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Food Contact Materials / Substances

� Food manufacturing equipment 

– Belts, gaskets, lubricants, etc. 

� Food packaging 

– Paper, plastic, carton board, glass, etc.

� Food preparation wares 

– Crockery and utensils (e.g. chopping boards, whisks) 

– Gloves, apron, etc. 

� Dining wares 

– Cutlery 

– Bowl, plate, etc. 



Use of Plastics as Packaging

� Convenient

� Extend shelf life of foods

� Low cost

� Flexible

� Light weight

� Versatile in barrier properties

� Less materials by weight are needed compared to other materials such 

as glass or metal

�Migration of residual chemicals 

�Insufficient barrier properties 

�Packaging failure 

�Loss of seal integrity 

How Packaging Materials Affect Food Safety? 



Issues in Usage of Plastic for Food Package

� Leaching of unreacted monomers and monomers that

are produced when polymers break down due to

adverse conditions into food from the food packaging

materials

� Some monomers are proven to be carcinogenic and

toxic to humans

List of Monomers from Plastic Packaging

• Styrene

• Vinyl Chloride

• Bisphenol A Diglycidyl Ether

• Isocyanate

• Caprolactam

• Polyethylene Terephthalate Oligomer



• Migration involves the mass transfer from an external source into food

by sub microscopic processes impacting food safety and quality

• Migration can occur by 

� Diffusion

– Classified as direct contact migration as it’s physicochemical

dependant

– Packaging components penetrate and diffuse across packaging

material layers due to chemical interactions

� Gas phase

– Indirect contact migration where molecules travel through gas 

phase 

– Volatile components can migrate or “jump” from material  into     

foods 

� Set off 

– Migration due to set off of components during manufacture or 

storage

Migration



Migration process



Major steps in migration process

Desorption of the compounds in the food 

Sorption of the compounds at the plastic–food interface

Desorption of the diffused molecules from the polymer 
surface

Diffusion of chemical compounds through the polymers

Depend on concentration of substances in packaging film and food, nature of the 
foods, temperature, and the time period over which duration of contact occurs



Stages of Migration of Monomers

� Diffusion of monomers within the polymer due to

Brownian movement

� Solvation of the monomer at the polymer-food

interface

� Dispersion into bulk food



Diffusion by Random Brownian Movement

Plastic 

Polymer Monomer



Solvation of the Monomer at the Polymer-

Food Interface

Plastic Food

•Occurs when migrants are

more soluble in the food

compared to the polymer

•More serious in fatty foods

due compared to aqueous

foods



Dispersion into Bulk Food

�Migrants diffuse away from

polymer-food interface

�Occur due to the mixing of

the food matrix, drawing the

monomers from the interface

to the center of the food,

facilitating more monomers to

dissolve into the food at the

interface

Plastic Food



Concentration and properties of migrant in the packaging materials

Concentration and properties of migrant in the printing ink

Properties of polymer used to produce the food packaging 

materials

Maximum solvent absorption in the polymer

Storage period

Storage temperature

Contact area

Fat content in the food

Adhesives used to seal packaging

Factor Affecting Rate and Extent of Migration 

in Packaged Food





Food Contact Material (FCM) Application of 

Chemicals



�Isopropylthioxanthone (ITX):

– 2005: Ink curing agent detected in cardboard packaged

milk

�Epoxydised soy bean oil (ESBO):

– 2005: Swiss survey of jarred foods identified

concentrations exceeding the TDI allowance

�Diethylhexyl phthalate (DEHP):

–2011: Clouding agent in probiotics substituted by probable

carcinogenic compound in order to cut costs

�Primary aromatic amines (PAAs):

–2007: Poorly manufactured polyamide utensils leach

carcinogenic amines

�Bisphenol A (BPA):

–Recent concern involving infant feeding bottles

International Migration Alerts 



Plasticizers in Bottled Water

• Causes:

– Water contamination in the bottling plant

– Indirect contamination during analytical procedures

due to the wide use of plasticizers.

– Migration of plasticizers from the bottle material to the

water

• Migration of plasticizers

� Increases under specific conditions / parameters

� Need to avoid these conditions

� Minimization of chemicals leaching into

bottled water



Additives in Plastic Bottles

Plasticizers      Coloring agents Heat stabilizers

– Offer broad functionality to polymers

– Not chemically bound to the polymer chains

– Can migrate within the material and leach into water

– More prone to dissolve in the aqueous environment



Potential Migrants



From commercial cling films made from PVC

Food-compatible phthalate plasticizer and tiny amounts may

migrate into fatty food (such as meat or cheese), especially with

heating

- From plastic bottles and some cans lined with polycarbonate

- tiny amounts

- Formed when polycarbonate bottles are washed with harsh

detergents or bleach (eg, sodium hypochlorite)

- At high levels of exposure, bisphenol A is potentially hazardous

because it mimics the female hormone estrogen

Bisphenol A (BPA)

Diethylhexyl adipate (DEHA)



Endocrine-disrupting chemicals (EDCs)

� Substances which interfere with the synthesis, secretion,

transport, binding, action or elimination of natural hormones

in the body

� Can affect development, behaviour, fertility and homeostasis

(normal cell metabolism)

� BPA, phthalates, alkylphenols etc.



�European Union

–Framework: 1935/2004/EC

�United States

–Code of Federal Regulation Chapter 21

–Component specific approach

�Japan

–Framework based on Food Sanitation Act, 1947

�China

–Food Safety Law, 2009

�South America

–MERCOSUR Resolution GMC 3/92

�Australia (New Zealand and Australia)

–Limited regulations in place; refer to EU and FDA for

regulatory guidance

International Regulations



Regulations to Limit Contamination of Food 

by Monomers

Commission of European 

Communities (Europe)

� Over all migration limit is

set to 60 mg/kg

� Some free monomers have 

specific limits

Food and Drugs Administration 

(United States)

� Encompasses both basic resins

used in food packaging and

adjuvants used in the final

food packaging



Migration Testing 

�Migration modelling software

–Diffusion theory and partitioning effects

–Free and commercial software's available

–Models provide overestimation of migration

�Migration into food simulants

–Mimic food types

–Foreseeable worst case scenario

–Minimise matrix effects

�Migration into foods

–Migration under real conditions

–Various sample cleanup required



Challenges associated with FCMs 

�Complex formulation of materials 

–Food packaging: monolayer/ multilayer 

–Use of recycled materials 

�Consider food type to be packaged in final product or intended 

purpose 

�Set- off migration 

–Incomplete curing resulting in transfer into foods 

–ITX case 

�Non intentionally added substances 

–Impurities within raw materials 

–Polymer, additive degradation or reaction products 

–Contaminants



Factors Affecting Chemical Leaching

� Temperature

� Prolonged storage

� Frequency of reuse

� Polymer age

� Carbon dioxide

� UV-exposure

� Bottle volume

� Bottle material



Basic Guidelines for Minimization of Chemical 

Leaching

� Storage and transportation of bottled water

� Under room temperature conditions (20-220 C)

� Without sunlight exposure

� Minimization of:

� Prolonged storage of bottled water

� Reusing plastic bottles

� Filling hot water/tap water into plastic bottles



1. WHAT?

�Polymer analysis & characterization

�Identification of the Additives used

�Identification of unknown substances/impurities

2. HOW MUCH?

�Organic Trace Impurities. (up to ppb levels)

�Additives in Plastics

�Residual Solvents, Odour Components

�Stability Testing

�Extractable & Leachable Studies

3. WHY?

�Failure Analysis

�Complaint Investigations

�Determine the role of each additive in polymer formulations

�Make recommendations for alternative stabilizers for 

greater

�Compatibility with the package to achieve lower leachability

Steps in Risk Assessment



What are the types of potential risks to food 

safety?

Biological- bacteria, viruses, parasites

Physical- hair, metal shavings, glass; anything that can cause 

physical harm or discomfort 

Chemical - Cleaners, lubricants, paints, pesticides

Allergenic- Peanuts, tree nuts, fish, shellfish, milk, soy, eggs, 

wheat 



Potential Food Safety Risks & Possible Controls for 

Food Packaging Materials 
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