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Abstract 
 
Nowadays, plastic materials have become one of the most widely used materials in all aspects of life, such as in 
automobiles, household appliances, computers and packaging materials. Because of the environmental issues caused by 
its disposal and incineration, biodegradable polymeric materials (or biopolymers) were recommended as an alternative 
to synthetic ones. Most of the disposed packaging come from food industry, especially from fresh and ready-to-eat food 
products, which are also characterized by high perishability. Meat and derived products represent such perishable food 
items with quick deterioration under improper storage. Many advances have occurred in the field of smart meat 
packaging; thus, the aim of this study was to review current advances in the development of novel packaging materials 
for fresh and processed meat, which are also in support of environmental sustainability. 
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INTRODUCTION 
 
The development of active and biodegradable 
materials for replacing conventional ones, 
having properties for enhancing the shelf-life 
and safety of packaged food is nowadays one 
of the most challenging research activities (Van 
Long et al., 2016; Xu et al., 2021). 
Antimicrobial packaging has been proposed as 
an alternative to post-packaging operations to 
improve the safety of food products. Main 
natural antimicrobials occur in nature or they 
are isolated from microbial (nisin, natamycin), 
plant (e.g., essential oil of basil, thyme, 
oregano, cinnamon, clove, and rosemary) or 
animal sources (e.g., lysozyme, lactoferrin), 
organic acids (e.g., sorbic, propionic, citric 
acid) and naturally occurring polymers 
(chitosan) (Perinelli et al., 2018; Tas et al., 
2019; Bhavaniramya et al., 2019). 
Development of biodegradable, active, edible 
and nontoxic films represent a new trend in 
packaging development (Sanches et al., 2021), 
mainly based on natural and renewable 
resources such as polysaccharides and proteins 
(Xu et al., 2021). These films have combined 
various concepts, such as food, preservation 
and packaging into a biomaterial that is edible, 

biodegradable, prevents loss of moisture, color, 
lipid oxidation, off-odors, enhancing shelf-life, 
and transmitting functionality on meat, fish and 
derived food products (Umaraw et al., 2020). 
Spoilage of fresh meat during processing, 
distribution and commerce have a great 
negative impact on meat industry, in terms of 
safety and also from an economical point of 
view. As an alternative for conventional meat 
packaging, active biodegradable materials with 
antioxidant properties were proposed in recent 
years (Domínguez et al., 2018), given the fact 
that meat is highly perishable due to its high 
content in nutrients and polyunsaturated fatty 
acids, being susceptible to oxidation and 
microbial spoilage (Xiong et al., 2020). 
The purpose of the present study was to review 
the current state of research regarding novel 
biomaterials for meat packaging, with great 
properties in terms of preservation and shelf 
life. 
 
RESULTS AND DISCUSSIONS 
 
Applications on poultry meat 
Quail meat was packed using a composite film 
based on pectin from apple peel and potato 
starch, modified using ZrO2 nanoparticles and 
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microencapsulated whey protein in Zataria 
multiflora essential oil. The packaging film 
showed stability for chemical, pH and 
microbial characteristics of quail meat (Sani et 
al., 2021). 
Moreno et al. (2018) incorporated N-α-lauroyl-
l-arginine ethyl ester monohydrochloride in 
starch - gelatin films and used them as food 
contact active layers in chicken breast fillets 
which were vacuum packed in pouches 
(polyamide/polyethylene). The results of this 
study showed an increased shelf life of the 
packed chicken samples without affecting meat 
oxidation process when compared to control 
samples.  
Gelatin nanofibers containing thyme essential 
oil/βcyclodextrin ε-polylysine nanoparticles 
were developed by Lin et al. (2018), to control 
Campylobacter jejuni propagation. These 
nanofibers were subsequently incorporated into 
gelatin matrix using electrospinning method 
and applied as packaging for chicken meat. The 
packed samples presented lower pH, 
thiobarbituric acid (TBA) and total volatile 
basic nitrogen (TVB-N) values and also lower 
aerobic bacterial count. No impact was 
observed on texture, color and sensory 
properties, showing that the developed 
nanofibers represent promising food packaging. 
Two double layer materials based on 
polybutylene succinate and polybutylene 
succinate-co-adipate obtained from renewable 
materials were used for vacuum packaging of 
raw chicken and turkey meat and also smoked 
turkey meat. For the packed products were 
found minor changes in pH, microbiological 
parameters, water activity, color and volatile 
compounds profiles during their shelf life 
storage, making these materials suitable for 
replacing conventional packaging materials 
(Vytejckova et al., 2017). 
Kamkar et al. (2021) developed films based on 
chitosan and nano-liposomal garlic essential 
oil, which were applied on chicken fillet in 
order to study their preservation capacity. The 
results of the study showed lower values of pH, 
thiobarbituric acid reactive substances, 
peroxide, total volatile nitrogen and microbial 
count for the packed samples compared with 
control ones, making the developed films 
suitable as potential active packaging for 
chicken shelf life extension. 

Biodegradable PVA-montmorillonite K10 clay 
nanocomposite films with in situ generated 
ginger extract mediated silver nanoparticles 
were developed by Shiji et al. (2019). These 
films have proven to be highly effective for 
reducing microbial load in chicken sausages 
compared to control films, being taken into 
consideration for shelf life extension of chicken 
meat products. 
Pirsa & Shamusi (2019) developed films based 
on bacterial cellulose modified by polypyrrole-
Zinc oxide nanocomposite, that were applied in 
chicken thighs for preservation purposes. The 
developed film controlled the pH increasing of 
the tested samples and also decreased the 
microbial load compared to the control 
samples, being suitable as antioxidant and 
antimicrobial packaging. 
High pressure treatment combined with active 
packaging based on polylactide, polyethylene 
glycol and cinnamon oil was tested on the 
inactivation of Salmonella typhimurium and 
Listeria monocytogenes in chicken samples by 
Ahmed et al. (2017). The most efficient 
treatment was the combination of a 300 MPa 
treatment pressure on chicken packed in films 
containing 17% cinnamon oil, reducing the 
pathogens load to a safe level during a period 
of 21 days of refrigerated storage. 
Fresh poultry meat was packed in active 
biocomposites based on chitosan reinforced 
with montmorillonite incorporated with 
rosemary and ginger essential oil. Films proved 
to be efficient for shelf life extension of the 
tested samples, reducing lipid oxidation by half 
and microbiological contamination by 6 to 16% 
(Pires et al., 2018). 
Active edible films composed of semi-refined 
κ-carrageenan incorporated with a water extract 
of germinated fenugreek seeds were developed 
by Farhan & Hani (2020) for fresh chicken 
breast preservation. The results showed that the 
developed films efficiently controlled microbial 
growth on the surface of the samples, in 
comparison with the control samples. 
Polyvinyl alcohol based materials containing 
Laurus nobilis and Rosmarinus officinalis 
essential oils were applied on chicken breast 
fillets by Goksen et al. (2021). The developed 
materials inhibited lipid oxidation process and 
microbial development of the chicken meat, 
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having a good effect in terms of pH values and 
color parameters during storage period. 
Films based on watermelon rind pectin 
containing kiwifruit peel extract were 
developed and applied on chicken tights for 
preservation purposes. After 9 days of storage 
the thiobarbituric acid reactive substances were 
lower for the samples packed in the developed 
films, compared to control ones (Han & Song, 
2021). 
 
Applications on beef meat 
Langroodi et al. (2018) studied the antibacterial 
and antioxidant properties of edible coating 
based on chitosan containing Zataria multiflora 
essential oil and hydroalcoholic extract of 
sumac on beef stakes packed in modified 
atmosphere (MAP) and refrigerated. The 
results showed that the tested coatings 
combined with MAP presented high 
antimicrobial effect, increasing the shelf life 
and presenting acceptable sensorial properties, 
while inhibitory effects on lipid oxidation of 
meat were obtained when using only the 
coating alone. 
Films based on starch, sweet whey and red 
cabbage extract were used for beef packaging 
by Sanches et al. (2021). The most effective 
film to best preserve the quality of ground beef 
with minor changes was composed of starch, 
64.18% red cabbage extract and 4.36% sweet 
whey, demonstrating also the role of 
anthocyanins in ground meat preservation. 
Xavier et al. (2021) developed an active 
nanocomposite film based on chitosan and 
Cinnamodendron dinisii Schwanke essential oil 
nanoencapsulated in zein, which was applied as 
packaging material on ground beef. This 
packaging material stabilized the deterioration 
reactions in ground beef, preserving the color 
and increasing the shelf life under storage in 
refrigeration conditions. 
Lin et al. (2019) incorporated chrysanthemum 
essential oil in chitosan nanofibers in order to 
obtain a novel antibacterial packaging. The 
obtained material was applied on beef and it 
was proved to be a great inhibitor for                          
L. monocytogenes with an inhibition rate over 
99.9% at temperatures of 4°C, 12°C and 25°C 
on a storage period of 7 days. Also, the 
packaging material presented lower antioxidant 

activity and pH, when compared to the control 
sample. 
Red meat was packed in a PLA based system 
(tray and film) using modified atmosphere in 
comparison with a conventional system 
(polyethylene terephthalate/polyethylene tray 
and polyvinyl chloride film) (Panseri et al., 
2018). Using the PLA system for beef 
packaging maintained the redness of the 
samples and a reduced content of volatile 
compounds associated with oxidation 
phenomena. 
Alirezalu et al. (2021) packed beef fillets using 
active chitosan films containing ɛ-polylysine. 
These films protected the packed samples, for 
which lower values for microbial load and also 
higher sensory properties were obtained when 
compared to control samples. 
Gelatin/palm wax/lemongrass essential oil 
coated Kraft paper was used for beef packaging 
by Syahida et al. (2021). The results of the 
study showed that the developed packaging 
material showed a reduction in pH, color and 
moisture changes, delaying also lipid oxidation 
and microbial spoilage of the tested samples. 
 
Applications on pork meat 
Blended films based on curdlan/nanocellulose 
were used as packaging material for chilled 
pork meat by Qian et al. (2021), which led to 
12 days increased shelf life for the tested 
samples.  
Zhang et al. (2020) developed 
curdlan/polyvinyl alcohol/thyme essential oil 
biodegradable films, which were applied for 
chilled pork meat preservation. The results 
showed great antibacterial and antioxidant 
activity of the developed materials, extending 
the shelf life of pork meat with 10 days. 
Yang et al. (2016) developed films based on 
distiller dried grains with solubles rich in 
protein, with the addition of green tea, oolong 
tea and black tea extract as antioxidants. The 
films were further used as packaging for pork 
meat and during the storage period they led to 
lower lipid oxidation compared to control 
samples. 
Edible coatings based on pectin loaded with a 
nanoemulsion from oregano essential oil and 
resveratrol were used for fresh pork loin 
preservation under high oxygen modified 
atmosphere packaging. The results of the study 
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showed that the tested materials prolonged the 
shelf life of fresh pork loin, leading to lower 
pH values and color changes, delaying lipid 
and protein oxidation and inhibiting microbial 
growth (Xiong et al., 2020). 
Song et al. (2020) used two antioxidant 
packaging based on polyethylene terephthalate 
containing rosemary oleoresin and green tea 
extract for minced pork meat preservation. The 
results showed that both tested materials have 
antioxidant activity, inhibit the oxidation of 
lipids and proteins and thus extend the shelf life 
of minced pork samples. 
 
Applications on fish preservation 
A novel bacteriocin from Weissella hellenica 
BCC 7293 (Bac7293) was used in order to 
obtain biodegradable and antimicrobial food 
packaging, by diffusion coating onto PLA 
(polylactic acid)/sawdust particle biocomposite 
film. The resulted film inhibited the growth of 
both Gram-negative and Gram-positive bacteria 
in pangasius fish fillets during storage in 
chilled conditions, demonstrating good 
antimicrobial properties (Woraprayote et al., 
2018). 
Ehsani et al. (2020) developed biodegradable 
films based on chitosan, gelatin or alginate, 
containing lactoperoxidase system or sage 
essential oil as active ingredients for common 
carp fish burger packaging. The packed 
samples were maintained at refrigeration 
temperatures for up to 20 days. The results 
showed that the most effective film to inhibit 
the total viable count, psychrotrophic bacterial 
count, Pseudomonas spp., Shewanella spp. and 
TBARS was the film based on chitosan 
incorporated with lactoperoxidase system, 
extending the shelf life of the tested fish 
samples. 
Socaciu et al. (2021) developed films based on 
heat-denatured whey protein isolate 
incorporated with tarragon essential oil, which 
were applied as packaging for brook trout. The 
film enhanced the quality preservation of 
samples, showing lower values for physical-
chemical parameters, for microbial load and 
higher sensory characteristics compared to 
control samples. 
Edible coating based on RA and ε-PL were 
prepared by Li et al. (2018) and were applied in 
combination with MAP for preservation of 

Half-smooth tongue sole. The results of the 
study showed great characteristics of the film 
and an extension of shelf life with 8-12 days. 
Vizzini et al. (2020) developed an active 
packaging material with antibacterial 
properties, being represented by an alginate 
film reinforced with zinc magnesium oxide 
nanoparticles for cold-smoked salmon 
preservation. The salmon samples were 
inoculated with L. monocytogenes. The results 
showed the tested film provided good 
antibacterial properties, with no bacterial 
proliferation at refrigeration temperature for 4 
days. 
A whey protein concentrate film incorporated 
with green tea extract was used for fresh 
salmon packaging (Castro et al., 2019). The 
packaging proved to be efficient delaying lipid 
oxidation of salmon samples. 
 
CONCLUSIONS 
 
Active packaging represents a great alternative 
to conventional packaging, both from an 
economical point of view and great 
characteristics such as biodegradability, 
nontoxicity and availability of raw materials. 
This study showed that edible films and 
coatings applied to meat as packaging materials 
demonstrated great antimicrobial and 
antioxidant properties, capacity to reduce lipid 
oxidation and preservation of physical-
chemical properties, thus prolonging the shelf 
life of the tested samples. 
 
ACKNOWLEDGEMENTS 
 
This work was supported by a grant of the 
Ministry of Research, Innovation and 
Digitization, CNCS/CCCDI – UEFISCDI, 
project number 379PED/2020, acronym 
BIOMATFOOD, within PNCDI III. 
 
REFERENCES 
 
Ahmed J., Mulla M., Arfat Y.A. (2017). Application of 

high-pressure processing and polylactide/cinnamon 
oil packaging on chicken sample for inactivation and 
inhibition of Listeria monocytogenes and Salmonella 
Typhimurium, and post-processing film properties, 
Food Control, 78, 160-168. 

Alirezalu K., Pirouzi S., Yaghoubi M., Karimi-Dehkordi 
M., Jafarzadeh S., Khaneghah A.M. (2021). 
Packaging of beef fillet with active chitosan film 



129

 
incorporated with ɛ-polylysine: An assessment of 
quality indices and shelf life, Meat Science, 176, 
108475. 

Bhavaniramya S., Vishnupriya S., Saleh Al-Aboody M., 
Vijayakumar R., Baskaran D. (2019). Role of 
essential oils in food safety: Antimicrobial and 
antioxidant applications, Grain & Oil Science and 
Technology, 2, 49-55. 

Castro F.V.R., Andrade M.A., Sanches Silva A., Vaz 
M.F., Vilarinho F. (2019). The Contribution of a 
Whey Protein Film Incorporated with Green Tea 
Extract to Minimize the Lipid Oxidation of Salmon 
(Salmo salar L.), Foods, 8, 327. 

Domínguez R., Barba F.J., Gómez B., Putnik P., 
Kovačević D.B., Pateiro M., Santos E.M., Lorenzo 
J.M. (2018). Active packaging films with natural 
antioxidants to be used in meat industry: A review, 
Active packaging films with natural antioxidants to 
be used in meat industry: A review, Food Research 
International, 113, 93-101. 

Ehsani A., Hashemi M., Afshari A., Aminzare M., Raeisi 
M., Tayebeh Z. (2020). Effect of different types of 
active biodegradable films containing lactoperoxidase 
system or sage essential oil on the shelf life of fish 
burger during refrigerated storage, LWT - Food 
Science and Technology, 117, 108633. 

Farhan A., Hani N.M. (2020). Active edible films based 
on semi-refined κ-carrageenan: Antioxidant and color 
properties and application in chicken breast 
packaging, Food Packaging and Shelf Life, 24, 
100476. 

Goksen G., Fabra M.J., Perez-Cataluna A., Ibrahim Ekiz 
H., Sanchez G., Lopez-Rubio A. (2021). 
Biodegradable active food packaging structures based 
on hybrid cross-linked electrospun polyvinyl alcohol 
fibers containing essential oils and their application 
in the preservation of chicken breast fillets, Food 
Packaging and Shelf Life, 27, 100613. 

Han H.S., Song K.B. (2021). Antioxidant properties of 
watermelon (Citrullus lanatus) rind pectin films 
containing kiwifruit (Actinidia chinensis) peel extract 
and their application as chicken thigh packaging, 
Food Packaging and Shelf Life, 28, 100636. 

Kamkar A., Molaee-aghaee E., Khanjari A., 
Akhondzadeh-basti A., Noudoost B., Shariatifar N., 
Sani M.A., Soleimani M. (2021). Nanocomposite 
active packaging based on chitosan biopolymer 
loaded with nano-liposomal essential oil: Its 
characterizations and effects on microbial, and 
chemical properties of refrigerated chicken breast 
fillet, International Journal of Food Microbiology, 
342, 109071. 

Langroodi A.M., Tajik H., Mehdizadeh T., Moradi M., 
Kia E.M., Mahmoudian A. (2018). Effects of sumac 
extract dipping and chitosan coating enriched with 
Zataria multiflora Boiss oil on the shelf-life of meat 
in modified atmosphere packaging, LWT - Food 
Science and Technology, 98, 372-380. 

Li N., Shen Y., Liu W., Mei J., Xie J. (2018). Low-Field 
NMR and MRI to Analyze the Effect of Edible 
Coating Incorporated with MAP on Qualities of Half-
Smooth Tongue Sole (Cynoglossus semilaevis 

Günther) Fillets during Refrigerated Storage, Applied 
Sciences, 8, 1391. 

Lin L., Zhu Y., Cui H. (2018). Electrospun thyme 
essential oil/gelatin nanofibers for active packaging 
against Campylobacter jejuni in chicken, LWT - Food 
Science and Technology, 97, 711-718. 

Lin L., Mao X., Sun Y., Rajivgandhi G., Cui H. (2019). 
Antibacterial properties of nanofibers containing 
chrysanthemum essential oil and their application as 
beef packaging, International Journal of Food 
Microbiology, 292, 21-30. 

Moreno O., Atarés L., Chiralt A., Cruz-Romero M.C., 
Kerry J. (2018). Starch-gelatin antimicrobial 
packaging materials to extend the shelf life of 
chicken breast fillets, LWT - Food Science and 
Technology, 97, 483-490. 

Panseri S., Martino P.A., Cagnardi P., Celano G., 
Tedesco D., Castrica M., Balzaretti C., Chiesa L.M. 
(2018). Feasibility of biodegradable based packaging 
used for red meat storage during shelf-life: A pilot 
study, Food Chemistry, 249, 22-29. 

Perinelli D.R., Fagioli L., Campana R., Lam J.K.W., 
Baffone W., Palmieri G.F., Casettari L., Bonacucina 
G. (2018). Chitosan-based nanosystems and their 
exploited antimicrobial activity, European Journal of 
Pharmaceutical Sciences, 117, 8-20. 

Pires J.R.A., Lauriano de Souza V.G., Fernando A.L. 
(2018). Chitosan/montmorillonite bionanocomposites 
incorporated with rosemary and ginger essential oil 
as packaging for fresh poultry meat, Food Packaging 
and Shelf Life, 17, 142-149. 

Pirsa S., Shamusi T. (2019). Intelligent and active 
packaging of chicken thigh meat by conducting nano 
structure cellulose-polypyrrole-ZnO film, Materials 
Science & Engineering C, 102, 798-809. 

Qian Y., Bian L., Wang K., Chia W.Y., Khoo K.S., 
Zhang C., Chew K.W. (2021). Preparation and 
characterization of curdlan/nanocellulose blended 
film and its application to chilled meat preservation, 
Chemosphere, 266, 128948. 

Sanches M.A.R., Camelo-Silva C., da Silva Carvalho C., 
Rafael de Mello J., Barroso N.G., Lopes da Silva 
Barros E., Silva P.P., Becker Pertuzatti P. (2021). 
Active packaging with starch, red cabbage extract 
and sweet whey: Characterization and application in 
meat, LWT - Food Science and Technology, 135, 
110275. 

Sani I.K., Geshlaghi S.P., Pirsa S., Asdagh A. (2021). 
Composite film based on potato starch/apple peel 
pectin/ZrO2 nanoparticles/Microencapsulated Zataria 
multiflora essential oil; Investigation of 
physicochemical properties and use in quail meat 
packaging, Food Hydrocolloids, 117, 106719. 

Shiji M., Snigdha S., Jyothis M., Radhakrishnan E.K. 
(2019). Biodegradable and active nanocomposite 
pouches reinforced with silver nanoparticles for 
improved packaging of chicken sausages, Food 
Packaging and Shelf Life, 19, 155-166. 

Socaciu M.I., Fogarasi M., Simon E.L., Semeniuc C.A., 
Socaci S.A., Podar A.S., Vodnar D.C. (2021). Effects 
of Whey Protein Isolate-Based Film Incorporated 
with Tarragon Essential Oil on the Quality and Shelf-
Life of Refrigerated Brook Trout, Foods, 10, 401. 



130

 
Song X.C., Canellas E., Wrona M., Becerril R., Nerin C. 

(2020). Comparison of two antioxidant packaging 
based on rosemary oleoresin and green tea extract 
coated on polyethylene terephthalate for extending 
the shelf life of minced pork meat, Food Packaging 
and Shelf Life, 26, 100588. 

Syahida S.N., Ismail-Fitry M.R., Ainun Z.M.A., Nur 
Hanani Z.A. (2021). Effects of gelatin/palm 
wax/lemongrass essential oil (GPL)-coated Kraft 
paper on the quality and shelf life of ground beef 
stored at 4 ℃, Food Packaging and Shelf Life, 28, 
100640. 

Tas B.A., Sehit E., Tas C.E., Unal S., Cebeci F.C., 
Mencelogu Y.Z., Unal H. (2019). Carvacrol loaded 
halloysite coatings for antimicrobial food packaging 
applications, Food Packaging and Shelf Life, 20, 
100300. 

Umaraw P., Munekata P.E.S., Verma A.K., Barba F.J., 
Singh V.P., Kumar P., Lorenzo J.M. (2020). Edible 
films/coating with tailored properties for active 
packaging of meat, fish and derived products, Trends 
in Food Science & Technology, 98, 10-24. 

Van Long N., Joly C., Dantigny P. (2016). Active 
packaging with antifungal activities, International 
Journal of Food Microbiology, 220, 73-90. 

Vizzini P., Beltrame E., Zanet V., Vidic J., Manzano M. 
(2020). Development and Evaluation of qPCR 
Detection Method and Zn-MgO/Alginate Active 
Packaging for Controlling Listeria monocytogenes 
Contamination in Cold-Smoked Salmon, Foods, 9, 
1353. 

Vytejckova S., Vapenka L., Hradecký J., Dobias J., 
Hajslova J., Loriot C., Vannini L., Poustka J. (2017). 
Testing of polybutylene succinate based films for 
poultry meat packaging, Polymer Testing, 60, 357-
364. 

Woraprayote W., Pumpuang L., Tosukhowong A., 
Zendo T., Sonomoto K., Benjakul S., Visessanguan 

W. (2018). Antimicrobial biodegradable food 
packaging impregnated with Bacteriocin 7293 for 
control of pathogenic bacteria in pangasius fish 
fillets, LWT - Food Science and Technology, 89, 427-
433. 

Xavier L.O., Sganzerla W.G., Rosa G.B., Gonçalves da 
Rosa C., Agostinetto L., de Lima Veeck A.P., 
Bretanha L.C., Micke G.A., Dalla Costa M., Bertoldi 
F.C., Barreto P.L.M., Nunes M.R. (2021). Chitosan 
packaging functionalized with Cinnamodendron 
dinisii essential oil loaded zein: A proposal for meat 
conservation, International Journal of Biological 
Macromolecules, 169, 183-193. 

Xiong Y., Li S., Warner R.D., Fang Z. (2020). Effect of 
oregano essential oil and resveratrol nanoemulsion 
loaded pectin edible coating on the preservation of 
pork loin in modified atmosphere packaging, Food 
Control, 114, 107226. 

Xu Y., Liu X., Jiang Q., Yu D., Xu Y., Wang B., Xia W. 
(2021). Development and properties of bacterial 
cellulose, curcumin, and chitosan composite 
biodegradable films for active packaging materials, 
Carbohydrate Polymers, 260, 117778. 

Yang H.J., Lee J.H., Won M., Song K.B. (2016). 
Antioxidant activities of distiller dried grains with 
solubles as protein films containing tea extracts and 
their application in the packaging of pork meat, Food 
Chemistry, 196, 174-179. 

Zhang Y., Zhou L., Zhang C., Show P.L., Du A., Fu J.C., 
Ashokkumar V. (2020). Preparation and 
characterization of curdlan/polyvinyl alcohol/ thyme 
essential oil blending film and its application to 
chilled meat preservation, Carbohydrate Polymers, 
247, 116670. 

 
 

 



131

MISCELLANEOUS



132


