-negative 
nonspore-forming bacilli, the sample is considered positive (green pus 
bacilli-positive) for the confirmation test. 

 
mPA-B agar medium: Heat and dissolve 5 g of L-lycine, 5 g of sodium 
chloride, 2 g of yeast extract, 5 g of sodium thiosulfate, 1.5 g of magnesium 
sulfate, 1.25 g of sucrose, 1.25 g of xylose, 1.25 g of lactose, 15 g of agar, 0.08 
g of phenol red and 0.8 g of ferric ammonium citrate in 1,000 ml of purified 
water, and after sterilization, adjust the pH to 7.0 to 7.2. Sterilize for 10 
minutes at 115 C, and cool until the temperature drops to between 50 and 
60 C. To this add 176.0 mg of sulfapyridine, 8.5 mg of kanamycin sulfate, 
37.0 mg of nalidixic acid and 150.0 mg of actidione. 

 
<5> Bacterial count (viable cell count) determination method 

Tightly adhere the samples on a standard agar medium in such a way that no 
air is included, cultivate for 24 +/-2 hours at 35.0 +/-1.0 C, and divide the 
number of colonies developed by 100 to obtain the bacterial count per 1 ml. 

 
iv)  Except for precipitation, filtering, aeration, addition of carbon dioxide or deaeration, 

nothing should be done to the water used as the raw material. 
 
v)  The facilities and equipment used for the processes from water sampling to filling 

the containers must be kept clean and hygienic so that the water used as the raw 
material will have no chance of becoming contaminated. 

 
vi)  The work from water sampling to filling the containers must be done cleanly and 

hygienically. 
 

vii)  The bacterial count per 1 ml of product immediately after the containers have been 
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filled may be no more than 20. The following method shall be used to determine the 
bacterial count (viable cell count). 

 
<1> Collecting the test specimens and preparing the samples 

Collect test specimens directly from the containers. Use cotton dipped in alcohol 
to wipe around the test areas before opening. Use a sterilized instrument to 
unseal the containers, open them or open the cans, and after pouring 100 ml of 
the liquid into the funnel of a membrane filter unit, proceed with suction 
filtration. Wash the inside of the funnel two or three times using 20 to 30 ml of 
sterilized purified water, and again proceed with suction filtration. After 
filtration, use sterilized tweezers to peel the membrane filter from the filter 
holder, and use this as the sample. 

 
<2> Bacterial count (viable cell count) determination method 

Determine this count using the bacterial count (viable cell count) determination 
method set forth in iii)-<5>. 

 
d. Records of the sterilization temperatures and sterilization times applicable to the 

sterilization processes described in c. or records relating to disinfection, and records 
relating to iii) and vii) in c. must be kept for six months. 

 
(3) Frozen fruit juice beverages 
 
a. The fruits used as raw materials for frozen fruit juice beverages must be wholesome and 

free from bruises, rottenness, blight, etc. 
 
b. They must be immersed in water, detergent, etc. to cause any foreign matter on their peels 

or skins to swell, then washed by brushing or another suitable method, and thoroughly 
rinsed. They must then be sterilized using a sodium chloride solution or another suitable 
bactericide, and thoroughly rinsed with water. 

 
c. The sterilized fruits must be handled hygienically to ensure that they will not become 

contaminated. 
 
d. Squeezed juices and squeezed fruit juices must be processed hygienically. 
 
e. The instruments to be used for production and the containers must be washed using an 

appropriate method and also sterilized. However, this shall not apply to unused container 
packages that have been previously sterilized or produced in a way that imparts a 
sterilizing effect and that have been handled in a way that precludes contamination before 
use. 

 
f. The following method must be used to sterilize or disinfect the squeezed fruit juices (with 

the exception of fruit juices that have been obtained using a hermetic, fully automatic 
squeezing machine). 
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i)  In sterilizing fruit juices with a pH below 4.0, the center must be heated for 10 

minutes at 65 C or a method that achieves an equivalent or better sterilization 
effect must be used. 

 
ii)  In sterilizing fruit juices with a pH of 4.0 or above, the center must be heated for 30 

minutes at 85 C or a method that achieves an equivalent or better sterilization 
effect must be used. 

 
iii)  The fruit juices must be sterilized using a method effective enough to destroy any 

microorganisms in the raw materials, etc. or in the foods concerned and that might 
possibly grow.  

 
g. Records of the sterilization temperatures and sterilization times applicable to the 

sterilization processes described in f. and records relating to the disinfection also described 
in f. must be kept for six months. 

 
h. Squeezed fruit juices must be added to containers automatically, and the packages must be 

sealed. 
 
i. No additives (with the exception of oxidation inhibitors) that are chemical compounds may 

be used. 
 
(4) Fruit juices used as raw materials 
 
a. The fruits used in the production of the fruit juices must be fresh and other aspects of 

quality must be excellent. They must be thoroughly washed if necessary. 
 
b. Squeezed juices and squeezed fruit juices must be processed hygienically. 
 
 
3. Storage Standards for Soft Drink Beverages 
 
(1) Soft drink beverages contained in glass bottles with caps made of paper must be stored at 

temperatures below 10 C. 
 
(2) Those soft drink beverages other than mineral waters, frozen fruit beverages and fruit 

juices used as raw materials that have a pH of 4.6 or above and a water activity exceeding 
0.94 and that have not been sterilized by a method effective enough to destroy the 
microorganisms which originate in the raw materials, etc. and are present in the foods 
concerned and which may possibly grow must be stored at temperatures below 10 C. 

 
(3) Frozen fruit beverages and frozen fruit juices used as raw materials must be stored at 

temperatures below -15 C. 
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(4) Fruit juices used as raw materials must be contained and stored in clean and hygienic 
container packages. 

 
 
4. Standards for soft drink beverages that are prepared and sold by the cup by 

automatic vending machines and equipment (hereafter defined as the fully 
automatic soft drink beverage preparation equipment) that automatically 
prepares the soft drink beverages using liquid raw materials in containers 

 
(1) The liquid raw materials from which the soft drink beverages are prepared must comply 

with the standards specified under Paragraph 1: Standards for Soft Drink Beverage 
Components; the powdered drink beverages or sugar used in the preparation of the soft 
drink beverages must comply with the standard specified under Part I: Foodstuffs, Section 
C: Specific Food Items, Sub-section C2: Powdered Drink Beverages, Paragraph 1: 
Standards for Powdered Drink Beverage Components; and the crushed ice also used in 
their preparation must comply with the standards specified under Part I: Foodstuffs, 
Section C: Specific Food Items, Sub-section C3: Crushed Ice, Paragraph 1: Standards for 
Crushed Ice Components. Furthermore, the water used in their preparation must be 
potable. 

 
(2) Before preparation, undiluted soft drink solution must be placed in transport equipment or 

containers that have been cleaned and sterilized using a suitable method; after the 
transport equipment or containers have been automatically filled, they must be securely 
stoppered or sealed, or similarly treated. However, this does not apply to undiluted soft 
drink solution that has already been sealed in unused transport equipment or containers 
that have been handled in such a way that precludes contamination before use. 

 
(3) The mixing, extraction, dissolution and diluting of undiluted soft drink solution and other 

solutions must be performed inside automatic cup vending machines or other fully 
automatic soft drink beverage preparation machines. However, this does not apply to fully 
automatic soft drink beverage preparation machines constructed to mix the solution 
externally. 

 
(4) The undiluted soft drink solution, water and other solutions used to prepare soft drinks 

through dissolution, extraction, dilution or mixing (hereafter defined as the liquids inside 
the apparatus) must be maintained at temperatures below 10°C or above 63°C inside 
automatic cup vending machines or fully automatic soft drink beverage preparation 
machines. However, this does not apply to soft drink beverages in transport equipment or 
containers that have been completely stoppered or sealed or subjected to similar treatment. 
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D-2 Powdered Drink Beverages 
 
1. Standards for Powdered Drink Beverage Components 
 
(1) The water in that the powdered drink beverage is to be dissolved for drinking must 

comply with Part I: Foodstuff, Section C: Specific Food Item, Sub-section C1: Soft 
Drink Beverage, Paragraph 1: Standards for Soft Drink Beverage Components, 
Sub-paragraphs (1) and (2). 

 
(2) Arsenic, lead or cadmium must not be present in detectable amounts. The tin 

content must not exceed 150.0 ppm. 
 
The following method is used to test for arsenic, lead, cadmium and tin. 
 
a. Preparation of sample solution 
Use the wet degradation method described in i) below or the dry incineration method 
described in ii) below to prepare the sample solution. When testing for arsenic, however, use 
only the wet degradation method. 
 

i) Wet degradation method 
Prepare a 100 g test sample (for a drink beverage that is diluted for drinking, use an 
amount equal to that obtained by dividing 100 g by the multiple by that the beverage is 
to be diluted), transfer it to a decomposition flask, add 30 ml of water to dissolve, then 
add 20 ml of nitric acid and 10 ml of sulfuric acid. While heating the solution, add nitric 
acid, 1 to 2 ml at a time, until the solution turns essentially colorless or light yellow. 
Cool the solution; once it has cooled, add 10 ml of water and 10 ml of ammonium 
oxalate solution, and heat until a white smoke appears around the neck of the flask. 
After cooling, add water to total 50 ml, and use this as the sample solution. Using 
water instead of the test sample, prepare a blank sample solution following the same 
steps. 

 
ii) Dry incineration method 

Take a 50 g test specimen (for a drink beverage that is diluted for drinking, use an 
amount equal to that obtained by dividing 50 g by the multiple by that the beverage is 
to be diluted) and heat it at 450 to 500°C until a nearly white ash is obtained. After 
cooling, gently add 5 ml of hydrochloric acid (1  2) and dissolve the ash-like material. 
Heat on a water bath until the liquid evaporates. After cooling, dissolve the specimen 
in enough 1 mol/l hydrochloric acid to make 25 ml of solution, and use this as the 
sample solution. Using water instead of the test specimen, prepare a blank sample 
solution following the same steps. 

 
b. Test methods for arsenic, lead, cadmium and tin 
The test method for arsenic is based that in Part I: Foodstuffs, Section C: Specific Food Items, 
Sub-section C1: Soft Drink Beverages, Paragraph 1: Standards for Soft Drink Beverage 
Components, Sub-paragraph (3)-b: Test methods for arsenic; the test methods for lead and 
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cadmium are based on those in Sub-paragraph (3)-c: Test methods for lead and cadmium; and 
the test method for tin is based on that in Sub-paragraph (3)-d: Test methods for tin. 
 
 
(3) For powdered drink beverages to that no lactic acid bacteria are added, tests for 

coliform bacilli must be negative, and the bacterial count must be no more than 
3,000 per 1 g of the test specimen. The following coliform bacilli test method and 
bacterial count (viable cell count) determination method must be used. 

 
a. Collecting the test specimens and preparing the samples 
Wipe the surfaces of the containers with cotton soaked with alcohol; use a sterilized 
implement to unseal the containers; place 10 g of the contents into an aseptically sterilized 
test jar; add a sterile phosphate buffer solution to total 100 ml; put the stopper in place (if the 
solution is carbonated, mix to release the carbon dioxide and then put the stopper in place); 
shake well, and use this as the test solution. 
 
b. Coliform bacilli test method 
Prepare samples from 10 ml and 1 ml of the stock solution as well as 1 ml each of a 10x diluted 
solution, and use these samples to test for coliform bacilli in accordance with the method 
under Part I: Foodstuffs, Section B: General Food Storage Standards, Paragraph 1, 
Sub-paragraph (2): Coliform Bacilli Test Method. 
 
c. Bacterial count (viable cell count) determination method 
Using the sample solution as well as 10x, 100x and 1,000x diluted solutions as test specimens, 
determine the bacterial count in accordance with Part I: Foodstuffs, Section C: Specific Food 
Items, Sub-section C3: Crushed Ice, Paragraph 1: Standards for Crushed Ice Components, 
Sub-paragraph 2-b: Bacterial Count (viable cell count) Determination Method. 
 
(4) For powdered drink beverages to which lactic acid bacteria have been added, 

tests for coliform bacilli must be negative, and the bacterial count (excluding the 
lactic acid bacteria count) must be no more than 3,000 per 1 g of the test 
specimen. 

 
The following methods shall be used to test for the coliform bacilli and determine the bacterial 
count to this end. 
 
a. Collecting test specimens and preparing the samples 
Follow the same procedure as in a. Collecting the test specimens and preparing the samples in 
(3). 
 
b. Coliform bacilli test method 
Test for coliform bacilli using the method described above in b. Coliform bacilli test method in 
(3). 
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c. Bacterial count (viable cell count; excluding lactic acid bacteria) determination method 
i)  Provide at least two sterilized petri dishes each for the sample solution as well as 

10x, 100x and 1,000x diluted solutions; place exactly 1 ml of each sample solution in 
the petri dishes using a sterilized pipette; heat and dissolve; add about 15 ml of 
glucose added agar medium with 1.0 g/ml penicillin G1 potassium added that has 
been kept at a temperature of 43 to 45°C; gently swirl the petri dishes to mix; allow 
to cool and solidify. Do not allow more than 20 minutes to elapse after placing the 
sample solutions in the petri dishes before adding the agar medium. 

 
Once the medium has solidified, place the samples upside down inside an incubator. 

 
Samples prepared by mixing 1 ml of diluted solution to that no sample solution was 
added with the medium are used as a control to verify that the petri dishes, dilution 
solutions and medium were in fact sterilized and handled perfectly. In addition, 
prepare samples by mixing the sample solution with a glucose added agar medium 
to that no penicillin G1 potassium was added as a control, and use them to verify 
that the lactic acid bacteria have been completely eliminated by the 1.0 g/ml 
penicillin G1 potassium. 
 
The petri dishes must have a diameter of 9 to 10 cm and a depth of 1.5 cm. 
 
The cultivation temperature must be set to 35°C (a 1°C margin either way is 
acceptable), and the cultivation time must be set to 24 hours (a 2-hour margin way 
is acceptable). 
 
Glucose-added agar medium with penicillin G1 potassium added: Dissolve 5 to 10 g 
of glucose in a small amount of water; to this add a 2.5 to 3% nutrient agar medium 
that has been heated and dissolved; mix; divide the medium and sterilize it for 15 
minutes at 121°C. The penicillin G1 potassium must be added to the medium and 
mixed immediately prior to the preparation of the petri dish. 

 
ii)  Provide at least two sterilized petri dishes each for the sample solution as well as 

10x, 100x and 1,000x diluted solutions; place exactly 1 ml of each sample solution in 
the petri dishes using a sterilized pipette; heat and dissolve; add about 15 ml of a 
plate count agar medium with added B.C.P. containing 4% sodium chloride that has 
been kept at a temperature of 43 to 45°C, gently swirl the petri dishes to mix; allow 
to cool and solidify. Do not allow more than 20 minutes to elapse after placing the 
sample solutions in the petri dishes before adding the agar medium. 
 
Once the medium has solidified, place the samples upside down, and cultivate for 24 
hours (a 2-hour margin either way is acceptable) at 35°C (a 1°C margin either way 
is acceptable). 
 
Prepare samples by mixing 1 ml of a diluted solution to that no sample solution was 
added with the medium to serve as a control, and verify that the petri dishes, 
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dilution solutions and medium were in fact sterilized and handled perfectly.  
 
The petri dishes must have a diameter of 9 to 10 cm and a depth of 1.5 cm. 
 
Plate count agar medium with added B.C.P. containing 4% sodium chloride: Add 2.5 
g of yeast extract, 5 g of peptone, 1 g of glucose, 40 g of sodium chloride and 15 g of 
powdered agar to 1,000 ml of water; heat and dissolve; adjust the pH to between 6.8 
and 7.0; add the B.C.P. in a 0.004 to 0.006% proportion and sterilize for 15 minutes 
at 121°C. 

 
iii) The number obtained by adding the bacterial count determined in the cultivation of 

i) to the bacterial count determined in the cultivation of ii) serves as the bacterial 
count. 

 
The method used to determine the bacterial count is based on c. Bacterial count 
(viable cell count) determination method in (3). 

 
 
2. Production Standards for Powdered Drink Beverages 
 
Powdered drink beverages must be kept in containers such as glass bottles or metal or 
composite resin containers (including containers made of paper or cellophane laminated with 
composite resin) that have been washed and dried using the appropriate methods, or they 
must be stored in metal or composite resin transport equipment that can be stoppered or 
sealed and can also be protected from dust, moisture and insects. However, containers that 
have been manufactured by a production method having the same effect as washing and those 
that have been handled in a manner preventing them from becoming contaminated before use 
need not be washed. 
 
 
3. Storage Standards for Powdered Drink Beverages Stored in Automatic Cup 

Vending Machines 
 
Powdered drink beverages that are stored in automatic cup vending machines must be stored 
after the action specified in 2 Production Standards for Powdered Drink Beverages has been 
taken. 
 
 
D-3 Crushed Ice 
 
1. Standards for Crushed Ice Components 
 
(1) Crushed ice must test negative for coliform bacilli, and the bacterial count in 1 ml 

of melted ice may be no more than 100. 
 

Appendix II - Pag. 129 of 306



 

40 
 

(2) The coliform bacilli test for crushed ice is performed under Part I: Foodstuffs, 
Section B: General Food Storage Standards, Paragraph 1, Sub-paragraph (2): 
Coliform Bacilli Test Method, and the bacterial count is determined as described 
below. 

 
a. Collecting the test specimens and preparing the samples 
Wash the test specimens thoroughly in sterilized distilled water; pour them into sterilized 
containers; shake the crushed ice at room temperature or in warm water at a temperature 
below 40°C to ensure that the ice is completely melted. Immediately prepare a sample solution, 
as well as 10x, 100x and 1,000x diluted solutions using the melted ice. 
 
b. Bacterial count (viable cell count) determination method 
Provide at least two sterilized petri dishes each for the sample solution as well as the 10x, 
100x and 1,000x diluted solutions to be used for the count; place exactly 1 ml of each sample 
solution in each petri dish using a sterilized pipette; heat and dissolve; add about 15 ml of 
standard agar medium that has been kept at a temperature of 43 to 45°C; gently swirl the 
petri dishes to mix; allow to cool and solidify. Do not allow more than 20 minutes to elapse 
after placing the sample solutions in the petri dishes before adding the agar medium. 
 
Once the medium has solidified, place the samples upside down inside an incubator. 
 
Prepare samples by mixing 1 ml of a diluted solution to that no sample solution was added 
with the medium to serve as a control, and verify that the petri dishes, dilution solutions and 
medium were in fact sterilized and handled perfectly. 
 
The petri dishes must have a diameter of 9 to 10 cm and a depth of 1.5 cm. 
 
Standard agar medium: Add 5.0 g of peptone, 2.5 g of yeast extract, 1.0 g of glucose, and 15.0 g 
of agar to 1,000 ml of purified water; heat and dissolve; sterilize under high pressure. The final 
pH must be between 7.0 and 7.2. 
 
The cultivation temperature must be set to 35°C (a 1°C margin either way is acceptable), and 
the cultivation time must be set to 24 hours (a 2-hour margin either way is acceptable). 
Remove the petri dishes from the incubators and calculate the number of bacterial colonies 
that have grown on the medium, using a magnifying glass with low magnification (1.5x) under 
artificial light, if possible. If the colonies cannot be calculated immediately after the 
cultivation time has elapsed, the sample may still be used to obtain this figure within 24 hours 
provided that the dishes are stored in a refrigerator at a temperature of 5 C. 
 
The bacterial count is calculated as follows. 
 

i) When there are 30 to 300 colonies on one plate 
Take plates on that 30 to 300 colonies have grown among the plates containing the 
solutions and diluted solutions to be examined, and determine the bacterial count. 
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ii) When there are more than 300 colonies on all the plates 
If the number of colonies exceeds 300 for all the diluted solutions examined, determine 
the bacterial count using the mass colony plate counting method described below for 
the most diluted solution. 

 
iii) When there are fewer than 30 colonies on all the plates 

If there are fewer than 30 colonies on all the plates, determine the bacterial count for 
the least diluted solution. If this is the case, however, "not more than" must be added to 
the number determined. 

 
iv) When the colonies are scattered 

If there are scattered colonies on the selected plate, determine the bacterial count for 
those colonies that meet the following conditions: 

 
<1> When the other colonies are well dispersed so that the presence of scattered 

colonies will not interfere with determining the bacterial count 
 

<2> When the scattered colonies cover less than one-half of the plate)  
 

v) Laboratory accidents (LA) 
The following types of special events are defined as laboratory accidents (LA). 

 
<1> When no colonies have developed 

 
<2> When the scattered colonies cover more than one-half of the plate 

 
<3> When there is clear evidence of contamination 

 
<4> When anything else is considered inappropriate 

 
vi) Calculation method  

The bacterial count is obtained by multiplying the mean number of colonies on two or 
more usable plates by the dilution strength. The two higher digits of the figure 
obtained are used as the significant number for an approximate calculation. 

 
vii) Mass colony plate counting method 

If the number of colonies on one plate marginally exceeds 300, count the number of 
colonies on one part of the plate as follows using a calculating board precisely 
partitioned into 1 cm2 sections. Use this count to calculate the number of colonies on 
the entire plate. 

 
<1> If the number of colonies in 1 cm2 is 10 or fewer, create two diameters passing 

through the center of the colony calculating board and at right angles to each 
other, divide the board into sections of 1 cm from the center, count the number 
of colonies in an area covering six sections, calculate the average number of 
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colonies per 1 cm2, and multiply this by the total surface area of the plate to 
determine the bacterial count. 

 
<2> If the number of colonies in 1 cm2 exceeds 10, count the number in an area 

covering four sections, and determine the bacterial count in the same way as for 
i) above. 

 
 
2. Production Standards for Crushed Ice 
 
The water used as the raw material for producing the crushed ice must be potable water. 
 
 
D-4 Frozen Confections 
 
1. Standards for Frozen Confection Components 
 
(1) Frozen confections must have a bacterial count (for frozen confections using 

fermented milk or lactic acid bacteria beverages as a raw material, the number of 
bacteria excluding lactic acid bacteria and yeast) of less than 10,000 per 1 ml of 
melted confection. 

 
(2) Frozen confections must test negative for coliform bacilli. 
 
(3) The following methods are used to test for the coliform bacilli in frozen confections 

and to determine the bacterial count. 
 
a. Collecting the test specimens and preparing the samples 
As judgment will be made as to whether component parts meet the relevant standards, 
samples must be taken using sterilized implements, aseptically placed into sterilized 
sampling bottles, and used within four hours. Until use, the samples should be kept or 
transferred at as constant a temperature as possible.  
 
Prepare the samples as follows. First, melt the test specimens in as short a period of time as 
possible at 40°C or below, and pour 10 ml into bottles with ground stoppers. To samples whose 
bacterial count (total viable cell count) is to be determined, add 90 ml of sterilized 
physiological saline solution to dilute the sample solution 10x. Further dilute in stages using 
sterilized physiological saline solution until 30 to 300 colonies can be cultured on a plate. To 
samples that are to be tested for coliform bacilli, add 90 ml of sterilized physiological saline 
solution to dilute the sample solution 10x. 
 
b. Bacterial count (viable cell count) determination method 
Provide at least two sterilized petri dishes for each sample; use a sterilized pipette to transfer 
1 ml of a sample into each petri dish; add approximately 15 ml of standard agar medium 
(defined as the medium specified in Part I: Foodstuffs, Section C: Specific Food Items, 
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Sub-section C3: Crushed Ice, Paragraph 1: Standards for Crushed Ice Component, 
Sub-paragraph 2-b: Bacterial Count (viable cell count) Determination Method) that has been 
preheated, dissolved and kept at a temperature of 43 to 45°C; gently swirl the petri dishes to 
mix; allow to cool and solidify. These steps must be completed within 20 minutes of placing the 
samples in the petri dishes. Once the medium has solidified, place the samples upside down in 
an incubator, and cultivate at 35°C (a 1°C margin either way is acceptable) for 48 hours (a 
3-hour margin either way is acceptable). Prepare control samples by mixing the same amount 
of the medium as was added to the samples with 1 ml of the sterilized physiological saline 
solution used to dilute the test specimen; swirl gently and follow the same steps as with the 
test samples; use them to verify that the petri dishes, sterilized physiological saline solution 
and medium were in fact sterilized and handled perfectly. 
 
The petri dishes must have a diameter of 9 to 10 cm and a depth of 1.5 cm. 
 
The bacterial count is calculated as follows. 
 
Using a colony calculator under a constant beam of light, determine the number of colonies for 
a sample with 30 to 300 colonies per plate (if there are no samples with 30 to 300 colonies per 
plate, use a sample whose scattered colonies cover less than one-half of the plate and whose 
other colonies are well dispersed so they will not interfere with determining the bacterial 
count); add the figure obtained by multiplying the dilution strength of the sample concerned 
by the value obtained by averaging out the number of colonies per plate for each sample with 
the same dilution strength; the value obtained by dividing the sum obtained by the number of 
types based on each dilution strength of the valid plates serves as the bacterial count. The 
following are considered laboratory accidents (LA). 

 
i)  When no colonies have developed 
 
ii)  When the scattered colonies cover more than one-half of the plate 
 
iii)  When there is clear evidence of contamination 
 
iv)  When anything else considered inappropriate 

 
c. Coliform bacilli test method 
Prepare at least two sterilized petri dishes, and use a sterilized pipette to transfer 1 ml of the 
sample to each dish; add approximately 10 to 15 ml of desoxycholate agar medium that has 
been preheated, dissolved and kept at a temperature of 43 to 45°C; gently swirl to mix; allow to 
cool and solidify. After the medium has solidified, add 3 to 4 ml of the same medium to the 
surface and allow to cool and solidify. These steps must be completed within 20 minutes of 
placing the samples in the petri dishes. 
 
Once the medium has solidified, turn the samples upside down; cultivate them at 35°C (a 1°C 
margin either way is acceptable) for 20 hours (a 2-hour margin either way is acceptable), and 
observe whether colonies have developed. Samples in that dark red colonies are discernible 
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are considered positive for the presumptive test; all other samples shall be considered 
negative. 
 
If the samples are positive for the presumptive test, swab representative cultures onto an 
EMB medium; after cultivation at 35°C (a 1°C margin either way is acceptable) for 24 hours (a 
2-hour margin either way is acceptable), swab the typical coliform bacillus colonies (if there 
are no typical colonies, two or more colonies resembling typical colonies), and transplant each 
to a lactose broth fermentation tube and agar slant (if colonies resembling typical colonies 
have been swabbed, then transplant each sample that has been swabbed from each colony to a 
separate tube and agar slant). 
 
Cultivate the bacilli at 35°C (a 1°C margin either way is acceptable) for 48 hours (a 3-hour 
margin either way is acceptable) when using the lactose broth fermentation tube or at 35°C (a 
1°C margin either way is acceptable) for 24 hours when using the agar slant. If gas generation 
is confirmed in the lactose broth fermentation tube, perform a microscopic test on bacilli 
cultivated on the corresponding agar slant, and if Gram-negative nonspore-forming bacilli are 
found, this is considered as coliform bacilli positive. 
 
The petri dishes must have a diameter of 9 to 10 cm and a depth of 1.5 cm. 
 
Desoxycholate agar medium: Heat and dissolve 10 g of peptone, 15 to 25 g of agar, 10 g of 
lactose, 5 g of common salt, 2 g of ferric ammonium citrate and 2 g of monopotassium 
phosphate in 1,000 ml of water; adjust the pH of the filtrate obtained after filtering the 
solution to between pH 7.3 and 7.5; add 1g of sodium desoxycholate and 33 mg of neutral red, 
and readjust the pH to 7.3 to 7.5. 
 
(1) The water used as the raw material for producing the frozen confections must be potable 

water. 
 
(2) The raw materials of the frozen confections (excluding fermented milk or lactic acid 

bacteria beverages) must be heated and sterilized at 68°C for 30 minutes or sterilized using 
a method that achieves an equivalent or better sterilization effect. 

 
(3) When removing frozen confections from freezing tubes, the water used to heat the outsides 

of the tubes must be potable running water. 
 
(4) When packing the frozen confections into containers, a packing machine must be used; and 

when capping the packages, a capping machine must be used. 
 
(5) Melted water from frozen confections may not be used as a raw material in frozen 

confections. However, this does not apply to water that has been heated and sterilized as in 
(2) above. 

 
(6) The frozen confection vessels and containers must be washed and sterilized using 

appropriate methods prior to use. However, this does not apply to already washed and 
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sterilized containers or to containers that have been produced in such a way that imparts a 
sterilizing effect and have been handled in a manner preventing them from becoming 
contaminated until use. 

 
(7) The containers used when storing frozen confections must be sterilized using appropriate 

methods. 
 
(8) The raw materials and products must be stored in covered containers, and neither the raw 

materials nor products may be touched directly while they are being handled. 
 
 
D-5 Meats and Whale Meat (with the exception of frozen 

whale meat to be eaten raw; hereafter the same in this 
section) 

 
1. Storage Standards for Meats and Whale Meat 
 
(1) Meats and whale meat must be stored at temperatures below 10°C. However, thinly-sliced 

frozen meats or whale meat that has been placed inside containers must be stored at 
temperatures below -15°C. 

 
(2) Meats and whale meat must be placed inside clean and hygienically covered containers or 

wrapped in clean and hygienic synthetic resin film, synthetic resin coated paper, 
parchment paper, paraffin paper or cloth for transportation. 

 
 
2. Preparation Standards for Meats and Whale Meat 
 
Meats and whale meat must be prepared in a hygienic location using clean and hygienic 
equipment. 
 
 
D-6 Edible Birds' Eggs 
 
1. Standards for Edible Birds' Egg Components 
 
(1) Sterilized liquid eggs (defined as the liquid eggs of chickens that have been sterilized; 

hereafter the same) must test negative for salmonella, using a 25 g test specimen. 
 
(2) The bacterial count of non-sterilized liquid eggs (defined as the liquid eggs of chickens 

other than sterilized liquid eggs; hereafter the same) must be under 1,000,000 per gram of 
test specimen. 

 
 

Appendix II - Pag. 135 of 306



 

46 
 

2. Production Standards for Edible Birds' Eggs (limited to the liquid eggs of 
chickens) 

 
(1) General standards 
 
The liquid eggs of chickens must be produced using a method that satisfies the following 
standards. 
 
a. The chicken eggs in their shells used for production (defined below as ingredient eggs) may 

not be eggs that are unfit for eating. 
 
b. The ingredient eggs must be handled after having been sorted into regular eggs, soiled-shell 

eggs, soft shell eggs and broken shell eggs. 
 
(2) Individual standards 
 
a. Sterilized liquid eggs 
Sterilized liquid eggs must be produced using a method that satisfies the following standards. 
 

i)  The soiled shell eggs, soft shell eggs and broken shell eggs used for production must 
be shelled, heated and sterilized within 24 hours of arrival (or within 72 hours of 
being stored at temperatures below 8°C). 

 
ii)  When regular eggs used for production are to be stored for more than 3 days after 

arrival, they must be stored at temperatures below 8°C, and they must be shelled as 
soon as possible. 

 
iii)  Soiled shell eggs used for production must be washed and sterilized using a sodium 

hypochlorite solution of 150 ppm or more, or they must be sterilized using a method 
that achieves an equivalent or better sterilization effect. 

 
iv)  When ingredient eggs are to be washed, they must be separated from soiled shell 

eggs, and then washed under potable running water immediately before they are 
shelled. 

 
v)  The eggs must be shelled and packed in one continuous integrated process. 
 
vi) Apparatus that is clean and easy to wash and sterilize must be used for breaking 

the eggs. 
 
vii)  When machinery is to be used to break the eggs, it must not be of the centrifugal 

separation or pressing/squeezing type. 
 
viii) The equipment used to break eggs (including the equipment used for filtering when 

egg shells are to be filtered out) must be cleaned and sterilized periodically, both 
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upon completion of work and while work is underway. 
 
ix)  If eggs unfit for eating have been shelled by mistake, the liquid eggs of chickens into 

which said eggs have been mixed must be immediately discarded, and the 
apparatus used to break the eggs must be washed and sterilized. 

 
x)  The liquid eggs of chickens prior to sterilization must be transferred promptly after 

breaking to a storage tank with cooling unit and cooled to temperatures below 8°C. 
However, this does not apply when they are sterilized immediately after breaking. 

 
xi)  When the liquid eggs of chickens prior to sterilization are to be stored for longer 

than 8 hours, they must be cooled promptly after breaking to temperatures below 
5°C.  

 
xii)  The liquid eggs of chickens must be heated and sterilized by one of the following 

methods or a method that achieves an equivalent or better sterilization effect. 
 

<1> When the liquid eggs of chickens (with the exception of sweetened or salted 
eggs; hereafter the same for <2>) are to be heated and sterilized using a 
continuous method, they must be heated and sterilized for at least 3 minutes 30 
seconds in accordance with the relevant category Column 1 of the table below 
and at the temperature given in Column 2 of the same table. 

 
Column 1 Column 2 

Whole eggs 60 C 
Egg yolks 61 C 
Egg whites 56 C 

 
<2> When the liquid eggs of chickens are to be heated and sterilized using a batch 

method, they must be heated and sterilized for at least 10 minutes in 
accordance with the category in Column 1 of the table below and at the 
temperature given in Column 2 of the same table. 

 
Column 1 Column 2 

Whole eggs 58 C 
Egg yolks 59 C 
Egg whites 54 C 

 
<3> When sweetened or salted liquid eggs of chickens are to be heated and sterilized, 

they must be heated and sterilized using a continuous method for at least 3 
minutes 30 seconds in accordance with the category in Column 1 of the table 
below and at the temperature given in Column 2 of the same table. 
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Column 1 Column 2 

Egg yolks to which 10% of salt has been added 63.5 C 
Egg yolks to which 10% of sugar has been added 63.0 C 
Egg yolks to which 20% of sugar has been added 65.0 C 
Egg yolks to which 30% of sugar has been added 68.0 C 
Whole eggs to which 20% sugar has been added 64.0 C 

 
xiii) After heating and sterilizing, the liquid eggs of chickens must be cooled to a 

temperature below 8 C. 
 
xiv) When the liquid eggs of chickens are to be packed into containers after cooling, they 

must be packed into sterilized containers and sealed immediately using a method 
that does not allow microbial contamination. 

 
b. Non-sterilized liquid eggs 
Non-sterilized liquid eggs must be produced using a method that satisfies the following 
standards. 
 

i)  The soiled shell eggs, soft shell eggs and broken shell eggs used for production must 
be shelled promptly after arrival. 

 
ii)  When regular eggs used for production are to be stored for more than 3 days after 

arrival, they must be stored at temperatures below 8 C, and they must be shelled as 
soon as possible. 

 
iii)  Soiled shell eggs used for production must be washed and sterilized using a sodium 

hypochlorite solution of 150 ppm or more, or they must be sterilized using a method 
that achieves an equivalent or better sterilization effect. 

 
iv)  When ingredient eggs are to be washed, they must be separated from soiled shell 

eggs and then washed under potable running water, immediately before they are 
shelled. 

 
v)  The equipment used for processes from breaking the eggs to packing them into 

containers must be cleaned and sterilized periodically before and after work, each 
time the ingredient eggs of one lot are processed or while work is underway. 

 
vi)  Apparatus that is clean and easy to wash and sterilize must be used for breaking 

the eggs. 
 
vii)  When machinery is to be used to break the eggs, it must not be of the centrifugal 

separation or pressing/squeezing type. 
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viii) If eggs unfit for eating have been shelled by mistake, the liquid eggs of chickens into 
which the eggs have been mixed must be immediately discarded, and the apparatus 
used to break the eggs must be washed and sterilized. 

 
ix)  The temperature must be controlled in such a way that the temperature of the 

liquid eggs of chickens does not rise beyond the appropriate level at any point in the 
processes, from breaking the eggs to packing them. 

 
x)  The liquid eggs of chickens must be cooled to temperatures below 8 C promptly 

after breaking. 
 
xi)  When the liquid eggs of chickens are to be packed into containers after cooling, they 

must be packed into sterilized containers and sealed immediately using a method 
that does not allow microbial contamination. 

 
 
3. Storage Standards for Edible Birds' Eggs (limited to the liquid eggs of 

chickens) 
 
(1) The liquid eggs of chickens must be stored at temperatures below 8 C (or below -15 C when 

the liquid eggs of chickens are frozen). 
 
(2) The equipment used to transport the products must be washed, sterilized and dried. 
 
(3) The tanks used to transport the products must be made of stainless steel, and they must be 

washed by a stationary washing unit and sterilized or washed and sterilized using a 
method that achieves an equivalent or better effect. 

 
 
4. Usage Standards for Edible Birds' Eggs (limited to the eggs of chickens in 

their shells) 
 
When supplying chicken eggs in their shells for eating or drinking without heating and 
sterilizing them, regular eggs for eating raw whose best-before date has not passed must be 
used. 
 
 
D-7 Blood, Blood Corpuscles and Blood Plasma 
 
1. Processing Standards for Blood Corpuscles and Blood Plasma 
 
(1) The blood used for processing (defined as blood used as the raw material; hereafter the 

same) must be cooled to temperatures below 4 C immediately after collecting, and after 
cooling, it must be kept at temperatures below 4 C. 
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(2) The blood used as the raw material must be very fresh, and its properties and condition 
must be normal. 

 
(3) The apparatus used for processing the blood must be washed and sterilized by the 

appropriate method. 
 
(4) The processing must be continuous and integrated. 
 
(5) Except for cases where it is heated and sterilized, the processing must be undertaken 

without the temperature of the blood corpuscles or blood plasma exceeding 10 C. 
 
(6) In the case of the freezing, this must be done in such a way that the temperature of the 

blood corpuscles or blood plasma will drop below -18 C promptly after separation. 
 
 
2. Storage Standards for Blood, Blood Corpuscles and Blood Plasma 
 
(1) Blood, blood corpuscles and blood plasma must be stored at temperatures below 4 C. 
 
(2) Frozen blood, blood corpuscles and blood plasma must be stored at temperatures below 

-18 C. 
 
(3) Blood, blood corpuscles and blood plasma must be packed and stored in clean and hygienic 

containers. 
 
 
D-8 Meat Products 
 
1. Standards for Meat Product Components 
 
(1) General standards 
 
Meat products may not contain nitrite radicals in any amount exceeding 0.070 g per 1 kg. 
 
(2) Individual standards 
 
a. Dried meat products (defined as meat products that have been dried and are sold as dried 

meat products; hereafter the same) must comply with the following standards. 
 

i)  The meat products must test negative for E. coli (defined as the kind of coliform 
bacilli that generate acids and gases after breaking down lactose when the bacilli 
has been cultivated for 24 hours at 44.5 C; hereafter the same). 

 
ii)  The water activity must be under 0.87. 

 

Appendix II - Pag. 140 of 306



 

51 
 

b. Unheated meat products (defined as meat products that is not heated and sterilized by a 
method in which the meat is, after pickled in salt, smoked, dried and heated for 30 minutes 
at a temperature of 63 C measured at the center, or a method that achieves an equivalent 
or better sterilizing effect, and that are sold as unheated meat products; however, dried 
meat products are excluded; hereafter the same) must comply with the following standards. 

 
i)  The E. coli count may be no more than 100 per 1 g of the test specimen. 
 
ii)  The staphylococcus aureus count may be no more than 1,000 per 1 g of the test 

specimen. 
 
iii) The products must test negative for salmonella (defined as Gram-negative 

nonspore-forming bacilli and facultative anaerobic bacteria with motility that test 
negative for acetoin, positive for lysine, positive for hydrogen sulfide and negative 
for ONPG, and that break down glucose but not lactose or saccharose; hereafter the 
same). 

 
c. Special heated meat products (defined as meat products that have been heated and 

sterilized using a method that heats the meat for 30 minutes at a temperature of 63 C at 
the center or a method that achieves an equivalent or better effect; however, dried meat 
products and unheated meat products are excluded; hereafter the same) must comply with 
the following standards. 

 
i)  The E. coli count may be no more than 100 per 1 g of the test specimen. 
 
ii)  The clostridial bacteria (defined as Gram-positive spore-forming bacilli and 

anaerobic bacteria that reduces sulfurous acid; hereafter the same) count may be no 
more than 1,000 per 1 g of the test specimen. 

 
iii)  The staphylococcus aureus count may be no more than 1,000 per 1 g of the test 

specimen. 
 
iv)  The products must test negative for salmonella. 

 
d. Those products among heated meat products (defined as meat products other than dried 

meat products, unheated meat products and special heated meat products; hereafter the 
same) that have been heated and sterilized after being packed into containers must comply 
with the following standards. 

 
i) The products must test negative for coliform bacilli. 
 
ii) The clostridial bacteria count may be no more than 1,000 per 1 g of the test specimen. 
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e. Those meat products among heated meat products that have been packed into containers 
after being heated and sterilized must comply with the following standards. 

 
i)  The products must test negative for E. coli. 
 
ii)  The clostridial bacteria count may be no more than 1,000 per 1 g of the test 

specimen. 
 
iii)  The products must test negative for salmonella. 
 
 

2. Production Standards for Meat Products 
 
(1) General standards 
 
Meat products must be produced using a method that complies with the following standards. 
 
a. The meat used as the raw material for production must be satisfactorily fresh and have 

minimal microbial contamination. 
 
b. Frozen meat used as the raw material for the production of meat products must be thawed 

out in a hygienic location. When water is used to thaw it out, potable running water must 
be used. 

 
c. The meat must be stored in clean and easy-to-wash impermeable containers made of metal, 

synthetic resin, etc. 
 
d. The number of spores per 1 g of spices, sugar and starch used for production of the meat 

products may be no more than 1,000. 
 
e. Clean apparatus that is easy to wash and sterilize must be used for production. 

 
(2) Individual standards 
 
a. Dried meat products 

Dried meat products must be produced using a method that complies with the 
following standards. 

 
i)  When smoking or drying meat, the temperature of the meat products must be kept 

at less than 20 C or more than 50 C, or the products must be kept under conditions 
that inhibit the growth of microorganisms to comparable or better levels, and it 
must be smoked or dried until the water activity is reduced to under 0.87. 

 
When smoking or drying products while keeping their temperature at more than 
50 C, the time during which the product temperature is above 20 C and below 50 C 

Appendix II - Pag. 142 of 306



 

53 
 

must be kept to a minimum. 
 
ii)  After smoking or drying, the products must be handled hygienically. 
 

b. Unheated meat products 
Unheated meat products must be produced using a method that complies with any of 
the following standards. 

 
i)  When the meat used as the raw material consists solely of lumps of meat (defined as 

lumps of meat only; no internal organs; hereafter the same) 
 

<1> The meat used as the raw material for production must be cooled to under 4 C 
within 24 hours after slaughter and stored at under 4 C after cooling, and its 
pH must be less than 6.0. 

 
<2> The frozen meat used as the raw material for production must be thawed out in 

such a way that its temperature does not rise above 10 C. 
 
<3> The trimming of the meat used as the raw material for production must be 

performed in such a way that its temperature does not rise above 10 C during 
the process. 

 
<4> When pickling the meat products in salt using sodium nitrite, one of the 

following methods must be used. 
 

<a> The meat in lump form must be pickled in salt using the dry curing method, 
saline solution method or manual injection method using a single needle 
(hereafter referred to as the single needle injection method) until the water 
activity is reduced to under 0.97 while keeping its temperature at less than 
5 C. However, the specification for the water activity does not apply to end 
products whose water activity is to be more than 0.95. 

 
When the dry curing method is used, the meat must be pickled in common 
salt, potassium chloride or a combination thereof that exceeds 6% of the 
weight of the meat, and more than 200 ppm of sodium nitrite; when the 
saline solution method or single needle injection method is used, it must be 
pickled in common salt, potassium chloride or a combination thereof that 
exceeds 15% of the weight of the meat, and more than 200 ppm of sodium 
nitrite. 

 
When the saline solution method is used, the meat must be sufficiently 
immersed in the salting solution. 

 
<b> To remove the salt from salted meat, potable water with a temperature 

under 5 C must be used, and the water must be changed during the removal. 
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<c> Smoking or drying of the meat must be done in lump form until the water 

activity is reduced to under 0.95 while keeping its temperature at less than 
20 C or more than 50 C. However, the specification for the water activity 
does not apply to end products whose water activity is to be more than 0.95. 

 
Furthermore, when smoking or drying meat while keeping its temperature at 

higher than 50 C, the time during which the product temperature is above 
20 C and below 50 C must be kept to the minimum. 

 
<5> When meat is to be pickled in salt without the use of sodium nitrite, the 

following method must be used. 
 

<a> The meat must be pickled in salt while in lump form using the dry curing 
method while keeping its temperature at less than 5 C by applying an 
adequate amount of common salt, potassium chloride or a combination 
thereof that exceeds 6% of the weight of the meat to all parts excluding the 
surface fat areas for at least 40 days. 

 
<b> To wash the surfaces of meat pickled in salt, chilled potable water must be 

used, and the water must be changed during washing. 
 
<c> Smoking or drying of the meat must be done in lump form while keeping its 

temperature at less than 20 C for at least 53 days until the water activity is 
reduced to under 0.95. 

 
<6> After smoking or drying, the products must be handled hygienically. 

 
ii)  When the meat used as the raw material is other than that consisting solely of 

lumps of meat 
 

<1> The frozen meat used as the raw material for production must be thawed out in 
such a way that its temperature does not rise above 10 C. 

 
<2> The trimming of the meat used as the raw material for production must be 

performed in such a way that its temperature does not rise above 10 C. 
 
<3> The meat used as the raw material for production must be cut in such a way 

that the diameter at its widest is less than 20 mm. 
 
<4> The meat must be pickled in salt using common salt, potassium chloride or a 

combination of the two that exceeds 3.3% of the weight of the meat (excluding 
the bones and fat), and more than 200 ppm of sodium nitrite. 

 
<5> To remove salt from salted meat, potable water at a temperature under 5 C 
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must be used, and the water must be changed during the removal. 
 
<6> Smoking or drying of the meat must be done for at least 20 days while keeping 

the product temperature at less than 20 C, until the pH is under 5.0 and the 
water activity is reduced to under 0.91 (or a pH of under 5.4 and a water 
activity of under 0.91 when smoking or drying meat at a product temperature 
exceeding 15 C) or until the pH is under 5.3 and the water activity is reduced to 
under 0.96. However, meat stored at room temperature must be smoked or 
dried until the pH is under 4.6, or the pH is under 5.1 and the water activity is 
reduced to under 0.93. 

 
<7> In the cases described in <a> through <c> below, the use of common salt, 

potassium chloride or a combination thereof in <4> and the smoking or drying 
period in <6> do not apply. 

 
<a> When producing meat products consisting of meat as the raw material that 

has been frozen at the center as specified in Column 1 of the following table 
for the period specified in Column 3 in accordance with the temperatures 
specified in Column 2 or that has been frozen using a method that achieves 
an equivalent or better effect 

 
Column 1 Column 2 Column 3 

Meat that is less than 
150 mm thick 

Temperatures less than -29 C 6 days 
Temperatures above -29 C but less than -24 C 10 days 
Temperatures above -24 C but less than -15 C 20 days 

Meat that is more 
than 150 mm but less 
than 675 mm thick 

Temperatures less than -29 C 12 days 
Temperatures above -29 C but less than -24 C 20 days 
Temperatures above -24 C but less than -15 C 30 days 

 
<b> When producing meat products consisting of meat as the raw material that 

has been heated at the center for the time specified in Column 2 in 
accordance with the temperatures specified in Column 1 or that has been 
heated using a method that achieves an equivalent or better effect 
(applicable only when the time during which the meat temperature exceeds 
20 C and is below 50 C is less than 120 minutes) 
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Column 1 Column 2 

50 C 580 minutes 
51 C 300 minutes 
52 C 155 minutes 
53 C 79 minutes 
54 C 41 minutes 
55 C 21 minutes 
56 C 11 minutes 
57 C 6 minutes 
58 C 3 minutes 
59 C 2 minutes 
60 C 1 minute 
63 C One instant 

 
<c> When producing meat products in such a way that their water activity is 

reduced to under 0.91 
 

<8> After smoking or drying, the products must be handled hygienically. 
 
c. Special heated meat products 
Special heated meat products must be produced using a method that complies with the 
following standards. 
 

i)  The meat used as the raw material for production must be cooled to below 4 C 
within 24 hours after slaughter and stored in lumps at below 4 C after cooling, and 
its pH must be less than 6.0. 

 
ii)  The frozen meat used as the raw material for production must be thawed in such a 

way that its temperature does not rise above 10 C. 
 
iii)  The trimming of the meat used as the raw material for production must be 

performed in such a way that its temperature does not rise above 10 C. 
 
iv)  When meat is to be pickled in salt, it must be done in lump form using the dry 

curing method or saline solution method. 
 
v)  To remove salt from salted meat, potable water at a temperature below 5 C must be 

used, and the water must be changed during the removal. 
 
vi)  When seasonings, etc. are to be used in production, they must be applied only to the 

surfaces of the meat. 
 

vii)  The meat must be sterilized in lump form by heating for the period specified in 
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Column 2 of the following table in accordance with the temperatures specified in 
Column 1 as measured at the center or using a method that achieves an equivalent 
or better effect. For this process, the time during which the product temperature 
exceeds 35 C and is below 52 C must be less than 170 minutes. 

 
 

Column 1 Column 2 
55 C 97 minutes 
56 C 64 minutes 
57 C 43 minutes 
58 C 28 minutes 
59 C 19 minutes 
60 C 12 minutes 
61 C 9 minutes 
62 C 6 minutes 
63 C Split-second 

 
viii) After heating and sterilizing, the products must be sufficiently cooled in a hygienic 

location. In this process, the time during which the product temperature exceeds 
25 C and is below 55 C must be less than 200 minutes. When using water for 
cooling, potable running water must be used. 

 
ix)  After cooling, the products must be handled hygienically. 

 
d. Heated meat products 
Heated meat products must be produced using a method that complies with the following 
standards. 

 
i)  The products must be sterilized using a method that heats them for 30 minutes at a 

temperature of 63 C as measured at the center or a method that achieves an 
equivalent or better effect (for products containing fish that are sterilized after 
having been packed in air-tight containers, a method that heats them for 20 
minutes at a temperature of 80 C as measured at the center or a method that 
achieves an equivalent or better effect). 

 
ii)  After heating and sterilizing, the products must be sufficiently cooled in a hygienic 

location. When using water, potable running water must be used. 
 
iii)  Products that have been packed in containers after heating and sterilizing must be 

handled hygienically after being cooled. 
 
e. When meat products are to be produced after pickling in salt, smoking, drying or sterilizing 

using a method other than one that is specified in a., b., c. or d. of (2) in this item or when 
meat products that have been pickled in salt, smoked, dried or sterilized using a method 
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other than one that is specified in a., b., c. or d. of (2) in this item are to be imported, 
permission must be obtained from the Ministry of Health, Labor and Welfare. 

 
 
3. Storage Standards for Meat Products 
 
(1) General standards 
 
a. Frozen meat products (defined as meat products that are to be sold as frozen meat products) 

must be stored at temperatures below -15 C. 
 
b. The products must be placed inside clean and hygienic containers and sealed or capped, or 

they must be wrapped in clean and hygienic synthetic resin film, synthetic resin-coated 
paper, parchment paper or paraffin paper for transportation. 

 
(2) Individual standards 
 
a. Unheated meat products 
Unheated meat products must be stored at temperatures below 10 C (or below 4 C for 
products in which the meat used as the raw material consists solely of lumps of meat and 
whose water activity is more than 0.95). However, this does not apply to products in which the 
meat used as the raw material is other than that consisting solely of lumps of meat that have a 
pH of under 4.6 or a pH of under 5.1 and a water activity less than 0.93. 
 
b. Special heated meat products 
Special heated meat products with a water activity of more than 0.95 must be stored at 
temperatures below 4 C, but those with a water activity of under 0.95 must be stored at 
temperatures below 10 C. 
 
c. Heated meat products 
Heated meat products must be stored at temperatures below 10 C. However, this does not 
apply to products that, after having been packed into air-tight containers, have been sterilized 
using a method that heats them for 4 minutes at a temperature of 120 C as measured at the 
center or a method that achieves an equivalent or better effect. 
 
 
D-9 Whale Meat Products 
 
1. Standards for Whale Meat Product Components  
 
(1) Whale meat products must test negative for coliform bacilli. 
 
(2) Whale meat bacon must not contain nitrite radicals in any amount exceeding 0.070 g per 1 

kg. 
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2. Production Standards for Whale Meat Products 
 
Whale meat products must be produced using a method that complies with the following 
standards. 
 
(1) The whale meat used as the raw material for production must be satisfactorily fresh and 

have minimal microbial contamination. 
 
(2) Frozen whale meat used as the raw material for production must be thawed out in a 

hygienic location. When water is used to thaw it out, potable running water must be used. 
 
(3) The whale meat must be stored in clean and easy-to-wash impermeable containers made of 

metal, synthetic resin, etc. 
 
(4) The number of spores must be no more than 1,000 per 1g of the spices, sugar and starch 

used for production. 
 
(5) Clean apparatus that is easy to wash and sterilize must be used for production. 
 
(6) The products must be sterilized using a method that heats them for 30 minutes at a 

temperature of 63 C as measured at their center areas or a method that achieves an 
equivalent or better effect. 

 
(7) After heating and sterilizing, the products must be left to cool sufficiently in a hygienic 

location. When water is to be used to this end, potable running water or water must be 
used. 

 
3. Storage Standards for Whale Meat Products 
 
(1) Whale meat products must be stored at temperatures below 10 C (or below -15 C for frozen 

whale meat products (defined as whale meat products to be sold as frozen whale meat 
products). However, this does not apply to products that, after having been filled into 
air-tight containers, have been sterilized using a method that heats them for 4 minutes at 
a temperature of 120 C as measured at their center areas or a method that achieves an 
equivalent or better effect. 

 
(2) The products must be placed inside clean and hygienic containers and sealed or cased or 

they must be wrapped in clean and hygienic synthetic resin film, synthetic resin coated 
paper, parchment paper or paraffin paper for transportation. 
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D-10 Fish-paste Products 
 
 
1. Standards for Fish-Paste Product Components 
 
(1) Fish-paste products (excluding ground fish) must test negative for coliform bacilli. 
 
(2) Fish sausages and fish ham may not contain silver nitrite in any amount exceeding 0.05 g 

per 1 kg. 
 
 
2. Production Standards for Fish-Paste Products 
 

(1) The fish used for production must be satisfactorily fresh. 
 
(2) The fish used for production must be thoroughly washed prior to processing, and must be 

stored in clean and easy-to-wash impermeable containers made of metal, synthetic resin, 
etc. 

 
(3) Clean preparation apparatus must be used for the filleting, and the filleted dressed fish 

meat must be stored in special-purpose, clean and easy-to-wash impermeable containers 
made of metal, synthetic resin, etc. 

 
(4) When the dressed fish meat is to be soaked and rinsed, chilled and sanitary water must be 

used, and the water must be changed sufficiently. 
 
(5) Frozen fish meat used as the raw material for production must be thawed out in a hygienic 

location. When water is used to thaw it out, sanitary running water must be used. 
 
(6) The number of spores must be no more than 1,000 per 1 g of the sugar, starch and spices 

used for production. 
 
(7) Clean apparatus that is easy to wash and sterilize must be used for production. 
 
(8) Fish sausages and fish ham must be sterilized using a method that heats them for 45 

minutes at a temperature of 80 C as measured at the center, or a method that achieves an 
equivalent or better effect; specially wrapped "kamaboko" (white fish meat made into a 
seasoned paste and steamed) must be sterilized using a method that heats it for 20 
minutes at a temperature of 80 C as measured at the center, or a method that achieves an 
equivalent or better effect; and other fish-paste products must be sterilized using a method 
that heats them at a steady temperature of 75 C as measured at the center, or a method 
that achieves an equivalent or better effect. However, this does not apply to ground fish. 

 
(9) After heating and sterilizing, the products must be left to cool sufficiently in a hygienic 
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location. When water is to be used for the purposes of cooling, potable running water or 
water containing at least 1.0 ppm of free residual chlorine must be used, and the water 
must be changed constantly. 

 
 
3. Storage Standards for Fish-Paste Products 
 
(1) Fish sausages, fish ham and specially wrapped "kamaboko" must be stored at 

tempera-tures below 10 C. However, this does not apply to products that, after having 
been packed into air-tight containers, have been sterilized using a method that heats them 
for 4 minutes at a temperature of 120 C as measured at the center, or a method that 
achieves an equivalent or better effect, or to products whose pH (defined as the pH 
obtained for part of a product chopped into small pieces to ten times the amount of purified 
water has been added, and the whole then ground finely) is less than 4.6 or whose water 
activity is below 0.94. 

 
(2) Frozen fish-paste products must be stored at temperatures below -15 C. 
 
(3) The products must be cased cleanly and hygienically or they must be placed inside clean 

and hygienic covered containers or wrapped in clean and hygienic synthetic resin film, 
synthetic resin- coated paper, parchment paper or paraffin paper for transportation. 

 
 
D-11 Salmon Roe and Cod Roe (defined as the ovaries of 

walleye or pollack preserved in salt; hereafter the same 
in this section) 

 
1. Standards for Salmon Roe and Cod Roe Components  
 
Salmon roe and cod roe may not contain silver nitrite radicals in any amount exceeding 0.005 
g per 1 kg. 
 
 
D-12 Boiled Octopus 
 
1. Standards for Boiled Octopus Components 
 
(1) Boiled octopus must test negative for vibrio parahaemolyticus. The following 

method shall be used to test for this. 
 
a. Collecting the test specimens and preparing the samples 
Use sterilized apparatus to collect 25 g at random from boiled octopus sliced into thin pieces in 
a polyethylene bag used for stomaching; add 225 ml of alkaline peptone broth; proceed with 
stomaching for approximately 30 seconds to one minute; and use the result as the test sample. 
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Alkaline peptone broth: Dissolve 10 g of peptone and 20 g of sodium chloride in 500 ml of 
purified water; to this add about 1 mol/l sodium hydroxide solution; adjust the pH to 8.6; add 
more purified water to total 1,000 ml; and proceed with autoclaving. Same as for Part I: 
Foodstuffs, Section C: Specific Food Items, Sub-section C14: Fresh Fish and Shellfish to be 
Eaten Raw, Paragraph 1: Standards for Components of Fresh Fish and Shellfish to be Eaten 
Raw (limited to fresh fish or shellfish (excluding raw oysters) that has been sliced or shucked 
and that is to be eaten raw (excluding fresh fish or shellfish that has been frozen)); hereafter 
the same), Sub-paragraph b-i)  
 
b. Cultivating the samples and testing for vibrio parahaemolyticus 

i)  Transfer the samples to a container; use a constant-temperature bath for cultivation 
overnight at 37 C; use a platinum loop to smear a sample from the container onto 
the TCBS agar medium; cultivate overnight at 37 C; identify the colonies on the 
medium, which are presumed to be vibrio parahaemolyticus. 

 
TCBS agar medium: Heat and dissolve 5 g of yeast extract, 10 g of peptone, 20 g of 
saccharose, 10 g of sodium hyposulfite, 10 g of sodium citrate, 3 g of sodium cholate, 
5 g of cow's bile powder, 10 g of sodium chloride, 1 g of ferric citrate, 40 mg of 
bromthymol blue, 40 mg of thymol blue and 15 g of agar in purified water; add about 
1 mol/l sodium hydroxide solution, adjust the pH to between 8.5 and 8.7; add more 
purified water to total 1,000 ml; heat and dissolve. Same as for Part I: Foodstuffs, 
Section C: Specific Food Items, Sub-section C14: Fresh Fish and Shellfish to be 
Eaten Raw, Paragraph 1: Standards for Components of Fresh Fish and Shellfish to 
be Eaten Raw (limited to fresh fish or shellfish (excluding raw oysters) that has 
been sliced or shucked and that is to be eaten raw (excluding fresh fish or shellfish 
that has been frozen)); hereafter the same), Sub-paragraph b-i) 

 
ii)  Proceed using a method with equivalent or better performance than that in i) 

 
(2) Frozen boiled octopus may have a bacterial count (viable cell count) of no more 

than 100,000 per 1 g of the test specimen, and it must test negative for coliform 
bacilli. The methods used to determine the bacterial count (viable cell count) and 
test for coliform bacilli are specified under Part I: Foodstuffs, Section C: Specific 
Food Items, Sub-section C21: Frozen Foods, Paragraph 1: Standards for Frozen 
Food Components (limited to produced or processed food (excluding soft drink 
beverages, meat products, whale meat products, fish-paste products, boiled 
octopus and boiled crab; hereafter the same in this section) and fresh fish or 
shellfish (excluding raw oysters; hereafter the same in this section) that have been 
sliced or shucked and have been frozen and in both cases packed into containers; 
hereafter the same in this section), Sub-paragraph (1)-a, b and c. 

 
 
2. Processing Standards for Boiled Octopus 
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(1) The octopus used for processing must be satisfactorily fresh. 
 
(2) The water used for the processing must be potable water, sterilized seawater or artificial 

seawater prepared using potable water. 
 
(3) After the octopus has been boiled, it must be promptly and sufficiently cooled using potable 

water, sterilized seawater or artificial seawater prepared using potable water. 
 
(4) After cooling, the boiled octopus must be packed in clean and easy-to-wash impermeable 

covered containers made of metal, synthetic resin, etc. 
 
 
3. Storage Standards for Boiled Octopus 
 
(1) Boiled octopus must be stored at temperatures below 10 C. Frozen boiled octopus must be 

stored at temperatures below -15 C. 
 
(2) The boiled octopus must be packed into clean and hygienic covered containers or wrapped 

in clean and hygienic synthetic resin film, synthetic resin-coated paper, parchment paper 
or paraffin paper for transportation. 

 
 
D-13 Boiled Crab 
 
1. Standards for Boiled Crab Components 
 
(1) Boiled crab (limited to boiled crab that does not need to be heated when consumed; 

hereafter the same in (1) below) must test negative for vibrio parahaemolyticus. The 
following method is used to test for vibrio parahaemolyticus. 

 
a. Collecting the test specimens and preparing the samples 
For boiled crab that is to be sold as meat stripped from the shell, use sterilized apparatus to 
collect 25 g at random from boiled crab sliced into thin pieces in a polyethylene bag used for 
stomaching, and use this as the test sample. 
 
For boiled crab that is to be sold in its shell, first disinfect the surface of the shell using cotton 
dipped in alcohol; using a sterilized apparatus, remove the crab from the shell, slice the crab 
into thin pieces; collect 25 g at random from these pieces in a polyethylene bag used for 
stomaching; and use this as the test sample. 
 
The samples must be prepared as specified under Part I: Foodstuffs, Section C: Specific Food 
Items, Sub-section C12: Boiled Octopus, Paragraph 1: Standards for Boiled Octopus 
Components, Sub-paragraph (1)-a.  
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b. Cultivating the samples and testing for vibrio parahaemolyticus 
The samples must be cultivated and tested for vibrio parahaemolyticus as specified under Part 
I: Foodstuffs, Section C: Specific Food Items, Sub-section C12: Boiled Octopus, Paragraph 1: 
Standards for Boiled Octopus Components, Sub-paragraph (1)-b (2) Frozen boiled crab may 
have a bacterial count (viable cell count) of no more than 100,000 per 1 g of test specimen, and 
it must test negative for coliform bacilli. The methods used to determine the bacterial count 
(viable cell count) and test for coliform bacilli are specified Part I: Foodstuffs, Section C: 
Specific Food Items, Sub-section C21: Frozen Foods, Paragraph 1: Standards for Frozen Food 
Components (limited to produced or processed food (excluding soft drink beverages, meat 
products, whale meat products, fish-paste products, boiled octopus and boiled crab; hereafter 
the same in this section) and fresh fish or shellfish (excluding raw oysters; hereafter the same 
in this section) that have been sliced or shucked and have been frozen and in both cases 
packed into containers; hereafter the same in this section), Sub-paragraph (1)-a, b and c. 
 
 
2. Processing Standards for Boiled Crab (excluding boiled crab that must be 

heated before consumption and that is not frozen) 
 
(1) The crab used for processing must be satisfactorily fresh. 
 
(2) The water used for processing must be potable water, sterilized seawater or artificial 

seawater prepared using potable water. 
 
(3) When the crab is to be heated, it must be heated using a method that heats it for 1 minute 

at a temperature of 70 C as measured at the center, or a method that achieves an 
equivalent or better effect. 

 
(4) After the crab has been heated, it must be promptly and sufficiently cooled using potable 

water, sterilized seawater or artificial seawater prepared using potable water. In cooling 
the crab, measures to prevent recontamination from the raw materials, etc. (defined in this 
section as secondary contamination prevention measures) must be instituted. 

 
(5) After cooling, secondary contamination prevention measures must be instituted for the 

boiled crab by placing the crab into clean and easy-to-wash impermeable containers or by a 
method that achieves an equivalent or better effect. 

 
3. Storage Standards for Boiled Crab 
 
(1) Boiled crab (limited to boiled crab that does not need to be heated before consumption and 

that is not frozen) must be stored at temperatures below 10 C. 
 
(2) Frozen boiled crab must be stored at temperatures below -15 C. 
 
(3) The boiled crab (excluding boiled crab that needs to be heated before consumption and that 

is not frozen) must be packed into clean and hygienic containers for storage. However, this 
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does not apply in cases where secondary contamination prevention measures are instituted 
before the boiled crab is put on sale). 

 
 
D-14 Fresh Fish and Shellfish to be Eaten Raw 
 
1. Standards for Components of Fresh Fish and Shellfish to be Eaten Raw 

(limited to fresh fish or shellfish (excluding raw oysters) that has been sliced 
or shucked and that is to be eaten raw (excluding fresh fish or shellfish that 
has been frozen)); hereafter the same). The most probable number of vibrio 
parahaemolyticus may be no more than 100 per 1 g of the test specimen. The 
following method is used to determine the most probable number. 

 
a. Collecting the test specimens and preparing the samples 
Use sterilized apparatus to collect 25 g at random from thinly sliced fish or shellfish in a 
polyethylene bag used for stomaching; add 225 ml of diluted phosphate buffer solution (with 
3% common salt); proceed with stomaching for approximately 30 seconds to one minute; 
prepare a 10x diluted solution of the test specimen and use this as one of the sample solutions. 
Next, add 9 ml of the diluted phosphate buffer solution (with 3% common salt) to 1 ml of the 
10x diluted solution to create a 100x diluted sample solution; use this as one of the samples. If 
necessary, also prepare serial diluted solutions of the test specimen as specified for the method 
used to prepare the 100x diluted solution, and use them as samples. 
Diluted phosphate buffer solution (with 3% common salt): Add 3% common salt to the diluted 
phosphate buffer solution as specified under Part I: Foodstuffs, Section C: Specific Food Items, 
Sub-section C15: Oysters to be Eaten Raw, Paragraph 1: Standards for Components of Oysters 
to be Eaten Raw, Sub-paragraph (3)-a.  
 
b. Calculating the most probable number of vibrio parahaemolyticus 

i)  Place 1 ml of 10x, 1 ml of 100x and 0.1 ml of the 100x diluted solutions of the test 
specimen each into three test tubes containing 10 ml of alkaline peptone broth, and 
use a constant-temperature bath for cultivation overnight at 37 C. After using 
platinum loops to smear samples from each test tube onto TCBS agar medium and 
cultivating overnight at 37 C, identify the colonies on the medium, which are 
presumed to be vibrio parahaemolyticus, and calculate the most probable number 
from the table below in accordance with the number of positive test tubes whose 
solutions were diluted in stages. 
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Table of most probable numbers 
No. of 
positive 
test 
tubes 

Coefficient No. of 
positive 
test 
tubes 

Coefficient 

No. of 
positive 
test 
tubes 

Coefficient 

No. of 
positive 
test 
tubes 

Coefficient 

A B C A B C A B C A B C 
0 0 0 3.0 1 0 0 3.6 2 0 0 9.1 3 0 0 23 
0 0 1 3.0 1 0 1 7.2 2 0 1 14 3 0 1 39 
0 0 2 6.0 1 0 2 11 2 0 2 20 3 0 2 64 
0 0 3 9.0 1 0 3 15 2 0 3 26 3 0 3 95 
0 1 0 3.0 1 1 0 7.3 2 1 0 15 3 1 0 43 
0 1 1 6.1 1 1 1 11 2 1 1 20 3 1 1 75 
0 1 2 9.2 1 1 2 15 2 1 2 27 3 1 2 120 
0 1 3 12 1 1 3 19 2 1 3 34 3 1 3 160 
0 2 0 6.2 1 2 0 11 2 2 0 21 3 2 0 93 
0 2 1 9.3 1 2 1 15 2 2 1 28 3 2 1 150 
0 2 2 12 1 2 2 20 2 2 2 35 3 2 2 210 
0 2 3 16 1 2 3 29 2 2 3 42 3 2 3 290 
0 3 0 9.4 1 3 0 16 2 3 0 29 3 3 0 240 
0 3 1 13 1 3 1 20 2 3 1 36 3 3 1 460 
0 3 2 16 1 3 2 24 2 3 2 44 3 3 2 1100 
0 3 3 19 1 3 3 29 2 3 3 53 3 3 3 1400 
Notes:  
A = Tube into which 1 ml of the 10x diluted solution of the test specimen was inoculated B = 
Tube into which 1 ml of the 100x diluted solution of the test specimen was inoculated C = Tube 
into which 0.1 ml of the 100x diluted solution of the test specimen was inoculated. 

 
ii)  Proceed using a method acknowledged to have a performance equivalent or superior 

to the method described in i). 
 
 
2. Processing Standards for Fresh Fish and Shellfish to be Eaten Raw  
 
(1) The water used for the processing must be potable water, sterilized seawater or artificial 

seawater prepared using potable water. 
 
(2) The fresh fish and shellfish used as the raw materials must be satisfactorily fresh. 
 
(3) If the fresh fish and shellfish used as the raw materials have been frozen, they must be 

thawed out in a hygienic location or thawed out in a clean water bath using potable water, 
sterilized seawater or artificial seawater prepared using potable water, and the water must 
be changed sufficiently. 

 
(4) The fresh fish and shellfish used as the raw materials must be thoroughly washed using 
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potable water, sterilized seawater or artificial seawater prepared using potable water, and 
any substances that may possibly contaminate the products must be removed. 

 
(5) The fresh fish and shellfish, that has been subjected to the washing described in (4) must 

be processed in a hygienic location other than the location used for that washing. Additives 
comprisingchemical compounds (excluding sodium hypochlorite) must not be used in this 
processing. 

 
(6) The apparatus used for the processing must be easy to wash and disinfect. Before use, it 

must be cleaned and then disinfected. 
 
 
3. Storage Standards for Fresh Fish and Shellfish to be Eaten Raw 
 
Fresh fish and shellfish must be placed in clean and hygienic containers and stored at 
temperatures below 10 C. 
 
 
D-15 Oysters to be Eaten Raw 
 
1. Standards for Components of Oysters to be Eaten Raw 
 
(1) The bacterial count must be no more than 50,000 per 1 g of the test specimen. 
 
(2) The most probable number of E. coli must be no more than 230 per 100 g of the test 

specimen. 
 
(3) The following methods are used to determine the bacterial count and most probable 

number of E. coli for oysters to be eaten raw. 
 
a. Collecting the test specimens and preparing the samples 
For oysters to be sold in shucked form, place at least 200 g in a sterilized container using 
sterilized implements, and use this as the test specimen. 
 
For oysters to be sold in their shells, first disinfect the surfaces of the shells using cotton 
dipped in alcohol; use sterilized implements to remove the oysters from their shells; collect at 
least 200 g, including shell juice in a sterilized container, and use this as the test specimen. 
 
Next, transfer the test specimen to the cup of a sterilized homogenizer; add the same quantity 
of a diluted phosphate buffer solution; crush finely, and use this as the sample solution. 
 
Next, add 80 ml of diluted phosphate buffer solution to 20 ml of the sample solution to prepare 
a 10x diluted solution of the test specimen; also add 90 ml of diluted phosphate buffer solution 
to 10 ml of the 10x diluted solution to prepare a 100x diluted solution of the test specimen; use 
these as the sample solutions. If necessary, also prepare serial diluted solutions of the test 
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specimen as specified for the method used to prepare the 100x diluted solution, and use them 
as samples. 
 
Diluted phosphate buffer solution: Dissolve 34 g of monopotassium phosphate (anhydrous) in 
500 ml of purified water; add about 175 ml of approximately 1 mol/l sodium hydroxide 
solution; adjust the pH to 7.2; then add purified water to total 1,000 ml; use this as the stock 
solution. Add purified water to 1.25 ml of the stock solution to total 1,000 ml, and sterilize 
under high pressure. 
 
b. Bacterial count (viable cell count) determination method 
From among the samples prepared, select the diluted solution from which 30 to 300 colonies 
can be cultivated per plate, and determine the bacterial count as specified under Part I: 
Foodstuffs, Section C: Specific Food Items, Sub-section C3: Crushed Ice, Paragraph 1: 
Component Standards for Crushed Ice, Sub-paragraph (2)-b. 
 
c. Most probable number of E. coli calculation method 
Place 2 ml of the sample stock solution, 1 ml of the 10x diluted solution and 1 ml of the 100x 
diluted solution each in five E.C. fermentation tubes, and use a constant-temperature water 
bath to cultivate the E. coli at 44.5 C (a 0.2°C margin either way is acceptable) for 24 hours (a 
2-hour margin either way is acceptable). The sample stock solution or samples found to 
generate gas at this time shall be considered to have tested positive for E. coli. The most 
probable number of E. coli for 100 g of the test specimen is obtained by multiplying by 10 the 
coefficient calculated using the following table (defined hereafter as the most probable number 
table) in accordance with the number of E.C. fermentation tubes into which sample stock 
solutions or samples that tested positive for E. coli were inoculated. 
 
(4) The most probable number of vibrio parahaemolyticus in shucked oysters to be eaten raw 

may be no more than 100 per 1 g of the test specimen. The method used to calculate this 
number shall be as specified under Part I: Foodstuffs, Section C: Specific Food Items, 
Sub-section C14: Fresh Fish and Shellfish to be Eaten Raw, Paragraph 1: Standards for 
Components of Fresh Fish and Shellfish to be Eaten Raw (limited to fresh fish or shellfish 
(excluding raw oysters) that has been sliced or shucked and that is to be eaten raw 
(excluding fresh fish or shellfish that has been frozen)); hereafter the same), 
Sub-paragraph a and b. 

 
 
2. Processing Standards for Oysters to be Eaten Raw 
 
(1) Oysters used as the raw material must be collected from waters where the most probable 

number of coliform bacilli is no more than 70 per 100 ml of seawater, or collected from other 
waters but cleaned using either seawater where the most probable number of coliform 
bacilli is no more than 70 per 100 ml or artificial salt water with a 3% salinity, while 
constantly changing or sterilizing the said seawater or artificial salt water. 

 
Method used to measure most probable number of coliform bacilli in seawater: Inoculate 10 
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ml of seawater collected as the test specimen in five double-concentration lactose broth 
fermentation tubes, 1 ml of the seawater in five lactose broth fermentation tubes and 0.1 ml 
of the seawater in five lactose broth fermentation tubes; cultivate at 35 C (a 1.0°C margin 
either way is acceptable). Seawater in which gas generation is seen after 24 hours (a 2-hour 
margin either way is acceptable) or after 48 hours (a 3-hour margin either way is 
acceptable; hereafter the same in this item) is considered to have tested positive in the 
coliform bacilli presumptive test, and the following confirmation test must be conducted 
immediately. 
 
Using a platinum loop with a 3 mm diameter, transfer a sample of solution from the 
double-concentration lactose broth fermentation tubes or lactose broth fermentation tubes 
that hold seawater that tested positive in the coliform bacilli presumptive test to B.G.L.B 
fermentation tubes. Cultivate the bacilli at 35 C (a 1.0°C margin either way is acceptable) 
for 48 hours. Seawater in which gas generation is observed are considered to have tested 
positive in the coliform bacilli confirmation test. The most probable number of coliform 
bacilli for 100 ml of the test specimen equals the coefficient calculated using the most 
probable number table in accordance with the number of double-concentration 
fermentation tubes that were inoculated with the seawater that, tested positive in the 
coliform bacilli confirmation test. In the table, "sample solution" refers to "10 ml of the 
seawater test specimen;" "10x diluted solution of the test specimen" refers to "1 ml of the 
seawater test specimen;" and "100x diluted solution of the test specimen" refers to "0.1 ml of 
the seawater test specimen." 

 
(2) When oysters used as the raw material are to be temporarily stored in water, they must be 

stored using either seawater in which the most probable number of coliform bacilli is no 
more than 70 per 100 ml or artificial salt water with a 3% salinity, and the seawater or 
artificial salt water must be constantly changed or sterilized. 

 
(3) Oysters used as raw material must be thoroughly washed in sanitary water promptly after 

they are caught or landed. 
 
(4) Oysters to be eaten raw must be processed in a hygienic location. Furthermore, additives 

that are chemical compounds (excluding sodium hypochlorite) may not be used in this 
processing. 

 
(5) The water used in shucking the oysters must be potable water, sterilized seawater or 

artificial seawater prepared using potable water. 
 
(6) The apparatus used for shucking must be easy to wash and sterilize. Before use, it must be 

cleaned and then sterilized. 
 
(7) The containers to be used for the shucked oysters must be easy-to-wash and 

easy-to-sterilize impermeable containers made of metal, synthetic resin, etc. They must be 
used exclusively for shucked oysters, and they must be cleaned and then sterilized. 
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(8) The shucked oysters must be thoroughly washed in potable water, sterilized seawater or 
artificial seawater prepared using potable water. 

 
(9) To produce frozen oysters to be eaten raw, the oysters must be frozen promptly after 

processing. 
 
(10) The oyster shells remaining after the processing of the oysters to be eaten raw must be 

promptly removed to another location or otherwise dealt with, to maintain hygiene in the 
location where the oysters are processed. 

 
 
3. Storage Standards for Oysters to be Eaten Raw 
 
(1) Oysters to be eaten raw must be stored at temperatures below 10 C. However, frozen 

oysters to be eaten raw must be stored at temperatures below -15 C. 
 
(2) Oysters to be eaten raw must be packed into clean and hygienic covered containers or 

wrapped in clean and hygienic composite resin, aluminum foil or water-resistant coated 
paper for storage. However, frozen oysters to be eaten raw must be wrapped in clean and 
hygienic composite resin, aluminum foil or water-resistant coated paper for storage.  

 
 
D-16 Agar 
 
1. Standards for Agar Components 
 
The boron compound content may be no more than 1 g boric acid (H3BO3) in 1 kg of agar. The 
following method shall be used to test for boric acid. 
 
Boric acid test method 
Dry out the sample for 3 hours at 100 C until it becomes a powder and weigh out between 25 
and 100 g. After moistening in 10% sodium hydroxide solution, evaporate all liquids using a 
quartz or platinum dish; heat the dried sample in an electric furnace (approx. 500 C) until the 
organic matter is completely carbonized; cool and then place on another quartz or platinum 
dish; add about 20 ml of boiling water; mix; and add 10% hydrochloric acid drop by drop until 
the solution turns obviously acidic. Filter the solution; wash the filter paper in a small amount 
of boiling water; combine the wash liquid with the filtrate. When doing this, do not allow the 
amount of liquid to exceed 50 to 60 ml. Transfer the residue still in the filter paper to the 
quartz or platinum dish; alkalize the residue using lime milk; evaporate to dryness in an 
aqueous solution; then heat until it burns and turns into ash. Add 5 to 6 ml of 10% 
hydrochloric acid to dissolve the ash; add the dissolved ash to the mixed liquid created above 
with the filtrate and the liquid produced from washing the filter paper; add the liquid 
resulting from washing the quartz or platinum dish in a small amount of water to this liquid 
and add 0.5 g of calcium chloride and 2 to 3 drops of phenolphthalein sample solution; add 10% 
sodium hydroxide solution by drops until the liquid turns and remains pink. Next, add lime 
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milk to total 100 ml, mix well, and filter using a dry filter paper. After adding 0.5 mol/l sulfuric 
acid to 50 ml of the filtrate until the reddishness of the liquid disappears, add two or three 
drops of methyl orange sample solution. Add 0.5 mol/l sulfuric acid by drops until the liquid 
changes from yellow to bright red. Boil for about one minute to remove the carbon dioxide gas; 
let stand until cool; add 0.1 mol/l sodium hydroxide solution by drops until the liquid turns 
yellow. To this solution, add 1 to 2 g of neutral mannite or neutral glycerin and 2 to 3 drops of 
phenolphthalein sample solution; titrate using 0.1 mol/l sodium hydroxide solution until the 
liquid turns and remains bright red. Add a small amount of the neutral mannite or neutral 
glycerin, and if the bright red color of the liquid disappears, continue with the titration. In 
addition, conduct a blank test using the same method. The same quantity of water must be 
used in place of the mixture of the filtrate and the liquid obtained from washing the filter, and 
only filter paper may be used, instead of the residue and filter paper. 
 
1 ml of 0.1 mol/l sodium hydroxide solution = 0.0062 g H3BO3 
 
 
D-17 Grains, Beans and Vegetables 
 
1. Standards for Grain and Bean Components  
 
The grains and beans listed in Column 1 of the table below may not contain the substances 
listed in Column 2 in quantities exceeding the respective amounts specified in Column 3 (or 
equal to or more than the amounts listed in Column 3 for cadmium and its compounds listed in 
Column 2 of the same table). If any substance listed in Column 2 is specified as "undetectable" 
in Column 3, it must not be detected at all when tested using the test method in 2 below. 
 

Column 1 Column 2 Column 3 
Rice Cadmium and 

cadmium compounds 
1.0 ppm as Cd 

Soybeans Cyanide compounds Undetectable 

Adzuki beans Cyanide compounds Undetectable (but 500 ppm as HCN 
for saltani beans, saltapia beans, 
butter beans, pequia beans, white 
beans and lima beans) 

Peas Cyanide compounds Undetectable 
Broad beans Cyanide compounds Undetectable 
Peanuts Cyanide compounds Undetectable 
Other types of beans Cyanide compounds Undetectable 
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2. Test methods for Standards for Grain and Bean Components  
 
(1) Test specimens 
 

Foodstuff Test specimen 
Rice Unpolished (brown) rice 
Peas, adzuki beans, broad beans 
and soybeans 

Beans 

Peanuts Shelled peanuts 
Other types of beans Beans 

 
(2) Cadmium test method 
 
The atomic absorption method as described in a. below is used to quantify the cadmium. 
However, the dithizone chloroform method as described in 2. below may be used instead. 
 
a. Atomic absorption method  

i) Equipment 
Atomic absorption spectrophotometer 
Light source: Cadmium hollow cathode lamp 
Fuel: Acetylene gas or hydrogen 

 
ii) Agents and reagents 

Use agents and reagents listed in Part II: Additives, Section C: Regents and Solutions 
in most cases. Exceptions are listed below. 
 
Cadmium control solution: Dissolve 0.100 g of metal cadmium in 50 ml of 10% nitric 
acid; boil and add water to total 1,000 ml. Take 10 ml, and add water to total 1,000 ml. 
1 ml of cadmium control solution = 1 g Cd2+ 
 
1% diethyldithiocarbanate solution: Dissolve 1 g of sodium diethyldithiocarbanate in 
water to total 100 ml. 
 
25% potassium sodium tartrate solution: Dissolve 25 g of potassium sodium tartrate in 
water to total 100 ml. 
 

iii) Sample preparation 
Put approximately 10 to 30 g of the test specimen into a 300 ml Kjeldahl flask; add 10 
to 40 ml of water and 40 ml of nitric acid; mix well and heat gently. After heating for a 
short while, let stand until cool; add 20 ml of sulfuric acid, and reheat. Add small 
amounts of nitric acid from time to time if necessary. The decomposition is complete 
when the contents of the flask turn from a light yellow liquid to a colorless and 
transparent liquid. After cooling, add water to total 100 ml. 

 
In addition, take the same amount of acid as the acid used for the decomposition, and 
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follow the same steps to prepare a blank sample solution. 
 

iv) Test procedure 
Take Vml (an amount less than 50 ml by 0.5 to 20 g) of the sample; add 5 ml of a 25% 
potassium sodium tartrate solution and add two drops of bromothymol blue sample 
solution. Neutralize with ammonia water until the sample changes from light yellow to 
a bluish-purple color; add more water to total 100 ml. To this add 10 ml of saturated 
ammonium sulfate solution; add 5 ml of a 1% diethyldithiocarbanate solution, and let 
stand for several minutes. Add exactly 10 ml of methyl isobutyl ketone; use a shaker to 
shake the sample vigorously for about 5 minutes; let stand; separate the methyl 
isobutyl ketone layer and measure absorbency A at the 228.8 nm wavelength. 

 
In addition, take V'ml (5 to 20 ml) of the cadmium control solution and Vml of 
the blank sample solution and follow the same steps as with the samples, and 
measure absorbency As and Ao. 
 
Determine the cadmium concentration C (ppm) in the test specimen using the 
following formula. 
 
C (ppm) = V' x ((A-Ao)/(As-Ao)) x (total amount of sample solution (ml)/V) x 
(1/amount of test specimen collected (g)) 

 
b. Dithizone chloroform method  

i) Equipment 
Use equipment as specified for the spectrophotometry method in Part II: Additives, 
Section B: General Testing Methods. 

 
ii) Agents and reagents 

Use agents and reagents listed in Part II: Additives, Section C: Regents and Solutions 
in most cases. Exceptions are listed below. 
 
20% hydroxylamine hydrochloride solution: Dissolve 20 g of hydroxylamine 
hydrochloride in water to total 100 ml. 
 
Cadmium control solution: Dissolve 0.100 g of metal cadmium in 50 ml of 10% nitric 
acid; boil; add water to total 100 ml. Take 10 ml of this solution, and add water to total 
1,000 ml. 
 
1 ml of cadmium control solution = 10 g Cd2+ 
 
Dithizone chloroform solution: Grind the dithizone using a mortar; dissolve 0.05 g of 
ground dithizone in 100 ml of chloroform (newly distilled chloroform; hereafter the 
same); add 100 ml of ammonia water solution (1  100); shake and mix; let stand and 
then remove the water layer. Take the same steps for the chloroform layer twice using 
100 ml of ammonia water solution (1  100) each time, put this together with the 
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water layer, and use 20 ml of the chloroform each time to wash the water layer 3 times. 
Next, add hydrochloric acid (1  2) to the water layer; after turning slightly acidic, use 
200 ml of chloroform each time to obtain the extract twice. Put this together with the 
chloroform layer, add more chloroform to total about 1,000 ml, and use this as the 
dithizone chloroform stock solution. Protect the stock solution from light, and store in a 
cool location. 

 
Use the chloroform as a contrast solution, and measure absorbency A of the solution 
obtained by diluting 10x the solution with chloroform at the maximum wavelength 
near the 605 nm wavelength using a 10 mm long layer. 
Next, take the solution (20,000/(62xA)) ml, and add chloroform to it to total exactly 
1,000 ml. 

 
Prepare before use: 
1,000 ml of dithizone chloroform solution = 20 mg C18H12N4S 

 
- 25% potassium sodium tartrate solution: Dissolve 25 g of potassium sodium 

tartrate in water to total 100 ml. 
- 2% tartaric acid solution: Dissolve 2 g of tartaric acid in water to total 100 

ml. 
- Sodium hydroxide/potassium cyanide solution: (A) Dissolve 40 g of sodium 

hydroxide and 1 g of potassium cyanide in water to total 100 ml. 
- Sodium hydroxide/potassium cyanide solution: (B) Dissolve 40 g of sodium 

hydroxide and 0.05 g of potassium cyanide in water to total 100 ml. 
 

iii) Preparing the samples 
Weigh 10 to 30 g of the test specimen into a 300 ml Kjeldahl flask; add 10 to 40 ml of 
water and 40 ml of nitric acid; mix well and heat gently. After heating for a short while, 
let stand until cool; add 20 ml of sulfuric acid; heat again. Meanwhile, add small 
amounts of nitric acid from time to time if necessary. Decomposition is complete when 
the contents of the flask change from light yellow to colorless and transparent. After 
cooling, add 25 ml of saturated ammonium oxalate solution; heat until the sulfuric acid 
gives off white smoke. After cooling, add about 50 ml of water and 2 ml of the 20% 
hydroxylamine hydrochloride solution. Repeat the extraction, using 10 ml of dithizone 
chloroform solution each time, until the solution turns and remains dithizone green. 
After shaking and mixing once or twice with 10 to 20 ml of chloroform, let the solution 
stand; discard the chloroform layer. Add 5 ml of 25% potassium sodium tartrate 
solution and 2 drops of methyl orange sample solution to the water layer; neutralize 
using ammonia water; add water to total 100 ml, and use this as the sample. 

 
iv) Test procedure 

Place 25 ml of the sample in a separating funnel; add 5 ml of 25% potassium sodium 
tartrate solution, 5 ml of sodium hydroxide/potassium cyanide solution (A), 1 ml of 20% 
hydroxylamine hydrochloride solution and 10 ml of dithizone chloroform solution; 
shake and mix for one minute; let the mixture stand; separate the chloroform layer into 
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another separating funnel into which 25 ml of 2% tartaric acid solution has already 
been poured. Extract the water layer twice using 10 ml of the dithizone chloroform 
solution the first time and 5 ml the second time; add the chloroform layer to the 
chloroform layer that was separated earlier; shake and mix for 2 minutes; let the 
solution stand; discard the bottom chloroform layer. Wash the water layer using 5 ml of 
chloroform, and discard the chloroform layer. 

 
Add 1 ml of 20% hydroxylamine hydrochloride solution, 5 ml of sodium 
hydroxide/potassium cyanide solution (B) and 10 ml of dithizone chloroform solution to 
the water layer; shake and mix for 1 minute; let the solution stand; filter the bottom 
chloroform layer using a dry filter paper; and transfer it to a 25 ml measuring flask. 
Extract the water layer twice using 10 ml of the dithizone chloroform solution the first 
time and 5 ml the second time; filter the chloroform layer using a dry filter paper; add 
it to the 25 ml measuring flask, and add chloroform to total 25 ml. Measure absorbency 
A of this solution at the maximum wavelength near 520 using a 10 mm long layer as 
specified under Part II: Additives, Section B: General Testing Methods, Paragraph: 
Operating Procedure for Spectrophotometry. 
 
In addition, take 2 ml of the cadmium control solution, and add water to total 25 ml. 
Process both this and 25 ml of water in the same way as specified in iii) Preparing the 
samples and iv) Test procedure above, and measure absorbency As and Ao. Use 
chloroform as the contrast solution. 
 
Find the cadmium concentration C (ppm) in the test specimen using the following 
formula. 
 
C (ppm) = 20 x ((A-Ao)/(As-Ao)) x (total amount of sample solution (ml)/amount of 
sample collected (ml)) x (1/amount of test specimen collected (g)) 

 
(3) Cyanide test method 
 
a. Agents and reagents 
Use agents and reagents listed in Part II: Additives, Section C: Reagents and Solutions in 
most cases. Exceptions are listed below. 
 
Citrate buffer solution: Dissolve 128.1 g of citric acid and 64.4 g of sodium hydroxide in water 
to total 1 liter, dilute 10-fold immediately before use, and correct the pH to 5.9 using the citric 
acid solution and sodium hydroxide solution. 
 
Picric acid paper: Immerse a filter paper in a saturated aqueous solution of picric acid; dry at 
room temperature; cut the paper so that it is 7 mm by 40 mm and soak in a 10% sodium 
carbonate solution immediately before use. 
 
b. Qualitative test 
Measure 20.0 g of the crushed test specimen into a 200 ml Erlenmeyer flask; add 50 ml of 
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citrate buffer solution; tightly stopper the flask using a cork stopper from which the picric acid 
paper has been suspended; shake and mix gently from time to time at a temperature of 25 to 
35 C; let stand for 3 hours. Add 2 g of tartaric acid; immediately stopper the flask tightly with 
the same cork stopper; apply heat for 1 hour at a temperature of 50 to 60 C while shaking and 
mixing from time to time. If cyanides are present, the picric acid paper will turn reddish 
brown. 
 
c. Quantitative test 
Add 200 ml of citrate buffer solution to 25.0 g of the crushed test specimen; stopper tightly; 
after shaking and mixing, let stand for 3 to 5 hours at a temperature of 25 to 35°C. Add 100 ml 
of water, and proceed with steam distillation. Pour 5 ml of a 5% potassium hydroxide solution 
into a 200 ml Erlenmeyer flask ahead of time; tilt the container and immerse the bottom end of 
a cooler in the solution. Distill until the volume equals about 150 ml; add 5 ml of 10% 
potassium iodide solution to the distillate, and titrate until the 0.05 mol/l silver nitrate 
solution turns cloudy. 
 
1 ml of 0.05M silver nitrate solution = 2.70 mg HCN 
 
(4) Any other method with a performance equivalent or superior to the test methods 

described in (2) and (3) 
 
 
3. Usage Standards for Beans 
 
Beans in which cyanide is detected may not be used except as raw material for bean jam for 
further processing. 
 
 
4. Processing Standards for Vegetables 
 
When potatoes are to be irradiated in order to prevent germination, the following method 
must be used. 
 
(1) The source and type of the radiation used must be cobalt-60 gamma rays. 
 
(2) The dose absorbed by the potatoes must not exceed 150 Gy. 
 
(3) Potatoes that have already been irradiated must not be irradiated again. 
 
 
D-18 Bean Jam for Further Processing 
 
1. Standards for Bean Jam Components for Further Processing 
No cyanides may be detected in bean jam for further processing. The following method is used 
to detect cyanides. 
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Detection method 
Place the equivalent of 10 g of dried bean jam for further processing in a 200 ml Erlenmeyer 
flask, and use the method to detect cyanides as specified under Part I: Foodstuffs, Section C: 
Specific Food Items, Sub-section C17: Grains, Beans and Vegetables, Paragraph 2: Test 
Method for Standards for Grain and Bean Components, Sub-paragraph (3): Cyanide Test 
Method. 
 
2. Production Standards for Bean Jam for Further Processing 
When bean jam for further processing is to be produced using beans containing cyanides as the 
raw material, the following method must be used. 
 
(1) The beans must be soaked for at least 4 hours using warm water. 
 
(2) The beans must be boiled long enough after removing tannin at least once. 
 
(3) After making the bean jam in a bean jam machine, soak thoroughly in water on a water 

bath at least 3 times. 
 
 
D-19 Soybean Curd ("tofu") 
 
1. Production Standards for Soybean Curd 
(1) Soybeans used as a raw material must be of good quality and must not contain any foreign 

elements. 
 
(2) Soybeans used as a raw material must be thoroughly washed in water. 
 
(3) Soy juice or soy milk must be sterilized using a method that boils the juice or milk for 2 

minutes or a method that achieves an equivalent or better sterilization effect. 
 
(4) The filtering of the soy juice, addition of the coagulants and molding of the soybean curd 

must be done cleanly and hygienically. 
 
(5) The soybean curd must be soaked in water while constantly changing the water. 
 
(6) The packed soybean curd (defined as that produced by adding coagulants to soy milk, 

which is then packed in containers and heated so that the milk coagulates) must be 
sterilized using a method that heats it for 40 minutes at 90 C or a method that achieves an 
equivalent or better sterilization effect. 

 
(7) The apparatus used for producing the soybean curd must be thoroughly washed and 

sterilized. 
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(8) The water used for producing the soybean curd must be potable water. 
 
2. Storage Standards for Soybean Curd 
(1) Soybean curd must be refrigerated or stored in a thoroughly washed and sterilized water 

bath containing chilled potable water that is constantly changed. However, this does not 
apply to soybean curd that is sold from the back of trucks or in a similar manner or to 
soybean curd for which sale immediately after molding, without soaking in water, 
constitutes the norm. 

 
(2) Soybean curd sold from the back of trucks or in a similar manner must be kept cool using 

apparatus that has been thoroughly washed and sterilized. 
 
 
D-20 Instant Noodles 
 
1. Standards for Instant Noodle Components (limited to noodles processed 

using fats and oils) 
The acid value for oils and fats contained in instant noodles may not exceed 3 nor may the 
peroxide value exceed 30. The following method is used to measure the acid and peroxide 
values. 
 
a. Agents and reagents 
Use agents and reagents listed in Part II: Additives, Section C: Reagents and Solutions in 
most cases. Exceptions are listed below. 
 
Purified ether: Place the appropriate amount of ether in a separating funnel; add about 
one-fifth of the ether volume of a 2% ferrous sulfate solution prepared immediately before this 
use; shake and mix well; discard the water layer. Repeat these steps several times until the 
water layer of the 2% ferrous sulfate solution is no longer yellowish-brown. After washing 2 or 
3 times in water with a volume about one-fifth that of the ether, collect only the ether layer, 
and add anhydrous sodium sulfate to dehydrate. After dehydration, transfer the ether to a 
distilling flask; attach a fractionating column; and distill. After discarding about 10% of the 
initial distillate, collect the distillate until about 10% of the ether in the retort remains; pour 
into a light-resistant container that can be tightly stoppered; add small amounts each of 
ferrous sulfate (in crystalline form) and sodium hydroxide (in granular form), and store in a 
cool, dark location. 
Mixed solution of ethanol and ether (1:2): Using a phenolphthalein sample solution as the 
indicator, immediately before use, add 0.1M ethanolic potassium hydroxide solution until the 
color turns pink and remains pink for 30 seconds. 
 
b. Preparing the samples 
Collect the required quantity of noodles (a quantity appropriate for yielding the samples 
sufficient to perform the acid number and peroxide number tests); crush or chop the noodles 
finely; pour them into an Erlenmeyer flask with a ground-in stopper; add enough purified 
ether to cover the noodles. Let the mixture stand for about 2 hours, shaking and mixing 
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occasionally; filter using a filter paper to catch the solids in the test specimen; add about half 
of the quantity of purified ether as was originally added to the test specimen in the flask; 
shake and mix; filter using the same filter paper. Transfer both filtrates to a separating 
funnel; add water equal to between about one-half and one-third of the filtered solution; shake 
and mix well to wash; discard the water layer. After repeating these steps twice, separate the 
ether layer. After dehydrating the separated ether layer using anhydrous sodium sulfate while 
allowing nitrogen or carbon dioxide to pass through, remove all the ether under decompression 
on a water bath at a temperature of less than 40 C, and use the residue as the sample. After 
pouring the sample into a container that can be tightly sealed and replacing the air with 
nitrogen, store in an ice chamber. 
 
c. Acid value measurement method 
Measure approximately 10 g of the sample; pour it into an Erlenmeyer flask with a ground-in 
stopper; add 100 ml of the mixed solution of ethanol and ether (1:2) to dissolve it. With a 
phenolphthalein sample solution as the indicator, titrate using a 0.1 mol/l ethanolic potassium 
hydroxide solution until the color remains pink for 30 seconds. 
Obtain the acid value using the following formula. 
 

Acid value = (5.611 x a x F)/S 
 
Where, S=Amount (g) of sample collected 

a: Consumption amount (ml) of 0.1 mol/l ethanolic potassium hydroxide solution  
F: Potency of 0.1 mol/l ethanolic potassium hydroxide solution 

 
d. Peroxide value measurement method 
Measure approximately 5 g of the sample into an Erlenmeyer flask with a ground-in stopper; 
add 35 ml of a mixed solution of chloroform and acetic acid (2:3) to dissolve it. If the sample is 
not dissolved uniformly, add more of the mixed solution of chloroform and acetic acid (2:3), as 
necessary. Replace the air inside the flask with nitrogen or carbon dioxide, and while allowing 
nitrogen or carbon dioxide to pass through, add 1 ml of a saturated potassium iodide solution; 
immediately secure the ground-in stopper; shake and mix for about one minute; then let stand 
for about 5 minutes at room temperature in a dark location. Add 75 ml of water; after 
vigorously shaking and mixing, use a starch sample solution as the indicator and titrate using 
a 0.01 mol/l sodium thiosulfate solution. In addition, following the same steps, conduct a blank 
test and correct. 
Obtain the peroxide value using the following formula. 
 

Peroxide value (meq/kg) = ((a x F)/S) x 10 
 
Where, S=Amount (g) of sample collected 

a: Consumption amount (ml) of 0.01 mol/l sodium thiosulfate solution  
F: Potency of 0.01 mol/l sodium thiosulfate solution 
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2. Storage Standards for Instant Noodles 
Instant noodles must be stored in a location that is not exposed to direct sunlight. 
 
 
D-21 Frozen Foods 
 
1. Standards for Frozen Food Components (limited to produced or processed 

food (excluding soft drink beverages, meat products, whale meat products, 
fish-paste products, boiled octopus and boiled crab) and fresh fish or 
shellfish (excluding raw oysters) that have been sliced or shucked and have 
been frozen and in both cases packed into containers; hereafter the same in 
this section) 

 
(1) Frozen food to be consumed unheated (defined as food produced or processed and then 

frozen and that that does not require heating before eating or drinking; hereafter the same 
in this section) may have a bacterial count (viable cell count) of no more than 100,000 per 1 
g of the test specimen, and it must test negative for coliform bacilli.  

 
The following methods are used to determine the bacterial count (viable cell count) and test for 
coliform bacilli. 
 
a. Collecting the test specimens and preparing the samples 
Thoroughly wipe the surfaces of the still frozen containers with cotton soaked with alcohol; 
using a sterilized instrument to unseal the containers, finely chop all the contents; randomly 
collect 25 g; place the sample in an aseptically sterilized homogenizer; add 225 ml of sterilized 
diluted phosphate buffer solution; crush finely. Using a sterilized pipette, collect 10 ml of the 
specimen in a sterilized sample jar; add 90 ml of sterilized diluted phosphate buffer solution; 
mix well, and use this as the sample solution. 
To determine the bacterial count (viable cell count), use the sample solution that has been 
serially diluted with the sterilized diluted phosphate buffer solution in such a way that 30 to 
300 colonies can be cultivated per plate; use the sample solution itself as the sample to test for 
the coliform bacilli. 
 
b. Bacterial count (viable cell count) determination method 
Determine the bacterial count using the method specified under Part I: Foodstuffs, Section C: 
Specific Food Items, Sub-section C3: Crushed Ice, Paragraph 1: Standards for Crushed Ice 
Components, Sub-paragraph (2)-b. 
 
c. Coliform bacilli test method 
Test for coliform bacilli using the method specified under Part I: Foodstuffs, Section C: Specific 
Food Items, Sub-section C4: Frozen Confections, Paragraph 1: Standards for Frozen 
Confection Components, Sub-paragraph (2)-c. 
 
(2) Frozen food to be consumed after heating (defined as foods produced or processed and then 
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frozen, other than frozen food to be consumed unheated; hereafter the same in this section), 
but also heated immediately before freezing may have a bacterial count (viable cell count) 
of no more than 100,000 per 1 g of the test specimen, and it must test negative for coliform 
bacilli. The methods used to determine the bacterial count (viable cell count) and test for 
coliform bacilli are those specified in a., b. and c. of (1) above. 

 
(3) Frozen food to be consumed after heating other than food that was heated immediately 

before freezing may have a bacterial count (viable cell count) of no more than 3,000,000 per 
1 g of the test specimen, and it must test negative for E. coli. (However, frozen doughs 
whose main ingredient is flour and that need to be heated before consumption do not need 
to test negative for E. coli).  

 
The following methods are used to determine the bacterial count (viable cell count) and test for 
E. coli. 
 
a. Collecting the test specimens and preparing the samples 
The collection and preparation are performed as specified in a. of (1) above. The sample 
solution itself is used as the sample for the E. coli test. 
 
b. Bacterial count (viable cell count) determination method 
This is determined as specified in b of (1) above. 
 
c. E. coli test method 
Inoculate 1 ml of the sample in each of three E.C. fermentation tubes (as specified under Part 
I: Foodstuffs, Section C: Specific Food Items, Sub-section C15: Oysters to be Eaten Raw, 
Paragraph 1: Standards for Components of Oysters to be Eaten Raw, Sub-paragraph (3)-c, and 
use a constant-temperature water bath to cultivate the sample at 44.5 C (a 0.2°C margin 
either way is acceptable) for 24 hours (a 2-hour margin either way is acceptable; hereafter the 
same in this item). The samples found to generate gas at this time are considered positive for 
the presumptive test; all other samples are considered negative for this test. 
 
If the samples are positive for the presumptive test, use a platinum loop to streak samples 
from the E.C. fermentation tubes onto EMB medium, and after cultivation at 35 C (a 1°C 
margin either way is acceptable; hereafter the same in this item) for 24 hours; swab the typical 
E. coli colonies (if there are no typical colonies, two or more colonies resembling the typical 
colonies); transfer samples of each to a lactose broth fermentation tube and agar slant (if 
colonies resembling the typical colonies have been swabbed, transplant each sample that has 
been swabbed from each colony to a separate tube and agar slant). 
 
Cultivate the E. coli at 35 C for 48 hours (a 3-hour margin either way is acceptable) when 
using the lactose broth fermentation tube or at 35 C for 24 hours when using the agar slant. If 
gas generation is observed in the lactose broth fermentation tube, perform a microscopic test 
on bacilli cultivated on the corresponding agar slant, and if Gram-negative nonspore-forming 
bacilli are found, it is considered positive for E. coli. 
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(4) Frozen fresh fish and shellfish to be eaten raw (defined as frozen fresh fish and shellfish 
that has been sliced or shucked, that is to be eaten raw and that has been frozen; hereafter 
the same in this section) may have a bacterial count (viable cell count) of no more than 
100,000 per 1 g of the test specimen; they must test negative for coliform bacilli, and the 
most probable number of vibrio parahaemolyticus may be no more than 100. The methods 
used to determine the bacterial count (viable cell count) and test for coliform bacilli are 
those specified in a., b. and c. of (1) above, and the method used to measure the most 
probable number of vibrio parahaemolyticus is that specified in Part I: Foodstuffs, Section 
C: Specific Food Items, Sub-section C14: Fresh Fish and Shellfish to be Eaten Raw, 
Paragraph 1: Standards for Components of Fresh Fish and Shellfish to be Eaten Raw 
(limited to fresh fish or shellfish (excluding raw oysters) that has been sliced or shucked 
and that is to be eaten raw (excluding fresh fish or shellfish that has been frozen)), 
Sub-paragraph a and b. 

 
2. Processing Standards for Frozen Food (limited to frozen fresh fish and 

shellfish to be eaten raw) 
(1) Fresh fish and shellfish used as raw materials must be satisfactorily fresh. 
 
(2) The water used for the processing must be potable water, sterilized seawater or artificial 

seawater prepared using potable water. 
 
(3) If fresh fish and shellfish used as raw materials have been frozen, they must be thawed out 

in a hygienic location or thawed out in a clean water bath using potable water, sterilized 
seawater or artificial seawater prepared using potable water, and the water must be 
changed sufficiently. 

 
(4) Fresh fish and shellfish used as raw materials must be thoroughly washed using potable 

water, sterilized seawater or artificial seawater prepared using potable water, and any 
substances that may possibly contaminate the products must be removed. 

 
(5) Fresh fish and shellfish that has been subjected to the washing described in (4) must be 

processed in a hygienic location other than the location used for the washing. Additives 
that are chemical compounds (excluding sodium hypochlorite) may not be used in this 
processing. 

 
(6) The apparatus used for the processing must be easy to wash and sterilize. Before use, it 

must be cleaned and then sterilized. 
 
(7) The processed fresh fish and shellfish must be frozen promptly after processing. 
 
3. Storage Standards for Frozen Food 
(1) Frozen food must be stored at temperatures below -15 C. 
 
(2) Frozen food must be wrapped in clean and hygienic composite resin, aluminum foil or 

water-resistant coated paper for storage.  
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D-22 Food Packed in Containers and Sterilized by 

Pressurization and Heating 
 
1. Standards for Components of Food Packed in Containers and Sterilized by 

Pressurization and Heating (defined as food (excluding soft drink beverages, 
meat products, whale meat products and fish-paste products) that has been 
packed in air-tight containers, sealed and then subjected to sterilization by 
pressurization and heating; hereafter the same). 

 
Food packed in containers and sterilized by pressurization and heating must test negative for 
all microorganisms that may grow in said food. The following methods are used to test for 
microorganisms. 
 
(1) Constant-temperature test 
 
Use the food still in its containers as the test specimen, and keep it for 14 days at 35.0 C (a 1 C 
margin either way is acceptable); during this period, observe whether the containers expand 
or swell and whether their contents leak; cool the containers to 20 C and observe them for 
expansion or swelling; if expansion, swelling or leakage of the containers is observed, the test 
is considered positive for microorganisms growing in the food. Perform a bacteria test for test 
specimens that tested negative in the constant-temperature test. 
 
(2) Bacteria test 
 
a. Preparing the samples 
Using cotton dipped in alcohol, thoroughly wipe the surface of containers of test specimens 
that tested positive in the constant-temperature test where they are to be opened; open the 
containers using sterilized instruments; after aseptically mixing the contents (if some or all of 
the contents are solid, use sterilized scissors to slice them thinly), take 25 g aseptically, add 
225 ml of sterilized diluted phosphate buffer solution, and crush finely. Using a sterilized 
pipette, transfer 1 ml to a sterilized test tube; add 9 ml of sterilized diluted phosphate buffer 
solution; mix well, and use this as the sample. 
 
b. Test method 
Inoculate 1 ml of the sample into each of five thioglycolate media, and cultivate at 35.0 C (a 
1°C margin either way is acceptable) for 48 hours (a 3-hour margin either way is acceptable). 
The samples are considered to test positive if bacteria are found growing on any of the media. 
 
Thioglycolate media: Add 0.5 g of L-cystine, 5 g of glucose, 5 g of yeast extract, 15 g of peptone, 
0.5 g of thioglycolate, 2.5 g of common salt, 0.001 g of resazurin and 0.8 g of powered agar to 
1,000 ml of purified water; heat and dissolve; adjust the pH to 7.0 to 7.2; pour 10 ml into a test 
tube, and sterilize for 15 minutes at 121 C. 
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2. Production Standards for Food Packed in Containers and Sterilized by 

Pressurization and Heating 
 
(1) Vegetables and other raw materials used for production must be fresh and other quality 

aspects must be excellent. 
 
(2) Vegetables and other raw materials used for production must be washed thoroughly if 

required. 
 
(3) In the production of food, no additives that are chemical compounds (excluding sodium 

hypochlorite) used as preservatives or germicidal agents may be used. 
 
(4) Food packed in containers and sterilized by pressurization and heating, other than canned 

or bottled foods, must be sealed by hot-melting or rolling. 
 
(5) The processes of sterilizing, pressurization and heating carried out at the time of 

production must be done using a sterilizer equipped with a self-recording thermometer, and 
the records thereof must be kept on file for 3 years. 

 
(6) A method for the sterilizing processes through pressurization and heating carried out at 

the time of production must be established to meet the following two conditions, and the 
processes must be implemented using the established method. 

 
a. The method must be satisfactorily effective in destroying the microorganisms that originate 

in the raw materials, etc., exist in the said food and may possibly grow. 
 
b. For food packed in containers and sterilized by pressurization and heating whose pH 

exceeds 4.6 and whose water activity exceeds 0.94, either a method that heats the food at a 
temperature of 120 C as measured at the center for 4 minutes or a method that achieves an 
equivalent or better effect must be used. 

 
(7) When water is to be used for cooling after sterilizing by pressurization and heating, potable 

running water or water containing at least 1.0 ppm of free residual chlorine must be used 
and, in the latter case, the water must be changed constantly. 

 
(8) The apparatus used for production must be thoroughly washed and then sterilized. 
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II. Standards and Testing Methods for 
Implements, Containers and Packaging 

 
Ministry of Health, Labour and Welfare 
http://www.mhlw.go.jp/english/topics/foodsafety/index.html (in English) 
<Implements, Containers and Packaging> 
http://www-bm.mhlw.go.jp/topics/bukyoku/iyaku/kigu/dl/4.pdf (Japanese only) 
 
A. Standards for General Implements, Containers, 

Packaging, and Component Materials 
 
A-1  
Implements must not be of such a structure that any copper, lead, or alloys thereof can be 
scraped off. 
 
 
A-2 
The lead content of any tin plating that comes into contact with food may be no more than 
0.1%. 
 
 
A-3 
Implements, containers or packaging that comes into contact with food must not be 
manufactured or repaired using any metal with a lead content of more than 0.1% or with an 
antimony content of more than 5%. 
 
 
A-4 
Solder used in the manufacture or repair of any implement, container or packaging that comes 
into contact with food must have a lead content of not more than 0.2%.  
 
 
A-5 
Implements, containers, and packaging must not contain any synthetic coloring agent not 
listed in Table 1 of the Implementation Regulations of the Food Sanitation Act. However, this 
restriction does not apply in cases in which the product in question is processed in such a way 
as to preclude the coloring agent dissolving or leaching into contact with the food. 
 
 
A-6 
The electrodes of equipment having a device that induces an electrical current directly into 
food must not be made of any metal other than iron, aluminum, platinum, or titanium. 
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However, electrodes made of stainless steel may be used if the current flowing into the food is a 
small one. 
 
A-7 
Implements, containers, and packaging contacting oily or fatty foods must not be made of 
synthetic resin comprising primarily polyvinyl chloride made with bis(2-ethylhexyl) phthalate. 
However, this restriction does not apply in cases in which the product in question is processed 
in such a way as to preclude bis (2-ethylhexyl) phthalate dissolving or leaching into contact 
with the food. 
 
 
 
B. Testing Methods for General Implements, 

Containers, and Packaging 
 
Except when specified below, the methods specified under Part II: Additives, Section B: 
General Testing Methods are to be used. In place of a specified method, an alternative method 
may be used if said method provides equal or greater precision than the specified method. 
However, if the results obtained are doubtful, the final decision is to be made according to the 
specified method. 
 
 
B-1: Testing Method for Potassium Permanganate 

Consumption 
 
The purpose of the testing method for potassium permanganate consumption is to determine, 
by the prescribed method, the amount of a material that is oxidized by potassium 
permanganate after having dissolved a sample into water. 
 
Testing Procedure 
Into a triangular flask, add 
potassium permanganate. Boil for 5 minutes, then discard the solution and wash the flask 
with water. Into the same triangular flask, add 100 ml of sample solution, 5 ml of sulfuric acid 

after stopping heating, add 10 ml of 0.005 mol/l sodium oxalate to decolorize the solution, and 
titrate with 0.002 mol/l potassium permanganate until a slight red color remains in the 
solution without fading away. Separately, conduct a blank test and calculate the amount of 
potassium permanganate consumed using the following formula. 
 

Potassium permanganate consumed ( g/ml) = [(a  b)  0.316  f  1,000]/100 
 
Where, a = Amount (ml) of titrated 0.002 mol/l potassium permanganate in the actual test 

b = Amount (ml) of titrated 0.002 mol/l potassium permanganate in the blank test 
f = Factor for 0.002 mol/l potassium permanganate 
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B-2 Strength and Other Tests 
 
Sustained Pressure Test 
Fill the container to 95% capacity by volume with diluted sulfuric acid (the type made for 
sustained pressure testing), then, taking care not to touch the solution, add 1.5 g of sodium 
bicarbonate for each 100 ml of diluted sulfuric acid (the type made for sustained pressure 
testing), seal the container and allow the sodium bicarbonate to dissolve. Place the container 
in water heated to 45 2 C. Leave for 2 hours and then check for any gas leakage. 
 
Sustained Decompression Test 
Fill the container with water heated to the same temperature as the product when placed into 
the container, and immediately seal. Place the container in a methylene blue solution (the type 
made for pinhole testing) heated to 25 5 C. Leave for 2 hours, empty the container and rinse 
with water. 
 
Use a pipette to transfer 25 ml of the water in the container to a 50 ml Nessler tube. View the 
Nessler tube from the top and sides against a white background and check for methylene blue 
coloring. 
 
Pressure Test 
Make a hole 5 to 10 mm in diameter in a sealed container and insert an air nozzle in such a 
way that no air leaks out. To this directly connect a pressure gauge and a compressor. Turn on 
the compressor and set the pressure to 294 kPa and check for air leakage. 
 
Compression Test 
Place a sealed container filled with its contents or water as shown in Figure A. For a container 
having the total weight shown in Column 1 of the table below, place the weight shown in 
Column 2 on it for one minute, then check for leakage of the contents or water. Box-shaped 
containers should be placed as shown in Figure B. 
 

Figure A 

 

Load 

Upper 

Container or packaging 

Benchtop 
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Figure B 

 
Column 1 Column 2 

Less than 100g 20kg 
100 g or more and less than 400 g 40kg 
400 g or more and less than 2,000 g       60kg 
2,000 g or more   80kg 

 
Decompression Test 
Insert a vacuum gauge needle into a sealed container or package and secure it to prevent air 
leakage, and connect a vacuum pump to the needle. Turn on the vacuum pump and 
decompress to 26.7 kPa, and check whether any air leakage occurs. 
 
Puncture-Resistance Test 
Secure a sample and, with a hemispherical needle 1.0 mm in diameter and having a tip radius 
of 0.5 mm, poke the sample surface at a rate of 50 5 mm per minute to determine the 
maximum load at which the needle pierces the surface. 
 
Internal Pressure-Resistance Test 
Insert a needle into the package filled with ingredients or water, secure the sample without 
any air leaking out of the package and connect a pressure gauge and a compressor to the 
needle. Using the compressor, feed air into the package at a rate of 1±0.2L per minute to 
determine the pressure at which the package ruptures. 
 
Heat-Seal Test 
As shown in the figure below, cut open the heat-sealed portion of a sealed container or package, 
pull apart both ends of the opening at a rate of 300 20 mm per minute to determine the 

Lid 

Heat-sealed 

Upper plate 

Upper 
plate 

Outer 
edge 

Outer edge 

Loa

Container or 
packaging 
Bench 

(Magnified view of outer edge) 
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maximum load at which the heat-sealed portion separates. 
 

 
Burst-Resistance Test 
Secure a sample as shown in the figure and pump glycerin into the pressure chamber at a rate 
of 95±10 ml per minute to generate pressure to determine the maximum pressure at which the 
sample bursts. 
 

 
Pinhole Test 
Fill the container or package with methylene blue solution (the type made for pinhole testing) 
and leave for 30 minutes, then check for pinholes. 
 
Seal Test 
Make a hole of 5 to 10 mm in diameter at the center of the side or bottom of a sealed container 
or package and insert an air nozzle in such a way that no air leaks out. To this directly connect 
a pressure gauge and a compressor. Turn on the compressor and set the pressure to 13.3 kPa 

A. Upper clamping ring (inner diameter 30.48 ± 
0.03 mm) 
 
B. Sample 
 
C. Fastening ring 
 
D. Lower clamping ring (inner diameter 31.75 ± 

 
 

Direction of 
pull

Direction of 
pull

Heat- 
sealed  
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for 10 seconds and check for air leakage. 
 
Drop Test 
Fill a container or package with its contents or water and seal. For a container or package 
having the total weight shown in Column 1 of the table below, drop the container twice from 
the height shown in Column 2 onto a concrete surface so that the container or package lands 
on its bottom or another flat surface. Check the container or package for leakage of the 
contents or water.  
                      

Column 1 Column 2 
Less than 100 g 80cm 
100 g or more and less than 400 g 50cm 
400 g or more and less than 2,000 g 30cm 
2,000 g or more 25cm 

 
Leakage Test 
Place a sealed container or package filled with its contents in a thermostatic bath heated to 
45±2°C, laying the container or package on its side. Leave in the bath for 24 hours, and check 
for leakage of contents. 
 
 
B-3 Atomic Absorption Spectrometry 
 
Atomic absorption spectrometry is a technique for determining the concentration of a target 
element in a sample solution by utilizing the phenomenon in which ground-state atoms absorb 
light of a characteristic wavelength when light is passed through an atomic vapor layer. 
 
Equipment 
Normally, an atomic absorption spectrometer consists of a light source, a sample atomizer, a 
spectrometer, a photometer, and a display and recording unit. A hollow cathode lamp is used 
as the light source. A frame-type (i.e., direct-injection) atomizer consists of a burner and a 
gas-flow adjuster; an electric heater-type atomizer consists of an electric heating unit and a 
power source. The spectrometer uses either a diffraction grating or an interference filter. The 
photometer consists of a detector and a signal processor. The display and recording unit 
typically includes a display and recording unit. 
 
Standard solution 
Use a standard solution appropriate for the target element, in addition to following any other 
applicable provisions. 
 
Procedure 
Follow either of the procedures as appropriate, in addition to any other applicable provisions. 
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(1) Frame-type (i.e., direct-injection) atomizer 
Turn on the light source (use a hollow cathode lamp appropriate for the target element) 
and adjust the spectrometer to the appropriate wavelength for the target element. Set 
the device to the appropriate current and slit width, then light the gas (use acetylene or 
hydrogen). Adjust the flow of the gas and compressed air, then spray the solvent mist 
into the frame and calibrate. Spray the sample solution and the standard solution for 
the target element into the frame and measure the spectral absorbance. 

 
(2) Electric heater-type atomizer 

Turn on the light source (use a hollow cathode lamp appropriate for the target element) 
and adjust the spectrometer to the appropriate wavelength for the target element. Set 
the device to the appropriate current and slit width, then place the specified amount of 
sample solution or standard solution for the target element into the electric heater. 
Release an appropriate amount of flow gas and, after drying and ashing in the 
appropriate heating mode, at the appropriate temperature, and for the appropriate 
amount of time, atomize the ash and measure the spectral absorbance. 
 

When measuring spectral absorbance, use the following wavelengths: zinc 213.9 
nm, antimony 217.6 nm, cadmium 228.8 nm, germanium 265.2 nm, lead 283.3 
nm, and barium 553.6 nm. 
 
The spectral absorbance of the sample solution must not exceed that of the 
sample solution for the target element when analyzed in the same manner as 
the sample solution. 

 
 
B-4 Heavy Metal Test 
 
The heavy metal test is a technique to determine whether a sample releases an amount of 

the acidity of a 
sodium sulfide reagent. The quantity is indicated as the quantity of lead (Pb). 
 
Procedure 
Place 20 ml of sample solution in a Nessler tube, and to this add enough water to bring the 
total volume to 50 ml. In a separate Nessler tube, place 2 ml of lead standard solution (for 
heavy metal testing) and 20 ml of leaching solution and enough water to bring the total 
volume to 50 ml; this is the control solution. To both solutions add two drops each of sodium 
sulfide reagent and leave for 5 minutes, then view both Nessler tubes from the top and sides 
against a white background. The sample solution should not appear darker in color than the 
control solution. If the leaching solution used is water, add 5 ml of 4% acetic acid to the sample 
solution and the lead standard solution, then add enough water to bring the total volume to 50 
ml. 
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B-5 Evaporation Residue Test 
 
The evaporation residue test is a test to determine the amount of substances that are 
transported from the sample into a leaching solution. 
 
Procedure 
In addition to following any other applicable provisions, perform the following test for 
implements, containers, or packaging that directly contact food listed in Column 1 of the 
following table. Prepare the sample solution using the solvent listed in Column 2 as the 
leaching solution. 
 

Column 1 Column 2 
Oily or fatty food Heptane 
Alcoholic beverage 20% ethanol 
Food other than oily or fatty food and alcoholic beverage 
Foods with a pH over 5 Water 
Foods with a pH of 5 or less 4% acetic acid 

 
Place 200 300 ml of sample solution (if using heptane as the leaching solution, transfer 
200 300 ml of sample solution to an egg-shaped flask, vacuum-concentrate to several 
milliliters, then rinse this concentrate and the flask twice with approximately 5 ml of heptane 
and use this wash liquid as the sample solution) in a dry platinum, quartz, or heat-resistant 
glass evaporation dish of known weight preheated to 105 C, then heat it on a water bath until 
the solution evaporates and the residue hardens. 
 
After drying for 2 hours at 105 C, let cool in a desiccater. After cooling, weigh the evaporation 
dish and determine the weight difference a (mg) before and after evaporation, then use the 
following equation to calculate the amount of evaporation residue. 
 

Evaporation residue ( g/ml) = [(a  b)  1,000] / amount of sample solution used (ml) 
 
Where, b = Blank test value (mg) obtained for the same amount of leaching solution as the 
sample solution 
 
 
B-6 Additive Tests 
 
Amines (limited to triethylamine and tributylamine only)  
 
(1) Plotting an analytical curve 
 
Accurately measure approximately 10 mg each of triethylamine and tributylamine and place 
in a 100 ml measuring flask, then add enough dichloroethane to bring the total volume to 100 
ml. Next, place 4 ml of this solution in a 100 ml measuring flask, and add enough 
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dichloroethane to bring the total volume to 100 ml. In separate 20 ml measuring flasks, place 1 
ml, 2 ml, 3 ml, 4 ml, and 5 ml of this solution, then add enough dichloroethane to bring the 
total volume to 20 ml. These are the standard solutions (0.2 g/ml, 0.4 g/ml, 0.6 g/ml, 0.8 

g/ml, and 1.0 g/ml). Using 1 l of each standard solution, perform gas chromatography 
according to the procedure and conditions specified below. Use the resultant gas 
chromatogram to calculate the height and area of the triethylamine and tributylamine peaks, 
then plot an analytical curve for each. 
 
Procedure and conditions 
 

Column Use a 30 m long silicate-glass column with an inner 
diameter of 0.32 mm and with a 5 m thick 
dimethylpolysiloxane coating. 

Column temperature Heat the column at 150 C for 5 minutes, then raise the 
temperature by 20 C every minute until 250 C is 
reached, then maintain at that temperature for 5 
minutes. 

Sample solution inlet 
temperature 

200 C 

Detector Use an alkaline flame thermionic detector or a 
high-sensitivity nitrogen phosphorus detector. Operate 
at or near 250 C. Adjust the flow of air and hydrogen 
for maximum detection sensitivity. 

Insertion method Spritzer (15:1) 
Carrier gas Use helium. Adjust the flow rate so that the 

triethylamine flows out in 3 4 minutes. 

 
(2) Test 
 

procedure and conditions as described in subsection (1) above. Use the resultant gas 
chromatogram to calculate the height and area of each peak. Next, use the respective 
analytical lines to determine the concentration of triethylamine and tributylamine in the 
sample solution, and use the following equation to determine the content of each in the 
material. 
 
Content ( g/g) in the material = sample solution concentration ( g/ml)  2 (ml) / sample weight 
(g) 
 
 

Appendix II - Pag. 183 of 306



 

94 
 

Tricresyl phosphates 
 
(1) Qualification Test 
 
Using 20 l each of sample solution and tricresyl phosphate standard solution, perform liquid 
chromatrography according to the procedure and conditions described below, then compare the 
peak detection time in the liquid chromatogram of the sample solution to the peak detection 
time in the liquid chromatogram of the tricresyl phosphate standard solution. 
 
Procedure and conditions 
 

Column fill gas Use phenyl silica gel. 
Column Use a stainless-steel tube 250 mm long and with an inner 

diameter of 4.6 mm 
Column temperature 50 C 
Detector Use an ultraviolet spectrophotometric detector. Operate at a 

wavelength of 264 nm. 
Moving phase Use a 2:1 mixture of acetonitrile and water. Adjust the flow rate 

so that the tricresyl phosphate flows out in approximately 9 
minutes. 

 
(2) Quantification Test 
 
Perform the following test if, in the qualification test (1), the peak detection time in the liquid 
chromatogram of the sample solution matches the peak detection time in the liquid 
chromatogram of the tricresyl phosphate standard solution. 
 
Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak area of the tricresyl phosphate in the sample 
solution. This area should not be greater than the peak area of the tricresyl phosphate 
standard solution. 
 
 
Dibutyltin compounds 
 
(1) Qualification Test 
 
Take 2 ml each of the sample solution and dibutyltin standard solution and add 5 ml of acetic 
acid-sodium acetate buffer solution and 1 ml of sodium tetraethylborate reagent, then seal 
immediately and shake vigorously for 20 minutes. Leave the mixture for approximately 1 hour 
at room temperature, and remove the hexane layer. Using 1 l of each, perform gas 
chromatography and mass spectrometry under the procedure and conditions specified below, 
then compare the peak detection time in the gas chromatogram of the sample solution with 
that of the gas chromatogram of the dibutyltin standard solution. 
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Procedure and conditions 
 

Column Use a 30 m long silicate-glass column with an inner diameter 

coating containing up to 5% diphenylpolysiloxane.  
Column temperature Heat the column at 45°C for 4 minutes, then raise the 

temperature by 15°C every minute until 300°C is reached, 
then maintain at that temperature for 10 minutes. 

Sample solution inlet 
temperature 

250 C 

Detector Use a mass spectrometer set to an atomic mass number of 
263. 

Carrier gas Use helium. Adjust the flow rate so that the dibutyltin 
inductor flows out in approximately 13 minutes. 

 
(2) Quantification Test 
 
Perform the following test if, in the qualification test (1), the peak detection time in the gas 
chromatogram of the sample solution matches the peak detection time in the gas 
chromatogram of the dibutyltin standard solution. 
 
Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak area of the dibutyltin in the sample solution. This 
area should not be greater than the peak area of the dibutyltin standard solution. 
 
 
B-7 Arsenic Test 
 
The arsenic test is a technique to determine whether a sample contains an amount of arsenic 
that exceeds the allowable maximum. The quantity is indicated as the quantity of arsenic 
trioxide. 
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Equipment   
The figure below is a schematic of the equipment used. 

 
A: Reaction bottle (capacity to shoulder: approximately 70 ml) 
B: Exhaust tube 
C: Glass tube (inner diameter: 5.6 mm; inner diameter of tip of portion inserted into 

absorption tube: 1 mm) 
D: Absorption tube (inner diameter: 10 mm) 
E: Hole 
F: Glass fiber (approximately 0.2 g) 
G: 5 ml graduation line 
H & J: Rubber stopper 
L: 40 ml graduation line 
 

Stuff glass fiber (F) in the exhaust tube (B) to a height of approximately 30 mm. After wetting 
uniformly with an equal mixture of lead acetate reagent and water, apply weak suction from 
the bottom to remove any excess fluid. Insert the tube vertically through the center of the 
rubber stopper (H) and into the reaction bottle (A) so that the small hole (E) is just below the 
bottom of the stopper. To the top of B, affix the rubber stopper (J) in which a glass tube (C) is 
vertically inserted. The bottom of the exhaust tube side of C should be aligned with the bottom 
of the rubber stopper (J). 
 
Procedure 
Pour the sample solution into the reaction bottle and add one drop of bromophenol blue, then 
neutralize with ammonia water or ammonia reagent. The neutralization step may be omitted 
when the leaching agent is water. To this liquid, add 5 ml of hydrochloric acid (1
of potassium iodine. Wait 2 3 minutes, add 5 ml of tin (II) chloride and leave for 10 minutes at 
room temperature. Next, add enough water to bring the total volume to 40ml, add 2 g of zinc 
(arsenic test type) and immediately affix rubber stopper H connecting B and C. Insert the 
narrow tip of C so that it reaches the bottom of absorption tube D, which should already 
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contain 5 ml of hydrogen arsenide absorbing solution. 
 
Next, place the reaction bottle in 25 C water up to the shoulder and leave for 1 hour. Remove 
the absorption tube and, if necessary, add enough pyridine to bring the total volume to 5 ml. 
The absorbing solution must not appear darker in color than the standard color, described 
below. 
 
To determine the standard color, perform the same procedure as was done for the sample 
solution. Place the same amount of leaching solution as the sample solution and 2.0 ml of 
arsenic standard solution into the reaction bottle. The color exhibited by the absorbing 
solution that results after following the same procedure (described below) as with the sample 
solution is the standard color. 
 
 
B-8 Monomer Tests 
 
Epichlorohydrine 
(1) Qualification Test 
Using 5 l each of sample solution and epichlorohydrine standard solution, perform gas 
chromatrography according to the procedure and conditions described below, then compare the 
peak detection time in the gas chromatogram of the sample solution to the peak detection time 
in the gas chromatogram of the tricresyl phosphate standard solution. 
Procedure and conditions 

Column Use a 30 m long silicate-glass column with an inner diameter of 
 

Column temperature Heat the column at 50°C for 5 minutes, then raise the 
temperature by 10°C every minute until 100°C is reached. 

Sample solution inlet  
temperature 

220 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
220 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the 
epichlorohydrine flows out in approximately 7 minutes. 

(2) Quantification Test 
Perform the following test if, in the qualification test (1), the peak detection time in the gas 
chromatogram of the sample solution matches the peak detection time in the gas 
chromatogram of the epichlorohydrine standard solution. 
Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak area of the epichlorohydrine in the sample solution. 
This area should not be greater than the peak area of the epichlorohydrine standard solution. 
 
Vinylidene Chloride 
(1) Qualification Test 
Pour 50 l of vinylidene chloride standard solution into a septum-stoppered glass bottle 
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already containing 2.5 ml of N,N-dimethylacetamide, and immediately seal. Next, heat sealed 
glass bottles containing the sample solution and standard solution for 1 hour, shaking 
occasionally while maintaining at 90°C. Next, using 0.5 ml of vapor from each, perform gas 
chromatography under the procedure and conditions specified below, then compare the peak 
detection time in the gas chromatogram of the sample solution with that of vinylidene chloride 
in the gas chromatogram of the vinylidene chloride standard solution. 
Procedure and conditions 

Column Use a 25 m long silicate-glass column with an inner diameter of 
0.25 
divinylbenzene resin. 

Column temperature Heat the column at 80°C for 1 minute, then raise the 
temperature by 10°C every minute until 250°C is reached, then 
maintain at that temperature for 10 minutes. 

Sample solution inlet 
temperature 

200 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
250 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the 
vinylidene chloride flows out in approximately 9 minutes. 

(2) Quantification Test 
Perform the following test if, in the qualification test (1), the peak detection time of vinylidene 
chloride in the gas chromatogram of the sample solution matches the peak detection time in 
the gas chromatogram of the vinylidene chloride standard solution. 
Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak area of the vinylidene chloride in the sample 
solution. This area should not be greater than the peak area of the vinylidene chloride 
standard solution. 
 
Vinyl Chloride 
(1) Qualification Test 
Pour 50 l of vinyl chloride standard solution into a septum-stoppered glass bottle already 
containing 2.5 ml of N,N-dimethylacetamide, and immediately seal. Next, heat sealed glass 
bottles containing the sample solution and standard solution for 1 hour, shaking occasionally 
while maintaining at 90°C. Next, using 0.5 ml of the vapor from each, perform gas 
chromatography under the procedure and conditions specified below, then compare the peak 
detection time in the gas chromatogram of the sample solution with the peak detection time of 
vinyl chloride in the gas chromatogram of the vinyl chloride standard solution. In the metal 
can test, place 10 ml of sample solution in a septum-stoppered glass bottle and seal 
immediately. Place 50 µl of vinyl chloride standard solution in a septum-stoppered glass bottle 
already containing 10 ml of ethanol, and seal immediately. Maintaining the sealed glass 
bottles of the sample solution and standard solution at 50°C, heat for 30 minutes, shaking 
occasionally, and use these to perform the same procedure. 
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Procedure and conditions 
Column Use a 25 m long silicate-glass column with an inner diameter 

divinylbenzene resin. 
Column temperature Heat the column at 80°C for 1 minute, then raise the 

temperature by 10°C every minute until 250°C is reached, 
then maintain at that temperature for 10 minutes. 

Sample solution inlet 
temperature 

200 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
250 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the vinyl 
chloride flows out in approximately 5 minutes. 

(2) Quantification Test 
Perform the following test if, in the qualification test (1), the peak detection time in the gas 
chromatogram of the sample solution matches the peak detection time in the gas 
chromatogram of the vinyl chloride standard solution. 
Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak area of the vinyl chloride in the sample solution. 
This area should not be greater than the peak area of the vinyl chloride standard solution. 
 
Caprolactam 
(1) Qualification Test 
Using 1 l each of sample solution and caprolactam standard solution, perform gas 
chromatrography according to the procedure and conditions described below, then compare the 
peak detection time in the gas chromatogram of the standard solution to the peak detection 
time of caprolactam in the gas chromatogram of the caprolactam standard solution. 
Procedure and conditions 

Column Use a 30 m long silicate-glass column with an inner diameter of 
0.32  

Column temperature 240°C. 
Sample solution inlet 
temperature 

240 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
240 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the 
caprolactam flows out in approximately 5 minutes. 

(2) Quantification Test 
Perform the following test if, in the qualification test (1), the peak detection time in the gas 
chromatogram of the sample solution matches the peak detection time of caprolactam in the 
gas chromatogram of the caprolactam standard solution. 
Using the results obtained under the procedure and conditions as the qualification test (1) as a 
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reference point, measure the peak area of caprolactam in the sample solution. This area 
should not be greater than the peak area of the caprolactam standard solution. 
 
Volatile Substances 
(1) Plotting an analytical curve 
Place 90 ml of tetrahydrofuran in a 100 ml measuring flask. Accurately measure and add 50 
mg each of styrene, toluene, ethylbenzene, isopropyl benzene, and propyl benzene, then add 
enough tetrahydrofuran to bring the total volume to 100 ml. In separate 20 ml measuring 
flasks, place 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of this solution, and add 1 ml of diethylbenzene 
sample solution and enough tetrahydrofuran to bring the total volume to 20 ml. These are the 
standard solutions. Using 1 l of each standard solution, perform gas chromatography 
according to the procedure and conditions specified below. Use the resultant gas 
chromatogram to calculate the ratio of the each peak area of styrene, toluene, ethylbenzene, 
isopropyl benzene and propyl benzene to that of diethylbenzene, then plot an analytical curve 
for each. 
Procedure and conditions 

Column Use a 30 m long silicate-glass column with an inner diameter of 
0.25  

Column temperature From a temperature of 60°C, raise the temperature at a rate of 
4°C per minute until 100°C is reached, then continue raising 
the temperature at a rate of 10°C per minute until 150°C is 
reached. 

Sample solution inlet 
temperature 

220 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
220 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the 
diethylbenzene flows out in approximately 11 minutes. 

(2) Test 

procedure and conditions as described in (1) Plotting an analytical curve. Use the resultant 
gas chromatogram to calculate the ratio of each peak area to that of diethylbenzene. Next, use 
the respective analytical lines to determine the concentration of styrene, toluene, 
ethylbenzene, isopropyl benzene, and propyl benzene, then use the following equation to 
determine the content of each. 

Content ( g/g) = sample solution concentration ( g/ml)  20 (ml) / sample weight (g) 
 
Diphenyl Carbonate 
(1) Plotting an analytical curve 
Accurately measure 10 mg of diphenyl carbonate and place in a 100 ml measuring flask, and 
add enough methanol to bring the total volume to 100 ml. In separate 20 ml measuring flasks, 
place 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of this solution, then add enough water to bring the total 
volume to 20 ml. These are the standard solutions (5 µg/ml, 10µg/ml, 15 µg/ml, 20µg/ml, and 
25 µg/ml). Using 20 l of each standard solution, perform liquid chromatography according to 
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the procedure and conditions specified below. Use the resultant liquid chromatogram to 
calculate the height and area of the peak of diphenyl carbonate, then plot an analytical curve. 
Procedure and conditions 

Column filler Use octadecylsilyl silica gel. 
Column Use a 250 mm long stainless-steel column with an inner 

diameter of 4.6 mm. 
Column temperature 40 C 
Detector  Use an ultraviolet spectrophotometric detector. Operate at a 

wavelength of 217 nm. 
Moving phase A = acetonitrile; B = water.  
Concentration gradient After conducting a linear concentration gradient from A:B 

(3:7) to (100:0) for 35 minutes, let the acetonitrile flow for 10 
minutes. 

(2) Test 

procedure and conditions as described in (1) Plotting an analytical curve. Use the resultant 
liquid chromatogram to calculate the height and area of the peak. Next, use the analytical 
curve to determine the concentration of diphenyl carbonate in the sample solution, then use 
the following equation to determine the content in the material. 

Content ( g/g) = sample solution concentration ( g/ml)  20 (ml) / sample weight (g) 
 
Total lactic acid 
(1) Qualification test 
Measure 1 ml each of sample solution and lactic acid control solution to the columns, add 100 

60 C for 15 minutes, shaking occasionally to mix them. After the columns have cooled, add 

to liquid chromatography according to the procedure and conditions described below; then, 
compare the peak detection time for the liquid chromatogram of the sample solution to the 
peak detection time for the liquid chromatogram of the lactic acid standard solution. 
Procedure and conditions 

Column filler Use octadecylsilyl silica gel. 
Column Use a 250 mm long stainless-steel column with an inner 

diameter of 4.6 mm. 
Column temperature 40 C. 
Detector Use an ultraviolet spectrophotometric detector. Operate it at a 

wavelength of 210 nm. 
Moving phase Use a solution of phosphoric acid, acetonitrile and water at 

0.1:1:99. Adjust the flow rate such that the lactic acid finishes 
flowing out in approximately 5 minutes. 

(2) Quantification Test 
Perform the following test if, in the qualification test (1), the peak detection time for the liquid 
chromatogram of the sample solution matches the peak detection time for the liquid 
chromatogram of the lactic acid standard solution.  
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Using the results obtained under the same procedure and conditions as the qualification test 
(1) as a reference point, measure the peak detection time of the lactic acid in the sample 
solution. This area should not be greater than the peak detection time of the lactic acid 
standard solution.  
 
Bisphenol A (including phenol and p-tert-butylphenol) 
(1) Plotting an analytical curve 
Accurately measure 10 mg each of bisphenol A, phenol, and p-tert-butylphenol and place in a 
100 ml measuring flask, then add enough methanol to bring the total volume to 100 ml. In 
separate 20 ml measuring flasks, place 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of this solution, then 
add enough water to bring the total volume to 20 ml. These are the standard solutions (5 µg/ml, 
10 µg/ml, 15 µg/ml, 20 µg/ml, and 25 µg/ml). Using 20 l of each standard solution, perform 
liquid chromatography according to the procedure and conditions specified below. Use the 
resultant liquid chromatogram to calculate the height and area of the peak of bisphenol A, 
phenol, and p-tert-butylphenol, then plot an analytical curve for each. 
When plotting the analytical curve for a leaching test, place 2 ml of each of the aforementioned 
standard solutions in separate 20 ml measuring flasks and add enough water to bring the total 
volume to 20 ml. Using 100 l of each of these solutions (0.5 µg/ml, 1.0 µg/ml, 1.5 µg/ml, 2.0 
µg/ml, and 2.5 µg/ml), plot an analytical curves according to the same procedure and 
conditions. 
Procedure and conditions 
Follow the same procedure and conditions as with diphenol carbonate. 
 
(2) Test 

procedure and conditions as described in (1) Plotting an analytical curve. Use the resultant 
liquid chromatograms to calculate the height and area of each peak. Next, use the analytical 
lines to determine the concentration of bisphenol A, phenol, and p-tert-butylphenol in the 
sample solution, then use the following equation to determine the content of each in the 
material. 

Content ( g/g) = sample solution concentration ( g/ml)  20 (ml) / sample weight (g) 
For a leaching test, use 100 l of the sample solution and, according to the same procedure and 
conditions, use the leaching-test analytical curves to determine the concentration of bisphenol 
A, phenol, and p-tert-butylphenol in the sample solution. 
 
Phenol 
 
Add 20 ml of sample solution with 3 ml of boric acid buffer solution and mix well, then add 
5 ml of 4-amino antipyrine and 2.5 ml of potassium hexacyanoferrate (III) and enough water 
to bring the total volume to 100 ml. Mix well and leave for 10 minutes at room temperature. 
Also prepare 20 ml of phenol standard solution according to the same procedure. When 
measured at a wavelength of 510 nm, the spectral absorbance of the sample solution must not 
exceed that of the phenol standard solution. 
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Formaldehyde 
 
Add 10 ml of sample solution with 1 ml of 20% phosphoric acid, then place 5 10 ml of water in 
a 200 ml measuring cylinder and conduct steam distillation with the cooling unit adapter 
submerged in water. When the volume of distillate reaches approximately 190 ml, stop 
distillation and add enough water to bring the total volume to 200 ml. Place 5 ml of this 
solution in a 15 mm inner-diameter test tube and add 5 ml of acetylacetone reagent. Mix and 
then heat in a boiling water bath for 10 minutes. 
In a separate 15 mm inner-diameter test tube, place 5 ml of water and 5 ml of acetylacetone 
reagent. Mix and then heat in a boiling water bath for 10 minutes. This is the contrast 
solution. 
When viewed from the side against a white background, the sample solution must not appear 
darker in color than the contrast solution. 
 
Methyl Methacrylate 
(1) Qualification Test 
Using 1 l each of sample solution and methyl methacrylate standard solution, perform gas 
chromatrography according to the procedure and conditions described below, then compare the 
peak detection time in the gas chromatogram of the sample solution to the peak detection time 
of methyl methacrylate in the gas chromatogram of the methyl methacrylate standard 
solution. 
Procedure and conditions 

Column Use a 30 m long silicate-glass column with an inner diameter 
of 0.32 mm and 
coating. 

Column temperature Heat at 120°C for 1 minute, then raise the temperature at a 
rate of 5 C per minute until 170 C is reached. 

Sample solution inlet 
temperature 

200 C. 

Detector Use a hydrogen flame ionization detector. Operate at or near 
200 C. Adjust the flow of air and hydrogen for maximum 
detection sensitivity. 

Carrier gas Use nitrogen or helium. Adjust the flow rate so that the 
methyl methacrylate flows out in approximately 4 to 5 
minutes. 

(2) Quantification Test 
Perform the following test if, in (1) Qualification test, the peak detection time in the gas 
chromatogram of the sample solution matches the peak detection time of methyl methacrylate 
in the gas chromatogram of the methyl methacrylate standard solution. 
Using the results obtained under the same procedure and conditions as in (1) Qualification 
test as a reference point, measure the peak area of methyl methacrylate in the sample solution. 
This area should not be greater than the peak area of the methyl methacrylate standard 
solution. 
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B-9 Inductively Coupled Plasma Photoemission 
Spectroscopy 

 
Inductively coupled plasma photoemission spectroscopy is a technique that uses an 
inductively coupled plasma (ICP) to atomize and excite the target molecules in a sample and 
measure the concentration of the target molecule in the sample from an atomic photoemission 
spectrograph generated. 
 
Equipment 
The equipment normally consists of an excitation source, a sample induction unit, a 
photoemission unit, a spectrometer, a photometer, and a display and recording unit. The 
excitation source comprises an energy source, a control system and circuits that generate and 
control the electrical energy to excite the sample and cause optical emission. Accessories 
include a gas source and cooling unit. The sample induction unit comprises a nebulizer and a 
mist chamber. Components of the photoemission unit include a torch tube and a 
high-frequency induction coil. Spectrometer components include a light-condensing unit and a 
diffraction grating. The photometer consists of a detector and a signal-processing system. The 
display and recording unit typically includes a display and recording unit. Types of devices 
include a single-element serial analysis type with a wavelength-scanning spectrometer, a 
multi-element serial analysis type with a wavelength-scanning spectrometer, and a 
multi-element simultaneous analysis type with a fixed-wavelength polychrometer. 
 
Standard solution 
Use the standard solution for the target element, in addition to following any other applicable 
provisions. 
 
Procedure 
After verifying that all electrical components are operating normally, turn on the excitation 
source and the cooling unit. If using a vacuum spectrometer to measure vacuum ultraviolet 
photoemission, be sure to sufficiently replace the optical axis between the photoemission unit 
and the spectrometer with argon or nitrogen. Set the argon or nitrogen to the predetermined 
flow rate, and turn on the high-frequency power supply to generate the plasma. Use the 
photoemission of the mercury lamp to calibrate the wavelength of the spectrometer. Next, 
introduce the sample solution (prepared as separately specified) and measure the 
photoemission intensity of the appropriate spectral lines. 
The photoemission intensity of the sample solution must not exceed that of the standard 
solution for the target element when analyzed in the same manner. 
 
 
B-10 Preparation of Sample Solutions for Leaching Tests 
 
Prepare the sample solution according to the following procedure, unless specified otherwise.  
Rinse the sample thoroughly in water, then use the specified leaching solution to prepare the 
sample solution as follows. 
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Use 2 ml of leaching solution for each square centimeter of sample. Heat the solution to 60 C 
and, maintaining at that temperature, leave for 30 minutes. If the sample is intended for use 
at temperatures above 100 C and the leaching solution used is 4% acetic acid or heptane, 
maintain the 4% acetic acid at 95 C for 30 minutes or the heptane at 25 C for 1 hour. 
 
 
C Reagents and Solutions  
 
Unless otherwise stipulated, use the reagents, sample solutions, standard volumetric analysis 
solutions, standard solutions and standard undiluted solutions listed below for testing. In 
cases other than those indicated below, use those indicated in Part II: Additives, Section C: 
Reagents and Solutions.  
 

eagent, in this 
 

 
Items whose names used in this specification differ from their JIS names are noted with the 
JIS name after the JIS number.  
 
The glass containers in which reagents, sample solutions, standard volumetric analysis 
solutions, standard solutions and standard undiluted solutions are kept should have very low 
solubility and alkalinity and as far as possible should not contain lead or arsenic.  
 
C-1 Reagents 
 

Zinc (for arsenic 
testing) 

Zn [K 8012, For 
arsenic analysis] 

Granular  

Acetylacetone CH3COCH2COCH3 [K 8027, Special]  
Acetonitrile CH3CN [K 8032, Special]  
4-Aminoantipyrine C11H13N3O [K 8048, Special]  
Ammonia solution NH3 [K 8085, Special] Contains 28% - 30% 

ammonia.  
Isopropyl benzene   Contains at least 98% 

isopropyl benzene. 
Ethanol (99.5) C2H5OH [K 8101, Special]   
Ethanol (for vinyl 
chloride testing) 

  Ethanol (99.5), when testing 
for vinyl chloride, confirm 
that no substances that 
interfere with testing are 
contained. 

Ethyl benzene C2H5C6H5  Contains at least 99% ethyl 
benzene.  
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Epichlorohydrin C3H5ClO  Contains at least 98% 
epichlorohydrin.  

Antimony (III) chloride SbCl3 [K 8400, Special]   
Tin (II) chloride 
dehydrate 

SnCl2 2H2O [K 8136, Tin (II) chloride dihydrate, Special] 
  

Vinylidene chloride C2H2Cl2  Contains at least 99% 
vinylidene chloride.  

Vinyl chloride C2H3Cl  Contains at least 99.5% 
vinyl chloride.  

Hydrochloric acid HCl [K 8180, Special]  
Hydrochloric acid (for 
arsenic testing) 

HCl [K 8180, for arsenic analysis] 

Caprolactam C6H11NO  Contains at least 98% 
caprolactam.  

Potassium 
permanganate 

KMnO4 [K 8247, Special]  

Cadmium Cd  Contains at least 99.9% 
cadmium.  

Citric acid monohydrate H3C6H5O7 H2O [K 8283, Citric acid monohydrate, Special] 
  

Diammonium hydrogen 
citrate 

C5H14N2O7 [K 8284, Diammonium hydrogen citrate, Special] 

Glycerine CH2(OH)CH(OH)C
H2OH 

[K8295, Special]   

Tricresyl phosphate (C6H4CH3O)3PO  Contains at least 90% 
tricresyl phosphate.   

Acetic acid CH3COOH [K 8355, Special]   
Ammonium acetate CH3COONH4 [K 8359, Special]   
Sodium acetate CH3COONa [K 8372, Special]   
Lead (II) acetate 
trihydrate 

Pb(CH3COO)2

3H2O 
[K 8374, Special]   

Arsenic trioxide As2O3 [K 8044, Arsenic 
trioxide, Special] 

  

Potassium cyanide KCN [K 8443, Special]  
Silver 
N,N-diethyldithiocarba
mate 

C5H10AgNS2 [K 9512, Special]   

Diethylbenzene       Contains at least 98% 
1,4-diethylbenzene. 

2,6-dichloroquinone 
chlorimide 

C6H2Cl3NO   

Dichloromethane CH2Cl2 [K 8161, Special]   
N,N-Dimethyl 
acetamide 

CH3CON(CH3)2  When testing for vinylidene 
chloride or vinyl chloride, 
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confirm that no substances 
are contained that interfere 
with testing.  

Diphenyl carbonate (C6H5)2CO3  Contains at least 97% 
diphenyl carbonate.  

Ammonium oxalate 
monohydrate 

(NH4)2C2O4 H2O [K 8521, Ammonium oxalate monohydrate, 
Special] 

Sodium oxalate NaC2O4 [K 8528, Sodium oxalate, Special]  
Nitric acid HNO3 [K 8541, Special]   
Lead (II) nitrate Pb(NO3)2 [K 8563, Special]   
Barium nitrate Ba(NO3)2 [K 8565, Special]   
Sodium hydroxide NaOH [K 8576, Special]   
Styrene C6H5CHCH2  Contains at least 99% 

styrene.  
Sodium carbonate Na2CO3 [K 8625, Special]   
Nitrogen N2  Use high purity nitrogen.  
Sodium 
tetraethylborate 

(C2H5)4BNa  Contains at least 98% 
sodium tetraethylborate.  

Tetrahydrofuran C4H8O [K 9705, Special] When testing for volatile 
substances, confirm that no 
substances are contained 
that interfere with testing.  

Triethylamine (C2H5)3N  Contains at least 99% 
triethylamine.  

Tributylamine (C4H9)3N  Contains at least 98% 
tributylamine.  

Toluene C6H5CH3 [K 8680, Special]   
Dibutyltindichloride (C4H9)2SnCl2   Contains at least 97% 

dibutyltindichloride.  
Germanium dioxide GeO2   Contains at least 99% 

germanium dioxide.  
Lithium L-lactate CH3CH(OH)COOLi  Contains at least 97% 

lithium lactate. 
Bisphenol A  (CH3)2C(C6H4OH)2  Contains at least 99% 

bisphenol A.  
Pyridine C5H5N [K 8777, Special]   
Phenol C6H5OH [K 8798, Special]   
p-tert-butylphenol (CH3)3CC6H4OH  Contains at least 99% 

p-tert-butylphenol.  
Propylbenzene C6H5C3H7   Contains at least 97% 

propylbenzene.  
Bromophenol blue C19H10Br4O5S  [K 8844, Special]   
Hexane C6H14 [K 8848, Special]   
Potassium K3[Fe(CN)6] [K 8801, Special]   
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hexacyanoferrate (III) 
Heptane C7H16 [K 9701, Special]   
Pentane C5H12  When testing for 

epichlorohydrin, confirm 
that no substances that 
interfere with testing are 
contained.  

Boric acid H3BO3 [K 8863, Boric acid, Special] 
Methyl methacrylate C3H5COOCH3  Contains at least 98% 

methyl methacrylate.  
Methylene blue C6H18ClN3S 3H2O [K 8897, Special]   
2-Mercaptoimidazoline C3H6N2S  Contains at least 95% 

mercaptoimidazoline.  
Potassium iodide KI [K 8913, Potassium iodide, Special] 
Sodium sulfide 
nonahydrate 

Na2S 9H2O [K 8949, Special]  

Sulfuric acid H2SO4 [K 8951, Special]   
Phosphoric acid H3PO4 [K 9005 Special]  

 
 
C-2 Solutions  
 
When preparing solutions, use reagents listed in C-1: Reagents.  

Acetylacetone sample solution Dissolve 150g of ammonium acetate in water, add 3 ml acetic 
acid  and 2 ml acetylacetone; add more water to bring the 
total volume to 1,000 ml. Prepare just before use.  

4-Aminoantipyrine sample 
solution 

Dissolve 1.36g of 4-aminoantipyrine in water to bring the total 
volume to 1,000 ml.  

Ammonia sample solution Measure out 400 ml of ammonia solution and add water to 
bring the total volume to 1,000 ml.  
20% ethanol Measure out 40 ml ethanol (99.5) and add water 
to bring the total volume to 200 ml.  

Tin (II) chloride sample solution Measure out 4 g of tin (II) chloride dihydrate, add 125 ml of 
hydrochloric acid (for arsenic testing), dissolve and add water 
to bring the total volume to 250 ml.  
Put in a stoppered bottle and seal tightly for storing. Use 
within a month of preparation.  

6 mol/l hydrochloric acid Add water to 540 ml of hydrochloric acid to bring the total 
volume to 1,000 ml.  

1 mol/l hydrochloric acid Add water to 90 ml of hydrochloric acid to bring the total 
volume to 1,000 ml.  

0.1 mol/l hydrochloric acid Add water to 100 ml of 1 mol/l hydrochloric acid to bring the 
total volume to 1,000 ml.  

Weak sulfuric acid (for sustained Gradually add 7.54 g sulfuric acid to 1,000 ml of water. 
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pressure test) 
0.5% citric acid solution Measure out 5 g of citric acid monohydrate, add water to bring 

the total volume to 1,000 ml, and use sodium hydroxide 
sample solution to adjust pH to 3.5.  

Ammonium citrate sample 
solution 

Dissolve 25 g of diammonium hydrogen citrate in water to 
bring the total volume to 100 ml.  

4% acetic acid Measure out 40 ml of acetic acid and add water to bring the 
total volume to 1,000 ml.  

Acetic acid / sodium acetate 
buffer solution 

Solution No. 1: Measure out 12 g of acetic acid and add water 
to bring the total volume to 100 ml. 
Solution No. 2: Dissolve 16.4 g of sodium acetate in water to 
bring the total volume to 100 ml. 
Mix three parts solution No. 1 with seven parts solution No. 2. 

Lead acetate sample solution Measure out 11.8 g of lead (II) acetate trihydrate, dissolve in 
water to bring the total volume to 100 ml, and add two drops 
acetic acid (1   

Potassium cyanide sample 
solution 

Dissolve 1 g of potassium cyanide in 10 ml of water. Prepare 
just before using.   

Diethylbenzene sample solution Add tetrahydrofuran to 1 ml of diethylbenzene to bring the 
total volume to 100 ml, take 10 ml of this and add more 
tetrahydrofuran to bring the total volume to 100 ml.   

2,6-dichloroquinone chlorimide 
ethanol sample solution 

Dissolve 100 mg of 2,6-dichloroquinone chlorimide in ethanol 
to bring the total volume to 10 ml. 

Ammonium oxalate sample 
solution 

A saturated solution of ammonium oxalate monohydrate. 
Dissolve 5 g of ammonium oxalate monohydrate in water to 
bring the total volume to 100 ml. 

0.1 mol/l nitric acid Add water to 6.4ml of nitric acid to bring the total volume to 
1,000 ml. 

Sodium hydroxide sample 
solution 

Dissolve 4.3 g of sodium hydroxide in water to bring the total 
volume to 100 ml. 

0.2 mol/l sodium hydroxide 
sample solution 

Dissolve 8.0 g of sodium hydroxide in water to bring 
the total volume to 1,000 ml. 

Sodium tetraethylborate sample 
solution 

Dissolve 1 g of sodium tetraethylborate in water to bring the 
total volume to 50 ml. Prepare just before using. 

Hydrogen arsenide absorbed 
liquid 

Dissolve 0.50 g of silver N, N-diethyldithiocarbamate in 
pyridine to bring the total volume to 100 ml. Place this liquid 
in a light-blocking stoppered bottle and store in a cool place. 

Bromophenol blue sample 
solution 

Measure out 0.1 g of bromophenol blue, add 100 ml of 50% 
ethanol, dissolve, and if necessary, filter. 

Potassium hexacyanoferrate 
(III) sample solution 

Dissolve 8.6 g of potassium hexacyanoferrate (III)  
in water, add 1.8 ml of ammonia solution and enough water to 
bring the total volume to 1,000 ml. 

Boric acid buffer solution  Solution No. 1: Dissolve 4.0 g of sodium hydroxide in water to 
bring the total volume to 100 ml.  
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Solution No. 2: Dissolve 6.2 g of boric acid in water to bring the 
total volume to 100 ml.  
Measure out equal parts of solution No. 1 and solution No. 2 
and mix.  

Methylene blue sample solution 
(for pinhole testing) 

Measure out 0.4 g of methylene blue and dissolve in water 
containing 10 ml of ethanol to bring the total volume to 100 
ml.   

Potassium iodide sample 
solution 

Measure out 16.5 g of potassium iodide, add water to bring the 
total volume to 100 ml. Store protected from light.  

Sodium sulfide sample solution Measure out 5g of sodium sulfide nonahydrate, add a mixture 
of 10 ml water and 30 ml glycerine and dissolve. Place in a 
small, light-blocking bottle until the bottle is nearly full and 
seal tightly for storing. Use within three months of 
preparation.   

0.2 mol/l phosphoric acid Dissolve 14 ml of phosphoric acid in water to bring the total 
volume to1,000 ml. 

 
 
C-3 Standard volumetric analysis solutions 
 
0.002 mol/l potassium permanganate solution 
 
Dissolve approximately 0.31 g of potassium permanganate in water to bring the total volume 
to 1,000 ml. Store in a light-blocking stoppered bottle. When needed, use 0.005 mol/l sodium 
oxalate solution to standardize.   
 
Standardization:  

solution and boil for 5 minutes. Next, cut off heat and immediately add 10 ml of 0.005 mol/l 
sodium oxalate solution. After it loses its color, add potassium permanganate solution by the 

ml of potassium permanganate solution to this liquid and boil for 5 minutes; after this add 10 
ml of 0.005 mol/l sodium oxalate solution and immediately titrate with potassium 
permanganate solution, then determine the factor of the potassium permanganate solution 
using the following formula.   
  

Factor = 10/(5 a)  
Where, a = titration volume (ml) of potassium permanganate solution   
 
 
0.005 mol/l sodium oxalate solution 
 
Dissolve 0.6700 g of sodium oxalate in water to bring the total volume to 1,000 ml and keep in 
a light-blocking stoppered bottle. Use within a month of preparation.   
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C-4 Standard solutions, standard undiluted solutions 
 
Zinc standard 
undiluted solution  

Measure out 1.0 g of zinc, dissolve in 6 mol/l hydrochloric acid and 
evaporate and harden on a water bath. Add 1 mol/l hydrochloric acid to 
the residue to bring the total volume to 1,000 ml. 
1 ml of the liquid contains 1 mg of zinc.   

Zinc standard 
solution 

Take 1 ml of the zinc standard undiluted solution and add water to 
bring the total volume to 50 ml. Take 1 ml of this and add a leaching 
solution (same as the sample solution) to bring the total volume to 20 
ml. If using water as the leaching solution, add five drops of acetic acid 

 
Antimony standard 
undiluted solution 

Measure out 1.874 g of antimony trichloride and dissolve in a small 
2); afterwards add hydrochloric acid 

1 mg of antimony. 
Antimony standard 
solution 

Take 1 ml of antimony standard undiluted solution, add 4% acetic acid 
to bring the total volume to 100 ml, take 1 ml of this and add 4% acetic 
acid to bring the total volume to 200 ml. 1 ml of the liquid contains 0.05 

 
Epichlorohydrin 
standard solution 

Dissolve 100 mg of epichlorohydrin in pentane to bring the total volume 
to 100 ml, take 1 ml of this and add pentane to bring the total volume to 
100 ml. Then take 5 ml of this liquid and add pentane to bring the total 

 
Vinylidene chloride 
standard solution 

Place approximately 98 ml of N,N-dimethyl acetamide in a 100 ml 

vinylidene chloride into this measuring flask through the silicon rubber 
stopper.  
Then inject N,N-dimethyl acetamide through the silicon rubber stopper 
to bring the total volume to 100 ml. Take 1 ml of this liquid and add 
N,N-dimethyl acetamide to bring the total volume to 50 ml. 

 
Vinyl chloride 
standard solution 

Place approximately 190 ml of ethanol (for vinyl chloride testing) in a 
200 ml measuring flask, plug with a silicon rubber stopper and weigh. 
Cool the measuring flask in a methanol-dry ice bath and inject 200 mg 
of already liquefied vinyl chloride through the silicon rubber stopper. 
Through the silicon rubber stopper, inject the ethanol (for vinyl 
chloride testing) chilled in the methanol-dry ice bath to bring the total 
volume to 200 ml. Next, cool this in the methanol-dry ice bath, take 1 
ml, and add ethanol (for vinyl chloride testing) chilled in the 
methanol-dry ice bath to bring the total volume to 100 ml. Store in a 
methanol-dry ice bath.   
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Cadmium standard 
undiluted solution 

Measure out 100 mg of cadmium, dissolve in 50 ml of 10% nitric acid, 
evaporate and harden on a water bath, then add 0.1 mol/l nitric acid to 
the residue to bring the total volume to 100 ml. 1 ml of this liquid 
contains 1 mg of cadmium.  

Cadmium standard 
solution 

Take 1 ml of cadmium standard undiluted solution, add solvent (the 
same as used to the sample solution) to bring the total volume to 200 
ml. However, if using water as the sample solution, add five drops of 
nitric acid to this.   

 
Cadmium standard 
solution (for testing 
metal cans)  

Take 2 ml of cadmium standard solution, and add a leaching solution to 
bring the total volume to 100 ml. However, if using water as the 
leaching solution, add five drops of nitric acid to this. 

 
Caprolactam 
standard solution 

Measure out 1.5 g of caprolactam and dissolve in 20% ethanol to bring 
the total volume to 1,000 ml. Take 1 ml of this liquid and add 20% 
ethanol to bring the total volume to 100 ml. 1 ml of this liquid contains 

 
Lactic acid standard 
solution 

Measure 1.07 g of lithium L-lactate and dissolve it in water to bring the 
total volume to 1,000 ml. Take 3 ml of this liquid and add water to bring 

acid. 
Tricresyl phosphate 
standard solution 

Take 100 mg of tricresyl phosphate, add acetonitrile and dissolve to 
bring the total volume to 100 ml. Take 1 ml of this and add 60 ml of 
acetonitrile, then add water to bring the total volume to 100 ml. 1 ml of 

  
Germanium standard 
undiluted solution 

Measure out 144 mg of germanium dioxide into a platinum crucible, 
add 1 g sodium carbonate and mix well, then melt by heating, cool and 
then add water to dissolve. After adding hydrochloric acid and 
neutralizing the solution, add another 1 ml of hydrochloric acid and 
then add water to bring the total volume to 100 ml. 1 ml of this liquid 
contains 1 mg of germanium.  

Germanium standard 
solution 

Take 1 ml of germanium standard undiluted solution and add 4% acetic 
acid to bring the total volume to 100 ml. Take 1 ml of this and add 4% 
acetic acid to bring the total volume to 100 ml. 1 ml of this liquid 

 
Dibutyltin standard 
solution 

Add acetone and two or three drops of hydrochloric acid to 100 mg of 
dibutyltindichloride and dissolve, then add acetone to bring the total 
volume to 100 ml. Take 1 ml of this and add hexane and two or three 
drops of hydrochloric acid to bring the total volume to 1,000 ml. 1 ml of 

 
Lead standard 
undiluted solution 

Dissolve 159.8 mg of lead (II) nitrate in 10 ml of 10% nitric acid and add 
water to bring the total volume to 100 ml. 1 ml of this solution contains 
1 mg of lead.  

Lead standard Take 1 ml of lead standard undiluted solution and use solvent (same as 
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solution used to make the sample solution) to bring the total volume to 200 ml. 
However, if using water as the sample solution, add five drops of nitric 

 
Lead standard 
solution (for testing 
metal cans) 

Take 8 ml of lead standard solution and use solvent (same as used to 
make the leaching solution) to bring the total volume to 100 ml. 
However, if using water as the leaching solution, add five drops of nitric 

 
Lead standard 
solution (for heavy 
metal testing) 

Take 1 ml of lead standard undiluted solution and add water to bring 
the total volume to 100 ml. Prepare just before using. 1 ml of the liquid 

 
Barium standard 
undiluted solution 

Dissolve 190.3 mg of barium nitrate in 0.1 mol/l nitric acid to bring the 
total volume to 100 ml. 1 ml of the liquid contains 1 mg of barium.  

Barium standard 
solution 

Take 1 ml of barium standard undiluted solution and add 0.1 mol/l 
nitric acid to bring the total volume to 1,000 ml. 1 ml of this liquid 
con  

Arsenic standard 
undiluted solution 

Make the arsenic trioxide into a fine powder, dry for four hours at 

20), add 10 

bring the total volume to 1,000 ml.  
1 ml of this liquid contains 0.1 mg of arsenic trioxide.  
Arsenic standard solution  
Take 10 ml of arsenic standard undiluted solution, add 10 ml of sulfuric 

Prepare just before using and store in a stoppered bottle.  
Phenol standard 
solution 

Dissolve 1.0 g of phenol in water to bring the total volume to 100 ml, 
take 1 ml of this and add water to bring the total volume to 100 ml. 
Then take 1 ml of this liquid and add water to bring the total volume to 

l.  
Methyl methacrylate 
standard solution 

Take 1.5 g of methyl methacrylate and dissolve in 20% ethanol to bring 
the total volume to 1,000 ml. Take 1 ml of this liquid and add 20% 
ethanol to bring the total volume to 100 ml. 1 ml of this liquid contains 
1  

2-Mercaptoimidazolin
e standard solution 

Take 200 mg of 2-mercaptoimidazoline and dissolve in methanol to 
bring the total volume to 100 ml. Take 1 ml of this liquid and add 
methanol to bring the total volume to 100 ml. 1 ml of this liquid 

-mercaptoimidazoline.  
 
 
D. Material-specific Specifications for Implements, 

Containers, and Packaging, and Raw Materials 
 
D-1 Glass, porcelain or enameled implements, containers, 
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and packaging Glass, porcelain or enameled 
implements, containers, and packaging must conform 
to standards under the following test method.  

 
(1) Test sample whose depth is 2.5 cm or deeper when filled with liquid - excluding 

enameled ones with the capacity of 3 L and over 
 
a. Preparation of sample solution  
After washing the sample well with water, put 4% acetic acid in it and leave for 24 hours in a 
dark, room-temperature place. Transfer this liquid to a beaker and use as sample solution.  
 
b. Elution testing  
Cadmium and lead  
When atomic absorption spectrometry or inductively coupled plasma photoemission 
spectroscopy is used to test for cadmium and lead using, respectively, cadmium standard 
solution (for testing glass, etc.) and lead standard solution as the standard solutions, the 
results must conform to the standards thereof. To conform, cadmium in the sample solution 

case of samples of capacity 1.1l or greater, when the test is performed similarly but 4% acetic 
acid is added to 50 ml of the cadmium standard solution (for testing glass, etc.) and 50 ml of 
the lead standard solution as the standard solutions to bring the total volume to 100 ml, the 
results must conform to the standards thereof. To conform, cadmium in the sample solution 

 
 

<1> Plotting an analytical curve  
Dilute Cadmium Standard Solution and Lead Standard Solution with 4% acetic 
acid into appropriate concentrations, determine the concentrations by atomic 
absorption spectrophotometry or inductively coupled plasma atomic emission 
spectrometry, and generate respective calibration curves. 

 
<2> Quantitative method  

When the concentrations of cadmium and lead leached in the test solution are 
determined by atomic absorption spectrophotometry or inductively coupled 
plasma atomic emission spectrometry, the amount leached per unit area shall be 
equal to or less than the limits given in Columns 2 for cadmium and Column 3 
for lead, for corresponding category given in Column 1 of the following table. 

 
 

Column 1 Column 2 Column 3 
Glass equipment 
and containers 

Heat-cooking wave   
Those other 
than 
heat-cooking 
ware 

Capacity less than 600 
ml 

  

Capacity 600 ml and 
over and less than 3 L 
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Capacity 3 L and over   
Ceramic 
equipment and  
containers 

Heat-cooking wave   
Those other 
than 
heat-cooking 
ware 

Capacity less than 1.1 L  g/ml 
Capacity 1.1 L and over 
and less than 3 L 

  

Capacity 3 L and over   
Enameled 
equipment and  
containers 

Heat-cooking ware whose capacity is less 
than 3 L 

  

Those other than heat-cooking ware whose 
capacity is less than 3 L 

  

 
(2) Test sample that cannot be filled with liquid, or test sample whose depth is less 

than 2.5 cm when filled with liquid, or enameled test sample with the capacity of 3 
L and over.  

 
a. Preparation of sample solution  
After washing the sample (for enameled products with the capacity of 3 L and over, prepare 
flat pieces of the test sample and use it as test sample) well with water, use 4% acetic acid as 
leaching solution and leave for 24 hours in a dark, room-temperature place.  
 
b. Elution testing  

i) Cadmium and lead  
<1> Plotting an analytical curve  

Dilute Cadmium Standard Solution and Lead Standard Solution with 4% acetic 
acid into appropriate concentrations, determine the concentrations by atomic 
absorption spectrophotometry or inductively coupled plasma atomic emission 
spectrometry, and generate respective calibration curves. 

 
<2> Quantitative method  

test solution by atomic absorption spectrophotometry or inductively coupled 
plasma atomic emission spectrometry. Obtain the amount of migration per unit 
area for each element by the formula given below, in which the surface area of 
the sample product is expressed as S (cm2) and the total volume of the solution 
used to elute the element as V (ml). The amount leached per unit area shall be 
equal to or less than the limits given in Columns 2 for cadmium and Column 3 
for lead, for corresponding category given in Column 1 of the following table. 

 
2) = (C×V)/S  

 
Column 1 Column 2 Column 3 

Glass equipment and containers 2 2 
Ceramic equipment and containers 2 2 
Enameled Those that cannot be filled Heat-cooking ware 2 2 
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equipment 
and  
containers 

with liquid, or those whose 
depth is less than 2.5 csm 
when filled with liquid 

Products other 
than heat-cooking 
ware 

2 2 

Those whose depth is 2.5 cm or deeper when filled 
with liquid and have the capacity of 3 L or over 

2 2 

 
 
D-2 Synthetic resin implements, containers, and packaging  
 
(1) General specifications  
 
Synthetic resin implements, containers, and packaging must conform to standards under the 
following test methods (for synthetic resin products in which phenol resin, melamine resin or 
urea resin is the main component, this excludes the potassium permanganate consumption 
test described in ii) of b. Elution testing). 
 
a. Materials testing  
Cadmium and lead  
Take 1.0 g of sample in a platinum, quartz or heat-resistant glass evaporating dish, add 2ml of 
sulfuric acid, gradually heat, and continue heating until white smoke has mostly stopped 
coming from the sulfuric acid and most of the material has carbonized. Heat this in an electric 
furnace at approximately 450°C to carbonize. Until it completely carbonizes, repeat the 
process of moistening the content of the evaporation dish with sulfuric acid and reheating. Add 

ix, and evaporate and harden on a water bath. 
After cooling, add 20 ml of 0.1 mol/l nitric acid, dissolve, filter away any undissolved matter, 
and use the liquid as sample solution. When atomic absorption spectrometry or inductively 
coupled plasma photoemission spectroscopy is used to test for cadmium and lead, the results 
must conform to the standards thereof. To conform, cadmium and lead in the sample solution 

-sample 
basis.  
 
b. Elution testing  

i) Heavy metals  
When performing heavy metals tests on sample solutions made by using 4% acetic acid 
as leaching solution, the results must conform to the standards thereof. To conform, the 
amount of heavy metals in the form of lead in the sample solution must be no more 

 
 

ii) Potassium permanganate consumption  
When performing potassium permanganate consumption tests, sample solutions made 
by using water as leaching solution must demonstrate consumption of no more than 10 

 
 
(2) Individual specifications  
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a. Synthetic resin implements, containers and packaging in which phenol resin, melamine 

resin or urea resin is the main component 
 
Synthetic resin implements, containers and packaging in which phenol resin, melamine resin 
or urea resin is the main component must conform to the standards for the following test 
method.  
 

i) Elution testing 
<1> Phenol  

When performing the phenol test of the monomer testing method on sample 
solutions made by using water as leaching solution, the results must conform to 
the standards thereof. To conform, phenol content must be no more than 5 

 
 

<2> Formaldehyde  
When performing the formaldehyde test of the monomer testing method on 
sample solutions made by using water as leaching solution, the results must 
conform to the standards thereof.  

 
<3> Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 
 

 
b. Synthetic resin implements, containers and packaging in which formaldehyde is a raw 

material of production (does not include synthetic resin implements, containers and 
packaging in which phenol resin, melamine resin or urea resin is the main component)  

 
Synthetic resin implements, containers and packaging in which formaldehyde is a raw 
material of production (does not include synthetic resin implements, containers and packaging 
in which phenol resin, melamine resin or urea resin is the main component) must conform to 
the standards of the following test method.  
 

i) Elution testing  
<1> Formaldehyde  

When performing the formaldehyde test of the monomer testing method on 
sample solutions made by using water as leaching solution, the results must 
conform to the standards thereof. 

 
<2> Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 
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c. Synthetic resin implements, containers and packaging in which polyvinyl chloride is the 
main component 

 
Synthetic resin implements, containers and packaging in which polyvinyl chloride is the main 
component must conform to the standards for the following test method.  
 

i) Materials testing  
<1> Dibutyltin compounds  

Finely slice or crush a sample, measure out 0.5 g and place in a stoppered flask. 
Add 20 ml of a 3:7 mixture of acetone and hexane and one drop of hydrochloric 
acid, seal tightly and leave overnight at approximately 40°C, occasionally 
shaking to mix. After cooling, filter out this liquid, mix the filtered liquid and 
wash liquid, and use a vacuum concentrator to concentrate to approximately 1 
ml at no more than 40°C. Next, using hexane, transfer to a 25-ml measuring 
flask and add hexane to make 25.0 ml. When centrifuging the mixture for 
approximately 10 minutes at 2,500 rpm and performing the dibutyltin compound 
test of the additives testing method using the supernatant as sample solution, 
the results must conform to the standards thereof. To conform, the amount of 
dibutyltin compound in the sample solution must 

-sample basis.  
 

<2> Tricresyl phosphate  
Finely slice or crush a sample, measure out 0.5 g and place in a stoppered flask. 
Add 15ml acetonitrile, seal tightly and leave overnight at about 40°C. Afterwards, 
filter this liquid, mix the filtered liquid with the wash liquid, add acetonitrile to 
make 25 ml and use this as the acetonitrile extract. Mix 5 ml of acetonitrile 
extract with 5 ml of water and inject into octadecyl silylate silica gel minicolumn 
into which 5 ml of acetonitrile and 5ml of a 1:1 acetonitrile and water mixture 
have each been previously injected. Afterwards, elute in a 2:1 mixture of 
acetonitrile and water and take 10 ml of the elution. When performing the 
tricresyl phosphate test of the additives testing method using this as sample 
solution the results must conform to the standards thereof. To conform, the 
amount of tricresyl phosphate in the sample solution must be no more than 10 

e than 1 mg/g on a per-sample basis.  
 

<3> Vinyl chloride  
Finely slice a sample, measure out 0.5 g and place in a 20 ml glass bottle with a 
septum cap. Next, add 2.5 ml of N,N-dimethyl acetamide and immediately seal. 
When performing the vinyl chloride test of the monomer testing method using 
this as sample solution, the results must conform to the standards thereof. To 

samples that do not dissolve easily, after sealing, shake to mix occasionally at 
room temperature, leave overnight and use this as the sample solution.  
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ii) Elution testing  
Evaporation residue  
When performing evaporation residue tests, the amount must be no more than 30 

eaching solution, the amount must be no more 
 

 
d. Synthetic resin implements, containers and packaging in which polyethylene or 

polypropylene is the main component  
Synthetic resin implements, containers and packaging in which polyethylene or polypropylene 
is the main component must conform to the standards for the following test method.  
 

i) Elution testing  
Evaporation residue 
When performing evaporation residue tests, the amount must be no more than 30 

be used at a temperature of no more than 100°C and 
 

 
e. Synthetic resin implements, containers and packaging in which polystyrene is the main 

component  
Synthetic resin implements, containers and packaging in which polystyrene is the main 
component must conform to the standards for the following test method.  
 

i) Materials testing  
Volatile substances 
Measure out 0.5 g of sample precisely, place in a 20 ml measuring flask and add an 
appropriate amount of tetrahydrofuran. After the sample has dissolved, add 1 ml of 
diethylbenzene sample solution, and then add tetrahydrofuran to make 20 ml. When 
performing the volatile substances test of the monomer testing method using this as 
the sample solution, the total amount of styrene, toluene, ethyl benzene, isopropyl 
benzene and propylbenzene must be no more than 5 mg/g. However, for expanded 
polystyrene (only when boiling water is used), the total concentration of each 
component must be no more than 2mg/g and the concentration of styrene and ethyl 
benzene must each be no more than 1 mg/g.  

 
ii) Elution testing  

Evaporation residue 
When performing evaporation residue tests, the amount must be no more than 30 

 
 
f. Synthetic resin implements, containers and packaging in which polyvinylidene chloride is 

the main component  
Synthetic resin implements, containers and packaging in which polyvinylidene chloride is the 
main component must conform to the standards for the following test method.  
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i) Materials testing  
<1> Barium  

Measure out 0.5 g of sample into a platinum, quartz or heat-resistant glass 
evaporation dish; gradually carbonize directly over a flame at approximately 
300°C, then heat at approximately 450°C to turn to ash. Add 50 ml of 0.1 mol/l 
nitric acid to the residue and dissolve. When performing the barium test using 
this as the sample solution with atomic absorption spectrometry or inductively 
coupled plasma photoemission spectroscopy, the results must conform to the 
standards thereof. To conform, the amount of barium in the sample solution must 

-sample basis.  
 

<2> Vinylidene chloride  
Finely slice a sample, measure out 0.5 g and place in a 20 ml glass bottle with a 
septum cap. Next, add 2.5 ml of N,N-dimethyl acetamide and immediately seal. 
When performing the vinylidene chloride test of the monomer testing method 
using this as the sample solution, the results must conform to the standard 
thereof. To conform, the amount of vinylidene chloride in the sample must be no 
mor  

 
ii) Elution testing  

Evaporation residue  
When performing evaporation residue tests, the amount must be no more than 30 

 
 
g. Synthetic resin implements, containers and packaging in which polyethylene terephthalate 

is the main component  
Synthetic resin implements, containers and packaging in which polyethylene terephthalate is 
the main component must conform to the standards for the following test method.  
 

i) Elution testing  
<1> Antimony  

When performing the antimony test with atomic absorption spectrometry or 
inductively coupled plasma luminous intensity measurement on sample 
solutions made by using 4% acetic acid as leaching solution, the results must 
conform to the standards thereof. To conform, the amount of antimony in the 
samp  

 
<2> Germanium 

When performing the germanium test with atomic absorption spectrometry or 
inductively coupled plasma luminous intensity measurement on sample 
solutions made by using 4% acetic acid as leaching solution, the results must 
conform to the standards thereof. To conform, the amount of germanium in the 

 
 

<3> Evaporation residue  
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When performing evaporation residue tests, the amount must be no more than 
g/ml.  

 
h. Synthetic resin implements, containers and packaging in which polymethyl methacrylate is 

the main component  
Synthetic resin implements, containers and packaging in which polymethyl methacrylate is 
the main component must conform to the standards for the following test method.  
 

i) Elution testing  
<1> Methyl methacrylate 

When performing the methyl methacrylate test of the monomer testing method 
on sample solution made using 20% ethanol as leaching solution, the results 
must conform to the standards thereof. To conform, the amount of methyl 

 
 

<2> Evaporation residue  
When performing evaporation residue tests, the amount must be no more than 

 
 

i. Synthetic resin implements, containers and packaging in which nylon is the main 
component  

Synthetic resin implements, containers and packaging in which nylon is the main component 
must conform to the standards for the following test method. 
 

i) Elution testing  
<1> Caprolactam 

When performing the caprolactam test of the monomer testing method on 
sample solution made using 20% ethanol as leaching solution, the results must 
conform to the standard thereof. To conform, the amount of caprolactam in the 
sample solution must be no more th  

 
<2> Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 
 

 
j. Synthetic resin implements, containers and packaging in which polymethyl pentene is the 

main component  
Synthetic resin implements, containers and packaging in which polymethyl pentene is the 
main component must conform to the standards for the following test method.  
 

i) Elution testing  
Evaporation residue  
When performing evaporation residue tests, the amount must be no more than 30 
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k. Synthetic resin implements, containers and packaging in which polycarbonate is the main 

component  
 

i) Materials testing  
<1> Bisphenol A (including phenol and p-tert-butylphenol)  

Place 1.0 g of sample in a 200 ml Erlenmeyer flask and add 20 ml of 
dichloromethane. After the sample has dissolved, add 100 ml of acetone by 
droplets while mixing well, centrifuge the mixture for approximately 10 
minutes at 3,000 rpm and use a vacuum concentrator to concentrate the 
supernatant to approximately 2 ml. Next, add 10 ml of acetonitrile, and then 
add water to make 20 ml. Take 1 ml of this and filter through a membrane filter 

phenol and p-tert-butylphenol) test of the monomer testing method using this as 
the sample solution, the total amount of bisphenol A, phenol and 
p-tert-  

 
<2> Diphenyl carbonate  

When performing the diphenyl carbonate test of the monomer testing method 
using a sample solution derived by an operation like that in the case of (1) 
Bisphenol A (including phenol and p-tert-butylphenol), the amount must be no 

 
 

<3> Amines  
Place 1.0 g of sample in a 200 ml Erlenmeyer flask and add 20 ml of 
dichloromethane. After the sample has dissolved, add 100 ml of acetone by 
droplets while mixing well and centriguge the mixture for approximately 10 
minutes at 3,000rpm. Use a vacuum concentrator to concentrate the 
supernatant to approximately 1 ml, and then add dichloromethane to make 2 ml. 
When performing the amine (only applies to triethylamine and tributylamine) 
test of the additives testing method using this as the sample solution, the total 

 
 

ii) Elution testing  
<1> Bisphenol A (including phenol and p-tert-butylphenol) 

<a> Implements, containers and packaging used with oils and fats and fatty 
food products  

 
After washing the sample well with water, use heptane as a leaching 
solution at the ratio of 2 ml per cm2 of sample surface area and then leave for 
one hour at 25°C. Transfer 25 ml of this liquid to a separating funnel, add 10 
ml of acetonitrile, shake hard to mix for five minutes, let stand and then 
transfer the acetonitrile layer to a 25 ml measuring flask. Add 10 ml of 
acetonitrile to the heptane layer, perform the same operation as above, and 
add the acetonitrile layer to the measuring flask above. Next, add 
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acetonitrile to make 25 ml. When performing the bisphenol A (including 
phenol and p-tert-butylphenol) test of the monomer testing method using 
this as the sample solution, the total amount of bisphenol A, phenol and 
p-tert-  

 
<b> Implements, containers and packaging used with food products other than 

oils and fats and fatty food products  
 

In the case of food product implements, containers and packaging listed in 
Column 1 of the following table, in the sample solution made using the 
corresponding solvents listed in Column 2 as leaching solution, when 
performing the bisphenol A (including phenol and p-tert-butylphenol) test of 
the monomer testing method, the total amount of bisphenol A, phenol and 
p-tert-butylphenol must be no more than 2  

 
Table 

 
Column 1 Column 2 

Liquor 20% ethanol 
Food products other than oils and fats, fatty food products 
and liquors 
Products of pH higher than 
5 

Water 

Products of pH5 or lower 4% acetic acid 
 

<2> Evaporation residue  
When performing evaporation residue tests, the amount must be no more than 

 
 
l. Synthetic resin implements, containers and packaging in which polyvinyl alcohol is the 

main component  
Synthetic resin implements, containers and packaging in which polyvinyl alcohol is the main 
component must conform to the standards for the following test method.  
 

a Elution testing 
i)  Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 30 
 

 
m. Synthetic resin implements, containers and packaging whose main component is polylactic 

acid  
Synthetic resin implements, containers and packaging whose main component is polylactic 
acid must pass the following test. 
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a. Elution testing 
i)  Total lactic acid 

Sample solutions made by using water as a leaching solution must pass the total 
lactic acid test using the monomer testing method. The total lactic acid in the 

 
 
ii)  Evaporation residue 

 
 
 
D-3: Rubber implements, containers and packaging  
 
(1) Rubber implements (except baby bottles), containers and packaging  
 
Rubber implements (except baby bottles), containers and packaging must conform to the 
standards for the following test method (in the case of rubber goods that do not contain 
chlorine, does not include 2-mercaptoimidazoline testing as indicated in ii) of a. Materials 
testing.  
 
a. Materials testing  

i) Cadmium and lead  
Take 1.0 g of sample in a platinum, quartz or heat-resistant glass evaporating dish, 
add 2ml of sulfuric acid, gradually heat, and continue heating until white smoke has 
mostly stopped coming from the sulfuric acid and most of the material has carbonized. 
Heat this to approximately 450°C in an electric furnace to carbonize. Until it 
completely carbonizes, repeat the process of moistening the content of the evaporation 
dish with sulfuric acid and reheating. Add 5 ml of hydrochloric acid (1
residue, mix, and evaporate and harden on a water bath. After cooling, add 20 ml of 0.1 
mol/l nitric acid, dissolve, filter away any undissolved matter, and use the liquid as 
sample solution. When performing the cadmium and lead test with atomic absorption 
spectrometry or inductively coupled plasma luminous intensity measurement on the 
sample solution, the results must conform to the standards thereof. To conform, 

-sample basis. 
 

ii) 2-Mercaptoimidazoline  
Place 1.0 g of sample in cylindrical filter paper and use a Soxhlet extractor and extract 
for eight hours with approximately 45 ml methanol. Condense this extract to 
approxima
layer chromatography, using 2-mercaptoimidazoline standard solution as the contrast 
solution and using each of a 5:1 mixture of acetic ether and benzene and a 30:2:1:1 
mixture of acetic ether, methanol, ammonia solution and water as developing solvent, a 
spot corresponding to the brown spot derived from the contrast solution must not be 
found. With a thin layer plate as the carrier, use thin layer chromatography silica gel 
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and dry for one hour at 120°C. Using this, when the leading end of the developing 
solvent has reached a height approximately 10 cm above the base line, stop developing 
and allow to air-dry. Then, atomize 2,6-dichloroquinone chlorimide ethanol sample 
solution, heat for 10 minutes at 120°C and observe.  

 
b. Elution testing  

i) Phenol  
When performing the phenol test of the monomer testing method on sample solutions 
made by using water as leaching solution, the results must conform to the standards 
thereof. To confor  

 
ii) Formaldehyde  

When performing the formaldehyde test of the monomer testing method on sample 
solutions made by using water as leaching solution, the results must conform to the 
standards thereof.  

 
iii) Zinc  

Take 1 ml of sample solution made by using 4% acetic acid as leaching solution and add 
4% acetic acid to bring the total volume to 15 ml. When performing the zinc test with 
atomic absorption spectrometry or inductively coupled plasma photoemission 
spectroscopy on the sample solution, the results must conform to the standards thereof. 

 
 

iv) Heavy metals  
When performing the heavy metals test on sample solutions made by using 4% acetic 
acid as leaching solution, the results must conform to the standards thereof. To 

However, if a white turbidity affects the test when sodium sulfide sample solution is 
added, neutralize the sample solution with ammonia solution and make it pH7 or 
higher, then add potassium cyanide sample solution and perform the test on this.  

 
v) Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 60 
with containers, and 

packaging for oils and fats and fatty foods, use 20% ethanol as leaching solution.  
 
(2) Rubber baby bottles  
 
Rubber baby bottles must conform to the test standards for the following test method.  
 
a. Materials testing  
Cadmium and lead  
When performing testing following i) Cadmium and lead of a. Materials testing of (1) Rubber 
implements (except baby bottles), containers and packaging, the results must conform to the 
standards thereof. However, for the standard solutions, add 0.1 mol/l nitric acid to 10 ml of 
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cadmium standard solution and to 10 ml of lead standard solution to bring the total volume to 
100 ml each. To conform, the amount of cadmium and lead in the solution must each be no 

-sample basis.  
 
b. Elution testing  

i) Preparation of sample solution 
After washing the sample well with water, use the designated leaching solution at a 
ratio of 20 ml per 1 g of sample weight, leave for 24 hours at 40°C, and use as sample 
solution.  

 
ii) Testing  

<1> Phenol  
Apply i) Phenol of b. Elution testing of (1) Rubber implements (except baby 
bottles), containers and packaging.  

 
<2> Formaldehyde  

Apply ii) Formaldehyde of b. Elution testing of (1) Rubber implements (except 
baby bottles), containers and packaging. 

 
<3> Zinc  

Take 20 ml of sample solution made by using water as leaching solution and add 
five droplets of acetic acid. When performing the zinc test with atomic 
absorption spectrometry or inductively coupled plasma photoemission 
spectroscopy on the sample solution, the results must conform to the standards 
thereof. To conform the amount of zinc in the solution must be no more than 1 

 
 

<4> Heavy metals  
Apply iv) Heavy metals of b. Elution testing of (1) Rubber implements (except 
baby bottles), containers and packaging.  

 
<5> Evaporation residue  

When performing evaporation residue tests, the amount must be no more than 
 

 

Appendix II - Pag. 216 of 306



 

127 
 

 
D-4: Metal cans (not include goods with dried food products 

as content (except oils and fats and fatty foods))  
 
Metal cans must conform to the standards of the following test methods (however, metal cans 
that are not coated with synthetic resin in the places in direct contact with food products are 
not applied for items b. - f. of (2) Testing.)  
 
(1) Preparation of sample solution  
 
Unless prescribed otherwise, prepare the sample solution by the following procedures.  
Wash the sample well with water and use the leaching solution stipulated for each testing 
method to perform the following operation.  
For samples in which liquid can be put, put in leaching solution that has been heated to 60°C, 
cover with a watch glass, and leave for 30 minutes at 60°C.  
For samples in which liquid cannot be put, heat an amount of leaching solution equivalent to 2 
ml per cm2 of surface area to 60°C, soak the sample in it and leave at 60°C for 30 minutes.  
However, with samples that are used at temperatures greater than 100°C, when using water 
as leaching solution leave for 30 minutes at 95°C, and when using heptane or pentane as 
leaching solution leave for one hour at 25°C.  
 
(2) Testing  
 
a. Arsenic, cadmium and lead  
In the case of food product containers, and packaging listed in Column 1 of the following table, 
perform the following test on sample solution made using the corresponding solvents listed in 
Column 2 as leaching solution.  

Column 1 Column 2 
Food products of pH higher than 5 Water 
Products of pH5 or lower 0.5% citric acid solution 

 
i) Arsenic  

When performing the arsenic test using 10 ml of sample solution, the results 
must conform the standards thereof. To conform, the amount of arsenic in the 

 
 

ii) Cadmium and lead  
When performing the cadmium and lead test using sample solution with atomic 
absorption spectrometry or inductively coupled plasma photoemission spectroscopy, 
the results must conform to the standards thereof. However, for sample solution made 
using water, add five droplets of nitric acid and use. Also, use cadmium standard 
solution (for testing metal cans) as the cadmium standard solution and lead standard 
solution (for testing metal cans) as the lead standard solution. To conform, the amount 
of cadmium and lead in the sample sol
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b. Phenol  
When performing the phenol test of the monomer testing method on the sample solutions 
made by using water as leaching solution, the results must conform to the standards thereof. 

 
 
c. Formaldehyde 
When performing the formaldehyde test of the monomer testing method on the sample 
solutions made by using water as leaching solution, the results must conform to the standards 
thereof.  
 
d. Evaporation residue  
When performing evaporation residue testing, the sample solutions prepared using leaching 
solutions prescribed for evaporation residue testing must have an amount of no more than 30 

 
However, in cases where the sample is a can that has been coated on the inside with a coating 
whose main raw material is natural oils or fats and the content of zinc oxide in the coating is 
greater than 3%, and in cases where heptane is used as leaching solution, the amount of 

results must conform to the following testing standards.  
Add 30 ml of chloroform to the evaporation residue derived using water as leaching solution, 
heat, filter and then weigh the filtered liquid in a platinum, quartz or heat-resistant glass 
evaporation dish whose weight is already known. Further, wash the evaporation residue two 
times, using 10 ml of chloroform each time, then heat, filter, put the filtered liquid together in 
the evaporation dish, then evaporate and harden on a water bath. After cooling, weigh the 
substance, find the difference a (mg) in the weight of the evaporation dish before and after and 
use the following formula to determine the amount of chloroform solubles, which must be no 

 
 b) × 1,000] / amount of sample solution 

originally taken (ml)  
 
Where, b = blank value (mg) for leaching solution of the same volume as sample solution  
 
e. Epichlorohydrin  
When performing the epichlorohydrin test of the monomer testing method on the sample 
solution made by using pentane as leaching solution, the results must conform to the 
standards thereof. To conform, the amount of epichlorohydrin in the solution must be no more 

 
 
f. Vinyl chloride  
For samples in which liquid can be put, put in ethanol cooled to 5°C or below, seal and leave for 
24 hours at 5°C or below.  
For samples in which liquid cannot be put, use ethanol cooled to 5°C or below in a ratio of 2 ml 
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per cm2 of surface area and keep the sample in a sealed container for 24 hours at 5°C or below.  
Place 10 ml of the derived solution in a glass bottle with a septum cap and immediately seal. 
When performing the vinyl chloride test of the monomer testing method using this as sample 
solution, the results must conform to the standards thereof. To conform, the amount of vinyl 
chlori  
 
 
 
E. Application-specific Specifications for 

Implements, Containers, and Packaging  
 
E-1  
Containers and packaging of food products packed in containers or packaging and sterilized by 
pressure / heat (excluding canned and bottled food products.)  
Containers and packaging of food products packed in containers or packaging and sterilized by 
pressure / heat must meet all conditions below (excludes conditions of item (4) in the case of 
containers and packaging sealed by seaming).  
 
(1) Must be light-blocking and impermeable to gas. However, this restriction does not apply in 

cases where there is no risk of loss of content quality as a result of degradation of oils and 
fats.  

 
(2) There is no damage, deforming, color staining, discoloration, etc. when the container is 

filled with water, sealed and subjected to the same pressurization and heating conditions as 
in the production process.  

 
(3) There must be no leaks of content or water when performing compression-proof testing of 

strength and other tests.  
 
(4) The measured value must be at least 23N when performing heat-sealing strength testing of 

strength and other tests. However, this restriction does not apply to box-shaped containers 
or packaging whose maximum pressure at rupture is 20 kPa or higher as determined by the 
internal pressure-resistance test, which is a strength test. 

 
(5) There must be no leaks of content or water when performing dropping testing of strength 

and other tests. However, in cases where containers or packaging are further packed for 
retail sale, the test shall be performed on containers or packaging in the state they are 
packed for retail sale.  

 
 
E-2 
Containers and packaging of soft drinks (excludes juice used as raw material.)  
 
Soft drink containers and packaging that are glass containers and packaging, metal 
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containers and packaging (including those using materials other than metal for sealing 
purposes at the opening of the container or packaging; the same applies below in this category), 
synthetic resin containers and packaging, paper containers and packaging processed with 
synthetic resin, aluminum foil containers and packaging processed with synthetic resin, or 
containers and packaging of a combination of materials (i.e. have two or more of these: metal, 
synthetic resin, paper processed with synthetic resin, aluminum foil processed with synthetic 
resin; the same applies below in this category) must fulfill all the conditions (1)  (4) below. 
 
(1) Glass containers and packaging  
 
a. Containers and packaging that are to be recovered and reused shall be transparent.  
 
b. Containers and packaging must conform to the standards for the following testing method. 

However, this restriction does not apply to items capped with paper lids.  
 

i)  Containers and packaging that are for filling with carbonated soft drinks must not 
have any gas leakage when performing sustained pressure resistance testing of 
strength and other tests.  

 
ii)  Containers and packaging that are for heated filling with soft drinks must not have 

any air leakage when performing decompression resistance testing of strength and 
other tests.  

 
iii)  Containers and packaging that are for filling with non-carbonated soft drinks and 

which are to be filled with techniques other than heated filling must not have any 
content leakage when performing liquid leakage testing of strength and other tests.  

 
(2) Metal containers and packaging  
 
a. Containers and packaging must conform to the standards for the following testing method.  
 

i)  Containers and packaging whose internal pressure will exceed atmospheric 
pressure at ordinary temperatures must not have any air leakage when performing 
pressure resistance testing of strength and other tests.  

 
ii)  Containers and packaging whose internal pressure will be the same as or less than 

atmospheric pressure at ordinary temperatures must not have any air leakage 
when performing decompression resistance testing of strength and other tests.  

 
b. Containers and packaging using materials other than metal for sealing purposes at the 

opening of the container or packaging must conform to the standards for the following 
testing methods.  

 
i)  Pinholes must not be found when performing pinhole testing of strength and other 

tests. The opening must be turned to the bottom during testing.  
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ii)  Materials other than metal used for sealing purposes must have a measured value 

of at least 490 kPa when performing bursting strength testing of strength and other 
tests.  

 
iii)  Materials other than metal used for sealing purposes must have a measured value 

of at least 15N when performing piercing strength testing of strength and other 
tests.  

 
(3) Synthetic resin containers and packaging, paper containers and packaging 

processed with synthetic resin, aluminum foil containers and packaging 
processed with synthetic resin a. Synthetic resin that is used in places that come 
in direct contact with the content shall be as prescribed in the individual 
specifications listed in Part III: Implements, Containers, and Packaging, Section 
D: Material-specific Specifications for Implements, Containers, and Packaging, 
and Raw Materials, Paragraph 2: Synthetic Resin Implements, Containers and 
Packaging, Sub-paragraph (2): Individual Specifications. However, this restriction 
does not apply to items used for sealing purposes and using aluminum foil 
processed with synthetic resin.  

 
b. Containers and packaging must conform to the standards for the following testing method.  
 

i)  There must be no leaks of content or water when performing dropping testing of 
strength and other tests.  

 
ii)  Pinholes must not be found when performing pinhole testing of strength and other 

tests.  
 
iii)  Paper containers and packaging processed with synthetic resin and sealed by 

heat-sealing must not have any air leakage when performing sealing testing of 
strength and other tests.  

 
iv)  Synthetic resin containers and packaging and aluminum foil containers and 

packaging processed with synthetic resin and sealed by heat-sealing must not have 
any leaks of content or water when performing compression-proof testing of 
strength and other tests.  

 
v)  Containers and packaging that are for filling with carbonated soft drinks and sealed 

with a cap, etc. must not have any gas leakage when performing sustained pressure 
testing of strength and other tests.  

 
vi)  Containers and packaging that are for heated filling with soft drinks and sealed 

with a cap, etc. must not have any methylene blue staining when performing 
sustained decompression testing of strength and other tests.  
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vii)  Containers and packaging that are for filling with non-carbonated soft drinks and 
which are to be filled with techniques other than heated filling and sealed with a 
cap, etc. must not have any content leakage when performing liquid leakage testing 
of strength and other tests.  

 
(4) Containers and packaging of a combination of materials  
 
a. Metal must conform to the specifications listed in Part III: Implements, Containers, and 

Packaging, Section D: Material-specific Specifications for Implements, Containers, and 
Packaging and Raw Materials, Paragraph 4:. Metal Cans (Does not include goods with 
dried food products as content (except oils and fats and fatty foods); the same applies below 
for this category.); synthetic resins, paper processed with synthetic resin and aluminum foil 
processed with synthetic resin must conform to the specifications listed in a. of (3) 
Synthetic resin containers and packaging, paper containers and packaging processed with 
synthetic resin, aluminum foil containers and packaging processed with synthetic resin.  

 
b. Containers and packaging must conform to the standards for the following testing method.  
 

i)  There must be no leaks of content or water when performing dropping testing of 
strength and other tests.  

 
ii)  Pinholes must not be found when performing pinhole testing of strength and other 

tests.  
 
iii)  Containers and packaging sealed by heat-sealing must not have any air leakage 

when performing sealing testing of strength and other tests.  
 
iv)  Containers and packaging that are for heated filling with soft drinks must not have 

any air leakage after decompression testing of strength and other tests.  
 
v)  Containers and packaging that are for filling with soft drinks and which are to be 

filled with techniques other than heated filling and sealed with techniques other 
than heat-sealing must not have any content leakage when performing liquid 
leakage testing of strength and other tests.  

 
 
E-3  
Implements used in production of frozen confections  
 
(1) Implements used in the production of frozen confections must have a structure that is easy 

to wash, must be smooth on the interior surface and any surface in contact with food, and 
must either be made of a rust-proof material or be treated to prevent rust.  

 
(2) Frozen confection dispensers and cappers must be easy to wash and sterilize and designed 

to prevent contamination.  
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(3) Containers used to keep and transport frozen confections must have means to keep out 

dust and insects and must have a structure that keeps melted liquid from having direct 
contact with frozen confections.  

 
E-4 
Food product vending machines (only includes those with a structure that allows food to come 
into direct contact with components) and containers used to sell food products with these must 
conform to all the conditions of (1) to (3) below.  
 
(1) Vending machines (machine proper)  
 
a. Materials  
The materials used to make components with which food products have direct contact shall be 
made of materials such as stainless steel that have no risk of elution of toxic or harmful 
substances and that are resistant to acid, heat and water and are non-permeable. However, 
non-permeable materials are not necessary for items used to filter food products.  
 
b. Structure and function  
 

i)  Components that have direct contact with food products must be easy to wash and 
sterilize.  

 
ii)  Food products or components that have direct contact with them must not be easy to 

touch from the outside of the machine.  
 
iii)  To protect components where food products are kept from the heat of other, 

heat-generating components, vending machines must either have ventilation 
equipment or a partition between components where food products are kept and 
other components.  

 
iv)  Components that keep or prepare food products must be designed to prevent 

contamination, by keeping out mice, insects, dust, etc. 
 
v)  The part where the food product comes out must be designed to prevent contact with 

the outside except during the sale.  
 
vi)  Components used to keep food implements (chopsticks, cups, etc.) and seasonings 

must be designed to prevent contamination by dust, etc. However, this restriction 
does not apply in cases where such items are placed or wrapped in containers, 
packaging or wrappers that prevent contamination with dust, etc.  

 
vii)  Doors to compartments in which food products are kept must be lockable.  
 
viii) Vending machines that prepare the food products must do so automatically at the 
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time of each sale. However, vending machines that brew coffee do not need to brew 
the coffee at the time of each sale if they meet the following conditions i). through 
iv).  

 
<a> Coffee vending machines must be designed to automatically stop selling if the 

temperature of the water at the time of coffee brewing is less than 85°C .  
 
<b> Coffee vending machines must have heating equipment capable of maintaining 

brewed coffee at a temperature of at least 63°C and be designed to 
automatically stop selling and prevent automatic resumption of sales if that 
temperature is not kept.  

 
<c> Coffee vending machines must be designed to automatically stop selling if the 

brewed coffee has been kept more than 22 hours.  
 
<d> Coffee vending machines must have equipment to keep components that keep 

the brewed coffee (only applies to components in direct contact with the coffee) 
at a temperature of at least 63°C and to dry them for at least two hours once a 
day.  

 
ix)  For vending machines that prepare food with hot water, the temperature of the 

water supplied at the time of each sale must be at least 85°C, and the machine must 
be designed to automatically stop selling if the temperature of the water is less than 
85°C. However, this restriction does not apply to vending machines that prepare soft 
drinks from powder and have containers already filled with food preparation 
material that fulfill the conditions of both <a> and <b> below and the preparation 
takes place in those containers, where the temperature of the water supplied at the 
time of each sale is at least 75°C, and the machine is designed to automatically stop 
selling if the temperature of the water is less than 75°C.  

 
<a> The material is a powder or finely sliced material and has been dried.  
 
<b> The number of live bacilli must be no more than 3,000 per 1 g, and the sample 

must test negative for coliform bacilli. In this case, the live bacilli measurement 
method and coliform bacilli testing method shall follow Part I: Foodstuffs, 
Section C: Specific Food Items, Sub-section C2: Powdered Drink Beverages, 
Paragraph 1: Standards for Powdered Drink Beverage Components, 
Sub-paragraph (3)-a., b. and c.  

 
x)  Vending machines that freeze or refrigerate food products or keep them warm (does 

not include carbonated soft drinks or food products that have been packed in 
containers or packaging and have been sterilized by pressure / temperature) must 
have automatic temperature adjustment equipment capable of adjusting the food 
products' storage temperature and a thermometer showing the products' storage 
temperature. However, this restriction does not apply to soft drink vending 
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machines that sell by the cup that have a structure of pipes and other components 
that is completely closed and moreover use transportation implements that are 
plugged shut, sealed or protected by measures equivalent to these.  

 
xi)  Vending machines that freeze or refrigerate food products or keep them warm (does 

not include carbonated soft drinks or food products that have been packed in 
containers or packaging and have been sterilized by pressure / temperature) must 
have chilling or heating equipment capable of maintaining food products at the 
following temperature and be designed to automatically stop selling and prevent 
automatic resumption of sales if that temperature is not kept. However, this 
restriction does not apply to soft drink vending machines that sell by the cup that 
have a structure of pipes and other components that is completely closed and 
moreover use transportation implements that are plugged shut, sealed or protected 
by measures equivalent to these.  

 
<a> For vending machines that freeze food products, no more than -15°C  
 
<b> For vending machines that refrigerate food products, no more than 10°C  
 
<c> For vending machines that keep food products warm, no less than 63°C  

 
xii)  Vending machines that use water from a water system based on the Water Supply 

Law must be capable of automatically injecting water from the water tap and must 
be designed to prevent backflow into the water system. However, this restriction 
does not apply to vending machines that get their water from cartridge water tanks 
(i.e. containers that are placed in vending machines in order to supply water to 
them, and which are subsequently removed; the same applies below in this 
category).  

 
xiii) Vending machines that use water from cartridge water tanks or water other than 

that supplied by a water system based on the Water Supply Law shall have water 
sterilization equipment capable of boiling water for at least five minutes before the 
water is used, or sterilization equipment or bacteria filtering equipment with the 
same level of effectiveness as this or greater.  

 
(2) Cartridge water tank  
 
a. Materials  
Components that come into direct contact with water shall be made of materials such as 
stainless steel that have no risk of elution of toxic or harmful substances and that are 
resistant to acid and water and are non-permeable.  
 
b. Construction  
Openings, such as the water supply tap, shall be designed to be closed off with a lid or plug, for 
example one that screws on, and shall be designed to prevent exposure during transportation.  
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(3) Containers  
 
a. Containers used to sell food products (does not include soft drinks) must be washed and 

sterilized. However, this restriction does not apply to containers made of previously unused 
paper, synthetic resin, paper processed with synthetic resin, aluminum foil or a 
combination of materials (i.e. have two or more of these: paper, synthetic resin, paper 
processed with synthetic resin, metal; the same applies below in this category) and that 
have been disinfected or made with a manufacturing process that has the effect of 
sterilization and have been handled in such a way that there is no risk of contamination 
before usage.  

 
b. Containers used to sell soft drinks must be made of previously unused paper, synthetic resin, 

paper processed with synthetic resin, aluminum foil or a combination of materials and 
must have been disinfected or made with a manufacturing process that has the effect of 
sterilization and handled in such a way that there is no risk of contamination before usage.  

 
 
E-5  
Transportation implements or containers and packaging for liquid raw materials of soft drinks 
that are prepared and sold by the cup from automatic vending machines and from fully 
automated soft drink beverage preparation equipment 
 
(1) Metal transportation implements or containers and packaging must be the following: 

closed off with a screw-on lid or plug; easy to wash; smooth on the interior surface, and 
either made of a rust-proof material or treated to prevent rust. 

 
(2) For synthetic resin transportation implements or containers and packaging, the standard 

is that described in Part III: Implements, Containers and Packaging, Section E: 
Application-specific Specifications for Implements, Containers, and Packaging, Paragraph 
2: Soft drinks containers and packaging, Division 3: Synthetic resin containers and 
packaging, paper containers and packaging processed with synthetic resin, aluminum foil 
containers and packaging processed with synthetic resin. (This standard does not apply to 
soft drinks that use juice as a raw material, nor does it apply to the categories below.) 

 
 
 
F. Implements, Containers, and Packaging 

Production Standards  
 
F-1 
Copper and copper alloy implements, containers, and packaging must be treated so that parts 
that come in contact with food products are completely covered with tin plating or silver 
plating or otherwise treated to prevent the risk of sanitary hazards. However, this restriction 
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does not apply to items with a characteristic gloss and not subject to rust.  
 
 
F-2 
During the production of implements, containers, and packaging, in cases where colorants 
that are chemically synthesized compounds are used, colorants must not be used unless they 
are listed in Attached Table 1 of the enforcement regulations of the Food Sanitation Act. 
However, this restriction does not apply to techniques where the colorant is blended with glaze, 
glass or enamel, or where other techniques have been used where there is no risk of mixing 
with food products.  
 
 
F-3 
Frozen confection containers and packaging made of paper, paper-thin sheets of wood, or 
metal foil must be sterilized after production.  
 
 
F-4 
When manufacturing implements, containers, and packaging, specified cattle backbone must 
not be used as raw material. However, this restriction does not apply to cases where oils and 
fats derived from specified cattle backbone are used as raw material after having undergone 
hydrolysis, saponification or transesterification under high temperature and high pressure 
conditions. 
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III. Standards and Testing Methods for Toys 
 
Ministry of Health, Labour and Welfare 
<Toys > 
http://www.mhlw.go.jp/topics/bukyoku/iyaku/kigu/dl/14.pdf   
http://www.mhlw.go.jp/topics/bukyoku/iyaku/kigu/dl/11.pdf (in English) 
 
A. Standards for Toys and Component Materials 
 
A-1 
Decals must pass the test described below. Distilled water is to be used wherever the test calls 
for water. 
 
(1) Preparation of sample solution 
 
Take a colored piece of the decal and soak it in water heated to 40 C, using 2 ml of water for 
each 1 cm2 of surface area. Cover with a watch glass and let sit for 30 minutes, stirring 
occasionally and maintaining at a temperature of 40 C. 
 
(2) Testing 
 
a. Heavy metals 
When performing testing on 20 ml of sample solution according to Part III: Implements, 
Containers and Packaging, Section B: Testing Methods for General Implements, Containers 
and Packaging, Paragraph 4: Heavy metals Test, the results must conform to the standards 
thereof. To conform, the amount of heavy metals in the form of lead in the sample solution 
must be no mo  
 
b. Arsenic 
When performing testing on 20 ml of sample solution according to Part III: Implements, 
Containers and Packaging, Section B: Testing Methods for General Implements, Containers 
and Packaging, Paragraph 7: Arsenic Test, the results must conform to the standards thereof. 
To conform, the amount of arsenic in the form of arsenic trioxide in the sample solution must 

 
 
 
A-2 
Origami paper must pass the test described below. Distilled water is to be used wherever the 
test calls for water. 
 
(1) Preparation of sample solution 
 
Soak a sample in water heated to 40 C, using 2 ml of water for each 1 cm2 of surface area. 
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Cover with a watch glass and let sit for 30 minutes, stirring occasionally and maintaining at a 
temperature of 40 C. 
 
(2) Testing 
 
a Heavy metals 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 1-(2): Testing, Sub-paragraph a.: Heavy metals. 
 
b Arsenic 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 1-(2): Testing, Sub-paragraph b.: Arsenic. 
 
 
A-3 
Rubber pacifiers must pass the test described in Part III: Implements, Containers, and 
Packaging, Section D: Separate Standards for Implements, Containers, Packaging, and 
Component Materials, Paragraph 3: Rubber Implements, Containers, or Packaging, 
Sub-paragraph 2: Testing Methods for Rubber Pacifiers and Artificial Nipples. 
 
 
A-4 
Coating film of toys must pass the test described below. 
 
(1) Preparation of sample solution 
 
Prepare test specimens by scraping the coating film from toys and pulverizing it finely enough 
to pass through a 0.5-mm mesh. For coating film made from synthetic resin or other materials 
that have un-crushable elasticity, the test specimen shall be coating film that is scraped as 
finely as possible. Accurately measure at least 100 mg of test specimen, add 50 times volume 
of 0.07mol/l hydrochloric acid, and shake for 1 hour at 37°C in the dark. Let this preparation 
stand for 1 hour at 37°C, and then filter it. In the case that the test specimen is at least 10 mg 
but less than 100 mg, perform the test after adding 5 ml of 0.07 mol/l hydrochloric acid. In the 
case that the test specimen is less than 10 mg, the test should not be performed.  
 
0.07 mol/l hydrochloric acid: Dissolve 6.3 ml of HCl [K 8180, Special] in distilled water to bring 
the total volume to 1,000 ml. 
 
(2) Testing 
 
1) Cadmium, lead and arsenic 
 
Measure 0.1 ml of cadmium control solution, 0.1 ml of lead control solution and 1.3 ml of 
arsenic control solution. Add to this 0.07 mol/l hydrochloric acid to bring the total volume to 
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100 ml.  
 

with 0.07 mol/l hydrochloric acid, and determine analytical curves of cadmium, lead and 
arsenic by the same method used for determining the analytical curve of the sample solution. 
Cadmium control solution, lead control solution and arsenic control solution are those 
described in Part III: Implements, Containers and Packaging, Section C: Reagents and 
Solutions, Paragraph 4: Control solutions, control undiluted solutions.  
 
For sample solution, determine the cadmium, lead and arsenic contents by the testing 
methods described in Part III: Implements, Containers and Packaging, Section B: Testing 
Method for General Implements, Containers and Packaging, Paragraph 3: Atomic Absorption 
Spectrometry or Paragraph 9: Inductively Coupled Plasma Photoemission Spectroscopy. The 
elution volume per 1 g of test specimen calculated using the equation below must be no more 

In measuring arsenic by atomic absorption spectrometry, the wavelength of 193.7 nm is used. 
 
Elution volume (
/ (test specimen amount (g) × (100  the correction value)) / 100 
In this equation, the correction value for cadmium and lead is 30, and that for arsenic is 60. 
 
 
A-5 
Coating film coated by using polyvinyl chloride must pass the test described below, as well as 
the test described in Part IV: Toys, Section A: Standards for Toys and Component Materials, 
Paragraph 4: Testing Methods. Distilled water is to be used wherever the test calls for water. 
 
(1) Preparation of sample solution 
 
The test specimen must be a coated toy or a piece sampled from a coated toy. Immerse the test 
specimen in 2 ml of 40°C water for each 1 cm2 of surface area of the test specimen, cover it with 
watch glass and let it stand for 30 minutes at 40°C, stirring occasionally.  
 
(2) Testing 
 
a. Potassium permanganate consumption  
When adding water to 50 ml of sample solution to make 100 ml and performing testing on this 
according to Part III: Implements, Containers and Packaging, Section B: Testing Methods for 
General Implements, Containers and Packaging, Paragraph 1: Testing Method for Potassium 
Permanganate Consumption, the amount of potassium permanganate consumption found 
with the following formula must be no more  
 

-b) × 0. 316 × f × 1,000) / 50 
 
Where, a: Titration volume (ml) of 0.002 mol/l potassium permanganate solution in this test 
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b: Titration volume (ml) of 0.002 mol/l potassium permanganate solution in blank test  
f: 0.002 mol/l potassium permanganate solution factor 
 
b Evaporation residue 
When taking 200  300 ml of sample solution and performing testing on this according to Part 
III: Implements, Containers and Packaging, Section B: Testing Methods for General 
Implements, Containers and Packaging, Paragraph 5: Testing Method for Evaporation residue, 

 
 
 
A-6 
Parts (excluding coating film) manufactured using materials mainly of polyvinyl chloride 
must pass the test described below. Distilled water is to be used wherever the test calls for 
water. 
 
(1) Preparation of sample solution 
 
Use toys or a piece of the toys as the test specimen. Immerse the test specimen in 2 ml of 40°C 
water for each 1 cm2 of surface area of the test specimen, cover it with watch glass and let it 
stand for 30 minutes at 40°C, stirring occasionally. 
 
 
(2) Testing 
 
a. Potassium permanganate consumption 
The method is that described in Part IV: Toys, Section A: Standards for Toys and Component 
Materials, Paragraph 5-(2): Testing, Sub-paragraph a.: Potassium Permanganate 
Consumption. 
 
b. Heavy metals 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 1-(2): Testing, Sub-paragraph a.: Heavy metals. 
 
c. Cadmium 
When adding five drops of nitric acid to 100 ml of sample solution and performing cadmium 
testing according to Part III: Implements, Containers and Packaging, Section B: Testing 
Method for General Implements, Containers and Packaging, Paragraph 3: Atomic Absorption 
Spectrometry or Paragraph 9: Inductively Coupled Plasma Photoemission Spectroscopy, the 
results must conform to the standards thereof. However, for the cadmium control solution, 
take 10 ml of the cadmium control solution in Part III: Implements, Containers and Packaging, 
Section C: Reagents and Solutions, add water to make 100 ml, add five drops of nitric acid and 
use this. To conform, the amount of cadmium in the sample solution must be no more than 0.5 
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d. Evaporation residue 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 5-(2): Testing, Sub-paragraph b.: Evaporation residue. 
 
e. Arsenic 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Sub-paragraph 1-(2): Testing, Sub-paragraph b.: Arsenic. 
 
 
A-7  
Toys must not be made with any synthetic resin whose primary component is polyvinyl 
chloride made with bis (2-ethylhexyl) phthalate. 
 
 
A-8 
Toys falling under Article 78-1 of the Enforcement Regulations of the Food Sanitation Act 
must not be made with any synthetic resin whose primary component is polyvinyl chloride 
made with diisononyl phthalate. 
 
 
A-9 
Parts (excluding coating film) manufactured using materials mainly of polyethylene must 
pass the test described below. Distilled water is to be used wherever the test calls for water. 
 
(1) Preparation of sample solution 
 
Use toys or a piece of the toys as the test specimen. Immerse the sample in 2 ml of 40°C water 
for each 1 cm2 of surface area. Cover with a watch glass and let sit for 30 minutes, stirring 
occasionally and maintaining at a temperature of 40°C. 
 
For a granular sample, wash the sample thoroughly with water, then dry. Next, submerge the 
sample in 2 ml of 40°C water for each 0.1 g of sample, then cover with a watch glass and let sit 
for 30 minutes, stirring occasionally and maintaining at a temperature of 40°C. 
 
(2) Testing 
 
a. Potassium permanganate consumption: 
When a sample is tested according to the method described in Part IV: Toys, Section A: 
Standards for Toys and Component Materials, Paragraph 5-(2): Testing, Sub-paragraph a.: 
Potassium Permanganate Consumption, the concentration must not be greater th  
 
b. Heavy metals: 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 1-(2): Testing, Sub-paragraph a.: Heavy metals. 
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c. Evaporation residue: 
When a sample is tested according to the method described in Part IV: Toys, Section A: 
Standards for Toys and Component Materials, Paragraph 4-(2): Testing, Sub-paragraph d.: 

 
 
d. Arsenic 
The method used is that described in Part IV: Toys, Section A: Standards for Toys and 
Component Materials, Paragraph 1-(2): Testing, Sub-paragraph b.: Arsenic. 
 
 
A-10 
Metallic accessories and toys that might be swallowed by infants and small children must pass 
the test described below. Metallic accessories and toys that might be swallowed by infants and 
small children are those that can be placed without compression into the containers described 
in the following figure.  
 

 
 
(1) Preparation of sample solution 
 
Place the test specimen in a beaker with a 40-mm diameter. Add 0.07 mol/l hydrochloric acid 
until the test specimen is fully immersed, and let it stand for 1 hour at 37°C in the dark; then, 
filter it. 

 

Unit: 
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0.07 mol/l hydrochloric acid: Dissolve 6.3 ml of HCl [K 8180, Special] in distilled water to bring 
the total volume to 1,000 ml. 
 
(2) Lead 
 
Measure 0.1 ml of lead control solution and add 0.07 mol/l hydrochloric acid to bring the total 
volume to 100 ml. 0.1 ml of this s
mol/l hydrochloric acid and determine analytical curves of lead by the same measuring method 
as that for the sample solution. The lead control solution is that described in Part III: 
Implements, Containers and Packaging, Section C: Reagents and Solutions, Paragraph 4: 
Control solutions, control undiluted solutions.  
For the sample solution, determine the lead content by the testing method described in Part 
III: Implements, Containers and Packaging, Section B: Testing Method for General 
Implements, Containers and Packaging, Paragraph 3: Atomic Absorption Spectrometry or 
Paragraph 9: Inductively Coupled Plasma Photoemission Spectroscopy. The lead eluted from 1 
g of test specimen, calculated usin  

(ml)) / (test specimen amount (g) × (100  the correction value)) / 100 
In this equation, the correction value for lead is 30. 
 
 
A-11 
In place of specified methods prescribed in A1  A10, an alternative method may be used if 
said method provides equal or greater precision than the specified method. However, if the 
results obtained are suspect, the final decision is to be made according to the specified method. 
 
 
 
B. Toys Production Standards 
 
When using synthetic resin-based coloring agents in the manufacture of toys, no coloring 
agent other than those listed in Attached Table 1 of the Implementation Regulations of the 
Food Sanitation Act shall be used. However, this restriction does not apply to coloring agents 
that pass the following test.  
 
Place a colored piece of the sample in water heated to 40°C, using 2 ml of water for each 1 ml of 
surface area. Cover with a watch glass and let sit for 10 minutes, stirring occasionally and 
maintaining at a temperature of 40°C. This is the sample solution. Place 50 ml of sample 
solution in a Nessler bottle measuring 20 mm in its inner diameter, 24 mm in its outer 
diameter, and 20 cm deep from its inner bottom to the bottom surface of the stopper, and 
graduated every 5 ml up to 50 ml. When viewed from the top and side against a white 
background, no precipitation of the coloring agent should be visible. 
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IV. Standards and Testing Methods for 
Detergents 

 
Ministry of Health, Labour and Welfare 
<Detergents> 
http://www.mhlw.go.jp/topics/bukyoku/iyaku/kigu/dl/6.pdf  (Japanese only) 
 
A Standards for Detergent Ingredients (excluding 

detergents intended for use in dishwashing) 
 
A-1 
The detergent (excluding solid soap) must be suitable for testing using the following testing 
method. (For detergents in other than liquid form, exclude (3) methanol.) Use distilled water 
for testing. 
 
(1) Arsenic  
 
For fatty acid-based detergents (here meaning detergents that do not contain surfactants 
other than high fatty acid salt- and high fatty acid ester-based surfactants), dilute samples 30 
times with water. For detergents other than fatty acid-based detergents, dilute samples 150 
times with water. Use the diluted samples as test solutions. Put 75 ml of the test solution into 
an evaporating dish and heat it on a water bath until most of the liquid evaporates. Transfer 
the residual liquid to a decomposition flask, rinse the evaporating dish with a little water, and 
add that liquid to the decomposition flask. Add 10 ml of nitric acid to the flask, mix well, and 
heat gently until an intense reaction is observed. When that reaction is finished, allow the 
solution to cool. Next, add 5 ml of sulfuric acid and heat until white smoke appears. When the 
liquid takes on a color, cool and then add 5 ml of nitric acid and heat again. Repeat this 
procedure until the liquid becomes clear or turns a light yellow color. After cooling, add water 
until the total volume is 50 ml.  
 
Take 20 ml of this liquid, add 10 ml of saturated ammonium oxalate solution and heat until 
white smoke appears again. After cooling, add water and use this as the sample solution. Test 
the solution according to Part III: Implements, Containers and Packaging, Section B: Testing 
Method for General Implements, Containers and Packaging, Paragraph 7: Arsenic Test. It 
should not turn a darker color than the standard color during this test. 
 

Reagents  
- Nitric acid: Use nitric acid (special grade).  
- Sulfuric acid: Use sulfuric acid (special grade).  
- Ammonium oxalate: Use ammonium oxalate (special grade).  

 
(2) Heavy metals 
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Place 100 ml of the sample solution prepared in paragraph (1) in an evaporation dish and heat 
it on a water bath until most of the liquid evaporates. Transfer the residual liquid to a 
decomposition flask, rinse the evaporation dish with a little water, and add that liquid to the 
decomposition flask. Add 10 ml of nitric acid, mix well and heat gently until an intense 
reaction is observed. When the reaction is finished, allow the solution to cool. Next, add 5 ml of 
sulfuric acid and heat until white smoke appears. When the liquid takes on a color, cool and 
then add 5 ml of nitric acid and heat again. Repeat this procedure until the liquid becomes 
colorless or turns a light yellow color. After cooling, add water until the total volume is 100 ml. 
Place 20 ml of this liquid in a quartz evaporation plate and heat it on a water bath until most 
of the liquid evaporates, then carefully heat the residue over a direct flame until it dries and 
hardens. If necessary, add 1 ml of sulfuric acid and continue to heat until most of the residue 
turns to white ash. To this add 2 ml of hydrochloric acid and 0.5 ml of nitric acid, then heat it 
on a water bath until the solution evaporates, leaving a dry, hard residue. Add 1 ml of 

solution. After cooling, add 1 drop of a phenolphthalein

until the total volume is 50 ml. Place 2 ml of lead standard solution in a separate Nessler tube 

the control solution. To both solutions add 2 drops of sodium sulfide. Mix well and let sit for 5 
minutes, then view both Nessler tubes from the top and sides against a white background. The 
sample solution should not appear darker in color than the control solution.  
 

Reagents 
- Nitric acid: Use nitric acid (special grade). 
- Sulfuric acid: Use sulfuric acid (special grade). 
- Hydrochloric acid: Use hydrochloric acid (special grade). 
- Ammonium hydroxide: Use ammonium hydroxide (special grade). 
- Phenolphthalein ethanol solution: Use 1 g of phenolphthalein (special 

grade) in solution with 100 ml of ethanol (95% by volume, special grade). 
- Acetic acid: Use acetic acid (special grade). 
- Lead standard solution:Use a lead standard solution that complies with Part 

II: Additives, Section C: Reagents and Solutions, Paragraph 3: Standard 
Solutions. 

- Sodium sulfide solution:Use a sodium sulfide solution that complies with 
Part II: Additives, Section C: Reagents and Solutions, Paragraph 1: Reagents 
and Solutions. 

 
(3) Methanol 
 
Add 10 g of isopropyl alcohol (as an internal standard substance) to 100 g of sample and mix 
well; issue this as the test solution. Create a control solution by mixing 10 g of isopropyl 
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When subjecting 1 l of test solution and 1 l of control solution to gas chromatography under 
the operating conditions specified below, the ratio A/AS, where A is the peak surface area of 
methanol in the test solution and AS is the peak surface area of the internal standard 
substance, must not exceed the ratio A /A S, where A  is the peak surface area of methanol in 
the control solution and A S is the peak surface area of the internal standard substance. For 
both the test solution and the control solution, change the sensitivity so that the sensitivity of 
the part near the peak of methanol is approximately 32 times that of the part near the peak of 
the internal standard substance. Use the half-power bandwidth method to determine peak 
surface area. 
 

Operating conditions 
- Detector: Flame ionization detector 
- Column packing material: 170 to 300 m porous polymer beads for gas 

chromatography 
- Column tubes: Use glass or stainless steel tubes 2 to 3 m long and with an 

inner diameter of 3 to 4 mm. 
- Column tube temperature: Constant temperature between 130 and 150 C 
- Test solution inlet temperature: Constant temperature 30 to 50 C higher 

than the column tube temperature 
- Carrier gas: Use high-purity nitrogen. Adjust to a velocity such that the 

isopropyl alcohol flows out in 8 to 10 minutes. 
 

Reagent 
-  Isopropyl alcohol: Use isopropyl alcohol (special grade). 
-  Methanol: Use methanol (special grade). 

 
(4) Liquidity 
 
When measured with a glass electrode pH meter, the pH of the test liquid obtained by the 
same means as (1) using boiled and cooled water must be between 6.0 and 10.5 in the case of 
fatty acid-based detergents and between 6.0 and 8.0 in the case of all other detergents. 
 
 
A-2 
A detergent must not contain enzymes or any component with a bleaching effect. 
 
 
A-3 
A detergent must not contain any artificial aromatic agent other than those listed in Attached 
Table 1 of the Implementation Regulations of the Food Sanitation Act.  
 
 
A-4  
A detergent must not contain any artificial coloring agent other than those listed in Attached 
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Table 1 of the Implementation Regulations of the Food Sanitation Act. 
-  -dihydro- - anthraquinone-azine) 
- Wool Green BS (4,4-bis (dimethylamino) 

diphenylmethylene-2-naphthol-3,6-disulphonic acid monosodium salt) 
- Quinoline yellow (2-(2 quinolyl)-1,3-indandione-disulphonic acid disodium 

salt) 
- Patent blue V (m-hydroxy-tetraethyl-diaminotriphenylcarbinol-disulphonic 

acid calcium salt) 
 
 
A-5 
A detergent containing an anionic surfactant must have a biodegradability of at least 85%. 
 
 
 
B. Standards for Using Detergents 
 
B-1 
The surfactant concentration must not exceed 0.5% in the case of fatty acid-based detergents 
or 0.1% in the case of all other detergents (excluding solid soap and detergents intended for 
use in dishwashing). 
 
 
B-2 
When using a detergent (excluding detergents intended for use in dishwashing; the same 
applies to the following items), vegetables and fruits must not be soaked in the detergent 
solution for more than 5 minutes. 
 
 
B-3  
Fruits, vegetables, or eating or drinking utensils must be rinsed with potable water after 
being washed with a detergent. When rinsing in flowing water, rinse fruits or vegetables for at 
least 30 seconds and eating or drinking utensils for at least 5 seconds. When using collected 
water, change the water and rinse in clean water at least twice. 
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Method for the determination of overall migration into aqueous simulants by
total immersion

1 Scope

This test method describes a procedure for the determination of the overall migration into
aqueous based food simulants from plastics which are intended to come into contact with
foodstuffs, by total immersion in aqueous food simulant for 10 days, 24 h or 2 h at 40 °C or
for 2 h at 70 °C.

This method is most suitable for plastics in the form of films and sheets, but can be applied
to a wide range of articles or containers from which test pieces of suitable size can be cut.

2 Principle

The overall migration of non-volatile substances from a sample of the plastics is determined
as the mass of non-volatile residue after evaporation of the food simulant following
immersion.

The selection of the conditions of test will be determined by the conditions of use.

Test specimens of approximately 1 dm2, are immersed in the food simulant for 10 days, 24 h
or 2 h at 40 °C or for 2 h at 70 °C then removed.   The food simulant is evaporated to
dryness, the mass of the non-volatile residue is determined and expressed as milligrams per
square decimetre of surface area of the specimen.

In course of preparation overall migration is reported as the mean of three determinations on
separate test specimens.

3 Reagents

3.1 Distilled water or water of equivalent quality (simulant A)

3.2 Acetic acid 3 % (w/v) in aqueous solution (simulant B)

3.3 Ethanol 15 % (v/v) in aqueous solution (simulant C)

3.4 Alcoholic simulants for liquids or beverages of an alcoholic strength exceeding 15 %
(v/v).

NOTE:  In the case of materials and articles intended to come into contact with liquids
or beverages of an alcoholic strength exceeding 15 % (v/v). the test may be carried out
with aqueous solutions of ethanol of a similar strength.

Appendix II - Pag. 239 of 306



2

4 Apparatus

4.1 Cutting slab, clean smooth glass, metal or plastics slab of suitable area to prepare test
specimens,  250 mm x 250 mm is suitable.

4.2 Tweezers, stainless steel, blunt nosed.

4.3 Cutting implement, scalpel, scissors or sharp knife or other suitable device.

4.4 Metal template, 100 mm ± 0,2 mm x 100 mm ± 0,2 mm  (square).

4.5 Rule, 25 mm ± 1 mm wide.

4.6 Rule, graduated in mm, and with an accuracy of 0,1 mm.

4.7 Analytical balance capable determining a change in mass of 0,1 mg.

4.8 Specimen supports, constructed of stainless steel with cross arms attached by welding
or silver soldering, or of glass.  Stainless steel X4 CrNi 18 10 according to prEN 10088
or of composition, chromium 17 %, nickel 9 %, carbon 0,04 %, is suitable.  Before
initial use thoroughly clean the stainless steel supports. The use of a degreasing
solvent and then with dilute nitric acid has been found to be suitable.  For the aqueous
acetic acid food simulant, use supports constructed out of glass, as there is a tendency
for the acetic acid to corrode stainless steel supports, particularly if the joints are
silver soldered.  However stainless steel supports may be used for acetic acid if it can
be demonstrated that they do not contribute to the residue.  Assess all supports to
ensure that they do not contribute significantly to the residue.

NOTE: The method has been written for the supports shown in figure 1 which have
been found to be suitable for holding thin film and sheet test pieces.  However other
supports may be used providing they are capable of holding and keeping the test pieces
apart and at the same time ensuring complete contact with the simulant.  For rigid
samples, supports with a single cross arm may be used.

4.9 Gauze, pieces of fine stainless steel gauze, with a mesh size of 1 mm have been found
to be suitable, approximately 25 mm x 100 mm or, glass rods, 2 mm to 3 mm in
diameter and approximately 100 mm long to be used with the acetic acid food
simulant, for insertion between the test pieces.   Before initial use thoroughly clean the
gauze, first with a degreasing solvent and then with dilute nitric acid.

4.10 Glass tubes, ground neck, for retaining the food simulant and test specimens.  Tubes
with an internal diameter of approximately 35 mm and length of in the range of
100 mm to 200 mm, excluding the ground neck have been found to be satisfactory.

4.11 Glass beads, 2 mm to 3 mm diameter or glass rods, 2 mm to 3 mm in diameter and
approximately 100 mm long.
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4.12 Thermostatically controlled oven or incubator capable of maintaining a temperature of
40 °C ± 1 °C and 70 °C ± 2 °C.

4.13 Dishes, stainless steel, nickel, platinum, platinum alloy, gold 50 mm to 90 mm
diameter  and maximum weight 100 g, for evaporation of food simulants and weighing
of residues.  Glass, glass ceramic or ceramic dishes may be used provided that the
surface characteristics are such that the weights of the dishes after evaporation of any
specified food simulants followed by conditioning in the desiccator used achieves a
constancy of ± 0,5 mg.  Stainless steel and nickel dishes are suitable only for distilled
water and ethanol solutions.   Glass, glass ceramic, glazed ceramic, platinum or,
platinum alloy or gold dishes are suitable for all three simulants.

4.14 Steam bath, hot plate, distillation apparatus or rotary evaporator for evaporation of
food simulant at the end of test period.

4.15 Desiccator with anhydrous calcium chloride or self indicating silica gel.

4.16 Measuring cylinder, 100 ml, complying with the minimum requirements of ISO 4788.

5 Preparation of test specimens

It is essential that test specimens are clean and free from surface contamination (many
plastics can readily attract dust due to static charges).  Before preparing test
specimens, remove any surface contamination from the sample by gently wiping it
with a lint free cloth, or by brushing with a soft brush. Under no circumstances wash
the sample with water or solvent. If it is specified in the instructions for use of the
article that it should be washed or cleaned before use. Minimise handling of the
samples and where necessary, wear cotton gloves.

To ensure that test pieces are well separated and that the surfaces are freely exposed
to the food simulant during the period of the test, for thin films, insert a piece of fine
stainless steel gauze, or glass rods with the acetic acid simulant, between the test
pieces or for thick samples not placed on the supports, insert glass rods between the
test pieces after immersion in the food simulant. Where specimen supports are used,
label the supports with a tag bearing the test specimen identification.

5.2 Number of test specimens

Three test specimens are required for samples, in the form of thin films, sheet,
containers or similar articles.  Five test specimens, similar dimensionally one to
another, are required for samples of articles of irregular shape.

These test specimens are utilized as follows:

a) Three test specimens for the migration test;
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b) Two test specimens for determination of the surface area, in the case of samples
of irregular shape (5.5).
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5.3 Thin films and sheet materials

Lay the sample on the cutting slab (4.1) and cut the test specimens of 1 dm2 using the
100 mm x 100 mm template (4.4). Check, using the rule (4.5), that the dimensions of
the specimen are within the specified tolerance (± 1 mm).

Cut each test specimen into four test pieces 25 mm x 100 mm using the rule (4.5).
Assemble one test specimen onto the support by piercing suitable holes in the test
pieces and placing two test pieces on each side of the cross arms of the support.
Repeat this procedure for all remaining test specimens.

5.4 Containers and other articles

Cut sections from the walls of the container or article to give test specimens each of
area approximately 1 dm2.   For articles with individual areas less than 1 dm2, use a
number of articles to provide each test specimen. Measure the dimensions of each test
specimen to the nearest 1 mm, using the rule.   Measure only the surface area of the
sample which is intended to come into contact with foodstuffs, i.e. cut edges and any
surfaces not intended to come into contact with foodstuffs are ignored.  Calculate the
area of each test specimen to the nearest 0,01 dm2 and record.   If necessary, cut each
test specimen into smaller pieces to enable them to fit into the glass tubes (4.10).  
The test specimens or pieces are placed on the specimen supports if these are
appropriate or, if the test specimens or pieces are sufficiently rigid, they can be tested
unsupported.

5.5 Articles of irregular shape

Select representative portions of the article, or multiples of the article for small
articles, to give five dimensionally similar test specimens each with a surface area of
approximately 2 dm2. Measure the surface area of two of these specimens to the
nearest 0,05 dm2 using the Schlegel Method, or any other suitable method.   Measure
only the surface area of the sample which is intended to come into contact with
foodstuffs, ie cut edges and any surfaces not intended to come into contact with
foodstuffs are ignored.  Record the surface area of each test specimen.

6 Procedure

6.1 Exposure to food simulant

Take three of the glass tubes (4.10), measure by measuring cylinder 100 ml ± 2 ml of
the food simulant into each tube and stopper the tube. If the evaporation method is to
be used (6.2.2) measure into a further two tubes by measuring cylinder 120 ml ± 2 ml
of the food simulant, to provide blanks.  If the distillation method (6.2.3) is to be used
measure into those further two tubes by measuring cylinder 100 ml ± 2 ml of the food
simulant to provide blanks.   Place the five tubes and any glass rods and beads that are
required in the thermostatically controlled oven or incubator, set at the test
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temperature (40 °C or 70 °C), and leave until the test temperature has been attained.
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Place a test specimen into each of the three tubes containing 100 ml of simulant and
stopper the tubes.  Mark the tubes for identification.   Ensure that the test specimens
are totally immersed in the simulant; if they are not then add either glass beads or rods
(4.11) to raise the level of the simulant until total immersion is achieved.  This part of
the operation should be carried out in the minimum time to prevent undue heat loss
from the simulant.

Mark the liquid level on the outside of each tube with a suitable marker.

Replace all of the tubes in the thermostatically controlled oven or incubator, set at the
test temperature and observe the temperature,
leave the tubes for a test period of 240 - 249 h or 24 - 24.5 h or 120 - 125 min, after
the air bath of the thermostatically controlled oven or incubator has reached a
temperature within 1 °C of the set temperature.

Take the tubes from the oven or incubator and check the level of simulant in each, if
this has fallen to more than 10 mm below the mark, or has exposed any part of the
test pieces, repeat the test using fresh samples.

If the level of simulant in a tube is less than 10 mm below the mark, remove the test
specimen from the tube, and allow the simulant adhering to the test specimen and
support to drain back into the tube. Recover at least 90 % of the original volume of
simulant or repeat the test.

6.2 Determination of migrating substances

6.2.1 Preparation of dishes

Take five dishes (4.13), marked for identification, place the dishes in an oven
maintained at 105 °C to 110 °C, for a period of 30 min ± 5 min, to dry.

Remove the dishes from the oven, place in a desiccator (4.15) and allow to cool to
ambient temperature.   Weigh and record the individual masses of each dish.

Replace the dishes in the oven and repeat the cycle of heating, cooling and weighing
until individual consecutive masses differ by not more than 0,5 mg, record their final
masses.

6.2.2 Evaporation method

Take the tubes containing the simulant and pour 40 ml to 50 ml from each into
separate dishes.   By means of a steam bath, hot plate or other form of heating (4.14)
evaporate to a low volume, taking care to avoid loss, in particular, by sputtering or
overheating of the residues.

NOTE 1: The evaporation of acetic acid and ethanol should be carried out in a fume
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cupboard.
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When most of the simulant has evaporated, pour the remaining simulant from each of
the tubes into the respective dishes and continue the evaporation.   Wash out each of
the tubes which had contained test specimens with two lots of 10 ml ± 1 ml of unused
simulant and pour these washings into the respective dishes.  Continue the
evaporation.

NOTE 2: A stream of nitrogen may be used to facilitate evaporation.

When the simulant has almost completely evaporated, place the dish in an oven
maintained at 105 °C to 110 °C, for a period of 30 min ± 5 min, to complete the
evaporation and dry the residue.

Remove the dishes from the oven, place in a desiccator (4.15) and allow to cool to
ambient temperature.   Weigh and record the individual masses of a dish and residue.

Replace the dishes in the oven and repeat the cycle of heating, cooling and weighing
until individual consecutive masses differ by not more than 0,5 mg.

Determine the mass of the residue by subtracting the original mass of the dish from
the stable mass of the dish and residue.

6.2.3 Distillation method

Transfer the simulants to individual round bottom flasks (250 ml are suitable).   Rinse
each tube twice, including the blank tubes, with 20 ml ± 2 ml of fresh simulant, add
these rinses to the respective flasks.   Place the flasks in an electric heating mantle and
connect to a side arm distillation arrangement or rotary evaporator.   Distil off the
simulants until approximately 30 ml to 50 ml remains in the flask.   Transfer the
remaining simulant to an evaporating dish (4.13).   Rinse the flask with 10 ml ± 1 ml
of fresh simulant and add the rinses to the appropriate dishes.   Continue the
evaporation of the simulant by means of a steam bath, hot plate or other form of
heating, proceeding as in 6.2.2.

NOTE: The evaporation of acetic acid and ethanol should be carried out in a fume
cupboard.

7 Expression of results

7.1 Method of calculation

Express the overall migration as milligrams of residue per square decimetre of the
surface of the sample which is intended to come into contact with foodstuffs,
calculated for each test specimen using the following formula:

M = (ma - mb) x 1000  
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where:

M is the overall migration into the simulant, in milligrams per square decimetre of
surface area of sample intended to come into contact   with foodstuffs;

ma is the mass of the residue from the test specimen after evaporation of the simulant

in which it had been immersed, in grams;

mb is the mass of residue from the food simulant only, in grams;

S is the surface area of the test specimen intended to come into contact with foodstuff,
in square decimetres.

Calculate the result for each test specimen to the nearest 0,1 mg/dm2 and the mean of
the individual test results, to the nearest 0,1 mg/dm2.

7.2 Precision

NOTE:  The repeatability (r) and the reproducibity (R) values are to be determined
from collaborative trial results.

8 Test report

The test report shall include the following:

a) reference to the method employed as a test procedure;
 
b) all information necessary for complete identification of the sample such as

chemical type, supplier, trade mark, grade, batch number, thicknesses;
 
c) conditions of time and temperature of exposure to simulants;
 
d) departures from the specified procedure, and reasons for these;
 
e) individual test results, and the mean of these, expressed as milligrams of residue

per square decimetre of sample;
 
f) relevant comments on the test results.
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Methods for the determination of overall migration into aqueous simulants
using a  pouch

1 Scope

This test method describes a procedure for the determination of the overall migration
from one surface only, of plastics in the form of film and sheet, which is intended to
come into contact with foodstuffs, by forming the plastics film or sheet into standard
pouches and exposure to the aqueous food simulant for 10 days, 24 h or 2 h  at 40 °C
or for 2 h at 70 °C.

A standard pouch is a pouch with the dimensions as described in 5.2.

This method is most suitable for plastics in the form of films and sheets which are
sealable by heat or pressure.  The test is particularly applicable to those materials
consisting of more than one layer, which must be tested with the food simulant in
contact only with the surface which is intended to be in contact with the foodstuffs.

2 Principle

The overall migration of non-volatile substances from a sample of the plastics is
determined as the mass of non-volatile residue after evaporation of the food simulant.

Test specimens in the form of pouches are filled with the aqueous food simulant for
the test period of 10 days, 24 h or 2 h at 40 °C or for 2 h at 70 °C.  The food
simulant is evaporated to dryness, the mass of the non-volatile residue is determined
and expressed as milligrams per square decimetre of surface area of the specimen.

Overall migration is reported as the mean of three determinations on separate test
specimens.

3 Reagents

3.1 Distilled water or water of equivalent quality (simulant A)

3.2 Acetic acid 3 % (w/v) in aqueous solution (simulant B)

3.3 Ethanol 15 % (v/v) in aqueous solution (simulant C)

3.4 Alcoholic simulants for liquids or beverages of an alcoholic strength exceeding
15 % v/v.

NOTE: In the case of materials and articles intended to come into contact with
liquids or beverages of an alcoholic strength exceeding 15 % v/v. the test may be
carried out with aqueous solutions of ethanol of a similar strength.
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4 Apparatus

4.1 Cutting slab, clean smooth glass, metal or plastics slab of suitable area to prepare test
specimens,  250 mm x 250 mm is suitable.

4.2 Tweezers, stainless steel, blunt nosed.

4.3 Cutting implement, scalpel, scissors or sharp knife or other suitable device.

4.4 Rule, graduated in mm, and with an accuracy of 0,1 mm.

4.5 Metal template 120 mm ± 1 mm x 120 mm + 1 mm (square)

4.6 Analytical balance capable of determining a change in mass of 0,1 mg.

4.7 Pouch holder, the example shown in figure A.1 has been shown to be suitable,
constructed from aluminium or other suitable material or an equivalent holder, plus
clips to secure corners of pouches.

4.8 Pipettes, complying with the minimum requirements of ISO 648, 50 ml and 100 ml.

4.9 Glass tubes, ground neck, and stoppers, for retaining the food simulant and test
specimens.   Tubes with an internal diameter of approximately 35 mm and length in the
range of 100 mm to 200 mm, excluding the ground neck, have been found to be
satisfactory.

4.10 Thermostatically controlled oven or incubator capable of maintaining a temperature of
40 °C ± 1 °C and 70 °C ± 2 °C.

4.11 Dishes, stainless steel, nickel, platinum, platinum alloy, gold 50 mm to 90 mm diameter
and maximum weight 100 g, for evaporation of food simulants and weighing of
residues.  Glass, glass ceramic or ceramic dishes may be used provided that the surface
characteristics are such that the weights of the dishes after evaporation of any specified
food simulants followed by conditioning in the desiccator used achieves a constancy of
± 0,5 mg.  Stainless steel and nickel dishes are suitable only for distilled water and
ethanol solutions.   Glass, glass ceramic, glazed ceramic, platinum, platinum alloy or
gold dishes are suitable for all three simulants.

4.12 Steam bath, hot plate, distillation apparatus or rotary evaporator for evaporation of
food simulant at the end of test period.

4.13 Desiccator with anhydrous calcium chloride or self indicating silica gel.

4.14 Heat or pressure sealing device, for use in forming pouches.

4.15 Measuring cylinders, 100ml, complying with the minimum requirements of ISO 4788.
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5 Preparation of test specimens

5.1 General

It is essential that test specimens are clean and free from surface contamination (many
plastics can readily attract dust due to static charges). Before preparing test
specimens, remove any surface contamination from the sample by gently wiping it
with a lint-free cloth, or by brushing with a soft brush. Under no circumstances wash
the sample with water or solvent. If it is specified in the instructions for use of the
article that it should be washed or cleaned before use.  Minimise handling of the
samples and where necessary, wear cotton gloves.

5.2 Number of test specimens

Three test specimens are required.

5.3 Cutting and preparation of specimens

Lay the sample on the cutting slab (4.1) with the surface to be in contact with the
food simulant uppermost and cut the test specimens using the 120 mm x 120 mm
template (4.5).

Place pairs of the test pieces  together with the surfaces to be in contact with the food
simulant facing.   Using the heat or pressure sealer, join to form pouches with four
seals parallel to all four edges, 10 mm from the edge.   Measure the distances
between the inner edges of the seals to the nearest 1 mm and calculate the total
surface area of the test specimen which will be exposed to the food simulant, to the
nearest 0,01 dm².  This shall be approximately  2 dm2.  Using the cutting implement
(4.3), remove excess film from the sealed area (to reduce area of film not directly
exposed to food simulant whilst leaving enough to withstand the test conditions
without leaking.

Mark each pouch for identification.  Cut off one corner of the pouch to leave a hole
sufficiently large to insert a 100 ml pipette.

6 Procedure

6.1 Exposure to food simulant

Take three glass tubes (4.9), measure by measuring cylinder 100 ml ± 2 ml of the
food simulant into each tube and stopper the tubes.  If the evaporation method is to
be used (6.2.2) measure into a further two tubes by measuring cylinder 120 ml ± 2 ml
of the food simulant, to provide blanks.  If the distillation method (6.2.3) is to be
used, measure into a further two tubes by measuring cylinder 100 ml ± 2 ml of the
food simulant to provide blanks.  Place the five tubes and the pouch holder in the
thermostatically controlled oven or incubator, set at the test temperature and leave
until the test temperature has been attained.
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Remove the pouch holder from the thermostatically controlled oven or incubator and
place between the spacers the test specimen pouches.

Remove the three tubes containing the 100 ml of food simulant from the
thermostatically controlled oven or incubator and into the three test specimens
pouches pipette sufficient food simulant to just fill the pouch.  This shall be about
100 ml, but for thick/semi-rigid materials the quantity will be less.  Secure the open
corner with a clip.  If all the simulant is not used to fill the pouch, retain the tube and
residual contents.  Measure and record the volume of the residual food simulant.
Measure and record the area of the pouch in contact with the simulant and the total
external area of the pouch after trimming excess material.  This part of the operation
should be carried out in the minimum time to prevent undue heat loss.

Replace the pouch holder, containing the test specimen pouches, in the
thermostatically controlled oven or incubator, set at the test temperature, leave for a
test period of 240 - 245 h or 24 - 24.5 h or 120 - 125 min, after the air bath of the
thermostatically controlled oven or incubator has reached a temperature within 1 °C
of the set temperature.

Take the pouch holder and the tubes containing the blank food simulant from the
thermostatically controlled oven or incubator.

If an evident leak has occurred with more than one pouch, the test is invalid and must
be repeated using fresh pouches.

If no evident leaks have occurred in at least three of the pouches, then proceed with
6.2.

6.2 Determination of migrating substances

6.2.1 Preparation of dishes

Take five dishes (5.11), marked for identification, place the dishes in an oven
maintained at 105 °C to 110 °C, for a period of 30 min ± 5 min, to dry.

Remove the dishes from the oven, place in a desiccator (4.13) and allow to cool to
ambient temperature.  Weigh and record the individual masses of each dish.

Replace the dishes in the oven and repeat the cycle of heating, cooling and weighing
until individual consecutive masses differ by no more than 0,5 mg, record their final
masses.

6.2.2 Evaporation method

Take the pouches and the two tubes containing the simulant and pour 40 ml to 50 ml
from each into separate dishes.  By means of a steam bath, hot plate or other form of
heating (4.12) evaporate to a low volume, taking care to ensure that only mild boiling
occurs to avoid loss, in particular by sputtering or overheating of the residue.
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NOTE 1: The evaporation of acetic acid and ethanol should be carried out in a fume
cupboard.

When most of the simulant has evaporated, pour the remaining simulant from each of
the pouches and residual simulant from the retained tube into the respective dishes
and continue the evaporation.  Wash out each pouch with two lots of 10 ml ± 1 ml of
unused simulant and pour these washings into the respective dishes.  Continue the
evaporation.

NOTE 2: A stream of nitrogen may be used to facilitate evaporation.

When the simulant has almost completely evaporated, place the dish in a
thermostatically controlled oven maintained at 105°C to 110°C, for a period of
30 min ± 5 min, to complete the evaporation and dry the residue.

Remove the dishes from the thermostatically controlled oven, place in a desiccator
(4.13) and allow to cool to ambient temperature.   Weigh and record the individual
masses of a dish and residue.

Replace the dishes in the thermostatically controlled oven and repeat the cycle of
heating, cooling and weighing until individual consecutive masses differ by not more
than 0,5 mg.

Determine the mass of the residue by subtracting the original mass of the dish from
the stable mass of the dish and residue.

6.2.3 Distillation method

Transfer the simulants to individual round bottom flasks (250 ml are suitable).   Rinse
each pouch and the blank tubes, twice with 20 ml ± 2 ml  of the simulant, add these
rinses and residual simulant from the retained tube to the respective flasks.   Place the
flasks in an electric heating mantle and connect to a side arm distillation arrangement
or rotary evaporator.   Distil off the simulants until approximately 30 ml to 50 ml
remains in the flask.   Transfer the remaining simulant to an evaporating dish (6.10).
Rinse the flask with 10 ml ± 1 ml of the simulant and add the rinses to the appropriate
dishes.   Continue the evaporation of the simulant by means of a steam bath, hot plate
or other form of heating, proceeding as in 6.2.2.

NOTE: The evaporation of acetic acid and ethanol should be carried out in a fume
cupboard.

Appendix II - Pag. 254 of 306



6

7 Expression of results

7.1 Method of calculation

Express the overall migration as milligrams of residue per square decimetre of the
surface of the sample which is intended to come into contact with foodstuff,
calculated for each test specimen using the following formula:

M = (ma - mb) x 1000
__________________

S

where;

M is the overall migration into the simulant, in milligrams per square decimetre of 
the surface area of sample intended to come into contact with the foodstuff;

ma is the mass of the residue from the test specimen after evaporation of the 
simulant which had filled the pouch, in grams;

mb is the mass of residue from the food simulant only, in grams;

S is the surface area of the test specimen  in contact with the food simulant, in 
square decimetres.

Calculate the result for each test specimen to the nearest 0,1 mg/dm² and the mean of
the individual test results, to the nearest 0,1 mg/dm².

7.2 Precision

NOTE:  The repeatability (r) and the reproducibity (R) values are to be determined
from collaborative trial results.

8 Test report

The test report shall include the following:-

a) reference to method employed as a the test procedure;
 

b) all information necessary for complete identification of the sample such as
chemical type, supplier, trade mark, grade, batch number(s), thickness;

 

c) conditions of time and temperature of exposure to simulants;
 

d) departures from the specified procedure and reasons for these;
 

e) individual test results and the mean of these expressed as milligrams lost per
square decimetre of sample;
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f) any adjustment made for loss of volatile substances from the  test specimens;
 

g) relevant comments on the test results; including the area of the pouch in contact
with the simulant, the total external area of the pouch after trimming excess
material and the volume of  the residual food simulant.
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Method for the determination of  overall migration into olive oil by cell

1 Scope

This test method describes a procedure for the determination of the overall migration
from one surface only of plastics in the form of sheet and film, which are intended to
come into contact with  fatty foodstuffs by exposure to olive oil in a standard cell or
equivalent cell for 10 days, 24 h or 2 h at 40 °C or for 2 h at 70 °C.

This method is most suitable for plastics in the form of films and sheets, but is
particularly applicable to those materials consisting of more than one layer or of
surfaces that differ in their migration characteristics, which must be tested with the
food simulant in contact only with the surface which is intended to come into
contact with foodstuffs.

The test method described is applicable to most types of plastics, although there are
some plastics for which it is known not to be applicable, for example, owing to
incomplete extraction of olive oil.

2 Principle

The overall migration from a sample of the plastics is determined as the loss in mass
per unit of surface area intended to come into contact with foodstuffs.

The selection of the conditions of test will be determined by the conditions of use.

Test specimens of known mass are exposed in a standard cell to olive oil for 10 days,
24 h or 2 h at 40 °C or for 2 h at 70 °C then taken from the olive oil, blotted to
remove oil adhering to the surface and reweighed.

The specimens will usually retain absorbed olive oil which is extracted and
determined quantitatively by means of gas chromatography after conversion to
methyl esters.   Methylation is carried out by reacting a boron trifluoride/methanol
complex with fatty acids formed by hydrolysing the oil with potassium hydroxide.  
An internal standard, triheptadecanoin, is added prior to the extraction of the
absorbed olive oil from the test specimens.   This ensures that any active or
extractable components of the plastics react with the internal standard, as well as
with the extracted olive oil.   The internal standard is also subjected to the hydrolysis
and methylation reactions, providing compensation for any inefficiencies in the
hydrolysis and methylation processes.

Migration into the olive oil is calculated by subtracting the mass of olive oil retained
by the test specimen from the mass of the test specimen after removal from the olive
oil, and then subtracting this mass from the initial mass of the specimen.
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The total loss in mass is expressed in milligrams per square decimetre of surface area
of the specimen and the overall migration is reported as the mean of a minimum of
three determinations on separate test specimens.

To allow for inaccuracies which may arise during the procedure and which may be
difficult to detect, due for example to contamination or loss of oil during the sample
handling stages, quadruplicate determinations are carried out on the sample allowing
for the result from one specimen to be discarded.

This method includes variations which are applicable to certain plastics and to
experienced laboratories.

3 Reagents

All reagents shall be of recognized analytical quality, unless otherwise specified.

3.1 Olive oil, Simulant D

3.2 Extraction solvent

3.2.1 Pentane 98 % (mixed isomers) boiling point 36 °C

NOTE 1:  Pentane is a very volatile and highly flammable solvent.  Care should
therefore be taken when handling this solvent to prevent contact with sources of
ignition.  It is not recommended that extractions with this solvent be left unattended,
particularly overnight.

NOTE 2:  Due to the low boiling point of this solvent, cooled condenser water may be
required to prevent undue loss of the solvent from the condenser.

OR

3.2.2 Other suitable solvent.

NOTE 1: In previous methods for determining overall migration into olive oil the
extraction solvent used has been 1,1,2 trichloro trifluoroethane.  For environmental
reasons the use of this solvent should be avoided where possible.  Experience has
shown that this solvent although effective for most plastics requires longer periods of
extraction.

NOTE 2: Some solvents may contain non-volatile substances which, after hydrolysis
and methylation processes, produce gas chromatography peaks with retention times
similar to the retention times of olive oil methyl esters and methyl heptadecanoate
from the internal standard.   Solvents found to contain such substances should be
redistilled before use.
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3.3 Internal standard, triheptadecanoin (glyceryl trimargarate) CAS No. 2438-40-6*) of a
quality such that the products from hydrolysis and methylation processes do not
contain substances giving detectable gas chromatography peaks with similar
retention times to the olive oil methyl ester peaks.   Prepared as a solution containing
2,0 mg/ml in n-heptane.

3.4 Potassium hydroxide solution, 11,0 g/l in methanol.

3.5 Boron trifluoride, methanol complex,  approximately 150 g/l BF3.

3.6 n-Heptane.

3.7 Sodium sulphate.

3.7.1 Sodium sulphate, anhydrous, Na2SO4.  

3.7.2 Sodium sulphate, saturated solution.

4 Apparatus

4.1 Cutting slab, clean smooth glass, metal or plastics slab of sufficient area to prepare
test specimens, 250 mm x 250 mm is suitable.

4.2 Tweezers, stainless steel, blunt nosed.

4.3 Cutting implement, scalpel, scissors, sharp knife or other suitable device.

4.4 Rule, graduated in mm, and with an accuracy of 0,1 mm.

4.5 Analytical balance capable of determining a change in mass of 0,1 mg.

4.6 Standard cells, type A as shown in figure 3.  The internal diameter of the rib of the
sealing ring should be 178,4 mm ± 0,1 mm, to give an area of the test specimen
exposed to the food simulant of 2,5 dm2.

4.7 Conditioning containers, for conditioning test specimens at 50 % ± 5 % relative
humidity and 80 % ± 5 % relative humidity at 20 °C ± 3 °C.

4.8 Glass tubes, ground neck and stoppers, for retaining the olive oil and test specimens.
Tubes with an internal diameter of approximately 35 mm and length in the range
100 mm to 200 mm, excluding the ground neck have been found to be satisfactory.

4.9 Thermostatically controlled oven or incubator capable of maintaining a temperature
of 40 °C ± 1 °C and 70 °C ± 2 °C.

Appendix II - Pag. 259 of 306



4.10 Filter paper, lint-free.
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4.11 Anti-bumping beads.

4.12 Soxhlet type extractors, capable of holding test specimens on the supports, with
250 ml or 500 ml round bottom flasks to fit.

NOTE: Alternative extractors capable of satisfactorily extracting absorbed olive oil
from the test specimens may be used.

4.13 Water bath, capable of holding the flasks of soxhlet type extractors (4.12).

4.14 Rotary evaporator or distillation apparatus, for evaporation and collection of the
extraction solvent.

NOTE: Artificially cooled water may be necessary for efficient condensation of a low
boiling point solvent.

4.15 Steam bath or hot plate.

4.16 Flasks, 50 ml, long neck with condensers to fit, for methyl ester preparations.

4.17 Measuring cylinders, complying with the minimum requirements of ISO 4788,
500 ml, 250 ml, 100 ml, 25 ml, and 10 ml.  A 10 ml graduated syringe may be used in
place of the 10 ml measuring cylinder.

4.18 Pipettes, complying with the minimum requirements of ISO 648, 5 ml, 10 ml, 50 ml
and 100 ml.

4.19 Glass rods, 2mm to 3mm in diameter, for use as spacers between test pieces during
solvent extraction.

4.20 Gas chromatograph, with flame ionisation detector equipped with an appropriate
column capable of giving baseline resolution of the C17 methyl ester internal

standard (methyl heptadecenoate) from C18 methyl 9-octadecenoate (methyl oleate)

and the C16 methyl hexadecenoate (methyl palmitate) components derived from

olive oil.

NOTE: The following arrangements have been found to be suitable:

- Column 1, WCOT fused silica column, length 50 m, internal diameter 0,25 mm,
coated with a 0,21 micrometre thick film of cyanopropyl silicone;

- Column 2, fused silica capillary column, length 12 m, internal diameter 0,32 mm,
liquid phase dimethyl siloxane;

- Column 3, stainless steel column 2 mm to 3 mm internal diameter and 2 m to 3 m
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length with a packing of 10 % to 20 % by weight of polyestersuccinate on a
stationary phase of diatomaceous earth 80 mesh to 100 mesh.
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4.21 Glass tubes with ground glass necks and stoppers, of a volume of about 10 ml, for
storing the heptane layer if necessary.

4.22 Vacuum oven or vacuum desiccator.

4.23 Desiccator containing self indicating silica gel or anhydrous calcium chloride.

5 Preparation of test specimens

5.1 General

It is essential that test specimens are clean and free from surface contamination
(many plastics can readily attract dust due to static charges). Before preparing test
specimens, remove any surface contamination from the sample by gently wiping it
with a lint-free cloth, or by brushing with a soft brush. Under no circumstances wash
the sample with water or solvent. If it is specified in the instructions for use of the
article that it should be washed or cleaned before use.  Minimise handling of the
samples and where necessary, wear cotton gloves.

5.2 Number of test specimens

Seven test specimens are required for samples in the form of thin films, sheet, and
flat sections cut from containers or similar articles.

These test specimens are utilized as follows:

a) Four test specimens for the migration test;
 
b) Two test specimens to check for possible loss of volatiles;
 
c) One test specimen to determine the suitability of olive oil as the fatty food simulant

and triheptadecanoin as the internal  standard (see annex A).

If previous testing has established that interference in the gas chromatography
procedure is unlikely and annex A is omitted, one less test specimen will be required.  
The number of test specimens can be further reduced if it is known that the loss of
volatiles from test specimens during the test is less than 5 mg per test specimen.

A minimum of three valid test results is required to calculate the mean. Testing in
triplicate is allowed but in this case if one test result is invalid repeat the entire
procedure.
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5.2 Cutting test specimens

Lay the sample on the cutting slab (4.1) with the surface to be in contact with the
olive oil uppermost.   Take the ring from cell type A (4.6) and place on the surface
of the sample.  Cut out the test specimen by cutting round the outer edge of the ring,
using the cutting implement (4.3).

6 Procedure

6.1 General

Determine the applicability of the method by carrying out the procedure described in
annex A. If prior test have established that the method is applicable then annex A
may be omitted.

Before weighing, discharge any build up of static electricity with an antistatic gun or
other suitable means,

6.2 Initial weighing of test specimens

6.2.1 Determine the need for conditioning of the test specimens by carrying out the
procedure described in annex B. If prior tests have established that sample
conditioning is not required then annex B may be omitted.  If prior tests have
established that the conditioning procedure described in annex C is applicable to the
sample then annex B may be omitted.

6.2.2 If the tests described in annex B show that conditioning is not necessary, determine
and record the mass of each test specimen.

6.2.3 If the tests described in annex B show that conditioning is necessary, replace the test
specimens in the container maintained at 50 % relative humidity, weigh at intervals
of about 24 h, until the change in mass between consecutive weighings of each test
specimen is less than 5 mg and record the eventual mass of each test specimen.

6.2.4 If the tests described in annex B show that conditioning is necessary, but constant
weight cannot be achieved within 5 days then carry out the conditioning procedure
described in C.2.1.

NOTE 1:  Long conditioning periods are not satisfactory due to oxidation of the olive
oil which may occur upon prolonged conditioning.

NOTE 2:  The conditioning procedure described in annex C may also be used if it has
been established that the polymer type under test gives rise to conditioning difficulties
when using the procedure described in annex B.
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6.3 Exposure to food simulants

Take four standard cells (4.6), mark these for identification purposes.  Place in the
thermostatically controlled oven or incubator (4.9), which is set at the test
temperature and leave until the test temperature has been attained.

Take five glass tubes (4.8) measure by measuring cylinder 125 ml ± 5 ml of olive oil
into each tube, stopper the tube.   Alternatively, mark the tubes for a volume of
125 ml ± 5 ml and fill with olive oil to the mark.  Place the five tubes and two empty
tubes in the thermostatically controlled oven or incubator, set at the test temperature
(40 °C or 70 °C) and leave until the test temperature has been attained.

Remove the cells from the thermostatically controlled oven or incubator, dismantle
and place on the base of each cell one of the test specimens.   Reassemble the cells,
ensuring that the clamping screw wheel is well tightened down.

NOTE 1: The olive oil in the fifth tube is used as a reference  standard in constructing
the calibration graph (see 6.6.2.2).

Place the remaining two test specimens into the empty tubes and stopper.

NOTE 2: These two test specimens are used to check whether the sample loses mass
from the evaporation of volatiles, such as solvents, during the test period.

Remove four tubes containing 125 ml of olive oil from the thermostatically controlled
oven or incubator and transfer the 125 ml from each tube to each of the cells through
the filler hole.   Replace the filler plug and return the cells and all tubes to the
thermostatically controlled oven or incubator, set at the test temperature. This part
of the operation should be carried out in the minimum time to prevent undue heat
loss from the cells and simulant.  Observe the temperature, leave the cells and tubes
for a test period, 240 - 249 h or 24 - 24.5 h or 120 - 125 min, after the air bath of the
thermostatically controlled oven or incubator has reached a temperature within 1 °C
of the set temperature.

Take the cells and the three tubes from the thermostatically controlled oven or
incubator and immediately remove the test specimens from the cells.   For those
specimens which have been in contact with olive oil, allow the oil to drain.   Remove
any adhering olive oil by gently pressing between filter papers (4.10).   Repeat the
pressing procedure until the filter paper shows no spots of olive oil.  

6.4 Final weighing of test specimens

6.4.1 For those specimens which did not require conditioning to obtain their initial masses
(see 6.2.2), weigh all six test specimens i.e. the four that have been in contact with
olive oil and the two that were in the empty tubes and record the mass of each test
specimen.
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6.4.2 If conditioning of the test specimens was carried out before the initial weighing (see
6.2.3), place all six test specimens in the container maintained at 80 % relative
humidity for 24 h ± 4 h.   Transfer all six test specimens to the container maintained
at 50 % relative humidity, and weigh at intervals of not less than 20 h until the
change in mass between consecutive weighings of each test specimen is less than
5 mg and record the final mass of each test specimen.

6.4.3 If conditioning was carried out before the initial weighing using the procedure
described in annex C (see  6.2.4) then carry out the procedure described in C.2.2.

6.4.4 If the final mass of each of the test specimens which have been in empty tubes is less
than their initial mass by more than 5 mg, then volatile substances have been lost and
adjustment may be made to the final mass for each test specimen such that the
values obtained are a measure of the migration of non-volatile substances only.

6.5 Extraction of absorbed olive oil

Cut each of the test specimens into half then into strips about 30 mm wide.

NOTE 1:  Care must be taken when carrying out the cutting operation, to ensure
slivers are not produced and lost.

Take four round bottom flasks, 250 ml or 500 ml as appropriate to the size of the
soxhlet to be used for the extraction, and place in each flask 10 ml of the internal
standard solution (3.3), using a pipette, or an alternative higher quantity if more than
100 mg of olive oil are present.

NOTE 2:   If the test specimens have retained more than 100 mg of olive oil 10 ml of
the internal standard solution will be insufficient for optimum precision in the gas
chromatography determination after extraction.   Before commencing the operations
in this clause an estimation of the quantity of olive oil retained in the test specimens
should be obtained by comparing the final masses of the test specimens with their
initial masses.   If considered necessary the quantity of internal standard solution can
be increased from 10 ml although it is essential that the same quantity is used for
each test specimen, and that this quantity is also used with the olive oil standards for
the calibration graph (see 6.6.2.2).   As a guide approximately 0,5 mg of the internal
standard is required for every mg of extracted olive oil.

Add  sufficient extraction solvent to allow cycling of the soxhlet type extractor
(approximately 200 ml or 400 ml, according to the size of the flask) with  anti-
bumping beads (4.11) to control boiling.

Place the four test specimens which have been in contact with olive oil into four
soxhlet type extractors (4.12).  Couple each soxhlet to a flask containing the internal
standard prepared as above.  Using either a water bath or steam bath (4.13), extract
for a period of 7 - 8.0 h, with a minimum of 6 cycles per hour, ensuring that the test
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pieces are totally submerged in the solvent during each soxhlet cycle, and that they
remain separated from each other.
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Remove the flasks from the soxhlet type extractors and evaporate the solvent almost
to dryness using a rotary evaporator (4.14), or simple distillation apparatus.  
Transfer the remaining solvent from each of the flasks together with the residues
containing the extracted olive oil, to separate 50 ml flasks (4.16), washing out with
3 portions of solvent.   Evaporate to dryness on a steam bath or hot plate (4.15).

Repeat the extractions for an additional 7 - 8.0 h, with further quantities of solvent
and internal standard solution.   If previous testing has established that all of the
olive oil will be extracted from the test specimens during the first 7 h extraction
period then the second 7 h extraction may be omitted.

NOTE 3:  The same quantity of internal standard solution is used as for the first 7 h
extraction.   This quantity may not be the optimum if the quantity of olive oil in the
first 7 h extraction is high.   Good precision is not required for the second 7 h
determinations since they are intended primarily as a check on the efficiency of the
first 7 h extraction and using the same quantity of internal standard enables one
calibration graph to be used.

Isolate the residues in 50 ml flasks, using the procedure described above.

Determine the extracted olive oil in both the first 7 h and the second 7 h extractions
by the procedure described in 6.6 but retain the test specimens in the soxhlet type
extractors until the extracted olive oil has been determined for the second 7 h
extractions.   If more than 5 mg per test specimen is found, carry out a third 7 h
extraction.   If more than 5 mg of olive oil is found in the third 7 h extract.

6.6 Determination of extracted olive oil

6.6.1 Preparation of fatty acid methyl esters

Add 10 ml ± 0,2 ml of n-heptane to each of the 50 ml flasks containing the first 7 h
extraction residue, by measuring cylinder,  ensuring that the residues of olive oil and
plastics extractables dissolve or are well dispersed by shaking, warming or by
ultrasonic treatment.

NOTE 1: Unless the residues in the flasks are dissolved or well dispersed in the n-
heptane, quantitative hydrolysis or methylation of the olive oil and of the internal
standard may not be obtained under the conditions described particularly when these
residues contain extractables from plastics in excess of 50 mg.   The internal
standard may not react with the plastics extractables to the same degree as does  the
olive oil and correct results for olive oil may not be obtained.

Add by measuring cylinder or graduated syringe, 10 ml ± 0,2 ml of the potassium
hydroxide solution (3.4) and a few anti-bumping beads.  Connect a condenser to the
flask and boil the mixture under reflux for  10 min ± 0,5 min.
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Add through the condenser by measuring cylinder, or graduated syringe, 5 ml ± 0,2
ml of the methanol solution of boron trifluoride (3.5) and boil the mixture for 2 min ±
0,25 min.

Cool to room temperature and add, by measuring cylinder, 15 ml to 20 ml of
saturated sodium sulphate solution (3.7.2) and shake well. Then add further sodium
sulphate solution until the liquid level reaches the neck of the flask.   Allow to stand
until the phases have separated.

NOTE 2: The methyl esters for the subsequent gas chromatographic determination
are in the upper, n-heptane, layer.

Treat the residues from the second and if relevant third 7 h extractions as described
above.

If there will be a delay of more than 7 days in using a methyl ester solution for the
gas chromatographic determinations, transfer the n-heptane layer to a small
stoppered tube (4.21) containing solid anhydrous sodium sulphate (3.7.1).

6.6.2 Determination of fatty acid methyl esters

6.6.2.1 Instrument

Determine the methyl esters of the olive oil fatty acids using a gas chromatograph
(4.20).

NOTE: For column 1 described in the note to 4.20 the following operating conditions
have been found to be suitable:

carrier gas   helium at 1 ml/min
injector split (ratio 40:1)
detector flame ionisation
temperature programme initially 1 min at 140 °C then ramped at 5 °C to 190 °C 

and maintained at 190 °C for 8 min.
injector temperature 220 °C
detector temperature 240 °C

For column 2 described in the note to 4.20 the following operating conditions have
been found to be suitable

carrier gas helium
detector flame ionisation
injector PTV 30 °C to > 300 °C
detector temperature 300 °C

For column 3 described in the note to 4.20 the following operating conditions have
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been found to be suitable
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carrier gas nitrogen at 25 ml/min
oven temperature 185 °C to 195 °C
injector temperature 190 °C to 200 °C
detector temperature 190 °C to 200 °C

If a chart recorder is used to record the chromatograms, determine the principal olive
oil methyl ester and the internal standard methyl ester by the peak height technique;
an integrator should be used where quantitative assessment of the peaks is by area.

6.6.2.2 Calibration graph

Weigh a range of quantities of the blank reference olive oil which has been subjected
to the same test conditions as the test specimens into 50 ml flasks.   Weigh a range of
olive oil quantities spanning the quantities of olive oil in the first 7 h extractions,
taking no be less than 4 standards.

Add 10 ml of the internal standard solution to each flask using a pipette, or the
alternative quantity which has been added to the extraction flasks in 6.5.   Subject the
olive oil quantities, with the added internal standard, to the methyl ester preparation
procedure described in 6.6.1 omitting the addition of n-heptane.

Inject into the gas chromatograph a suitable quantity of each of the n-heptane methyl
ester solutions prepared from the olive oil quantities.

For each chromatogram from the olive oil methyl ester preparations, measure the
height or heights or area or areas of the C18 olive oil methyl esters peak or peaks, the
C16 olive oil methyl ester peak and the C17 internal standard methyl ester peak.  

NOTE 1: Typical chromatograms generated using columns 1 and 2  are shown
respectively in figures D.1 and D.2.

Add together the peak height or area values of the C18 and C16 peaks.  If the
conditions in the chromatography permits resolution of the C16:0, C16:1, C18:0,
C18:1, C18:2 and C18:3, sum the heights or areas of all peaks. Calculate the ratio of
the combined height or area of the C18/C16 peaks to the height or area of the internal
standard peak.

Construct a calibration graph, plotting the calculated ratios on the y-axis against the
weighed quantities of olive oil on the x-axis.

NOTE 2: A typical calibration graph is shown in figure D.3.

For each chromatogram calculate the ratios of the height or area of the C18 peaks to
the height or area of the C16 peaks, then determine the mean of these ratios, and
record this.
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Ensure that the line of the calibration graph is linear for the range of standards used
with a correlation coefficient better than 0,998.

NOTE 3:  The correlation coefficient is to be confirmed or established from
collaborative trial results.

NOTE 4: If interference occurs with the C18:0, C18:2, or with the C18:3 or with the
C16:0 or C16:1 peak heights or areas then it is permissable to exclude any or all of
these peak heights or areas from the calibration procedure.

6.6.2.3 Determination of olive oil absorbed by test specimens  

Inject into the gas chromatograph a suitable quantity from each of the n-heptane
methyl ester solutions prepared from the residues containing the extracted olive oil
(see 6.6.1).

For each chromatogram, measure the height or area of the principal C18 olive oil
methyl ester peak, the secondary C16 olive oil methyl ester peak and the internal
standard methyl ester peak.   Add together the height or area values of the C18 and
the C16 peaks.   Calculate the ratio of the combined height or area of the C18/C16
peaks to the height or area of the internal standard peak.

Determine by interpolation on the calibration graph the quantity of olive oil in each
of the extraction residues.

If the amount of olive oil of more than one of the test specimens in the second 7 h
extraction is greater than 5 mg for each test specimen add the quantity of olive oil
from the second extraction to the quantity determined in the first extraction and
carry out a third 7 h extraction on each of the test specimens followed by the
procedure described in 6.5 using the same quantity of internal standard solution as
previously used (see also NOTE 3 to 6.5).

If the amount of olive oil in the second or third 7 h extraction is less than 5 mg, but
measurable, add this to the amount determined from the first 7 h extraction
[and where applicable the combined first and second extractions] and record the total
weight of extracted olive oil for each test specimen in grams.

For each chromatogram from the first 7 h extractions, calculate the ratio of the height
or area of the C18 peak to the height or area of the C16 peak.   Determine the mean
value of these ratios and compare to the similar ratio determined for in 6.6.2.2 from
the olive oil calibration chromatograms.   If there is a difference of more than 25 %,
record this and include it under item g) of the test report.

NOTE: A change in the C18/C16 ratio for extracted olive oil samples compared with
the same ratio for olive oil used for the calibration graph indicates that some reaction
or fractionation of the olive oil has occurred, either during the test period or during
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extraction of the test specimens.   Such changes will have an adverse effect on the
overall migration result.
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7 Expression of results

7.1 Method of calculation

Express the overall migration as milligrams lost per square decimetre of surface of the
sample which is intended to come into contact with foodstuffs, calculated for each
test specimen using the following formula:

M = [ma - (mb - mc)] x 1000  

_______________________  (1)

S

where:

M is the overall migration into olive oil, in milligrams per square decimetre of the
surface area of sample intended to come into contact with the foodstuff;

ma is the initial mass of the test specimen, before contact with the olive oil, in

grams (see 6.2.2 or 6.2.3 or 6.2.4 as appropriate);

mb is the mass of the test specimen after contact with olive oil in grams. (see 5.3)

or corrected mass (see formula (2)) where the loss of volatiles is greater than 5 mg
per test specimen (see 6.4.4);

mc is the  mass of olive oil absorbed by test specimen, in grams (see 6.6.2.3);

S is the surface area of the test specimen in contact with the food simulant in the
cell, that is 2,5 dm2 in the standard cell.

Calculate the result for each test specimen to the nearest 0,1 mg/dm2 and the mean of
the valid test results, to the nearest milligram per square decimetre.

The corrected mass is calculated using the formula:

mb = mb + md                        (2)

where:

mb is the corrected loss in mass of the test specimens in the empty tubes, in

grams;

md is the mean loss in mass of the test specimens in the empty tubes, in grams;

mb' is the mass of the test specimen after contact with the olive oil, in grams.
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NOTE: This adustment assumes that the same quantity of volatiles is lost from a test
specimen in contact with olive oil, as is lost from a test specimen in an empty tube.
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7.2 Precision

NOTE:  The repeatability (r) and the reproducibity (R) values are being determined
from collaborative trial results.

8 Test report

Where the plastics is intended for use in contact with fatty foods for which reduction
factors are permitted then these factors shall be taken into account when reporting
the results.

The test report shall include the following:

a) reference to the method employed as a test procedure.;
 
b) all information necessary for complete identification of the sample such as

chemical type, supplier, trade mark, grade, batch number(s), thickness;
 
c) conditions of time and temperature of exposure to simulants;
 
d) departures from the specified procedure and reasons for these;
 
e) individual test results and the mean of these expressed as milligrams lost per

square decimetre of sample;
 
f) any adjustment made for loss of volatile substances from the test specimens;
 
g) relevant comments on the test results if an equivalent cell was used details must

be supplied.

* The source of this is Chemical Abstracts, published by the American Chemical Society
NOTE: For 50 % relative humidity, 43 % w/v sulphuric acid solution in water is
suitable and for 80 % relative humidity, 27 % w/v sulphuric acid solution are suitable.
The solutions should be freshly prepared by adding the weighed amount of acid to a
suitable volume of water, cooling to room temperature and making up to the required
volume.
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Annex A (normative)

Determination of the suitability of olive oil as the fatty food simulant and of
triheptadecanoin as the internal standard

A.1 Principle

This procedure is carried out to verify that olive oil is suitable as the fatty food
simulant, and that triheptadecanoin is suitable for use as an internal standard for the
gas chromatographic determination of olive oil as its methyl ester.

A.2 Procedure

A.2.1 Weigh accurately 45 mg to 55 mg of olive oil (3.1) into a 50 ml flask and add 10 ml of
the n-heptane solution of triheptadecanoin by pipette.

Ensure that the olive oil is well dispersed by shaking, warming or by ultrasonic
treatment.

A.2.2 Add by measuring cylinder or graduated syringe, 10 ml ± 0,2 ml of the potassium
hydroxide solution (3.4) and a few anti-bumping beads.  Connect a condenser to the
flask and boil the mixture under reflux for 10 min ± 0,5 min.

Add through the condenser by measuring cylinder, or graduated syringe, 5 ml ± 0,2
ml of the methanol solution of boron trifluoride (3.5) and boil the mixture for 2 min ±
0,25 min.

Cool to room temperature and add, by measuring cylinder, 15ml to 20 ml of
saturated sodium sulphate solution (3.7.2) and shake well. Then add further sodium
sulphate solution until the liquid level reaches the neck of the flask.   Allow to stand
until the phases have separated.

If there will be a delay of more than 7 days in using a methyl ester solution for the
gas chromatographic determinations, transfer the n-heptane layer to a small
stoppered tube (4.21) containing solid anhydrous sodium sulphate (3.7.1).

NOTE: The methyl esters for the subsequent gas chromatographic determination are
in the upper, n-heptane, layer.

A.2.3 Inject the methyl ester solution into the gas chromatograph.

NOTE:  A volume of 1 µ l to 3 µL has been found suitable for the columns described
in the note to 4.20.

Retain the chromatogram for comparison.
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A.2.4 Take one of the test specimens, prepared in 6, cut in half then into strips not more
than 30 mm wide and place it in a soxhlet type extractor.   Add sufficient extraction
solvent to allow cycling of the soxhlet type extractor (approximately 200 ml or 400
ml, according to the size of the flask) with  anti-bumping beads to control boiling.
Extract for a period of 7 - 8.0 h, with not less than 6 extraction cycles per hour,
ensuring that the test pieces are totally submerged in the solvent during each soxhlet
cycle, and that they remain separated from each other.

A.2.5 Drain all of the solvent from the soxhlet into the flask, remove the flask from the
soxhlet and evaporate the solvent almost to dryness using a rotary evaporator or
simple distillation apparatus.   Transfer the residue to a 50 ml flask, washing out
with 3 portions of the solvent.   Evaporate to dryness on a steam bath or hot plate.

A.2.6 Subject the extracted material to the methyl ester preparation procedure, described in
A.2.2 and inject the same volume of the resulting solution as used in A.2.3 into the
gas chromatograph.  Retain the chromatogram.

A.3 Conclusions

Compare the chromatogram of the methyl esters produced from the olive oil with the
chromatogram of the preparation from the sample extract.  If peaks are present in the
chromatogram of the extract with similar retention times to those of the peaks of
olive oil methyl esters, and equate to 5 mg or more of olive oil, then the method is
unsuitable for the material under examination.

If a peak is present in the chromatogram of the extract with similar retention time to
that of the peak for methyl heptadecanoate and is more than 1 % of the height or
area of this, then consider an alternative internal standard.

NOTE 1: A suitable alternative internal standard is trinonadecanoin.

NOTE 2: Figures D.1 and D.2 shows typical chromatograms of the methyl esters of
olive oil and triheptadecanoin using columns 1 and 2 respectively.
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Annex B  (normative)

Determination of the need for sample conditioning

B.1 Principle

This procedure is carried out to determine whether the conditioning of test
specimens with respect to moisture content will be required.

B.2 Procedure

B.2.1 Take six test specimens, prepared in 6 and place these in a container (4.7) maintained
at 80 % relative humidity for 24 h ± 4 h.  Remove the test specimens and weigh
them as quickly as possible after their removal from the controlled environment, to
minimise loss of moisture and change in mass.

B.2.2 Lace the same six test specimens in a container (4.7) maintained at 50 % relative
humidity for 24 h ± 4 h.  Remove the test specimens and weigh them, taking the
same precautions as in B.2.1

B.3 Conclusions

If the difference between the masses of each test specimen as determined in B.2.1
and B.2.2 is greater than 5 mg, then conditioning of the test specimens will be
necessary before each weighing operation in the test procedure.

If the difference between the masses of each test specimen as determined in B.2.1
and B.2.2 is less than 5 mg, then conditioning of the test specimens will not be
necessary before each weighing operation in the test procedure.

NOTE: These same six test specimens may be used to carry out the test described in
clause 7.
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Annex C  (normative)

Determination of the weight of moisture sensitive test specimens by means of vacuum
drying

C.1 Principle

This procedure is carried out to determine the weight of test specimens, which
appear to be moisture sensitive.

C.2 Procedure

C.2.1 Establishing the initial weight

Weigh the test specimens then transfer to a vacuum oven at 60 °C ± 5 °C and a
pressure of approximately 1,3 kPA. Transfer the test specimens, after 24 - 24.5 h,
from the vacuum oven to a desiccator containing self indicating silica gel or
anhydrous calcium chloride.  Determine, after cooling for 60 min ± 10 min, the mass
of the test specimens.  Repeat the conditioning procedure until the change in mass
between two consecutive weighings is less than 2 mg. Record the eventual mass of
each test specimen.

Place the test specimens at ambient humidity or in a container maintained at 80%
relative humidity, until the test specimens have regained 80% to 120% of the weight
lost during vacuum drying.  The test specimens can now be brought into contact
with the olive oil.

C.2.2 Establishing the final weight

After the exposure period, the test specimens are placed in the vacuum oven for 24 h
periods as above, until constant weight has been achieved.  Record the eventual mass
of each test specimen.  The test specimens can now be extracted to recover the olive
oil.

NOTE:  If a vacuum oven is not available, a vacuum desiccator placed in an oven at
60 °C may be used.
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Method for the determination of overall migration into olive oil
by article filling

1 Scope

This test method describes a procedure for the determination of the overall migration
from one surface only of the plastics in the form of finished articles, which are
intended to come into contact with a fatty foodstuff, by filling the finished article with
olive oil and leaving for 10 days, 24 h or 2 h at 40 °C or for 2 h at 70 °C.

Testing samples by this method enables testing of non-homogeneous articles
providing that they are not too large.

This method is most suitable for plastics in the form of containers and articles that
can be filled.

The test method described is applicable to most types of plastics, although there are
some plastics for which it is known not to be applicable.

2 Principle

The overall migration from a sample of the plastics is determined as the loss in mass
per unit of surface area intended to come into contact with foodstuffs.

The selection of the conditions of test will be determined by the conditions of use.

Test specimens of known mass are filled with olive oil and stored for 10 days, 24 h or
2 h at 40 °C or 2 h at 70 °C, then emptied, blotted to remove olive oil adhering to the
surface and reweighed.

The specimens will usually retain absorbed olive oil which is extracted and
determined quantitatively by means of gas chromatography after conversion to methyl
esters.  Methylation is carried out by reacting a boron trifluoride/methanol complex
with fatty acids formed by hydrolysing the oil with potassium hydroxide.  An internal
standard, triheptadecanoin, is added prior to the extraction of the absorbed olive oil
from the test specimens.

This ensures that any active or extractable components of the plastics react with the
internal standard, as well as with the extracted olive oil.  The internal standard is also
subjected to the hydrolysis and methylation reactions, providing compensation for any
inefficiencies in the hydrolysis and methylation processes.

Migration into the olive oil is calculated by subtracting the mass of olive oil retained
by the test specimen from the mass of the test specimen after removing the olive oil,
and then subtracting this mass from the initial mass of the specimen.

The total loss in mass is expressed in milligrams per square decimetre of surface area
of the specimen and the overall migration is reported as the mean of a minimum of
three determinations on separate test specimens.

To allow for inaccuracies which may arise during the procedure and which may be
difficult to detect, due for example to contamination or loss of oil during the sample
handling stages, quadruplicate determinations are carried out on the sample allowing
for the result from one specimen to be discarded.

This method includes variations which are applicable to certain plastics and to
experienced laboratories.
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2

3 Reagents

All reagents shall be recognised analytical quality, unless otherwise specified.

3.1 Olive oil, Simulant D.

3.2 Extraction solvent.

3.2.1 Pentane 98% (mixed isomers) boiling point 36 °C

NOTE 1:  Pentane is a very volatile and highly flammable solvent.  Care should
therefore be taken when handling this solvent to prevent contact with sources of
ignition.  It is not recommended that extractions with this solvent be left unattended,
particularly overnight.

NOTE 2:  Due to the low boiling point of this solvent, cooled condenser water may
be required to prevent undue loss of the solvent from the condenser.

OR

3.2.2 Other suitable solvent.

NOTE 1: In previous methods for determining overall migration into olive oil the
extraction solvent used has been 1,1,2 trichlorotrifluoroethane.  For environmental
reasons the use of this solvent should be avoided where possible.  Experience has
shown that this solvent although effective for most plastics requires longer periods
of extraction.

NOTE 2:  Some solvents may contain non-volatile substances which, after hydrolysis
and methylation processes, produce gas chromatography peaks with retention times
similar to the retention times of olive oil methyl esters and methyl heptadecanoate
from the internal standard.  Solvents found to contain such substances should be
redistilled before use.

3.3 Internal standard, triheptadecanoin (glyceryl trimargarate) CAS No 2438-40-6 *) of a
quality such that the products from hydrolysis and methylation processes do not
contain substances giving detectable gas chromatography peaks with similar retention
times to the olive oil methyl ester peaks.  Prepared as a solution containing 2,0 mg/ml
in n-heptane.

3.4 Potassium hydroxide solution, 11,0 g/l in methanol.

3.5 Boron trifluoride, methanol complex, approximately 150 g/l BF3.

3.6 n-Heptane.

3.7 Sodium sulphate.

3.7.1 Sodium sulphate, anhydrous, Na2SO4.

3.7.2 Sodium sulphate, saturated solution.
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4 Apparatus

4.1 Tweezers, stainless steel, blunt nosed.

4.2 Cutting implement, scalpel, scissors, sharp knife or other suitable device.

4.3 Rule, graduated in mm, and with an accuracy of 0,1 mm.

4.4 Analytical balance capable of determining a change in mass of 0,1 mg.

4.5 Conditioning containers, for conditioning test specimens at 50 % + 5 % relative
humidity and 80 % + 5 % relative humidity.

NOTE: For 50 % relative humidity, 43 % w/v sulphuric acid solution in water is
suitable and for 80 % relative humidity, 27% w/v sulphuric acid solution are
suitable. The solutions should be freshly prepared by adding the weighed amount of
acid to a suitable volume of water, cooling to room temperature and making up to
the required volume.

4.6 Thermostatically controlled oven or incubator capable of maintaining a temperature
of 40 °C ± 1°C and 70 °C ± 2 °C.

4.7 Filter paper, lint-free.

4.8 Chromatography tank or any other airtight container for test sample storage.

4.9 Glass rods or metal gauze for use as spacers between test pieces during solvent
extraction.

4.10 Anti-bumping beads.

4.11 Soxhlet type extractors, capable of holding test specimens on the supports, with 250
ml or 500 ml round bottom flasks to fit.

NOTE: Alternative extractors capable of satisfactorily extracting absorbed olive oil
from the test specimens may be used.

4.12 Water bath, capable of holding the flasks of soxhlet type extractors (4.11).

4.13 Rotary evaporator or distillation apparatus, for evaporation and collection of the
extraction solvent.

NOTE: Artifically cooled water may be necessary for efficient condensation of a low
boiling point solvent.

4.14 Steam bath or hot plate.

4.15 Flasks, 50 ml, long neck with condensers to fit, for methyl ester preparations.

4.16 Measuring cylinders, complying with the minimum requirements of ISO 4788,
500 ml, 250 ml, 100 ml, 25 ml, and 10 ml.  A 10 ml graduated syringe may be used in
place of the 10 ml measuring cylinder.

4.17 Pipettes, complying with the minimum requirements of ISO 648, 5 ml, 10 ml, 50 ml,
and 100 ml.

4.18 Lint-free cloth or brush.

Appendix II - Pag. 283 of 306



4

4.19 Gas chromatograph, with flame ionisation detector equipped with an appropriate
column capable of giving baseline resolution of the C17 methyl ester internal standard
(methyl heptadecenoate) from C18 methyl 9-octadecenoate (methyl oleate) and the
C16 methyl hexadecenoate (methyl palmitate) components derived from olive oil.

NOTE: The following arrangements have been found to be suitable:

−  Column 1, WCOT fused silica column, length 50 m, internal diameter 0,25 mm,
coated with a 0,21 micrometre thick film of cyanopropyl silicone;

 

−  Column 2, fused silica capillary column, length 12 m, internal diameter 0,32 mm,
liquid phase dimethyl siloxane;

 

−  Column 3, stainless steel column 2 mm to 3 mm internal diameter and 2 m to 3 m
length with a packing of 10 % to 20 % by weight of polyestersuccinate on a
stationary phase of diatomaceous earth 80 mesh to 100 mesh.

4.20 Glass tubes, ground glass necks and stoppers, of a volume of about 10 ml, for storing
the heptane layer if necessary.

4.21 Vacuum oven or vacuum desiccator

4.22 Desiccator  containing self indicating silica gel or anhydrous calcium chloride

5 Preparation of test articles

5.1 General

It is essential that test specimens are clean and free from surface contamination (many
plastics can readily attract dust due to static charges). Before preparing test
specimens, remove any surface contamination from the sample by gently wiping it
with a lint-free cloth, or by brushing with a soft brush. Under no circumstances wash
the sample with water or solvent. If it is specified in the instructions for use of the
article that it should be washed or cleaned before use.  Minimise handling of the
samples and where necessary, wear cotton gloves.

5.2 Number of test specimens

Nine test specimens are required for samples in the form in which they are intended to
be used.

These test specimens are utilised as follows:

a) Four test specimens for the migration test;

b) Two test specimens to check for possible loss of volatiles;

c) One test specimen to determine the suitability of olive oil as the fatty food
simulant and triheptadecanoin as the internal standard (see annex A);

e) Two test specimens for the determination of the surface area.

If previous testing has established that interference in the gas chromatography
procedure is unlikely and annex A is omitted, one less test specimen will be required.
The number of test specimens can be further reduced if it is known that the loss of
volatiles from test specimens during the test is less than 2 mg per square decimetre of
surface of test specimen in contact with olive oil.
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A minimum of three valid test results is required to calculate the mean. Testing in
triplicate is allowed but in this case if one test result is invalid repeat the entire
procedure.

5.3 Cutting test specimens

If the article is large to avoid handling and weighing problems or using excessive
amounts of olive oil it may be preferable to cut it so that the surface of the test
specimen in contact with the olive oil does not exceed 3 dm2

If this is done, care must be taken that olive oil does not come into contact with the
cut edge of the test specimen.  It is important that the area in contact with the olive
oil is determined as it will be incorporated into the calculation later.

Scratch lightly an identification code on the external surface of each test specimen.

NOTE: If only a part of an specimen is tested, this part should be representative of
the whole in terms of composition and wall or layer thickness.

6 Procedure

6.1 General

Determine the applicability of the method by carrying out the procedure described in
annex A. If prior tests have established that the method is applicable then annex A
may be omitted.

Before weighing, discharge any build up of static electricity with an anti gun or other
suitable means.

6.2 Initial weighing of test specimens

6.2.1 Determine the need for conditioning of the test specimens by carrying out the
procedure described in annex B. If prior tests have established that sample
conditioning is not required then annex B may be omitted.  If prior tests have
established that the conditioning procedure described in annex C is applicable to the
sample then annex B may be omitted.

6.2.2 If the tests described in annex B show that conditioning is not necessary, determine
and record the mass of each test specimen.

6.2.3 If the tests described in annex B show that conditioning is necessary, replace the test
specimen in the container maintained at 50% relative humidity, weigh at intervals of
about 24 h, until the change in mass between consecutive weighings of each test
specimen is less than 2 mg/dm² of surface in contact with olive oil and record the
eventual mass of each test specimen.

6.2.4 If the tests described in annex B show that conditioning is necessary, but constant
weight cannot be achieved within 5 days then carry out the conditioning procedure
described in C.2.1.

NOTE 1:  Long conditioning periods are not satisfactory due to oxidation of the
olive oil which may occur upon prolonged conditioning.

NOTE 2:  The conditioning procedure described in annex C may be used if it has
been established that the polymer type under test gives rise to conditioning
difficulties when using the procedure described in annex B.
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6.3 Exposure to food simulant

Place a sufficient volume of olive oil in a beaker in the thermostatically controlled
oven or incubator which is set at the test temperature (40 °C or 70 °C) and leave until
the test temperature has been attained.

Place each test specimen on a clean, oil free surface and fill four specimens with the
olive oil to within 0.5 cm of the top.

NOTE 1: Take care not to spill any oil on the external surfaces.

NOTE 2: Two of the remaining test specimens are used to check whether the test
specimens lose mass from the evaporation of volatiles, such as solvents, during the
test period.

Place sufficient olive oil into a beaker for use as reference standards in constructing
the calibration graph (see 6.6.2.2).

Place the six test specimens and the reference olive oil in the thermostatically
controlled oven or incubator, set at the test temperature.  This part of the operation
should be carried out in the minimum time to prevent undue heat loss from the
simulant.  Observe the temperature and leave the test specimens for a test period of
240 - 245 h or 24 – 24.5 h or 120 - 125 min, after the airbath  of the thermostatically
controlled oven or incubator has reached a temperature within 1 °C of the set
temperature.

NOTE 3: In this method the outer surfaces of the specimens in the thermostatically
controlled oven or incubator are exposed to the oven temperature and hence may be
effected by humidity changes in the thermostatically controlled oven or incubator.

For some plastic materials, these humidity changes can cause large mass variations
which add to analysis time during sample conditioning.  These variations can be
reduced by putting all the test specimens into an air tight container before placing in
the thermostatically controlled oven or incubator.

Take the test specimens and the beaker containing the olive oil from the
thermostatically controlled oven or incubator.

Pour the olive oil from each of the test specimens.  Remove any adhering olive oil by
gently pressing between filter papers (5.7) and gently wiping out with a lint free cloth
(5.18). Repeat the pressing procedure until the filter paper shows no spots of olive
oil.

If necessary cut off the necks of narrow neck containers to facilitate wiping off excess
oil; take care not to lose slivers of plastic.

6.4 Final weighing of test specimens

6.4.1 For those specimens which did not require conditioning to obtain their initial masses
(see 6.2.2), weigh all six test specimens, i.e. the four that have been filled with olive
oil and the two that had not.  Record the mass of each test specimen.

6.4.2 If conditioning of the test specimen was carried out before the initial weighing (see
6.2.3), place all six test specimens in the container maintained at 80% relative
humidity for 24 h + 4 h.  Transfer all six test specimens to the container maintained at
50 % relative humidity, and weigh at intervals of not less than 20 h until the change in
mass between consecutive weighings of each test specimen is less than 2 mg/dm² of
surface exposed to olive oil and record the mass of each test specimen.
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6.4.3 If conditioning was carried out before the initial weighing using the procedure
described in annex C (see 6.2.4) then carry out the procedure described in C.2.2.

6.4.4 If the final mass of each of the empty test specimens is less than their initial mass by
more than 2 mg/dm² of surface exposed to olive oil, then volatile substances have
been lost and adjustment may be made to the final mass for each test specimen such
that the values obtained are a measure of the migration of non-volatile substances
only.

6.5 Extraction of absorbed olive oil

Cut into suitable sized strips, not wider than 30 mm and of correct length such that
the strips would be totally immersed during the soxhlet cycle.

NOTE 1: Care must be taken when carrying out the cutting operations to ensure that
slivers are not produced and lost.

Take four round bottom flasks, 250 ml or 500 ml as appropriate to the size of the
soxhlet to be used for the extraction, and place in each flask 10 ml of the internal
standard solution (3.3), using a pipette, or an alternative higher quantity if more than
100 mg of olive oil are present.

NOTE 2: If the test specimens have retained more than 100 mg of olive oil 10 ml of
the internal standard solution will be insufficient for optimum precision in the gas
chromatography determination after extraction.  Before commencing the operations
in this clause an estimation of the quantity of olive oil retained in the test specimens
should be obtained by comparing the final masses of the test specimens with their
initial masses.  If considered necessary the quantity of internal standard solution
can be increased from 10 ml although it is essential that the same quantity is used
for each test specimen, and that this quantity is also used with the olive oil standard
for the calibration graph (see 6.6.2.2).  As a guide approximately 0,5 mg of the
internal standard is required for every mg of extracted olive oil.

Add sufficient extraction solvent to allow cycling of the soxhlet type extractor
(approximately 200 ml or 400 ml, according to the size of the flask) with anti-
bumping beads (4.10) to control  boiling.

Place the four test specimens which have been in contact with olive oil into four
soxhlet type extractors (4.11).  Couple each soxhlet to a round bottom flask
containing the internal standard prepared as above.

Using a water bath (4.12), extract for a period of 7 - 8 h, with a minimum of 6 cycles
per hour, ensuring that the test pieces are totally submerged in the solvent during
each soxhlet cycle, and that they remain separated from each other.

Remove the flasks from the soxhlet type extractors and evaporate the solvent almost
to dryness using a rotary evaporator (4.13), or simple distillation apparatus.  Transfer
the remaining solvent from each of the flasks together with the residues containing
the extracted olive oil, to separate 50 ml flasks (4.15), washing out with 3 portions of
solvent.  Evaporate to dryness on a steam bath or hot plate (4.14).

Repeat the extractions for a second 7 - 8 h, with further quantities of solvent and
internal standard solution.  If previous testing has established that all of the olive oil
will be extracted from the test specimen during the first 7 h extraction period then the
second 7 h extraction may be omitted.

NOTE 3: The same quantity of internal standard solution is used as for the first 7 h
extraction.  This quantity may not be the optimum if the quantity of olive oil in the
first 7 h extraction is high.  Good precision is not required for the second 7 h
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determinations since they are intended primarily as a check on the efficiency of the
first 7 h extraction and using the same quantity of internal standard enables one
calibration graph to be used.

Isolate the residues in 50 ml flasks, using the procedure described above.

Determine the extracted olive oil in both the first 7 h and second 7 h extractions by
the procedure described in 7.5 but retain the test specimens in the soxhlet type
extractors until the extracted olive oil has been determined for the second 7 h
extractions.  If more than 2 mg of olive oil per dm² of the surface exposed to olive oil
is found, carry out a third 7 h extraction.  If more than 2 mg of olive oil per dm² of
the surface exposed to olive oil is found in the third 7 h extract.

6.6 Determination of extracted olive oil

6.6.1 Preparation of fatty acid methyl esters

Add 10 ml ± 2 ml of n-heptane to each of the 50 ml flasks containing the first 7 h
extraction residue, by measuring cylinder, ensuring that the residues of olive oil and
plastics extractables dissolve or are well dispersed by shaking, warming or by
ultrasonic treatment.

NOTE 1: Unless the residues in the flasks are dissolved or well dispersed in the n-
heptane, quantitative hydrolysis or methylation of the olive oil and of the internal
standard may not be obtained under the conditions described particularly when
these residues contain extractables from plastics in excess of 50 mg.  The internal
standard may not react with the plastics extractables to the same degree as does the
olive oil and correct results for olive oil may not be obtained.

Add by measuring cylinder or graduated syringe, 10 ml + 0,2 ml of the potassium
hydroxide solution (3.4) and a few anti-bumping beads. Connect a condenser to the
flask and boil the mixture under reflux for 10 min + 0,5 min.

Add through the condenser by measuring cylinder, or graduated syringe, 5 ml + 0,2
ml of the methanol solution of boron trifluoride (3.5) and boil the mixture for 2 min +
0,25 min.

Cool to room temperature and add, by measuring cylinder, 15 ml to 20 ml of
saturated sodium sulphate solution (3.7.2) and shake well.  Then add further sodium
sulphate solution until the liquid level reaches the neck of the flask.  Allow to stand
until the phases have separated.

NOTE 2: The methyl esters for the subsequent gas chromatographic determination
are in the upper, n-heptane, layer.

Treat the residues from the second and, if relevant, the third 7 h extractions as
described above.

If there will be a delay of more than 7 days in using a methyl ester solution for the gas
chromatographic determination, transfer the n-heptane layer to a small stoppered tube
(4.20) containing solid anhydrous sodium sulphate (3.7.1).

6.6.2 Determination of fatty acid methyl esters.

6.6.2.1 Instrument

Determine the methyl esters of the olive oil fatty acids using a gas chromatograph
(4.19).
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NOTE: For column 1 described in the note to 4.19 the following operating
conditions have been found to be suitable

carrier gas helium at 1 ml/min
injector split (ratio 40:1)
detector flame ionisation
temperature programme initially 1 min at 140 °C then ramped at

5 °C to 190 °C and maintained at 190 °C for 8 min.
injector temperature 220 °C
detector temperature 240 °C

For column 2 described in the note to 5.19 the following operating conditions have
been found to be suitable

carrier gas helium
detector flame ionisation
injector PTV 30 °C to > 300 °C
detector temperature 300 °C

For column 3 described in the note to 4.19 the following operating conditions have
been found to be suitable

carrier gas nitrogen at 25 ml/min
oven temperature 185 °C to 195 °C
injector temperature 190 °C to 200 °C
detector temperature 190 °C to 200 °C

If a chart recorder is used to record the chromatograms, determine the principal olive
oil methyl ester and the internal standard methyl ester by the peak height technique;
use an integrator where quantitative assessment of the peaks is by area.

6.6.2.2 Calibration graph

Weigh a range of quantities of the blank reference olive oil which has been subjected
to the same test conditions as the test specimens into 50 ml flasks (see 6.2).  Weigh a
range of olive oil quantities spanning the quantities of olive oil in the first 7 h
extractions, taking no less than 4 standards.

Add 10 ml of the internal standard solution to each flask using a pipette, or the
alternative quantity which has been added to the extraction flasks in 6.5.  Subject the
olive oil quantities, with the added internal standard, to the methyl ester preparation
procedure described in 6.6.1 omitting the addition of n-heptane.

Inject into the gas chromatograph a suitable quantity of each of the n-heptane methyl
ester solutions prepared from the olive oil quantities.

For each chromatogram from the olive oil methyl ester preparations, measure the
height or heights or area or areas of the C18 olive oil methyl esters peak or peaks, the
C16 olive oil methyl ester peak and the C17 internal standard methyl ester peak.

NOTE 1: Typical chromatograms generated using columns 1 and 2 are shown
respectively in figures D.1 and D.2.

Add together the peak height of area values of the C18 and C16 peaks.  If the
conditions in the chromatography permits resolution of the C16:0, C16:1, C18:0,
C18:1, C18:2 and C18:3 sum the heights or areas of all peaks.  Calculate the ratio of
the combined height or area of the C18/C16 peaks to the height or area of the internal
standard peak.
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Construct a calibration graph, plotting the calculated ratios on the y-axis against the
weighed quantities of olive oil on the x-axis.

NOTE 2:  A typical calibration graph is shown in figure D.3.

For each chromatogram calculate the ratios of the height or area of the C18 peaks to
the height or area of the C16 peaks, then determine the mean of these ratios, and
record this.

Ensure that the line of the calibration graph is linear for the range of standards used
with a correlation coefficient better than 0,998.

NOTE 3:  The correlation coefficient is to be confirmed or established from
collaborative trial results.

NOTE 4:  If interference occurs with the C18:0, C18:2, or with the C18:3 or with
the C16:0 or C16:1 peak heights or areas then it is permissible to exclude any or all
of these peak heights or areas from the calibration procedure.

6.6.2.3 Determination of olive oil absorbed by test specimens.

Inject into the gas chromatograph a suitable quantity from each of the n-heptane
methyl ester solutions prepared from the residues containing the extracted olive oil
(see 6.6.1).

For each chromatogram, measure the height or area of the principal C18 olive oil
methyl ester peak, the secondary C16 olive oil methyl ester peak and the internal
standard methyl ester peak.  Add together the height or area values of the C18 and
the C16 peaks.  Calculate the ratio of the combined height or area of the C18/C16
peaks to the height or area of the internal standard peak.

Determine by interpolation on the calibration graph the quantity of olive oil in each of
the extraction residues.

If the amount of olive oil of more than one of the test specimens in the second 7 h
extraction is greater than 2 mg for each test specimen add the quantity of olive oil
from the second extraction to the quantity determined in the first extraction and carry
out a third 7 h extraction on each of the test specimens followed by the procedure
described in 6.5 using the same quantity of internal standard solution as previously
used (see also NOTE 3 to 6.5).

If the amount of olive oil in the second or third 7 h extraction is less than 2 mg/dm² of
surface exposed to olive oil, but measurable, add this to the amount determined from
the first 7 h extraction (and where applicable the combined first and second
extractions) and record the total weight of extracted olive oil for each test specimen
in grams.

For each chromatogram from the first 7 h extractions, calculate the ratio of the height
or area of the C18 peak to the height or area of the C16 peak.  Determine the mean
value of these ratios and compare to the similar ratio determined for in 6.6.2.2 from
the olive oil calibration chromatograms.  If there is a difference of more than 25 %,
record this and include it under item g) of the test report.

NOTE:  A change in the C18/C16 ratio for extracted olive oil samples compared
with the same ratio for olive oil used for the calibration graph indicates that some
reaction or fractionation of the olive oil has occurred, either during the test period
or during extraction of the test specimens.  Such changes will have an adverse effect
on the overall migration result.
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7 Expression of results

7.1 Method of calculation

Express the overall migration as milligrams lost per square decimetre of surface of the
sample which is intended to come into contact with foodstuffs, calculated for each
test specimen using the following formula:

M = [ma - (mb - mc)] x 1000
________________________ (1)

S

where:

M is the overall migration into olive oil, in milligrams per square decimetre of
surface area of sample to intended to come into contact with the foodstuff;

ma is the initial mass of the test specimen, before contact with the     olive oil, in
grams (see 7.2.2 or 7.2.3 or 7.2.4 as appropriate);

mb is the mass of the test specimen after contact with olive oil in grams (see 7.4)
or corrected mass (see formula (3)) where the loss of volatiles is greater than
2 mg/dm² of surface exposed to olive oil per test specimen (see 7.4.4);

mc is the mass of olive oil absorbed by test specimen, in grams (see 7.6.2.3);

S is the surface area of the test specimen intended to come into contact with
foodstuffs in square decimetres.

However the overall migration shall be expressed in milligrams lost per kilogram of
foodstuff in the following cases:

a) articles which are containers or are comparable to containers or which can be
filled, with a capacity of not less than 500 ml and not more than 10 l;

b) articles which can be filled and for  which it is impracticable to estimate the
surface area in contact with foodstuffs.

The overall migration shall be calculated for case a) and for case b) for each test
specimen using the following formula:

ML = [ma- (mb - mc)] x 1000
________________________ (2)

V

where:

ML is the overall migration into the simulant, in milligrams per kilogram of food
simulant;

ma is the initial mass of the test specimen, before contact with the olive oil, in
grams (see 7.2.2 or 7.2.3 as appropriate);

mb is the mass of the test specimen after contact with olive oil in grams (see 7.4)
or corrected mass (see formula (3)) where the loss of volatiles is greater than
2 mg/dm² of surface exposed to olive oil per test specimen (see 7.4.4);

Appendix II - Pag. 291 of 306



12

mc is the mass of olive oil absorbed by test specimen, in grams (see 7.6.2.3);

V is the volume of the test specimen intended to come into contact with
foodstuff in litres, since the specific gravity of the olive oil is conventionally
assumed to be 1.

Calculate the result for each specimen to the nearest 0,1 mg/dm2 and the mean of the
valid test results, to the nearest milligram per square decimetre.

The corrected mass is calculated using the formula:

mb= mb'+ md (3)

where:

mb is the corrected loss in mass of the test specimen in the empty tubes, in grams;

md is the mean loss in mass of the test specimens in the empty tubes, in grams;

mb' is the mass of the test specimen after contact with the olive oil, in grams.

NOTE: This adjustment assumes that the same quantity of volatiles is lost from a
test specimen exposed to olive oil, as is lost from a test specimen not exposed to
olive oil.

7.2 Precision

NOTE:  The repeatability (r) and the reproducibity (R) values are to be determined
from collaborative trial results.

8 Test report

Where the plastics is intended for use in contact with fatty foods for which reduction
factors are permitted then these factors shall be taken into account when reporting
the results.

The test report shall include the following:

a) reference to the method employed as a test procedure;

b) all information necessary for complete identification of the sample such as
chemical type, supplier, trade mark, grade, batch number(s), thickness, geometry
of sample tested;

c) conditions of time and temperature of exposure to simulants;

d) departures from the standard procedure and reasons therefore;

e) individual test results and the mean of these expressed as milligrams lost per
square decimetre of samples;

f) any adjustment made for loss of volatile substances from the test specimens;

g) relevant comments on the test results.
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Annex A

Determination of the suitability of olive oil as the fatty food simulant and of triheptadecanoin
as the internal standard

A.1 Principle

This procedure is carried out to verify that olive oil is suitable as the fatty food
simulant, and that triheptadecanoin is suitable for use as an internal standard for the
gas chromatographic determination of olive oil as its methyl ester.

A.2 Procedure

A.2.1 Weigh accurately 45 mg to 55 mg of olive oil (3.1) into a 50 ml flask and add 10 ml
of the n-heptane solution of triheptadecanoin by pipette.

Ensure that the olive oil is well dispersed by shaking, warming or by ultrasonic
treatment.

A.2.2 Add by measuring cylinder or graduated syringe, 10 ml + 0,2 ml of the potassium
hydroxide solution (4.4) and a few anti-bumping beads.  Connect a condenser to the
flask and boil the mixture under reflux for 10 min + 0,5 min.

Add through the condenser by measuring cylinder, or graduated syringe, 5 ml +
0,2 ml of the methanol solution of boron trifluoride (3.5) and boil the mixture for
2 min + 0.25 min.

Cool to room temperature and add, by measuring cylinder, 15 ml to 20 ml of
saturated sodium sulphate solution (3.7.2) and shake well.  Then add further sodium
sulphate solution until the liquid level reaches the neck of the flask.  Allow to stand
until the phases have separated.

If there will be a delay of more than 7 days in using a methyl ester solution for the gas
chromatographic determinations, transfer the n-heptane layer to a small stoppered
tube (4.20) containing solid anhydrous sodium sulphate (3.7.1).

NOTE: The methyl esters for the subsequent gas chromatographic determination are
in the upper, n-heptane, layer.

A.2.3 Inject the methyl ester solution into the gas chromatograph.

NOTE: A volume of 1 µl to 3 µL has been found suitable for the columns described
in the note to 4.19.

Retain the chromatogram for comparison. 

A.2.4 Take one of the test specimens, prepared in 6, and place it in a soxhlet type extractor.
Add sufficient extraction solvent to allow cycling of the soxhlet type extractor
(approximately 200 ml or 400 ml, according to the size of the flask) with
anti-bumping beads to control boiling.  Extract for a period of 7 - 8 h, with not less
than 6 extraction cycles per hour, ensuring that the test pieces are totally submerged
in the solvent during each soxhlet cycle, and that they remain separated from each
other.

A.2.5 Drain all of the solvent from the soxhlet into the flask, remove the flask from the
soxhlet and evaporate the solvent almost to dryness using a rotary evaporator or
simple distillation apparatus.  Transfer the residue to a 50 ml flask, washing out with
3 portions of the solvent.  Evaporate to dryness on a steam bath.
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A.2.6 Subject the extracted material to the methyl ester preparation procedure, described in
A.2.2 and inject the same volume of the resulting solution as used in A.2.3 into the
gas chromatograph.  Retain the chromatogram.

A.3 Conclusions

Compare the chromatogram of the methyl esters produced from the olive oil with the
chromatogram of the preparation from the sample extract.  If peaks are present in the
chromatogram of the extract with similar retention times to those of the peaks of
olive oil methyl esters, and equate to 2 mg or more of olive oil per dm² of surface
exposed to olive oil, then the method is unsuitable for the material under examination.

If a peak is present in the chromatogram of the extract with similar retention time to
that of the peak for methyl heptadecanoate and is more than 1% of the height or area
of this,then consider an alternative internal standard.

NOTE 1: A suitable alternative internal standard is trinonadecanoin.

NOTE 2: Figures D.1 and D.2 shows typical chromatograms of the methyl esters of
olive oil and triheptadecanoin using columns 1 and 2 respectively.
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Annex B

Determination of the need for sample conditioning

B.1 Principle

This procedure is carried out to determine whether the conditioning of test specimens
with respect to moisture content will be required.

B.2 Procedure

B.2.1 Take six test specimens, prepared in 6 and place these in a container maintained at 80
% relative humidity for 24 h ± 4 h.  Remove the test specimens and weigh them as
quickly as possible after their removal from the controlled environment, to minimise
loss of moisture and change in mass.

B.2.2 Place the same six test specimens in a container maintained at 50 % relative humidity
for 24 h ± 4 h.  Remove the test specimens and weigh them, taking the same
precautions as in B.2.1.

B.3 Conclusions

If the difference between the masses of each test specimen as determined in B.2.1 and
B.2.2 is greater than 2 mg per dm² of surface exposed to olive oil, then conditioning
of the test specimens will be necessary before each weighing operation in the test
procedure.

If the difference between the masses of each test specimen as determined in B.2.1 and
B.2.2 is less than 2 mg per dm² of surface exposed to olive oil, then conditioning of
the test specimens will not be necessary before each weighing operation in the test
procedure.

NOTE: These same six test specimens may be used to carry out the test described in
clause 7.
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Annex C

Determination of the weight of moisture sensitive test specimens, by means of vacuum drying

C.1 Principle

This procedure is carried out to determine the weight of test specimens, which appear
to be moisture sensitive.

C.2 Procedure

C.2.1 Establishing the initial weight

Weigh the test specimens then transfer to a vacuum oven at 60 °C ± 5 °C and a
pressure of approximately 1.3 kPa.  Transfer the test specimens, after 24 – 24.5 h,
from the vacuum oven to a desiccator containing self indicating silica gel or
anhydrous calcium chloride.  Determine, after cooling for 60 min ± 10 min, the mass
of the test specimens.  Repeat the conditioning procedure until the change in mass
between two consecutive weighings is less than 2 mg. Record the eventual mass of
each test specimen.

Place the test specimens at ambient humidity or in a container maintained at 80 %
relative humidity, until the test specimens have regained 80 % to 120 % of the weight
lost during vacuum drying.  The test specimens can now be brought into contact with
the olive oil.

C.2.2 Establishing the final weight

After the exposure period, the test specimens are placed in the vacuum oven for 24 h
periods as above, until constant weight has been achieved.  Record the eventual mass
of each test specimen.  The test specimens can now be extracted to recover the olive
oil.

NOTE:  If a vacuum oven is not available, a vacuum desiccator placed in an oven at
60 °C may be used.
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Nisin standard curve 

A stock nisin solution (10,000 IU ml
−1

) was prepared by adding 0.250 g of commercial 

nisin 10
6
 IU g

−1
 (Profood, China) into 25 ml of sterile diluent solution of 0.02 N HCl. 

Standard nisin solutions of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 and 0 IU 

ml
−1

 were prepared using the 10,000 IU ml
−1

 nisin stock solution and diluent solution and 

utilized to construct the standard curve. 

 

Nisin bioassay 

The bioassay agar plates prepared for L. monocytogenes, used TSB media. In each 

medium, 1% Tween 20 was added before boiling and sterilizing. After autoclaving, the 

agar medium was cooled to 40 °C and inoculated with 1% of the 24-h culture of L. 

monocytogenes. The final population of the microorganism was approximately 10
8
 

colony-forming units ml
−1

 of agar medium. The bioassay agar (20 ml) was aseptically 

poured into sterile Petri dishes (100×15 mm) and allowed to solidify for 3 h. On each 

plate, one hole was bored, using a 7-mm outer diameter sterile glass test tube. After 

placing 100 μl of each nisin solution into a well, the agar plates were stored at 4 °C for 24 

h to allow pre-diffusion of nisin and then incubated at 37 °C for another 24 h. The 

diameter of the inhibition zone around each well was measured horizontally and 

vertically using a digital caliper (Digimatic caliper; Mitutoyo, Kanagawa, Japan) to the 

nearest 0.01 mm and averaged. Diameters of inhibition zones vs log10 nisin 

concentrations were plotted in order to obtain a standard curve, and a line regression 

equation was determined.  
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Test method for the determination of fatty contact between materials and articles and
foodstuffs

Contents

Introduction
1 Scope
2 Normative references
3 Principle
4 Reagents
5 Apparatus
6 Preparation of standards and samples
7 Procedure
8 Expression of results
9 Test report

Annex A Method for standard addition (to be completed)

Introduction

For certain specified food types, Council Directive 85/572/EEC states that if it can be
demonstrated, by means of appropriate test, that there is no ‘fatty contact’ with the plastic, the
test with simulant D may be dispensed with.

The method described here can be used to determine whether a plastic experiences fatty
contact.

1 Scope

This test method can be used to determine whether there is fatty contact and is applicable to
all foods. Testing for fatty contact for some foods can require modifications to the method.

The method is applicable to contact situations from -20oC to 100oC.

2 Principle

Fatty contact is determined by placing food in contact with a polyethylene film containing a
fat-soluble fluorescent dye. After exposure, the dye is extracted from the food and determined
by high performance liquid chromatography (HPLC) with fluorescence detection. The degree
of transfer is related to the extent of fatty contact made, and is used to determine whether
simulant D be employed or not.

The food used in the test should be the same as, or similar in composition to, the food which
will come into contact with the plastic in actual use.

To allow for possible difficulties encountered in obtaining reproducible film to food contact,
the test is carried out on five replicate samples of the food.

3 Reagents
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All reagents shall be of recognised analytical quality, unless otherwise specified.

4.1 Low density polyethylene film into which is incorporated 1,4-diphenyl-1, 3-butadiene,
fluorescent dye, at ug/dm2, with a film width of 22 cm and film thickness of 150 um + 5
um.

4.2 1,4-Diphenyl-1, 3-butadiene (DPBD)

NOTE: As the 1,4-diphenyl-1, 3-butadiene is light sensitive, the film and dye 
should be stored with the exclusion of light.

4.3 n-Hexane, C6H14, HPLC grade

4.4 Dichloromethane, CH2Cl2, HPLC grade

5 Apparatus

5.1 Heat sealer suitable for sealing the polyethylene film (4.1)

5.2 Dispersion homogeniser

5.3 Bench-top centrifuge

5.4 Centrifuge tubes, of 10 ml to 20 ml capacity

5.5 Filter paper, 15,0 cm diameter circles, Whatman Grade 2 or equivalent

5.6 Volumetric flasks, of 50 ml and 100 ml capacity

5.7 Glass vials, of 2 ml and 20 ml capacity with screw or crimp cap closures and
polytetrafluoroethylene (PTFE) lined septa.

5.8 Pasteur pipettes

5.9 Glass-barrel syringes with needles, of 50 ul, 100 ul, 500 ul, 1 ml and 10 ml capacity

5.10 Glass filter funnels

5.11 HPLC equipment

5.11.1 Isocratic system capable of pumping hexane at a flow rate of 0,5 ml/min, with an
injector fitted with 20 ul loop

5.11.2 Fluorescence detector, with excitation wavelength of 346 nm and emission wavelength
of 374 nm

5.11.3 HPLC column
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NOTE: The following column has been found suitable for the analysis for DPBD:
- Stainless steel HPLC column, 100 mm x 3 mm internal diameter silica, 5 um 
particle size.

5.12 Vaccum line with attached needle

5.13 Glass beakers, tall form, of 400 ml capacity

5.14 Glass measuring cylinders, of 250 ml capacity

5.15 Thermostatically controlled cabinet(s) capable of maintaining a temperature of -
20oC + 1oC, 5oC + 1oC, 40oC + 1oC, 70oC + 2oC and 100oC + 3oC

5.16 Food processor

6 Preparation of standards and samples

6.1 Preparation of standards

6.1.1 Stock solution of 1,4-diphenyl-1, 3-butadiene in n-hexane at 1mg/ml.

Weigh 0,050 g + 0,001 g of DPBD (4.2) into a 50 ml volumetric flask. Add, by syringe, 100 ul
of the stock solution (6.1.1). make to the mark with n-hexane.

6.2 Preparation of samples

6.2.1 Cut two 220 mm x 220 mm squares of polyethylene film (4.1). Using the heat sealer
(5.1), join three edges to form a bag with the seals 10 mm from the edges. Place the food
sample in the bag and seal the opening 10 mm from the edge.

NOTE: The plastic to food contact would be representative of that in actual use.
Some foods can need modification to give representative contact e.g. for non-homogeneous
foods with differing surfaces, it could be necessary to cut the food such that only the food
surface which will contact the plastic in actual use comes into contact with the
polyethylene film. Alternatively, the non- representative surface(s) can be shielded from
contact by introducing an interlayer of hexane-washed aluminium foil between the
surface(s) and the film.

Where a food is non-homogeneous and an actual use-size portion will not fit in the
bag, it is suggested that the food sample be modified by cutting or otherwise reducing in size,
ensuring that the portion taken for exposure is representative of the food as a whole. For
example, for a cut of meat, the ratio of fat to lean meat in the cut portion should be the same
as that for the whole portion. Caution should be taken to ensure that the cut edges do not
modify the nature of the food.

If necessary, they may be screened from contact by the use of aluminium foil.
After sealing the food in the bag, insert the vacuum needle between the layers 
near the sealed edge and using vacuum suction remove the air. When the majority of

the air is removed and the food sample makes good contact with the film, withdraw the
needle away from the food and reseal the bag, without allowing ingress of air.

Appendix II - Pag. 301 of 306



Prepare five film/food samples for exposure.

NOTE: The contact between the food and the test plastic should be similar to that
which occurs between the food and plastics in actual use. Samples should not be evacuated
so strongly that the food is crushed such that an abnormal food to plastic contact is
obtained.

6.2.3 Using a marker pen, draw a line around the outline of the food. Measure the area
within this outline. This is the contact area.

6.2.4 Place the samples of film containing the food in the thermostatically controlled cabinet
(5.15). Expose for the required time period and temperature chosen according to table 1.

Table 1

Temperature oC Time

T1 To be decided

T2

To be decided

T3

To be decided

                               T4 etc.
To be decided

NOTE: As DPBD is light sensitive, samples should be exposed to the film with
exclusion of light. Subsequent extraction procedures should be conducted away from direct
sunlight and the final extracts should be stored either in amber vials or with the exclusion
of light.

Foods should be examined after the exposure period to check whether there has
been any change in the nature of the food e.g. mould, desiccation, separation of food
constituents. If the food has changed in nature, in a way that does not parallel actual
use, the experiment should be repeated modifying the conditions to avoid a change.

6.2.5 After exposure, for each sample, remove the food from the film and determine the
mass of the food. For foods weighing less than 100 g, transfer the whole sample to a tall form
beaker (5.13). For foods weighing in excess of 100 g to 120 g, blend the food using a food
processor (5.16) until homogeneous and transfer 100 g + 1 g to a tall form beaker (5.13).

Calculate the fraction of food taken for analysis as a fraction of the whole food. Add 200 ml of
n-hexane (4.3) to the food and homogenise using a dispersion homogeniser (5.2), continuing
for 3 min to 4 min after the sample becomes homogeneous. Filter the sample through a filter
paper (5.5) into a measuring cylinder (5.14). Measure the volume of the hexane phase.
Transfer an aliquot of the filtered hexane phase by Pasteur pipette into a 2 ml vial (5.7).

NOTE: For some food types e.g. chocolate, it is sometimes necessary to centrifuge
the homogenised food to effect separation of the hexane phase. In this case, first measure the
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volume of the homogenised mixture. Then remove an aliquot, 10 ml to 20 ml, of the
homogenised mixture into a centrifuge tube (5.4). Centrifuge for approximately 6 min at
3000 rpm or until the supernatant is clear. Measure the volume of the, upper, hexane
phase. Transfer a portion of the hexane phase by Pasteur pipette into a 2 ml vial (5.7).
Calculate the volume of the hexane phase of the whole sample.

For meat samples on the bone, the bone should be removed before homogenisation.

6.2.6 Control experiment using unexposed food.

Weigh sample of the exposed food and add, by syringe, 1,00 ml of the intermediate standard
solution of DPBD (6.1.2). Extract as in 6.2.5 using 200 ml hexane. Prepare a duplicate
sample.

6.2.7 Spike control sample

Weigh a sample of the unexposed food and add, by syringe, 1,00 ml of the intermediate
standard solution of DPBD (6.1.2). Extract as in 6.2.5 using 200 ml hexane. Prepare a
duplicate sample.

NOTE: As the method involves quantification by external standardisation, the 
weight of the control sample should be the same as that of the exposed samples.

7 Procedure

7.1 Calibration graph

Using the intermediate stock solution (6.1.2), prepare working standards in n-hexane at 0
ng/ml, 2 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 30 ng/ml, and 50 ng/ml.

Inject 20 ul aliquots of each of the standards onto the HPLC system. For each concentration,
measure the peak area of DPBD. Construct a calibration graph, plotting peak area on the y-
axis against concentration on the x-axis. The line of the calibration graph should pass through
the origin and be linear for the range of standards used, with a correlation co-efficient better
than 0,996.

7.2 Analysis of samples

Inject 20 ul aliquots of sample and control extracts onto the HPLC system. For each sample,
measure the peak area of DPBD.

NOTE: If any of the samples have DPBD peaks which are larger than the highest
standard, then they have to be diluted with hexane and reinjected onto the HPLC system.
If poor peak shape is observed when using the silical HPLC column, the column may be
reconditioned by pumping dichloromethane (4.4) at 0,5 ml/min for 20 min and then
reverting the mobile phase back to hexane.

8 Expression of results
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8.1 Method of calculation

8.1.1 Using the calibration graph, or a computational linear regression programme, calculate
the DPBD concentration of the exposed and control sample extracts.

8.1.2 Examine the chromatograms of the non-spiked control samples. If there is a peak at
the expected retention time of DPBD, measure the area and calculate the concentration and
percentage transfer as in 8.1.1 and 8.1.4.

If the percentage transfer is greater than b%, then the exposure has to be repeated using a
food sample which does not give a peak eluting at the retention time of DPBD when not
exposed to the polyethylene film.

If the percentage transfer is less than b%, the average value of the duplicate determinations
shall be deducted from the value obtained for the samples.

8.1.3 Control sample spiked with DPBD

Measure the peak area of the DPBD peak and compare to the peak area for the 5 nag/ml
standard. If the value is 65% of the area of greater, use the average value of the duplicates to
correct sample peak area values for recovery. If the value is less than 65%, determine the level
of DPBD in the samples by standard addition (see annex A [to be completed]).

8.1.4 Determination of percentage transfer

Determine the amount of dye transferred from the plastic into the food using the following
equation:

Cf  =      Ce  x  Vhex

_______________

  CA  x  1000  x F

where;

Cf is the concentration of DPBD food, in micrograms per square 
decimetre;

Ce is the concentration of DPBD in extract, in nanograms per millilitre;

CA is the contact area, in square decimetres;

Vhex is the volume of the hexane extract, in millilitres;

F is the fraction of food taken for analysis, expressed as a decimal 
fraction.

Calculate the percentage transfer of DPBD as follows:
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percentage transfer =       Cf  x  100
         _________

 Cfilm

where;

Cf is the concentration of DPBD in food, in micrograms per square 
decimetre;

Cfilm is the concentration of DPBD in film, in micrograms per square 
decimetre.

If the percentage transfer of DPBD from film to food is less than x% the food is considered
not to have made fatty contact with the plastic. The test with simulant D may be dispensed
with.

8.2 Performance of the method

The method was evaluated in a collaborative trial with 6 participants. The foods examined
were milk chocolate, processed cheese, cheddar cheese and wholemeal rye crispbread. All
foods were exposed to the film for 24 hours at 5oC. The repeatability and reproducibility were
found to be as follows: See table 2;

Table 2

Foodstuff Repeatability Reproducibility

Cheddar cheese
(78% transfer) 18,6 78,1
Chocolate
(41% transfer) 18,0 59,2
Processed cheese
(12% transfer) 3,6 16,5
Wholemeal rye crispbread

1,6 5,7

9 Test Report

The test report shall include the following:

a) all information necessary for identification of the food type tested;

b) information on the exposure conditions of test i.e. time and temperature;

c) Individual test results and mean expressed as % transfer from plastic to food;

d) name of analyst;
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e) departures from the standard procedure and reasons therefore;

f) relevant comments on the test results

g) reference to this part of this prestandard
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