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Abstract 

Fish and seafood products are highly perishable in nature they lossess  their freshness shortly 

after death which occurred through several biochemical reactions such as such as changes in the 

quality of fish protein ,lipids level and development of biogenic amines, hypoxanthine and 

microbial spoilage. The changes in fish and seafood muscles lead to decay in the quality (e.g in 

sensory quality and nutritional content of nutritional value of fish. Seafood and fish quality 

maintainance is crucial to hinder the loss of this nutritionally quality of fish. Therefore, seafood 

and fish-processing industry are currently in search of alternative techniques of preservation that 

can prolong the shelf-life of fresh fish. Various preservation techniques have been developed in 

order to prevent spoilage in food and to maintain quality and extend shelf life. Edible film and 

coating are famous in the food industry, because they are economically low, abundantly 

available. Coating and film are produced from several carborhydrate and protein origin and these 

coating and film are safely applied for enhancement of seafood quality and to prolong their 

shelflife. Edible film and coating have several advantages because they function in so many 

ways as following: they are safe to be consumed and biodegradable; are additives to  the 

nutritional value of seafood products; enhancement of organoleptic characteristics of food, like 

appearance, smell, and flavor; lower packaging volume, weight and waste; contain antimicrobial 

agents and antioxidants; prolong shelf-life and quality enhancement of non-packaged items; 

guide over inter-component movement of moisture, gases, lipids, and solutes. Food additives 

have been integrated successfully into edible film and coating, these additives have anti-

browning agents, antimicrobials, flavors, colorants, and several functional substances. 

Techniques of application include Immersion, spraying and dripping. This article reviews the 

types of edible film, their importance and application techniques and their effects on the different 

materials in seafood. 
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INTRODUCTION 

Fisheries and aquaculture are great source of economic and social benefits (Watterson et., 

2008).Biochemical Composition of fish consists Moisture contents 65-80%, Protein 15-20%, Fat 

5-20%, Ash 0.5-2% (Sauvant, 2004). It  also contains antioxidants such as proteins, vitamins, 

carotenoids and tocopherols,  Fish  is very rich in nutrients and its of great  benefit to humans 

health. Its so rich in  long-chain omega-3 polyunsaturated fatty acids (PUFA) which are required 

for growth and development. Among these long-chain fatty acids, especially eicosapentaenoic 

(EPA, C20: 5n-3) and docosahexaenoic acid (DHA, C22: 6n-3) are widely used in human health, 

such as reducing the risk of cardiovascular diseases and some types of cancer, contributing to 

nervous system functions and body development, this function has been accepted as responsible 

for the beneficial effect (Shahidi, 2015). The rapid increase in the world population, the tendency 

to raise people's living standards and the rapid growth of food, increased the demand for ready-

made foodstuffs and as a result, the production of foodstuffs became an industry branch. Thus, 

the number of food additives and preservation methods used in the production and production of 

processed foods is increased rapidly (Gennadios, 1997). However, losses of seafood and cultured 

fish occured due to post-harvest handling, processing and storage methods (Gustavsson et al., 

2015). Post-harvest losses could be in various forms such as nutritional losses, spoilage of 

seafood   products due to poor processing, economical and physical losses (Hall, 2011).In the 

world, fish losses that occurred through spoilage  is around 10%(10 to 12million tons per year) 

recorded for both aquaculture and seafoods (Socaciu, et al., 2018). Fish is highly perishable in 

nature compare to poultry and meats, its losses the fresness shortly after death which occurred 

through severals biochemical reactions such as such as changes in the quality of fish 

protein,lipids level and development of biogenic amines, hypoxanthine and microbial spoilage 

(Matak et al., 2015). The changes in fish and seafoods muscles leads to decay in the quality (e.g 

in sensory quality and nutritional content of nutritional value of fish. Seafood and fish quality 

maintainance is crucial to hinder the loss of this nutritionally quality of fish (Mohan et al., 

2012).Therefore, seafood and fish-process industry are currently in search of alternative 

techniques of preservation that will prolong the shelf-life of fresh fish (Ashie et al., 1996). 

Various preservation techniques have been developed in order to prevent spoilage in food and to 

maintain quality and extend shelf life.  Recently, edible and recycled films and coatings prepared 

with proteins, polysaccharides and lipids have become increasingly important in food storage. 

Edible films and coatings is a thin – layer food that is formed from natural food material to 

preserve foods and extend their shelf life (Dursun & Erkan 2009). Edible films gives physical 

protection (Min et al., 2005) to preserve food products from mechanical deterioration, physical, 

chemical and microbiological spoilage. These products can be consumed, biocompatible, 

nontoxic, and function as a barrier and a carrier of food additives e.g (antioxidants and 

antimicrobials). 

Types of Edible film and coating 

Edible films and coatings are the thin layer of food that is formed on the surface of foods 

and can be consumed with food and obtained from natural sources. They extend the shelf life of 

foods, improve their organoleptic properties, nutritional value and quality (Ayana, 2010). The 

use of edible films in active packaging is a new approach in food safety. The necessity of simple 

production technology, being cheap, being obtained from natural compounds, the diversity of 

functional properties and the biodegradability packaging materials. Control the transfer of 

moisture, oxygen, carbon dioxide, lipid, flavor and aroma by serving as food transfer between 
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food components or between the atmosphere surrounding the food (Alper, 1998). Additive 

materials such as preservatives and antioxidants can be added to edible films and coatings, the 

number of microorganisms on the surface of food can be controlled (Ayana, 2010). In addition, 

the environmental damage caused by the residual materials used in packaging makes alternative 

packaging applications attractive, With the increasing demand of consumers for reliable, high 

quality and long shelf life products, the use of edible films and coatings is also increasing 

(Janjarasskul & Krochta, 2010). 

Polysaccharides films 

Polysaccharides – based films and coatings are applied generally with several gums and 

chitosan (Sánchez-Ortega et al., 2014). The gums are allowed to dissolve in water through the 

hydrogen bonds that exist between solvent and polymer, In solution the polymer molecules can 

reorganize into different the structure is known as a micelle, which holds or strengthened with 

the aid of intermolecular hydrogen bonds (Dehghani, et al., 2018).The mechanical properties of 

the polysaccharide and the gas barrier are very good. Although they are effective against fats, 

their resistance to water migration is low due to their hydro-specific properties. The most 

important feature of the polysaccharide films is that they are structurally stable and reduce the 

oxygen delivery rate. These films have very low resistance to water passage (Robert, 2013). As 

edible polysaccharide film and coating material; cellulose ethers, starch, chitosan, pectins, algae 

extracts and gums are used (Gennadios, 1997; Janjarasskul & Krochta, 2010). Starch is available 

and the cost is very low. It is a reliable polymer for an edible film because of its thermoplastic 

properties (Jimenez et al., 2012). It is colorless and tasteless material derived from starchy tubers 

through the process of water extraction. (Nadia et al., 2014).The Incorporation of starch-based 

films in food packaging is favorable due to the characteristics it possess such as they are 

environmental appealing, low cost, flexibility, and transparency  

(Bilbao-Sáinz et al., 2010). Starch-based edible films are tasteless, odorless 

and transparent, therefore, prevent the food taste, flavor and appearance from alteration 

(Chiumareli & Hubinger, 2012). The major advantages of starch films are possession of good 

barrier properties to oxygen and carbon dioxide. contrarily, it possesses a weak barrier property 

to the water as a result of high hydrophilicity (Šuput et al., 2013) Starch-based films added with 

chitosan and lauric acid proved distinct effect to retard Bacillus subtilis and Escherichia coli 

showed that the film contains strong antimicrobial effect (Salleh et al., 2007). 

Lipid films 

  Lipid compounds, The fatty acids commonly applied  for this goal are waxes, 

nonhydrogeneted vegetable oils, fatty alcohols and fatty acids that possess carbon atom number 

which changes from 14 to 18 such as natural and synthetic waxes and glycerides, are used as 

coating material due to low polarity and good moisture barriers. In general, wax coatings are 

more resistant to moisture than other lipid and non-lipid coatings. Oil- based candles and films; 

Thickness and slippery surfaces; Application can cause problems due to wax and bitter taste 

(Robertson, 2013).  Direct application of any lipid to a hydraulic or wet surface results in poor 

absorbent power between the food and film interface. So the double layer coating Barrier 

properties will heal (Pavlath, 2009). In the film production of lipids and lipid-based films, 

solvent and high temperature show poor mechanical properties. Lipids in the liquid phase show 

less resistance to gas and vapor passage than solids. (Dursun, 2009) Lipids are normally 

Incorporate along with other film-forming materials, like proteins or polysaccharides, 



Eurasian Journal of agricultural research 
 

88 
 

functioning as emulsion particles or multilayer coatings in order to expand the resistance to water 

penetration (Mehyar et al., 2012).  

Chitosan-lipid based film 

Chitosan-lipid based films performed better efficiency to moisture movement when the 

lipid is uniformly integrated in the matrix.It also reveals the importance of the morphological 

organisation of the lipid within the chitosan matrix, [Wong, et al., 1992].Packaging film is 

assumed to possess characteristics of resisting breakage conditions that are worst, also the plastic 

quality of the packaging film should be able to adapt to possible malformation (Velickova, etal., 

2013). 

Waxes 

Waxes are composed of esters of long-chain aliphatic acids with long-chain aliphatic 

alcohols, resulting from the low level of polargroups and elevated level of long-chain fatty 

alcohols and alkanes,they are strongly resistant to water movement than almost all other  edible 

film substances (Cordeiro de Azeredo, 2012). Mono-, di- and triglycerides also possess the 

characteristics to be used as coating substances. The chemical structure can remarkably influence 

the functional properties, mostly water vapor permeability. Short-chain triglycerides are 

partly soluble in liquid soluble, while long-chain molecules are insoluble in water. (Dehghani, et 

al., 2018). 

Edible films applied with cinnamon oil 

Edible films applied with cinnamon oil was used to serve as an antioxidant and 

antibacterial coating for snakehead fish fillets (Lu et al., 2010). Cinnamon is highly consisted of 

cinnamaldehyde as well as b-caryophyllene, linalool and several terpenes (Wong et al., 2014). In 

another research by (Anvari & Rezaei, 2011) shows that a gelatin coating improved with 

cinnamon oil has the potential to prolong the shelf-life of fresh rainbow trout fillets whereas 

enhancing an acceptable quality during storage. Gelatin coatings with the inclusion of cinnamon 

drastically lowered total bacteria growth during 15 days of cold storage (Anvari & Rezaei, 2011). 

Study was also carried out on effect of chitosan-based edible coatings enhanced with garlic 

(Allium sativum) oil at 0.5, 1.0 and 1.5% on shrimp (Parapenaeus longirostris) quality was 

evaluated during refrigerated storage by (Asik & Candoğan 2014) concentration of garlic oil was 

reduced (0.5%) in the coating with containing chitosan, it shows to be adequate to maintain and 

extend the shelf-life (Asik & Candoğan, 2014). 

Protein films 

Proteins used for the film are polymers comprises more than 100 amino acid remnants 

(Hanani et al., 2014) and this protein must be modified by heat, acid, alkali and/or solvent in 

order to create the more enlarge structures which are needed for film formation (Bourtoom, 

2008). The mechanical properties and barrier properties of the protein obtained are better than 

those obtained from polysaccharides and lipids. The diversity of proteins from other structural 

components is that various functional properties, particularly intermolecular binding potentials, 

are high. Protein films limit the use of low water vapor resistant areas (Campos et al., 2011). 

Proteins are better than polysaccharides in their potential to create films with greater mechanical 

and barrier effects they possess (Cuq et al., 1998). 
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Proteins are great substance for film formation which possess excellent gas and lipid barrier 

properties (Popović et al., 2012), especially at lower relative humidity. Edible protein, herbal 

origin proteins (eg, corn zeini, wheat gluten, soy protein, pea protein, sunflower protein, peanut 

protein, rice protein and cottonseed protein) and proteins of animal origin (keratin, collagen, 

gelatin, fish myofibrillar protein, egg flux protein, casein and whey protein) (Dursun & Erkan, 

2009). 

Lin et al. (2009) applied three antioxidants consisting butylated hydroxyanisole, butylated 

hydroxytoluene, and n-propyl gallate to produce antioxidant zein coatings. Zein coatings 

consisting n-propyl gallate proved the most improved quality of preservation whereas all three 

antioxidants caused retardation of quality degradation. Several proteins possess antimicrobial 

effects and have been applied with films and coating products. Proteins from lactic acid bacteria 

which destroy other related and unrelated microorganisms are reffered to as bacteriocins. Heat-

stability, observable hypoallergenicity and simple deterioration by proteolytic enzymes in the 

human intestinal tract are mostly common features of bacteriocins (Sánchez-Ortega et al., 2014). 

Chitosan is obtained from chitin by deacetylation with the use of alkali. Chitin and 

chitosan have been used several times in differents researcher in the food industry to serve as 

wrapper for the food because of ability of film forming they possess. Chitosan films are tough, 

durable, flexible and not easily pull apart with average water vapour permeability level and it 

could function to prolong the storage life of fresh produce and foodstuffs with higher water 

levels (Phadke et al., 2011). The use of chitosan  in coating offers a great advantage in 

preventing microbial surface growth on foods. It will cause the retardation of Listeria 

monocytogenes growth whereas being a biopackaging (Coma et al., 2002). Chitosan was applied 

on glazing skinless pink salmon (Onchorhynchus gorbuscha) fillets. Fillets glazed incorporated 

with chitosan solution shows high yield than lactic acid glazed and distilled water glazed fillets 

and retardation of  lipid oxidation after eight months frozen storage was observed (Sathivel et al., 

2007). 

Composites film 

Edible films are diverse in nature, combining the mix of polysaccharides, protein, and or 

lipids. This perspective allows the utilization of definite functional characteristics of an 

individual class of film. currently, many scientists have broadly explored the expansion of 

composite films incorporated with methyl cellulose and lipid, methyl cellulose and fatty acid, 

corn zein, whey isolate and lipids, casein and lipids, corn zein and corn starch, gelatin and fatty 

acid, soy protein isolate and gelatin (Phadke et al., 2011). 

Usually films made from a raw material have a good deterrent or good mechanical 

resistance, but they cannot show two good properties at the same time. While protein and 

polysaccharide films are resistant to oxygen permeability, they are hydrophilic and therefore 

resistant to water vapor permeability. Lipid-based films form a good moisture barrier, but the 

surface of these films may have pores and cracks, such as holes and pores, not homogeneous, 

and may produce a candle-like taste in the product. Mixtures of different materials are used to 

eliminate these negatives and to produce the desired film (Gennadios, 1997). Two basic methods 

are used in the production of composite films. One of the emulsion methods is that the two-layer 

films are produced by laminating the lipids onto the edible film and adding oil to the solution of 

the film (Robertson, 2013; Gennadios, 1997).   
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Active compound applied in Edible film and coating 

Food additives can be integrated into edible films and coatings, these additives include 

anti-browning agents, antimicrobials, flavors, colorants, and several functional substances.  The 

active properties of films and coatings should release these compounds slowly  

such as antimicrobials and autoxidation agents which cause retardation of food deterioration and 

leads to absorption of undesirable compounds (e.g., free radicals) these free radicals can speed 

up the rate of food degradation. The edible coating is an excellent process to incorporates the 

additives lowly to the seafood which results in interaction between the coating and external 

compounds before it gets to the surface of the fisheries products. (Dehghani et al., 2018). There 

are different classifications of active compounds that can be incorporated into edible films and 

coating which includes organic acids (e.g., benzoic, propionic, lactic, sorbic and acetic), fatty 

acid esters, polypeptides and bacteriocins (e.g., peroxidase and nisin); plant essential oils (e.g., 

cinnamon, oregano, and lemongrass) also, probiotic bacteria are commonly applied in films and 

coating (Dehghani et al.,2018). 

The antimicrobial effect of organic acids   

The antimicrobial effect of organic acids  occur through concentration  of the un-

segregated form, which can invade the bacterial cell membrane, dissociation can occur within the 

cell and this results to interaction with membrane permeability (Sánchez-Ortegaet al., 2014). In a 

study with shrimp with the effectiveness of catfish skin gelatin-based antibacterial edible 

coatings which content level of 2% PS, 2% sodium tripolyphosphateora combined solution 

including the base solution plus 2% PS and 2% sodium tripolyphosphate on extending the shelf-

life and quality changes of fresh shrimp with ice storage were studied. The results proved that the 

antimicrobial coating has the potential to slow down microbial growth and improve the shelf-life 

for up to 10 days (Jiang et al., 2011). Another study also proved  that citric acid has the potential 

to improve  enhance the preservation role of chitosan significantly through retardation of lipid 

oxidation and restricting microbial growth with the application of thiobarbituric acid reactive 

substances and total plate count, accordingly (Qiu et al., 2014). 

Application Methods of Edible Packaging 

The selection of the raw materials and other additives, the techniques applied and the 

thickness of the coating are effective on the final properties of the edible coating. Coating 

technique should be selected in such a way that the end product cannot be damaged (Işık et al., 

2013). 

Immersion Method 

In this method, the products are immersed in liquid coating materials and the excess 

material is removed from the product for drying and solidification. After immersion, the products 

may be allowed to dry by standing in room conditions or by moving the solvent to a desiccant 

(Işık et al., 2013). 

Spray method 

The spraying method is applied by spraying to the edible coating product if a certain 

portion of the product is to be coated or if a uniform layer is to be obtained. This method is 
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particularly high pressure spray applicators or air blower with the development of systems, fruit 

and vegetable coating is a method used (Işık et al., 2013). 

Dripping Method 

It is determined that chitosan reduces the moisture loss in prepared meatballs (Wu et al., 

2001). In general, carbohydrate-based edible films and coatings are often used to improve the 

quality and stability of meat throughout storage and sale. Also, using edible films with low oil 

permeability, oil absorption of products to be fried in oil can be prevented and in this way, better 

nutrients and sensory properties can be obtained. In addition, some edible films have been 

developed which better control the ripening by reducing the oxygen penetration in the fruits and 

reducing the carbon dioxide and ethylene evaporation (Debeaufort et al., 1998). 

CONCLUSION 

The application of non-biodegradable packaging materials in fish and seafoods industries 

to increase the product quality and shelf-life results to a huge environmental threat on human 

health and wellbeing. Biodegradable coating and films are produced from several carbohydrate 

and protein origin and these coating and film are safely applied for enhancement of seafood 

quality and to prolong their shelf life. The active packaging of fish presents a low cost alternative 

to conventional preservation technologies (vacuum and modified atmosphere packaging) as a 

result of lack of huge capital for investments, biodegradable, edible films and coatings help in 

the enhancement of microbiological stability of fish and drastically lower the  waste; also, delay 

lipid oxidation. Fish is among the most-traded part of the world food sector. Wherefore, there is 

urgent demand for the packaging of this good in Industrial and commercial based antimicrobial 

production is needed. 

REFERENCES 

Andevari, G.T. and Rezaei, M., 2011. Effect of gelatin coating incorporated with cinnamon oil 

on the quality of fresh rainbow trout in cold storage. International Journal of Food Science & 

Technology, 46(11), pp.2305-2311. 

Alper, N. and Acar, J., 1998. Yenilebilir film ve kaplamalar. Gıda Mühendisliği Dergisi, 1(4), 

pp.61-66. 

Ayana, B. and Turhan, K.N., 2010. Gıda ambalajlamasında antimikrobiyel madde içeren 

yenilebilir filmler/kaplamalar ve uygulamaları. Gıda Dergisi, 35(2) 

Aşik, E. and Candoğan, K., 2014. Effects of chitosan coatings incorporated with garlic oil on 

quality characteristics of shrimp. Journal of food quality, 37(4), pp.237-246. 

Ashie, I.N.A., Smith, J.P., Simpson, B.K. and Haard, N.F., 1996. Spoilage and shelf‐ life 

extension of fresh fish and shellfish. Critical Reviews in Food Science & Nutrition, 36(1-2), 

pp.87-121. 

Bilbao-Sáinz, C., Avena-Bustillos, R.J., Wood, D.F., Williams, T.G. and McHugh, T.H., 2010. 

Composite edible films based on hydroxypropyl methylcellulose reinforced with 

microcrystalline cellulose nanoparticles. Journal of agricultural and food chemistry, 58(6), 

pp.3753-3760. 



Eurasian Journal of agricultural research 
 

92 
 

Bourtoom, T., 2008. Edible films and coatings: characteristics and properties. International Food 

Research Journal, 15(3), pp.237-248. 

Campos, C.A., Gerschenson, L.N. and Flores, S.K., 2011. Development of edible films and 

coatings with antimicrobial activity. Food and bioprocess technology, 4(6), pp.849-875. 

Cuq, B., Gontard, N. and Guilbert, S., 1998. Proteins as agricultural polymers for packaging 

production. Cereal chemistry, 75(1), pp.1-9. 

 Chiumarelli, M. and Hubinger, M.D., 2012. Stability, solubility, mechanical and barrier 

properties of cassava starch–Carnauba wax edible coatings to preserve fresh-cut apples. Food 

hydrocolloids, 28(1), pp.59-67. 

Coma, V., Martial‐ Gros, A., Garreau, S., Copinet, A., Salin, F. and Deschamps, A., 2002. 

Edible antimicrobial films based on chitosan matrix. Journal of food science, 67(3), pp.1162-

1169. 

Debeaufort, F., Quezada-Gallo, J.A. and Voilley, A., 1998. Edible films and coatings: 

tomorrow's packagings: a review. Critical Reviews in Food Science, 38(4), pp.299-313. 

Dehghani, S., Hosseini, S.V. and Regenstein, J.M., 2018. Edible films and coatings in seafood 

preservation: A review. Food chemistry, 240, pp.505-513. 

Dursun, S. and Erkan, N., 2009. Yenilebilir protein filmler ve su ürünlerinde kullanimi. Journal 

of FisheriesSciences. com, 3(4), p.352. 

Gennadios, A., Hanna, M.A. and Kurth, L.B., 1997. Application of edible coatings on meats, 

poultry and seafoods: a review. LWT-Food Science and Technology, 30(4), pp.337-350. 

Gustavsson, J., Cederberg, C., Sonesson, U., Van Otterdijk, R. and Meybeck, A., 2011. Global 

Food Losses and Food Waste: Extent, Causes and Prevention, FAO, Rome, Italy. 

2016. Available from Internet: http://www. fao. org/docrep/014/mb060e/mb060e00. pdf. 

Hall, G.M., 2011. Preservation by curing (drying, salting and smoking). In Fish processing 

sustainability and new opportunities (pp. 51-76). Wiley-Blackwell West Sussex. 

Hanani, Z.N., Roos, Y.H. and Kerry, J.P., 2014. Use and application of gelatin as potential 

biodegradable packaging materials for food products. International journal of biological 

macromolecules, 71, pp.94-102. 

Işık, H., Dağhan, Ş. and Gökmen, S., 2013. Gıda endüstrisinde kullanılan yenilebilir kaplamalar 

üzerine bir araştırma. Gıda Teknolojileri Elektronik Dergisi, 8(1), pp.26-35. 

Janjarasskul, T. and Krochta, J.M., 2010. Edible packaging materials. Annual review of food 

science and technology, 1, pp.415-448. 

Jiménez, A., Fabra, M.J., Talens, P. and Chiralt, A., 2012. Edible and biodegradable starch films: 

a review. Food and Bioprocess Technology, 5(6), pp.2058-2076. 

Lu, F., Ding, Y., Ye, X. and Liu, D., 2010. Cinnamon and nisin in alginate–calcium coating 

maintain quality of fresh northern snakehead fish fillets. LWT-Food Science and 

Technology, 43(9), pp.1331-1335. 



Eurasian Journal of agricultural research 
 

93 
 

LIN, L.S., WANG, B.J. and WENG, Y.M., 2009. PRESERVATION OF COMMERCIAL FISH 

BALL QUALITY WITH EDIBLE ANTIOXIDANT‐ INCORPORATED ZEIN 

COATINGS. Journal of food processing and preservation, 33(5), pp.605-617. 

Matak, K.E., Tahergorabi, R. and Jaczynski, J., 2015. A review: Protein isolates recovered by 

isoelectric solubilization/precipitation processing from muscle food by-products as a component 

of nutraceutical foods. Food Research International, 77, pp.697-703. 

Mehyar, G.F., Al‐ Ismail, K., Han, J.H. and Chee, G.W., 2012. Characterization of edible 

coatings consisting of pea starch, whey protein isolate, and carnauba wax and their effects on oil 

rancidity and sensory properties of walnuts and pine nuts. Journal of Food Science, 77(2), 

pp.E52-E59. 

Min, S., Harris, L.J. and Krochta, J.M., 2005. Listeria monocytogenes inhibition by whey protein 

films and coatings incorporating the lactoperoxidase system. Journal of Food Science, 70(7), 

pp.m317-m324. 

Mohan, C.O., Ravishankar, C.N., Lalitha, K.V. and Gopal, T.S., 2012. Effect of chitosan edible 

coating on the quality of double filleted Indian oil sardine (Sardinella longiceps) during chilled 

storage. Food Hydrocolloids, 26(1), pp.167-174. 

Nadia, L., Wirakartakusumah, M.A., Andarwulan, N., Purnomo, E.H., Koaze, H. and Noda, T., 

2014. Characterization of physico-chemical and functional properties of starch from five yam 

(Dioscorea alata) cultivars in Indonesia. International Journal of Chemical Enginering and 

App, 5(6), pp.489-496. 

Pavlath, A.E. and Orts, W., 2009. Edible films and coatings: why, what, and how?. In Edible 

films and coatings for food applications (pp. 1-23). Springer, New York, NY. 

Phadke, G.G., Pagarkar, A.U., Sehgal, K. and Mohanta, K.N., 2011. Application of edible and 

biodegradable coatings in enhancing seafood quality and storage life: A review. Ecology, 

Environment and Conservation, 17, pp.619-623. 

Popović, S., Peričin, D., Vaštag, Ž., Lazić, V. and Popović, L., 2012. Pumpkin oil cake protein 

isolate films as potential gas barrier coating. Journal of Food Engineering, 110(3), pp.374-379. 

Qiu, X., Chen, S., Liu, G. and Yang, Q., 2014. Quality enhancement in the Japanese sea bass 

(Lateolabrax japonicas) fillets stored at 4 C by chitosan coating incorporated with citric acid or 

licorice extract. Food chemistry, 162, pp.156-160. 

Robertson, G.L., 2013. Food Packaging: Principle and Practice. Third Edition, CRC Press, Boca 

Raton, 703p. 

Rodrigues, S. and Fernandes, F.A.N., 2012. Advances in fruit processing technologies. CRC 

Press. 

Salleh, E., Muhamad, I.I. and Khairuddin, N., 2007, September. Inhibition of Bacillus subtilis 

and Escherichia coli by antimicrobial starch-based film incorporated with lauric acid and 

chitosan. In Proceedings of the 3rd CIGR section Vl international symposium on food and 

agricultural products: processing and innovation. Naples, ltaly. 

 



Eurasian Journal of agricultural research 
 

94 
 

Sánchez-Ortega, I., García-Almendárez, B.E., Santos-López, E.M., Amaro-Reyes, A., Barboza-

Corona, J.E. and Regalado, C., 2014. Antimicrobial edible films and coatings for meat and meat 

products preservation. The scientific world journal, 201 . 

Sauvant, D., Perez, J.M. and Tran, G., 2004. Tables of composition and nutritional value of feed 

materials: pigs, poultry, cattle, sheep, goats, rabbits, horses and fish. Wageningen Academic 

Publishers. 

Shahidi, F. and Ambigaipalan, P., 2015. Phenolics and polyphenolics in foods, beverages and 

spices: Antioxidant activity and health effects–A review. Journal of functional foods, 18, pp.820-

897. 

Sathivel, S., Liu, Q., Huang, J. and Prinyawiwatkul, W., 2007. The influence of chitosan glazing 

on the quality of skinless pink salmon (Oncorhynchus gorbuscha) fillets during frozen 

storage. Journal of Food Engineering, 83(3), pp.366-373. 

Socaciu, M.I., Semeniuc, C. and Vodnar, D., 2018. Edible Films and Coatings for Fresh Fish 

Packaging: Focus on Quality Changes and Shelf-life Extension. Coatings, 8(10), p.366. 

Šuput, D.Z., Lazić, V.L., Pezo, L.L., Lević, L., Gubić, J.M., Hromiš, N.M. and Šojić, B.V., 2013. 

Modified atmosphere packaging and osmotic dehydration effect on pork quality and 

stability. Romanian Biotechnological Letters, 18(2), p.8161. 

Velickova, E., Winkelhausen, E., Kuzmanova, S., Alves, V.D. and Moldão-Martins, M., 2013. 

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

ananassa cv Camarosa) under commercial storage conditions. LWT-Food Science and 

Technology, 52(2), pp.80-92. 

 

Watterson, A., Little, D., Young, J., Boyd, K., Azim, E. and Murray, F., 2008. Towards 

integration of environmental and health impact assessments for wild capture fishing and farmed 

fish with particular reference to public health and occupational health dimensions. International 

Journal of Environmental Research and Public Health, 5(4), pp.258-277. 

Wong, Y.C., Ahmad-Mudzaqqir, M.Y. and Wan-Nurdiyana, W.A., 2014. Extraction of essential 

oil from cinnamon (Cinnamomum zeylanicum). Oriental journal of chemistry, 30(1), pp.37-47. 

Wong, D.W., Gastineau, F.A., Gregorski, K.S., Tillin, S.J. and Pavlath, A.E., 1992. Chitosan-

lipid films: microstructure and surface energy. Journal of Agricultural and Food 

Chemistry, 40(4), pp.540-544.Gennadios, A., Hanna, M.A. and Kurth, L.B., 1997. Application of 

edible coatings on meats, poultry and seafoods: a review. LWT-Food Science and Technology, 

30(4), pp.337-350. 

Wu, Y., Weller, C.L., Hamouz, F., Cuppett, S. and Schnepf, M., 2001. Moisture loss and lipid 

oxidation for precooked ground‐ beef patties packaged in edible starch‐ alginate‐ based 

composite films. Journal of food science, 66(3), pp.486-493. 


