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ABSTRACT 

Edible packaging has come up as a breakthrough in the field of 

packaging by reducing waste, creating novel applications for 

improving food’s stability, safety, quality and sensory aspects. Edible 

packaging offers upper hand over conventional packaging as it can be 

safely ingested along with the food. Gelatin, starch, whey protein 

isolates, soy protein, casein, etc. are various sources of edible 

packaging material. Edible packaging of fresh fruits and vegetables 

provides barrier to water loss and prevents microbial proliferation. In  

meat, edible packaging helps to preserve color and may prevent lipid oxidation in fishes. The 

role of edible packaging is imperative in today’s environmental pollution. This paper reviews 

the history, requirements, advantages &disadvantages, applications, antimicrobial property of 

edible packaging, consumer acceptance, feasibility of commercialization, present status and 

future prospects of edible packaging. 

 

KEYWORDS: edible packaging, antimicrobial activity, and moisture transfer. 

 

INTRODUCTION 

Packaging refers to enclosing materials in order to protect them from external damages 

thereby, hindering entry of extraneous materials including microbes. Some packaging 
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materials possess the inherent capability of conserving the organoleptic properties of food 

and advancing overall food quality and consumer acceptance. Conventional packaging 

materials are made from diverse complex polymers that are not only difficult to synthesize 

but are also non-biodegradable. Moreover such packaging materials cannot be consumed but 

edible packaging as the name coined can be. Edible packaging is the new expanse for 

research in food and pharmaceutical industries. It is rapidly enhancing using edible 

components like proteins (e.g.casein, gelatin), polysaccharides (e.g.starch), lipids and /or 

resins, and other renewable edible compounds. Edible packaging usually occurs in the form 

of edible films, coatings, sheets and pouches. Edible films / sheets differs from edible 

coatings as the former is preformed separately from the food product and then placed on it 

whereas the latter are formed directly onto the surface of food product.
[1]

 

 

History of edible packaging 

For comfortable survival, human beings are functioning laboriously to bring advancements in 

conventional technologies. Humans have devised methods to protect food from dirt and 

damage
 [2]

 and enhance shelf life. Humans have progressed from using packaging of natural 

containers (made from tree trunks, rocks, gourds, shells, leaves and animal hides) to 
[3,4]

 

edible packaging. Edible films dates back long time ago in food products.
[5]

 In China, during 

twelfth and thirteenth century, citrus fruits were coated with wax to delay dehydration.
[6]

 

Application of fats to meat cuts to prevent shrinkage has been a usual practice since at least 

the sixteenth century.
[7] 

Later in the last century, the preservation of meat and other foodstuffs 

by coating with gelatin film was suggested.
[8] 

Since, 1930sthe emulsion made of waxes and 

oil in water were spread on fruits to improve their appearance, like shininess, color, softening, 

onset of mealiness, carriage of fungicides and to control their ripening in a better way and to 

retard the water loss.
[5]

  

 

Requirements for the use of edible packaging 

Codex Alimentarius illustrates food as, all raw, partially treated or treated substances used for 

human nutrition and feeding including drinks, chewing gum and all components use in the 

formulation, preparation, making or treatment of foods. Although edible packaging in itself 

does not provide significant amount of nutrients thus, it is more appropriate to describe it as 

additive.. On the other hand, nutritional quality can also be improved by edible packaging’s, 

and thus, it also qualifies as a food ingredient.
[5]

 It is essential for edible packaging material 

to be tasteless so that the taste of food is unaltered
[9]

 or else it should be compatible with that 
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of food.
[10]

 The use of edible packaging mandatory requires an over packing, for convenient 

handling and hygienic reasons.
[5] 

Edible packaging is considered essential for maintaining the 

quality, stability of some fresh, treated or frozen food products.
[9-11]

 Additional fundamental 

requirements for the use of edible packaging are listed in Figure 1.
[12,13] 

 
Fig 1. Requirements for the use of edible packaging. 

 

Advantages of edible packaging 

 Edible packaging is not only biodegradables but also eco-friendly.
[8]

 

 Edible packaging like conventional non-biodegradable packaging provides semi-

permeable barrier to water vapor, oxygen and carbon dioxide between the food and the 

surrounding atmosphere.
[14]

 

 Additional functionality can be imparted in edible packaging by incorporating 

antioxidant, flavoring agents, growth regulators, antimicrobials etc.
[15, 16]

 

 Coating of edible packaging reduces weight loss and early senescence in fresh fruits and 

vegetables.
[17, 18]

 

 Edible coatings can also be used to provide gloss to the product. 

 Edible coatings are non – toxic and pose no health hazard due to polymer leaching unlike 

conventional polymer based packaging. 

 The films can be used for individual packaging of small portions of food particularly that 

of pears, beans, nuts and strawberries that are currently not packaged like this.
[6]
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 Edible films can be modified to prevent deteriorative transfer of inter-component 

moisture and solutes in foods such as pizzas, pies and candies and, simultaneously can be 

used to check diffusion rate of preservative substances from the surface to the interior of 

foods.
[8]

  

 Overall, edible packaging has good process ability and is heat sealable.
[5]

 

 

Disadvantages of edible packaging 

 Mechanical properties are inferior in comparison to plastics. 

 Edible films and coatings require an additional packaging of paper or plastic because of 

sanitary purposes. 

 Most of the hydrocolloids from which edible films are formed gets wholly or partially 

solubilized in water thus it restricts there use in low water activity food products. 

 

PERFORMANCE AND EVALUATION METHODS 

Appropriateness of edible films typically depends on their mechanical and barrier properties. 

Characterization of edible films is can be done based on various parameters. Thickness of 

films can be measured using screw gauge. Film densities can be determined from film weight 

and volume. The next characterization parameter is whiteness index, yellowness index, total 

color difference which can be estimated using colorimeter. Opacity and light transmittance 

can be estimated using spectrophotometer. They can also be measured using opacity meter. 

Water vapor permeability is defined as the rate of water vapor transmission per unit area of 

flat material of unit thickness induced and per unit vapor pressure difference between two 

specific surfaces, under specified temperature and humidity conditions.
[5]

 WVP can be 

estimated using “cup method” based on the gravimetric technique.
[19-22]

 Apart from WVP, 

water vapor resistance (WVR) can also be estimated by methods based on modification of 

Fick’s equation.
[23]

 Oxygen and carbon dioxide permeability can be measured using similar 

method. For fruits and vegetables the study of permanent gas permeability is significant, 

particularly for oxygen and carbon dioxide.
[5]

 Rheological parameters of edible packaging are 

equally important. It is essential for edible packaging to project good mechanical properties. 

Mechanical properties can be determined by tensile tests including tensile strength, 

elongation at break and elastic modulus. Elongation at break is measure of the extent a 

substrate will stretch before it breaks. Tensile strength of material is maximum amount of 

force required to the point where it breaks. Universal testing machine is most commonly used 

for determination of tensile strength. Puncture test is carried out to estimate impact resistance 
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of package. In case of antimicrobial edible films, microbial barrier is measured which is 

based on log reduction value. Depending upon functionality introduced, particular assays can 

be carried to evaluate the efficacy of introduced functionality. 

 

RECENT ADVANCES AND APPLICATION OF EDIBLE PACKAGING 

Edible packaging is a very new concept in comparison to packaging from synthetic plastics, 

but the advances are multifarious. The biggest advantage of such films and coatingsis that it 

can be consumed with the food and thus reduces load on Mother Nature. Edible packaging 

has mainly been synthesized from polysaccharides and protein. Researchers are working on 

various edible film and coatings with optimum mechanical and physio-chemical properties 

like oxygen, carbon dioxide and water permeability.
[24]

 The most common polymers used in 

formulation of edible films are proteins (gelatin, casein, wheat gluten), polysachharides 

(starch, chitosan) and lipids. (Table 1) 

 

Types of edible 

packaging 
Composition Application References 

Polysaccharide 

Amylose rich tamarind seed 

starch, spice, glycerol and 

xanthan gum 

Meat Packaging [25] 

 
Tapioca starch,Natamycin, nisin, 

glycerol 

Port salut cheese 

packaging 
[26] 

 

Native corn starch (AMISOL
®
 

3408), native waxy corn starch 

(AMISOL
®
 4000, around 100% 

amylopectin) and modified waxy 

corn starch (FLUIDEX
®
 SS-22) 

Red crimson grapes 

packaging 
[27] 

 
Starch (potato and cassava), 

chitosan, glucose and glycerol 
Food packaging [28] 

 Lemon essential oils and chitosan Food packaging [29] 

 
Sodium alginate and pectin with 

citral and eugenol 

Strawberries 

packaging 
[30] 

 

arboxymethyl cellulose (CMC), 

hydroxypropylmethyl cellulose 

(HPMC) and composites with 

chitosan (CH) 

Strawberriespackaging [31] 

 Chitosan and beewax Strawberriespackaging [32] 

 Chitosan, lemon essential oil Strawberrypackaging [33] 

 
carboxymethyl cellulose (CMC) 

and chitosan 
Citrus fruitpackaging [34] 

 

lemongrass essential oil 

incorporated into an alginate-

based [sodium alginate 1.29% 

(w/v), glycerol 1.16% (w/v) and 

sunflower oil 0.025% (w/v)] 

Fresh-cut 

pineapplepackaging 
[35] 
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 Galactomannans, glycerol 

Tropical fruits: acerola 

(Malpighia 

emarginata), cajá 

(Spondias lutea), 

mango (Mangifera 

indica), pitanga 

(Eugenia uniflora) and 

seriguela (Spondias 

purpurea 

[36] 

 

polysaccharide from Anacardium 

occidentale L. (Policaju) and a 

surfactant (Tween 80) 

Applespackaging [37] 

Protein 
Whey protein isolate, almond 

oil/walnut oil 
Edible food coatings [38] 

 
Whey protein concenterate, 

trehalose and glycerol 

See -through 

packaging 
[39] 

 Soy protein isolate and cysteine Fresh cut eggplant [40] 

 
Whey protein isolate, oregano, 

garlic, rosemary and essential oil 

Antimicrobial food 

packaging 
[41] 

 
Whey protein isolate, p-

aminobenzoic acid, sorbic acid 

Antimicrobial food 

packaging 
[42] 

 
Shrimp muscle protein and 

glycerol 
Food packaging [43] 

 
Soy protein isolate and ferulic 

acid 
Fresh lardpackaging [44] 

 Pea protein and glycerol Food packaging [45] 

 

Proteins or starches alone produce fragile films with inferior mechanical properties. 

Plasticizer like glycerol (most commonly used) decrease intermolecular forces along polymer 

chain thereby giving the required flexibility, elasticity and extensibility.
[39]

 

 

In recent years, researchers have been focusing on biodegradable films, which could 

multifunction.  Edible films are being synthesized in a fashion so that they can also be used as 

a carrier of active compounds like antioxidants, flavorings, antibrowning and 

antimicrobial.
[46]

 Various spices & essential oil 
[25, 29, 30, 33, 41]

 have been incorporated in edible 

films to enhance antimicrobial efficacy and prolong shelf life of food. Spices and essential 

oils can be incorporated in edible packaging by encapsulating in the form of 

nanoemulsions.
[47]

 

 

The typeof edible packaging required for a particular food productdepends on the specific 

characteristics of the food product and the intended storageconditions. Edible films and 

coatings have been applied on meat, poultry, seafood, fruits and vegetables, grains, candies, 

heterogeneous and processed foods (Table 1). 
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FUTURE SCOPE OF EDBLE PACKAGING 

Edible films and coating should not only play the role of packaging material but should also 

be safe since they are to be consumed by consumer with the food packed. The components 

used in the synthesis of edible packaging to should be safe or must have GRAS status or 

sanctioned by the United States Food and Drug Administration (FDA) Code of Federal 

Regulations or the U.S.Pharmacopoeia / National Formulatary. A food manufacturer should 

clearly declare al the components of edible packaging system including common allergens so 

as to provide information to consumers having any sort of allergies or intolerances towards 

particular food components. This regulation comes under Food Allergen labeling and 

Consumer Protection Act of 2004. 

  

Edible films have coatings have gained popularity and a lot of research is being carried out in 

the field. A lot of work has been carried out at pilot level but commercialization is still a far 

fetched dream. Edible packaging offers a lot of advantages over traditional synthetic 

polymers. Researches are trying to advance edible packaging for enhancing shelf life, 

retarding deterioration and keeping safety of food packed.
[48]

 Edible packaging though, 

cannot be used for long-term storage since they are biodegradable.
[49]

 Thus, to enable edible 

packaging to work upfront with traditional packaging system, durability for longer periods is 

the need. Another hurdle in the large-scale usage of edible packaging is cost of 

manufacturing. In today’s scenario it is quite difficult to deliver edible packaging at the price 

of traditional packaging. To cease down te cost researchers are targeting waste by products of 

food industry in the synthesis of edible films and coatings thereby solving the dual problem 

of cost and global pollution. 

 

REFERENCES 

1. Chamorro S.A.V., Palou, L., Gago M. Antimicrobial Edible Films and Coatings for Fresh 

and Minimally Processed Fruits and Vegetables:  A Review. Crit. Rev. in Food Sci. Nutr., 

2001; 51: 9, 872-900. 

2. Cutter, C.N. Microbial Control by Packaging: A Review. Crit. Rev. in Food Sci. Nutr, 

2002; 42: 151-161. 

3. Sacharow, S., Griffin, R.C. The evolution of food packaging. In: Sacharow, S. and 

Griffin, R.C., Ed. Food Packaging. Westport, CT: AVI Publishing Company, Inc., 1970: 

1-62. 



www.wjpls.org 167 

Meenakshi et al.                                     World Journal of Pharmaceutical and Life Sciences 

4. Kelsey, R. Packaging in Today’s Society. 3
rd

 ed., Lancaster, PA: Technomic Publishing 

Co., Inc., 1989. 

5. Debeaufort, F., Gallo, J.A.Q., Voilley, A. Edible Films and Coatings: Tomorrow’s 

Packagings: A Review. Crit Rev Food Sci Nutr, 1998; 4: 299-313  

6. Kester, J.J., Fennema, O.R. Edible films and coatings: a review. Food Technol., 1986; 40: 

47. 

7. Gennadios, A., Weller, C.L., Testin, R.F.Property modification of edible wheat, gluten-

based films. Trans. Am. Soc. Agric. Eng., 1993; 36(2): 465-470. 

8. Bourtoom, T.  Edible films and coatings: characteristics and properties. Int Food Res J., 

2008; 15(3): 237-248. 

9.  Contreras-Medellin, R., Labuza, T.P. Prediction of moisture protection requirements for 

foods. Cereal Food World, 1981; 26(7): 335-343. 

10. Torres, J.A.Edible films and coatings from proteins. In: Protein Functionality in Food 

Systems, eds., N.S. Hettiarachchy, and G.R. Ziegler, New York: Marcel Dekker Inc., 

1994: 467-507. 

11. Baldwin, E. Edible coatings for fresh fruits and vegetables: past, present and future. In: 

Edible coatings and films to improve food quality, Krochta, J.M., Baldwin E.A. and 

Nisperos-Carriedo, M.O., Eds., Technomic Publishing Co.Inc., Basel, 1994; 25-63. 

12. Sakellariou, P., Rowe, R.C., White, E.F.T.An evaluation of the interaction and 

plasticizing efficiency of the polyethylene glycols in ethyl cellulose and 

hydroxypropylmethylcellulose films using the torsional braid pendulum. Int. J. Pharm., 

1986; 31: 55-64. 

13. McHugh, T.H., Krochta, J.M.Milk- protein based edible films and coatings. Food 

Technol., 1994; 48(1): 97-103. 

14. Greener – Donhowe, I.K., Fennema, O.R. (1994). Edible films and coatings: 

characteristics, formation, definitions, and testing methods. In: Edible Coating and Films 

to Improve Food Quality Nisperos  - Carriedo, Hagenmaier, M.O.,Ed., Technomic 

Publishing Co., Inc., Lancaster. Ch.1, 1994:  1-24. 

15. Cuppet, S. (1994). Edible coatings as carriers of food additives, fungicides and natural 

antagonists. Krochta, J. M., Baldwin, E. A., and  Nisperos – Carriedo, M. O., Eds., 

Technomic  Publishing Co., Inc., Lancaster.In: Edible Coatings and Films to Improve 

Food Quality, Ch. 6, 1994: 121-137.  

16. Coma, V., Martial – Gros, A., Garreu, S., Copinet, A., Salin, F., Deschamps, A. Edible 

antimicrobial films based on chitosan matrix. J. Food Sci., 2002; 67: 1162-1169. 



www.wjpls.org 168 

Meenakshi et al.                                     World Journal of Pharmaceutical and Life Sciences 

17. Hagenmaier, R., Baker, R. Reduction in gas exchange of citrus fruit by wax coatings. J. 

Agric. Food Chem, 1993; 41: 283-287. 

18. Debeaufort, F., Quezada-Gallo, J., and Violley, A. Edible films and coatings: 

Tomorrow’s packaging: A review. Crit. Rev. Food Sci., 1998; 38: 299-313. 

19. Banker, G.S., Gore, A.Y., SWARBRICK, J. Water vapor transmission properties of free 

polymer films. J. Pharm. Pharmc., 1966; 18(7): 457-466. 

20. Kamper, S.L. and Fennema, O.R. Use of an edible film to maintain water and vapor 

gradient in foods. J.Food Sci., 1985; 50: 382-384. 

21. Kester, J.J. and Fennema, O.R. An edible film of lipids and cellulose ethers barrier 

properties to moisture vapor transmission and structural evaluation. J.Food Sci., 1989; 

54(6): 1383-1389.  

22. Martin-polo, M.O., Voilley, A. Comparitive study of water vapor permeability of edible 

films composed of Arabic gum and glycerol monostearate, Sci. Alim, 1990; 10: 473-483. 

23. Chiumarelli, M., Hubinger, M. Evaluation of edible films and coating formulaed with 

cassava starch, glycerol, carauba wax and stearic acid Food Hydrocolloids, 2014; 38: 20-

27. 

24. Gol, N.B., Patel, P.R., Rao, T.V.R. Improvement of quality and shelf-life of strawberries 

with edible coatings enriched with chitosan. Postharvest Biology and Technology. 2013; 

85: 185-195. 

25. Mohan, C., Rakhavan. K.R., Sudharsan, K., Radha krishnan, Babuskin, S.,Sukumar
, 
M. 

Design and characterization of spice fused tamarind starch edible packaging films. Food 

Sci Technol, 2016; 68: 642–652. 

26. Resa C.P.O., Gerschenson, L.N., Jagus, R.J. Starch edible film supporting natamycin and 

nisin for improving microbiological stability of refrigerated Argentinian Port Salut 

cheese
,
Food Control, 2016; 59: 737–742. 

27. Fakhouri, F. M., Martelli, S. M., Caon, T., Velasco, J.I., Mei, L.H.I. Edible films and 

coatings based on starch/gelatin: Film properties and effect of coatings on quality of 

refrigerated Red Crimson grapes Postharvest Biol Tec, 2015; 109: 57–64. 

28. Santacruz, S., Rivadeneira, C., Castro, M.Edible films based on starch and chitosan. 

Effect of starch source and concentration, plasticizer, surfactant's hydrophobic tail 

and mechanical treatment. Food Hydrocolloids, 2015; 49: 89–94. 

29. Randazzo, W., Jiménez-Belenguer, A., Settann, L., Perdones, A., Moschetti, M., 

Palazzolo, E., Guarrasi, V.,  Vargas, M.,Germanà, M.A., Moschetti, G. Antilisterial effect 

http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/09567135
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/0268005X


www.wjpls.org 169 

Meenakshi et al.                                     World Journal of Pharmaceutical and Life Sciences 

of citrus essential oils and their performance in edible film formulations.
,
Food Control, 

2016; 59: 750–758 

30. Guerreiro, T.A.C,. Gago, C.M.L, Faleiro, M.L., Miguel, M.G.C., Antunes, M.D.C. Use of 

polysaccharide-based edible coatings enriched with essential oils to improve shelf-life of 

strawberries Postharvest Biol Tec, 2015; 110: 51–60. 

31. Gol,N. B., Patel, P.R., Ramana Rao, T.V.Improvement ofquality and shelf-life of 

strawberries with edible coatings enriched with chitosanPostharvest Biol Tec, 2013; 85: 

185–195. 

32. Velickova, E., Winkelhausen, E., Kuzmanova, S., Alves, V.D., Moldão-Martins, M. 

Impact of chitosan-beeswax edible coatings on the quality of fresh strawberries (Fragaria 

ananassa cv Camarosa) under commercial storage conditions LWT Food Sci Technol, 

2013; 52: 80–92 

33. Perdones, A., Sánchez-González, L., Chiralt, A., Vargas, M.Effect of chitosan–lemon 

essential oil coatings on storage-keeping quality of strawberry, Postharvest Biol Tec, 

2012; 70: 32–41 

34. Arnon, H., Zaitsev, Y., Porat, R., Poverenov, E.Effects of carboxymethyl cellulose and 

chitosan bilayer edible coating on postharvest quality of citrus fruit.Postharvest Biol Tec, 

2014; 87: 21–26. 

35. Azarakhsh, N., Osman, A., Ghazali, H.M., Tan, C.P., Adzahan, N.M. Lemongrass 

essential oil incorporated into alginate-based edible coating for shelf-life extension and 

quality retention of fresh-cut pineapple. Postharvest Biol Tec, 2014; 88: 1–7. 

36. Cerqueira, M.A., Lima, A.M., Teixeira, J.A., Moreira, R.A., Vicente, A.A. Suitability of 

novel galactomannans as edible coatings for tropical fruits
,
J. Food Eng., 2009; 94: 372–

378.  

37. Carneiro-da-Cunha, L.M.G., Cerqueira, M.A., Souza, B.W.S., Souza, M.P., Teixeira, 

J.A., Vicente, A.A. Physical properties of edible coatings and films made with a 

polysaccharide from Anacardium occidentale. J. Food Eng., 2009; 95: 379–385. 

38. Galus, S., Kadzińska, J. Whey protein edible films modified with almond and walnut oils. 

Food Hydrocolloids, 2016; 52: 78–86. 

39. Pérez, L.M., Piccirilli, G.N., Delorenzi, N.J., Verdini, R.A. Effect of different 

combinations of glycerol and/or trehalose on physical and structural properties of whey 

protein concentrate-based edible films. Food Hydrocolloids, 2016; 56: 352–359. 

http://www.sciencedirect.com/science/journal/09567135
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/0268005X
http://www.sciencedirect.com/science/journal/0268005X


www.wjpls.org 170 

Meenakshi et al.                                     World Journal of Pharmaceutical and Life Sciences 

40. Ghidelli, C., Mateos, M., Rojas-Argudo, C., Pérez-Gago, M.B. Extending the shelf life of 

fresh-cut eggplant with a soy protein–cysteine based edible coating and modified 

atmosphere packaging. Postharvest Biol Tec, 2014; 95: 81–87. 

41. Seydim, A.C., Sarikus, G. Antimicrobial activity of whey protein based edible films 

incorporated with oregano, rosemary and garlic essential oil. Food Res Int, 2006; 39: 

639–644. 

42. Ustunol, C.Z., Ryser, E.T. Antimicrobial, mechanical, and moisture barrier properties of 

low pH whey protein-based edible films containing p-aminobenzoic or sorbic acid. J 

Food Sci, 2001; 66: 865–870. 

43. Gómez-Estaca, J., Montero, P., Gómez-Guillén, M.C. Shrimp (Litopenaeus vannamei) 

muscle proteins as source to develop edible films. Food Hydrocolloids, 2014; 41: 86-94. 

44. Ou, S.,Wang, Y.,Tang, S., Huang, C., Jackson, M.G. Role of ferulic acid in preparing 

edible films from soy protein isolate.J Food Eng, 2005; 205–210. 

45. Choi, W.S., Han, J.H. Physical and Mechanical Properties of Pea-Protein-based Edible 

Films. J Food Sci, 2001; 66: 319–322. 

46. Protein based films and coatings edited by Aristippos Gennadios 

47. Fani, A.A., Salvia-Trujillo, L., Rojas-Grau, M. A., Martin- Belloso, O.Edible films from 

essential-oil-loaded nanoemulsions: Physicochemical characterization and antimicrobial 

properties Food Hydrocolloids, 2015; 47: 168-177.  

48. Restuccia, D., Spizzirri, U.G., Parisi, O.I., Cirillo, G., Curcio, M., Iemma, F., Puoci, F., 

Vinci, G., Picci, N. New EU regulation aspects and global market of active and intelligent 

packaging for food industry applications.Food Control, 2010; 21: 1425–1435. 

49. Petersen, K., Nielsen, PV., Bertelsen, G., Lawther, M., Olsen, M.B., Nilsson, N.H., 

Mortensen, G.Potential of biobased materials for food packaging. Trends Food Sci 

Technol, 1989; 10: 52–68.  

http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science/journal/09639969
http://www.sciencedirect.com/science/journal/09567135

