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Review of Recent Issues in Food Safety of Packaging Materials:
Regulatory Concerns and Scientific Findings

MeeKyung Kim*

Korea Sustainable Packaging Forum Committee

Abstract The food packaging industry plays a critical role in ensuring food safety, extending shelf life, and enhancing
convenience. However, as the industry has developed, concerns have emerged regarding the safety of packaging materials
and their impact on human health. This has led to scientific investigations and regulatory actions, particularly concerning the
migration of chemicals from packaging into food. New materials like biodegradable plastics and nanomaterials have intro-
duced additional complexity, raising questions about their long-term safety and the environmental impact. Regulatory bodies
worldwide have established frameworks to reduce health risks, but challenges remain due to regional differences in reg-
ulations and emerging technologies. Key safety concerns include the migration of harmful chemicals like bisphenol A (BPA),
phthalates, and polyvinyl chloride (PVC) from packaging to food, as well as the potential ingestion of microplastics. Major
countries, including the EU, the US, and Korea, have strengthened regulations to control these risks, focusing on harmful
substances and promote environmentally friendly packaging options. Scientific research has played a critical role in under-
standing the mechanisms of chemical migration and the health effects of these substances, particularly their impact on the
endocrine system and absorption by the human body. This paper explores six key areas of food packaging safety, reviews
the trends in regulations and scientific studies addressing these ongoing concerns.
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Table 1. Common chemicals in food packaging with their uses, health concerns, and migration conditions
Chemical Common use in food packaging Health concerns Migration conditions Ref.
Polycarbonate plastics, epoxy res- | Endocrine disruption, reproductive | Exposure to heat or acidic
Bisphenol A (BPA)|ins (food containers, bottles, can | harm, metabolic disorders, neuro- | conditions (e.g., microwaving, | 3, 4
coatings) logical issues can storage)
Plasticizers in flexible packaging De\'/e'lopmen'tal and. reproductlve Mlgrathn into food_, espe-
Phthalates . toxicity, particularly in children and | cially with fatty or oily sub- |4, 10
(plastic wraps, food storage bags)
pregnant women stances
Per- and Polyflu- | Water- and grease-resistant coat- | Cancer, liver damage, developmen-|, . . . .
. . . . . . | Migration into food, partic-
oroalkyl Sub- |ings (microwave popcorn bags, |tal delays in children, persistence in ularly ereasy or fatty foods 15, 16
stances (PFAS) | fast-food wrappers, pizza boxes) |the environment and human body Y greasy Y
Used in the-productlon of p oly- . Migration into food under
Styrene styrene plastics (food containers, | Neurological effects, cancer . .. 17, 18
. certain conditions
packaging)
Used in the production of ABS . .
. . . . . Migration into food under
Acrylonitrile | plastics (food containers, packag- | Potential carcinogen . o 18, 19
. certain conditions
ing)
Antioxidants and | Shelf-life extension and UV pro- Potentlal mlgratlon into food, par- M1grat10n into_food, espe-
L . . . ticularly with heat exposure or pro- | cially under heat exposure or | 20, 21
UV Stabilizers |tection in packaging materials .
longed storage long storage periods
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Table 2. Global food packaging regulations, including key bodies, standards, and focus areas
Region Re%)lcl)l(zla;ory Key regulations Standards/Key focus Related documents Ref.
. - EFSA: Food Contact Mate-
European - Regulation (EC) No 1935/ -tsziiie?nz‘:/earlﬁtslon of food con-| -t Scientific Opinions
European | Food Safety 2004 - - Specific migration limits (SML) | - EU Begulgtlon (EC) No 10/
. . - Regulation (EC) No 10/2011 . 2011: Plastic materials in food | 6
Union (EU) Authority C Jati C for various substances
(EFSA) - REACH Regulation (EC) No | _ Authorizations for new sub- contact .
1907/2006 - REACH: European chemicals
stances .
regulation for safety
US Food and -io?diFgéufs and Cosmetic - Approval process for new |- FDA: Food Contact Materi-
. ood an ¢ . food contact materials als Guidance (CFR Title 21);
United States Drug - Code of Federal Regulations TP . ) . .
(US) | Administra- | (CFR) Title 21 -Migraton limit for specfic - FDA: FCS Noifications and | 7
tion (FDA) |-FDA's Food Contact Sub- fi‘;izseis)ces -8 BEA, plas fion S on chefical migra
stance Notifications (FCSN)
.. - Food Sanitation Act (FSA) |- Safety of materials used in |- MFDS: Official guidelines
Ministry of . . .
Food and - National Standards for Food | food contact articles and regulations
Korea Additives (NSFA) - Limits on migration of spe- | - KFDA: Packaging and migra- | 8
Drug Safety . . . :
(MFDS) - KFDA (Korean Food and Drug | cific chemicals (e.g., heavy | tion standards; Regulations
Administration) Guidelines | metals, phthalates, BPA) on food contact materials
p
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Table 3. Benefits and challenges of packaging materials for high-acidity foods
Packaging material Description Benefits Challenges Ref.

- Non-reactive with acidic food
- Prevents chemical migration
- Fully recyclable

Highly stable and inert material.
Glass Commonly used for packaging fruit
juices, sauces, pickles, and jams.

- Heavy and fragile
- Higher transportation costs |27, 28
- Risk of breakage

- Non-toxic
A widely used plastic, especially |- Resistant to acids compared to |- Requires special treatment
Polyethylene | for high-acid beverages like fruit| other plastics for acid resistance 29. 30
terephthalate (PET) juices. Requires treatment to pre- |- Lightweight and durable - Potential chemical migra-|~"’
vent chemical migration. - Transparent tion if untreated

Used for high-acidity foods like |- Resistant to corrosion
Aluminum and |tomatoes, fruits, and pickles. | - Protects food from external con-
tinplate cans Coated with protective layers such | taminants

as epoxy resins. - Lightweight

- BPA in traditional linings
raises health concerns 31, 32
- Risk of chemical migration

Alternatives to BPA-based coatings
for food cans, such as polyester,
polyurethane, and vinyl-based coat-
ings.

-May be more costly than
BPA-based coatings

- Still may need additional
testing for safety

- Safe for acidic foods
- Reduces risk of chemical migration
- Improved resistance to corrosion

BPA-free coatings 33, 34

- Barrier coatings can impact
- Can be used for dry acidic foods | recyclability

- Relatively low-cost packaging |- May not be as effective for
highly acidic foods

Paperboard packaging with poly-
ethylene (PE) or wax coatings for
dry or semi-dry acidic foods.

Paperboard with

barrier coatings 35, 36

Laminated films or multilayer |- Lightweight and convenient - Requires careful design to
Flexible films |pouches, often used for beverages |- Can be designed with multiple| prevent acid migration
: 4 . 37, 38
and pouches |and sauces. Includes inner barrier| barrier layers - May not be as durable as

layers for acid resistance. - Cost-effective rigid materials
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Table 4. Global regulations on packaging for high-acidity foods
Region Regulatory body  Regulations/Guidelines Key requirements for high-acidity food packaging | Ref.
- Packaging must not release harmful substances into
. food.
European Union European Regulation (EC) NO' - Materials for acidic foods must undergo migration testing.
LA 1935/2004 Regulation . - L . 6
(EU) Commission (EC) - Coatings and resins used in acidic food packaging must
(EU) No. 10/2011 . 1c 1o aging 1
comply with safety standards to minimize chemical migra-
tion.
- Packaging for high-acid foods must pass chemical
migration tests and be FDA-approved.
. Food and Drug Federal FOOd? Drug, | Guidelines for materials such as plastic, aluminum, and
[United States (US e . and Cosmetic Act 7
Administration (FDA) (FDCA) glass.
- Monitoring of BPA use and encouragement of safer
alternatives for high-acid foods.
- Specific guidelines for materials in contact with acidic
foods.
Korea Ministry of Food and Food Sanitation Act - Manufacturers must provide evidence of food contact ]

Drug Safety (MFDS)

safety.
- Regulations for migration testing and use of BPA-free
coatings for high-acid food packaging.
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Table 5. Regulations and requirements for recycled materials in food packaging

Region

Regulations

Requirements

European

Union (EU)

- Regulation (EC) No. 1935/2004 on materials
and articles intended to come into contact
with food.

- Regulation (EU) No. 282/2008 on recycled
plastics used in food packaging.

- Recycled materials must not release harmful substances into
food.

- Recycled plastics must undergo a detailed safety evaluation
before approval.

- The recycling process must prevent contaminants from
migrating into food.

- Recycled plastics must be processed using specific tech-
nologies like depolymerization, pyrolysis, or supercritical
fluid processing to ensure safety.

United States

(US)

-Food and Drug Administration (FDA)
regulations under the Federal Food, Drug,
and Cosmetic Act.

- FDA's Food Contact Notification (FCN)
process for recycled materials.

- Recycled materials used in food packaging must be validated
to ensure no harmful substances are present.

- Companies must submit migration studies and other safety
data to the FDA to demonstrate safety.

- Not all recycling processes in the US meet the rigorous stan-
dards of the EU, raising potential concerns about the safety of
some recycled packaging materials.

Korea

- Food Sanitation Act and Standards for
Food Containers and Packaging.

- Regulations from the Ministry of Food
and Drug Safety (MFDS) regarding the use
of recycled materials in food packaging.

- Recycled materials must be derived from food-grade sources.

- Recycled packaging materials must undergo proper decon-
tamination during the recycling process to prevent contam-
ination.

- Migration testing and approval processes are required for the
use of recycled materials in food contact applications.
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Table 6. Comparison of Food Packaging Regulations in the EU, US, and Korea

Aspect European Union (EU) United States (US) Korea
Regulatory European Food Safety Authority | US Food and Drug Administration | Ministry of Food and Drug Safety
authority (EFSA) (FDA) (MFDS)

Main regulation

Regulation (EC) No. 1935/2004,
Regulation (EU) No. 10/20119

Federal Food, Drug, and Cosmetic
Act (FDCA)?

Standards and Specifications for
Utensils, Containers and Packages

(Part I, I)®

Chemical
migration risk

Substances must not migrate into
food at harmful levels. EFSA con-

ducts risk assessments (e.g., BPA).

FDA assesses food contact sub-
stances through Food Contact Noti-
fication (FCN). Risk-based approach

to migration limits.

Strict migration testing for specific
chemicals; vigilant monitoring of
banned substances (e.g., phthalates,
BPA).

from nanomaterials.

specific framework.

Evolving regulatory framework; | No comprehensive framework yet; . . .
. . . Proactive regulation; research into
Biodegradable |EFSA has raised concerns about |concerns over biodegradables and . .
. . I . . . . .| health risks of biodegradable plas-
plastics chemical migration and testing of | emerging materials like active tics and nanoarticles
biodegradable plastics. packaging. ! particies.
Under consideration; EFSA is investi- | FDA is evaluating nanotechnology | Actively researching the potential
Nanomaterials | gating potential risks of migration | but has been slow to establish a|risks of nanomaterials in food pack-

aging.

Risk assessment

Extensive evaluations, e.g., BPA,
with recommendations for stricter
limits on certain substances.

Flexible, risk-based approach; allows
rapid entry of new materials, but
controversy around BPA approval.

Stringent risk assessments, partic-
ularly for new and emerging mate-
rials like nanomaterials.

Market flexibility

Strict approval process, particularly
for new materials. Some delays in

regulatory updates.

More flexible, with faster approval
processes for new materials but

concerns about regulatory lag.

Regulations tailored to local market
needs while adhering to interna-
tional standards.
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Table 7. Key Issues in food packaging and their scientific findings, regulatory concerns, and potential solutions

Issue Scientific findings

Regulatory concerns Potential solutions Ref.

Chemical
migration from
packaging

ful chemicals like BPA, phthalates,
and PFAS into food.

- Many packaging materials leach harm- | - Regulatory limits on chemicals like
BPA exist, but new chemicals are
constantly being used in packaging.

- Development of safer, |1, 2, 3,
non-toxic alternatives. | 4, 15

- Plant-based bioplastics, such as
those derived from corn, potatoes,
and sugarcane, show reduced chem-
ical leaching.

Plant-based
bioplastics

- Lack of clear safety standards for new | - Establishment of safety
bioplastics and their interaction with
food.

standards for bioplas-
tics.

- Natural coatings reduce the need for
synthetic additives and act as a pro-
tective barrier, lowering migration
risks.

Natural coatings
(e.g., beeswax,
chitosan)

- Limited regulation on the safety of |- Further research into
natural coatings, particularly in terms
of their long-term effects on food.

the safety of natural |82, 83
coatings.

- Nanomaterials like nanoclays and |- Lack of comprehensive safety reg-

- Development of stan-

packaging material regulations.

Nanotechnology in| carbon nanotubes improve barrier | ulations regarding the toxicity of - 36, 37,
. . . . . dardized safety proto-
packaging properties and reduce chemical| nanoparticles and their long-term . 43, 47
N cols for nanomaterials.
migration. effects.
. - Some bioplastics and biodegradable | - Inconsistent regulations on environ- .
Environmental . . . T - Creation of more robust
. coatings are more environmentally | mental claims, making it difficult to . 1, 2,
impact of . . . . . environmental standards
. friendly, but their degradation can| assess their true environmental - . 59
packaging . . and certifications.
still vary. impact.

T(.))fmty of - Many (;hemlcal addltlves used in|_ Strict regulations for some additives | - Use of safer alterna-
additives (e.g., conventional packaging have been .. . . .4, 10,
L . . : . (e.g., FDA-approved plasticizers)| tives with more strin-
plasticizers, linked to endocrine disruption and but Jess scrutiny on newer additives ent testin 24, 83

stabilizers) other health risks. Y 8 &
- Some countries have stricter regu- .
Global regulatory | lations (e.g., EU's REACH), while _If;;Ck ;)kazaglnomriﬁergiﬁbaslafséandzfs -E;S;i(f;(r)lrogfl(;ga(l)l dhszrt{gf- 6, 7, 8,
disparities others have less comprehensive Paciaging v Y1 68-72

chemical migration.

standards.
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