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INTRODUCTION

food packaging is one of the crucial stages in food production

which ensures maintaining of the quality of food products

during their storage, transport and distribution. due to the

properties, a low cost and availability of the resources for

production, the petroleum-derived plastics are most frequently

used materials in production of packaging (porta et al., 2020).

food packaging is an indispensable medium for supply of the

food products to the consumer. they increase the stability of

the product via ensuring a physical barrier against the

unfavourable environmental factors such as microbiological

and chemical contamination; they also facilitate the service,

storage and transport of the product (perera et al. 2023). the

packaging made from classical plastics is not, however,
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STRESZCZENIE: Rosnąca z każdym rokiem potrzeba ochrony środowiska powoduje zwiększające się zapotrzebowanie na produkcję opakowań przyjaznych
dla środowiska i przedłużających ich termin do spożycia, trwałych i ze zrównoważonych materiałów opakowaniowych. Ważne jest dzisiaj aby unikać
marnowania żywności i zanieczyszczenia środowiska. Odpowiedzią na te wymagania są innowacyjne podejścia, takie jak: folie jadalne, biopolimery czy
zastosowanie dodatków, które pozwolą dłużej korzystać z żywności. Opakowania aktywne to nowa ścieżka pakowania żywności, koncentrująca się na
tworzeniu wielofunkcyjnego systemu poprzez formułowanie substancji aktywnych w matrycach polimerowych opakowań. Opakowania takie mają ogromny
potencjał do zastosowania w kontakcie z żywnością ze względu na ich pozytywny wpływ na problemy ekologiczne i inne unikalne właściwości. Celem
niniejszego artykułu jest przedstawienie nowoczesnych rozwiązań w wytwarzaniu biopolimerów wykorzystywanych do produkcji opakowań do żywności
oraz tworzeniu opakowań bardziej funkcjonalnych. W przeglądzie pokazano działania związane z powstawaniem coraz bardziej ekologicznych i
funkcjonalnych opakowań przyjaznych dla środowiska oraz wskazano jakie bariery z tym są związane.
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biodegradable and consumes non-renewable raw materials

such as petroleum (Borah, dutta, 2019). Additionally, the

application of plastics is so universally popular that there is no

possibility of controlling their use. it refers, in particular, to

packaging used in food industry, with a very short life cycle. it

causes the appearance of the problems with the increasing

number of the collected wastes and the proceeding

contamination of natural environment (Wróblewska-krepsztul

et al., 2017). the wastes and the resulting threats constitute

the problem, connected with the natural environment protection

that is increasing year by year. the disposal of the waste and,

especially of multi-material packaging produced by the industry,

is a difficult and meaningful problem of the present time

(Wróblewska-krepsztul, rydzkowski, 2019).

therefore, the science is nowadays focused on the searches

for the alternatives to petroleum and on the pressure aimed at

the decrease of the effect of the above product on the

environment. the studies are more and more concentrated on

development of biodegradable food packaging produced from

materials on the basis of biopolymers. new packaging

materials, for example, biodegradable packaging or edible

packaging, may satisfy the world demand on environment-

friendly and natural food in the future. food packaging sector

has become greatly developed during the recent years owing

to the progress in food packaging technologies, such as active

packaging, aseptic packaging, smart (intelligent) packaging,

bioactive packaging, edible packaging which are the research

trends in development. the progress in the mentioned

packaging technologies may prevent the deterioration of food

via maintaining the food standard at the highest possible level;

it may help in satisfying the needs of the consumers in the

whole food supply chain and also, in meeting the requirements,

resulting from the rules concerning food packaging (Borah,

dutta, 2019). the development in the packaging industry

brought the increase in functionality of packaging materials,

being employed in food industry what, unfortunately, did not

improve their ecological friendliness. 

nowadays, there are the searches for packaging which would

be less harmful to the environment, in accordance with the

principle of “zero waste”. the appropriate disposal of packaging

waste may considerably reduce their accumulation at the

landfills. to counteract the climate crisis and degradation of

the environment, the european union forces introduction of

the changes in production of packaging, leading to climate-

neutral economy up to 2050 (mikus, galus, 2023). 

plastics waste and food deterioration all over the world are

recognized as the crucial environmental and economic

problems, requiring solution. At present, only a small percent

of food waste is composted and the residues of non-utilized

food constitute the most of solid municipal waste which is

degradable (tomić et al., 2023). One of the methods of coping

with the polymer waste includes production of bio-composites.

they are not, however, the appropriate solution because after

their utilization, they create the problematic waste, as well.

degradation and decomposition of composites consisting of

polymers, reinforced with e.g. carbon fibres, are difficult.

moreover, production of the mentioned polymer materials is

expensive. Additionally, recycling of such type of materials is

problematic due to a long decomposition period and generation

of toxins which are released during the degradation process

(czarnecka-komorowska et al., 2022). 

food may be subjected to physical, chemical, biochemical and

microbiological deterioration. it is estimated that the quantity

of the wasted food per year could become a food for one eight

of the world’s population and might become a solution for the

problem of satisfying the increased global demand on food

(tomić et al., 2023). therefore, there are developed and

improved the packaging owing to which the longer food storage

is possible; consequently, the amount of the produced waste

is decreased and the environment is less contaminated. 

the environmental problems caused by traditional polymers

forces the searches for alternative packaging materials.

Biodegradable films based on biopolymers have become such

alternative. in 2020, the quantity of bioplastic materials,

employed in food packaging was equal to 0.99 million tons

what constitutes 47% of the total production of bio-originated

plastics. the raw materials used in production of biopolymers

are relatively easily available and production of biopolymers

utilizes agricultural waste what, in combination with advantages

for the environment, makes that production of biopolymers is
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profitable. contrary to the traditional food packaging, the

functionalised packaging systems – which have been

developed with the aim to add various bioactive compounds

to matrix materials – may lead to a wide spectrum of biological

effects such as antibacterial and antioxidative effect.

simultaneously, they may also protect food products from other

detrimental environmental factors. Active materials are obtained

via settlement of the bioactive material, usually of vegetal origin,

in polymer. the essential oils are found in the centre of attention

as active compounds, mainly due to their antibacterial and

antioxidant properties (gil, rudy, 2023). 

bIOPOLYMERs 

plastics penetrating the environment in a form of big or small

fragments may cause various environmental problems. they

may change a way of ecosystems’ acting and be harmful for

living organisms. finally, they may get to food chain what may

become harmful to human health. At present, it is impossible

to stop the penetration of plastics to the environment in various

forms. therefore, the limitation of environment contamination

caused by plastics, also in a form of microplastics is

increasingly important (dirpan et al., 2023). Bioplastics are the

alternative to traditional plastics used in packaging industry.

they have the similar or even the same properties as the

traditional plastics and, moreover, they offer the additional

profits for the environment such as reduced carbon footprint

or the additional options of waste management such as

composting (Wiszumirska et al., 2023). Biopolymers are

polymers, consisting of monomeric units which are covalently

bound, creating the molecules which resemble chains. the

prefix bio- means that a given substance is of natural origin

and often, it is a biodegradable material. therefore, biopolymers

have a capability of degrading or degrading, as affected by

natural organisms, leaving the organic by-products such as

cO2 and h2O, being safe for the environment. Biopolymers have

been recognized as the materials alternative to plastics

produced from petroleum because they are subjected to

biodegradation, are renewable and occur universally (Othman,

2014).  Biopolymers may be considered as the meaningful

alternative to synthetic polymers in food packaging industry

due to their biodegradability, biocompatibility, easy renewability

and general good mechanical properties, comparable to the

properties of the traditional polymers (moeini et al., 2021). in

fig.1 the selected examples of biopolymers have been shown. 

earlier, the most universal type of biopolymers for the

application in food packaging included natural biopolymers, for

example starch, cellulose, chitosan and agar which derived

from carbohydrates and also, gelatine, alginate, whey protein

and collagen which originate from protein. At present, the

development of technology has brought about the generation

of synthetic biopolymers which include: polylactic acid (pLA),

polycaprolactone (pcL), polyglycolic acid (pgA), polyvinyl

alcohol (pVA) and polybuthylene succinate (pBs). the

advantages of synthetic biopolymers cover the potential to

create the sustainable industry, and also, improvement of

different properties such as stability, elasticity, high polish,

transparency and resistance to stretching (tensile strength)

(Othman, 2014). 

Polysaccharides 
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fIg.1. The SelecTed exAmPleS of bIoPolymeRS (SIoNkowSkA, A., & lewANdowSkA, k. (2016). bIoPolymeRS, PRojecT “STReNgTheNINg 

of dIdAcTIc PoTeNTIAl of The NIcolAS coPeRNIcuS uNIVeRSITy (umk) IN ToRuń IN mAThemATIcS ANd lIfe ScIeNceS”, ImPlemeNTed uNdeR 

The SubAcTIoN 4.1. of The oPeRATINg PRogRAmme: humAN PoTeNTIAl)
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gradually with the time, biodegradable materials are subjected

to a complete degradation whereas the non-degradable plastics

remain in the environment for the hundreds of the years (dirpan

et al., 2023). the application of the polysaccharide-based

(cellulose, starch and alginate) biodegradable polymers has 

a potential in respect of the environmental sustainability,

reprocessing or environment protection (nath et al., 2023). 

the application of biopolymers as packaging materials

becomes, therefore, the new trend all over the world owing to

their main advantages, in comparison to plastics, such as

biodegradability, environment-friendly character, non-toxicity

and biocompatibility. the mentioned natural biopolymers have

the excellent, coating-forming and coherent structures; it is

possible to produce thin protective layers from the discussed

materials (perera et al., 2023). 

in manufacture of biodegradable packaging materials, we may

employ natural polymers and their derivates. Biodegradable

polymers are easily subjected to degradation and protect the

environment. Apart from chemical and physical methods,

microorganisms play the important role in degradation of

polymers. Biodegradation affects the surface of plastics and,

also, modifies physical, chemical and mechanical properties.

chemical and structural changes affect the structure and

composition of polymers (Agarwal et al., 2023). According to

W. Zhang et al., tannic acid has a promising application as

being a non-toxic, easily available and cheap green cross-linking

agent for multifunctional biomaterials in obtaining of

biodegradable packaging films for food. the addition of tannic

acid may significantly affect the activity of various degradable

food packaging films. in particular, it may improve generally

the effect of film for food packaging based on biopolymers,

including the barrier properties in relation to uV light, barrier

properties for gases, mechanical features, sensitivity to water

and antioxidant and antibacterial properties. moreover, the

combination of tannic acid with other additives or plasticisers

may synergistically improve properties of film. What important,

films intended for food packaging based on tannic acid cross-

linked biopolymer reveal also the surprising results in respect

of fresh food preservation (Zhang et al., 2023). 

there are certain limitations in the application of biopolymers

in food packaging. the mentioned limitations include a low

barrier property, mechanical qualities, and heavy technological

properties; additionally, they have relatively high prices as

compared to the traditional petroleum-originating products

(taherimehr et al., 2021).  According to the studies, it was found

that the coatings with chitosan may prolong effectively the

shelf-life of many fresh food products within the frames of the

strategy of edible organic food preservation, mainly due to the

improvement of the structure of cross-linked web of molecules

with chitosan via addition of phenolic acids of vegetal origin

(Zhang et al., 2023). 

there are also polymer films and coating on the basis of

proteins which are the intriguing material for the application in

food packaging. the protein-based polymers showed the unique

physical and chemical properties in respect of forming films

and coatings. they have excellent barrier properties which

protect food from oxygen, humidity and other environmental

factors which may lead to deterioration of the quality and

spoilage of the product. they have also perfect coating-forming

properties, biodegradability, compostability and friendliness to

the environment. moreover, they have very good mechanical

properties such as tensile strength and elasticity, owing to

which they are suitable for packaging of various types of food.

the most of the proteins, employed in polymer materials 

such as casein, whey protein, soy protein, zeina, gelatine 

are sustainable and environment-friendly. certain active

components such as nanoparticles of metals/metal oxides,

antioxidants and/or antibacterial/antiviral agents may be

included to films/coatings in order to prevent effectively or

delay the microbiological contamination, oxidation of lipids,

and to ensure food safety and prolong the shelf life of foods.

the discussed films are usually less transparent as compared

to synthetic films and their properties may be affected 

by humidity, ph and temperature. they are however more

expensive in respect of production in comparison to the

commercial synthetic materials. the further research is

necessary in order to improve the properties, to lower the

manufacturing costs and increase the scale of production, with

the aim to utilize fully the potential of the discussed protein-
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based polymers. the application of protein films in food

packaging is the subject of the current studies and their

technology is still developed. We should conduct the studies

of new, natural, biodegradable, profitable and environment-

friendly proteins as polymers with the improved physical-

chemical and mechanical qualities, originating from different

sources such as insects, algae and microorganisms in order to

generate the new films for food packaging at the high scale

(Bhaskar et al., 2023). 

EDIbLE POLYMERs

edible films are the initially formed thin layers which are then

put on the food surface via wrapping; on the other hand, the

coatings are, in general, the solutions which are laid directly on

the surface of the products and then, remain there for creation

of a thin layer (koirala et al., 2023). they are considered as the

alternative to synthetic polymers as they help to prolong the

shelf life of the products, protect the food from mechanical and

microbiological damages, limit the loss of humidity and volatile

substances, inhibit the biochemical processes of deterioration

(i.e. they help in minimization of lipid oxidation, limit the loss of

the product’s weight, slowed-down breathing and enzymatic

browning of food products) and improve the appearance of food

and improve its nutritive, biological and sensory quality (yadav

et al., 2023). the advanced edible films and coatings may also

serve as a matrix for supply of active components such as

natural antimicrobial agents, nutraceuticals, the agents

preventing browning reaction and natural flavouring compounds

(Amon-rips, poverenov, 2016). in manufacture of edible films

and coatings, the biopolymers are employed, i.e. polysaccharides,

lipids and proteins which form the basic materials used owing

to their biodegradable and compostable properties and also, due

to a slow release of substances where the active contribution to

food preservation is dependent on packaging (dutta, sit, 2023).

in fig.2, the exemplified scheme of edible film production has

been presented. 

the current idea of packaging has been changed in such a way

that they cannot be limited only to protective, barrier materials

fIg.2. Scheme of mANufAcTuRe of edIble fIlmS (NAIR, S.S., TRAfIAłek, j., & kolANowSkI, w. (2023). 

edIble PAckAgINg: A TechNologIcAl uPdATe foR The SuSTAINAble fuTuRe of The food INduSTRy. APPlIed ScIeNceS, 13 (14), 8234)

addition of component

Solution in a form of film/coating

homogenisation and degasifying
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but they should also include other functions such as antioxidant

effect, antimicrobial properties of oxygen trapping and also,

the presence of sensors, transforming the traditional packaging

into active or intelligent packaging; some of them are edible

films/coatings. the range of the studies of edible films has

been recently increased. nevertheless, the edible films have

been for a long time employed with the aim to protect food

and prolong their shelf life. certain examples include wax or

lard, used in fruits, vegetables, meat and fish. moreover, 

the scientists have recently studied specific applications 

of film which are connected with the use of edible films as

packaging systems. they include soluble sachets made from

polysaccharide and gelatine, coming from soy seeds and used

in soups and drinks (to be dissolved in water). Other examples

are edible wrappings made from gelatine and pectin, employed

in order to decrease the humidity level in ricotta cheese. Also,

the primary packaging of single candies may be replaced with

edible films (gaspar, Braga, 2023). therefore, the scientists

work upon finding the materials which could replace polymer

petroleum-based films for food packaging. At present, some

polymers of natural origin such as polysaccharides and proteins

are employed as ideal materials in a form of films for food

packaging. Biodegradable agar-based films for food packaging

are a new promising achievement in aspect of sustainable

packaging. it has been found that the functional agar-based

film reveals a good bioactivity and biocompatibility and may

also serve as an excellent carrier of active substances. At the

present moment, the discussed films are the most promising

candidates to be applied in food packaging due to their perfect

properties in respect of water resistance as compared to other

universally employed biopolymers. moreover, they are suitable

for prolongation of the shelf life of the packaged food products

such as meat, fish, vegetables and fruits. it was also found

that the intelligent agar-based colour indicator was suitable for

tracing the freshness of packaged food products such as fish

and meat (roy et al., 2023). 

Apart from agar, another sea-originating substance is used in

production of edible films. it is alginate. it creates the edible

coating with good barrier and mechanical properties which

allow protection of active components via capsulation. such

coatings are often supplemented with garlic oil as natural

antibacterial agent. Alginate is partially sprayed with calcium

and mixed with starch in order to obtain high water retention in

the coating. it is important in obtaining homogenous mass 

and coating owing to pressing, with the aim to improve its

rheological qualities. Alginates have been used in many

applications in biomedical sciences as dressing materials.

sodium alginate, in particular, employed in a form of hydrogel,

becomes more and more considered in science due to its

physico-chemical properties. materials produced from alginate

are recognised as friendly to humans owing to biocompatibility

of tissues what enables their application in biomedical

engineering (Wróblewska-krepsztul et al., 2019). 

Additionally, there are produced films and packaging in

accordance with the principle zero waste and based on the

application of fruit and vegetable residues. matrix-creating

polysaccharides and nutrients present on the fruits make that

the mentioned films are the ideal materials for creation of edible

films and coating materials; they have also high nutritive values.

it brings us to the point where we may partially replace the

non-renewable and traditional materials with the residues of

agricultural industry owing to their profitable and sustainable

nature (Bose e t al., 2023). According to the studies conducted

by said et al., the extracted hybrid citrus pectin, as employed in

production of packaging, has preserved its functional structure,

occurring in commercially available citrus pectin. citrus pectin-

containing hybrid films and coating showed the improved

physical properties, including the increased mechanical

resistance and elasticity, with the simultaneous preservation

of comparable barrier qualities in comparison to the

commercially available film made from citrus pectin. the

correlation analysis has additionally confirmed the effect of

the composition of pectins on the properties of edible film (said

et al., 2023). the on-going studies of the properties of films,

obtained on the basis of natural mixtures (flour, mash and juice)

and their comparison with the films, originating from their

components, supply the valuable information about the nature

of interactions, occurring in polymer matrix. development of

the knowledge on the edible films and coatings coming from

fruit and vegetal semi-products is a promising way for scientific
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research, consistent with the principles of sustainable

development (Janowicz et al., 2023). 

EssENTIAL OILs IN PACKAGING INDUsTRY 

during the recent years, the studies on the packaging materials

have been intensified mainly due to the need of increasing the

sustainable nature of packaging, with the simultaneous further

reduction of food spoilage. it caused paying attention to

renewable materials such as chitosan and cellulose, and the

application of natural compounds such as essential oils, with

the aim to obtain or strengthen the antibacterial properties of

packaging and by this, prolonging the shelf life of the product

(casalini, giacinti Baschetti, 2023). According to the studies,

tulsi oil-containing chitosan film may potentially delay oxidation

of lipids present in the fired products, increasing the oxidative

stability (kumar et al., 2023). the application of certain essential

oils in biodegradable materials for active food packaging may

be somewhat limited due to their strong smell. the addition of

the essential oils to packaging material matrix may, however,

considerably improve their antibacterial properties owing to

generation of interactions with polymer film and limitation of

the penetration of antibacterial agents to food (sharma et al.,

2021). the essential oils and packaging film lead to the

reduction of the weight loss, colour changes, rate of breathing

and prolongation of the shelf life of fruits and vegetables via

the delay of their maturation. general effectiveness of the

essential oils and packaging film in respect of preservation of

the quality of fresh products is dependent on a type of the

essential oils and their composition, type of packaging

materials, kind of food product, type of pathogens, way of

application, etc. the essential oil-containing packaging film

may, however, change the sensory qualities of the fresh

products. moreover, due to the complex character of food

system, the activity of essential oils may be decreased;

therefore, in order to obtain the antibacterial effect, their higher

dose may be required; it may, in turn, negatively affect the

sensory qualities of food products (perumal et al., 2022).

in tab.1, the effect of the selected essential oils on the bacterial

pathogens and their application in the selected food products

has been presented. 

the essential oils have a potential to protect food matrices

from various microorganisms and keeping the quality of 

meat, fish, dairy products, fruits and vegetables. it was also

documented that they had a great influence on cooking and

prolonged the shelf-life of food products. the basic material of

capsulated and nano-capsulated essential oils ensures their

constant release in reaction to different releasing factors and

it promotes better preservation of food. the essential oils

improve active properties of packaging material. therefore,

some approaches to introduction of essential oils to packaging

matrix have been developed with the aim to increase the

bioactivity and modification of biopolymers’ properties in the

application to food packaging. from among all biopolymers

employed in the packaging sector, a special attention was paid

to edible or biodegradable polymers based on polysaccharides.

in spite of this fact, the weak mechanical and barrier properties

of the mentioned biopolymers limit the spectrum of their

applications in various products. the properties of the

discussed polymers may be increased via chemical and

enzymatic treatment. however, if packaging material comes

into close contact with food, the concerns will appear relating

to safety. to these ends, we may add hydrophobic substances

such as essential oils with the aim to change physical and

chemical composition of biopolymer; it will finally improve the

effect of packaing as a whole (rout et al., 2022).

the scientists have stated that essential oils as added to edible

seaweeds-based polysaccharide films (agar, alginate, furcellate

and carrageenan) have a big potential as edible film owing to

their perfect barrier and coating-forming properties. On the

other hand, the essential oils as natural bioactive functional

materials with strong antibacterial, uV-light barrier and

antioxidant properties may be a promising choice in

development of edible, functional, active packaging materials

with excellent properties. the system of packaging produced

from seaweed-based biopolymers with the addition of the

essential oils may potentially improve physicochemical,

antioxidant and antibacterial properties. the recent studies

have demonstrated that the essential oils constitute the

important strategy of improving the seaweed-based films and

coatings used in food applications. films and coating, based



essential oil                                           concentration                   Bacterial species                                                                                                    Food product 

Oregano and rosemary                       Oregano (0.07 μL/g) 

                                                                rosemary (2.65 μL/g)      E. coli O157:H7, L. acidophilus LA-5                                                                        cheese from Minas

                                                                1,0%                                     Staphylococcus aureus, Escherichia coli                                                               Meat from chick breast 

Black caraway                                      0.5% v/v                              Listeria, lactic acid bacteria, Enterobacter spp., Escherichia spp.                      gouda cheese

                                                                                                             Pseudomonas spp.

                                                               0.63-2.00 µl/ml                  Escherichia coli, Shewanella putrefaciens, Pseudomonas aeruginosa,             water products

                                                                                                             Vibrio parahaemolyticus  Staphylococcus aureus

                                                                0.8-4 µl/ml                          Escherichia coli, Pseudomonas aeruginosa, Enterobacter sakazakii,

eucalyptus                                                                                          Bacillus cereus, Klebsiella ornithinolytica, Staphylococcus aureus,

                                                                                                             Aspergillus flavus, Aspergillus niger, Aspergillus fumigatus                              Fruit juice from orangina

                                                                                                             Saccharomyces cerevisiae, Aspergillus brasiliensis, Candida albicans,

                                                                                                             Trichosporon sp., Candida parapsilosis                                                                  

cinnamon                                              10 µl/ml                              Listeria monocytogenes                                                                                           Milk 

clove                                                      0.05-0.8% (v/v)                   Penicillium italicum                                                                                                  citrus fruits 

popular thyme (Thymus vulgaris)      0.003-0.4% (v/v)                Listeria monocytogenes                                                                                           Fresh vegetables 

exotic verbena (Litsea cubeba)        1.5 mg/ml                           Escherichia coli O157:H7                                                                                         vegetal juices 
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upon seaweeds, activated by the essential oils, are very effective

in prolongation of the shelf life of meat, fish, fruit and other

food products; this fact indicates their good potential as

packaging material (ebrahimzadeh et al., 2023). 

many coating produced with the additive of the essential oils

has been suggested as natural antioxidants and antibacterial

agents in meat and meat derivates. such approach to packaging

prolongs the shelf life of the mentioned products owing to delay

of their spoilage and limitation of the growth of pathogenic

microorganisms, reduction of oxidation of lipids, proteins and

pigments and the prolongation of the period during which the

products are acceptable from the sensory quality point of view.

due to their preserving effect, the essential oils are the excellent

alternative to synthetic antioxidants as they improve the sensory

qualities in the majority of the tested kinds of meat. On the 

other hand, in order to avoid the unfavourable effect on

physicochemical and sensory properties of the coated meat and

meat products with the essential oils, the additional studies

concerning their toxicological effects and their safe rates are

necessary. the future studies are indispensable for improvement

of the coating properties and technical/manufacturing conditions

and for estimation of the correctness of packaging /final product,

especially in the case of industrial meat production (smaoui 

et al., 2022). in the future, it will be possible to test various

combinations of biodegradable polymers and natural

antibacterial compound with the aim to produce the dedicated

active packaging for other food products (rusková et l., 2023). 

CONCLUsIONs 

1. Biodegradable polymers help to minimize the effect of

production and application of plastics on the environment,

contributing in this way to the support of green economy;

2. the development of biodegradable polymer films becomes

more and more necessary as the spreading out of non-

degradable plastic packaging makes the considerable

damages to environment as well as human life;

revIeWed artIcle

TAb.1. The exemPlIfIed effecT of eSSeNTIAl oIlS oN bAcTeRIAl PAThogeNS 

(RouT, S., TAmbe, S., deShmukh, R.k., mAlI, S., cRuz, j., SRIVASTAV, P.P.,...& de olIVeIRA, m.S. (2022). ReceNT TReNdS IN The APPlIcATIoN 

of eSSeNTIAl oIlS: The NexT geNeRATIoN of food PReSeRVATIoN ANd food PAckAgINg. TReNdS IN food ScIeNce &TechNology)



24

pAckAging reVieW 1/2024

revIeWed artIcle

3. food packaging is the area of constant development and

the requirements of the consumers have been changed

during the recent years, indicating the direction of the

packaging materials of natural and sustainable origin;

4. more and more food products and their extracts are

employed in manufacture of edible films;

5. the future studies aimed at the improvement of the

properties of biodegradable polymers are necessary. there

are still visible drawbacks of certain types of edible films,

e.g. they are not effective in the case of all kinds of food

products because they are penetrable to acids, bases

(alkalis) and water;

6. the use of a part of fruit and vegetables as the key

components of edible films and coatings allows the re-use

of the raw materials with the lowered commercial value,

including the deformed and mechanically slightly damaged

products;

7. the films, activated with seaweeds/essential oils are the

promising alternative to the traditional packaging materials;

8. Bioactive components which play the important role in the

increase of functionality of packaging are a very interesting

area for the studies. they will contribute to prolongation of

the shelf life of food products; owing to this fact, the quantity

of the consumed packaging will be decreased and,

additionally, the amount of the wasted food will be reduced. 

bIblIogRAPhy 
1. Agarwal, A., shaida, B., rastogi, m., & singh, n. B. (2023). food packaging

materials with special reference to biopolymers-properties and

applications. Chemistry Africa, 6(1), 117-144.

2. Arnon-rips h., poverenov e., Biopolymers-embedded nanoemulsions and

other nanotechnological approaches for safety, quality, and storability

enhancement of food products: active edible coatings and films, grumezescu

A. m., in nanotechnology in the Agri-food industry, emulsions, Academic

press, 2016, pages 329-363, isBn 9780128043066,

3. Bhaskar, r., Zo, s. m., kanan, B. n., purohit, s., gupta, m. k., & han, s. s.

(2023). recent development of protein-based biopolymers in food packaging

applications: A review. polymer testing, 108097.

4. Borah, h., & dutta, u. (2019). trends in beverage packaging. Trends in beverage

packaging, 1-19.

5. Bose, i., singh, r., negi, s., & tiwari, k. (2023, may). utilization of edible film

and coating material obtained from fruits and vegetables residue: A review.

in AIP Conference Proceedings (Vol. 2521, no. 1). Aip publishing.

6. casalini, s., & giacinti Baschetti, m. (2023). the use of essential oils in

chitosan or cellulose‐based materials for the production of active food

packaging solutions: a review. Journal of the science of food and Agriculture,

103(3), 1021-104 

7. czarnecka-komorowska, d., tomasik, m., thakur, V. k., kostecka, e.,

rydzkowski, t., Jursa-kulesza, J., ... & gawdzińska, k. (2022). Biocomposite

composting based on the sugar-protein condensation theory. industrial

crops and products, 183, 114974.

8. dirpan, A., Ainani, A. f., & djalal, m. (2023). A review on Biopolymer-Based

Biodegradable film for food packaging: trends over the Last decade and

future research. polymers, 15(13), 278 

9. dutta, d., & sit, n. (2023). Application of natural extracts as active ingredient

in biopolymer based packaging systems.  Journal of Food Science and

Technology, 60(7), 1888-1902.

10. ebrahimzadeh, s., Biswas, d., roy, s., & mcclements, d. J. (2023).

incorporation of essential oils in edible seaweed-based films: 

A comprehensive review. trends in food science & technology.

11. gaspar, m. c., & Braga, m. e. (2023). edible films and coatings based on

agrifood residues: a new trend in the food packaging research. current

Opinion in food science, 50, 101006.

12. gil, m., & rudy, m. (2023). innovations in the packaging of meat and meat

products — A review. coatings, 13(2), 333.

13. Janowicz, m., galus, s., ciurzyńska, A., & nowacka, m. (2023). the potential

of edible films, sheets, and coatings Based on fruits and Vegetables in the

context of sustainable food packaging development. polymers, 15(21),

423.

14. koirala, p., nirmal, n. p., Woraprayote, W., Visessanguan, W., Bhandari, y.,

karim, n. u., ... & saricaoğlu, f. t. (2023). nano-engineered edible films and

coatings for seafood products. food packaging and shelf Life, 38, 101135.

15. kumar, h., Ahuja, A., kadam, A. A., rastogi, V. k., & negi, y. s. (2023).

Antioxidant film based on chitosan and tulsi essential oil for food

packaging. Food and Bioprocess Technology, 16(2), 342-355.

16. mikus, m., & galus, s., 2023, Biopolimerowe materiały aktywne do

żywności. Żywność: nauka-technologia-jakość, (2 (135)), 18-32.

17. moeini, A., germann, n., malinconico, m., & santagata, g. (2021). formulation

of secondary compounds as additives of biopolymer-based food packaging:

A review. Trends in Food Science & Technology, 114, 342-354.

18. nair, s. s., trafiałek, J., & kolanowski, W. (2023). edible packaging: 

A technological update for the sustainable future of the food industry. 

Applied Sciences, 13(14), 8234.

19. nath, p. c., sharma, r., debnath, s., sharma, m., inbaraj, B. s., dikkala, p. k.,

... & sridhar, k. (2023). recent trends in cellulose-based biodegradable

polymers for smart food packaging industry. international Journal of

Biological macromolecules, 127524.

20. Othman, s. h. (2014). Bio-nanocomposite materials for food packaging

applications: types of biopolymer and nano-sized filler. Agriculture and

Agricultural science procedia, 2, 296-303. 

21. perera, k. y., hopkins, m., Jaiswal, A. k., & Jaiswal, s. (2023). nanoclays-

containing bio-based packaging materials: properties, applications, safety,

and regulatory issues. Journal of nanostructure in chemistry, 1-23.

22. perera, k. y., Jaiswal, A. k., & Jaiswal, s. (2023). Biopolymer-Based

sustainable food packaging materials: challenges, solutions, and

Applications. Foods, 12(12), 2422.

23. perumal, A. B., huang, L., nambiar, r. B., he, y., Li, X., & sellamuthu, p. s.

(2022). Application of essential oils in packaging films for the preservation

of fruits and vegetables: A review. food chemistry, 375, 131810.

24. porta, r., sabbah, m., & di pierro, p. (2020). Biopolymers as food packaging

materials. international Journal of molecular sciences, 21(14), 4942.



25

pAckAging reVieW 1/2024

25. rout, s., tambe, s., deshmukh, r. k., mali, s., cruz, J., srivastav, p. p., ... & de

Oliveira, m. s. (2022). recent trends in the application of essential oils: the

next generation of food preservation and food packaging. trends in food

science & technology.

26. roy, s., chawla, r., santhosh, r., thakur, r., sarkar, p., & Zhang, W. (2023).

Agar-based edible films and food packaging application: A comprehensive

review. Trends in Food Science & Technology, 104198.

27. rusková, m., Opálková Šišková, A., mosnáčková, k., gago, c., guerreiro, 

A., Bučková, m., ... & Antunes, m. d. (2023). Biodegradable Active packaging

enriched with essential Oils for enhancing the shelf Life of strawberries.

Antioxidants, 12(3), 755.

28. said, n. s., Olawuyi, i. f., cho, h. s., & Lee, W. y. (2023). novel edible films

fabricated with hg-type pectin extracted from different types of hybrid citrus

peels: effects of pectin composition on film properties. International Journal

of Biological Macromolecules, 253, 127238.

29. sharma, s., Barkauskaite, s., Jaiswal, A. k., & Jaiswal, s. (2021). essential

oils as additives in active food packaging. food chemistry, 343, 128403.

30. sionkowska, A., & Lewandowska, k. (2016). Biopolimery, projekt pn.

„Wzmocnienie potencjału dydaktycznego umk w toruniu w dziedzinach

matematyczno-przyrodniczych”  realizowany w ramach poddziałania 

4. 1 programu Operacyjnego kapitał Ludzki.

31. smaoui, s., hlima, h. B., tavares, L., ennouri, k., Braiek, O. B., mellouli, L., ... &

khaneghah, A. m. (2022). Application of essential oils in meat packaging: 

A systemic review of recent literature. Food Control, 132, 108566.

32. taherimehr, m., yousefniapasha, h., tabatabaeekoloor, r., &

pesaranhajiabbas, e. (2021). trends and challenges of biopolymer-based

nanocomposites in food packaging. Comprehensive Reviews in Food Science

and Food Safety, 20(6), 5321-5344.

33. tomić, A., Šovljanski, O., & erceg, t. (2023). insight on incorporation of

essential Oils as Antimicrobial substances in Biopolymer-Based Active

packaging. Antibiotics, 12(9), 1473.

34. Wiszumirska, k., czarnecka-komorowska, d., kozak, W., Biegańska, 

m., Wojciechowska, p., Jarzębski, m., & pawlak-Lemańska, k. (2023).

characterization of Biodegradable food contact materials under gamma-

radiation treatment. materials, 16(2), 859.

35. Wróblewska-krepsztul, J., michalska-pożoga, i., szczypiński, m., szczypiński,

m. m., & rydzkowski, t. (2017). Biodegradacja: Atrakcyjna alternatywa dla

obecnych technik utylizacji odpadów tworzyw polimerowych. przetwórstwo

tworzyw, 23.

36. Wróblewska-krepsztul, J., & rydzkowski, t. (2019). pyrolysis and incineration

in polymer waste management system. Journal of mechanical and energy

engineering, 3(4), 337-342.

37. Wróblewska-krepsztul, J., rydzkowski, t., michalska-pożoga, i., & thakur, 

V. k. (2019). Biopolymers for biomedical and pharmaceutical applications:

recent advances and overview of alginate electrospinning. nanomaterials,

9(3), 404.

38. yadav, A., kumar, n., upadhyay, A., pratibha, & Anurag, r. k. (2023). edible

packaging from fruit processing waste: A comprehensive review.  Food

Reviews International, 39(4), 2075-2106.

39. Zhang, W., hadidi, m., karaca, A. c., hedayati, s., tarahi, m., Assadpour, e., &

Jafari, s. m. (2023). chitosan-grafted phenolic acids as an efficient

biopolymer for food packaging films/coatings. carbohydrate polymers,

120901.

40. Zhang, W., roy, s., ezati, p., yang, d. p., & rhim, J. W. (2023). tannic acid: 

A green crosslinker for biopolymer-based food packaging films. trends in

food science & technology.

revIeWed artIcle

we create  
the future

May 28 – June 7, 2024 
Düsseldorf / Germany

think digital — be sustainable

Be there when the international print industry meets at drupa 2024, the 
world’s leading trade show for printing  technologies. The focus is on the 
two megatrends sustain ability and digitization, the key drivers of global 
trans formation. Experience how innovations are changing the industry. 
Benefit from top-class knowledge exchange and intensive networking.  
drupa 2024 – we create the future

www.drupa.com

Przedstawicielstwo w Polsce:
A.S.M. Consulting Duesseldorf s.l.

Tel. 0048 22 664 63 14, 22 664 63 15
targi@as-messe.pl

promocja@as-messe.pl

www.as-messe.pl

#drupa2024

drupa.com/blog

Buy ticket now 
www.drupa.com/ 
ticketshop

      


