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ABSTRAK 

Pembungkusan aktif yang terdiri daripada antioksida semula jadi adalah teknologi yang 

menjanjikan untuk memanjangkan jangka hayat makanan. Walau bagaimanapun, 

biopolimer seperti karageenan separa-halus sahaja tidak membentuk filem dengan sifat 

mekanikal yang mencukupi yang membatasi potensinya sebagai filem pembungkusan 

untuk perlindungan makanan. Kajian ini bertujuan untuk menghasilkan pembungkusan 

bioaktif daripada karagenan separuh-halus (SRC) yang diplastikkan dengan gliserol (G) 

serta serat nanoselulosa (CNF) sebagai agen pengukuhan dan digabungkan dengan α-

tokoferol (Tp) untuk meningkatkan jangka hayat daging. Pembuatan filem karageenan 

separa-halus yang diplastikkan dengan gliserol, serat nano selulosa dan digabungkan 

dengan α-tokoferol adalah dibuat dengan menggunakan kaedah acuan. Kepekatan serat 

nano selulosa hendaklah ditentukan bagi meningkatkan sifat mekanikal dan fizikal filem 

karageenan separa-halus yang dibuat. Ciri-ciri filem gabungan karagenan separa- 

halus/gliserol/α-tokoferol sebagai pembungkusan aktif telah dikaji. Selepas itu, 

keberkesanan pembukusan karageenan/gliserol/α-tokoferol/serat nanoselulosa sebagai 

filem pembungkusan yang aktif telah dibuat untuk memanjangkan jangka hayat daging. 

Kajian ini mendedahkan bahawa penambahan serat nanoselulosa dalam menghasilkan 

filem meningkatkan sifat fizikal dan mekanikal berbanding dengan filem kawalan 

(karagenan separuh-halus tanpa penambahan gliserol, serat nanoselulosa dan α-

tokoferol). Ini boleh ditunjukkan pada nilai kekuatan tegangan dan pemanjangan 

pembungkusan aktif yang meningkat dengan peningkatan kepekatan (2%, 5%, 7% dan 

10% [v/v]) serat nanoselulosa (p<0.05) pada kekuatan tegangan (56.83-66.79 Mpa) dan 

pemanjangan (17.23-46.54%). Walau bagaimanapun, peningkatan kepekatan pada 

kepekatan 13% (v/v) serat nanoselulosa mengurangkan kekuatan tegangan (44.98 Mpa) 

dan pemanjangan dengan ketara (32.93%) (p<0.05). Selain itu, nilai kelegapan semula 

jadi karageenan yang diperkuat dengan sifat selulosa nanoserat yang lebih rendah adalah 

(4.09-4.73 mm-1) berbanding dengan filem kawalan. Keterlarutan dan kandungan 

kelembapan filem meningkat dengan peningkatan kepekatan serat nanoselulosa.  

Kestabilan terma diperbaiki dengan menambahkan CNF kepada filem. Di samping itu, 

pelepasan antioksidan filem aktif kepada simulasi makanan (95%) etanol telah ditentukan 

dengan menggunakan jumlah kandungan fenolik dan aktiviti pemusnahan DPPH 

sepanjang 31 hari penyimpanan. Pelepasan antioksidan yang berpanjangan kepada 

simulant makanan adalah melalui penyimpanan 31 hari dengan jumlah nilai kandungan 

fenolik (250.40-362.67 mg GA / L sampel) dan (81.07-86.59%) untuk ujian DPPH. 

Selain itu, filem karagenan separa-halus dengan α-tokoferol dan serat nanoselulosa 

memperlihatkan aktiviti antioksidan dengan nilai akhir 0.68-0.37 mg malondialdehid / kg 

sampel. Secara keseluruhan, filem aktif 10% (v / v) nanofiber selulosa meningkatkan sifat 

mekanikal selulosa filem dari segi kekuatan tegangan dan fleksibiliti filem.  Oleh itu, 

formulasi baru karagenan separa-halus (SRC) yang diplastikkan dengan glycerol (G) 

dengan serat nanoselulosa (CNF) sebagai agen pengukuhan yang digabungkan α-

tokoferol (Tp) boleh menjadi alternatif sebagai pembungkusan aktif untuk meningkatkan 

keselamatan dan kualiti makanan daging di dalam keadaan sejuk. 
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ABSTRACT 

Active packaging incorporated with natural antioxidant is a promising technology to 

extend shelf life of perishable food. However, biopolymers such as semi-refined 

carrageenan SRC alone does not form films with adequate mechanical properties which 

limit their potential as packaging film for food protection. The application of reinforcing 

fillers to biopolymers has proven effective in improving their thermal, mechanical, and 

barrier properties. This study aims to produce the bioactive edible film made semi refined 

carrageenan (SRC) plasticized with glycerol (G) enhanced with cellulose nanofibers 

(CNF) as reinforcing agent incorporated α-tocopherol (Tp) to enhance lipid oxidative 

stability of meat patties. Semi-refined carrageenan film reinforced cellulose nanofibers 

plasticized with glycerol and incorporated α-tocopherol were produce using casting 

method. The concentration of cellulose nanofibers was determined to enhance active 

films with mechanical and physical properties. The films produced have distinguished 

for their mechanical and physical characterization. Thereafter, the effectiveness of semi-

refined carrageenan/glycerol/α-tocopherol as active packaging film to prolong the shelf 

life of meat patties were evaluated. This study exhibited that the addition of cellulose 

nanofibers were improved the physical and mechanical properties compare to control film 

(semi-refined carrageenan without the addition of glycerol, cellulose nanofibers and α-

tocopherol). This can be shown at the tensile strength and elongation at break, which were 

improved with the increase in concentration (2%, 5%, 7% and 10% [v/v]) cellulose 

nanofibers (p<0.05) with value range of tensile strength (56.83-66.79 Mpa) and 

elongation at break (17.23-46.54%). However, increasing the concentration 13% (v/v) 

cellulose nanofibers had reduced the tensile strength (44.98 Mpa) and elongation at break 

significantly (32.93%) (p<0.05). When compared to the control film, the opacity value 

of semi-refined carrageenan reinforced cellulose nanofibers attribute lower opacity (4.09-

4.73 mm-1). On the other hand, the film solubility and moisture content were improved 

significantly by increasing concentration of cellulose nanofibers. The thermal stability 

was improved by adding CNF to the film. In spite of this, the release antioxidant of the 

active films to the food simulant (95%) ethanol was calculated during 31 days of storage 

using total phenolic content and DPPH scavenging activity assays. The extended release 

of antioxidant into food simulant was from 31-day storage with total phenolic content 

value of 250.40-362.67 mg GA/L sample and 81.07-86.59% inhibition for DPPH assay. 

Moreover, the development of lipid oxidation in the meat patties wrapped with 

antioxidant films was delayed during storage with a final value of 0.68-0.37 mg of 

malondialdehyde/kg sample. Overall, active film reinforced with 10% (v/v) cellulose 

nanofibers improves mechanical properties of the film cellulose in terms of tensile 

strength and elongation at break. Hence, the new formulation of semi refined carrageenan 

(SRC) plasticized with glycerol (G) enhanced with cellulose nanofibers (CNF) as 

reinforcing agent incorporated with α-tocopherol (Tp) could be an promising option as 

active packaging to improve food safety and quality of the meat under refrigerated 

environment. 

 

 



v 

TABLE OF CONTENT 

 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENT ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiii 

LIST OF ABBREVIATIONS xiv 

LIST OF APPENDICES xv 

CHAPTER 1 BACKGROUND OF STUDY 1 

1.1 Introduction 1 

1.2 Problem statement 3 

1.3 Research objectives 4 

1.4 Research scope 4 

1.5 Significant of study 5 

1.6 Thesis outline 6 

CHAPTER 2 LITERATURE REVIEW 8 

2.1 Introduction 8 

2.2 Food packaging 8 

2.2.1 Biodegradable plastics 9 



vi 

2.2.2 Biopolymer in biodegradable film 9 

2.2.3 Active packaging 10 

2.3 Carrageenan 13 

2.3.1 Type of carrageenan 14 

2.3.2 Preparation of carrageenan in industry 16 

2.3.3 Carrageenan as biopolymer formulation 17 

2.4 Celullose 18 

2.4.1 Source of cellulose 19 

2.4.2 Nanocellulose 20 

2.4.3 Type of nanocellulose 22 

2.4.4 Cellulose for production bio-composite films 23 

2.4.5 Compatibility between seaweed and cellulose 24 

2.5 Role of plasticizer 24 

2.5.1 Glycerol as plasticizer 25 

2.6 Food spoilage and preservation 26 

2.6.1 Lipid oxidation in meat 27 

2.7 Antioxidant in food packaging material 28 

2.7.1 Natural antioxidant 29 

2.7.2 Alpha-tocopherol 30 

2.7.3 Application of α-tocopherol in food technology 31 

2.7.4 Mechanism of natural antioxidant against lipid oxidation 32 

2.8 Concluding remarks 32 

CHAPTER 3 RESEARCH METHODOLOGY 34 

3.1 Introduction 34 

3.2 Materials and chemicals 36 



vii 

3.3 Characterizations of SRC and CNF biopolymer 36 

3.3.1 Determination of Functional Groups via Fourier Transform Infrared 

(FTIR) Spectroscopy 36 

3.3.2 Field Emission Scanning Electron Microscopy of cellulose 

nanofibers 36 

3.4 Preparation of SRC/G/Tp/CNF active packaging film 36 

3.5 Physical properties of SRC/G/Tp/CNF active packaging film 37 

3.5.1 Thickness measurement 37 

3.5.2 Opacity measurement 37 

3.5.3 Film solubility 38 

3.5.4 Moisture content 38 

3.6 Mechanical properties of SRC/G/Tp/CNF active packaging film 39 

3.6.1 Tensile strength and elongation at break. 39 

3.7 Thermal properties of SRC/G/Tp/CNF active packaging film 39 

3.7.1 Thermogravimetric analysis (TGA) 39 

3.7.2 Microstructure Properties of SRC/G/Tp/CNF active packaging film

 39 

3.8 Determination of Antioxidant Effect from SRC/G/Tp/CNF active packaging 

film into Food Simulant (95% ethanol) and Meat Patties 40 

3.8.1 Release Test of α-tocopherol from SRC/G/Tp/CNF active 

packaging film using 95% Ethanol Food Simulant 40 

3.8.2 Determination of Total Phenolic Content 40 

3.8.3 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) Scavenging Assay

 40 

3.8.4 Preparation of Meat Patties Wrapped with SRC-CNF Active 

Packaging Film 41 

3.8.5 Determination of Lipid Degradation for Meat Patties via TBARS 

Analysis 41 



viii 

3.8.6 Determination of Brown Colour Development for Meat Patties via 

Percentage Metmyoglobin 42 

3.8.7 Determination of pH Measurement for Meat Patties 42 

3.9 Statistical Analysis 43 

CHAPTER 4 RESULTS AND DISCUSSION 44 

4.1 Introduction 44 

4.2 Characterization for SRC and CNF materials 44 

4.2.1 Field Emission Scanning Electron Microscopy (FE-SEM) of 

cellulose nanofibers 44 

4.2.2 Functional group of cellulose nanofibers and semi-refined 

carrageenan via fourier transform infrared (FTIR) Electroscopy 45 

4.3 Mechanical and Physical Characterization of Active Films 47 

4.3.1 Film Appearance and Thickness of SRC/G/Tp Active Packaging 

Film with Different Concentrations of Cellulose nanofibers 47 

4.3.2 Opacity Measurement of SRC/G/Tp Active Packaging Film with 

Different Concentrations of Cellulose nanofibers 49 

4.3.3 Mechanical properties Measurement of SRC/G/Tp Active 

Packaging Film with Different Concentrations of Cellulose 

nanofibers 50 

4.3.4 Film solubility of SRC/G/Tp Active Packaging Film with Different 

Concentrations of Cellulose nanofibers 52 

4.3.5 Moisture content of SRC/G/Tp Active Packaging Film with 

Different Concentrations of Cellulose nanofibers 54 

4.4 Characterization of SRC/G/Tp Active Packaging Film with Different 

Concentrations of Cellulose nanofibers 56 

4.4.1 Functional group of SRC/G/Tp Active Packaging Film with 

Different Concentrations of Cellulose nanofibers 56 



ix 

4.4.2 Thermal stability of SRC/G/Tp Active Packaging Film with 

Different Concentrations of Cellulose nanofibers 58 

4.5 Microstructure of SRC/G/Tp Active Packaging Film with Different 

Concentrations of Cellulose nanofibers 60 

4.6 Release of Antioxidant α-tocopherol from SRC/G/Tp Active Packaging Film 

with Different Concentrations of Cellulose nanofibers in Food Simulant (95% 

ethanol) 63 

4.7 Lipid Degradation Measurement of Meat Patties Wrapped with SRC/G/Tp 

Active Packaging Film with Different Concentrations of Cellulose nanofibers 66 

4.8 Brown colour development of Meat Patties Wrapped with SRC/G/Tp Active 

Packaging Film with Different Concentrations of Cellulose nanofibers 68 

4.9 pH Measurement of Meat Patties Wrapped with SRC/G/Tp Active Packaging 

Film with Different Concentrations of Cellulose nanofibers 70 

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS 73 

5.1 Introduction 73 

5.1.1 Conclusion 73 

5.1.2 Recommendation for Future Works 75 

REFERENCES 76 

 



76 

REFERENCES 

Abd Hamid K. H., Wan Yahaya W. A., Mohd Saupy N. A. Z., Almajano M. P., & Mohd 

Azman N. A. (2019). Semi‐refined carrageenan film incorporated with α‐

tocopherol: Application in food model. Journal of Food Processing and 

Preservation, 43(5), e13937.  

Abdollahi M., Alboofetileh M., Behrooz R., Rezaei M., & Miraki R. (2013). Reducing 

water sensitivity of alginate bio-nanocomposite film using cellulose 

nanoparticles. International Journal of Biological Macromolecules, 54, 166-173.   

Abitbol T., Rivkin A., Cao Y., Nevo Y., Abraham E., Ben-Shalom T., Lapidot S., & 

Shoseyov O. (2016). Nanocellulose, a tiny fiber with huge applications. Current 

Opinion in Biotechnology, 39, 76-88.  

Ahmad M., Benjakul S., Sumpavapol P., & Nirmal N. P. (2012). Quality changes of sea 

bass slices wrapped with gelatin film incorporated with lemongrass essential oil. 

International Journal of Food Microbiology, 155(3), 171-178.  

Aider M. (2010). Chitosan application for active bio-based films production and potential 

in the food industry. LWT-Food Science and Technology, 43(6), 837-842.  

Akcan T., Estévez M., & Serdaroğlu M. (2017). Antioxidant protection of cooked 

meatballs during frozen storage by whey protein edible films with phytochemicals 

from Laurus nobilis L. and Salvia officinalis. LWT, 77, 323-331.  

Akhtar H. M. S., Riaz A., Hamed Y. S., Abdin M., Chen G., Wan P., & Zeng X. (2018). 

Production and characterization of CMC-based antioxidant and antimicrobial 

films enriched with chickpea hull polysaccharides. International Journal of 

Biological Macromolecules, 118, 469-477.   

Ali A., Ali S., Yu L., Liu H. S., Khalid S., Hussain A., Qayum M. M. N., & Ying C. 

(2019). Preparation and characterization of starch-based composite films 

reinforced by apricot and walnut shells. Journal of Applied Polymer Science, 

136(38), 10.   

Alvarez-Suarez J. M., Giampieri F., González-Paramás A. M., Damiani E., Astolfi P., 

Martinez-Sanchez G., Bompadre S., Quiles J. L., Santos-Buelga C., & Battino M. 

(2012). Phenolics from monofloral honeys protect human erythrocyte membranes 

against oxidative damage. Food and Chemical Toxicology, 50(5), 1508-1516.  

Amaral A. B., Silva M. V. d., & Lannes S. C. d. S. (2018). Lipid oxidation in meat: 

mechanisms and protective factors–a review. Food Science and Technology, 38, 

1-15.  

Andrade M. A., Ribeiro-Santos R., Guerra M., & Sanches-Silva A. (2019). Evaluation of 

the Oxidative Status of Salami Packaged with an Active Whey Protein Film. 

Foods, 8(9), 387.  



77 

Aristizabal-Gil M. V., Santiago-Toro S., Sanchez L. T., Pinzon M. I., Gutierrez J. A., & 

Villa C. C. (2019). ZnO and ZnO/CaO nanoparticles in alginate films. Synthesis, 

mechanical characterization, barrier properties and release kinetics. LWT.  

Azeredo H. M. C., Miranda K. W. E., Ribeiro H. L., Rosa M. F., & Nascimento D. M. 

(2012). Nanoreinforced alginate–acerola puree coatings on acerola fruits. Journal 

of Food Engineering, 113(4), 505-510.   

Azman N. A. M., Gallego M. G., Julia L., Fajari L., & Almajano M. (2015). The effect 

of Convolvulus arvensis dried extract as a potential antioxidant in food models. 

Antioxidants (Basel), 4(1), 170-184.   

Bagde P., & Nadanathangam V. (2019). Mechanical, antibacterial and biodegradable 

properties of starch film containing bacteriocin immobilized crystalline 

nanocellulose. Carbohydrate Polymers, 222, 115021.   

Barrera‐Arellano D., Ruiz‐Méndez V., Velasco J., Márquez‐Ruiz G., & Dobarganes C. 

(2002). Loss of tocopherols and formation of degradation compounds at frying 

temperatures in oils differing in degree of unsaturation and natural antioxidant 

content. Journal of the Science of Food and Agriculture, 82(14), 1696-1702.  

Basiak E., Lenart A., & Debeaufort F. (2017). Effect of starch type on the physico-

chemical properties of edible films. International Journal of Biological 

Macromolecules, 98, 348-356.   

Bitencourt C. M., Fávaro-Trindade C. S., Sobral P. J. d. A., & Carvalho R. A. d. (2014). 

Gelatin-based films additivated with curcuma ethanol extract: Antioxidant 

activity and physical properties of films. Food Hydrocolloids, 40, 145-152.  

Borzi F., Torrieri E., Wrona M., & Nerín C. (2019). Polyamide modified with green tea 

extract for fresh minced meat active packaging applications. Food Chemistry, 

300, 125242.  

Boschen N. L., Valenga M. G. P., Maia G. A. R., Gallina A. L., & Rodrigues P. R. P. 

(2019). Synergistic study of the antioxidant potential of barley waste for biodiesel. 

Industrial Crops and Products, 140, 111624.   

Byun Y., Kim Y. T., & Whiteside S. (2010). Characterization of an antioxidant polylactic 

acid (PLA) film prepared with α-tocopherol, BHT and polyethylene glycol using 

film cast extruder. Journal of Food Engineering, 100(2), 239-244.  

Camo J., Beltran J. A., & Roncales P. (2008). Extension of the display life of lamb with 

an antioxidant active packaging. Meat Science, 80(4), 1086-1091.   

Camo J., Lorés A., Djenane D., Beltrán J. A., & Roncalés P. (2011). Display life of beef 

packaged with an antioxidant active film as a function of the concentration of 

oregano extract. Meat Science, 88(1), 174-178.   

Castro F. V., Andrade M. A., Sanches Silva A., Vaz M. F., & Vilarinho F. (2019). The 

Contribution of a Whey Protein Film Incorporated with Green Tea Extract to 

Minimize the Lipid Oxidation of Salmon (Salmo salar L.). Foods, 8(8), 327.  



78 

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.  

Cerqueira M. A., Souza B. W. S., Teixeira J. A., & Vicente A. A. (2012). Effect of 

glycerol and corn oil on physicochemical properties of polysaccharide films – A 

comparative study. Food Hydrocolloids, 27(1), 175-184. 

doi:10.1016/j.foodhyd.2011.07.007 

Chandrasekar V., Belur P. D., & Regupathi I. (2016). Effect of hydroxybenzoic acids 

antioxidants on the oxidative stability of sardine oil. Resource-Efficient 

Technologies, 2, S114-S118.   

Chang-Liao W.-L., Chien C.-F., Lin L.-C., & Tsai T.-H. (2012). Isolation of 

gentiopicroside from Gentianae Radix and its pharmacokinetics on liver 

ischemia/reperfusion rats. Journal of Ethnopharmacology, 141(2), 668-673.  

Chen W., Yu H., Liu Y., Chen P., Zhang M., & Hai Y. (2011). Individualization of 

cellulose nanofibers from wood using high-intensity ultrasonication combined 

with chemical pretreatments. Carbohydrate Polymers, 83(4), 1804-1811.  

Cheng S., Zhang Y., Cha R., Yang J., & Jiang X. (2016). Water-soluble nanocrystalline 

cellulose films with highly transparent and oxygen barrier properties. Nanoscale, 

8(2), 973-978.  

Contini C., Alvarez R., O'Sullivan M., Dowling D. P., Gargan S. O., & Monahan F. J. 

(2014). Effect of an active packaging with citrus extract on lipid oxidation and 

sensory quality of cooked turkey meat. Meat Science, 96(3), 1171-1176.   

Cuq B., Gontard N., CUQ J. L., & Guilbert S. (1996). Functional properties of 

myofibrillar protein‐based biopackaging as affected by film thickness. Journal of 

food science, 61(3), 580-584.  

Dai H. J., Huang Y., & Huang H. H. (2018). Enhanced performances of polyvinyl alcohol 

films by introducing tannic acid and pineapple peel-derived cellulose 

nanocrystals. Cellulose, 25(8), 4623-4637.  <Go to  

Dai L., Wang B., Long Z., Chen L., Zhang D., & Guo S. (2015). Properties of 

hydroxypropyl guar/TEMPO-oxidized cellulose nanofibrils composite films. 

Cellulose, 22(5), 3117-3126.  

Dias M. V., Azevedo V. M., Santos T. A., Pola C. C., Lara B. R. B., Borges S. V., Soares 

N. F. F., Medeiros É. A. A., & Sarantópoulous C. (2019). Effect of active films 

incorporated with montmorillonite clay and α‐tocopherol: Potential of 

nanoparticle migration and reduction of lipid oxidation in salmon. Packaging 

Technology and Science, 32(1), 39-47.  

Dimic-Misic K., Maloney T., Liu G., & Gane P. (2017). Micro nanofibrillated cellulose 

(MNFC) gel dewatering induced at ultralow-shear in presence of added 

colloidally-unstable particles. Cellulose, 24(3), 1463-1481.  



79 

Distantina S., Rochmadi R., Fahrurrozi M., & Wiratni W. (2013). Preparation and 

characterization of glutaraldehyde-crosslinked kappa carrageenan hydrogel. 

Engineering Journal, 17(3), 57-66.  

dos Santos Caetano K., Almeida Lopes N., Haas Costa T. M., Brandelli A., Rodrigues 

E., Hickmann Flôres S., & Cladera-Olivera F. (2018). Characterization of active 

biodegradable films based on cassava starch and natural compounds. Food 

Packaging and Shelf Life, 16, 138-147. doi:10.1016/j.fpsl.2018.03.006 

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

antimicrobial films in food applications. Food Chemistry, 114(4), 1173-1182.  

Egan A., Eustace I., & Shay B. (1988). Meat packaging-maintaining the quality and 

prolonging the storage life of chilled beef, pork and lamb.  

El Miri N., Abdelouahdi K., Barakat A., Zahouily M., Fihri A., Solhy A., & El Achaby 

M. (2015). Bio-nanocomposite films reinforced with cellulose nanocrystals: 

Rheology of film-forming solutions, transparency, water vapor barrier and tensile 

properties of films. Carbohydrate Polymers, 129, 156-167.  

Espitia P. J. P., Du W.-X., Avena-Bustillos R. d. J., Soares N. d. F. F., & McHugh T. H. 

(2014). Edible films from pectin: Physical-mechanical and antimicrobial 

properties - A review. Food Hydrocolloids, 35, 287-296.   

Fahma F., Iwamoto S., Hori N., Iwata T., & Takemura A. (2010). Isolation, preparation, 

and characterization of nanofibers from oil palm empty-fruit-bunch (OPEFB). 

Cellulose, 17(5), 977-985.  

Fang Z., Zhao Y., Warner R. D., & Johnson S. K. (2017). Active and intelligent 

packaging in meat industry. Trends in Food Science & Technology, 61, 60-71.  

Farhan A., & Hani N. M. (2017). Characterization of edible packaging films based on 

semi-refined kappa-carrageenan plasticized with glycerol and sorbitol. Food 

Hydrocolloids, 64, 48-58. doi:10.1016/j.foodhyd.2016.10.034 

Fathilah W. F. W., & Othaman R. (2019). Electrospun Cellulose Fibres and Applications. 

Sains Malaysiana, 48(7), 1459-1472.  

Gallego G., Hakkarainen M., & Almajano M. P. (2017). Stability of O/W emulsions 

packed with PLA film with incorporated rosemary and thyme. European Food 

Research and Technology, 243(7), 1249-1259.  

Galus S., & Kadzińska J. (2015). Food applications of emulsion-based edible films and 

coatings. Trends in Food Science & Technology, 45(2), 273-283.  

Garcia M., Martino M., & Zaritzky N. (2000). Lipid addition to improve barrier 

properties of edible starch‐based films and coatings. Journal of food science, 

65(6), 941-944.  

Georgantelis D., Blekas G., Katikou P., Ambrosiadis I., & Fletouris D. J. (2007). Effect 

of rosemary extract, chitosan and α-tocopherol on lipid oxidation and colour 

stability during frozen storage of beef burgers. Meat Science, 75(2), 256-264.  



80 

Gómez M., & Lorenzo J. M. (2012). Effect of packaging conditions on shelf-life of fresh 

foal meat. Meat Science, 91(4), 513-520.  

Hafsa J., ali Smach M., Khedher M. R. B., 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.  

Hamid K., Saupy N., Zain N., Mudalip S., Shaarani S., & Azman N. (2018). Development 

and characterization of semi-refined carrageenan (SRC) films from Eucheuma 

cottonii incorporated with glycerol and α-tocopherol for active food packaging 

application. Paper presented at the IOP Conference Series: Materials Science and 

Engineering. 

Hamid K. H. A., Azman N., Sharaani S., Zain N., Ahmad N., Sulaiman A. Z., Chik S. S. 

T., Ishak W. F. W., & Pablos M. P. A. (2017). Alchemilla vulgaris and Filipendula 

ulmaria extracts as potential natural preservatives in beef patties. Malaysian 

Journal Of Analytical Sciences, 21, 986-995. doi:10.17576/mjas-2017-2104-26 

Han J. H. (2014). Edible films and coatings: a review. In Innovations in food packaging 

(pp. 213-255): Elsevier. 

Han N. M., & May C. Y. (2012). Determination of antioxidants in oil palm empty fruit 

bunches. American journal of applied sciences, 9(11), 1862-1867.  

Hasan M., Lai T. K., Gopakumar D. A., Jawaid M., Owolabi F., Mistar E., Alfatah T., 

Noriman N., Haafiz M., & Khalil H. A. (2019). Micro Crystalline Bamboo 

Cellulose Based Seaweed Biodegradable Composite Films for Sustainable 

Packaging Material. Journal of Polymers and the Environment, 27(7), 1602-1612.  

Hu X., Yuan L., Han L., Li S., & Song L. (2019). Characterization of antioxidant and 

antibacterial gelatin films incorporated with Ginkgo biloba extract. RSC 

Advances, 9(47), 27449-27454.  

Ili Balqis A. M., Nor Khaizura M. A. R., Russly A. R., & Nur Hanani Z. A. (2017). 

Effects of plasticizers on the physicochemical properties of kappa-carrageenan 

films extracted from Eucheuma cottonii. International Journal of Biological 

Macromolecules, 103, 721-732.   

Jahed E., Khaledabad M. A., Almasi H., & Hasanzadeh R. (2017). Physicochemical 

properties of Carum copticum essential oil loaded chitosan films containing 

organic nanoreinforcements. Carbohydrate Polymers, 164, 325-338.   

Jamshidian M., Tehrany E. A., & Desobry S. (2012). Release of synthetic phenolic 

antioxidants from extruded poly lactic acid (PLA) film. Food Control, 28(2), 445-

455.  

Jiménez A., Fabra M. J., Talens P., & Chiralt A. (2012). Edible and biodegradable starch 

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



81 

Jin S.-K., Ha S.-R., & Choi J.-S. (2015). Effect of Caesalpinia sappan L. extract on 

physico-chemical properties of emulsion-type pork sausage during cold storage. 

Meat Science, 110, 245-252.  

Jo C., Lee J., Lee K., & Byun M. (2001). Quality properties of pork sausage prepared 

with water-soluble chitosan oligomer. Meat Science, 59(4), 369-375.  

Jongjareonrak A., Benjakul S., Visessanguan W., Prodpran T., & Tanaka M. (2006). 

Characterization of edible films from skin gelatin of brownstripe red snapper and 

bigeye snapper. Food Hydrocolloids, 20(4), 492-501.  

Kanatt S. R., Rao M., Chawla S., & Sharma A. (2012). Active chitosan–polyvinyl alcohol 

films with natural extracts. Food Hydrocolloids, 29(2), 290-297.  

Kargarzadeh H., Mariano M., Huang J., Lin N., Ahmad I., Dufresne A., & Thomas S. 

(2017). Recent developments on nanocellulose reinforced polymer 

nanocomposites: A review. Polymer, 132, 368-393.   

Kaya M., Khadem S., Cakmak Y. S., Mujtaba M., Ilk S., Akyuz L., Salaberria Asier M., 

Labidi J., Abdulqadir A. H., & Deligöz E. (2018). Antioxidative and antimicrobial 

edible chitosan films blended with stem, leaf and seed extracts of Pistacia 

terebinthus for active food packaging. RSC Advances, 8(8), 3941-3950.  

Khalil H., Tye Y. Y., Saurabh C. K., Leh C. P., Lai T. K., Chong E. W. N., Fazita M. R. 

N., Hafiidz J. M., Banerjee A., & Syakir M. I. (2017). Biodegradable polymer 

films from seaweed polysaccharides: A review on cellulose as a reinforcement 

material. Express Polymer Letters, 11(4), 244-265.   

Khalil H. A., Banerjee A., Saurabh C. K., Tye Y., Suriani A., Mohamed A., Karim A., 

Rizal S., & Paridah M. (2018). Biodegradable films for fruits and vegetables 

packaging application: preparation and properties. Food Engineering Reviews, 

10(3), 139-153.  

Khalil H. A., Davoudpour Y., Islam M. N., Mustapha A., Sudesh K., Dungani R., & 

Jawaid M. (2014). Production and modification of nanofibrillated cellulose using 

various mechanical processes: a review. Carbohydrate Polymers, 99, 649-665.  

Kim K. M., Son J. H., Kim S. K., Weller C. L., & Hanna M. A. (2006). Properties of 

chitosan films as a function of pH and solvent type. Journal of food science, 71(3), 

E119-E124.  

Kolybaba M., Tabil L., Panigrahi S., Crerar W., Powell T., & Wang B. (2006). 

Biodegradable polymers: past, present, and future. Paper presented at the 

ASABE/CSBE North Central Intersectional Meeting. 

Konuk Takma D., & Korel F. (2019). Active packaging films as a carrier of black cumin 

essential oil: Development and effect on quality and shelf-life of chicken breast 

meat. Food Packaging and Shelf Life, 19, 210-217.   

Kumar S. (2019). Recent Developments of Biobased Plasticizers and Their Effect on 

Mechanical and Thermal Properties of Poly(vinyl chloride): A Review. Industrial 

& Engineering Chemistry Research, 58(27), 11659-11672.   



82 

Kurek M., Hlupić L., Garofulić I. E., Descours E., Ščetar M., & Galić K. (2019). 

Comparison of protective supports and antioxidative capacity of two bio-based 

films with revalorised fruit pomaces extracted from blueberry and red grape skin. 

Food Packaging and Shelf Life, 20, 100315.  

Kuthi A., Afifah F., Haji Badri K., & Mohmad Azman A. (2015). X-ray diffraction 

patterns of oil palm empty fruit bunch fibers with varying crystallinity. Paper 

presented at the Advanced Materials Research. 

Kwak H. W., Lee H., Lee M. E., & Jin H. J. (2018). Facile and green fabrication of silk 

sericin films reinforced with bamboo-derived cellulose nanofibrils. Journal of 

Cleaner Production, 200, 1034-1042.  <Go to ISI>://WOS:000445715400085. 

doi:10.1016/j.jclepro.2018.07.289 

Langendorff V., Cuvelier G., Michon C., Launay B., & Parker A. (2000). Effects of 

carrageenan type on the behaviour of carrageenan/milk mixtures. Food 

Hydrocolloids, 14(4), 273-280.  

Lekjing S. (2016). A chitosan-based coating with or without clove oil extends the shelf 

life of cooked pork sausages in refrigerated storage. Meat Science, 111, 192-197.  

Li L., Wang H., Chen M., Jiang S., Jiang S., Li X., & Wang Q. (2018). Butylated 

hydroxyanisole encapsulated in gelatin fiber mats: Volatile release kinetics, 

functional effectiveness and application to strawberry preservation. Food 

Chemistry, 269, 142-149.  

Liu C., Omer A. M., & Ouyang X.-k. (2018). Adsorptive removal of cationic methylene 

blue dye using carboxymethyl cellulose/k-carrageenan/activated montmorillonite 

composite beads: Isotherm and kinetic studies. International Journal of Biological 

Macromolecules, 106, 823-833.   

Liu F., Dai R., Zhu J., & Li X. (2010). Optimizing color and lipid stability of beef patties 

with a mixture design incorporating with tea catechins, carnosine, and α-

tocopherol. Journal of Food Engineering, 98(2), 170-177.  

Liu J., Zhan X., Wan J., Wang Y., & Wang C. (2015). Review for carrageenan-based 

pharmaceutical biomaterials: Favourable physical features versus adverse 

biological effects. Carbohydrate Polymers, 121, 27-36.   

Liu Y., Qin Y., Bai R., Zhang X., Yuan L., & Liu J. (2019). Preparation of pH-sensitive 

and antioxidant packaging films based on κ-carrageenan and mulberry 

polyphenolic extract. International Journal of Biological Macromolecules, 134, 

993-1001.  

Lombardi-Boccia G., Lanzi S., & Aguzzi A. (2005). Aspects of meat quality: trace 

elements and B vitamins in raw and cooked meats. Journal of Food Composition 

and Analysis, 18(1), 39-46.  

Lorenzo J., Domínguez R., & Carballo J. (2017). Control of lipid oxidation in muscle 

food by active packaging technology. Natural antioxidants. Applications in foods 

of animal origin, 343-382.  



83 

Lorenzo J. M., Batlle R., & Gómez M. (2014). Extension of the shelf-life of foal meat 

with two antioxidant active packaging systems. LWT-Food Science and 

Technology, 59(1), 181-188.  

Lorenzo J. M., & Gómez M. (2012). Shelf life of fresh foal meat under MAP, overwrap 

and vacuum packaging conditions. Meat Science, 92(4), 610-618.  

Lorenzo J. M., Pateiro M., Domínguez R., Barba F. J., Putnik P., Kovačević D. B., 

Shpigelman A., Granato D., & Franco D. (2018). Berries extracts as natural 

antioxidants in meat products: A review. Food Research International, 106, 1095-

1104.  

Marvdashti L. M., Koocheki A., & Yavarmanesh M. (2019). Characterization, Release 

Profile and Antimicrobial Properties of Bioactive Polyvinyl Alcohol-Alyssum 

homolocarpum Seed Gum-Nisin Composite Film. Food Biophysics, 14(2), 120-

131.  

McHugh D. J. (2003). A guide to the seaweed industry.  

Millane R. P., Chandrasekaran R., Arnott S., & Dea I. C. (1988). The molecular structure 

of kappa-carrageenan and comparison with iota-carrageenan. Carbohydrate 

research, 182(1), 1-17.  

Mohd Azman N. A., Gallego M. G., Segovia F., Abdullah S., Shaarani S. M., & Almajano 

Pablos M. P. (2016). Study of the properties of bearberry leaf extract as a natural 

antioxidant in model foods. Antioxidants (Basel), 5(2).   

Mohd Mutalip S., Ab-Rahim S., & Rajikin M. (2018). Vitamin E as an antioxidant in 

female reproductive health. Antioxidants, 7(2), 22.  

Moradi M., Tajik H., Rohani S. M. R., Oromiehie A. R., Malekinejad H., Aliakbarlu J., 

& Hadian M. (2012). Characterization of antioxidant chitosan film incorporated 

with Zataria multiflora Boiss essential oil and grape seed extract. LWT-Food 

Science and Technology, 46(2), 477-484.  

Morlière P., Patterson L. K., Santos C. M., Silva A. M., Mazière J.-C., Filipe P., Gomes 

A., Fernandes E., Garcia M. B. Q., & Santus R. (2012). The dependence of α-

tocopheroxyl radical reduction by hydroxy-2, 3-diarylxanthones on structure and 

micro-environment. Organic & biomolecular chemistry, 10(10), 2068-2076.  

Moula Ali A. M., Prodpran T., & Benjakul S. (2019). Effect of squalene as a glycerol 

substitute on morphological and barrier properties of golden carp (Probarbus 

Jullieni) skin gelatin film. Food Hydrocolloids, 97, 105201.   

Mustapha S., Chandar H., Abidin Z., Saghravani R., & Harun M. (2011). Production of 

semi-refined carrageenan from Eucheuma cotonii.  

Napper I. E., Bakir A., Rowland S. J., & Thompson R. C. (2015). Characterisation, 

quantity and sorptive properties of microplastics extracted from cosmetics. 

Marine Pollution Bulletin, 99(1), 178-185.   



84 

Nazurah N. F. R., & Hanani Z. (2017). Physicochemical characterization of kappa-

carrageenan (Euchema cottoni) based films incorporated with various plant oils. 

Carbohydrate Polymers, 157, 1479-1487.  

Necas J., & Bartosikova L. (2013). Carrageenan: a review. Veterinarni medicina, 58(4).  

Nordin N. I. A. A., Ariffin H., Hassan M. A., Shirai Y., Ando Y., Ibrahim N. A., & Yunus 

W. M. Z. W. (2016). Superheated steam treatment of oil palm mesocarp fiber 

improved the properties of fiber-polypropylene biocomposite. BioResources, 

12(1), 68-81.  

Panrong T., Karbowiak T., & Harnkarnsujarit N. (2019). Thermoplastic starch and green 

tea blends with LLDPE films for active packaging of meat and oil-based products. 

Food Packaging and Shelf Life, 21, 100331.  

Pegg R. B., Amarowicz R., & Naczk M. (2005). Antioxidant activity of polyphenolics 

from a bearberry-leaf (Arctostaphylos uva-ursi L. Sprengel) extract in meat 

systems. In: ACS Publications. 

Pegg R. B., Amarowicz R., Naczk M., & Shahidi F. (2007). PHOTOCHEM® for 

determination of antioxidant capacity of plant extracts. In: ACS Publications. 

Pereira de Abreu D. A., Paseiro Losada P., Maroto J., & Cruz J. M. (2011). Natural 

antioxidant active packaging film and its effect on lipid damage in frozen blue 

shark (Prionace glauca). Innovative Food Science & Emerging Technologies, 

12(1), 50-55. doi:10.1016/j.ifset.2010.12.006 

Phanthong P., Reubroycharoen P., Hao X., Xu G., Abudula A., & Guan G. (2018). 

Nanocellulose: Extraction and application. Carbon Resources Conversion, 1(1), 

32-43.   

Pophiwa P., Webb E. C., & Frylinck L. (2017). Carcass and meat quality of Boer and 

indigenous goats of South Africa under delayed chilling conditions. South 

African Journal of Animal Science, 47(6), 794-803.  

Portugal Zegarra M. d. C. C., Santos A. M. P., Silva A. M. A. D., & Melo E. d. A. (2018). 

Chitosan films incorporated with antioxidant extract of acerola agroindustrial 

residue applied in chicken thigh. Journal of Food Processing and Preservation, 

42(4), e13578.  

Poyraz B., Tozluoğlu A., Candan Z., Demir A., & Yavuz M. (2017). Influence of PVA 

and silica on chemical, thermo-mechanical and electrical properties of Celluclast-

treated nanofibrillated cellulose composites. International Journal of Biological 

Macromolecules, 104, 384-392.   

Priyadarshi R., Sauraj, Kumar B., & Negi Y. S. (2018). Chitosan film incorporated with 

citric acid and glycerol as an active packaging material for extension of green 

chilli shelf life. Carbohydrate Polymers, 195, 329-338.   

 



85 

Qader S. W., Abdulla M. A., Chua L. S., Najim N., Zain M. M., & Hamdan S. (2011). 

Antioxidant, total phenolic content and cytotoxicity evaluation of selected 

Malaysian plants. Molecules, 16(4), 3433-3443.  . 

doi:10.3390/molecules16043433 

Qin Y. (2018). Production of Seaweed-Derived Food Hydrocolloids. In Bioactive 

Seaweeds for Food Applications (pp. 53-69): Elsevier. 

Rawat S. (2015). Food Spoilage: Microorganisms and their prevention. Asian Journal of 

Plant Science and Research, 5(4), 47-56.  

Ribeiro‐Santos R., de Melo N. R., Andrade M., Azevedo G., Machado A. V., Carvalho‐

Costa D., & Sanches‐Silva A. (2018). Whey protein active films incorporated 

with a blend of essential oils: Characterization and effectiveness. Packaging 

Technology and Science, 31(1), 27-40.  

Roy S., & Rhim J.-W. (2020). Preparation of carbohydrate-based functional composite 

films incorporated with curcumin. Food Hydrocolloids, 98, 105302.   

Roy S., Shankar S., & Rhim J.-W. (2019). Melanin-mediated synthesis of silver 

nanoparticle and its use for the preparation of carrageenan-based antibacterial 

films. Food Hydrocolloids, 88, 237-246.   

Sabliov C. M., Fronczek C., Astete C., Khachaturyan M., Khachatryan L., & Leonardi C. 

(2009). Effects of temperature and UV light on degradation of α‐tocopherol in 

free and dissolved form. Journal of the American Oil Chemists' Society, 86(9), 

895.  

Sanyang M. L., Sapuan S. M., Jawaid M., Ishak M. R., & Sahari J. (2016). Effect of 

plasticizer type and concentration on physical properties of biodegradable films 

based on sugar palm (Arenga pinnata) starch for food packaging. Journal of food 

science and technology, 53(1), 326-336.  

Savadekar N. R., Karande V. S., Vigneshwaran N., Bharimalla A. K., & Mhaske S. T. 

(2012). Preparation of nano cellulose fibers and its application in kappa-

carrageenan based film. International Journal of Biological Macromolecules, 

51(5), 1008-1013.   

Seydim A. C., & Sarikus G. (2006). Antimicrobial activity of whey protein based edible 

films incorporated with oregano, rosemary and garlic essential oils. Food 

Research International, 39(5), 639-644. doi:10.1016/j.foodres.2006.01.013 

Shahidi F. (2002). Lipid-derived flavors in meat products. Meat processing: Improving 

quality, 105-121.  

Shankar S., & Rhim J.-W. (2016). Preparation of nanocellulose from micro-crystalline 

cellulose: The effect on the performance and properties of agar-based composite 

films. Carbohydrate Polymers, 135, 18-26.   

Shankar S., Wang L.-F., & Rhim J.-W. (2017). Preparation and properties of 

carbohydrate-based composite films incorporated with CuO nanoparticles. 

Carbohydrate Polymers, 169, 264-271.   



86 

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

M., Hosseini S. M., & Khaksar R. (2014). Characterization of kappa-carrageenan 

films incorporated plant essential oils with improved antimicrobial activity. 

Carbohydr Polym, 101, 582-591.   

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

for food packaging: a review. Trends in Food Science & 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.  

Siripatrawan U., & Vitchayakitti W. (2016). Improving functional properties of chitosan 

films as active food packaging by incorporating with propolis. Food 

Hydrocolloids, 61, 695-702.  

Skowyra M., Falguera V., Gallego G., Peiro S., & Almajano M. P. (2014). Antioxidant 

properties of aqueous and ethanolic extracts of tara (Caesalpinia spinosa) pods in 

vitro and in model food emulsions. Journal of the Science of Food and 

Agriculture, 94(5), 911-918.   

Sogut E., & Seydim A. C. (2018). Development of Chitosan and Polycaprolactone based 

active bilayer films enhanced with nanocellulose and grape seed extract. 

Carbohydrate Polymers, 195, 180-188.  

Sogut E., & Seydim A. C. (2019). The effects of chitosan- and polycaprolactone-based 

bilayer films incorporated with grape seed extract and nanocellulose on the 

quality of chicken breast fillets. LWT, 101, 799-805.   

Soni B., Schilling M. W., & Mahmoud B. (2016). Transparent bionanocomposite films 

based on chitosan and TEMPO-oxidized cellulose nanofibers with enhanced 

mechanical and barrier properties. Carbohydrate Polymers, 151, 779-789.  

Souza A. C., Benze R., Ferrão E. S., Ditchfield C., Coelho A. C. V., & Tadini C. C. 

(2012). Cassava starch biodegradable films: Influence of glycerol and clay 

nanoparticles content on tensile and barrier properties and glass transition 

temperature. LWT - Food Science and Technology, 46(1), 110-117.   

Souza V., Pires J., Vieira É., Coelhoso I., Duarte M., & Fernando A. (2018). Shelf life 

assessment of fresh poultry meat packaged in novel bionanocomposite of 

chitosan/montmorillonite incorporated with ginger essential oil. Coatings, 8(5), 

177.  

Suderman N., Isa M. I. N., & Sarbon N. M. (2018). The effect of plasticizers on the 

functional properties of biodegradable gelatin-based film: A review. Food 

Bioscience, 24, 111-119.   

Sudha P. N. (2017). Industrial Applications of Marine Biopolymers: CRC Press. 

 



87 

Sun G. H., Chi W. R., Zhang C. J., Xu S. Y., Li J., & Wang L. J. (2019). Developing a 

green film with pH-sensitivity and antioxidant activity based on kappa-

carrageenan and hydroxypropyl methylcellulose incorporating Prunus maackii 

juice. Food Hydrocolloids, 94, 345-353.  <Go to ISI>://WOS:000466780400036. 

doi:10.1016/j.foodhyd.2019.03.039 

Suppakul P., Miltz J., Sonneveld K., & Bigger S. W. (2003). Active packaging 

technologies with an emphasis on antimicrobial packaging and its applications. 

Concise Reviews and Hypotheses in Food Science, 68, 408-420.  

Takma D. K., & Korel F. (2019). Active packaging films as a carrier of black cumin 

essential oil: Development and effect on quality and shelf-life of chicken breast 

meat. Food Packaging and Shelf Life, 19, 210-217.  

Tan T. H., Lee H. V., Yehya Dabdawb W. A., & Hamid S. B. B. O. A. A. (2019). Chapter 

5 - A review of nanocellulose in the drug-delivery system. In A.-M. Holban & A. 

M. Grumezescu (Eds.), Materials for Biomedical Engineering (pp. 131-164): 

Elsevier. 

Tharanathan R. N. (2003). Biodegradable films and composite coatings: past, present and 

future. Trends in Food Science & Technology, 14(3), 71-78.   

Tian F., Decker E. A., & Goddard J. M. (2013). Controlling lipid oxidation of food by 

active packaging technologies. Food & function, 4(5), 669-680.  

u Nisa I., Ashwar B. A., Shah A., Gani A., Gani A., & Masoodi F. A. (2015). 

Development of potato starch based active packaging films loaded with 

antioxidants and its effect on shelf life of beef. Journal of food science and 

technology, 52(11), 7245-7253.  

Vieira M. G. A., da Silva M. A., dos Santos L. O., & Beppu M. M. (2011). Natural-based 

plasticizers and biopolymer films: A review. European Polymer Journal, 47(3), 

254-263.  

Vimala S., Rohana S., Rashih A., & Juliza M. (2011). Antioxidant evaluation in 

Malaysian medicinal plant: Persicaria minor (Huds.) leaf. Sci J Med Clin Trials, 

1, 9-16.  

Wang S., Lu A., & Zhang L. (2016). Recent advances in regenerated cellulose materials. 

Progress in Polymer Science, 53, 169-206.  

Warid M. N. M., Ariffin H., Hassan M. A., & Shirai Y. (2016). Optimization of 

superheated steam treatment to improve surface modification of oil palm biomass 

fiber. BioResources, 11(3), 5780-5796.  

Wójciak K. M., & Dolatowski Z. J. (2012). Oxidative stability of fermented meat 

products. Acta Scientiarum Polonorum Technologia Alimentaria, 11(2), 99-109.  

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

with encapsulated green tea for fresh minced meat. Innovative Food Science & 

Emerging Technologies, 41, 307-313.  



88 

Xu Y., Ren X., & Hanna M. A. (2006). Chitosan/clay nanocomposite film preparation 

and characterization. Journal of Applied Polymer Science, 99(4), 1684-1691.  

Xu Z., Harvey K. A., Pavlina T. M., Zaloga G. P., & Siddiqui R. A. (2015). Tocopherol 

and tocotrienol homologs in parenteral lipid emulsions. European Journal of Lipid 

Science and Technology, 117(1), 15-22.  

Xu Z., Tang M., Li Y., Liu F., Li X., & Dai R. (2010). Antioxidant properties of Du-

zhong (Eucommia ulmoides Oliv.) extracts and their effects on color stability and 

lipid oxidation of raw pork patties. Journal of Agricultural and Food Chemistry, 

58(12), 7289-7296.   

Yadav M., & Chiu F.-C. (2019). Cellulose nanocrystals reinforced κ-carrageenan based 

UV resistant transparent bionanocomposite films for sustainable packaging 

applications. Carbohydrate Polymers, 211, 181-194.   

Yagoubi Y., Joy M., Ripoll G., Mahouachi M., Bertolín J., & Atti N. (2018). Rosemary 

distillation residues reduce lipid oxidation, increase alpha-tocopherol content and 

improve fatty acid profile of lamb meat. Meat Science, 136, 23-29.  

Yahaya A. N. A., Hossain M. S., & Edyvean R. (2017). Analysis of phenolic compounds 

in empty fruit bunches in oyster mushroom cultivation and in vermicomposting. 

BioResources, 12(3), 4594-4605.  

Yan W., Chen W., Muhammad U., Zhang J., Zhuang H., & Zhou G. (2019). Preparation 

of α-tocopherol-chitosan nanoparticles/chitosan/montmorillonite film and the 

antioxidant efficiency on sliced dry-cured ham. Food Control, 104, 132-138.   

Yang L., Lu S., Li J., Zhang F., & Cha R. (2016). Nanocrystalline cellulose-dispersed 

AKD emulsion for enhancing the mechanical and multiple barrier properties of 

surface-sized paper. Carbohydrate Polymers, 136, 1035-1040.  

Yong H., Wang X., Zhang X., Liu Y., Qin Y., & Liu J. (2019). Effects of anthocyanin-

rich purple and black eggplant extracts on the physical, antioxidant and pH-

sensitive properties of chitosan film. Food Hydrocolloids, 94, 93-104.  

Yu Z., Alsammarraie F. K., Nayigiziki F. X., Wang W., Vardhanabhuti B., Mustapha A., 

& Lin M. (2017). Effect and mechanism of cellulose nanofibrils on the active 

functions of biopolymer-based nanocomposite films. Food Research 

International, 99, 166-172.  

Yu Z., Wang W., Kong F., Lin M., & Mustapha A. (2019). Cellulose nanofibril/silver 

nanoparticle composite as an active food packaging system and its toxicity to 

human colon cells. International Journal of Biological Macromolecules, 129, 887-

894.   

Zahari M. A. K. M. (2013). Oil Palm Frond Juice as a Novel and Renewable Substrate 

for the Production of Poly (3-hydroxybutyrate) Bioplastic. Universiti Putra 

Malaysia,  

 



89 

Zahari M. A. K. M., Ariffin H., Mokhtar M. N., Salihon J., Shirai Y., & Hassan M. A. 

(2015). Case study for a palm biomass biorefinery utilizing renewable non-food 

sugars from oil palm frond for the production of poly (3-hydroxybutyrate) 

bioplastic. Journal of Cleaner Production, 87, 284-290.  

Zhang K., Barhoum A., Xiaoqing C., Haoyi L., & Samyn P. (2019). Cellulose 

Nanofibers: Fabrication and Surface Functionalization Techniques. Handbook of 

Nanofibers, 1-41.  

Zhang Y., Ma Q., Critzer F., Davidson P. M., & Zhong Q. (2015). Physical and 

antibacterial properties of alginate films containing cinnamon bark oil and 

soybean oil. LWT - Food Science and Technology, 64(1), 423-430.   

Zhao G., Yin Z., & Dong J. (2009). Antiviral efficacy against hepatitis B virus replication 

of oleuropein isolated from Jasminum officinale L. var. grandiflorum. Journal of 

Ethnopharmacology, 125(2), 265-268.  

Zhu F., Du B., Zheng L., & Li J. (2015). Advance on the bioactivity and potential 

applications of dietary fibre from grape pomace. Food Chemistry, 186, 207-212.  

 

 

 

 

 

 

 

 


