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ABSTRACT

The lightweight, inexpensive, chemically resistant,
formable, sealable and useful barriers against moisture,
oxygen and contamination make plastic materials
ubiquitous throughout the food processing and
distribution chain. They have benefits in terms of
support for food safety, convenience and shelf-life
extension but their widespread use raises environmental
and resource-management issues. This review discusses
the effects of plastic use in food processing industries,
practical substitutes and reduction strategies. A
literature-based review was conducted of peer-reviewed
research, food-safety guidance and regulatory
documents with particular emphasis on environmental
impacts, food-contact safety, material performance, end-
of-life  management and alternative packaging
technologies. It follows from the reviewed evidence that
the environmental burden associated with plastic
packaging is more determined by material selection,
pack weight, protective properties, transportability,
reuse, recyclability and disposal than just the material
itself. Plastic food contact materials may also be of
concern in terms of possible migration of substances or
in case of micro- and nano-plastic pollution; such
concerns require a risk-based approach instead of
considering all plastic packaging potentially harmful.
The alternative materials can include glass, metals,
paper and paperboard, molded fiber, cellulose films,
starch-based  products, polylactic acid (PLA),
polyhydroxyalkanoates (PHA), chitosan films and
reusable packages. However, there is no one-to-one
substitution since the alternative materials may be
heavier, use more energy, be sensitive to moisture,
costlier or more vulnerable to breakage than the plastic
ones. The best way out appears to be using a hierarchy
involving reduction, reuse, recyclability, safety of
recycled content, renewable or biodegradable materials
if appropriate and better waste management practices.

KEY WORDS: Food processing; plastic packaging;
food-contact materials; micro-plastics; biopolymers;
sustainable packaging.

INTRODUCTION

Processing transforms the produce from agriculture into
food items that can be safely preserved, transported,
marketed, and consumed. This process includes packaging,
which is an important component because it serves as a
carrier of food, protector of food from mechanical damage
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and contamination, preservation of food quality, source of
communication, and may increase the shelf life of food
items. In their study, Marsh and Bugusu highlighted that the
packaging must strike a balance between the protection and
preservation of food, on the one hand, and material, energy,
cost, and environmental factors, on the other[1].

The benefits of plastic as a packaging material are especially
relevant to the food processing industry of today.
Polyethylene (PE), polypropylene (PP), polyethylene
terephthalate (PET), polystyrene (PS), polyamide (PA), and
other polymers offer various strengths and combinations of
strength, transparency, sealability, chemical resistance, and
barrier properties[2]. In their work, Siracusa noted that the
permeability of polymers to gases, water vapor, and organic
substances is an important engineering property for food
packaging because it affects the quality and shelf life of the
food item.

Nevertheless, large volumes of plastic manufacturing and
high levels of resistance of traditional plastics are causing
significant waste problems. According to the findings by
Geyer, Jam-beck and Law, 6.3 billion tones of plastic wastes
had been produced worldwide until 2015; 9% of them were
recycled while significant portions of the remaining material
were stored at landfills or accumulated in the environment.
Plastic packaging for foods is more problematic due to its
low density, contamination by food leftovers and multi-layer
structure making it hard to recycle[3].

Thus, the current review attempts to answer two related
questions: what are the main consequences of plastics use in
food processing industries and which materials/strategies
may replace the use of conventional plastics or limit their
use? Environmental issues, food-contact safety, processing
features, alternatives to plastics and other aspects will be
taken into account. It should be noted that the purpose of the
review is not to define a universal alternative but rather to
provide a theoretical framework to choose an appropriate
material or system[4].

INTRODUCTION - PLASTIC USE IN FOOD
PROCESSING

Plastic is used in several steps of food processing instead of
being limited to the consumer packaging. Some examples
are liners, films, pouches, trays, bottles, tubs, caps, shrink
films, pallet wraps, disposable gloves and some parts of
processing and handling equipment. In the applications
where it is in contact with food, the plastic should not lose
its integrity under the expected temperature, acidity, fat
content, moisture and mechanical stress[5]. Multi-layered
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packaging might involve combinations of plastics with
metals such as aluminium, paper and adhesives in order to
achieve barrier properties that cannot be gained through a
single material[6].

Functional role of packaging is a crucial point when
considering its impact on the environment. Packaging
protects food from air, moisture, light, microorganisms and
mechanical injuries and preserves the advantages of the
processing process[7]. According to FAO, packaging keeps
the food fresh, safe and minimises food loss and wastage.
This way, a comparison based solely on weight of packaging
waste becomes irrelevant since the lighter package can
actually result in significantly lower amount of food wastage
than a heavy one. Life-cycle assessment becomes valuable
for comparing the alternatives in a consistent functional
perspective[8].

The use of plastic also has a food-contact aspect. Food
contact materials have the potential to migrate their
compounds into food, with the probability and amount of the
process depending on the material properties, food
composition, additives, temperature, and other factors[9].
The EU food contact legislation provides particular
restrictions on the substances used in plastics and migration
limits[10]. In India, the Food Safety and Standards
(Packaging) Regulations, 2018, lay down the standards for
food contact packaging, among which there are migration
limits for plastic materials[11]. This demonstrates a very
significant principle: when replacing a material, one should
not lower the environmental impact at the cost of food
safety[12].

Recent studies have drawn attention to micro-plastics and
nano-plastics[13]. Reviews of the heat sensitive food
packaging highlight the possible release pathways related to
the use of plastic materials and the need for further
improvements in terms of detection, exposure assessment,
and risk assessment[14]. While such information calls for
strict control of processing and packaging conditions, it
cannot serve as proof that every food contact application of
plastic results in hazardous exposure[15].

MAJOR EFFECTS OF PLASTIC USE
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and resealing single-use items

with automated lines additives

Area Positive function Main concern
Food Barrier against moisture,\Waste generation after
protection gases, contamination andjshort use

physical damage
Processing Lightweight, sealable,[Dependence on fossil-
efficiency formable and compatiblelderived polymers and

Food safety  |Can provide hygienic,Migration of some

strength-to-weight ratio  the environment
waste systems fail

closed food-contactisubstances must
systems controlled
Shelf life Can reduce deteriorationMultilayer
and food loss contaminated
packages may
difficult to recycle
Logistics Low weight and highlLitter and leakage into

Convenience [Easy opening, portioningHigh  volume
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From the table, it is evident why substitution is a systems
problem. Material may be environmentally better in some
applications while not fit for others due to different barrier,
mechanical or thermal properties[16]. Therefore, the process
of material selection should start by understanding the needs
of the food first[17].

EXPERIMENTAL/COMPUTATIONAL DETAILS

In this case, the literature-review methodology was used
rather than laboratory experiment. The provided methods
section is to give a description of the
experimental/computational work in sufficient details[18];
however, in this review the corresponding methodological
approach is the identification, screening and synthesis of
evidence and food safety guidance documents. Sources were
selected with regard to five topics:

(i) Packaging functionality and materials,

(i) Packaging environmental impact and plastic waste,
(iii) Food migration and micro/nano-plastic safety,

(iv) Alternative materials and biopolymers,

(v) Regulations and implementation considerations.

The literature review included both peer-reviewed reviews
and scientific articles as well as official guidance from
bodies responsible for food safety and environmental
management[19]. The evidence from 2007 to 2026 was used
with exceptions for sources published before, when they
include foundational data regarding packaging functionality
or world-wide plastic production[20]. The information on
current regulations was verified using relevant official
sources, such as FSSAI and European Commission.
Qualitative synthesis of evidence was performed due to
differences in foods, packaging types, functional units,
system boundaries and environmental indicators used in
studies[21].

The assessment involved the use of functional-requirement
approach. First, the target application was categorized on the
basis of the properties of the food items and processing
parameters[22]. Secondly, the necessary packaging
functions were identified including containment, mechanical
protection, oxygen and moisture barrier, thermal stability,
seal-ability, visibility, hygienic and shelf-life
performance[23]. Thirdly, potential alternatives were
evaluated on the basis of suitability for food contact,
environmental impacts, recyclable or compostable,
availability and price[24]. Lastly, trade-offs were assessed
from life-cycle perspective. Biodegradable, bio-based and
paper-based alternative were not considered better by
default[25].

SELECTION CRITERIA FOR PLASTIC
SUBSTITUTES

Questions for assessment

Is the material suitable for the
intended food and contact
conditions?  Are  migration
limits and compliance

Criterion
Food safety
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requirements met?

Functional performance Does it provide the required

barrier,  strength,  sealing,
thermal and mechanical
properties?

Environmental performanceWhat are  the  material,

manufacturing, transport and
end-of-life impacts?

Circularity Can the package be reduced,
reused, recycled or composted

within a realistic local system?

Are raw materials, conversion
equipment and

Economic feasibility

supply chains available at

acceptable cost?

Consumer and industry use (Can the material be handled,
stored, labelled and disposed off

correctly?

One major limitation in the methodology is that studies
related to lifecycle have a high level of applicability. A 2026
systematic review on the lifecycle assessment of packaging
for food showed great variability among functional units and
methodologies used; as such, the conclusion was made that a
universal ranking per unit for the materials based on the
existing research is impossible. As a result, the results
provided below are offered as a comparative framework
only.

RESULTS

The current literature suggests that plastic is an important
material from a technical perspective due to its low density
and various desirable characteristics, such as barriers,
mechanical, and processing characteristics[26]. Plastic food
packaging can be produced fast, heat-sealed and combined
with automated filling lines. Plastic can also lower the
weight during transportation compared to heavy
materials[27].

ENVIRONMENTAL EFFECTS

The first major environmental problem is that of persistent
plastic waste. Geyer et al. provided a picture of plastic
production historically and the very small amount of plastic
that was recycled up to 2015[28]. Food packaging becomes
an environmental issue due to the variety of types of
packaging, which can be used for a limited time period and
disposed for a long time. Flexible films and multilayer
laminates become very hard to recycle economically when
they become thin, dirty or incompatible.

It is also necessary to pay attention to the environmental
issues that occur even before the waste stage[29]. Most
conventional plastics are obtained from fossil-based feed-
stocks, so the extraction of raw material, polymer
production, processing and transportation cause energy
consumption and greenhouse gas emissions. But the
environmental impact varies when considering weight of the
packaging, food loss, efficient transportation and reuse. In a
recent systematic review of food-packaging LCAs, it was

[JERTV151S090733

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 15 Issue 09, September - 2026

shown that global warming potential was the most common
impact category considered in such studies[30].

FOOD SAFETY AND FOOD-CONTACT EFFECTS

Food contact plastics are made to satisfy certain
specifications in performance characteristics, but their
compounds may migrate into foods when proper conditions
are met[31]. The extent of migration is based on polymer
type, additives, food simulant, temperature, and time of
contact. Regulations have been developed for the approval
of the substances allowed in plastics as well as their
migration. Food Safety Standards Authority of India's
packaging regulation defines the specifications of food-
grade plastics as well as the limits of migration of plastics
meant to come into contact with food[32].

Studies related to micro-plastics and nano-plastics are yet
another avenue of exploration. In a study published in 2025,
worries about potential particles’ emission from heat-
sensitive packaging of food were raised, and the need for
improved methods of detection and exposure assessment
was discussed.

PLASTIC WASTE MANAGEMENT

The use of recycled plastics may help avoid the usage of
virgin polymers, although there are some special
requirements regarding food contact recycling. In particular,
the present-day framework of recycled plastic for food
contact developed by the European Commission implies the
implementation of certain control measures concerning
recycling technology and processes. There is even the
experience in this area from India with respect to recycled
PET[33].

RESULTS - POTENTIAL SUBSTITUTES

Several material types were found to be suitable for use as
an alternative to plastic for some food-processing
applications. These vary widely in their appropriateness
depending on the particular product being processed and
various other factors.

Alternative  [Potential Advantages [Limitations
applications
Glass Beverage Excellent Heavy;
bottles,  jars,barrier; breakage;
sauces reusable; higher transport
established weight
recycling
Aluminium  |Cans, trays,/Strong barrier;Energy-
metal closures high recycling|intensive
value; thermallprimary
processing production;
compatibility |forming/coating
needs
Paper, paper |Cartons, Renewable Moisture/grease
board secondary fibre feedstock;barrier ~ often
packs, drylprintable; needs coatings
foods lightweight
Molded fibre ([Trays, bowls,[Potentially Water and oil
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food-service
items

renewable and
recyclable/com

resistance  can
be challenging

postable in
suitable
systems
Cellulose films|Dry foods,|Bio-based,; Moisture barrier|
wraps, useful filmjand cost
specialty films |properties limitations
PLA Cups,  trays,Bio-based; Heat resistance
films, selectedlindustrially  jand end-of-life
food packagingicompostable infinfrastructure
suitable limitations
Ssystems
PHA Films, Biodegradable/|Cost, scale and
coatings, compostable  |processing
containers potential; bio-lchallenges
derived
Chitosan/starch|Coatings  and|Renewable;  [Moisture
active films  |can carryjsensitivity;
functional mechanical
additives limitations

According to recent literature, despite the promising features
of biodegradable polymers such as PLA and PHA, there are
still some problems concerning their costs, effectiveness and
end-of-life disposal facilities[34]. PHA seems to be of
special interest due to its microbial origin, which allows
having biodegradable and compostable properties; the main
areas of research include processing, barrier and economic
efficiency improvement. The systems based on starch,
cellulose and chitosan may also have beneficial film-
forming and coating properties[35].

REUSABLE AND REDUCTION STRATEGIES
Material substitution is not the whole answer. Packaging

reduction
unnecessary

may
layers,

include

light-weighting,
concentrated products,

removal of
refills and

package redesign[36]. Returnable packaging, whether it be
pallets, containers or food-service ware, will minimize
single use packaging when there is an efficient collection,
wash and reverse logistics system. However, reuse does
have its water, detergent, energy and transportation costs
associated with it, and there are issues with hygiene.
Therefore, in certain circumstances, the environmentally
preferable choice will depend on the situation.

Recycling is yet another method to consider. One made out
of a single compatible polymer can be more readily sorted
and recycled than the multi-material construction, as long as
it satisfies the performance and food contact specifications
of the final product[37]. Proper material identification,
closures, labels and adhesives will help with the sorting
process. In any case, the package design must be consistent
with the chosen end-of-life solution.
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DISCUSSION

The evidence suggests that plastic used in food processing
should not be considered a homogenous category. Various
plastics and different packaging designs have various
functions, effects and post-consumption destinations[38].
The core issue is about retaining the food safety and shelf
life benefits of packaging while minimizing the material use
and generation of persistent waste. That is why the life cycle
and functional analysis approach is more helpful than simply
asking whether plastic is to be substituted[39].

First, the emphasis needs to be put on the reduction of
unnecessary material use where it goes beyond the essential
functions performed by packaging[40]. The light-weighting
of products allows decreasing the material consumption rate
without altering the essence of packaging design. Second,
there is a place for reuse wherever it is possible in terms of
technology and hygiene[41]. Third, recycling is achievable
through the development of packaging designs fitting
existing systems for collection and processing[42].

Material substitution by biopolymers appears to be viable
where the role of the plastic is served by an environmentally
friendly or biodegradable polymer without increasing the
life-cycle impact. According to a review published in 2025,
packaging by biopolymers is able to decrease environmental
impacts relative to conventional plastics, yet it faces high
costs and poor recycling capacity issues[43]. In another
review released in 2026, biodegradable polymers proved to
have significant prospects, but their barrier and mechanical
properties need to be improved as well as advanced
processing techniques used.

WHY A SINGLE REPLACEMENT IS NOT
SUFFICIENT

While glass materials may offer good barrier properties and
reusability and recyclability, their heaviness due to high
density and fragility are issues that need to be
considered[44]. Metals can be subjected to high temperature
processing and can be good barrier materials; however, their
production involves significant amounts of energy and most
of food containers need coatings made of polymers. Paper
and molded fibre may have the advantage of renewable
origin, however, they may need coatings which can protect
from water, grease and oxygen. The presence of complicated
composite structure can hinder recycling process[45].

Biopolymer materials such as PLA or PHA may help to
reduce the reliance on fossil-based polymers in some
applications, but their environmental benefits will depend on
feedstock, production process, package weight and the way
of disposal. Biodegradable or compostable packages do not
add any environmental benefit when they are disposed into
the landfill or contaminate the recycling process. Thus, such
claims as ‘biodegradable’ or ‘compostable’ should be
connected with particular standards and conditions[46].

FOOD SAFETY MUST REMAIN THE PRIMARY
DESIGN CONSTRAINT

Food is protected by packaging against any form of
contamination, and hence, wrong substitutions can result in
spoilage or food safety threats[47]. The latest work by the
Food and Agriculture Organization of the United Nations
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regarding recycled and innovative food contact materials
stresses the importance of analyzing the risks posed by
chemicals that are able to migrate from recycled or
innovative materials to food products.

DISCUSSION — IMPLEMENTATION FRAMEWORK

A practical transition for the food-processing industry could
be done in the following way. First, the company would
need to identify all plastic applications including primary
packaging, secondary packaging, transport packaging, and
processing aids[48]. Second, each application will have a
function specification associated with it. Third, the plastic
that is not necessary would need to be minimized. Fourth,
other applications should be evaluated on whether they
could be reused, redesigned, have recycled content or
substitute material used.

Stage Action Expected outcome

1. Audit Measure plasticiBaseline plastic
types,  quantities,jinventory
applications  and
disposal routes

2. Function Define barrier,[Performance
strength, specification
temperature,

hygiene and shelf-
life requirements

3. Reduce Lightweight, Lower material
eliminate demand
unnecessary
components  and
optimize
dimensions
4. Reuse Assess  returnable/Lower single-use
crates, containersiconsumption
and refill systems
5. Redesign Prefer compatiblellmproved

mono-material  orjrecyclability
readily  separable
structures  where
feasible

6. Substitute Test glass, metal,Reduced

fibre, cellulose oriconventional plastic
biopolymers  forldependence
suitable

applications
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7. Validate Conduct food-|Evidence-based
contact, shelf-life,selection
mechanical and
life-cycle
assessments

8. Monitor Track waste,|Continuous
recycling rate,improvement
product loss and
cost

ROLE OF POLICY AND INDUSTRY

Regulation can help in creating a safe system through food
contact  specifications, recycled-content  regulations,
responsibility of producers and waste management
requirements. FSSAI has the Food Safety and Standards
(Packaging) Regulations and has also provided updates on
recycled PET for use as food contact material[49]. Similarly,
the Plastic Waste Management rules and amendments are
with the Ministry of Environment, Forest and Climate
Change. This shows that substitution and circular economy
will need collaboration between the producers, packaging
converters, food companies, recyclers, regulators and
consumers.

The industry can help through developing packaging
suitable for realistic recycling process, minimizing
unnecessary Vvariation in materials used and working
together with collection and recycling partners. Food
companies should provide performance data on their
packaging using metrics such as packaging weight per
kilogram of food, recycled content, portion recyclable or
reusable, food loss, energy consumed and greenhouse gas
emission. Such metrics are more effective than claiming a
material to be ‘green’.

FUTURE RESEARCH NEEDS

* Life cycle assessment techniques that allow comparison of
food packaging systems through standardization of their
functions and boundary conditions[50].

* Improving barrier properties and mechanical properties of
fiber-based packaging and biodegradable packaging under
humid and high-temperature conditions[51].

» Reliable analytical methods and exposure methods for
micro plastics and nano-plastics in food contact materials.
* Processes that recycle food-safe food contact polymers
after their consumer use.
* Economic models that correlate the material costs of
alternative materials with the recycling infrastructure costs.
» Research related to application specific studies of Indian
food products.
These areas of research are in line with the existing
literature, as it highlights performance, cost, regulations and
end-of-life  infrastructure as important barriers to
substitution.

CONCLUSIONS

Plastic is well entrenched in food processing due to its
ability to combine several qualities — lightness,
processability, sealability, mechanical resistance and barrier
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performance — which cannot be matched with any single
material. The main issues that plastic poses relate to the
persistence of most traditional plastics, relatively short usage
time of certain types of packaging, leakage in waste
management systems and difficulty of recycling
contaminated and multi-layered products. It is also
necessary to consider food contact safety, as there is
migration of substances from packaging to foods, as well as
developing research on micro/nano plastic release.

Based on the information presented in the literature review,
it can be said that the most realistic scenario of transition
does not include the replacement of all the plastics with any
single material. In food processing industries, a hierarchy
should be implemented, which includes reducing the use of
plastics, reusing packaging, recyclable design, use of safe
recycled content and selection of substitutes. Such materials
as glass, metal, paperboard, moulded fiber, cellulose films,
PLA, PHA, starches and chitosan-based materials have
certain uses and limits.

These are due to both technological and environmental
reasons. Poor packaging leads to higher food waste, while
poor recoverability leads to higher waste. The most
sustainable option is thus the one that achieves the necessary
protection of food in the best way possible using the
minimum amount of material with the least environmental
impact in a realistic circular economy scenario. This
depends on future advancements in material science, safe
recycled  polymers, high-performance fibres and
biopolymers[53].
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