References

References

Abdel-Shafy, H. 1., & Mansour, M. S. (2018). Solid waste issue: Sources, composition,
disposal, recycling, and valorization. Egyptian Journal of Petroleum, 27(4), 1275-
1290.

Abera, W. G., Kasirajan, R., & Majamo, S. L. (2023). Synthesis and characterization of
bioplastic film from banana (Musa Cavendish species) peel starch blending with
banana pseudo-stem cellulosic fiber. Biomass Conversion and Biorefinery, 1-22.

Abraham, E., Deepa, B., Pothen, L. A, Cintil, J., Thomas, S., John, M. J., Anandjiwala, R.
& Narine, S. S. (2013). Environmental friendly method for the extraction of coir
fibre and isolation of nanofibre. Carbohydrate Polymers, 92(2), 1477-1483.

Agarwal, N. K., Kumar, M., Pattnaik, F., Kumari, P., Vijay, V. K., & Kumar, V. (2023).
Exploring the Valorization Potential of Sugarcane Bagasse Pith: a Review.
BioEnergy Research, 16(3), 1280-1295.

Ai, B., Zheng, L., Li, W., Zheng, X., Yang, Y., Xiao, D., Shi, J. & Sheng, Z. (2021).
Biodegradable cellulose film prepared from banana pseudo-stem using an ionic
liquid for mango preservation. Frontiers in Plant Science, 12, 625878.

Amza, T., Amadou, I., Kamara, M. T., Zhu, K. X., & Zhou, H. M. (2011). Nutritional and
functional characteristics of gingerbread plum (Neocarya macrophylla): an
underutilized oilseed. Grasas y Aceites, 62(3), 290-298.

An, J., Liang, W., Mu, P., Wang, C., Chen, T., Zhu, Z., Sun, H & Li, A. (2019). Novel sugar
alcohol/carbonized kapok fiber composites as form-stable phase-change materials
with exceptionally high latent heat for thermal energy storage. ACS Omega, 4(3),
4848-4855.

Annandarajah, C., Li, P., Michel, M., Chen, Y., Jamshidi, R., Kiziltas, A., Hoch, R.,
Grewell, D. & Montazami, R. (2018). Study of agave fiber-reinforced biocomposite
films. Materials, 12(1), 99.

Antony, J. (2014). Full factorial designs. Design of Experiments for Engineers and
Scientists, 2, 63-85.

Aramwit, P., Shubashree, K. R., Nagananda, G. S., Reddy, R., Kavya, S., & Reddy, N.
(2022). Bioproducts from proteins in neem seed oil meals. Biofuels, Bioproducts and
Biorefining, 16(6), 1761-1771.

Arifuzzaman Khan, G. M., Alam Shams, M. S., Kabir, M. R., Gafur, M. A., Terano, M., &

Alam, M. S. (2013). Influence of chemical treatment on the properties of banana

144



References

stem fiber and banana stem fiber/coir hybrid fiber reinforced maleic anhydride
grafted polypropylene/low-density polyethylene composites. Journal of Applied
Polymer Science, 128(2), 1020-1029.

Arrutia, F., Binner, E., Williams, P., & Waldron, K. W. (2020). Oilseeds beyond oil: Press
cakes and meals supplying global protein requirements. Trends in Food Science &
Technology, 100, 88-102.

Asim, M., Paridah, M. T., Chandrasekar, M., Shahroze, R. M., Jawaid, M., Nasir, M., &
Siakeng, R. (2020). Thermal stability of natural fibers and their polymer composites.
Iranian Polymer Journal, 29, 625-648.

Aygin, A., Uslu, M. K., & Polat, S. (2017). Effects of starch sources and supplementary
materials on starch based foam trays. Journal of Polymers and the Environment, 25,
1163-1174.

Aziz, N. A. A., Ho, L. H., Azahari, B., Bhat, R., Cheng, L. H., & Ibrahim, M. N. M. (2011).
Chemical and functional properties of the native banana (Musa acuminatax
balbisiana Colla cv. Awak) pseudo-stem and pseudo-stem tender core flours. Food
Chemistry, 128(3), 748-753.

Badwaik, L. S., Borah, P. K., & Deka, S. C. (2014). Antimicrobial and enzymatic
antibrowning film used as coating for bamboo shoot quality improvement.
Carbohydrate Polymers, 103, 213-220.

Balakrishnan, S., Wickramasinghe, G. D., & Wijayapala, U. S. (2020). A novel approach
for banana (Musa) Pseudo-stem fibre grading Method: Extracted fibres from Sri
Lankan Banana Cultivars. Journal of Engineered Fibers and Fabrics, 15,
1558925020971766.

Bangar, S. P, Singh, A., Trif, M., Kumar, M., Kumar, P., Kaur, R., & Kaur, N. (2021).
Process parameter optimization and characterization for an edible film: Flaxseed
concern. Coatings, 11(9), 1106.

Banker, G. S. (1966). Film coating theory and practice. Journal of Pharmaceutical Sciences,
55(1), 81-89.

Bastioli, C. (2005). Starch-based technology. Handbook of Biodegradable Polymers, 257-
286.

Batri, V. (2018). Fruit wastes to biomaterials: Development of biofilms and 3D objects in a

circular economy system (Doctoral dissertation, Hogskolan i Boras).

145



References

Begum, T., Mondal, M., Gogoi, P. K., & Bora, U. (2015). Palladium-Schiff-base-silica
framework as a robust and recyclable catalyst for Suzuki—Miyaura cross-coupling in
aqueous media. RSC Advances, 5(48), 38085-38092.

Behera, S., Indumathi, K., Mahadevamma, S., & Sudha, M. L. (2013). Oil cakes—a by-
product of agriculture industry as a fortificant in bakery products. International
Journal of Food Sciences and Nutrition, 64(7), 806-814.

Bertoti, A. R., Luporini, S., & Esperidido, M. C. A. (2009). Effects of acetylation in vapor
phase and mercerization on the properties of sugarcane fibers. Carbohydrate
Polymers, 77(1), 20-24.

Boontima, B., Noomhorm, A., Puttanlek, C., Uttapap, D., & Rungsardthong, V. (2015).
Mechanical properties of sugarcane bagasse fiber-reinforced soy based
biocomposites. Journal of Polymers and the Environment, 23, 97-106.

Burke, C. S., Salas, E., Smith-Jentsch, K., & Rosen, M. A. (2018). Measuring
macrocognition in teams: Some insights for navigating the complexities. In
Macrocognition Metrics and Scenarios (pp. 29-44). CRC Press.

Chambi, H., & Grosso, C. (2006). Edible films produced with gelatin and casein cross-
linked with transglutaminase. Food Research International, 39(4), 458-466.
Chandler, M., Minevich, B., Roark, B., Viard, M., Johnson, M. B., Rizvi, M. H., Deaton T.

A., Kozlov S., Paniga; M., Tracy J. B., Yingling Y. G., Gang O., & Afonin, K. A.
(2021). Controlled organization of inorganic materials using biological molecules
for activating therapeutic functionalities. ACS Applied Materials & Interfaces,

13(33), 39030-39041.

Changmai, N. J., & Badwaik, L. S. (2021). Effect of polyvinyl alcohol, starch and modified
bee wax on properties of sweet lime pomace based biodegradable containers.
Journal of Packaging Technology and Research, 5(2), 107-114.

Chau, C. F., & Cheung, P. C. K. (1998). Functional properties of flours prepared from three
Chinese indigenous legume seeds. Food Chemistry, 61(4), 429-433.

Chavan, J. K., Shinde, V. S., & Kadam, S. S. (1991). Utilization of expeller pressed partially
defatted peanut cake meal in the preparation of bakery products. Plant Foods for
Human Nutrition, 41, 253-2509.

Chen, L., Imam, S. H., Gordon, S. H., & Greene, R. V. (1997). Starch-polyvinyl alcohol
crosslinked film—performance and biodegradation. Journal of Environmental

Polymer Degradation, 5, 111-117.

146



References

Cheng, H., Chen, L., McClements, D. J., Yang, T., Zhang, Z., Ren, F., Miao, M., Tian, Y.
& Jin, Z. (2021). Starch-based biodegradable packaging materials: A review of their
preparation, characterization and diverse applications in the food industry. Trends in
Food Science & Technology, 114, 70-82.

da Luz, F. S., Candido, V. S., Da Silva, A. C. R., & Monteiro, S. N. (2018). Thermal
behavior of polyester composites reinforced with green sugarcane bagasse fiber.
Jom, 70, 1965-1971.

Dai, R., & Lim, L. T. (2015). Release of allyl isothiocyanate from mustard seed meal powder
entrapped in electrospun PLA-PEO nonwovens. Food Research International, 77,
467-475.

Dan-Asabe, B., Yaro, S. A., Yawas, D. S., & Aku, S. Y. (2013). Water displacement and
bulk density-relation methods of finding density of powdered materials. Int J of
Innov Res in Sc, Eng and Tech, 2.

Das, P., Borah, P. P., & Badwalik, L. S. (2018). Transformation of chicken feather keratin
and pomelo peel pectin into biodegradable composite film. Journal of Polymers and
the Environment, 26, 2120-2129.

Dash, K. K., Kumar, A., Kumari, S., & Malik, M. A. (2021). Silver nanoparticle
incorporated flaxseed protein-alginate composite films: effect on physicochemical,
mechanical, and thermal properties. Journal of Polymers and the Environment, 29,
3649-3659.

Dastidar, T. G., & Netravali, A. N. (2012). ‘Green’crosslinking of native starches with
malonic acid and their properties. Carbohydrate Polymers, 90(4), 1620-1628.

De Lange, M. F., Vlugt, T. J., Gascon, J., & Kapteijn, F. (2014). Adsorptive characterization
of porous solids: Error analysis guides the way. Microporous and Mesoporous
Materials, 200, 199-215.

Deepa, B., Abraham, E., Pothan, L. A., Cordeiro, N., Faria, M., & Thomas, S. (2016).
Biodegradable nanocomposite films based on sodium alginate and cellulose
nanofibrils. Materials, 9(1), 50.

Denavi, G. A., Pérez-Mateos, M., Afion, M. C., Montero, P., Mauri, A. N., & Gomez-
Guillen, M. C. (2009). Structural and functional properties of soy protein isolate and
cod gelatin blend films. Food Hydrocolloids, 23(8), 2094-2101.

Deshwal, G. K., Alam, T., Panjagari, N. R., & Bhardwaj, A. (2021). Utilization of cereal
crop residues, cereal milling, sugarcane and dairy processing by-products for

147



References

sustainable packaging solutions. Journal of Polymers and the Environment, 29,
2046-2061.

Desplanques, S., Renou, F., Grisel, M., & Malhiac, C. (2012). Impact of chemical
composition of xanthan and acacia gums on the emulsification and stability of oil-
in-water emulsions. Food Hydrocolloids, 27(2), 401-410.

Devi, N. S., & Devi, W. V. (2011). Nutrient analysis of some poultry feedstuffs locally
available in Manipur, India. World Journal of Dairy & Food Sciences, 6(2):136-139.

Dey, A., Sengupta, P., Pramanik, N. K., & Alam, T. (2020). Paper and other pulp based eco-
friendly moulded materials for food packaging applications: a review. Journal of
Postharvest Technology, 8(3), 01-21.

Divyashree, A., Manaf, S. A. B. A,, Yallappa, S., Chaitra, K., Kathyayini, N., & Hegde, G.
(2016). Low cost, high performance supercapacitor electrode using coconut wastes:
eco-friendly approach. Journal of Energy Chemistry, 25(5), 880-887.

Dubey, M. C., & Mohanta, D. (2024). Coexisting super hydrophobicity and super adhesion
features of Ziziphus mauritiana abaxial leaf surface with possibility of biomimicking
using electrospun microfibers. Physics of Fluids, 36(1).

Dybka-Stepien, K., Antolak, H., Kmiotek, M., Piechota, D., & Kozirdg, A. (2021).
Disposable food packaging and serving materials—trends and biodegradability.
Polymers, 13(20), 3606.

Egbekun, M. K., & Ehieze, M. U. (1997). Proximate composition and functional properties
of fullfat and defatted beniseed (Sesamum indicum L.) flour. Plant Foods for Human
Nutrition, 51, 35-41.

Elaveniya, E., & Jayamuthunagai, J. (2014). Functional, physicochemical and anti-oxidant
properties of dehydrated banana blossom powder and its incorporation in biscuits.
International Journal of ChemTech Research, 6(9), 4446-4454.

Engel, J. B., Ambrosi, A., & Tessaro, I. C. (2019). Development of biodegradable starch-
based foams incorporated with grape stalks for food packaging. Carbohydrate
Polymers, 225, 115234.

Essabir, H., Bensalah, M. O., Rodrigue, D., Bouhfid, R., & Qaiss, A. (2016). Structural,
mechanical and thermal properties of bio-based hybrid composites from waste coir
residues: Fibers and shell particles. Mechanics of Materials, 93, 134-144.

Ewansiha, C. J., Ebhoaye, J. E., Asia, I. O., Ekebafe, L. O., & Ehigie, C. (2012). Proximate
and mineral composition of coconut (Cocos nucifera) shell. International Journal of
Pure and Applied Sciences and Technology, 13(1), 57.

148



References

Ezejiofor, T. I. N., Enebaku, U. E., & Ogueke, C. (2014). Waste to wealth-value recovery
from agro-food processing wastes using biotechnology: a review. British
Biotechnology Journal, 4(4), 418.

Fan, H. Y., Duquette, D., Dumont, M. J., & Simpson, B. K. (2018). Salmon skin gelatin-
corn zein composite films produced via crosslinking with glutaraldehyde:
Optimization using response surface methodology and characterization.
International Journal of Biological Macromolecules, 120, 263-273.

Faradilla, R. F., Lee, G., Roberts, J., Martens, P., Stenzel, M., & Arcot, J. (2018). Effect of
glycerol, nanoclay and graphene oxide on physicochemical properties of
biodegradable nanocellulose plastic sourced from banana pseudo-stem. Cellulose,
25, 399-416.

Farris, S., Schaich, K. M., Liu, L., Piergiovanni, L., & Yam, K. L. (2009). Development of
polyion-complex hydrogels as an alternative approach for the production of bio-
based polymers for food packaging applications: a review. Trends in Food Science
& Technology, 20(8), 316-332.

Fauziyah, B., & Yuwono, M. (2020, February). The effect of acid variation on physical and
chemical characteristics of cellulose isolated from Saccharum officinarum L.
bagasse. In IOP Conference Series: Earth and Environmental Science (Vol. 456,
No. 1, p. 012016). IOP Publishing.

Fauziyah, B., & Yuwono, M. (2021). Analysis of Powder Properties and Pharmacopeial
Spesifications of Bagasse Cellulose Isolated from Saccharum Officinarum L in
Indonesia. Indian Journal of Forensic Medicine & Toxicology, 15(3).

Fazaeli, M., Emam-Djomeh, Z., Ashtari, A. K., & Omid, M. (2012). Effect of spray drying
conditions and feed composition on the physical properties of black mulberry juice
powder. Food and Bioproducts Processing, 90(4), 667-675.

Fekria, A. M., Isam, A. M. A., Suha, O. A., & Elfadil, E. B. (2012). Nutritional and
functional characterization of defatted seed cake flour of two Sudanese groundnut
(Arachis hypogaea) cultivars. International Food Research Journal, 19(2), 629.

Feng, Y., Jin, X., & Hay, J. N. (1998). Evaluation of multiple melting peaks of propylene-
ethylene copolymers. Polymer Journal, 30(3), 215-221.

Ferreira, A. R., Alves, V. D., & Coelhoso, I. M. (2016). Polysaccharide-based membranes
in food packaging applications. Membranes, 6(2), 22.

149



References

Ferreira, D. C., Molina, G., & Pelissari, F. M. (2020). Biodegradable trays based on cassava
starch blended with agroindustrial residues. Composites Part B: Engineering, 183,
107682.

Fitch-Vargas, P. R., Camacho-Hernandez, I. L., Martinez-Bustos, F., Islas-Rubio, A. R.,
Carrillo-Cafiedo, K. I., Calderon-Castro, A., Jacobo-Valenzuela, N., Carrillo-Lopez,
A., Delgado-Nieblas, C.I. & Aguilar-Palazuelos, E. (2019). Mechanical, physical
and microstructural properties of acetylated starch-based biocomposites reinforced
with acetylated sugarcane fiber. Carbohydrate Polymers, 219, 378-386.

Foegeding, E. A., & Dauvis, J. P. (2011). Food protein functionality: A comprehensive
approach. Food Hydrocolloids, 25(8), 1853-1864.

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.

Gallstedt, M., Pettersson, H., Johansson, T., Newson, W. R., Johansson, E., & Hedengvist,
M. S. (2017). Film extrusion of Crambe abyssinica/wheat gluten blends. JoVE
(Journal of Visualized Experiments), (119), e54770.

Gandini, A., & Belgacem, M. N. (2008). The state of the art. In Monomers, Polymers and
Composites from Renewable Resources (pp. 1-16). Elsevier.

Garg, A. (2017). Recovery of oil and pectin from Citrus limetta. International Research
Journal of Engineering and Technology, 4(5), 256-262.

Gautam, G., & Mishra, P. (2017). Development and characterization of copper
nanocomposite containing bilayer film for coconut oil packaging. Journal of Food
Processing and Preservation, 41(6), e13243.

Gichuki, J., Kareru, P. G., Gachanja, A. N., & Ngamau, C. (2022). Characteristics of
microcrystalline cellulose from coir fibers. Journal of Natural Fibers, 19(3), 915-
930.

Gilfillan, W. N., Moghaddam, L., & Doherty, W. O. (2014). Preparation and
characterization of composites from starch with sugarcane bagasse nanofibres.
Cellulose, 21, 2695-2712.

Gond, R. K., Gupta, M. K., & Jawaid, M. (2021). Extraction of nanocellulose from
sugarcane bagasse and its characterization for potential applications. Polymer
Composites, 42(10), 5400-5412.

Grasso, S., Liu, S., & Methven, L. (2020). Quality of muffins enriched with upcycled
defatted sunflower seed flour. LWT, 119, 108893.

150



References

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(1), 145-151.

Guimaraes, J. L., Frollini, E., Da Silva, C. G., Wypych, F., & Satyanarayana, K. G. (2009).
Characterization of banana, sugarcane bagasse and sponge gourd fibers of Brazil.
Industrial Crops and Products, 30(3), 407-415.

Gupta, A., Sharma, R., Sharma, S., & Singh, B. (2018). Oilseed as potential functional food
Ingredient. Trends & Prospects in Food Technology, Processing and Preservation,
1st ed.; Prodyut Kumar, P., Mahawar, MK, Abobatta, W., Panja, P., Eds, 25-58.

Gupta, H., Kumar, H., Kumar, M., Gehlaut, A. K., Gaur, A., Sachan, S., & Park, J. W.
(2020). Synthesis of biodegradable films obtained from rice husk and sugarcane
bagasse to be used as food packaging material. Environmental Engineering
Research, 25(4), 506-514.

Gustafsson, J., Landberg, M., Bétori, V., Akesson, D., Taherzadeh, M. J., & Zamani, A.
(2019). Development of bio-based films and 3D objects from apple pomace.
Polymers, 11(2), 289.

Gutiérrez, C., Rubilar, M., Jara, C., Verdugo, M., Sineiro, J., & Shene, C. (2010). Flaxseed
and flaxseed cake as a source of compounds for food industry. Journal of Soil
Science and Plant Nutrition, 10(4), 454-463.

Hakeem, K. R., Jawaid, M., & Alothman, O. Y. (Eds.). (2015). Agricultural Biomass Based
Potential Materials. Springer.

Harikrishnan, M. P., Thampi, A., Lal, A. N., Warrier, A. S., Basil, M., & Kothakota, A.
(2023). Effect of chitosan-based bio coating on mechanical, structural and physical
characteristics of microfiber based paper packaging: An alternative to wood
pulp/plastic packaging. International Journal of Biological Macromolecules, 253,
126888.

Harikrishnan, M. P., Vishnu, V., Kothakota, A., Pandiselvam, R., Venkatesh, T., Pillai, S.,
& Manikantan, M. R. (2023). Impact of integrated ultra violet-ozone treatment on
textural and structural properties of dough made of natural fiber based agro residues.
Journal of Natural Fibers, 20(1), 2161690.

Hariprasad, T., Dharmalingam, G., & Raj, P. P. (2013). Study of mechanical properties of
banana-coir hybrid composite using experimental and fem techniques. Journal of

Mechanical Engineering and Sciences, 4, 518-531.

151



References

Hazra, S., & Sontakke, M. (2023). Process development and quality evaluation edible
cutlery spoons supplemented with Withania somnifera root powder. Pharma
Innovation, 12(5), 1874-1883.

Hendrix, K. M., Morra, M. J., Lee, H. B., & Min, S. C. (2012). Defatted mustard seed meal-
based biopolymer film development. Food Hydrocolloids, 26(1), 118-125.

Hiroshi, M., Darmawan, D., Kamarudin, B., Fumio, Y., & Keizo, M. (1996). Radiation
effects on biodegradable polyesters.

Horowitz, W. (2005). Official methods of analysis of AOAC international, 18th edn,
revision 1, method 965.08. Association of Official Analytical Chemists
International, Gaithersburg.

Hosokawa, M. N., Darros, A. B., Moris, V. A. D. S., & Paiva, J. M. F. D. (2016).
Polyhydroxybutyrate composites with random mats of sisal and coconut fibers.
Materials Research, 20, 279-290.

Hrckova, M., Rusnakova, M., & Zemanovic, J. (2002). Enzymatic hydrolysis of defatted
soy flour by three different proteases and their effect on the functional properties of
resulting protein hydrolysates. Czech Journal of Food Sciences, 20(1), 7-14.

Hussain, D., Kaur, S., Boruah, R. R., Bhuyan, S., Konwar, M., & Doley, S. (2022). Effect
of wet processing on chemical characterization of sugarcane bagasse. The Pharma
Innovation Journal. SP-11(10): 26-31

Hussain, S., Anjum, F. M., Butt, M. S., & Sheikh, M. A. (2008). Chemical composition and
functional properties of flaxseed (Linum usitatissimum) flour. Sarhad J Agric, 24(4),
649-653.

lyenagbe, D. O., Malomo, S. A., Idowu, A. O., Badejo, A. A., & Fagbemi, T. N. (2017).
Effects of thermal processing on the nutritional and functional properties of defatted
conophor nut (Tetracarpidium conophorum) flour and protein isolates. Food Science
& Nutrition, 5(6), 1170-1178.

Jagadeesan, R., Suyambulingam, I., Divakaran, D., & Siengchin, S. (2023). Novel sesame
oil cake biomass waste derived cellulose micro-fillers reinforced with basalt/banana
fibre-based hybrid polymeric composite for lightweight applications. Biomass
Conversion and Biorefinery, 13(5), 4443-4458.

Jahanzeb, S., Siddique, S. H., & Hussain, D. (2022). Porosity and fiber orientation of banana
fiber nonwoven webs using image analysis technique. Journal of Natural Fibers,
19(13), 6056-6073.

152



References

Jain, A., Thakur, D., Ghoshal, G., Katare, O. P.,, & Shivhare, U. S. (2015).
Microencapsulation by complex coacervation using whey protein isolates and gum
acacia: an approach to preserve the functionality and controlled release of [-
carotene. Food and Bioprocess Technology, 8, 1635-1644.

Jani, G. K., Shah, D. P., Prajapati, V. D., & Jain, V. C. (2009). Gums and mucilages: versatile
excipients for pharmaceutical formulations. Asian Journal of Pharmaceutical and

Health Sciences, 4(5), 309-323.

Jayaprabha, J. S., Brahmakumar, M., & Manilal, V. B. (2011). Banana pseudostem
characterization and its fiber property evaluation on physical and bioextraction.
Journal of Natural Fibers, 8(3), 149-160.

Jha, G. K., Pal, S., Mathur, V. C., Bisaria, G., Anbukkani, P., Burman, R. R., & Dubey, S. K.
(2012). Edible oilseeds supply and demand scenario in India: Implications for
policy. New Delhi: Division of Agricultural Economics, Indian Agricultural
Research Institute.

Jiang, Y., Tang, C. H., Wen, Q. B,, Li, L., & Yang, X. Q. (2007). Effect of processing
parameters on the properties of transglutaminase-treated soy protein isolate films.
Innovative Food Science & Emerging Technologies, 8(2), 218-225.

Johansson, E., Spencer, G. M., Bettini, E., Cho, S. W., Marttila, S., Kuktaite, R., Gillstedt,
M. & Hedengvist, M. S. (2012). Biobased materials production from biodiesel
residuals of rapeseed. International Scholarly Research Notices, 2012(1), 193541.

John, M. J., & Thomas, S. (2008). Biofibres and biocomposites. Carbohydrate Polymers,
71(3), 343-364.

Justiz-Smith, N. G., Virgo, G. J., & Buchanan, V. E. (2008). Potential of Jamaican banana,
coconut coir and bagasse fibres as composite materials. Materials Characterization,
59(9), 1273-1278.

Kadam, D., & Lele, S. S. (2018). Cross-linking effect of polyphenolic extracts of Lepidium
sativum seedcake on physicochemical properties of chitosan films. International
Journal of Biological Macromolecules, 114, 1240-1247.

Kaisangsri, N., Kerdchoechuen, O., & Laohakunjit, N. (2012). Biodegradable foam tray
from cassava starch blended with natural fiber and chitosan. Industrial Crops and
Products, 37(1), 542-546.

Kaza, S., Yao, L., Bhada-Tata, P., & Van Woerden, F. (2018). What a waste 2.0: a global

snapshot of solid waste management to 2050. World Bank Publications.

153



References

Kerni, L., Singh, S., Patnaik, A., & Kumar, N. (2020). A review on natural fiber reinforced
composites. Materials Today: Proceedings, 28, 1616-1621.

Khalil, H. S. A., Alwani, M. S., & Omar, A. K. M. (2006). Chemical composition, anatomy,
lignin distribution, and cell wall structure of Malaysian plant waste fibers.
BioResources, 1(2), 220-232.

Khattab, R. Y., & Arntfield, S. D. (2009). Functional properties of raw and processed canola
meal. LWT-Food Science and Technology, 42(6), 1119-1124.

Kinsella, J. E., & Melachouris, N. (1976). Functional properties of proteins in foods: a
survey. Critical Reviews in Food Science & Nutrition, 7(3), 219-280.

Kizildag, N. (2023). Pullulan films with PCMs: Recyclable bio-based films with thermal
management functionality. Coatings, 13(2), 414.

Klang, J. M., Tambo, T. S., Doungmo, F. A., Tsopbeng, T. A. B., & Womeni, H. M. (2019).
Application of germinated corn flour on the reduction of flow velocities of the gruels
made from corn, soybean, Moringa oleifera leaf powder and cassava. Journal of
Food Processing and Technology, 10(7), 800-814.

Klockeman, D. M., Toledo, R., & Sims, K. A. (1997). Isolation and characterization of
defatted canola meal protein. Journal of Agricultural and Food Chemistry, 45(10),
3867-3870.

Klunklin, W., Hinmo, S., Thipchai, P., & Rachtanapun, P. (2023). Effect of Bleaching
Processes on Physicochemical and Functional Properties of Cellulose and
Carboxymethyl Cellulose from Young and Mature Coconut Coir. Polymers, 15(16),
3376.

Kopecek, J., & Yang, J. (2007). Hydrogels as smart biomaterials. Polymer International,
56(9), 1078-1098.

Koushki, M. R., Azizi, M. H., Azizkhani, M., & Koohy-Kamaly, P. (2015). Effect of
different formulations on mechanical and physical properties of calcium alginate
edible films. Journal of Food Quality and Hazards Control, 2(2), 45-50.

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, S. S., & Raja, V. M. (2021). Processing and determination of mechanical properties
of Prosopis juliflora bark, banana and coconut fiber reinforced hybrid bio composites
for an engineering field. Composites Science and Technology, 208, 108695.

154



References

Kurt, A., Toker, O. S., & Tornuk, F. (2017). Effect of xanthan and locust bean gum
synergistic interaction on characteristics of biodegradable edible film. International
Journal of Biological Macromolecules, 102, 1035-1044.

Lalnunthari, C., Devi, L. M., Amami, E., & Badwalik, L. S. (2019). Valorisation of pumpkin
seeds and peels into biodegradable packaging films. Food and Bioproducts
Processing, 118, 58-66.

Lal, R. (2017). Porosity: Pore Size Distribution, In: Encyclopedia of Soil Science, Third
Edition. pp. 1782—1785. CRC Press, Boca Raton.

Lam, N. T., Chollakup, R., Smitthipong, W., Nimchua, T., & Sukyai, P. (2017).
Characterization of cellulose nanocrystals extracted from sugarcane bagasse for
potential biomedical materials. Sugar Tech, 19, 539-552.

Lan, Y., Ohm, J. B., Chen, B., & Rao, J. (2020). Physicochemical properties and aroma
profiles of flaxseed proteins extracted from whole flaxseed and flaxseed meal. Food
Hydrocolloids, 104, 105731.

Lawrence, M., & Jiang, Y. (2017). Porosity, pore size distribution, micro-structure. Bio-
aggregates based building materials: state-of-the-art report of the RILEM technical
committee 236-BBM, 39-71.

Leang, Y. H., & Saw, H. Y. (2011). Proximate and functional properties of sugarcane
bagasse. Agro Food Industry Hi-Tech, 22(2), 5-8.

Lédo, A.D. S., Passos, E. E. M., Fontes, H. R., Ferreira, J. M. S., Talamini, V., & Vendrame,
W. A. (2019). Avancos na propagacdo do coqueiro. Revista Brasileira de
Fruticultura, 41, e-159.

Lee, H. N., Paek, H. J., & Min, S. C. (2011). Defatted soybean meal-based edible film
development. Food Engineering Progress, 15(4).

Lee, J. H., Won, M., & Song, K. B. (2015). Physical properties and antimicrobial activities
of porcine meat and bone meal protein films containing coriander oil. LWT-Food
Science and Technology, 63(1), 700-705.

Lee, J. H,, Yang, H. J., Lee, K. Y., & Song, K. B. (2016). Preparation and application of a
flaxseed meal protein film containing lemongrass (Cymbopogon citratus) oil.
International Journal of Food Science & Technology, 51(6), 1473-1480.

Lee, J., Durst, R. O. B. E. R. T., & Wrolstad, R. O. N. A. L. D. (2005). AOAC official
method 2005.02: total monomeric anthocyanin pigment content of fruit juices,

155



References

beverages, natural colorants, and wines by the pH differential method. Official
Methods of Analysis of AOAC International, 2.

Li, C., Liu, G., Nges, I. A., Deng, L., Nistor, M., & Liu, J. (2016). Fresh banana pseudo-
stems as a tropical lignocellulosic feedstock for methane production. Energy,
Sustainability and Society, 6, 1-9.

Li, C., Zhu, W., Xue, H., Chen, Z., Chen, Y., & Wang, X. (2015). Physical and structural
properties of peanut protein isolate-gum Arabic films prepared by various glycation
time. Food Hydrocolloids, 43, 322-328.

Li, W., Zhang, Y., Li, J., Zhou, Y., Li, R., & Zhou, W. (2015). Characterization of cellulose
from banana pseudo-stem by heterogeneous liquefaction. Carbohydrate Polymers,
132, 513-519.

Li, Z.,, Guo, K, Lin, L., He, W., Zhang, L., & Wei, C. (2018). Comparison of
physicochemical properties of starches from flesh and peel of green banana fruit.
Molecules, 23(9), 2312.

Liu, C., Luan, P, Li, Q., Cheng, Z., Sun, X., Cao, D., & Zhu, H. (2020). Biodegradable,
hygienic, and compostable tableware from hybrid sugarcane and bamboo fibers as
plastic alternative. Matter, 3(6), 2066-2079.

Lopes, I. A., Paixao, L. C.,daSilva, L. J. S.,Rocha, A. A., Barros Filho, A. K. D., & Santana,
A. A. (2020). Elaboration and characterization of biopolymer films with alginate and
babassu coconut mesocarp. Carbohydrate Polymers, 234, 115747.

Lucas, N., Bienaime, C., Belloy, C., Queneudec, M., Silvestre, F., & Nava-Saucedo, J. E.
(2008). Polymer biodegradation: Mechanisms and estimation techniques—A review.
Chemosphere, 73(4), 429-442.

Ma, J. (2015). Banana Pseudostem: properties nutritional composition and use as food.
(Doctoral dissertation, UNSW Sydney).

Ma, W., Rokayya, S., Xu, L., Sui, X., Jiang, L., & L1, Y. (2018). Physical-chemical properties
of edible film made from soybean residue and citric acid. Journal of Chemistry,

2018(1), 4026831.

Machado, C. M., Benelli, P., & Tessaro, I. C. (2020). Study of interactions between cassava
starch and peanut skin on biodegradable foams. International Journal of Biological
Macromolecules, 147, 1343-1353.

156



References

Madhusudhan, K. T., & Singh, N. (1985). Effect of heat treatment on the functional
properties of linseed meal. Journal of Agricultural and Food Chemistry, 33(6),
1222-1226.

Madsen, B., & Lilholt, H. (2003). Physical and mechanical properties of unidirectional plant
fibre composites—an evaluation of the influence of porosity. Composites Science
and Technology, 63(9), 1265-1272.

Mali, S., Grossmann, M. V. E., Garcia, M. A., Martino, M. N., & Zaritzky, N. E. (2006).
Effects of controlled storage on thermal, mechanical and barrier properties of
plasticized films from different starch sources. Journal of Food Engineering, 75(4),
453-460.

Mandal, A., & Chakrabarty, D. (2011). Isolation of nanocellulose from waste sugarcane
bagasse (SCB) and its characterization. Carbohydrate Polymers, 86(3), 1291-12909.

Mangaraj, S., Yadav, A., Bal, L. M., Dash, S. K., & Mahanti, N. K. (2019). Application of
biodegradable polymers in food packaging industry: A comprehensive review.

Journal of Packaging Technology and Research, 3, 77-96.

Mansora, A. M., Lima, J. S., Anib, F. N., Hashima, H., & Hoa, W. S. (2019). Characteristics
of cellulose, hemicellulose and lignin of MD2 pineapple biomass. Chem. Eng, 72(1),
79-84.

Mansouri, F., Ben Moumen, A., Richard, G., Fauconnier, M. L., Sindic, M., Elamrani, A.,
& Serghini-Caid, H. (2018). Proximate composition, amino acid profile,
carbohydrate and mineral content of seed meals from four safflower (Carthamus
tinctorius L.) varieties grown in north-eastern Morocco. Oilseeds and fats, Crops
and Lipids. 25(2), 9.

Marimuthu, S., Saikumar, A., & Badwaik, L. S. (2024). Development and characterization
of biodegradable foam plates from corn starch and banana bunch stalks coated with
beeswax. Biomass Conversion and Biorefinery, 1-15.

Marqui¢, C. (2001). Chemical reactions in cottonseed protein cross-linking by
formaldehyde, glutaraldehyde, and glyoxal for the formation of protein films with
enhanced mechanical properties. Journal of Agricultural and Food Chemistry,
49(10), 4676-4681.

Maseko, N. N., Schneider, D., Wassersleben, S., Enke, D., Iwarere, S. A., Pocock, J., &
Stark, A. (2021). The production of biogenic silica from different South African

157



References

agricultural residues through a thermo-chemical treatment method. Sustainability,
13(2), 577.

Mateescu, A., Wang, Y., Dostalek, J., & Jonas, U. (2012). Thin hydrogel films for optical
biosensor applications. Membranes, 2(1), 40-69.

Merais, M. S., Khairuddin, N., Salehudin, M. H., Mobin Siddique, M. B., Lepun, P., &
Chuong, W. S. (2022). Preparation and characterization of cellulose nanofibers from
banana pseudostem by acid hydrolysis: physico-chemical and thermal properties.
Membranes, 12(5), 451.

Migneault, 1., Dartiguenave, C., Bertrand, M. J., & Waldron, K. C. (2004). Glutaraldehyde:
behavior in aqueous solution, reaction with proteins, and application to enzyme
crosslinking. Biotechniques, 37(5), 790-802.

Mikus, M., Galus, S., Ciurzynska, A., & Janowicz, M. (2021). Development and
characterization of novel composite films based on soy protein isolate and oilseed
flours. Molecules, 26(12), 3738.

Millogo, Y., Aubert, J. E., Hamard, E., & Morel, J. C. (2015). How properties of kenaf fibers
from Burkina Faso contribute to the reinforcement of earth blocks. Materials, 8(5),
2332-2345.

Mishra, L., & Basu, G. (2020). Coconut fibre: its structure, properties and applications. In
Handbook of Natural Fibres (pp. 231-255). Woodhead Publishing.

Mishra, L., Basu, G., & Samanta, A. K. (2017). Effect of chemical softening of coconut
fibres on structure and properties of its blended yarn with jute. Fibers and Polymers,
18, 357-368.

Mohan, N., Natarajan, S., & Kumaresh Babu, S. P. (2010). Investigation on two-body
abrasive wear behavior of silicon carbide filled glass fabric-epoxy composites.
Journal of Minerals and Materials Characterization and Engineering, 9(03), 231.

Mohanty, A. K., Misra, M., & Drzal, L. T. (Eds.). (2005). Natural Fibers, Biopolymers, and
Biocomposites, first ed. CRC press, Boca Raton.

Mohareb, E., & Mittal, G. S. (2007). Formulation and process conditions for
biodegradable/edible soy-based packaging trays. Packaging Technology and
Science: An International Journal, 20(1), 1-15.

Mohareb, E., & Mittal, G. S. (2007). Formulation and process conditions for
biodegradable/edible soy-based packaging trays. Packaging Technology and

Science: An International Journal, 20(1), 1-15.

158



References

Mohsin, A., Zaman, W. Q., Guo, M., Ahmed, W., Khan, I. M., Niazi, S., Rehman, A., Hang,
H. & Zhuang, Y. (2020). Xanthan-Curdlan nexus for synthesizing edible food
packaging films. International Journal of Biological Macromolecules, 162, 43-49.

Moure, A., Sineiro, J., Dominguez, H., & Parajo, J. C. (2006). Functionality of oilseed
protein products: A review. Food Research International, 39(9), 945-963.

Mukhopadhyay, S., Fangueiro, R., Arpac, Y., & Sentiirk, U. (2008). Banana fibers—
variability and fracture behaviour. Journal of Engineered Fibers and Fabrics, 3(2),
155892500800300207.

Muneer, F., Johansson, E., Hedenqvist, M. S., Gillstedt, M., & Newson, W. R. (2014).
Preparation, properties, protein cross-linking and biodegradability of plasticizer-
solvent free hemp fibre reinforced wheat gluten, glutenin, and gliadin composites.
BioResources, 9(3), 5246-5261.

Muralikrishna, M. V. V., Kumari, T. S., Gopi, R., & Loganathan, G. B. (2020). Development
of mechanical properties in banana fiber composite. Materials Today.: Proceedings,
22, 541-545.

Mustafa, T. A. N., & Temel, S. (2018). Performance of some quinoa (Chenopodium quinoa
Willd.) genotypes grown in different climate conditions. Turkish Journal of Field
Crops, 23(2), 180-186.

Mwaikambo, L. (2006). Review of the history, properties and application of plant fibres.
African Journal of Science and Technology, 7(2), 121.

Mwaikambo, L. Y., & Ansell, M. P. (2006). Mechanical properties of alkali treated plant
fibres and their potential as reinforcement materials. 1. hemp fibres. Journal of
Materials Science, 41, 2483-2496.

Naderi, B., Keramat, J., Nasirpour, A., & Aminifar, M. (2020). Complex coacervation
between oak protein isolate and gum Arabic: Optimization & functional
characterization. International Journal of Food Properties, 23(1), 1854-1873.

Nair, R. M., Bindhu, B., & VL, R. (2020). A polymer blend from Gum Arabic and Sodium
Alginate-preparation and characterization. Journal of Polymer Research, 27(6), 154.

Nandane, A. S., & Jain, R. K. (2018). Optimization of formulation and process parameters
for soy protein-based edible film using response surface methodology. Journal of
Packaging Technology and Research, 2, 203-210.

Nang An, V., Chi Nhan, H. T., Tap, T. D., Van, T. T. T., Van Viet, P., & Van Hieu, L.

(2020). Extraction of high crystalline nanocellulose from biorenewable sources of

159



References

Vietnamese agricultural wastes. Journal of Polymers and the Environment, 28,
1465-1474.

Narayana, K., & Narasinga Rao, M. S. (1982). Functional properties of raw and heat
processed winged bean (Psophocarpus tetragonolobus) flour. Journal of Food
Science, 47(5), 1534-1538.

Nascimento, R. J. M., Bezerra, L. C. A., Almeida, J. S., de Oliveira Barros, M., Silva, L. R.
R., Rosa, M. F., Mazzeto, S.E., Lomonaco, D., Pereira, K.R.A. & Avelino, F. (2022).
Elucidating the adsorption mechanism of Rhodamine B on mesoporous coconut
coir-based biosorbents through a non-linear modeling and recycling approach.
Environmental Science and Pollution Research, 29(53), 79920-79934.

Newson, W. R. (2015). Bio-based materials from crambe and carinata industrial oilseed
meals. Acta Universitatis Agriculturae Sueciae, (2015: 127).

Newson, W. R., Capezza, A. J., Kuktaite, R., Hedenqvist, M. S., & Johansson, E. (2023).
Green Chemistry to Modify Functional Properties of Crambe Protein Isolate-Based
Thermally Formed Films. ACS Omega, 8(23), 20342-20351.

Newson, W. R., Kuktaite, R., Hedenqvist, M. S., Géllstedt, M., & Johansson, E. (2013).
Oilseed meal based plastics from plasticized, hot pressed Crambe abyssinica and
Brassica carinata residuals. Journal of the American Oil Chemists' Society, 90, 1229-
1237.

Nonato, R. V., Mantelatto, P., & Rossell, C. (2001). Integrated production of biodegradable
plastic, sugar and ethanol. Applied Microbiology and Biotechnology, 57, 1-5.
Nwokolo, E. (1987). Nutritional quality of the seeds of the African breadfruit (Treculia

africana, Decne), 39-47.

Oh, Y. A.,Roh, S. H., & Min, S. C. (2016). Cold plasma treatments for improvement of the
applicability of defatted soybean meal-based edible film in food packaging. Food
Hydrocolloids, 58, 150-159.

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H. (2010). Development and
evaluation of a novel biodegradable film made from chitosan and cinnamon essential
oil with low affinity toward water. Food Chemistry, 122(1), 161-166.

Oladele, A. K., & Aina, J. O. (2007). Chemical composition and functional properties of
flour produced from two varieties of tigernut (Cyperus esculentus). African Journal
of Biotechnology, 6(21).

Oliveira, T. G. D., Makishi, G. L. D. A., Chambi, H. N. M., Bittante, A. M. Q. B., Lourengo,
R. V., & Sobral, P. J. D. A. (2015). Cellulose fiber reinforced biodegradable films

160



References

based on proteins extracted from castor bean (Ricinus communis L.) cake. Industrial
Crops and Products, 67, 355-363.

Omowaye-Taiwo, O. A., Faghemi, T. N., Ogunbusola, E. M., & Badejo, A. A. (2015). Effect
of germination and fermentation on the proximate composition and functional
properties of full-fat and defatted cucumeropsis mannii seed flours. Journal of Food
Science and Technology, 52, 5257-5263.

Ortega, F., Versino, F., Lopez, O. V., & Garcia, M. A. (2022). Biobased composites from
agro-industrial wastes and by-products. Emergent Materials, 5(3), 873-921.
Oshodi, HN Ogungbenle, MO Oladimeji, A. A. (1999). Chemical composition, nutritionally
valuable minerals and functional properties of benniseed (Sesamum radiatum), pearl
millet (Pennisetum typhoides) and quinoa (Chenopodium quinoa) flours.

International Journal of Food Sciences and Nutrition, 50(5), 325-331.

Ostbring, K., Malmgvist, E., Nilsson, K., Rosenlind, I., & Rayner, M. (2019). The effects
of oil extraction methods on recovery yield and emulsifying properties of proteins
from rapeseed meal and press cake. Foods, 9(1), 19.

Ostbring, K., Nilsson, K., Ahlstrém, C., Fridolfsson, A., & Rayner, M. (2020). Emulsifying
and anti-oxidative properties of proteins extracted from industrially cold-pressed
rapeseed press-cake. Foods, 9(5), 678.

Otenda, B. V., Kareru, P. G., Madivoli, E. S., Maina, E. G., Wanakai, S. I., & Wanyonyi,
W. C. (2022). Cellulose nanofibrils from sugarcane bagasse as a reinforcing element
in polyvinyl alcohol composite films for food packaging. Journal of Natural Fibers,
19(10), 3585-3597.

Otoni, C. G., de Moura, M. R., Aouada, F. A., Camilloto, G. P., Cruz, R. S., Lorevice, M. V.,
Soares N. F. F. & Mattoso, L. H. (2014). Antimicrobial and physical-mechanical
properties of pectin/papaya puree/cinnamaldehyde nanoemulsion edible composite
films. Food Hydrocolloids, 41, 188-194.

Padzil, F. N. M., Ainun, Z. M. A., Abu Kassim, N., Lee, S. H., Lee, C. H., Ariffin, H., &
Zainudin, E. S. (2020). Chemical, physical and biological treatments of pineapple
leaf fibres. Pineapple Leaf Fibers: Processing, Properties and Applications, 73-90.

Pandey, V. K., Upadhyay, S. N., Niranjan, K., & Mishra, P. K. (2020). Antimicrobial
biodegradable chitosan-based composite Nano-layers for food packaging.

International Journal of Biological Macromolecules, 157, 212-219.

161



References

Patel, B. H., & Joshi, P. V. (2020). Banana nanocellulose fiber/PVOH composite film as
soluble packaging material: Preparation and characterization. Journal of Packaging
Technology and Research, 4, 95-101.

Pavoni, J. M. F., dos Santos, N. Z., May, L. C., Pollo, L. D., & Tessaro, I. C. (2021). Impact
of acid type and glutaraldehyde crosslinking in the physicochemical and mechanical
properties and biodegradability of chitosan films. Polymer Bulletin, 78, 981-1000.

Peleg, M. (1983). Physical characteristics of food powders. Physical Properties of Foods,
293-323.

Pelissari, F. M., Yamashita, F., Garcia, M. A., Martino, M. N., Zaritzky, N. E., &
Grossmann, M. V. E. (2012). Constrained mixture design applied to the development
of cassava starch—chitosan blown films. Journal of Food Engineering, 108(2), 262-
267.

Pereira, A. L. S., Nascimento, D. M., Men de Sa Filho, M. S., Cassales, A. R., Morais, J. P.,
Paula, R. C., Rosa, M.F. & Feitosa, J. P. (2014). Banana (Musa sp. cv. Pacovan)
pseudostem fibers are composed of varying lignocellulosic composition throughout
the diameter. BioResources, 9(4), 7749-7763.

Pereira, P. H. F., Voorwald, H. C. J., Cioffi, M. O. H., Mullinari, D. R., Da Luz, S. M., &
Da Silva, M. L. C. P. (2011). Sugarcane bagasse pulping and bleaching: Thermal
and chemical characterization. BioResources, 6(3), 2471-2482.

Pettersson, H. (2012). Mycotoxin contamination of animal feed. In Animal Feed
Contamination . Woodhead Publishing, 233-285.

Platt, D. K. 2006. Biodegradable polymers. Shropshire, United Kingdom: Smithers Rapra
Limited. 42-73.

Plengnok, U., & Jarukumjorn, K. (2020). Preparation and characterization of nanocellulose
from sugarcane bagasse. Biointerface Research in Applied Chemistry. 10(3), 5675 —
5678.

Polat, S., Uslu, M. K., Aygiin, A., & Certel, M. (2013). The effects of the addition of corn
husk fibre, kaolin and beeswax on cross-linked corn starch foam. Journal of Food
Engineering, 116(2), 267-276.

Popovi¢, S., Hromis, N., Suput, D., Bulut, S., Romanié¢, R., & Lazi¢, V. (2020). Valorization
of by-products from the production of pressed edible oils to produce biopolymer

films. In Cold pressed oils. Academic Press, 15-30.

162



References

Prasad, L., Kumar, S., Patel, R. V., Yadav, A., Kumar, V., & Winczek, J. (2020). Physical
and mechanical behaviour of sugarcane bagasse fibre-reinforced epoxy bio-
composites. Materials, 13(23), 5387.

Rajendran, S. P., Saravanan, A., Namachivayam, G. K., Jambunathan, J., & Ramachandran,
G. (2020). Optimization of composition for preparation of edible cutlery using
response surface methodology (RSM). In AIP Conference Proceedings. AIP
Publishing, 2240 (1).

Ramirez, J. R., & Lagunas, L. M. (2010). Engineering properties of sugarcane fibres. In
Proc. Int. Soc. Sugar Cane Technol, 27.

Rana, A., Dogiparthi, O., Sakhare, S. D., Sathyendra Rao, B. V., & Inamdar, A. A. (2023).
Study on the utilization of by-products of wheat milling industry for the development
of biodegradable plates. Journal of Food Science and Technology, 60(7),2042-2049.

Rao, M. S., Kanatt, S. R., Chawla, S. P., & Sharma, A. (2010). Chitosan and guar gum
composite films: Preparation, physical, mechanical and antimicrobial properties.
Carbohydrate Polymers, 82(4), 1243-1247.

Rasel, H., Johansson, T., Géllstedt, M., Newson, W., Johansson, E., & Hedenqvist, M.
(2016). Development of bioplastics based on agricultural side-stream products: Film
extrusion of C rambe abyssinica/wheat gluten blends for packaging purposes.
Journal of Applied Polymer Science, 133(2).

Ravindran, L., Sreekala, M. S., & Thomas, S. (2019). Novel processing parameters for the
extraction of cellulose nanofibres (CNF) from environmentally benign pineapple
leaf fibres (PALF): structure-property relationships. International Journal of
Biological Macromolecules, 131, 858-870.

Reddy, N., & Yang, Y. (2010). Citric acid cross-linking of starch films. Food Chemistry,
118(3), 702-711.

Reddy, N., Yang, Y., Reddy, N., & Yang, Y. (2015). Fibers from Banana Pseudo-Stems:
Natural Cellulose Fibers from Renewable Resources. Innovative Biofibers from
Renewable Resources, 25-27.

Reddy, V. K., & Immanuelraj, K. T. (2017). Area, production, yield trends and pattern of
oilseeds growth in India. Economic Affairs, 62(2), 327.

Rencoret, J., Ralph, J., Marques, G., Gutiérrez, A., Martinez, A. T., & del Rio, J. C. (2013).
Structural characterization of lignin isolated from coconut (Cocos nucifera) coir

fibers. Journal of Agricultural and Food Chemistry, 61(10), 2434-2445.

163



References

Rodrigues, N. H. P., de Souza, J. T., Rodrigues, R. L., Canteri, M. H. G., Tramontin, S. M.
K., & de Francisco, A. C. (2020). Starch-based foam packaging developed from a
by-product of potato industrialization (Solanum tuberosum L.). Applied Sciences,
10(7), 2235.

Rodriguez-Miranda, J., Herndndez-Santos, B., Herman-Lara, E., Vivar-Vera, M. A.,
Carmona-Garcia, R., Gomez-Aldapa, C. A., & Martinez-Sanchez, C. E. (2012).
Physicochemical and functional properties of whole and defatted meals from
Mexican (Cucurbita pepo) pumpkin seeds. International Journal of Food Science &
Technology, 47(11), 2297-2303.

Rosa, M. D. F., Medeiros, E., Malmonge, J. A., Gregorski, K. S., Wood, D. F., Mattoso, L.
H. C., Glenn, G., Orts, W.J. & Imam, S. H. (2010). Cellulose nanowhiskers from
coconut husk fibers: Effect of preparation conditions on their thermal and
morphological behavior. Carbohydrate Polymers, 81(1), 83-92.

Roughan, G., (2021). Sustainable Food Waste Management for Food Industry SME:s:
Unleashed inventory software 2021. https://
www.unleashedsoftware.com/blog/sustainable-food-waste-management-for-food-
industry-smes/. Accessed 26 June 2022.

Rouilly, A., Orliac, O., Silvestre, F., & Rigal, L. (2006). New natural injection-moldable
composite material from sunflower oil cake. Bioresource Technology, 97(4), 553-
561.

Sachs, L. (2012). Applied Statistics: A Handbook of Techniques. Springer Science &
Business Media. Second ed. Springer New York, NY.

Sahin, S., & FElhussein, E. A. A. (2018). Valorization of a biomass: phytochemicals in
oilseed by-products. Phytochemistry Reviews, 17, 657-668.

Salihu, R., Abd Razak, S. 1., Zawawi, N. A., Kadir, M. R. A., Ismail, N. 1., Jusoh, N.,
Mohamad M. R. & Nayan, N. H. M. (2021). Citric acid: A green cross-linker of
biomaterials for biomedical applications. European Polymer Journal, 146, 110271.

Sathasivam, K., Mas Haris, M. R. H., & Noorsal, K. (2010). The preparation and
characterization of esterified banana trunk fibers/poly (vinyl alcohol) blend film.
Polymer-Plastics Technology and Engineering, 49(13), 1378-1384.

Sathe, S. K., Deshpande, S. S., & Salunkhe, D. K. (1982). Functional properties of lupin
seed (Lupinus mutabilis) proteins and protein concentrates. Journal of Food Science,
47(2), 491-497.

164



References

Schettini, E., Santagata, G., Malinconico, M., Immirzi, B., Mugnozza, G. S., & Vox, G.
(2013). Recycled wastes of tomato and hemp fibres for biodegradable pots: Physico-
chemical characterization and field performance. Resources, Conservation and
Recycling, 70, 9-19.

Sehwag, S., & Das, M. (2015). A brief overview: Present status on utilization of mustard oil
and cake. Indian Journal of Traditional Knowledge, /4 (2), 244-250.

Selani, M. M., Brazaca, S. G. C., dos Santos Dias, C. T., Ratnayake, W. S., Flores, R. A., &
Bianchini, A. (2014). Characterisation and potential application of pineapple
pomace in an extruded product for fibre enhancement. Food Chemistry, 163, 23-30.

Seligra, P. G., Jaramillo, C. M., Fama, L., & Goyanes, S. (2016). Biodegradable and non-
retrogradable eco-films based on starch—glycerol with citric acid as crosslinking
agent. Carbohydrate Polymers, 138, 66-74.

Shahi, N., Min, B., Sapkota, B., & Rangari, V. K. (2020). Eco-friendly cellulose nanofiber
extraction from sugarcane bagasse and film fabrication. Sustainability, 12(15), 6015.

Sharma, G. M., Su, M., Joshi, A. U., Roux, K. H., & Sathe, S. K. (2010). Functional
properties of select edible oilseed proteins. Journal of Agricultural and Food
Chemistry, 58(9), 5457-5464.

Sharma, G., Kumar, A., Devi, K., Sharma, S., Naushad, M., Ghfar, A. A., Ahamad T. &
Stadler, F. J. (2018). Guar gum-crosslinked-Soya lecithin nanohydrogel sheets as
effective adsorbent for the removal of thiophanate methyl fungicide. International
Journal of Biological Macromolecules, 114, 295-305.

Sharma, L., & Singh, C. (2016). Sesame protein based edible films: Development and
characterization. Food Hydrocolloids, 61, 139-147.

Shit, S. C., & Shah, P. M. (2014). Edible polymers: challenges and opportunities. Journal of
Polymers, 2014(1), 427259.

Shukla, B. D., Srivastava, P. K., & Gupta, R. K. (1992). Oilseeds processing technology.
Central Institute of Agricultural Engineering. Maria Industries, India.

Simao, J. A., Carmona, V. B., Marconcini, J. M., Mattoso, L. H. C., Barsberg, S. T., &
Sanadi, A. R. (2016). Effect of fiber treatment condition and coupling agent on the
mechanical and thermal properties in highly filled composites of sugarcane bagasse
fiber/PP. Materials Research, 19, 746-751.

Singha, P., Rani, R., & Badwaik, L. S. (2023a). Sweet lime peel-, polyvinyl alcohol-and
starch-based biodegradable film: preparation and characterization. Polymer Bulletin,
80(1), 589-605.

165



References

Singha, P., Rani, R., & Badwaik, L. S. (2023b). Influence of sugarcane bagasse fibre on the
properties of sweet lime peel-and polyvinyl alcohol-based biodegradable films.
Sustainable Food Technology, 1(4), 610-620.

Sivadas, D. L., Damodaran, A., & Raghavan, R. (2019). Microporous carbon monolith and
fiber from freeze-dried banana stems for high efficiency carbon dioxide adsorption.
ACS Sustainable Chemistry & Engineering, 7(15), 12807-12816.

Steel, R. G. D., & Torrie, J. H. (1960). Principles and procedures of statistics. Principles
and Procedures of Statistics, 481.

Stelmock, R. L., Husbhy, F. M., & Brundage, A. L. (1985). Application of Van Soest acid
detergent fiber method for analysis of shellfish chitin. Journal of Dairy Science,
68(6), 1502-1506.

Subagyo, A., & Chafidz, A. (2018). Banana pseudo-stem fiber: Preparation, characteristics,
and applications. Banana Nutrition-Function and Processing Kinetics, 20(4), 1-19.

Sujatha, M., Roy, A., Viswanath, R., Sukhdev, A., 2024. Green Synthesis of Lignin
Nanoparticles From Agricultural Waste of Coconut Coir. Rasayan Journal of
Chemistry 17, 337-342.

Sukyai, P., Anongjanya, P., Bunyahwuthakul, N., Kongsin, K., Harnkarnsujarit, N., Sukatta,
U., Sothornvit, R. & Chollakup, R. J. F. R. I. (2018). Effect of cellulose nanocrystals
from sugarcane bagasse on whey protein isolate-based films. Food Research
International, 107, 528-535.

Tee YeeBond, T. Y., Tee LehTian, T. L., Daengprok, W., & Talib, R. A. (2017). Chemical,
physical, and barrier properties of edible film from flaxseed mucilage.

Teh, S. S., Bekhit, A. E. D., Carne, A., & Birch, J. (2014). Effect of the defatting process,
acid and alkali extraction on the physicochemical and functional properties of hemp,
flax and canola seed cake protein isolates. Journal of Food Measurement and
Characterization, 8, 92-104.

Thakur, V. K., Thakur, M. K., & Gupta, R. K. (2014). Graft copolymers of natural fibers for
green composites. Carbohydrate Polymers, 104, 87-93.

Tharanathan, R. N. (2003). Biodegradable films and composite coatings: past, present and
future. Trends in Food Science & Technology, 14(3), 71-78.

Tirgar, M., Silcock, P., Carne, A., & Birch, E. J. (2017). Effect of extraction method on
functional properties of flaxseed protein concentrates. Food Chemistry, 215, 417-
424,

166



References

Udayakumar, G. P., Muthusamy, S., Selvaganesh, B., Sivarajasekar, N., Rambabu, K.,
Banat, F., Sivamani S., Sivakumar N., Bandegharaei A. H., & Show, P. L. (2021).
Biopolymers and composites: Properties, characterization and their applications in
food, medical and pharmaceutical industries. Journal of Environmental Chemical
Engineering, 9(4), 105322.

Ulloa, J. A., Rosas-Ulloa, P., & Ulloa-Rangel, B. E. (2011). Physicochemical and functional
properties of a protein isolate produced from safflower (Carthamus tinctorius L.)
meal by ultrafiltration. Journal of the Science of Food and Agriculture, 91(3), 572-
577.

Veiga-Santos, P., Oliveira, L. M., Cereda, M. P., Alves, A. J., & Scamparini, A. R. P. (2005).
Mechanical properties, hydrophilicity and water activity of starch-gum films: effect
of additives and deacetylated xanthan gum. Food Hydrocolloids, 19(2), 341-349.

Vigneswaran, C., Pavithra, V., Gayathri, V., & Mythili, K. (2015). Banana fiber: scope and
value added product development. Journal of Textile and Apparel, Technology and
Management, 9(2), 1-7.

Wachirasiri, P., Julakarangka, S., & Wanlapa, S. (2009). The effects of banana peel
preparations on the properties of banana peel dietary fibre concentrate.
Songklanakarin Journal of Science & Technology, 31(6).

Waghmare, R., Moses, J. A., & Anandharamakrishnan, C. (2022). Mucilages: Sources,
extraction methods, and characteristics for their use as encapsulation agents. Critical
Reviews in Food Science and Nutrition, 62(15), 4186-4207.

Wanasundara, J. P. (2011). Proteins of Brassicaceae oilseeds and their potential as a plant
protein source. Critical Reviews in Food Science and Nutrition, 51(7), 635-677.

Wilson, D. C., Velis, C., & Cheeseman, C. (2006). Role of informal sector recycling in
waste management in developing countries. Habitat International, 30(4), 797-808.

Wittkop, B., Snowdon, R. J., & Friedt, W. (2009). Status and perspectives of breeding for
enhanced yield and quality of oilseed crops for Europe. Euphytica, 170, 131-140.

Wretfors, C., Cho, S. W., Hedenqvist, M. S., Marttila, S., Nimmermark, S., & Johansson, E.
(2009). Use of industrial hemp fibers to reinforce wheat gluten plastics. Journal of
Polymers and the Environment, 17, 259-266.

Wu, J., Du, X., Yin, Z., Xu, S., Xu, S., & Zhang, Y. (2019). Preparation and characterization
of cellulose nanofibrils from coconut coir fibers and their reinforcements in

biodegradable composite films. Carbohydrate Polymers, 211, 49-56.

167


https://jtatm.textiles.ncsu.edu/index.php/JTATM/issue/view/64

References

Wu, M., Wang, L. J.,, Li, D., Mao, Z. H., & Adhikari, B. (2013). Effect of flaxseed meal on
the dynamic mechanical properties of starch-based films. Journal of Food
Engineering, 118(4), 365-370.

Xu, Y., & Hanna, M. A. (2011). Nutritional and anti-nutritional compositions of defatted
Nebraska hybrid hazelnut meal. International Journal of Food Science &
Technology, 46(10), 2022-2029.

Yilmaz, E., Hiiriyet, Z., Arifoglu, N., & Emir, D. D. (2017). Functional properties of the
capia pepper seed defatted press cakes. Waste and Biomass Valorization, 8, 783-791.

Yumnam, M., Hatiboruah, D., Mishra, R., Sathyaseelan, K., Nath, P., & Mishra, P. (2023).
A Smartphone-based optical sensor with polyaniline label for quantitative
determination of freshness of freshwater fish fillets. Sensors and Actuators A:
Physical, 361, 114557.

Zaky, A. A., Shim, J. H., & Abd EI-Aty, A. M. (2021). A review on extraction,
characterization, and applications of bioactive peptides from pressed black cumin
seed cake. Frontiers in Nutrition, 8, 7439009.

Zanela, J., Shirai, M. A., Reis, M. O., Mali, S., Grossmann, M. V. E., & Yamashita, F.
(2015). Mixture design to develop biodegradable sheets with high levels of starch
and polyvinyl alcohol. Starch-Stdirke, 67(11-12), 1011-10109.

Zavareze, E. D. R, Halal, S. L. M. E., Marques e Silva, R., Dias, A. R. G., & Prentice-
Hernandez, C. (2014). Mechanical, barrier and morphological properties of
biodegradable films based on muscle and waste proteins from the Whitemouth
croaker (Micropogonias furnieri). Journal of Food Processing and Preservation,
38(4), 1973-1981.

Zhang, S., Kim, N., Yokoyama, W., & Kim, Y. (2018). Effects of moisture content on
mechanical properties, transparency, and thermal stability of yuba film. Food
Chemistry, 243, 202-207.

Zhang, Y., Duan, C., Bokka, S.K., He, Z., N1, Y., (2022). Molded fiber and pulp products as
green and sustainable alternatives to plastics: A mini review. Journal of Bioresources

and Bioproducts 7, 14-25.

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.

168



List of Publications in Journals

1.

Rani, R., Gosh, T., & Badwaik, L. S. (2023). Optimization of mustard, soybean and
flaxseed meal blend formulation for development of biopolymeric film and its
characterization. Sustainable Chemistry and Pharmacy, 33, 101147.

Rani, R., & Badwaik, L. S. (2021). Functional properties of oilseed cakes and defatted
meals of mustard, soybean and flaxseed. Waste and Biomass Valorization, 12, 5639-5647.
Rani, R., & Badwaik, L. S. (2024). Synergistic impact of natural gums and crosslinkers
on the properties of oilseed meals based biopolymeric films. International Journal of

Biological Macromolecules, 265, 130809.

List of publications under communication

1.

Physico-chemical, functional, morphological and thermal properties of banana pseudo-
stem, coconut coir and sugarcane bagasse fibres
Physical and Mechanical Behaviour of Plant Fibre-Reinforced Biocomposite film and

Biodegradable Plates

Participation in National/International Conference

1.

Rani, R., & Badwaik, L. S., Effect of natural gums on the properties of oilseed meal based
biopolymeric films: An approach towards waste utilization. Oral Presentation in the
National Conference on Underutilized Food Resources: Nutrient Composition, Value
Addition and Quality Assurance. 25%-26"May, 2023. Mizoram University, Aizawl,
Mizoram.

Rani, R., & Badwaik, L. S., Study the effect of mustard, soybean and flaxseed meal blends
on the properties of biopolymers. Oral Presentation in the International Conference on
Sustainable Approaches in Food Engineering and Technology (SAFETy), 24™1-25™ June
2021, Tezpur University and University of Georgia, USA.

Rani, R., & Badwaik, L. S., Characterization of the functional properties of oilseed meals
for the development of bioplastics. Poster Presentation in the Indian Convention of Food
Scientists and Technologists (ICFoST-2020), 30" January 2020-1°% February 2020, Tezpur

University, Tezpur, Assam.



Award
1. Recipient of Shri Somalal Vyas-Sea Innovation Award-2024 for work entitled
“Biodegradable Plates based on Oilseed Meals and Plant Fibres”. (Second Prize)
2. Recipient of Shri Somalal Vyas-Sea Innovation Award-2024 for work entitled

“Fabrication of Biopolymeric Films using Gums”. (Second Prize)



Waste and Biomass Valorization
https://dol.0eq/10.1007/512649-021-01407-2

'SHORT COMMUNICATION n@
o

Functional Properties of Oilseed Cakes and Defatted Meals of Mustard,
Soybean and Flaxseed

Ruchi Rani' - Laxmikant S. Badwaik'©

Recenved: 28 October 2020/ Accepted: 19 February 2021
© The Author(s], under exclusive licence to Springer Nature B.V. 2021

Abstract

Mustard and soybean seeds are most commonly known for their edible oilseeds whereas flaxseed. a non-edible oil category
is known for its health benefits. The oilsceds cake have high content of fibre and protein, arc usually seen as mass waste
after the extraction of oils. The study was conducted to evaluate functional properties of oilseed cakes and meals. Water
absorption capacity (WAC) and oil absorption capacity (OAC) was more in defatted sced meal compared to cake of mustard
and soy seed meal. However. the results were revered in case of flaxseed meal. WAC was higher for defatted soyseed meal
(24.67%) compared to defatted mustard and flaxseed meal. Among three cake samples OAC was higher in flaxseed cake
(14.33%). Foaming capacity was higher for soybean seed cake (21.19%) followed by flaxseed cake (11.95%) and mustard
seed cake (3.10%). Emulsion capacity was ranged from 40.69-51.38% and 47.26-57.18%: whereas, emulsion stability was
ranged from 107.52-107.52% and 108.15-119.89% in seed cake and defatted seed meal respectively. Results indicated that
the removal of fat from oilseed meal helps to increase their functional properties. This shows that oilseed meals are useful
in food application. fortification and packaging instead of being leftover as waste.
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Optimization of mustard, soybean and flaxseed meal blend =)
formulation for development of biopolymeric film and its
characterization

Ruchi Rani, Tabli Gosh, Laxmikant S. Badwaik
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ARTICLE INFO ABSTRACT

Handling Editer: Barhane Makjoud The current research work demonstrates the valorisation of oilseed meals by transforming them
into biopolymenc films with tunable properties for stringent food packaging applications. The

z:""v“'uk oilseed meals are obtained as waste matenials after oil extractica having a large potential in the
m“"“‘ “;m . food industry. For the study, the bippolymeric films fabricated using defatted oilseed meals of
\lm:f?dcslgn mustard, flaxseed, and soybean each in range of (1-100%%) using the mixture design. The films

Mechanical properties were developed using solvent casting method with the addition of a ghyoerol (75%) as plasticizer

Barrier properties and say lecithin (29%) as emulsifier. The effectiveness of the various propoctions of the selected
oilseed meals an water vapour permeability, water solubility, swelling property and tensile
strength has been studied. The optimized films were cbtained with the combination of 20.50%
mustard seed meal, 67.15% flaxseed meal, and 12.33% soybean seed meal. The result cbtained
after investigation of selected responses were found as 32.09% solubility, 1.88 kPa tensile
strength, elongation at break at 4.31%, and water vapour permeability with 0.68 g/Pahm g. The
thermal, morphological, and functional analysis results improved in the optimized biopolymeric
films. The ailseed meals were found sgnificant ca the properties of the biopalymenic. The formu-
lation obtained had improved mechanical as were as barrier properties of biopolymeric films.

1. Introduction

The utilization of waste material from available natural sources have been trending research in the field of food sectors (Abdel
shaly and Mansour, 2018). The importance of waste management has received a considerable attention all over the world for eco-
nomic, social, and environmental wellbeing (Wilson eral, 2006). Since every industry produces a wide amount of dispose eventually
after processing of food processing, therefore, attention is needed to treat the disposed materials (o create “waste to wealth™ (Ezeiiolor
et al, 2014). Additionally, the waste management is needed in parallel 1o the rest sectors of food industry for reducing the effect of
waste on bealth and environment. The waste management includes various methods such as processing/extraction of wastes, inciner-
ation into biogas production, pre-treatment, hydrolysis, and anaerobic digestion into fertilizers as well as direct addition inte food
production (Abdelshaly and Mansour, 2018). Utilization of waste or waste valorisation consist of the process of reusing, recyeling, or
composting waste materials where, the waste are more converted 1o new useful products and less heading to landfills contributing to
environmental pollution (Roughan, 2021).

* Conespoading authoe. Department of Food Exgineering Technology, Texpar Usiversity, Napaam, Assam, 784028, [adia.
E-maill afdress loonikantbedwaik g gmail.com (LS. Badwaik).
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Synergistic impact of natural gums and crosslinkers on the properties of
oilseed meals based biopolymeric films
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ARTICLE INFO ABSTRACT

Keywords: The waste material utilization from available agricultural resources can be beneficial in the fiekd of economic,
Oflsced cokes soctal, and environmental well being. One of the main industrial crops used to manufacture ol from oilseeds
“x“:';::‘““m warldwide is agricultural waste, such as the cake made from oilseeds. In this study, de-otled cakes are used to
Siia m: create biopolymeric films. Three widely .uccssible _nilseed meals viz. flaxseed, soybean, and muslnrd. were
Glutssalddyde gathered, ground, and sieved. A film forming suspension of defatted meals along with natural gums (acacia and
Sustainability xanthan gum) and crosslinkess (citric acid and glutaraldehyde) were farmed. The suspension was cast into petn

dishes and dried to preduce smooth and even films. The physical, functional, color, thermal and morphological
properties of the cilseed meals.gums crasslinked biopolymeric film were evaluated and statistical analysis was
performed. The solubility was found to be decreased and tensile strength was increased with the additica of citric
acid and increase in tensile strength. There was significant difference observed in the values of elongation at
break after addition of citnic acid as crosslinker. The research shows how oilseed meals enriched with natural
gum and crosslinkers may be converted into biopolymeric films, which can then be used in food packaging to
lessen reliance on petroleum-based, non-biodegradable plastics.

1. Introduction composted, incinerated, fermented, recycled into fertiliser, or even fed

1o cattde [5). Proteins are abundant in defatted meals, therefore using

One of the most common materials that we come across in our daily
life is the plastics. It has become a serious issue since it contributes into
environmental pollution. To find an alternative to this problem, bio-
polymeric film production is the first thing that comes in our mind which
can be renewed, found in abundance, should be eco-friendly as well as
biodegradable through natural means and inexpensive in nature [1 3],
The development of a biodegradable packaging material out of waste
can provide us an opportunity to replace non-biodegradable petroleum-
based plastics. Proteins, lipids, starches or their blends have been found
runners in the production of biopolymeric film and also can resolve the
problem they're of being biodegradable, disposal and sustainability on
earth [4).

One of the main industrial crops grown worldwide for the manu.
facture of oil is oilseed. Due to the presence of anti-nutritional chem.
icals, the main sources of oilseed meals (soybean, mustard, and flaxseed)
after oil extraction are not recommended for human consumption. A
legislative framework is necessary for these since, according to reports,
33 % of them are still disposed of in the open, even after being

them to create biopolymeric film material is an appealing substitute. The
oilseed meals of neem seed, pumpkin seed, hempseed, Evening Pri-
merose, Sunflower, Crambe seed. Carinata seed, Flaxseed, Soybean seed
and sesame seed have been seen successfully used for developing
packaging materials [6 11]).

Effective formation of film using only oilseed meal is challenging
task. During development of oilseed meals based biodegradable films,
the oilseed meals particles in the suspension tend to settle down quickly
which affect film formation. The possible solution i to use emulsifiers
which can improve the emulsion stability of particles. The nawre of
compounds of hydrocolloids depends on its chemical structure. The
hydrocolloids with highly branched structure tends to form gels more
easily and are more stable in nature in comparison to linear structured
hydrocolloids due to extended interaction along the chains is less
possible [12). The uses of natural gums in film formation have property
1o bind, stabilize, and suspend the agents and works excellent as emul-
sifiers and thickening ag The most ¢ gums which can be used
are acacia gum and xanthan gum [13).

* Corresponding author at: Department of Food Engineering Technology, Texpur University, Napaam, Assam 784028, India.

E.mail address loxmikantbadwarkir gmatl.com (LS. Badwaik).
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