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TOX/2020/24 

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD, CONSUMER 
PRODUCTS AND THE ENVIRONMENT 

Scoping paper: alternatives to conventional plastics for food & drinks 
packaging  

Introduction 

Fossil-based plastics for food & drinks packaging 

1. Packaging materials used for food and drinks are primarily required to provide
a barrier function. This barrier prevents pathogenic microorganisms and chemicals
getting inside and helps to regulate the internal environment and reduce microbial
growth and product deterioration. Food packaging therefore extends shelf-life and
reduces food waste. Extended shelf-life is essential for foods such as out-of-season
fruit and vegetables which travel great distances to reach consumers. Packaging is
also used to protect foods from physical damage and to display product information
that is increasingly required by law.

2. Plastics have many properties that make them suitable materials for
packaging food and drinks. These properties include gas and water vapour
permeability, mechanical properties, sealing capability, thermoforming properties,
resistance to water, grease, acid, UV, machinability on the packaging line,
transparency, and anti-fogging.

3. The UK Government uses the following definition of plastic, taken from the EU
Directive on Single-Use Plastics: “plastic means a material consisting of a polymer to
which additives or other substances may have been added, and which can function
as a main structural component of final products, with the exception of natural
polymers that have not been chemically modified”1.

4. The fossil-based plastic industry is an oil and gas-based industry - about 8 %
of the world’s oil production is used to make plastic2. In volume terms, the global
market in conventional plastics is dominated by four classes of polymer, synthesised
primarily from fossil fuel sources: polypropylene (PP), polyethylene (PE),
polyethylene terephthalate (PET), and polyvinyl chloride (PVC) (UNEP, 2018).

5. The production of conventional plastics generates greenhouse gases, and in
addition to this environmental hazard, the majority of recyclable plastics are not
recycled under current recycling systems. In the UK this is predominantly due to
food-contaminated packaging and insufficient collection and processing
infrastructure. In 2017, only 46.2% of UK plastic packaging from all sectors was

1 http://www.legislation.gov.uk/eudr/2019/904/article/3/2019-10-
31/data.xht?view=snippet&wrap=true 

2 https://www.nationalgeographic.com/news/2018/05/plastics-facts-infographics-ocean-pollution/ 
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collected for recycling; of this, 34% was recycled in the UK and the rest was 
exported to other countries (RECOUP, 2018). 

6. In the UK, plastic packaging which is not recycled is incinerated, landfilled
(both of these outcomes produce further greenhouse gases) or creates litter which
can persist in the natural environment for many years and can form microplastics.
Oxo-degradable plastics contain additives to accelerate their degradation in heat and
UV. This does not reduce the quantity of the polymer in the environment due to the
microplastics formed, so the EU Single-use Plastics Directive will ban oxo-
degradable plastics from 20213.

Initiatives to reduce plastic food & drinks packaging 

7. Due to the adverse environmental impacts of fossil-based plastics described
above, and owing to a large proportion of total plastic being used in packaging
(40%4), there are many initiatives to reduce the amount of conventional plastic used
within packaging. These initiatives include:

• an announcement from the UK Government in 2018 that “from April 2022 it
would introduce a world-leading new tax on the production and import of
plastic packaging with less than 30% recycled content” (DEFRA, 2019a).

• an announcement from the UK Government in 2018 of a 25 Year Environment
Plan (25YEP) with the target of zero avoidable plastic waste by 2042.

• the UK Plastics Pact, launched by the Waste & Resources Action Programme
(WRAP) charity in April 2018, which aims to ensure that by 2025, 100% of
plastic packaging to be reusable, recyclable or compostable, of which 70% is
effectively recycled or composted.

• UK Government and industry initiatives such as the Courtauld Commitment
(an agreement between WRAP and major retailers which aims to eliminate
packaging waste)

• Defra’s Waste and Recycling Strategy which plans to double resource
productivity and eliminate avoidable waste of all kinds (including plastic
waste) by 2050

• the proposed EU Directive prohibiting plastic cutlery, plates, stirrers and
straws by 20215.

8. As a result of government initiatives such as these around the world, and in
conjunction with pressure from environmentally-aware consumers, recent years have
seen a major global increase in the development and use of biobased materials for
food contact applications. Therefore, in 2004 the FSA conducted a literature review
on the chemical composition and conditions of use of biodegradable polymers
intended for food contact as well as their migration potential (Castle, 2004).
Subsequently, in 2019, the UK FSA commissioned Fera Science Limited (Fera) to
conduct a further literature review to better understand the potential health risks and
other unintended consequences of replacing fossil-based plastic food contact
materials (FCMs) with biobased food contact materials (BBFCMs) (Fera 2019). The
review found that BBFCMs can exhibit properties similar to fossil-based plastics,

3 https://ec.europa.eu/commission/presscorner/detail/en/IP_19_2631 
4 https://www.wrap.org.uk/content/plastic-packaging 
5 https://ec.europa.eu/commission/presscorner/detail/en/IP_19_2631 
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enabling comparable shelf-life and performance. It also suggested that current risk 
assessment processes for establishing transfer of contaminants from packaging to 
food would be appropriate for BBFCMs. 

Bio-based materials for food & drinks packaging 

9. Bio-based materials are derived from living matter (animal, plant or fungal 
biomass) and is partially or wholly made of substances that are naturally available or 
are synthesised from biomass, such as sugarcane, corn, and algae. This means that 
manufacturing biobased materials is more sustainable than fossil-based plastics 
because their production 1) uses biomass as a raw material which is renewable, 2) 
does not generate the same level of greenhouse gases. Furthermore, the finished 
material in some cases is biodegradable/ compostable. These terms are described 
below.

“Biodegradable” packaging 

10. Biodegradable materials are generally accepted to mean those broken down
by microorganisms into water, biomass and carbon dioxide (European Bioplastics,
2016). The carbon dioxide produced does not contribute to an increase in
greenhouse gases because it is part of the biological carbon cycle (Song et al.,
2009).

11. Although some packaging is “biodegradable”, this term generally has no
specific timeframe or recognised standard. Products carrying ‘biodegradable’ claims
may take years to fully break down. During this time-consuming process, these
products may disintegrate into microplastics and release other environmental
contaminants (Napper & Thompson, 2019). The rate of biodegradation depends on
the type and thickness of the material, and the environment where biodegradation
takes place, for example in compost, fresh water, or sea water.

“Compostable” packaging 

12. Composting is the accelerated biodegradation of heterogeneous organic 
matter by a mixed microbial population in a moist, warm, aerobic environment under 
controlled conditions (Song et al., 2009).

13. Vinçotte is a certification and standards agency based in Belgium which 
provides certification for compostable materials. Packaging certified as “OK compost” 
is designed to biodegrade in a certain time frame at elevated temperatures in an 
industrial composting facility when collected with food waste (POST, 2019). This 
allows for the processing of food-contaminated packaging which is otherwise 
problematic. Other materials certified by the “OK Compost Home” standard can be 
composted at home at ambient temperatures. To ensure that compostable 
packaging is correctly processed, the UK Government has proposed that from 2023, 
all local authorities in England should offer weekly separate food waste collections 
for households (DEFRA, 2019b). Vinçotte also provides certification for materials 
being biodegradable in soil (“OK soil”).
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14. To comply with the EU harmonised standard (EN13432), industrially
compostable materials undergo > 90% biodegradation within 6 months in an
industrial facility in the presence of oxygen, microorganisms and temperatures of 50-
60°C. On the other hand, home compostable materials undergo > 90%
biodegradation within 12 months in a domestic composting unit in the presence of
oxygen, microorganisms at temperature of 20-30°C. The 90% level set for
biodegradation accounts for a 10% statistical variability in measurement tests, i.e.
there is an expectation for a virtually complete biodegradation in the composting
environment being tested.

15. Although certified compostable packaging biodegrades in industrial and in
some cases domestic composting units, compostable packaging is not generally
designed to biodegrade quickly in natural environments such as the ocean (POST,
2019).

Biobased Food Contact Materials 

16. BBFCMs are diverse, and include paper/board, wheat-based, bamboo & rice-
husk cups, wheat straws6, beeswax wraps to replace clingfilm7, and paper coffee 
cups8. Other BBFCMs made from chitin or seaweed have the advantage of not 
competing with food crops for land use.

17. Chitin can be made into a packaging material (UNEP, 2018). Chitin can be 
found in mushrooms and in the exoskeletons of insects and crustacea. It is estimated 
that >10,000 tonnes of chitin may be available each year from waste products of the 
global shellfish industry (Hamed et al., 2016).

18. Seaweed is a renewable resource that has already been made into 
compostable food packaging, including pouches and sauce sachets (UNEP, 2018). 
Alginate can be extracted from species of brown algae, and Gao et al. (2017) 
developed plasticised alginate using glycerol as a plasticiser. Although these 
materials are still under development, the Skipping Rocks Lab start-up based at 
Imperial College London developed ‘Ooho’ - an edible, seaweed-based membrane 
made from sodium alginate and calcium chloride designed to contain water. 
Approximately 30,000 Ooho capsules were distributed to runners at the 2019 London 
marathon9. FCM made from edible materials may require additional consideration for 
additive content and allergenicity.

19. BBFCMs also include biobased polymers (also known as “bioplastics”). Whilst 
bioplastics based on naturally-occurring polymers such as starch or cellulose are 
generally biodegradable, bioplastics produced from biobased monomers (which 
include many conventional plastics such as polypropylene) can lose this property

6 These straws may pose a risk to people with coeliac disease. In coeliac disease, eating gluten 
causes damage to the small intestine lining. 

7 https://www.beeswaxwraps.co.uk/ 
8 TrioCup is a paper coffee cup designed on origami principles that removes the need for a plastic 

lid, and is suitable for industrial composting. 
9 https://www.telegraph.co.uk/news/2019/04/13/london-marathon-runners-given-edible-water-

bottles-organisers/ 
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during their manufacture through chemical modification. Therefore, not all bioplastics 
are biodegradable. 

BBFCMs: bioplastics 

20. Bioplastics can be produced from biomass, biobased monomers, or 
microorganisms. In the UK, commercial bioplastics are predominantly based on 
starch and cellulose, though PLA and PHAs are also emerging as major BBFCMs10. 
These BBFCMs are described below.

Bioplastics derived from biomass: starch 

21. Starch is the major storage carbohydrate in plants. Thermoplastic starch
(TPS) is made by processing native starch, where plasticisers such as glycerol and 
urea are added to reduce intermolecular hydrogen bonding and to stabilise the 
product. Although TPS can be processed into flexible or rigid plastics, its applications 
are limited due to its hydrophilicity and mechanical properties (Shen et al., 2009).

22. The properties of TPS or native starch can be improved by blending with other 
biobased materials to improve the properties of the finished product and increase the 
range of food packaging applications including wrap films, trays, boxes and tableware 
(La Mantia & Morreale, 2011). For example, addition of chitosan improves water 
vapour and oxygen barrier properties (Dang & Yosan, 2016), whilst addition of 
cellulose/lignin fibers reduces water solubility of TPS (Edhirej et al., 2017). Durable 
polymers can also be produced by blending starch with bioplastics such as PLA (e.g. 
Cereplast HybridTM) or fossil-based plastics such as polyurethane (e.g. Biopar® 
TPU).

Bioplastics derived from biomass: cellulose 

23. Cellulose is the most abundant organic polymer on the planet and can be
extracted by digesting wood pulp at high pressure. Like starch, cellulose is a polymer
of glucose but with different linkages between the glucose units and a different
configuration of the polymer chains. This configuration allows for stronger hydrogen
bonds between polymer chains, and greater resistance to hydrolysis than starch.
The most familiar application of cellulose-based packaging is paper and board.

24. Cellulose films (cellophaneTM) are made from cellulose with glycerin added to
increase flexibility. Cellophane is regulated by Directive 2007/42/EC relating to
materials and articles made of regenerated cellulose film intended to come into
contact with foodstuffs. Because cellophane is heat-resistant it is used to wrap food
for oven cooking. Cellophane also provides an effective barrier against bacteria,
flavours, and aromas so it is used to package bread and cheese. Despite these
advantageous properties, cellophane is highly permeable to water vapour, so it is
usually coated with polymers such as PVC to improve barrier resistance (Benyathiar
et al., 2015). The use of polymer coatings such as PVC can slow down
biodegradation of these films, because PVC biodegrades relatively slowly.

10 Bioplastics can also be derived from proteins within biomass, but commercial food contact 
applications have not been identified due to their moisture sensitivity. 
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25. In addition to biomass, bioplastics can also be derived from biobased 
monomers, and microorganisms. Notable BBFCMs that are manufactured using 
these methods are described below.

Bioplastics produced biobased monomers: PLA 

26. In the UK, polylactic acid (PLA) is the most common bioplastic synthesised
from biobased monomers with food contact applications. The mechanical properties
of PLA compare well with fossil-based plastics, for example high resistance to
grease and oils. Therefore, PLA can replace several fossil-based plastics such as
PET; indeed, PLA is used in the packaging of viscous, oily liquids in addition to dry
products and those with short shelf-lives (Armentano et al., 2013). Although PLA is
suitable for serving beverages, it is not used for packaging carbonated drinks due to
its poor vapour permeability.

27. PLA is obtained from the polymerisation of lactic acid (2-hydroxypropionic
acid) with the addition of a plasticiser such as sorbitol or glycerine (Shanks & Kong,
2012). Lactic acid can be produced by bacterial fermentation of sugars derived from
a variety of biomass sources including food and agricultural waste. PLA is safe to
use for contact with food, and residual lactide in the polymer is not a food safety
concern because PLA hydrolyses to form lactic acid, which occurs naturally in the
body and in food (Auras et al., 2004).

28. PLA is gaining popularity as a substitute for conventional plastics in the
catering sector, where food waste and used PLA plates, cups and cutlery can be
collected and the combined waste sent for industrial composting. This approach
works well in a controlled closed-loop environment, such as institutional catering in
companies and hospitals, to prevent cross-contamination of PLA plastics with
conventional plastics.

29. Studies suggest that biodegradation of PLA in terrestrial and aquatic systems
is limited (Karamanlioglu et al., 2017), however PLA is fully biodegradable in
industrial composting facilities. PLA can also be chemically converted back to lactic
acid and recycled if appropriate facilities exist.

30. PLA can be blended with other polymers to extend its applications. For
example, Ecovio® is a blend of PLA and the fossil-based polyester EcoFlex®.

Bioplastics produced by microorganisms: PHAs 

31. Polyhydroxyalkanoates (PHAs) are a group of polymers produced in nature by 
numerous microorganisms, including through bacterial fermentation of sugars or 
lipids present in biomass such as food waste (Bugnicourt et al., 2014). PHAs 
accumulate as granules within the cytoplasm of bacterial cells which are collected 
using enzymes or solvent extraction. The most common PHA is poly(3-
hydroxybutyrate) (PHB) which is produced by the polymerisation of the 3-
hydroxybutyrate monomer.
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32. Biodegradation of PHAs in terrestrial and aquatic systems is limited, though 
they are fully biodegradable in industrial composting facilities (UNEP, 2018). PHAs 
are used for cutlery and packaging (bags, boxes and foams).

Bioplastics produced by microorganisms: cellulose 

33. Cellulose can be produced by bacteria. A. xylinum and A. pasteurianus can 
produce an almost pure form of cellulose with a chemical and physical structure 
identical to cellulose found in plants. Bacterial cellulose is processed under ambient 
conditions, in contrast to higher temperatures required for the processing of plant 
cellulose. However, low yields and high costs are currently barriers to large scale 
production.

BBFCMs: microplastics from bioplastics 

34. Many BBFCMs exhibit biodegradability. Given the fragmentation of larger
pieces of bioplastics is inevitable and a fundamental route for degradation, it is
possible for bioplastics to form fragments of various sizes and shapes in
environments during degradation, including micro- and nanoplastics.

35. A first draft statement on the potential risks from exposure to microplastics (in
respect of conventional plastics) was presented to the COT in March 202011. In the
corresponding minutes for this meeting, “Information was provided on toxicity to
aquatic organisms. The Committee agreed that the focus should be limited to those
studies that were of potential relevance to human health” (paragraph 32). “Overall,
the Committee concluded that data were available on an insufficient range of
foodstuffs” (paragraph 29).

36. Studies evidence that exposures of aquatic organisms to conventional and
bioplastic-derived microplastics show similar adverse effects (Green, 2016; Straub et
al., 2017). However, impacts of microplastics on human health are largely
uncharacterised (Shruti & Muniasamy, 2019). EFSA (2016b) noted that although
“methods are available for identification and quantification of microplastics in food,
including seafood, occurrence data are limited. In contrast to microplastics, no
methods or occurrence data in food are available for nanoplastics”. Furthermore,
“toxicity and toxicokinetic data are lacking for microplastics and nanoplastics which
are required for a human risk assessment”.

37. The United Nations Environment Programme (UNEP) is the leading global
environmental authority that sets the global environmental agenda, promotes the
coherent implementation of the environmental dimension of sustainable development
within the United Nations system, and serves as an authoritative advocate for the
global environment. UNEP (2018) stated that “interaction with microplastics could
cause direct physical damage or indirect damage through an inflammatory response
to an ingested particle…In addition, there is the potential for harm due to the
leaching of chemicals from the polymer”. UNEP (2018) described several possible
sources of chemical contamination:

11 https://cot.food.gov.uk/sites/default/files/tox202015microplasticsfirststatementannexa.pdf 
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• Monomers that make up the polymer (though starch and cellulose comprise of
non-hazardous glucose molecules).

• Chemicals added to adjust the properties of the polymer. In many cases these
chemicals, such as plasticisers, are not strongly bound within the plastic
matrix so will tend to leach into the surrounding environment.

• Absorbed contaminants, particularly persistent organic pollutants already
present in the environment such as PCBs are preferentially absorbed by
plastics, with the potential for being desorbed into organisms after ingestion.

38. Although humans may be exposed to microplastics by ingesting seafood, 
Lusher et al. (2017) concluded that the corresponding risk to human health from 
chemical exposure to additive and absorbed chemicals is low. Furthermore, EFSA 
(2016) concluded that “based on a conservative estimate the presence of 
microplastics in seafood would have a small effect on the overall exposure to 
additives or contaminants.

39. Zuo et al. (2019) investigated the sorption characteristics of biodegradable 
microplastics. In this study, the sorption and desorption behaviours of phenanthrene 
(an organic pollutant) on biodegradable polybutylene adipate terephthalate (PBAT) 
were investigated and compared with two types of conventional plastics
(polyethylene and polystyrene). The authors found that the sorption and desorption 
capacities of PBAT were higher than those of the other types of microplastics.

40. Another possible route of human exposure to microplastics is through the 
consumption of and food and drinks packaged with bioplastics such as PLA, though 
data are lacking.

BBFCMs: chemical migration 

41. Any material that comes into contact with food has the potential to transfer its
constituents into it. Various factors require consideration when evaluating the
potential extent of chemical migration. For example, if there is insubstantial direct
contact between food and its packaging, then for such applications it may be
expected that only low levels of migration will occur. However, in other cases such
as the use of disposable cups in continuous contact with hot beverages, elevated
levels of migration may be expected.

42. In European legislation, all materials and articles intended for contact with
food must therefore meet the requirements of the Framework Regulation (EC) No
1935/2004. The basic principle underlying this Regulation is detailed in Article 3
which states: “Materials and articles, including active and intelligent materials and
articles, shall be manufactured in compliance with good manufacturing practice so
that, under normal or foreseeable conditions of use, they do not transfer their
constituents to food in quantities which could:

a) endanger human health;
b) bring about an unacceptable change in the composition of the food;
c) bring about a deterioration in the organoleptic characteristics thereof.”
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43. It can be challenging for BBFCMs to meet these criteria because 
biodegradable packaging materials are generally inferior to fossil-based plastic in 
terms of providing an adequate gas and moisture barrier. Subsequently, it has been 
proposed that BBFCMs are used exclusively for dry foods which do not place high 
demands in terms of these barrier properties on the polymers, or as secondary 
packaging to provide indirect contact and rigidity (Weber et al., 2002). Foodstuffs 
most commonly packaged in bioplastics include fruit and vegetables, confectionary, 
cereals, tea, bakery products and pasta where this is the case.

IAS and NIAS 

44. Intentionally added substances (IAS) used in the manufacture of biobased
packaging may migrate into food. In respect of bioplastics, IAS include biobased
monomers and plasticisers such as glycerol, sorbitol, and urea.

45. IAS used to produce food packaging made from conventional plastics are well
defined and regulated. The Plastics Regulation (EU 10/2011)12 provides a list of
authorised substances for conventional plastics, and sets an overall migration limit
and includes a list of authorised substances for the manufacture of plastic food
contact materials with their corresponding specific migration limits:

• Overall Migration Limit: 10 mg of substances/dm² (square decimetre) of the
food contact surface for all substances that can migrate from food contact
materials to food. In some cases this limit is expressed as 60 mg/kg of
packaged food.

• Specific Migration Limit (SML) for individual authorised substances fixed on
the basis of a toxicological evaluation and a default exposure assumption.

These limits assume daily exposure throughout a lifetime for a person weighing 60 
kg, to 1 kg of food packed in plastics containing the substance in the maximum 
permitted quantity. The Plastics Regulation also covers biobased and biodegradable 
plastics (i.e., those that are manufactured with synthetic polymers, chemically 
modified natural or synthetic polymers or polymers manufactured by microbial 
fermentation), and provides additional requirements that these plastics should 
adhere to (above the main Framework Regulation Article 3 requirements). 

46. Directive 2007/19/EC states a general requirement to assess the safety of all
potential migrants, including impurities, reaction and breakdown products. Starch,
cellulose and lactic acid are authorised as starting substances for use in the
manufacture of BBFCMs. However, these compounds have not been assigned a
SML, thus their migration is controlled by the overall migration limit of 60 mg/kg of
packaged food.

47. Chemicals in packaging which may migrate into food also includes non-
intentionally added substances (NIAS). These include chemical impurities, reaction
and breakdown products, and possibly contaminants of the biobased source material
that could remain in the finished bioplastic such as mycotoxins, phytotoxins and algal
toxins. In addition, food crops treated with pesticides can exhibit pesticide residues,

12 https://ec.europa.eu/food/sites/food/files/safety/docs/cs_fcm_plastic-guidance_201110_en.pdf 
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and their subsequent processing may decrease or increase residue concentrations 
(Bajwa & Sandhu, 2014). However, no data were identified concerning the transfer of 
pesticide residues from BBFCMs to food. 

Chemical migration: scientific studies 

48. Bradley (2010) examined the migration potential of low molecular weight 
materials (<1000 Da) from a broad range of BBFCMs into food. Thirteen samples 
covering a range of biobased material types including starch, cellulose and PLA 
were analysed. Little measurable migration of toxicologically relevant low molecular 
weight volatile, polar and non-volatile substances chemicals was observed.

Migration from cellulose-based materials 

49. Chemical migration from cellulose-based packaging is well characterised
(Cwiek-Ludwicka & Ludwicki, 2014). Castle et al. (1988a,b) reported on the migration 
of plasticisers (propylene glycol, mono-, di-, and tri-ethylene glycol) from cellulose 
film. Mono-ethylene glycol and di-ethylene glycol were withdrawn from this specific 
use in 1985 and in some cases have been replaced by other plasticisers such 
glycerol and urea.

Migration from starch-based materials 

50. Avella et al. (2005) determined the extent of migration of minerals from 
biodegradable starch/clay nanocomposite films developed for use in food packaging. 
The experimental work involved putting vegetable samples into bags made from 
either potato starch or potato starch-polyester blend, and their respective composites 
with nano-clay. The bags were heated at 40°C for 10 days, and migration of minerals 
determined by atomic absorption after digestion of the vegetables. The results 
indicated an insignificant trend in the levels of iron and magnesium in the vegetables, 
but a consistent increase in the amount of silicon (the main component of nano-clay). 
The concentrations of silicon detected in the vegetables were 16-19 ppm in the case 
of nano-clay composites of potato starch and potato starch-polyester blend, 
compared to 13 ppm for the same polymers without nano-clay, and around 3 ppm in 
control vegetables. The migrants determined were all associated with the nano-clay.

Migration from PLA 

51. Conn et al. (1995) demonstrated that the level of lactic acid monomer that 
migrates to food from PLA packaging under intended use is substantially lower than 
the amount used in food as a common ingredient. When PLA was tested for 
migration into 8% ethanol solution and olive oil, under test conditions of 10 days at 
43°C, the overall migration was 0.85 and 0.15 mg/ dm2 into the two simulants, 
respectively. The migration studies were conducted on samples of PLA following 
guidelines issued by the Food and Drug Administration. The migrate comprised of 
lactic acid, lactoyl lactic acid (acyclic dimer), trimer, and lactide (cyclic dimer). Conn 
et al. noted that these dimers and oligomers hydrolyse in aqueous systems (i.e. in 
vivo) to lactic acid.
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52. Mutsuga et al. (2008) subjected different types of PLA sheet to migration tests 
under various conditions and the lactic acid, lactide and oligomers content of the 
migration solutions were determined using LC/MS. PLA was found to be stable at 
40°C for 180 days, and the total migration level of lactic acid, lactide and oligomers 
was 0.028 - 1.5 mg/ dm2. When stored at 60°C for 10 days, PLA decomposed and 
the total migration level increased to 0.073 - 284 mg/ dm2.

BBFCMs: active/ intelligent packaging 

53. Recent research has addressed the development of composite films for food 
packaging which consist of antimicrobial agents such as organic acids, bacteriocins, 
enzymes, essential oils and phenolic compounds (Sung et al., 2013; Marra et al., 
2016). For example, Priyadarshi et al. (2018) developed a chitosan film enhanced 
with apricot kernel essential oil. The antimicrobial properties of the film were 
assessed against B. subtilis and E. coli in vitro. In addition, the antifungal properties 
of the film were tested on samples of bread over a 10-day shelf life. The proposed 
film showed promising results to maintain the safety of bread over its shelf life.

54. The use and authorisation of these active and intelligent materials and articles 
intended to come into contact with food is regulated under Commission Regulation 
(EC) No 450/2009. The regulation also establishes an EU-wide list of substances that 
can be used in the manufacture of these materials. Substances may only be added to 
the list once their safety has been evaluated by EFSA. National rules and 
requirements of Regulation 1935/2004 still apply as the EU has not published the
‘positive’ list of substances following EFSA’s evaluations.

BBFCMs: heavy metals 

55. Heavy metals as environmental and food contaminants are a known issue and 
can arise in biomass as a result of the geology of the area in which it is produced. 
The heavy metals usually considered to pose a risk include those with the potential to 
bioaccumulate such as lead, cadmium and mercury. Heavy metals such as lead have 
been demonstrated in BBFCMs such as recycled paper and board and subsequently 
found to migrate into food (Mohammadpour et al., 2016). The main source of heavy 
metals is colourants (Mertoglu-Elmas, 2017).

56. Kim et al. (2018) studies a variety of polylactide (PLA) articles (n = 211) for 
migration of lead (Pb), cadmium (Cd) and arsenic (As) into a food simulant (4% v/v 
acetic acid). Migration tests were performed at 70°C and 100°C for 30 minutes. The 
amounts of Pb, Cd, and As increased at 100°C for 30 minutes compared with levels 
at 70°C. However, the migration at both conditions was very low. The maximum level 
of Pb at 100°C for 30 min corresponded to 1% of the migration limit.

57. Evidence of heavy metal migration has primarily been reported in relation to 
the inclusion of metallic nanoparticles in composite BBFCMs. This is addressed in 
more detail below.

BBFCMs: nanomaterials 
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58. The Plastics Regulation (EU 10/2011) states that “substances in nanoform 
shall only be used if explicitly authorised and mentioned in the specifications in Annex 
I”. Biobased materials that come under the scope of materials in this regulation 
should also meet this requirement.

59. Numerous natural nanomaterials have been reported being used as 
components of nanocomposite films for food packaging (Youssef & El-Sayed, 2018). 
These nanomaterials attract interest because they provide antimicrobial or 
antioxidant activity (Vasile, 2018), mechanical strength (Sun et al., 2018) and 
ethylene scavenging to control ripening (Siripatrawan & Kaewklin, 2018). These 
properties may improve barrier function and achieve similar or better shelf-life than 
obtained from fossil-based plastic. The range of materials used is diverse and has 
included cellulose nanocrystals (Xu et al., 2018) and chitosan nanoparticles (Medina 
et al., 2019).

60. Nanostructured chitosan, alone or in combination with other nanomaterials, 
attracts interest because it is considered to be non-allergenic and non-toxic, is 
produced from agricultural byproducts, and its antimicrobial activity has been 
reported to extend shelf-life (Perinelli et al., 2018).

61. The antimicrobial activity exhibited by biomaterials such as gelatine and 
alginate when produced as nanoparticles or fibres has attracted interest due to the 
ability to manufacture these materials using relatively simple techniques such as 
electrospraying or electrospinning (Liu et al., 2018).

62. Nanomaterials generally pose an ill-defined risk to human health if they are 
transferred to food and consumed (Almalik et al., 2018; Garcia et al., 2018). 
Therefore, EFSA recently opened a public consultation on its draft guidance for the 
risk assessment of nanoscience and nanotechnology applications in the food chain 
(EFSA, 2018). The guidance covers food contact materials and considers appropriate 
toxicological testing. Given the potential risks of nanomaterial exposure, it is essential 
that all nanocomposite BBFCMs should be tested for migration prior to approval for 
use. Compliance with the current specific migration limit, in combination with the 
dietary exposure from other sources, is required. For example, the upper level for 
nanometals such as zinc has been set at 25 mg/person per day (EFSA, 2016a).

63. Abreu et al. (2015) examined a silver nanoparticle/starch composite and a 
silver nanoparticle/ammonium salt/starch composite for migration. The migration of 
the components from the nanostructured starch films was below the permitted limit of 
60 mg/ kg.

64. Most migration studies with nanocomposites intended as BBFCMs have 
focused on PLA. For example:

• Migration levels of PLA containing cellulose nanocrystals and silver 
nanoparticles were examined. Migration levels were below the permitted limit 
of 60 mg/ kg (equivalent to 10 mg/ dm²) in two food simulants (ethanol 10%
(v/v) and isooctane) (Yu et al., 2016).
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• The overall migration from PLA with embedded copper-doped zinc oxide
powder functionalised with silver nanoparticles into three food simulants was
<10 mg/ dm² (Vasile et al., 2017).

• PLA with embedded titanium dioxide or silver nanoparticles was prepared and
cheese packed and stored at 51°C for 25 days. Migration of titanium and
silver nanoparticles was <10 mg/ dm² (Li et al., 2018).

BBFCMs: allergens 

65. In the literature review of Fera (2019), it was noted that:

• “some of the proteins used to produce packaging materials, edible films and 
coatings are known food allergens (milk and egg proteins, soya, corn, gluten) 
and therefore, it is important to understand if their allergenic potential remains 
in the final product”, and

• “edible films are often coated with seed oils or plant essential oils such as 
rosemary, oregano, tea tree and others. Some of these are known to be able 
to elicit allergic reactions by oral or skin contact (Avonto et al., 2016; Damiani 
et al., 2012; Mortimer & Reeder, 2016)”.

Despite these observations, this review revealed a scarcity of studies investigating 
the allergy risks of biomaterials used in food packaging. Numerous studies on 
materials based on PHAs, alginate, chitin/chitosan and others have described their 
use in tissue engineering and other clinical applications and reported their general 
biocompatibility and lack of toxicity and immunogenicity (Edgar et al., 2016). 

66. In respect of labelling, any advice would be directly applicable to allergy (via 
food contact material legislation). Labelling would be in accordance with the general 
food contact materials legislation (specifically Article 15 of Regulation 1935/2004 
which states, with regards to necessary labelling, that “special instructions to be 
observed for safe and appropriate use”). This should provide adequate advice to 
manufacturers that they should be providing clear warning labels on their products if 
there is still a potential allergenicity and/or intolerance risk.

BBFCMs: endocrine active chemicals 

67. Endocrine active chemicals (EAC) show structural similarities to natural
hormones and are suspected to affect the human endocrine system. BBFCMs such
as paperboard have been reported to be a major source of EACs (Cwiek-Ludwicka &
Ludwicki, 2014; Vandermarken et al., 2019). Sources of EACs include plasticisers, 
inks and adhesives (Nakazawa et al., 2014; Vandermarken et al., 2019). However, 
the migration of printing inks from many BBFCMs has not been reported. Stringent 
measures have been introduced by the European Commission to control exposure to 
EACs such as the plasticiser bisphenol A.

Summary - usage 
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68. BBFCMs have the potential to contribute to material recovery, reduction of
landfill and use of renewable resources. However, there are two key caveats to
promoting their use: 1) they should be excluded from the recycling stream, to avoid
compromising the quality of recycled conventional plastics, and, 2) bioplastics such
as PLA and PHA behave like conventional plastics in aquatic environments, and
contribute to an increase in ocean plastics if not disposed of correctly. Therefore,
widespread public awareness of these materials and effective infrastructure for their
certification, collection, separation and composting is necessary to obtain their
benefits in full.

69. The majority of BBFCMs have undergone limited analysis under laboratory
conditions with respect to their ability to provide effective packaging solutions for
specific types of food commodities. For example, whilst these materials prove to be
efficient in reducing microbiological activity and thereby supporting an extended shelf
life, it remains unknown whether these attributes remain present in large scale
packaging productions, on complex foods, and over extended product shelf lives.
Additionally, limited information is available regarding the ability of the proposed
packaging alternatives to behave under unexpected or adverse storage conditions
such as temperature abuse and whether under these conditions they could still
maintain their properties, particularly gas and moisture permeabilities.

Summary- potential health effects 

70. BBFCMs entail a number of potential risks to human health, namely migration
of chemicals, heavy metals and nanomaterials into food, in addition to allergy and
formation of microplastics.

Questions for the Committee 

71. The Committee are asked to consider the following:

• This paper has introduced various toxicological hazards associated 
with the use of plastic alternatives, namely migration of chemicals, 
heavy metals and nanomaterials into food, in addition to allergy and 
formation of microplastics; What further information is necessary on 
these aspects to provide guidance on the corresponding risks?

• In the UK, commercial bioplastics are predominantly based on starch 
(e.g. TPS) and cellulose (e.g. cellophane), though PLA and PHAs are 
also emerging as major BBFCMs. Which BBFCMs need to be 
considered in further detail?

• Any other comments on this discussion paper?

Secretariat 
April 2020 
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