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DEVELOPMENT OF BIODEGRADABLE PROTEIN-BASED FILMS 
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PACKAGING OF MAYONNAISE 

 

 

By 

 

 

MARYAM ‘ADILAH BINTI ZAINAL ARIFIN 

  

 

February 2018 

 

 

Chairperson : Badlishah Sham bin Baharin 

Faculty : Food Science and Technology 

 

 

Active packaging is a novel idea in which active substance such as antioxidant is 

incorporated into the packaging to prolong the shelf-life and maintain the quality of 

food product.  This research was focused on developing active packaging by using 

food industries’ by-products. In the first objective, soy protein isolate (SPI) and fish 

gelatin (FG) were used as the source of biopolymers and different concentration (1, 3 

and 5%) of mango kernel extracts (MKE) were added as natural antioxidants. The 

addition of MKE produced thicker and more opaque films (p < 0.05), increased the 

tensile strength (p < 0.05) and antioxidant activity (p < 0.05) but decreased the water 

solubility (p < 0.05). The overall observations revealed that SPI outperformed FG as 

active packaging films. In the second objective, the storage stability of antioxidant 

films was studied at 25°C, 4°C and -18°C for 90 days. The temperature and time did 

not have significant effect (p > 0.05) on thickness and colour. All the films showed an 

increase in tensile strength, decrease in elongation and increase in Young’s modulus 

(p < 0.05). The highest decrease in antioxidant activity was only 4% throughout the 

storage time. This shows that the antioxidant activity of the films is stable for the 90 

days of storage. In the third objective, the mayonnaise packaged in control and 

SPI+MKE films turn significantly (p < 0.05) darker and the pH values significantly (p 

< 0.05) increased after 6 weeks of storage. The SPI+MKE films were able to slow 

down the lipid oxidation by 30% in peroxide value analysis, 44% in TBARS analysis, 

38% in anisidine value analysis and 65%  in total oxidation analysis. Therefore, the 

usage of the SPI+MKE films could maintain the quality of mayonnaise for a longer 

time. 
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Pembungkusan aktif ialah satu teknologi pembungkusan berasaskan penambahan 

bahan aktif seperti antioksida dalam pembungkus makananan untuk mengekalkan 

kualiti dan memanjangkan jangka hayat produk. Projek ini bertujuan untuk 

membangunkan pembungkus makanan berasaskan sisa dan produk sampingan 

industri. Dalam objektif pertama, soy protein isolate (SPI) dan gelatin ikan (FG) telah 

digunakan sebagai biopolimer dan 1 hingga 5% ekstrak biji mangga telah ditambahkan 

sebagai antioksida semulajadi. Penambahan ekstrak biji mangga membuatkan filem 

lebih tebal dan legap (p < 0.05), lebih kuat (p < 0.05) dan meningkatkan aktiviti 

antioksida (p < 0.05) tetapi mengurangkan kelarutan dalam air (p < 0.05). 

Keseluruhannya, filem SPI menunjukkan ciri-ciri yang lebih bagus sebagai filem 

berbanding FG. Dalam objektif kedua, kestabilan penyimpanan filem antioksida pada 

suhu 25°C, 4°C dan -18°C telah dikaji untuk 90 hari. Suhu dan masa penyimpanan 

tidak memberikan kesan signifikan (p > 0.05) kepada ketebalan dan warna filem. 

Semua filem menunjukkan peningkatan kekuatan, pengurangan kekenyalan dan 

peningkatan Young’s modulus (p < 0.05). Penurunan antioksida tertinggi yang 

direkodkan sangat rendah iaitu hanyalah 4% sepanjang tempoh penyimpanan. Hal ini 

menunjukkan aktiviti antioksida filem ialah stabil untuk 90 hari. Dalam objektif ketiga, 

mayonis menjadi lebih gelap (p < 0.05) dan menunjukkan peningkatan pH selepas 6 

minggu penyimpanan. Filem SPI+MKE berjaya memperlahankan pengoksidaan 

lemak sebanyak 30% dalam analisis nilai peroksida, 44% dalam analisis TBARS, 38% 

nilai anisidin dan 65% nilai pengoksidaan. Oleh itu, penggunaan filem SPI+MKE 

sebagai pembungkus mayonis boleh mengekalkan kualiti mayonis untuk jangka masa 

yang lebih lama.  
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CHAPTER 1 

 

 

INTRODUCTION 
 
 

Food industry is one of the most important industries in the world. However, the huge 

amount of waste and by-products produced by this industry imposed a danger to the 

environment. According to Machado, Grosso, Nouws, Albergaria and Delerue-Matos 

(2014), there are three different methods that were used to manage the food industry 

waste and by-products. Firstly is by reducing the waste by improving the processing 

technique, secondly is by recycling or recovering and thirdly is by waste treatment. 

However, recycling and recovering of waste is the better option as it is more cost-

effective and development of new value-added products are possible (Goula & 

Lazarides, 2015; Machado et al., 2014). The waste and by-products of food industries 

also have been reported to contain numerous beneficial components such as starch, 

fibre, minerals, lipid, phytochemicals and bioactive compounds like antioxidants and 

antimicrobials (Martins, Pinho, & Ferreira, 2017). Recovery of these compounds from 

by-products and waste will help to reduce the waste management problem and they 

can be a source of cheaper food additives or nutraceutical products (Kowalska, 

Czajkowska, Cichowska, & Lenart, 2017). Therefore, the application of these waste 

and by-products as antioxidant film could be an alternative to reduce the waste 

management problem.  

 

 

Antioxidant film is a type of active packaging obtained by incorporating antioxidant 

in the polymer; either synthetic polymers such as polyethylene and polypropylene or 

biodegradable polymers such as polysaccharide, protein and lipid. However, 

biodegradable polymers are favoured as they are environmentally-friendly. Among the 

biodegradable polymers, protein has the most potential to be developed into 

antioxidant film. This is because biodegradable film made from protein has better 

mechanical properties, gas barrier and functional groups as compared to 

polysaccharide and lipid films (Arvanitoyannis & Dionisopoulou, 2010). In this 

research, antioxidant film will be developed by using waste and by-products of food 

industries which are soy protein isolate, fish gelatin and mango kernel. The storage 

stability and the application of this antioxidant film on mayonnaise to reduce lipid 

oxidation will be determined in the later section of the research. 

 

 

Soy protein is a by-product of soybean oil production. Soy protein isolate (SPI) with a 

90% minimum protein content is preferable as the raw material for biodegradable film 

due to its high protein content, high nutrition content, good film-forming ability, 

inexpensive and availability (Zhao, Xu, Mu, Xu, & Yang, 2016; Li et al., 2016). The 

high protein content in SPI contributes to its exceptional film-forming properties. It 

has numerous amino groups, contributed by the high content of amino acids such as 

arginine and lysine (Wang, Li, Yan, Huang, & Dong, 2016). Numerous functional 

groups such as hydroxyl, carboxyl and sulphide groups allow the interaction of SPI 

film with other compounds such as antioxidant (Zhang et al., 2016).  
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Fish gelatin is a hydrocolloid extracted by the hydrolysis of collagen from the residual 

of fish such as skin and scales (Hazaveh, Mohammadi Nafchi, & Abbaspour, 2015). 

Even though the commercial usage of fish gelatin is fairly limited as compared to 

mammalian gelatin, the application of fish gelatin as biodegradable film is gaining 

more interest. This is because it has low oxygen permeability, good film-forming 

ability and emulsifying properties (Byun, Bae, & Whiteside, 2012). The films 

produced from fish gelatin also have good gas barrier and good mechanical properties 

(Benbettaïeb, Karbowiak, Brachais, & Debeaufort, 2016). Fish gelatin is also 

relatively cheaper as it is produced from the by-products of fishery industry. Fish 

gelatin extracted from warm water fish is more suitable as biodegradable film as it 

contains higher proline and hydroxyproline than cold water fish gelatin. Higher proline 

and hydroxyproline is related to higher gelling and melting temperature (Santos et al., 

2014).  

 

 

Mango processing generates a high amount of waste (40-60%), mainly in the form of 

peels and kernels. Generally, 15-20% of the waste is contributed by the kernels 

(Nawab, Alam, Haq, & Hasnain, 2016). Statistically, more than 1 million tonnes of 

mango seeds are wasted annually (Torres-León et al., 2016). Mango kernel is a rich 

source of phenolic acids, antioxidants, gallotannins and polyphenols (Maisuthisakul & 

Gordon, 2012). According to Soong and Barlow (2006), the mango kernel extract has 

approximately 87% more gallic acid than the longan seed extract (Soong & Barlow, 

2006). Mango kernel extract has the highest antioxidant based on the wet and dry basis 

as compared to tamarind, longan, avocado and jackfruit seeds (Soong & Barlow, 

2004). Despite the huge potential of mango kernel as natural antioxidant that has been 

reported, there is no commercial application of mango kernel that has been published 

yet. Therefore, the usage of mango kernel as the source of natural antioxidant in 

antioxidant film provides a new alternative for the mango kernel waste management.  

The main function of antioxidant film is to reduce the lipid oxidation in food product, 

especially high-fat product. Mayonnaise is an oil-in-water emulsion that is made up of 

70 to 80% fat (vegetable oil), acidifying ingredients (vinegar) and egg yolk. Other 

additives such as salt, flavours, sweetening and food seasonings are optional in the 

production of mayonnaise (Chivero, Gohtani, Yoshii, & Nakamura, 2016). 

Mayonnaise is commercially used in dressing and sauces as well (Håkansson, 

Chaudhry, & Innings, 2016). The high-fat content and low pH makes it invulnerable 

to microbial growth (Ghorbani Gorji, Smyth, Sharma, & Fitzgerald, 2016). Therefore, 

the quality indication of mayonnaise is normally determined from its lipid oxidation 

rather than microbial spoilage. Lipid oxidation happens when volatile aldehydes, 

ketones, alcohols, furans, hydrocarbons or acids are formed. The development of these 

volatile substances and their mixture produced the rancid aroma (Sainsbury, Grypa, 

Ellingworth, Duodu, & Kock, 2016).  
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In this study, active packaging is developed using the industries’ by-products. There 

are 3 objectives in this study; 

 

 

1. To prepare and analyze the functional and antioxidant properties of protein-

based films incorporated with mango kernel extract for active packaging. 

2. To evaluate the storage stability of soy protein isolate films incorporated with 

mango kernel extract at different temperature. 

3. To investigate the storage stability of mayonnaise packaged in soy protein 

isolate film incorporated with mango kernel extract. 

  



© C
OPYRIG

HT U
PM

71 
 

REFERENCES 

 

Abdalla, A. E. M., Darwish, S. M., Ayad, E. H. E., & El-Hamahmy, R. M. (2007a). 

Egyptian mango by-product 1. Compositional quality of mango seed kernel. 

Food Chemistry, 103(4), 1134–1140.  

Abdalla, A. E. M., Darwish, S. M., Ayad, E. H. E., & El-Hamahmy, R. M. (2007b). 

Egyptian mango by-product 2: Antioxidant and antimicrobial activities of 

extract and oil from mango seed kernel. Food Chemistry, 103(4), 1141–1152.  

Abid, Y., Azabou, S., Jridi, M., Khemakhem, I., Bouaziz, M., & Attia, H. (2017). 

Storage stability of traditional Tunisian butter enriched with antioxidant extract 

from tomato processing by-products. Food Chemistry, 233, 476–482.  

Aguirre-Loredo, R. Y., Rodríguez-Hernández, A. I., Morales-Sánchez, E., Gómez-

Aldapa, C. A., & Velazquez, G. (2016). Effect of equilibrium moisture content 

on barrier, mechanical and thermal properties of chitosan films. Food 

Chemistry, 196, 560–566.  

Ahmad, M., Hani, N. M., Nirmal, N. P., Fazial, F. F., Mohtar, N. F., & Romli, S. R. 

(2015). Optical and thermo-mechanical properties of composite films based on 

fish gelatin/rice flour fabricated by casting technique. Progress in Organic 

Coatings, 84, 115–127.  

Aleman, A., Gimenez, B., Montero, P., & Gomez-Guillen, M. C. (2011). Antioxidant 

activity of several marine skin gelatins. LWT- Food of Science and 

Technology, 44, 407-413. 

Almeida, C. M. V. B., Rodrigues, A. J. M., Agostinho, F., & Giannetti, B. F. (2017). 

Material selection for environmental responsibility: The case of soft drinks 

packaging in Brazil. Journal of Cleaner Production, 142, 173–179.  

Alves, M. M., Gonçalves, M. P., & Rocha, C. M. R. (2017). Effect of ferulic acid on 

the performance of soy protein isolate-based edible coatings applied to fresh-

cut apples. LWT - Food Science and Technology, 80, 409–415.  

Amid, M., Abdul Manap, M. Y., & Mustafa, S. (2013). Purification of pectinase from 

mango (Mangifera indica L. cv. Chokanan) waste using an aqueous organic 

phase system: A potential low cost source of the enzyme. Journal of 

Chromatography B: Analytical Technologies in the Biomedical and Life 

Sciences, 931, 17–22.  

Anker, M., Stading, M., & Hermansson, A. M. (2001). Aging of whey protein 

properties films and the effect on mechanical and barriers properties. Journal 

of Agricultural and Food Chemistry, 49, 989–995. 

Ansarifar, E., Mohebbi, M., Shahidi, F., Koocheki, A., & Ramezanian, N. (2017). 

Novel multilayer microcapsules based on soy protein isolate fibrils and high 

methoxyl pectin: Production, characterization and release modeling. 

International Journal of Biological Macromolecules, 97, 761–769.  

Anuar Sharuddin, S. D., Abnisa, F., Wan Daud, W. M. A., & Aroua, M. K. (2017). 

Energy recovery from pyrolysis of plastic waste: Study on non-recycled 

plastics (NRP) data as the real measure of plastic waste. Energy Conversion 



© C
OPYRIG

HT U
PM

72 
 

and Management, 148, 925–934.  

AOAC (1995). Official methods of analysis. Arlington, VA: Association of Official 

Analysis Chemists.  

Arfat, Y. A., Benjakul, S., Prodpran, T., Sumpavapol, P., & Songtipya, P. (2014). 

Properties and antimicrobial activity of fish protein isolate/fish skin gelatin 

film containing basil leaf essential oil and zinc oxide nanoparticles. Food 

Hydrocolloids, 41, 265–273.  

Arogba, S. S. (1997). Physical, chemical and functional properties of Nigerian mango 

kernel and its processed flour. Journal of the Science of Food and Agriculture, 

73, 321–328. 

Artharn, A., Prodpran, T., & Benjakul, S. (2009). Round scad protein-based film: 

Storage stability and its effectiveness for shelf-life extension of dried fish 

powder. LWT - Food Science and Technology, 42(7), 1238–1244.  

Arvanitoyannis, I. S., & Dionisopoulou, N. K. (2010). Irradiation of edible films of 

plant and animal origin. Irradiation of Food Commodities. 

Asif, A., Farooq, U., Akram, K., Hayat, Z., Shafi, A., Sarfraz, F., & Aftab, S. (2016). 

Therapeutic potentials of bioactive compounds from mango fruit wastes. 

Trends in Food Science and Technology, 53, 102–112.  

Augustin, M. A., & Ling, E. T. (1987). Composition of mango seed kernel. Pertanika, 

10(1), 53–59. 

Azeredo, H. M. C., & Waldron, K. W. (2016). Crosslinking in polysaccharide and 

protein films and coatings for food contact - A review. Trends in Food Science 

and Technology, 52, 109–122.  

Baiano, A. (2014). Recovery of biomolecules from food wastes: A review. Molecules, 

19(9), 14821-14842. 

Barreto, J. C., Tre Balti, R., Mansour, M. Ben, Sayari, N., Yacoubi, L., Rabaoui, L., 

Brodu, N., & Massé, A. (2017). Development and characterization of bioactive 

edible films from spider crab (Maja crispata) chitosan incorporated with 

Spirulina extract. International Journal of Biological Macromolecules, 105, 

1464–1472.  

Barreto, J. C. Trevisan, M. T. S., Hull, W. E., Erben, G., de Brito, E. S., Pfundstein, 

B., & Owen, R. W. (2008). Characterization and quantitation of polyphenolic 

compounds in bark, kernel, leaves, and peel of mango (Mangifera indica L.). 

Journal of Agricultural and Food Chemistry, 56(14), 5599-5610. 

Bastante, C. C., Cardoso, L. C., Serrano, C. M., & de la Ossa, E. J. M. (2017). 

Supercritical impregnation of food packaging films to provide antioxidant 

properties. The Journal of Supercritical Fluids, 128, 200–207.  

Benbettaïeb, N., Karbowiak, T., Brachais, C. H., & Debeaufort, F. (2015). Coupling 

tyrosol, quercetin or ferulic acid and electron beam irradiation to cross-link 

chitosan-gelatin films: A structure-function approach. European Polymer 

Journal, 67, 113–127.  



© C
OPYRIG

HT U
PM

73 
 

Benbettaïeb, N., Karbowiak, T., Brachais, C. H., & Debeaufort, F. (2016). Impact of 

electron beam irradiation on fish gelatin film properties. Food Chemistry, 195, 

11–18.  

Bhat, R., & Karim, A. A. (2009). Ultraviolet irradiation improves gel strength of fish 

gelatin. Food Chemistry, 113(4), 1160–1164.  

Bigi, A., Cojazzi, G., Panzavolta, S., Roveri, N., & Rubini, K. (2002). Stabilization of 

gelatin films by crosslinking with genipin. Biomaterials, 23, 4827–4832. 

Blanco-Pascual, N., Fernández-Martín, F., & Montero, P. (2014). Jumbo squid 

(Dosidicus gigas) myofibrillar protein concentrate for edible packaging films 

and storage stability. LWT - Food Science and Technology, 55(2), 543–550.  

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. 

Nature, 181, 1199-1200. 

Borneo, R., Alba, N., & Aguirre, A. (2016). New films based on triticale flour: 

Properties and effects of storage time. Journal of Cereal Science, 68, 82–87.  

Bourtoom, T. (2008). Review article edible films and coatings : Characteristics and 

properties. International Food Research Journal, 15(3), 237–248. 

Brody, A. L., Strpinsky, E. P., & Kline, L. R. (2001). Active food packaging for food 

application. USA: CRC Press. 

Byun, Y., Bae, H. J., & Whiteside, S. (2012). Active warm-water fish gelatin film 

containing oxygen scavenging system. Food Hydrocolloids, 27(1), 250–255.  

Calatayud, M., López-De-Dicastillo, C., López-Carballo, G., Vélez, D., Hernández 

Muñoz, P., & Gavara, R. (2013). Active films based on cocoa extract with 

antioxidant, antimicrobial and biological applications. Food Chemistry, 139(1-

4), 51–58.  

Cao, N., Fu, Y., & He, J. (2007). Preparation and physical properties of soy protein 

isolate and gelatin composite films. Food Hydrocolloids, 21(7), 1153–1162.  

Carpiné, D., Dagostin, J. L. A., de Andrade, E. F., Bertan, L. C., & Mafra, M. R. 

(2016). Effect of the natural surfactant Yucca schidigera extract on the 

properties of biodegradable emulsified films produced from soy protein isolate 

and coconut oil. Industrial Crops and Products, 83, 364–371.  

Cazón, P., Velazquez, G., Ramírez, J. A., & Vázquez, M. (2017). Polysaccharide-

based films and coatings for food packaging: A review. Food Hydrocolloids, 

68, 136-148. 

Cebi, N., Durak, M. Z., Toker, O. S., Sagdic, O., & Arici, M. (2016). An evaluation of 

fourier transforms infrared spectroscopy method for the classification and 

discrimination of bovine, porcine and fish gelatins. Food Chemistry, 190, 

1109–1115.  

Chang, C., Li, J., Li, X., Wang, C., Zhou, B., Su, Y., & Yang, Y. (2017). Effect of 

protein microparticle and pectin on properties of light mayonnaise. LWT - Food 

Science and Technology, 82, 8–14.  



© C
OPYRIG

HT U
PM

74 
 

Chen, N., Lin, L., Sun, W., & Zhao, M. (2014). Stable and pH-sensitive protein 

nanogels made by self-assembly of heat denatured soy protein. Journal of 

Agriculture and Food Chemistry, 62, 9553–9561. 

Chen, N., Zhao, M., Chassenieux, C., & Nicolai, T. (2016). Structure of self-assembled 

native soy globulin in aqueous solution as a function of the concentration and 

the pH. Food Hydrocolloids, 56, 417–424. 

Chen, N., Zhao, M., Niepceron, F., Nicolai, T., & Chassenieux, C. (2017). The effect 

of the pH on thermal aggregation and gelation of soy proteins. Food 

Hydrocolloids, 66, 27–36.  

Cheng, S. Y., Wang, B. J., & Weng, Y. M. (2015). Antioxidant and antimicrobial 

edible zein/chitosan composite films fabricated by incorporation of phenolic 

compounds and dicarboxylic acids. LWT - Food Science and Technology, 

63(1), 115–121. 

Chivero, P., Gohtani, S., Yoshii, H., & Nakamura, A. (2016). Assessment of soy 

soluble polysaccharide, gum arabic and OSA-starch as emulsifiers for 

mayonnaise-like emulsions. LWT - Food Science and Technology, 69, 59–66. 

Chougui, N., Djerroud, N., Naraoui, F., Hadjal, S., Aliane, K., Zeroual, B., & Larbat, 

R. (2015). Physicochemical properties and storage stability of margarine 

containing Opuntia ficus-indica peel extract as antioxidant. Food Chemistry, 

173, 382–390.  

Chukwu, O., & Sadiq, Y. (2008). Storage stability of groundnut oil and soya oil-based 

mayonnaise. Journal of Food Technology, 6(5), 217–220. 

Ciannamea, E. M., Espinosa, J. P., Stefani, P. M., & Ruseckaite, R. A. (2017). Long-

term stability of compression-molded soybean protein concentrate films stored 

under specific conditions. Food Chemistry. In press. 

Ciannamea, E. M., Stefani, P. M., & Ruseckaite, R. A. (2015). Storage-induced 

changes in functional properties of glycerol plasticized –soybean protein 

concentrate films produced by casting. Food Hydrocolloids, 45, 247–255.  

Colín-Chávez, C., Soto-Valdez, H., Peralta, E., Lizardi-Mendoza, J., & Balandrán-

Quintana, R. (2013). Diffusion of natural astaxanthin from polyethylene active 

packaging films into a fatty food simulant. Food Research International, 54(1), 

873–880.  

Correa, J. P., Molina, V., Sanchez, M., Kainz, C., Eisenberg, P., & Massani, M. B. 

(2017). Improving ham shelf life with a polyhydroxybutyrate/polycaprolactone 

biodegradable film activated with nisin. Food Packaging and Shelf Life, 11, 

31–39.  

Costa, M. J., Cerqueira, M. A., Ruiz, H. A., Fougnies, C., Richel, A., Vicente, A. A., 

& Aguedo, M. (2015). Use of wheat bran arabinoxylans in chitosan-based 

films: Effect on physicochemical properties. Industrial Crops and Products, 

66, 305–311.  

De Abreu, D. A. P., Losada, P. P., Maroto, J., & Cruz, J. M. (2011). Lipid damage 

during frozen storage of Atlantic halibut (Hippoglossus hippoglossus) in active 

packaging film containing antioxidants. Food Chemistry, 126(1), 315–320.  



© C
OPYRIG

HT U
PM

75 
 

Denavi, G. A., Pérez-Mateos, M., Añón, M. C., Montero, P., Mauri, A. N., & Gómez-

Guillén, M. C. (2009). Structural and functional properties of soy protein 

isolate and cod gelatin blend films. Food Hydrocolloids, 23(8), 2094–2101.  

Dey, T. B., Chakraborty, S., Jain, K. K., Sharma, A., & Kuhad, R. C. (2016). 

Antioxidant phenolics and their microbial production by submerged and solid 

state fermentation process: A review. Trends in Food Science and Technology, 

53, 60–74. 

Diarra, S. S. (2014). Potential of mango (Mangifera indica L.) seed kernel as a feed 

ingredient for poultry: A review. World's Poultry Science Journal, 70, 279-

288. 

 Dong, W., Ruan, X., Ni, Z., & Chen, M. (2013). Influence of soy protein isolate on 

the thermal stability of poly(vinyl chloride) in the presence or absence of 

calcium and zinc stearates. Polymer Degradation and Stability, 98(1), 96–101.  

Dorta, E., Lobo, G., & González, M., (2012). Using drying treatments to stabilise 

mango peel and seed: Effect on antioxidant activity. LWT - Food Science and 

Technology, 45, 261–268. 

Dorta, E., Lobo, M. G., & González, M. (2013). Optimization of factors affecting 

extraction of antioxidants from mango seed. Food and Bioprocess Technology, 

6(4), 1067–1081.  

Dutta, P. K., Tripathi, S., Mehrotra, G. K., & Dutta, J. (2009). Perspectives for chitosan 

based antimicrobial films in food applications. Food Chemistry, 114(4), 1173–

1182.  

Dziki, D., Rozylo, R., Gawlik-Dziki, U., & Swieca, M. (2014). Current trends in the 

enhancement of antioxidant activity of wheat bread by the addition of plant 

materials rich in phenolic compounds. Trends in Food Science and 

Technology, 40, 48-61. 

Elegbede, J. A., Achoba, I. I., & Richard, H. (1995). Nutrient composition of mango 

characteristics of seed kernel from Nigeria. Journal of Food Biochemistry, 19, 

391–398. 

Etxabide, A., Coma, V., Guerrero, P., Gardrat, C., & de la Caba, K. (2017). Effect of 

cross-linking in surface properties and antioxidant activity of gelatin films 

incorporated with a curcumin derivative. Food Hydrocolloids, 66, 168–175.  

Etxabide, A., Uranga, J., Guerrero, P., & de la Caba, K. (2015). Improvement of barrier 

properties of fish gelatin films promoted by gelatin glycation with lactose at 

high temperatures. LWT - Food Science and Technology, 63(1), 315–321.  

Falguera, V., Quintero, J. P., Jiménez, A., Muñoz, J. A., & Ibarz, A. (2011). Edible 

films and coatings: Structures, active functions and trends in their use. Trends 

in Food Science and Technology, 22(6), 292–303.  

Falowo, A. B., Fayemi, P. O., & Muchenje, V. (2014). Natural antioxidants against 

lipid- protein oxidative deterioration in meat and meat products: A review. 

Food Research International, 64(10), 171–181. 

Fernández-Ávila, C., Escriu, R., & Trujillo, A. J. (2015). Ultra-high pressure 

homogenization enhances physicochemical properties of soy protein isolate-



© C
OPYRIG

HT U
PM

76 
 

stabilized emulsions. Food Research International, 75, 357–366.  

Ferreira, A. S., Nunes, C., Castro, A., Ferreira, P., & Coimbra, M. A. (2014). Influence 

of grape pomace extract incorporation on chitosan films properties. 

Carbohydrate Polymers, 113, 490–9.  

Figueirêdo, B. C., Trad, I. J., Mariutti, L. R. B., & Bragagnolo, N. (2014). Effect of 

annatto powder and sodium erythorbate on lipid oxidation in pork loin during 

frozen storage. Food Research International, 65, 137–143.  

Food and Drug Administration. (2007). Guidance for industry: Preparation of 

premarket submissions for food contact substances: Chemistry 

recommendations. Guidance Complience Regulatory Information. 

Franco, I., & Falqué, E. (2016). Glass Packaging. Reference Module in Food Science, 

10–11.  

Friesen, K., Chang, C., & Nickerson, M. (2015). Incorporation of phenolic 

compounds, rutin and epicatechin, into soy protein isolate films: Mechanical, 

barrier and cross-linking properties. Food Chemistry, 172, 18–23.  

Galus, S., Mathieu, H., Lenart, A., & Debeaufort, F. (2012). Effect of modified starch 

or maltodextrines incorporation on the barrier and mechanical properties, 

moisture sensitivity and appearance of soy protein isolate-based edible films. 

Innovative Food Science and Emerging Technologies, 16, 148-154. 

Ganeshan, G., Shadangi, K. P., & Mohanty, K. (2016). Thermo-chemical conversion 

of mango seed kernel and shell to value added products. Journal of Analytical 

and Applied Pyrolysis, 121, 403–408. 

Garrido, T., Leceta, I., Cabezudo, S., Guerrero, P., & de la Caba, K. (2016). Tailoring 

soy protein film properties by selecting casting or compression as processing 

methods. European Polymer Journal, 85, 499–507.  

Ghorbani Gorji, S., Smyth, H. E., Sharma, M., & Fitzgerald, M. (2016). Lipid 

oxidation in mayonnaise and the role of natural antioxidants: A review. Trends 

in Food Science and Technology, 56, 88–102.  

González, A., & Alvarez Igarzabal, C. I. (2015). Nanocrystal-reinforced soy protein 

films and their application as active packaging. Food Hydrocolloids, 43, 777–

784.  

Goula, A. M., & Lazarides, H. N. (2015). Integrated processes can turn industrial food 

waste into valuable food by-products and/or ingredients: The cases of olive 

mill and pomegranate wastes. Journal of Food Engineering, 167, 45–50.  

Guerrero, P., Retegi, A., Gabilondo, N., & de la Caba, K., (2010). Mechanical and 

thermal properties of soy protein films processed by casting and compression. 

Journal of Food Engineering 100, 145–151. 

Guerrero, P., Stefani, P. M., Ruseckaite, R. A., & de la Caba, K. (2011). Functional 

properties of films based on soy protein isolate and gelatin processed by 

compression molding. Journal of Food Engineering, 105(1), 65–72.  

Gustavsson, J., Cederberg, C., Sonesson, U., van Otterdijk, R., & Meybeck, A. (2011). 

Global food losses and food waste: extent, causes and prevention. FAO, Rome. 



© C
OPYRIG

HT U
PM

77 
 

Hafsa, J., Smach, M. A., Ben Khedher, M. R., Charfeddine, B., Limem, K., Majdoub, 

H., & Rouatbi, S. (2016). Physical, antioxidant and antimicrobial properties of 

chitosan films containing Eucalyptus globulus essential oil. LWT - Food 

Science and Technology, 68, 356–364.  

Haghshenas, M., Hosseini, H., Nayebzadeh, K., Kakesh, B. S., Mahmoudzadeh, M., 

& Fonood, R. K. (2015). Effect of beta glucan and carboxymethyl cellulose on 

lipid oxidation and fatty acid composition of pre-cooked shrimp nugget during 

storage. LWT - Food Science and Technology, 62(2), 1192–1197.  

Håkansson, A., Chaudhry, Z., & Innings, F. (2016). Model emulsions to study the 

mechanism of industrial mayonnaise emulsification. Food and Bioproducts 

Processing, 98, 189–195.  

Hanani, Z. A. N. (2016). Gelatin. Encyclopedia of Food and Health, 3, 191–195. 

Hazaveh, P., Mohammadi Nafchi, A., & Abbaspour, H. (2015). The effects of sugars 

on moisture sorption isotherm and functional properties of cold water fish 

gelatin films. International Journal of Biological Macromolecules, 79, 370–

376.  

Hopewell, J., Dvorak, R., & Kosior, E. (2009). Plastics recycling: Challenges and 

opportunities. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 364(1526), 2115–2126.  

Hopkins, E. J., Chang, C., Lam, R. S. H., & Nickerson, M. T. (2015). Effects of 

flaxseed oil concentration on the performance of a soy protein isolate-based 

emulsion-type film. Food Research International, 67, 418–425.  

Hosseini, S. F., Rezaei, M., Zandi, M., & Farahmandghavi, F. (2016). Development 

of bioactive fish gelatin/chitosan nanoparticles composite films with 

antimicrobial properties. Food Chemistry, 194, 1266–1274.  

Hromiš, N. M., Lazić, V. L., Markov, S. L., Vaštag, Ž. G., Popović, S. Z., Šuput, D. 

Z., & Popović, L. M. (2015). Optimization of chitosan biofilm properties by 

addition of caraway essential oil and beeswax. Journal of Food Engineering, 

158, 86–93.  

Huang, J., Zhang, L., Wei, H., & Cao, X., (2004). Soy protein isolate/kraft lignin 

composites compatibilized with methylene diphenyldiisocyanate. Journal of 

Applied Polymer Science, 93, 624–629. 

Huang, L., Wang, T., Han, Z., Meng, Y., & Lu, X. (2016). Effect of egg yolk freezing 

on properties of mayonnaise. Food Hydrocolloids, 56, 311–317.  

Huang, L., Xiong, Y. L., Kong, B., Huang, X., & Li, J. (2013). Influence of storage 

temperature and duration on lipid and protein oxidation and flavour changes in 

frozen pork dumpling filler. Meat Science, 95(2), 295–301.  

Huang, T., Zong-cai, T., Wang, H., Shangguan, X., Zhang, L., Nan-hai, Z., & Bansal, 

N. (2017). Pectin and enzyme complex modified fish scales gelatin: 

Rheological behavior, gel properties and nanostructure. Carbohydrate 

Polymers, 156, 294–302.  

Iñiguez-Franco, F., Soto-Valdez, H., Peralta, E., Ayala-Zavala, J. F., Auras, R., & 

Gámez- Meza, N. (2012). Antioxidant activity and diffusion of catechin and 



© C
OPYRIG

HT U
PM

78 
 

epicatechin from antioxidant active films made of poly (L-lactic acid). Journal 

of Agricultural and Food Chemistry, 60, 6515–6523. 

Ishibashi, C., Hondoh, H., & Ueno, S. (2016). Influence of morphology and 

polymorphic transformation of fat crystals on the freeze-thaw stability of 

mayonnaise-type oil-in-water emulsions. Food Research International, 89, 

604–613.  

Jahurul, M. H. A., Zaidul, I. S. M., Ghafoor, K., Al-Juhaimi, F. Y., Nyam, K. L., 

Norulaini, N. A. N., & Mohd Omar, A. K. (2015). Mango (Mangifera indica 

L.) by-products and their valuable components: A review. Food Chemistry, 

183, 173–180.  

Jahurul, M. H. A., Zaidul, I. S. M., Nik Norulaini, N. A., Sahena, F., Kamaruzzaman, 

B. Y., Ghafoor, K., & Omar, A. K. M. (2014). Cocoa butter replacers from 

blends of mango seed fat extracted by supercritical carbon dioxide and palm 

stearin. Food Research International, 65, 401–406. 

Janjarasskul, T., & Krochta, J.M. (2010). Edible packaging materials. Annual Review 

of Food Science Technology, 1, 415–448. 

Jongjareonrak, A., Benjakul, S., Visessanguan, W., & Tanaka, M. (2008). 

Antioxidative activity and properties of fish skin gelatin films incorporated 

with BHT and α-tocopherol. Food Hydrocolloids, 22(3), 449–458. 

Josefa, F., Martucci, & Ruseckaite, R. A. (2017). Antibacterial activity of 

gelatin/copper (II)-exchanged montmorillonite films. Food Hydrocolloids, 64, 

70–77. 

Jyotshna, Srivastava, P., Killadi, B., & Shanker, K. (2015). Uni-dimensional double 

development HPTLC-densitometry method for simultaneous analysis of 

mangiferin and lupeol content in mango (Mangifera indica) pulp and peel 

during storage. Food Chemistry, 176, 91–98.  

Kabuki, T., Nakajima, H., Arai, M., Ueda, S., Kuwabara, Y., & Dosako, S. (2000). 

Characterization of novel antimicrobial compounds from mango (Mangifera 

indica L.) kernel seeds. Food Chemistry, 71(1), 61–66.  

Kang, H., Wang, Z., Zhang, W., Li, J., & Zhang, S. (2016). Physico-chemical 

properties improvement of soy protein isolate films through caffeic acid 

incorporation and tri-functional aziridine hybridization. Food Hydrocolloids, 

61, 923–932.  

Kasaai, M. R., & Moosavi, A. (2017). Treatment of Kraft paper with citrus wastes for 

food packaging applications: Water and oxygen barrier properties 

improvement. Food Packaging and Shelf Life, 12, 59–65.  

Kaur, J., Rathinam, X., Kasi, M., Leng, K. M., Ayyalu, R., Kathiresan, S., & 

Subramaniam, S. (2010). Preliminary investigation on the antibacterial activity 

of mango (Mangifera indica L: Anacardiaceae) seed kernel. Asian Pacific 

Journal of Tropical Medicine, 3(9), 707–710.  

Kavoosi, G., Rahmatollahi, A., Mohammad Mahdi Dadfar, S., & Mohammadi Purfard, 

A. (2014). Effects of essential oil on the water binding capacity, physico-



© C
OPYRIG

HT U
PM

79 
 

mechanical properties, antioxidant and antibacterial activity of gelatin films. 

LWT - Food Science and Technology, 57(2), 556–561.  

Kaya, M., Ravikumar, P., Ilk, S., Mujtaba, M., Akyuz, L., Labidi, J., Erkul, S. K. 

(2018). Production and characterization of chitosan based edible films from 

Berberis crataegina’s fruit extract and seed oil. Innovative Food Science and 

Emerging Technologies, 45(12), 287–297.  

Kiliç, B., Şimşek, A., Claus, J. R., & Atilgan, E. (2014). Encapsulated phosphates 

reduce lipid oxidation in both ground chicken and ground beef during raw and 

cooked meat storage with some influence on colour, pH, and cooking loss. 

Meat Science, 97(1), 93–103. 

Kishk, Y. F. M., & Elsheshetawy, H. E. (2013). Effect of ginger powder on the 

mayonnaise oxidative stability, rheological measurements, and sensory 

characteristics. Annals of Agricultural Sciences, 58(2), 213–220. 

Kisku, S. K., & Swain, S. K. (2012). Poly(methyl methacrylate)/soy protein green 

composites as gas barrier materials. Chinese Journal of Polymer Science, 30, 

397–404. 

Koshy, R. R., Mary, S. K., Thomas, S., & Pothan, L. A. (2015). Environment friendly 

green composites based on soy protein isolate - A review. Food Hydrocolloids, 

50, 174–192.  

Kowalczyk, D., & Biendl, M. (2016). Physicochemical and antioxidant properties of 

biopolymer/ candelilla wax emulsion films containing hop extract - A 

comparative study. Food Hydrocolloids, 60, 384–392.  

Kowalska, H., Czajkowska, K., Cichowska, J., & Lenart, A. (2017). What’s new in 

biopotential of fruit and vegetable by-products applied in the food processing 

industry. Trends in Food Science and Technology, 67, 150–159. 

Kumar, P., Sandeep, K. P., Alavi, S., Truong, V. D., & Gorga, R. E. (2010). 

Preparation and characterization of bio-nanocomposite films based on soy 

protein isolate and montmorillonite using melt extrusion. Journal of Food 

Engineering, 100(3), 480–489.  

Kumar, R., Choudhary, V., Mishra, S., Varma, I. K., & Mattiason, B. (2002). 

Adhesives and plastics based on soy protein products. Industrial Crops and 

Products, 16(3), 155–172.  

Kurek, M., Guinault, A., Voilley, A., Galić, K., & Debeaufort, F. (2014). Effect of 

relative humidity on carvacrol release and permeation properties of chitosan 

based films and coatings. Food Chemistry, 144, 9–17.  

Kwak, H. W., Shin, M., Lee, J. Y., Yun, H., Song, D. W., Yang, Y., & Lee, K. H. 

(2017). Fabrication of an ultrafine fish gelatin nanofibrous web from an 

aqueous solution by electrospinning. International Journal of Biological 

Macromolecules. Accepted manuscript. 

López, D., Márquez, A., Gutiérrez-Cutiño, M., Venegas-Yazigi, D., Bustos, R., & 

Matiacevich, S. (2017). Edible film with antioxidant capacity based on salmon 

gelatin and boldine. LWT - Food Science and Technology, 77, 160–169.  

Lago, M.A., Rodríguez-Bernaldo de Quirós, A., Sendón, R., Bustos, J., Nieto, M.T., 



© C
OPYRIG

HT U
PM

80 
 

& Paseiro, P., (2015). Photoinitiators: A food safety review. Food Additives 

and Contaminants. Part A, 32(5), 779-798. 

Lefèvre, T., Subirade, M., & Pézolet, M. (2005). Molecular description of the 

formation and structure of plasticized globular protein films. 

Biomacromolecules, 6(6), 3209-3219. 

Li, C., Kim, H., Li, H., Lee, D., & Rhee, H. (2014). Antioxidative effect of purple corn 

extracts during storage of mayonnaise. Food Chemistry, 152, 592–596.  

Li, Y., Chen, F., Zhang, L., & Yao, Y. (2015). Effect of surface changes of soy protein 

materials on water resistance. Materials Letters, 149, 120–122.  

Licciardello, F., Wittenauer, J., Saengerlaub, S., Reinelt, M., & Stramm, C. (2015). 

Rapid assessment of the effectiveness of antioxidant active packaging—Study 

with grape pomace and olive leaf extracts. Food Packaging and Shelf Life, 6, 

1–6.  

Lima, K. O., Biduski, B., Silva, W. M. F. da Ferreira, S. M., Montenegro, L. M. P., 

Dias, A. R. G., & Bianchini, D. (2017). Incorporation of tetraethylorthosilicate 

(TEOS) in biodegradable films based on bean starch (Phaseolus vulgaris). 

European Polymer Journal, 89, 162–173.  

Liu, H., Li, C., & Sun, X. S. (2015). Improved water resistance in undecylenic acid 

(UA)-modified soy protein isolate (SPI)-based adhesives. Industrial Crops and 

Products, 74, 577–584.  

Liu, H., Li, C., & Sun, X. S. (2017). Soy-oil-based waterborne polyurethane improved 

wet strength of soy protein adhesives on wood. International Journal of 

Adhesion and Adhesives, 73, 66–74.  

Liu, J., Meng, C. G., Liu, S., Kan, J., & Jin, C. H. (2017). Preparation and 

characterization of protocatechuic acid grafted chitosan films with antioxidant 

activity. Food Hydrocolloids, 63, 457–466.  

Liu, X., Souzandeh, H., Zheng, Y., Xie, Y., Zhong, W.H., & Wang, C. (2017). Soy 

protein isolate/bacterial cellulose composite membranes for high efficiency 

particulate air filtration. Composites Science and Technology, 138, 124–133. 

López de Dicastillo, C., Rodríguez, F., Guarda, A., & Galotto, M. J. (2016). 

Antioxidant films based on cross-linked methyl cellulose and native Chilean 

berry for food packaging applications. Carbohydrate Polymers, 136, 1052–

1060.  

Lu, X., Hrynets, Y., Pietrasik, Z., & Betti, M. (2017). Incorporating tyramine with 

transglutaminase weakens gelatin gels – A rheological investigation. LWT - 

Food Science and Technology, 82, 96–103.  

Luijsterburg, B., & Goossens, H. (2014). Assessment of plastic packaging waste: 

Material origin, methods, properties. Resources, Conservation and Recycling, 

85, 88–97.  

Machado, S., Grosso, J. P., Nouws, H. P. A., Albergaria, J. T., & Delerue-Matos, C. 

(2014). Utilization of food industry wastes for the production of zero-valent 

iron nanoparticles. Science of the Total Environment, 496, 233–240. 



© C
OPYRIG

HT U
PM

81 
 

Mahalik, N. P., & Nambiar, A. N. (2010). Trends in food packaging and manufacturing 

systems and technology. Trends in Food Science and Technology, 21, 117–

128. 

Mahdi, Y., Bassiri, A. R., & Branch, V. (2015). Evaluation of the antioxidant potential 

of fennel seed extract as compared to the synthetic antioxidants in margarine 

under accelerated storage condition. Journal of Food Biosciences and 

Technology, 5(1), 63–68. 

Maisuthisakul, P., & Gordon, M. H. (2009). Antioxidant and tyrosinase inhibitory 

activity of mango seed kernel by product. Food Chemistry, 117, 332-341. 

Maisuthisakul, P., & Gordon, M. H. (2012). Influence of polysaccharides and storage 

during processing on the properties of mango seed kernel extract 

(microencapsulation). Food Chemistry, 134(3), 1453–1460.  

Marcos, B., Sarraga, C., Castellari, M., Kappen, F., Schennink, G., & Arnau, J. (2014). 

Development of biodegradable films with antioxidant properties based on 

polyesters containing a-tocopherol and olive leaf extract for food packaging 

applications. Food Packaging and Shelf Life, 1(2), 140-150. 

Mariutti, L. R. B., & Bragagnolo, N. (2015). Analysis methods for thiobarbituric acid 

reactive substances and malonaldehyde in food and biological samples. 

Advances in chemistry research, 29, 91–124.  

Mariutti, L. R. B., & Bragagnolo, N. (2017). Influence of salt on lipid oxidation in 

meat and seafood products: A review. Food Research International, 94, 90–

100.  

Marsh, K., & Bugusu, B. (2007). Food packaging - Roles, materials, and 

environmental issues: Scientific status summary. Journal of Food Science, 

72(3).  

Martins, Z. E., Pinho, O., & Ferreira, I. M. P. L. V. O. (2017). Food industry by-

products used as functional ingredients of bakery products. Trends in Food 

Science and Technology, 67, 106–128.  

Martucci, J. F., Gende, L. B., Neira, L. M., & Ruseckaite, R. A. (2015). Oregano and 

lavender essential oils as antioxidant and antimicrobial additives of biogenic 

gelatin films. Industrial Crops and Products, 71, 205–213.  

Masibo, M., & He, Q. (2008). Major mango polyphenols and their potential 

significance to human health. Comprehensive Reviews in Food Science and 

Food Safety, 7, 309–319. 

Matsusaka, Y., & Kawabata, J. (2010). Evaluation of antioxidant capacity of non-

edible parts of some selected tropical fruits. Food Science and Technology 

Research, 16(5), 467–472.  

Mihaly Cozmuta, A., Turila, A., Apjok, R., Ciocian, A., Mihaly Cozmuta, L., Peter, 

A., & Benković, T. (2015). Preparation and characterization of improved 

gelatin films incorporating hemp and sage oils. Food Hydrocolloids, 49, 144–

155.  

Mohajer, S., Rezaei, M., & Hosseini, S. F. (2017). Physico-chemical and 

microstructural properties of fish gelatin/agar bio-based blend films. 



© C
OPYRIG

HT U
PM

82 
 

Carbohydrate Polymers, 157, 784–793.  

Molinaro, S., Cruz-Romero, M., Sensidoni, A., Morris, M., Lagazio, C., & Kerry, J. 

P. (2015). Combination of high-pressure treatment, mild heating and holding 

time effects as a means of improving the barrier properties of gelatin-based 

packaging films using response surface modeling. Innovative Food Science 

and Emerging Technologies, 30, 15–23.  

Monedero, F. M., Fabra, M. J., Talens, P., & Chiralt, A. (2009). Effect of oleic acid–

beeswax mixtures on mechanical, optical and water barrier properties of soy 

protein isolate based films. Journal of Food Engineering, 91(4), 509–515.  

Moreno, O., Atarés, L., & Chiralt, A. (2015). Effect of the incorporation of 

antimicrobial/antioxidant proteins on the properties of potato starch films. 

Carbohydrate Polymers, 133, 353–364.  

Nawab, A., Alam, F., Haq, M. A., & Hasnain, A. (2016). Effect of guar and xanthan 

gums on functional properties of mango (Mangifera indica) kernel starch. 

International Journal of Biological Macromolecules, 93, 630–635.  

Nawab, A., Alam, F., Haq, M. A., Lutfi, Z., & Hasnain, A. (2017). Mango kernel 

starch-gum composite films: Physical, mechanical and barrier properties. 

International Journal of Biological Macromolecules, 98, 869–876.  

Neffa Gobbi, C., Lourenço Sanches, V. M., Acordi Vasques Pacheco, E. B., de 

Oliveira Cavalcanti Guimarães, M. J., & Vasconcelos de Freitas, M. A. (2017). 

Management of plastic wastes at Brazilian ports and diagnosis of their 

generation. Marine Pollution Bulletin, 124(1), 67-73. 

Nur Fatin Nazurah R. & Nur Hanani, Z. A. (2016). Physicochemical characterization 

of kappa-carrageenan (Euchema cottoni) based films incorporated with various 

plant oils. Carbohydrate Polymers, 157, 1479–1487.  

Nur Hanani, Z. A., O’Mahony, J. A., Roos, Y. H., Oliveira, P. M., & Kerry, J. P. 

(2014a). Extrusion of gelatin-based composite films: Effects of processing 

temperature and pH of film forming solution on mechanical and barrier 

properties of manufactured films. Food Packaging and Shelf Life, 2(2), 91–

101. 

Nur Hanani, Z. A., Roos, Y. H., & Kerry, J. P. (2014b). Use and application of gelatin 

as potential biodegradable packaging materials for food products. International 

Journal of Biological Macromolecules, 71, 94–102.  

Odunsi, A. A. (2005). Response of laying hens and growing broilers to the dietary 

inclusion of mango (Mangifera indica L.) seed kernel meal. Tropical Animal 

Health and Production, 37, 139-150. 

Okpala, C. O. R., Bono, G., Geraci, M. L., Sardo, G., Vitale, S., & Schaschke, C. J. 

(2016). Lipid oxidation kinetics of ozone-processed shrimp during iced storage 

using peroxide value measurements. Food Bioscience, 16, 5–10.  

Oliveira, T. ĺtalo S., Rosa, M. F., Ridout, M. J., Cross, K., Brito, E. S., Silva, L. M. A., 

& Azeredo, H. M. C. (2017). Bionanocomposite films based on 

polysaccharides from banana peels. International Journal of Biological 

Macromolecules, 101, 1–8.  



© C
OPYRIG

HT U
PM

83 
 

Osés, J., Fernández-Pan, I., Mendoza, M., & Maté, J. I. (2009). Stability of the 

mechanical properties of edible films based on whey protein isolate during 

storage at different relative humidity. Food Hydrocolloids, 23(1), 125–131.  

Ou, S. Y., Kwok, K. C., & Kang, Y. J. (2004). Changes in in vitro digestibility and 

available lysine of soy protein isolate after formation of film. Journal of Food 

Engineering, 64, 301-305. 

Ozdemir, M., & Floros, J. D. (2004). Active food packaging technologies. Critical 

Reviews in Food Science and Nutrition, 44(3), 185–193.  

Pan, Y., Huang, X., Shi, X., Zhan, Y., Fan, G., Pan, S., & Du, Y. (2015). Antimicrobial 

application of nanofibrous mats self-assembled with quaternized chitosan and 

soy protein isolate. Carbohydrate Polymers, 133, 229–235.  

Park, S., & Zhao, Y. (2004). Incorporation of a high concentration of mineral or 

vitamin into chitosan-based films. Journal of Agricultural and Food 

Chemistry, 52, 1933-1939. 

Piñeros-Hernandez, D., Medina-Jaramillo, C., López-Córdoba, A., & Goyanes, S. 

(2017). Edible cassava starch films carrying rosemary antioxidant extracts for 

potential use as active food packaging. Food Hydrocolloids, 63, 488–495.  

Plastics Europe (2015). Plastics - the facts 2015. Plastics 2015, 1–30.  

Prior, R. L., Wu, X., & Schaich, K. (2005). Standardized methods for the 

determination of antioxidant capacity and phenolics in foods and dietary 

supplements. Journal of Agricultural and Food Chemistry, 53(10), 4290–4302. 

Puravankara, D., Boghra, V., & Sharma, R. S. (2000). Effect of antioxidant principles 

isolated from mango (Mangifera indica L.) seed kernels on oxidative stability 

of buffalo ghee (butter-fat). Journal of the Science of Food and Agriculture, 

80(4), 522–526.  

Qiu, C., Li, X., Ji, N., Qin, Y., Sun, Q., & Xiong, L. (2015). Rheological properties 

and microstructure characterization of normal and waxy corn starch dry heated 

with soy protein isolate. Food Hydrocolloids, 48, 1–7.  

Ramadan, M. F. (2013). Healthy blends of high linoleic sunflower oil with selected 

cold pressed oils: Functionality, stability and antioxidative characteristics. 

Industrial Crops and Products, 43, 65-72. 

Realini, C. E., & Marcos, B. (2014). Active and intelligent packaging systems for a 

modern society. Meat Science, 98(3), 404–419.  

Riley, A. (2012). Plastics manufacturing processes for packaging materials. 

In Packaging Technology (pp. 310-360). 

Riquelme, N., Herrera, M. L., & Matiacevich, S. (2017). Active films based on alginate 

containing lemongrass essential oil encapsulated: Effect of process and storage 

conditions. Food and Bioproducts Processing, 104, 94–103.  

Risch, S.J., (2009). Food packaging history and innovations. Journal of Agricultural 

and Food Chemistry, 57, 8089–8092. 

Robertson, G. L. (2011). Packaging and food and beverage shelf life. In The Stability 

and Shelf Life of Food (Second Edition) (pp. 77-106). 



© C
OPYRIG

HT U
PM

84 
 

Roy, N., Saha, N., Kitano, T., & Saha, P. (2012). Biodegradation of PVP-CMC 

hydrogel film: A useful food packaging material. Carbohydrate Polymers, 

89(2), 346–353.  

Ruiz-Navajas, Y., Viuda-Martos, M., Sendra, E., Perez-Alvarez, J. A., & Fernández-

López, J. (2013). In vitro antibacterial and antioxidant properties of chitosan 

edible films incorporated with Thymus moroderi or Thymus piperella essential 

oils. Food Control, 30(2), 386–392.  

Sainsbury, J., Grypa, R., Ellingworth, J., Duodu, K. G., & de Kock, H. L. (2016). The 

effects of antioxidants and shelf life conditions on oxidation markers in a 

sunflower oil salad dressing emulsion (SOSDE). Food chemistry, 213, 230-

237.  

Saito, K., Kohno, M., Yoshizaki, F., & Niwano, Y. (2008). Extensive screening for 

edible herbal extracts with potent scavenging activity against superoxide 

anions. Plant Foods for Human Nutrition, 63(2), 65–70. 

Sai-ut, S., Benjakul, S., Kraithong, S., & Rawdkuen, S. (2015). Optimization of 

antioxidants and tyrosinase inhibitory activity in mango peels using response 

surface methodology. LWT - Food Science and Technology, 64(2), 742–749.  

Salam, A., Lucia, L. A., & Jameel, H. (2014). A preliminary assay of the potential of 

soy protein isolate and its hydrolysates to provide interfiber bonding 

enhancements in lignocellulosic furnishes. Reactive and Functional Polymers, 

85, 228–234.  

Salgado, P. R., Ortiz, C. M., Musso, Y. S., Di Giorgio, L., & Mauri, A. N. (2015). 

Edible films and coatings containing bioactives. Current Opinion in Food 

Science, 5, 86–92.  

Santhirasegaram, V., Razali, Z., & Somasundram, C. (2013). Effects of thermal 

treatment and sonication on quality attributes of Chokanan mango (Mangifera 

indica L.) juice. Ultrasonics Sonochemistry, 20(5), 1276–1282.  

Santhirasegaram, V., Razali, Z., George, D. S., & Somasundram, C. (2015). 

Comparison of UV-C treatment and thermal pasteurization on quality of 

Chokanan mango (Mangifera indica L.) juice. Food and Bioproducts 

Processing, 94, 313–321.  

Santos, T. M., Men de Sá Filho, M. S., Caceres, C. A., Rosa, M. F., Morais, J. P. S., 

Pinto, A. M., & Azeredo, H. M. (2014). Fish gelatin films as affected by 

cellulose whiskers and sonication. Food Hydrocolloids, 41, 113-118.  

Sathi Reddy, K., Yahya Khan, M., Archana, K., Gopal Reddy, M., & Hameeda, B. 

(2016). Utilization of mango kernel oil for the rhamnolipid production by 

Pseudomonas aeruginosa DR1 towards its application as biocontrol agent. 

Bioresource Technology, 221, 291–299.  

Sartori, T., & Menegalli, F. C. (2016). Development and characterization of unripe 

banana starch films incorporated with solid lipid microparticles containing 

ascorbic acid. Food Hydrocolloids, 55, 210–219.  



© C
OPYRIG

HT U
PM

85 
 

Sellivam, R. K. C. P., Husseinsyah, S., Leng, T. P., Zakaria, M. M., & Ismail, H. 

(2016). Effect of adipic acid content on properties of soy protein isolate/ kapok 

husk biocomposite films. Procedia Chemistry, 19, 891–896.  

Sharma, R., & Bansal, P. P. (2016). Use of different forms of waste plastic in concrete 

- A review. Journal of Cleaner Production, 112, 473–482.  

Shojaee-Aliabadi, S., Hosseini, H., Mohammadifar, M. A., Mohammadi, A., 

Ghasemlou, M., Ojagh, S. M., & Khaksar, R. (2013). Characterization of 

antioxidant-antimicrobial ĸ-carrageenan films containing Satureja hortensis 

essential oil. International Journal of Biological Macromolecules, 52(1), 116–

124.  

Shoukat, S., Bhatti, H. N., Iqbal, M., & Noreen, S. (2017). Mango stone biocomposite 

preparation and application for crystal violet adsorption: A mechanistic study. 

Microporous and Mesoporous Materials, 239, 180–189.  

Silva, N. H. C. S., Vilela, C., Marrucho, I. M., Freire, C. S. R., Pascoal Neto, C., & 

Silvestre, A. J. D. (2014). Protein-based materials: From sources to innovative 

sustainable materials for biomedical applications. Journal of Materials 

Chemistry, 2(24), 3715-3740. 

Simon-Lukasik, K. V., & Ludescher, R. D. (2004). Erythrosin B phosphorescence as 

a probe of oxygen diffusion in amorphous gelatin films. Food Hydrocolloids, 

18(4), 621–630. 

Singh, R., Singh, S. K., Maharia, R. S., & Garg, A. N. (2015). Identification of new 

phytoconstituents and antimicrobial activity in stem bark of Mangifera indica 

(L.). Journal of Pharmaceutical and Biomedical Analysis, 105, 150–155.  

Singh, S., Gaikwad, K. K., & Lee, Y. S. (2017). Antimicrobial and antioxidant 

properties of polyvinyl alcohol bio composite films containing seaweed 

extracted cellulose nano-crystal and basil leaves extract. International Journal 

of Biological Macromolecules, 107, 1879-1887. 

Siracusa, V., Rocculi, P., Romani, S., & Rosa, M. D. (2008). Biodegradable polymers 

for food packaging: A review. Trends in Food Science and Technology, 19(12), 

634–643.  

Siripatrawan, U., & Harte, B. R. (2010). Physical properties and antioxidant activity 

of an active film from chitosan incorporated with green tea extract. Food 

Hydrocolloids, 24(8), 770–775.  

Siva Mohan Reddy, G., Jayaramudu, J., Sadiku, E. R., Sinha Ray, S., Varaprasad, K., 

& Aderibigbe, B. A. (2014). Application of cross-linked soy protein isolate 

with resorcinol films for release studies of naturally occurring bioactive agent 

with antiproliferative activity. Journal of Drug Delivery Science and 

Technology, 24(1), 86–91.  

Sogi, D. S., Siddiq, M., Greiby, I., & Dolan, K. D. (2013). Total phenolics, antioxidant 

activity, and functional properties of “Tommy Atkins” mango peel and kernel 

as affected by drying methods. Food Chemistry, 141(3), 2649–2655. 



© C
OPYRIG

HT U
PM

86 
 

Song, X., Zhou, C., Fu, F., Chen, Z., & Wu, Q. (2013). Effect of high-pressure 

homogenization on particle size and film properties of soy protein isolate. 

Industrial Crops and Products, 43(1), 538–544.  

Soong, Y. Y., & Barlow, P. J. (2004). Antioxidant activity and phenolic content of 

selected fruit seeds. Food Chemistry, 88(3), 411–417.  

Soong, Y. Y., & Barlow, P. J. (2006). Quantification of gallic acid and ellagic acid 

from longan (Dimocarpus longan Lour.) seed and mango (Mangifera indica 

L.) kernel and their effects on antioxidant activity. Food Chemistry, 97(3), 

524–530.  

Souza, H. A. L., & Bragagnolo, N. (2014). New method for the extraction of volatile 

lipid oxidation products from shrimp by headspace-solid-

phasemicroextraction-gas chromatography-mass spectrometry and evaluation 

of the effect of salting and drying. Journal of Agricultural and Food Chemistry, 

62, 590–599. 

Sow, L. C., & Yang, H. (2015). Effects of salt and sugar addition on the 

physicochemical properties and nanostructure of fish gelatin. Food 

Hydrocolloids, 45, 72–82.  

Sri Devi Kumari, T., Jebaraj, A. J. J., Raj, T. A., Jeyakumar, D., & Kumar, T. P. (2016). 

A kish graphitic lithium-insertion anode material obtained from non-

biodegradable plastic waste. Energy, 95, 483–493.  

Srinivasa, P. C., Ravi, R., & Tharanathan, R. N. (2007). Effect of storage conditions 

on the tensile properties of eco-friendly chitosan films by response surface 

methodology. Journal of Food Engineering, 80(1), 184–189.  

Suppakul, P., Boonlert, R., Buaphet, W., Sonkaew, P., & Luckanatinvong, V. (2016). 

Efficacy of superior antioxidant Indian gooseberry extract-incorporated edible 

Indian gooseberry puree/methylcellulose composite films on enhancing the 

shelf life of roasted cashew nut. Food Control, 69, 51–60. 

Talón, E., Trifkovic, K. T., Nedovic, V. A., Bugarski, B. M., Vargas, M., Chiralt, A., 

& González-Martínez, C. (2016). Antioxidant edible films based on chitosan 

and starch containing polyphenols from thyme extracts. Carbohydrate 

Polymers, 157, 1153–1161.  

Tananuwong, K., & Tewaruth, W. (2010). Extraction and application of antioxidants 

from black glutinous rice. LWT - Food Science and Technology, 43(3), 476–

481.  

Tongnuanchan, P., Benjakul, S., & Prodpran, T. (2012). Properties and antioxidant 

activity of fish skin gelatin film incorporated with citrus essential oils. Food 

Chemistry, 134(3), 1571–1579.  

Tongnuanchan, P., Benjakul, S., & Prodpran, T. (2013). Physico-chemical properties, 

morphology and antioxidant activity of film from fish skin gelatin incorporated 

with root essential oils. Journal of Food Engineering, 117(3), 350–360.  

Tongnuanchan, P., Benjakul, S., & Prodpran, T. (2014). Structural, morphological and 

thermal behaviour characterisations of fish gelatin film incorporated with basil 



© C
OPYRIG

HT U
PM

87 
 

and citronella essential oils as affected by surfactants. Food Hydrocolloids, 41, 

33–43.  

Tongnuanchan, P., Benjakul, S., Prodpran, T., & Nilsuwan, K. (2015). Emulsion film 

based on fish skin gelatin and palm oil: Physical, structural and thermal 

properties. Food Hydrocolloids, 48, 248–259.  

Tongnuanchan, P., Benjakul, S., Prodpran, T., Pisuchpen, S., & Osako, K. (2016). 

Mechanical, thermal and heat sealing properties of fish skin gelatin film 

containing palm oil and basil essential oil with different surfactants. Food 

Hydrocolloids, 56, 93–107.  

Torres-León, C., Rojas, R., Contreras-Esquivel, J. C., Serna-Cock, L., Belmares-

Cerda, R. E., & Aguilar, C. N. (2016). Mango seed: Functional and nutritional 

properties. Trends in Food Science and Technology, 55, 109–117. 

Torres-León, C., Rojas, R., Serna-Cock, L., Belmares-Cerda, R., & Aguilar, C. N. 

(2017). Extraction of antioxidants from mango seed kernel: Optimization 

assisted by microwave. Food and Bioproducts Processing, 105, 188–196.  

Tran, T. N., Athanassiou, A., Basit, A., & Bayer, I. S. (2017). Starch-based bio-

elastomers functionalized with red beetroot natural antioxidant. Food 

Chemistry, 216, 324–333.  

Trinetta, V. (2015). Definition and function of food packaging. Reference Module in 

Food Science (pp.1-2). 

Tulamandi, S., Rangarajan, V., Rizvi, S. S. H., Singhal, R. S., Chattopadhyay, S. K., 

& Saha, N. C. (2016). A biodegradable and edible packaging film based on 

papaya puree, gelatin, and defatted soy protein. Food Packaging and Shelf Life, 

10, 60–71.  

Uranga, J., Leceta, I., Etxabide, A., Guerrero, P., & de la Caba, K. (2016). Cross-

linking of fish gelatins to develop sustainable films with enhanced properties. 

European Polymer Journal, 78, 82–90.  

Van Bossuyt, M., Van Hoeck, E., Vanhaecke, T., Rogiers, V., & Mertens, B. (2016). 

Printed paper and board food contact materials as a potential source of food 

contamination. Regulatory Toxicology and Pharmacology, 81(1935), 10–19.  

Viuda-martos, M. (2015). Assessment of antibacterial and antioxidant properties of 

chitosan edible films incorporated with maqui berry (Aristotelia chilensis). 

LWT-Food Science and Technology, 64, 1057-1062. 

Viuda-Martos, M., Ruiz-Navajas, Y., Fernandez Lopez, J., Sendra, E., Sayas Barber, 

A. E., & Perez Alvarez, J. A. (2011). Antioxidant properties of pomegranate 

(Punica granatum L.) bagasses obtained as co-product in the juice extraction. 

Food Research International, 44, 1217-1223. 

Wang, H., Hu, D., Ma, Q., & Wang, L. (2016). Physical and antioxidant properties of 

flexible soy protein isolate films by incorporating chestnut (Castanea 

mollissima) bur extracts. LWT - Food Science and Technology, 71, 33–39.  

Wang, W., Li, J., Yan, L., Huang, G., & Dong, Z. (2016). Effect of oxidization and 

chitosan on the surface activity of soy protein isolate. Carbohydrate Polymers, 

151, 700–706.  



© C
OPYRIG

HT U
PM

88 
 

Wang, X. J., Zheng, X. Q., Liu, X. L., Kopparapu, N. K., Cong, W. S., & Deng, Y. P. 

(2017). Preparation of glycosylated zein and retarding effect on lipid oxidation 

of ground pork. Food Chemistry, 227, 335–341.  

Wang, Y., & Wang, X. (2015). Binding, stability, and antioxidant activity of quercetin 

with soy protein isolate particles. Food Chemistry, 188, 24–29.  

Wang, Z., Kang, H., Zhang, W., Zhang, S., & Li, J. (2017). Improvement of interfacial 

interactions using natural polyphenol-inspired tannic acid-coated nanoclay 

enhancement of soy protein isolate biofilms. Applied Surface Science, 401, 

271–282.  

Wang, Z., Kang, H., Zhang, W., Zhang, S., & Li, J. (2017). Improvement of interfacial 

interactions using natural polyphenol-inspired tannic acid-coated nanoclay 

enhancement of soy protein isolate biofilms. Applied Surface Science, 401, 

271–282.  

Wang, Z., Zhang, N., Wang, H. Yu, Sui, S. Yao, Sun, X. Xiu, & Ma, Z. Su. (2014). 

The effects of ultrasonic/microwave assisted treatment on the properties of soy 

protein isolate/titanium dioxide films. LWT - Food Science and Technology, 

57(2), 548–555.  

Weng, W., & Zheng, H. (2015). Effect of transglutaminase on properties of tilapia 

scale gelatin films incorporated with soy protein isolate. Food Chemistry, 169, 

255–260.  

Wrona, M., Nerín, C., Alfonso, M. J., & Caballero, M. Á. (2017). Antioxidant 

packaging with encapsulated green tea for fresh minced meat. Innovative Food 

Science and Emerging Technologies, 41(11), 307–313.  

Wu, J., Ge, S., Liu, H., Wang, S., Chen, S., Wang, J., & Zhang, Q. (2014). Properties 

and antimicrobial activity of silver carp (Hypophthalmichthys molitrix) skin 

gelatin-chitosan films incorporated with oregano essential oil for fish 

preservation. Food Packaging and Shelf Life, 2(1), 7–16.  

Wu, J., Liu, H., Ge, S., Wang, S., Qin, Z., Chen, L., & Zhang, Q. (2015). The 

preparation, characterization, antimicrobial stability and in-vitro release 

evaluation of fish gelatin films incorporated with cinnamon essential oil 

nanoliposomes. Food Hydrocolloids, 43, 427–435. 

Wu, X., Liu, Y., Liu, A., & Wang, W. (2017). Improved thermal-stability and 

mechanical properties of type I collagen by crosslinking with casein, keratin 

and soy protein isolate using transglutaminase. International Journal of 

Biological Macromolecules, 98, 292–301.  

Wyrwa, J., & Barska, A. (2017). Innovations in the food packaging market: active 

packaging. European Food Research and Technology, 243(10), 1681–1692.  

Xia, C., Zhang, S., Shi, S. Q., Cai, L., Garcia, A. C., Rizvi, H. R., & D’Souza, N. A. 

(2016). Property enhancement of soy protein isolate-based films by 

introducing POSS. International Journal of Biological Macromolecules, 82, 

168–173.  

Xu, F., Dong, Y., Zhang, W., Zhang, S., Li, L., & Li, J. (2015). Preparation of cross-

linked soy protein isolate-based environmentally-friendly films enhanced by 



© C
OPYRIG

HT U
PM

89 
 

PTGE and PAM. Industrial Crops and Products, 67, 373–380.  

Xu, M., Wei, L., Xiao, Y., Bi, H., Yang, H., & Du, Y. (2016). Physicochemical and 

functional properties of gelatin extracted from Yak skin. International Journal 

of Biological Macromolecules, 95, 1246–1253.  

Yang, H., Li, J. G., Wu, N. F., Fan, M. M., Shen, X. L., Chen, M. T., & Lai, L. S. 

(2015). Effect of hsian-tsao gum (HG) content upon rheological properties of 

film-forming solutions (FFS) and physical properties of soy protein/hsian-tsao 

gum films. Food Hydrocolloids, 50, 211–218.  

Yang, W., Owczarek, J. S., Fortunati, E., Kozanecki, M., Mazzaglia, A., Balestra, G. 

M., & Puglia, D. (2016). Antioxidant and antibacterial lignin nanoparticles in 

polyvinyl alcohol/chitosan films for active packaging. Industrial Crops and 

Products, 94, 800–811.  

Yuan, Y., Kong, Z. Y., Sun, Y. E., Zeng, Q. Z., & Yang, X. Q. (2017). Complex 

coacervation of soy protein with chitosan: Constructing antioxidant 

microcapsule for algal oil delivery. LWT - Food Science and Technology, 75, 

171–179.  

Zamorano, M., Pérez, J. I., Pavés, I. A., & Ridao, Á. R. (2007). Study of the energy 

potential of the biogas produced by an urban waste landfill in Southern Spain. 

Renewable and Sustainable Energy Reviews, 11, 909–922. 

Zeng, M., Huang, Y., Lu, L., Fan, L., Mangavel, C., & Lourdin, D. (2011). Mechanical 

properties of thermo-moulded biofilms in relation to proteins/starch 

interactions. Food Biophysics, 6(1), 49–57.  

Zhang, S., Xia, C., Dong, Y., Yan, Y., Li, J., Shi, S. Q., & Cai, L. (2016). Soy protein 

isolate-based films reinforced by surface modified cellulose nanocrystal. 

Industrial Crops and Products, 80, 207–213.  

Zhang, W., Chen, J., Chen, Y., Xia, W., Xiong, Y. L., & Wang, H. (2015). Enhanced 

physicochemical properties of chitosan/whey protein isolate composite film by 

sodium laurate-modified TiO2 nanoparticles. Carbohydrate Polymers, 138, 59-

65.  

Zhang, Y., He, S., & Simpson, B. K. (2017). A cold active transglutaminase from 

Antarctic krill (Euphausia superba): Purification, characterization and 

application in the modification of cold-set gelatin gel. Food Chemistry, 232, 

155–162.  

Zhang, Y., Tan, C., Abbas, S., Eric, K., Xia, S., & Zhang, X. (2015). Modified SPI 

improves the emulsion properties and oxidative stability of fish oil 

microcapsules. Food Hydrocolloids, 51, 108–117. 

 Zhao, S., Yao, J., Fei, X., Shao, Z., & Chen, X. (2013). An antimicrobial film by 

embedding in situ synthesized silver nanoparticles in soy protein isolate. 

Materials Letters, 95, 142-144. 

Zhao, Y., Xu, H., Mu, B., Xu, L., & Yang, Y. (2016). Biodegradable soy protein films 

with controllable water solubility and enhanced mechanical properties via graft 

polymerization. Polymer Degradation and Stability, 133, 75–84.  

 


	Blank Page



