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ABSTRAK 

Pengeluaran bahan berharga dari biojisim bersaiz nano menjadi fokus utama 

pembangunan industri untuk menghasilkan produk komposit berasaskan mesra alam, 

untuk pelbagai aplikasi. Kajian ini pada dasarnya, difokuskan pada penemuan kaedah 

mesra alam untuk penggunaan serat daun N36 Ananas comosus kepada bahan yang 

berpotensi. Sellulosa nanofibrilasi berjaya diasingkan dari serat daun nanas (NFC) 

dengan pengisaran bola dengan kehadiran alkohol isopropyl (IPA). Kesan alkohol 

isopropil dan masa pengisaran untuk menghasilkan fibril bersaiz nano dianalisis melalui 

pencirian sellulosa nanofibrilasi termasuk mikroskop pengimbasan pelepasan medan, X-

ray pembelauan, termogravimetrik analisis, Potensi Zeta, Inframerah jelmaan Fourier, 

Analisis saiz zarah. Secara perbandingan, sampel NFC 1:4─15min memiliki ciri-ciri 

yang diingini dalam aspek morfologi, ukuran serat, hasil, peratus penghabluran, 

kestabilan terma, dan keseragaman pada penyebaran serat PALF. Suhu degradasi terma 

yang tinggi 323 ℃ dan indeks penghabluran 67%, menunjukkan potensi penguatan untuk 

meningkatkan kestabilan terma dan sifat mekanik komposit. Lebih-lebih lagi, ia 

menunjukkan morfologi permukaan yang sangat baik, kestabilan dengan penggumpalan 

fiber yang rendah, dan keseragaman fibril dengan lilitan serat berukuran 25.84 ± 8.30 nm, 

potensi zeta -32.31 ± 2.51 dan polidispersi indeks (PDI) 0.103. Oleh itu, penambahan 

IPA memberi impak yang besar terhadap penghasilan fibril dengan melemahkan ikatan 

hidrogen antara molekul, sehingga mengurangkan masa pengisaran NFC tanpa 

menyebabkan kerosakan melampau pada sifat lain. Sample 1:4─15min NFC 

ditambahkan dengan komposisi yang berbeza (1-5 wt.%) dalam matriks kitosan untuk 

meningkat dan memperbaiki biofilm kitosan yang asal. Pengaruh kandungan NFC dalam 

matriks kitosan dianalisis melalui SEM, FTIR, transmisi optik, XRD, TGA, Kelarutan, 

kebolehtelapan wap air (WVP), kebolehan basah, pencirian mekanikal, dan penguburan 

tanah. Secara adil, biofilm CS + 3% menyatakan ciri pilihan dalam masalah penyebaran, 

sifat penghalang air, peningkatan tingkah laku mekanikal 33.6%, penurunan 58.81% dan 

70.63% penurunan indeks kembangan air, kelarutan, pengurangan biodegradasi 

menunjukkan interaksi yang lebih baik melalui pembentukan ikatan hidrogen dengan 

kumpulan amina dari kumpulan kitosan dan hidroksil NFC dan peningkatan tahap 

kristaliniti (12.1%) menghalang matriks merosot. Lebih-lebih lagi, ia menunjukkan sifat 

penghalang wap mekanikal dan wap air dengan kekuatan tegangan 83.6 MPa dan WVP 

6.40 × 10−9 gm-1h-1Pa-1. 
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ABSTRACT 

This study principally focused on discovering a green method for the utilization of N36 

Pineapple leaves fibre (PALF) to highly potential material by chemo-mechanical method 

and reinforcement of NFC in chitosan matrix. Mechanical methods are simple and do not 

require chemical reagents; this type of method is outstanding due to their high production 

capacity and low cost. However, some disadvantages include the possibility of 

contamination and amorphization, the formation of irregular shapes with poor 

homogeneity on nanofibrillation, and high energy consumption with extended treatment 

time. As a preliminary study, the cellulose was isolated from PALF using steam-alkaline 

coupled treatment (SAC). In that order, the concentration of sodium hydroxide (NaOH) 

(0.5 wt.%, 1.0 wt.%) and retention of steam treatment (30 min, 60 min) were varied for 

pulping and subsequently bleached with sodium chlorite (NaClO2). The PALF and 

treated fibre were characterized using Scanning Electron Microscopy, Thermal 

Gravimetric Analysis (TGA), Fourier Transform Infrared Spectroscopy (FTIR) and 

Moisture analysis to study surface morphology, thermal stability, functional group and 

hydrophobicity respectively. Based on results, S60 A1 with 1 wt.% NaOH and 60 min 

steam treatment with 3 wt.% of NaClO2 exhibit excellent thermal stability and surface 

morphology, where the maximum degradation occurs at 333.50 ℃ which is 9% 

improvement compared to untreated PALF and loosen structure of fibre bundle with 

reduced diameter (4.720 mm). This cellulose was utilized for the second objective to 

produce Nanofibrillated cellulose (NFC). NFC was successfully defibrillated by ball 

milling with the presence of isopropyl alcohol. The effect of isopropyl alcohol (ratio of 

cellulose to IPA) and the milling time (15 and 30 min) on nano fibrillation was analyzed 

through characterization of NFCs including Field Emission Scanning electron 

microscopy (FESEM), X-ray diffraction (XRD), TGA, Zeta-potential (ZP), FTIR and 

Particle size analysis (PSA). Comparatively, NFC 1:4─15min which milled for 1:4 

cellulose to IPA ratio for 15 min expresses desirable features in the concern of 

morphology, fibre size, yield, crystallinity, thermal stability, and homogeneity on the 

disintegration of PALF fibre. High thermal degradation temperature of 323 ℃ and 

crystallinity index of 67%. Moreover, it exhibits high yield (92.45%), excellent surface 

morphology, stability with low self-agglomeration, and uniformity in defibrillation with 

fibre diameter of 25.84±8.30 nm, zeta-potential of -32.31±2.51 and PDI of 0.103. Hence, 

addition of IPA gives significant impact on defibrillation by disrupt the intermolecular 

hydrogen bond, so that less milling time is convenient on production of NFC without 

causes severe damage on other properties. Sample of 1:4─15min NFC reinforced with 

different composition (1-5 wt.%) in chitosan (CS) matrix to refine and improve the neat 

chitosan biofilm. The effect of NFC content in chitosan matrix were analyzed through 

SEM, FTIR, optical transmittance, XRD, TGA, Solubility, Water vapor permeability 

(WVP), wettability, mechanical characterization, and soil burial. Fairly, the CS+3% 

biofilm express preferred feature in the concern of dispersion, water barrier properties, 

mechanical behavior enhancement. 33.6%, 58.81% and 70.63% decrement of swelling 

index, solubility, biodegradability indicates the better interaction through formation of 

hydrogen bond with amine groups from chitosan and hydroxyl groups of NFCs and the 

elevation of crystallinity level (11%) prevent the matrix to degrade. Moreover, it exhibits 

well refined mechanical and water vapor barrier properties with tensile strength of 83.6 

MPa and WVP of 6.40 × 10−9gm-1h-1Pa-1. As conclusion, reinforcement of 3 wt.% of 

1:4─15min NFC with CS improved the mechanical and barrier properties remarkably.  



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES ix 

LIST OF FIGURES x 

LIST OF SYMBOLS xii 

LIST OF ABBREVIATIONS xiii 

 INTRODUCTION 1 

1.1 Background of Study 1 

1.2 Motivation of study 4 

1.3 Problem statement 5 

1.4 Research Objective 7 

1.5 Scope of Study 7 

1.6 Significance of study 8 

1.7 Structure of this Thesis 8 

 9 

LITERATURE REVIEW 9 

2.1 Background of pineapple industry 9 

2.1.1 Production of Pineapple 9 



vi 

2.1.2 Lignocellulosic biomass 12 

2.2 Fibre in overview 12 

2.2.1 Physical properties of Plant fibre 15 

2.2.2 Chemical properties 17 

2.3 Fibre treatments and surface modification 21 

2.3.1 Physical treatment 21 

2.3.2 Chemical treatment 22 

2.4 Nanocellulose 26 

2.4.1 Nanofibrillated cellulose (NFC) 27 

2.4.2 Nanocrystalline cellulose 27 

2.4.3 Bacterial cellulose 28 

2.5 Production of Nanofibrillated cellulose 28 

2.5.1 Grinding 29 

2.5.2 High-pressure homogenization (HPH) 29 

2.5.3 Microfluidization 30 

2.5.4 High intensity ultrasonication (HIUS) 30 

2.5.5 Steam explosion 31 

2.5.6 Ball milling 31 

2.6 Application of NFC in bio-nanocomposite film. 39 

 46 

METHODOLOGY 46 

3.1 Overall methodology 46 

3.2 Chemicals and materials 49 

3.3 Cellulose 49 



vii 

3.3.1 Isolation of cellulose 49 

3.3.2 Characterization of cellulose 50 

3.4 Nanofibrillated cellulose 52 

3.4.1 Production of Nanofibrillated cellulose (NFC) 52 

3.4.2 Characterization of NFC 52 

3.5 NFC reinforcement in chitosan-based film 56 

3.5.1 Fabrication of thin film 56 

3.5.2 Characterization of thin film 56 

 RESULTS AND DISCUSSION 62 

4.1 Cellulose 62 

4.1.1 Physical appearance of treated and untreated PALF 62 

4.1.2 FTIR analysis 63 

4.1.3 Thermal Stability Analysis. 65 

4.1.4 Moisture analysis PALF 68 

4.1.5 Morphological analysis 68 

4.1.6 Comparisons of S60 A1 with commercial cellulose 72 

4.2 Nanofibrillated cellulose 74 

4.2.1 Physical appearance of milled NFC 75 

4.2.2 Optical transmittance of NFCs suspension 76 

4.2.3 Gravimetrical yield of NFCs 77 

4.2.4 Fourier transform infrared (FTIR) spectroscopy of NFCs. 78 

4.2.5 Field Emission Scanning electron microscopy of NFC 80 

4.2.6 Zeta potential and particle size analysis of NFC 82 

4.2.7 X-ray diffractograms of NFC 84 

4.2.8 Thermal stability and moisture content of NFC 86 



viii 

4.3 NFC reinforced chitosan-based film 88 

4.3.1 Physical appearance and optical properties of films 89 

4.3.2 FTIR of thin film 91 

4.3.3 X-ray diffractograms of thin film 92 

4.3.4 Scanning electron microscopy analysis of thin film 94 

4.3.5 Thermal stability and moisture content of thin film 96 

4.3.6 Swelling and solubility of film 99 

4.3.7 Biodegradability of film 101 

4.3.8 Water vapor transfer rate and permeability 103 

4.3.9 Wettability of biofilm 105 

4.3.10 Mechanical properties 107 

 CONCLUSION & RECOMMENDATION 112 

5.1 Conclusion 112 

5.2 Recommendation 113 

REFERENCES 114 

APPENDICES 137 

 

 



 

 114 

REFERENCES 

Abd-Halim, N. (2016). Policy Intervention for the Development of the Pineapple 

Industry in Malaysia. Food and Fertilizer Technology Center for the Asian and 

Pacific Region, 2015, 65. 

Abdul Khalil, H. P. S., 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. 

https://doi.org/10.1016/j.carbpol.2013.08.069 

Abdul Khalil, H. P. S., & Ismail, H. (2000). Effect of acetylation and coupling agent 

treatments upon biological degradation of plant fibre reinforced polyester 

composites. Polymer Testing. https://doi.org/10.1016/S0142-9418(99)00080-X 

Abral, H., Ariksa, J., Mahardika, M., Handayani, D., Aminah, I., Sandrawati, N., 

Pratama, A. B., Fajri, N., Sapuan, S. M., & Ilyas, R. A. (2020). Transparent and 

antimicrobial cellulose film from ginger nanofiber. Food Hydrocolloids, 

98(May 2019), 105266. https://doi.org/10.1016/j.foodhyd.2019.105266 

Abral, H., Pratama, A. B., Handayani, D., Mahardika, M., Aminah, I., Sandrawati, N., 

Sugiarti, E., Muslimin, A. N., Sapuan, S. M., & Ilyas, R. A. (2021). 

Antimicrobial edible film prepared from bacterial cellulose 

nanofibers/starch/chitosan for a food packaging alternative. International 

Journal of Polymer Science, 2021(April). https://doi.org/10.1155/2021/6641284 

Adel, A. M., El-Shafei, A. M., Ibrahim, A. A., & Al-Shemy, M. T. (2019). 

Chitosan/nanocrystalline cellulose biocomposites based on date palm (Phoenix 

dactylifera L.) sheath fibers. Journal of Renewable Materials, 7(6), 567–582. 

https://doi.org/10.32604/jrm.2019.00034 

Ahuja, D., Kumar, L., & Kaushik, A. (2021). Thermal stability of starch 

bionanocomposites films: Exploring the role of esterified cellulose nanofibers 

isolated from crop residue. Carbohydrate Polymers, 255(October 2020), 

117466. https://doi.org/10.1016/j.carbpol.2020.117466 

Akil, H. M., Omar, M. F., Mazuki, A. A. M., Safiee, S., Ishak, Z. A. M., & Abu Bakar, 

A. (2011). Kenaf fiber reinforced composites: A review. Materials and Design, 

32(8–9), 4107–4121. https://doi.org/10.1016/j.matdes.2011.04.008 

Akinjokun, A. I., Petrik, L. F., Ogunfowokan, A. O., Ajao, J., & Ojumu, T. V. (2021). 

Isolation and characterization of nanocrystalline cellulose from cocoa pod husk 

(CPH) biomass wastes. Heliyon, 7(4), e06680. 

https://doi.org/10.1016/j.heliyon.2021.e06680 

Alila, S., Besbes, I., Vilar, M. R., Mutjé, P., & Boufi, S. (2013). Non-woody plants as 

raw materials for production of microfibrillated cellulose (MFC): A comparative 



 

 115 

study. Industrial Crops and Products, 41(1), 250–259. 

https://doi.org/10.1016/j.indcrop.2012.04.028 

Amalia, B., Imawan, C., & Listyarini, A. (2018). Effect of nanofibril cellulose isolated 

from pineapple leaf on the mechanical properties of chitosan film. AIP 

Conference Proceedings, 2023. https://doi.org/10.1063/1.5064031 

Amiralian, N., Annamalai, P. K., Memmott, P., & Martin, D. J. (2015). Isolation of 

cellulose nanofibrils from Triodia pungens via different mechanical methods. 

Cellulose, 22(4), 2483–2498. https://doi.org/10.1007/s10570-015-0688-x 

Ansari, S. M., Ghazali, C. M. R., & Husin, K. (2017). Natural Fiber Filament Wound 

Composites: A Review. MATEC Web of Conferences, 97(January). 

https://doi.org/10.1051/matecconf/20179701018 

Asim, M., Abdan, K., Jawaid, M., Nasir, M., Dashtizadeh, Z., Ishak, M. R., Hoque, M. 

E., & Deng, Y. (2015). A review on pineapple leaves fibre and its composites. 

International Journal of Polymer Science, 2015. 

Ataide, J. A., De Carvalho, N. M., Rebelo, M. D. A., Chaud, M. V., Grotto, D., 

Gerenutti, M., Rai, M., Mazzola, P. G., & Jozala, A. F. (2017). Bacterial 

Nanocellulose Loaded with Bromelain: Assessment of Antimicrobial, 

Antioxidant and Physical-Chemical Properties. Scientific Reports, 7(1), 2–10. 

https://doi.org/10.1038/s41598-017-18271-4 

Avella, M., Malinconico, M., Buzarovska, A., Grozdanov, A., Gentile, G., & Errico, M. 

E. (2016). Polyvinyl Alcohol-Modified Pithecellobium Clypearia Benth Herbal 

Residue FiberPolypropylene Composites. Polymer Composites, 37(1), 915–924. 

https://doi.org/10.1002/pc 

Azeredo, H. M. C., Mattoso, L. H. C., Avena-Bustillos, R. J., Filho, G. C., Munford, M. 

L., Wood, D., & McHugh, T. H. (2010). Nanocellulose reinforced chitosan 

composite films as affected by nanofiller loading and plasticizer content. 

Journal of Food Science, 75(1), 1–7. https://doi.org/10.1111/j.1750-

3841.2009.01386.x 

Baheti, V., Abbasi, R., & Militky, J. (2012). Ball milling of jute fibre wastes to prepare 

nanocellulose. World Journal of Engineering, 9(1), 45–50. 

https://doi.org/10.1260/1708-5284.9.1.45 

Bakar, N., Chin, S. C., Siregar, J. P., & Ngien, S. K. (2020). A review on physical, 

mechanical, thermal properties and chemical composition of plant fibers. IOP 

Conference Series: Materials Science and Engineering, 736(5). 

https://doi.org/10.1088/1757-899X/736/5/052017 

Balasubramaniam, S. P. L., Patel, A. S., & Nayak, B. (2020). Surface modification of 

cellulose nanofiber film with fatty acids for developing renewable hydrophobic 

food packaging. Food Packaging and Shelf Life, 26(October), 100587. 

https://doi.org/10.1016/j.fpsl.2020.100587 



 

 116 

Barros-Alexandrino,  deTaís T., Tosi, M. M., & Assis, O. B. G. (2019). Comparison 

Between Chitosan Nanoparticles and Cellulose Nanofibers as Reinforcement 

Fillers in Papaya Puree Films: Effects on Mechanical, Water Vapor Barrier, and 

Thermal Properties. Polymer Engineering and Science, 59, E287–E292. 

https://doi.org/10.1002/pen.24938 

Baruah, J., Nath, B. K., Sharma, R., Kumar, S., Deka, R. C., Baruah, D. C., & Kalita, E. 

(2018). Recent trends in the pretreatment of lignocellulosic biomass for value-

added products. Frontiers in Energy Research, 6(DEC), 1–19. 

https://doi.org/10.3389/fenrg.2018.00141 

Beyene, D., Chae, M., Dai, J., Danumah, C., Tosto, F., Demesa, A. G., & Bressler, D. 

C. (2018). Characterization of cellulase-treated fibers and resulting cellulose 

nanocrystals generated through acid hydrolysis. Materials, 11(8). 

https://doi.org/10.3390/ma11081272 

Bhatnagar, R., Gupta, G., & Yadav, S. (2015). A Review on Composition and 

Properties of Banana Fibers. Int. J. Sci. Eng. Res., 6(5), 143–148. www.ijser.org 

Bhatt, S. M., & Shilpa. (2014). Lignocellulosic feedstock conversion, inhibitor 

detoxification and cellulosic hydrolysis - A review. Biofuels, 5(6), 633–649. 

https://doi.org/10.1080/17597269.2014.1003702 

Boufi, S., & Chaker, A. (2016). Easy production of cellulose nanofibrils from corn stalk 

by a conventional high speed blender. Industrial Crops and Products, 93, 39–

47. https://doi.org/10.1016/j.indcrop.2016.05.030 

Bufalino, L., de Sena Neto, A. R., Tonoli, G. H. D., de Souza Fonseca, A., Costa, T. G., 

Marconcini, J. M., Colodette, J. L., Labory, C. R. G., & Mendes, L. M. (2015). 

How the chemical nature of Brazilian hardwoods affects nanofibrillation of 

cellulose fibers and film optical quality. Cellulose, 22(6), 3657–3672. 

https://doi.org/10.1007/s10570-015-0771-3 

Cebreiros, F., Seiler, S., Dalli, S. S., Lareo, C., & Saddler, J. (2021). Enhancing 

cellulose nanofibrillation of eucalyptus Kraft pulp by combining enzymatic and 

mechanical pretreatments. Cellulose, 28(1), 189–206. 

https://doi.org/10.1007/s10570-020-03531-w 

Cejudo-Bastante, M. J., Cejudo-Bastante, C., Cran, M. J., Heredia, F. J., & Bigger, S. 

W. (2020). Optical, structural, mechanical and thermal characterization of 

antioxidant ethylene vinyl alcohol copolymer films containing betalain-rich 

beetroot. Food Packaging and Shelf Life, 24(February), 100502. 

https://doi.org/10.1016/j.fpsl.2020.100502 

Celebi, H., & Kurt, A. (2015). Effects of processing on the properties of 

chitosan/cellulose nanocrystal films. Carbohydrate Polymers, 133, 284–293. 

https://doi.org/10.1016/j.carbpol.2015.07.007 

Chan, Y. K. (2000). Status of the pineapple industry and research and development in 



 

 117 

Malaysia. In Acta Horticulturae (Vol. 529, pp. 77–83). 

https://doi.org/10.17660/actahortic.2000.529.7 

Chen, H. (2014). Biotechnology of Lignocellulose. In Biotechnology of Lignocellulose. 

https://doi.org/10.1007/978-94-007-6898-7 

Chen, P., Yu, H., Liu, Y., Chen, W., Wang, X., & Ouyang, M. (2013). Concentration 

effects on the isolation and dynamic rheological behavior of cellulose nanofibers 

via ultrasonic processing. Cellulose, 20(1), 149–157. 

https://doi.org/10.1007/s10570-012-9829-7 

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. 

https://doi.org/10.1016/j.carbpol.2010.10.040 

Cheng, Q., Wang, S., & Rials, T. G. (2009). Poly(vinyl alcohol) nanocomposites 

reinforced with cellulose fibrils isolated by high intensity ultrasonication. 

Composites Part A: Applied Science and Manufacturing, 40(2), 218–224. 

https://doi.org/10.1016/j.compositesa.2008.11.009 

Cherian, B. M., Leão, A. L., de Souza, S. F., Thomas, S., Pothan, L. A., & Kottaisamy, 

M. (2010). Isolation of nanocellulose from pineapple leaf fibres by steam 

explosion. Carbohydrate Polymers, 81(3), 720–725. 

https://doi.org/10.1016/j.carbpol.2010.03.046 

Chiaoprakobkij, N., Seetabhawang, S., Sanchavanakit, N., & Phisalaphong, M. (2019). 

Fabrication and characterization of novel bacterial cellulose/alginate/gelatin 

biocomposite film. Journal of Biomaterials Science, Polymer Edition, 30(11), 

961–982. https://doi.org/10.1080/09205063.2019.1613292 

Chiaramonti, D., Prussi, M., Ferrero, S., Oriani, L., Ottonello, P., Torre, P., & Cherchi, 

F. (2012). Review of pretreatment processes for lignocellulosic ethanol 

production, and development of an innovative method. Biomass and Bioenergy, 

46, 25–35. https://doi.org/10.1016/j.biombioe.2012.04.020 

Corsello, F. A., Bolla, P. A., Anbinder, P. S., Serradell, M. A., Amalvy, J. I., & 

Peruzzo, P. J. (2017). Morphology and properties of neutralized chitosan-

cellulose nanocrystals biocomposite films. Carbohydrate Polymers, 156, 452–

459. https://doi.org/10.1016/j.carbpol.2016.09.031 

Czaikoski, A., da Cunha, R. L., & Menegalli, F. C. (2020). Rheological behavior of 

cellulose nanofibers from cassava peel obtained by combination of chemical and 

physical processes. Carbohydrate Polymers, 248(July), 116744. 

https://doi.org/10.1016/j.carbpol.2020.116744 

Datta, J., & Kopczyńska, P. (2015). Effect of kenaf fibre modification on morphology 

and mechanical properties of thermoplastic polyurethane materials. Industrial 

Crops and Products, 74, 566–576. https://doi.org/10.1016/j.indcrop.2015.05.080 



 

 118 

Daud, Z., Hatta, M. Z. M., Kassim, A. S. M., Awang, H., & Aripin, A. M. (2014). 

Exploring of agro waste (pineapple leaf, corn stalk, and napier grass) by 

chemical composition and morphological study. BioResources, 9(1), 872–880. 

https://doi.org/10.15376/biores.9.1.872-880 

Dávila, I., Remón, J., Gullón, P., Labidi, J., & Budarin, V. (2019). Production and 

characterization of lignin and cellulose fractions obtained from pretreated vine 

shoots by microwave assisted alkali treatment. Bioresource Technology, 

289(May), 121726. https://doi.org/10.1016/j.biortech.2019.121726 

Dehnad, D., Emam-Djomeh, Z., Mirzaei, H., Jafari, S. M., & Dadashi, S. (2014). 

Optimization of physical and mechanical properties for chitosan- nanocellulose 

biocomposites. Carbohydrate Polymers, 105(1), 222–228. 

https://doi.org/10.1016/j.carbpol.2014.01.094 

Dilamian, M., & Noroozi, B. (2019). A combined homogenization-high intensity 

ultrasonication process for individualizaion of cellulose micro-nano fibers from 

rice straw. Cellulose, 26(10), 5831–5849. https://doi.org/10.1007/s10570-019-

02469-y 

Djafari Petroudy, S. R. (2017). Physical and mechanical properties of natural fibers. In 

Advanced High Strength Natural Fibre Composites in Construction. Elsevier 

Ltd. https://doi.org/10.1016/B978-0-08-100411-1.00003-0 

Dominic, M. C. D., Joseph, R., Begum, P. M. S., Joseph, M., Padmanabhan, D., Morris, 

L. A., Kumar, A. S., & Formela, K. (2020). Cellulose nanofibers isolated from 

the Cuscuta Reflexa plant as a green reinforcement of natural rubber. Polymers, 

12(4). https://doi.org/10.3390/polym12040814 

El Mechtali, F. Z., Essabir, H., Nekhlaoui, S., Bensalah, M. O., Jawaid, M., Bouhfid, 

R., & Qaiss, A. Ei. (2015). Mechanical and Thermal Properties of 

Polypropylene Reinforced with Almond Shells Particles: Impact of Chemical 

Treatments. Journal of Bionic Engineering, 12(3), 483–494. 

https://doi.org/10.1016/S1672-6529(14)60139-6 

Fabiana, M., & Da, B. (2017). Variability Assessment of Mechanical Properties of 

Pineapple Leaf Fibers. International Journal of Engineering Research & 

Technology, 6(01), 27–31. 

Fareez, I. M., Ibrahim, N. A., Wan Yaacob, W. M. H., Mamat Razali, N. A., Jasni, A. 

H., & Abdul Aziz, F. (2018). Characteristics of cellulose extracted from 

Josapine pineapple leaf fibre after alkali treatment followed by extensive 

bleaching. Cellulose, 25(8), 4407–4421. https://doi.org/10.1007/s10570-018-

1878-0 

Fernandes, S. C. M., Freire, C. S. R., Silvestre, A. J. D., Pascoal Neto, C., Gandini, A., 

Berglund, L. A., & Salmén, L. (2010). Transparent chitosan films reinforced 

with a high content of nanofibrillated cellulose. Carbohydrate Polymers, 81(2), 

394–401. https://doi.org/10.1016/j.carbpol.2010.02.037 



 

 119 

Ferreira, R. R., Souza, A. G., Nunes, L. L., Shahi, N., Rangari, V. K., & Rosa, D. dos S. 

(2020). Use of ball mill to prepare nanocellulose from eucalyptus biomass: 

Challenges and process optimization by combined method. Materials Today 

Communications, 22(November 2019), 100755. 

https://doi.org/10.1016/j.mtcomm.2019.100755 

Ferrer, A., Filpponen, I., Rodríguez, A., Laine, J., & Rojas, O. J. (2012). Valorization of 

residual Empty Palm Fruit Bunch Fibers (EPFBF) by microfluidization: 

Production of nanofibrillated cellulose and EPFBF nanopaper. Bioresource 

Technology, 125, 249–255. https://doi.org/10.1016/j.biortech.2012.08.108 

FICCI. (2016). Plastic Industry Knowledge and Strategic Partner. January, 44. 

http://ficci.in/spdocument/20690/plastic-packaging-report.pdf 

Fillat, Ú., Wicklein, B., Martín-Sampedro, R., Ibarra, D., Ruiz-Hitzky, E., Valencia, C., 

Sarrión, A., Castro, E., & Eugenio, M. E. (2018). Assessing cellulose nanofiber 

production from olive tree pruning residue. Carbohydrate Polymers, 179(June 

2017), 252–261. https://doi.org/10.1016/j.carbpol.2017.09.072 

Franco, T. S., Potulski, D. C., Viana, L. C., Forville, E., de Andrade, A. S., & de Muniz, 

G. I. B. (2019). Nanocellulose obtained from residues of peach palm extraction 

(Bactris gasipaes). Carbohydrate Polymers, 218(April), 8–19. 

https://doi.org/10.1016/j.carbpol.2019.04.035 

Frederick T. Wallenberger. (2004). Natural Fibers, Plastics and Composites. In Natural 

Fibers, Plastics and Composites. https://doi.org/10.1007/978-1-4419-9050-1 

Gabriel, T., Wondu, K., & Dilebo, J. (2021). Valorization of khat (Catha edulis) waste 

for the production of cellulose fibers and nanocrystals. PLoS ONE, 16(2 

February), 1–20. https://doi.org/10.1371/journal.pone.0246794 

Galiwango, E., Abdel Rahman, N. S., Al-Marzouqi, A. H., Abu-Omar, M. M., & 

Khaleel, A. A. (2019). Isolation and characterization of cellulose and α-cellulose 

from date palm biomass waste. Heliyon, 5(12), e02937. 

https://doi.org/10.1016/j.heliyon.2019.e02937 

García, A., Gandini, A., Labidi, J., Belgacem, N., & Bras, J. (2016). Industrial and crop 

wastes: A new source for nanocellulose biorefinery. Industrial Crops and 

Products, 93, 26–38. https://doi.org/10.1016/j.indcrop.2016.06.004 

Gea, S., Siregar, A. H., Zaidar, E., Harahap, M., Indrawan, D. P., & Perangin-Angin, Y. 

A. (2020). Isolation and characterisation of cellulose nanofibre and lignin from 

oil palm empty fruit bunches. Materials, 13(10). 

https://doi.org/10.3390/ma13102290 

Ghosh, T., Teramoto, Y., & Katiyar, V. (2019). Influence of Nontoxic Magnetic 

Cellulose Nanofibers on Chitosan Based Edible Nanocoating: A Candidate for 

Improved Mechanical, Thermal, Optical, and Texture Properties [Research-

article]. Journal of Agricultural and Food Chemistry, 67(15), 4289–4299. 



 

 120 

https://doi.org/10.1021/acs.jafc.8b05905 

Goh, K. Y., Ching, Y. C., Chuah, C. H., Abdullah, L. C., & Liou, N. S. (2016). 

Individualization of microfibrillated celluloses from oil palm empty fruit bunch: 

comparative studies between acid hydrolysis and ammonium persulfate 

oxidation. Cellulose, 23(1), 379–390. https://doi.org/10.1007/s10570-015-0812-

y 

Gopi, S., Amalraj, A., Jude, S., Thomas, S., & Guo, Q. (2019). Bionanocomposite films 

based on potato, tapioca starch and chitosan reinforced with cellulose nanofiber 

isolated from turmeric spent. Journal of the Taiwan Institute of Chemical 

Engineers, 96, 664–671. https://doi.org/10.1016/j.jtice.2019.01.003 

Grząbka-Zasadzińska, A., Amietszajew, T., & Borysiak, S. (2017). Thermal and 

mechanical properties of chitosan nanocomposites with cellulose modified in 

ionic liquids. Journal of Thermal Analysis and Calorimetry, 130(1), 143–154. 

https://doi.org/10.1007/s10973-017-6295-3 

Guimaraes, M., Botara, V. R., Novack, K. M., Neto, W. P. F., Mendes, L. M., & 

Tonoli, G. H. D. (2015). Preparation of cellulose nanofibrils from bamboo pulp 

by mechanical defibrillation for their applications in biodegradable composites. 

Journal of Nanoscience and Nanotechnology, 15(9), 6751–6768. 

https://doi.org/10.1166/jnn.2015.10854 

Gutiérrez, T. J., & Alvarez, V. A. (2017). Cellulosic materials as natural fillers in 

starch-containing matrix-based films: a review. Polymer Bulletin, 74(6), 2401–

2430. https://doi.org/10.1007/s00289-016-1814-0 

Han, L., Wang, W., Zhang, R., Dong, H., Liu, J., Kong, L., & Hou, H. (2019). Effects 

of preparation method on the physicochemical properties of cationic 

nanocellulose and starch nanocomposites. Nanomaterials, 9(12), 1–16. 

https://doi.org/10.3390/nano9121702 

Hemsri, S., Grieco, K., Asandei, A. D., & Parnas, R. S. (2012). Wheat gluten 

composites reinforced with coconut fiber. Composites Part A: Applied Science 

and Manufacturing, 43(7), 1160–1168. 

https://doi.org/10.1016/j.compositesa.2012.02.011 

Hernandez-Varela, J. D., Chanona-Perez, J. J., Villasenor-Altamirano, S. L., Mendoza-

Martinez, C., & Cervantes Sodi, F. (2020). Changes of crystallinity index and 

crystallite size in cotton cellulose nanopar by ball milling. 2020 17th 

International Conference on Electrical Engineering, Computing Science and 

Automatic Control, CCE 2020, November. 

https://doi.org/10.1109/CCE50788.2020.9299162 

Holtzapple, M. T., Humphrey, A. E., & Taylor, J. D. (1989). Energy requirements for 

the size reduction of poplar and aspen wood. Biotechnology and Bioengineering, 

33(2), 207–210. https://doi.org/10.1002/bit.260330210 



 

 121 

Hu, Z., Zhai, R., Li, J., Zhang, Y., & Lin, J. (2017). Preparation and Characterization of 

Nanofibrillated Cellulose from Bamboo Fiber via Ultrasonication Assisted by 

Repulsive Effect. International Journal of Polymer Science, 2017. 

https://doi.org/10.1155/2017/9850814 

Huang, X., Xie, F., & Xiong, X. (2018). Surface-modified microcrystalline cellulose for 

reinforcement of chitosan film. Carbohydrate Polymers, 201(June), 367–373. 

https://doi.org/10.1016/j.carbpol.2018.08.085 

Ilyas, R. A., Sapuan, S. M., Ishak, M. R., & Zainudin, E. S. (2018). Development and 

characterization of sugar palm nanocrystalline cellulose reinforced sugar palm 

starch bionanocomposites. Carbohydrate Polymers, 202(September), 186–202. 

https://doi.org/10.1016/j.carbpol.2018.09.002 

Ilyas, R.A., Sapuan, S. M., Ishak, M. R., Zainudin, E. S., & Atikah, M. S. N. (2018). 

Nanocellulose reinforced starch polymer composites : a review of preparation, 

properties and application. Proceeding: 5th International Conference on 

Applied Sciences and Engineering (ICASEA, 2018), January 2019, 325–341. 

Ilyas, Rushdan Ahmad, Sapuan, S. M., Ibrahim, R., Abral, H., Ishak, M. R., Zainudin, 

E. S., Asrofi, M., Atikah, M. S. N., Huzaifah, M. R. M., Radzi, A. M., Azammi, 

A. M. N., Shaharuzaman, M. A., Nurazzi, N. M., Syafri, E., Sari, N. H., 

Norrrahim, M. N. F., & Jumaidin, R. (2019). Sugar palm (Arenga pinnata 

(Wurmb.) Merr) cellulosic fibre hierarchy: A comprehensive approach from 

macro to nano scale. Journal of Materials Research and Technology, 8(3), 

2753–2766. https://doi.org/10.1016/j.jmrt.2019.04.011 

Islam, M. T., Alam, M. M., Patrucco, A., Montarsolo, A., & Zoccola, M. (2014). 

Preparation of nanocellulose: A review. AATCC Journal of Research, 1(5), 17–

23. https://doi.org/10.14504/ajr.1.5.3 

Ismail, F., Ali Othman, N. E., Abdul Wahab, N., Abdul Hamid, F., & Abdul Aziz, A. 

(2021). Preparation of Microcrystalline Cellulose from Oil Palm Empty Fruit 

Bunch Fibre Using Steam-Assisted Acid Hydrolysis. Journal of Advanced 

Research in Fluid Mechanics and Thermal Sciences, 81(1), 88–98. 

https://doi.org/10.37934/arfmts.81.1.8898 

Jagadeesh, P., Puttegowda, M., Mavinkere Rangappa, S., & Siengchin, S. (2021). 

Influence of nanofillers on biodegradable composites: A comprehensive review. 

Polymer Composites, June, 1–21. https://doi.org/10.1002/pc.26291 

Jahangiri, H., Sönmez, S., & Öveçoğlu, M. L. (2016).  Influence of Milling Media on 

the Mechanical Alloyed W-0.5 wt.   %   Ti Powder Alloy . Indian Journal of 

Materials Science, 2016, 1–6. https://doi.org/10.1155/2016/7981864 

Jaji, K., Man, N., & Nawi, N. M. (2018). Factors affecting pineapple market supply in 

Johor, Malaysia. International Food Research Journal, 25(1), 366–375. 

Jawaid, M., Boufi, S., & Abdul Khalil, H. P. S. (2017). Cellulose-reinforced nanofibre 



 

 122 

composites: Production, properties and applications. In Cellulose-Reinforced 

Nanofibre Composites: Production, Properties and Applications. 

Jeevahan, J., & Chandrasekaran, M. (2019). Nanoedible films for food packaging: a 

review. Journal of Materials Science, 54(19), 12290–12318. 

https://doi.org/10.1007/s10853-019-03742-y 

Jonoobi, M., Oladi, R., Davoudpour, Y., Oksman, K., Dufresne, A., Hamzeh, Y., & 

Davoodi, R. (2015). Different preparation methods and properties of 

nanostructured cellulose from various natural resources and residues: a review. 

Cellulose, 22(2), 935–969. https://doi.org/10.1007/s10570-015-0551-0 

Jorfi, M., & Foster, E. J. (2015). Recent advances in nanocellulose for biomedical 

applications. Journal of Applied Polymer Science, 132(14), 1–19. 

https://doi.org/10.1002/app.41719 

Jose, S., Salim, R., & Ammayappan, L. (2016). An Overview on Production, Properties, 

and Value Addition of Pineapple Leaf Fibers (PALF). Journal of Natural 

Fibers, 13(3), 362–373. https://doi.org/10.1080/15440478.2015.1029194 

Joseph, K., Thomas, S., & Pavithran, C. (1996). Effect of chemical treatment on the 

tensile properties of short sisal fibre-reinforced polyethylene composites. 

Polymer. https://doi.org/10.1016/0032-3861(96)00144-9 

Julie C, C. S., George, N., & Narayanankutty, S. K. (2016a). Isolation and 

characterization of cellulose nanofibrils from arecanut husk fibre. Carbohydrate 

Polymers, 142, 158–166. https://doi.org/10.1016/j.carbpol.2016.01.015 

Julie C, C. S., George, N., & Narayanankutty, S. K. (2016b). Isolation and 

characterization of cellulose nanofibrils from arecanut husk fibre. Carbohydrate 

Polymers, 142, 158–166. https://doi.org/10.1016/j.carbpol.2016.01.015 

Kalia, S., Boufi, S., Celli, A., & Kango, S. (2014). Nanofibrillated cellulose: Surface 

modification and potential applications. Colloid and Polymer Science, 292(1), 

5–31. https://doi.org/10.1007/s00396-013-3112-9 

Kano, F. S., de Souza, A. G., & Rosa, D. dos S. (2019). Variation of the milling 

conditions in the obtaining of nanocellulose from the paper sludge. Revista 

Materia, 24(3). https://doi.org/10.1590/s1517-707620190003.0719 

Kargarzadeh, H., Mariano, M., Gopakumar, D., Ahmad, I., Thomas, S., Dufresne, A., 

Huang, J., & Lin, N. (2018). Advances in cellulose nanomaterials. In Cellulose 

(Vol. 25, Issue 4). Springer Netherlands. https://doi.org/10.1007/s10570-018-

1723-5 

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. 

https://doi.org/10.1016/j.polymer.2017.09.043 



 

 123 

Karthick, R., & Aruna, M. (2014). Comparison of Sisal , Jute and Banana Fibre 

Composites : A Review. Cmc. 

Kian, L. K., Saba, N., Jawaid, M., & Sultan, M. T. H. (2019). A review on processing 

techniques of bast fibers nanocellulose and its polylactic acid (PLA) 

nanocomposites. International Journal of Biological Macromolecules, 121, 

1314–1328. https://doi.org/10.1016/j.ijbiomac.2018.09.040 

Kostag, M., & El Seoud, O. A. (2021). Sustainable biomaterials based on cellulose, 

chitin and chitosan composites - A review. Carbohydrate Polymer Technologies 

and Applications, 2(April), 100079. 

https://doi.org/10.1016/j.carpta.2021.100079 

Kubovský, I., Kačíková, D., & Kačík, F. (2020). Structural changes of oak wood main 

components caused by thermal modification. Polymers, 12(2). 

https://doi.org/10.3390/polym12020485 

Kucharska, K., Rybarczyk, P., Hołowacz, I., Łukajtis, R., Glinka, M., & Kamiński, M. 

(2018). Pretreatment of lignocellulosic materials as substrates for fermentation 

processes. Molecules, 23(11), 1–32. https://doi.org/10.3390/molecules23112937 

Kumar, R., Rai, B., & Kumar, G. (2019). A Simple Approach for the Synthesis of 

Cellulose Nanofiber Reinforced Chitosan/PVP Bio Nanocomposite Film for 

Packaging. Journal of Polymers and the Environment, 27(12), 2963–2973. 

https://doi.org/10.1007/s10924-019-01588-8 

Kusmono, Wildan, M. W., & Lubis, F. I. (2021). Fabrication and characterization of 

chitosan/cellulose nanocrystal/glycerol bio-composite films. Polymers, 13(7). 

https://doi.org/10.3390/polym13071096 

Latif, R., Wakeel, S., Khan, N. Z., Noor Siddiquee, A., Lal Verma, S., & Akhtar Khan, 

Z. (2019). Surface treatments of plant fibers and their effects on mechanical 

properties of fiber-reinforced composites: A review. Journal of Reinforced 

Plastics and Composites, 38(1), 15–30. 

https://doi.org/10.1177/0731684418802022 

Le Troëdec, M., Peyratout, C. S., Smith, A., & Chotard, T. (2009). Influence of various 

chemical treatments on the interactions between hemp fibres and a lime matrix. 

Journal of the European Ceramic Society. 

https://doi.org/10.1016/j.jeurceramsoc.2008.11.016 

Lee, S. Y., Chun, S. J., Kang, I. A., & Park, J. Y. (2009). Preparation of cellulose 

nanofibrils by high-pressure homogenizer and cellulose-based composite films. 

Journal of Industrial and Engineering Chemistry, 15(1), 50–55. 

https://doi.org/10.1016/j.jiec.2008.07.008 

Li, H., Zhang, H., Xiong, L., Chen, X., Wang, C., Huang, C., & Chen, X. (2019). 

Isolation of Cellulose from Wheat Straw and Its Utilization for the Preparation 

of Carboxymethyl Cellulose. Fibers and Polymers, 20(5), 975–981. 



 

 124 

https://doi.org/10.1007/s12221-019-7717-6 

Lin, S., Chen, L., Huang, L., Cao, S., Luo, X., & Liu, K. (2015). Novel antimicrobial 

chitosan-cellulose composite films bioconjugated with silver nanoparticles. 

Industrial Crops and Products, 70, 395–403. 

https://doi.org/10.1016/j.indcrop.2015.03.040 

Ling, Z., Wang, T., Makarem, M., Santiago Cintrón, M., Cheng, H. N., Kang, X., 

Bacher, M., Potthast, A., Rosenau, T., King, H., Delhom, C. D., Nam, S., 

Vincent Edwards, J., Kim, S. H., Xu, F., & French, A. D. (2019). Effects of ball 

milling on the structure of cotton cellulose. Cellulose, 26(1), 305–328. 

https://doi.org/10.1007/s10570-018-02230-x 

Liu, F., Antoniou, J., Li, Y., Ma, J., & Zhong, F. (2015). Effect of sodium acetate and 

drying temperature on physicochemical and thermomechanical properties of 

gelatin films. Food Hydrocolloids, 45, 140–149. 

https://doi.org/10.1016/j.foodhyd.2014.10.009 

Liu, L., Yu, J., Cheng, L., & Yang, X. (2009). Biodegradability of poly(butylene 

succinate) (PBS) composite reinforced with jute fibre. Polymer Degradation 

and Stability. https://doi.org/10.1016/j.polymdegradstab.2008.10.013 

Liu, X., Jiang, Y., Song, X., Qin, C., Wang, S., & Li, K. (2019). A bio-mechanical 

process for cellulose nanofiber production – Towards a greener and energy 

conservation solution. Carbohydrate Polymers, 208(November 2018), 191–199. 

https://doi.org/10.1016/j.carbpol.2018.12.071 

Mahadi, M. B., Rahman, N. A., & Manaf, S. F. A. (2015). Isolation of nanocellulose 

from jatropha waste: An overview. Jurnal Teknologi, 76(7), 37–41. 

https://doi.org/10.11113/jt.v76.5712 

Mao, H., Wei, C., Gong, Y., Wang, S., & Ding, W. (2019). Mechanical and water-

resistant properties of eco-friendly chitosan membrane reinforced with cellulose 

nanocrystals. Polymers, 11(1). https://doi.org/10.3390/polym11010166 

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

issues: Scientific status summary. Journal of Food Science, 72(3). 

https://doi.org/10.1111/j.1750-3841.2007.00301.x 

Mat Zain, N. F. (2014). Preparation and Characterization of Cellulose and 

Nanocellulose From Pomelo (Citrus grandis) Albedo. Journal of Nutrition & 

Food Sciences, 05(01), 10–13. https://doi.org/10.4172/2155-9600.1000334 

Mazela, B., Perdoch, W., Peplińska, B., & Zieliński, M. (2020). Influence of chemical 

pre-treatments and ultrasonication on the dimensions and appearance of 

cellulose fibers. Materials, 13(22), 1–14. https://doi.org/10.3390/ma13225274 

Megiatto, J. D., Silva, C. G., Ramires, E. C., & Frollini, E. (2009). Thermoset matrix 

reinforced with sisal fibers: Effect of the cure cycle on the properties of the 



 

 125 

biobased composite. Polymer Testing, 28(8), 793–800. 

https://doi.org/10.1016/j.polymertesting.2009.07.001 

Melikoğlu, A. Y., Bilek, S. E., & Cesur, S. (2019). Optimum alkaline treatment 

parameters for the extraction of cellulose and production of cellulose 

nanocrystals from apple pomace. Carbohydrate Polymers, 215(January), 330–

337. https://doi.org/10.1016/j.carbpol.2019.03.103 

Miao, C., & Hamad, W. Y. (2013). Cellulose reinforced polymer composites and 

nanocomposites: A critical review. In Cellulose (Vol. 20, Issue 5, pp. 2221–

2262). https://doi.org/10.1007/s10570-013-0007-3 

Mishra, R. K., Sabu, A., & Tiwari, S. K. (2018). Materials chemistry and the futurist 

eco-friendly applications of nanocellulose: Status and prospect. Journal of Saudi 

Chemical Society, 22(8), 949–978. https://doi.org/10.1016/j.jscs.2018.02.005 

Mishra, S., Mohanty, A. K., Drzal, L. T., Misra, M., & Hinrichsen, G. (2004). A review 

on pineapple leaf fibers, sisal fibers and their biocomposites. Macromolecular 

Materials and Engineering, 289(11), 955–974. 

https://doi.org/10.1002/mame.200400132 

Mohamed, A. R., Sapuan, S. M., & Khalina, A. (2014). Mechanical and thermal 

properties of josapine pineapple leaf fiber (PALF) and PALF-reinforced vinyl 

ester composites. Fibers and Polymers, 15(5), 1035–1041. 

https://doi.org/10.1007/s12221-014-1035-9 

Mohd Ali, M., Hashim, N., Abd Aziz, S., & Lasekan, O. (2020). Pineapple (Ananas 

comosus): A comprehensive review of nutritional values, volatile compounds, 

health benefits, and potential food products. Food Research International, 

137(September), 109675. https://doi.org/10.1016/j.foodres.2020.109675 

Monika, Dahiya, S., & Goyal, S. (2016). Pretreatment of Lignocellulosic Biomass for 

Bioethanol Production : A Brief Review. Journal of Agricultural Science and 

Technology, 5(2), 1–7. 

Moon, R. J., Martini, A., Nairn, J., Simonsen, J., & Youngblood, J. (2011). Cellulose 

nanomaterials review: Structure, properties and nanocomposites. In Chemical 

Society Reviews (Vol. 40, Issue 7). https://doi.org/10.1039/c0cs00108b 

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzapple, M., & Ladisch, 

M. (2005). Features of promising technologies for pretreatment of 

lignocellulosic biomass. Bioresource Technology, 96(6), 673–686. 

https://doi.org/10.1016/j.biortech.2004.06.025 

Moustafa, H., Youssef, A. M., Darwish, N. A., & Abou-Kandil, A. I. (2019). Eco-

friendly polymer composites for green packaging: Future vision and challenges. 

Composites Part B: Engineering, 172(May), 16–25. 

https://doi.org/10.1016/j.compositesb.2019.05.048 



 

 126 

Mu, J., & Chen, C. (2010). Study on filming character of chitosan-bamboo vinegar. 

17th IAPRI World Conference on Packaging 2010, 333–336. 

Mujtaba, M., Fernández-Marín, R., Robles, E., Labidi, J., Yilmaz, B. A., & Nefzi, H. 

(2021). Understanding the effects of copolymerized cellulose nanofibers and 

diatomite nanocomposite on blend chitosan films. Carbohydrate Polymers, 

271(July), 118424. https://doi.org/10.1016/j.carbpol.2021.118424 

Mujtaba, M., Salaberria, A. M., Andres, M. A., Kaya, M., Gunyakti, A., & Labidi, J. 

(2017). Utilization of flax (Linum usitatissimum) cellulose nanocrystals as 

reinforcing material for chitosan films. International Journal of Biological 

Macromolecules, 104, 944–952. https://doi.org/10.1016/j.ijbiomac.2017.06.127 

Munawar, R. F., Jamil, N. H., Shahril, M. K., Skh Abdul Rahim, S. M., Zainal Abidin, 

M. Z., Azam, M. A., & Lau, K. T. (2015). Development of Green Composite: 

Pineapple Leaf Fibers (PALF) Reinforced Polylactide (PLA). Applied 

Mechanics and Materials, 761, 520–525. 

https://doi.org/10.4028/www.scientific.net/amm.761.520 

Nagarajan, K. J., Balaji, A. N., & Ramanujam, N. R. (2019). Extraction of cellulose 

nanofibers from cocos nucifera var aurantiaca peduncle by ball milling 

combined with chemical treatment. Carbohydrate Polymers, 212(November 

2018), 312–322. https://doi.org/10.1016/j.carbpol.2019.02.063 

Nagarajan, K. J., Balaji, A. N., & Ramanujam, N. R. (2020). Isolation and 

characterization of cellulose nanocrystals from Saharan aloe vera cactus fibers. 

International Journal of Polymer Analysis and Characterization, 25(2), 51–64. 

https://doi.org/10.1080/1023666X.2018.1478366 

Najeeb, M. I., Sultan, M. T. H., Andou, Y., Shah, A. U. M., Eksiler, K., Jawaid, M., & 

Ariffin, A. H. (2020). Characterization of silane treated Malaysian Yankee 

Pineapple AC6 leaf fiber (PALF) towards industrial applications. Journal of 

Materials Research and Technology, 9(3), 3128–3139. 

https://doi.org/10.1016/j.jmrt.2020.01.058 

Nazmir, M., Warid, M., Ariffin, H., & Hassan, M. A. (2016). Optimization of 

Superheated Steam Treatment to Improve Surface Modification of Oil Palm 

Biomass Fiber. 11(May 2015), 5780–5796. 

Nechyporchuk, O., Belgacem, M. N., & Bras, J. (2016). Production of cellulose 

nanofibrils: A review of recent advances. Industrial Crops and Products, 93, 2–

25. https://doi.org/10.1016/j.indcrop.2016.02.016 

Ng, H. M., Sin, L. T., Tee, T. T., Bee, S. T., Hui, D., Low, C. Y., & Rahmat, A. R. 

(2015). Extraction of cellulose nanocrystals from plant sources for application 

as reinforcing agent in polymers. Composites Part B: Engineering, 75, 176–200. 

https://doi.org/10.1016/j.compositesb.2015.01.008 

Noguchi, Y., Homma, I., & Matsubara, Y. (2017). Complete nanofibrillation of 



 

 127 

cellulose prepared by phosphorylation. Cellulose, 24(3), 1295–1305. 

https://doi.org/10.1007/s10570-017-1191-3 

Norrrahim, M. N. F., Kasim, N. A. M., Knight, V. F., Halim, N. A., Shah, N. A. A., 

Noor, S. A. M., Jamal, S. H., Ong, K. K., Wan Yunus, W. M. Z., Farid, M. A. 

A., Jenol, M. A., & Ahmad, I. R. (2021). Performance evaluation of cellulose 

nanofiber reinforced polymer composites. Functional Composites and 

Structures, 3(2). https://doi.org/10.1088/2631-6331/abeef6 

Nuruddin, M., Hosur, M., Uddin, M. J., Baah, D., & Jeelani, S. (2016). A novel 

approach for extracting cellulose nanofibers from lignocellulosic biomass by 

ball milling combined with chemical treatment. Journal of Applied Polymer 

Science, 133(9), 1–10. https://doi.org/10.1002/app.42990 

Nurul Atiqah, M. S., Gopakumar, D. A., Owolabi, F. A. T., Pottathara, Y. B., Rizal, S., 

Sri Aprilia, N. A., Hermawan, D., Paridah, M. T., Thomas, S., & Khalil, H. P. S. 

A. (2019). Extraction of cellulose nanofibers via eco-friendly supercritical 

carbon dioxide treatment followed by mild acid hydrolysis and the fabrication of 

cellulose nanopapers. Polymers, 11(11). https://doi.org/10.3390/polym11111813 

Okahisa, Y., Abe, K., Nogi, M., Nakagaito, A. N., Nakatani, T., & Yano, H. (2011). 

Effects of delignification in the production of plant-based cellulose nanofibers 

for optically transparent nanocomposites. Composites Science and Technology, 

71(10), 1342–1347. https://doi.org/10.1016/j.compscitech.2011.05.006 

Oladunjoye, A. O., & Eziama, S. C. (2020). Effect of microwave-assisted alkaline 

treatment on physicochemical, functional and structural properties of hog plum 

(Spondias mombin L.) bagasse. Lwt, 132(June), 109821. 

https://doi.org/10.1016/j.lwt.2020.109821 

Othman, S. H., Nordin, N., Azman, N. A. A., Tawakkal, I. S. M. A., & Basha, R. K. 

(2021). Effects of nanocellulose fiber and thymol on mechanical, thermal, and 

barrier properties of corn starch films. International Journal of Biological 

Macromolecules, 183, 1352–1361. 

https://doi.org/10.1016/j.ijbiomac.2021.05.082 

Pakutsah, K., & Aht-Ong, D. (2020). Facile isolation of cellulose nanofibers from water 

hyacinth using water-based mechanical defibrillation: Insights into 

morphological, physical, and rheological properties. International Journal of 

Biological Macromolecules, 145, 64–76. 

https://doi.org/10.1016/j.ijbiomac.2019.12.172 

Pariona, A. (2018). Top Pineapple Producing Countries - WorldAtlas.com. Worldatlas. 

https://www.worldatlas.com/articles/top-pineapple-producing-countries.html 

Patoary, M. K., Zaarour, B., Rashedul Islam, S., & Liu, L. (2020). Effects of 

Phosphorylation Duration on the Jute Extracted Cellulose Nanofibrils Using 

Ultra‐sonication. ChemistrySelect, 5(41), 12750–12758. 

https://doi.org/10.1002/slct.202003431 



 

 128 

Pereira, P. H. F., Ornaghi, H. L., Arantes, V., & Cioffi, M. O. H. (2021). Effect of 

chemical treatment of pineapple crown fiber in the production, chemical 

composition, crystalline structure, thermal stability and thermal degradation 

kinetic properties of cellulosic materials. Carbohydrate Research, 

499(December 2020). https://doi.org/10.1016/j.carres.2020.108227 

Phanthong, P., Karnjanakom, S., Reubroycharoen, P., Hao, X., Abudula, A., & Guan, 

G. (2017). A facile one-step way for extraction of nanocellulose with high yield 

by ball milling with ionic liquid. Cellulose, 24(5), 2083–2093. 

https://doi.org/10.1007/s10570-017-1238-5 

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

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

32–43. https://doi.org/10.1016/j.crcon.2018.05.004 

Platnieks, O., Gaidukovs, S., Barkane, A., Sereda, A., Gaidukova, G., Grase, L., 

Thakur, V. K., Filipova, I., Fridrihsone, V., Skute, M., & Laka, M. (2020). Bio-

based poly(butylene succinate)/microcrystalline cellulose/nanofibrillated 

cellulose-based sustainable polymer composites: Thermo-mechanical and 

biodegradation studies. Polymers, 12(7), 1–20. 

https://doi.org/10.3390/polym12071472 

Prado, K. S., & Spinacé, M. A. S. (2019). Isolation and characterization of cellulose 

nanocrystals from pineapple crown waste and their potential uses. International 

Journal of Biological Macromolecules, 122, 410–416. 

https://doi.org/10.1016/j.ijbiomac.2018.10.187 

Prateepchanachai, S., Thakhiew, W., Devahastin, S., & Soponronnarit, S. (2017). 

Mechanical properties improvement of chitosan films via the use of plasticizer, 

charge modifying agent and film solution homogenization. Carbohydrate 

Polymers, 174, 253–261. https://doi.org/10.1016/j.carbpol.2017.06.069 

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(February), 329–338. 

https://doi.org/10.1016/j.carbpol.2018.04.089 

Qasim, U., Ali, M., Ali, T., Iqbal, R., & Jamil, F. (2020). Biomass derived Fibers as a 

Substitute to Synthetic Fibers in Polymer Composites. ChemBioEng Reviews, 

7(6), 193–215. https://doi.org/10.1002/cben.202000002 

Qasim, U., Jamil, F., Al-Muhtaseb, A. H., Rafiq, S., Ali, M., Khan Niazi, M. B., 

Ahmad, N. M., Ullah, S., Mukhtar, A., & Saqib, S. (2020). Isolation of 

Cellulose from Wheat Straw Using Alkaline Hydrogen Peroxide and Acidified 

Sodium Chlorite Treatments: Comparison of Yield and Properties. Advances in 

Polymer Technology, 2020, 1–7. https://doi.org/10.1155/2020/9765950 

Radakisnin, R., Majid, M. S. A., Jamir, M. R. M., Jawaid, M., Sultan, M. T. H., & 

Tahir, M. F. M. (2020). Structural, morphological and thermal properties of 



 

 129 

cellulose nanofibers from napier fiber (Pennisetum purpureum). Materials, 

13(18). https://doi.org/10.3390/ma13184125 

Rashid, S., & Dutta, H. (2020). Characterization of nanocellulose extracted from short, 

medium and long grain rice husks. Industrial Crops and Products, 154(June), 

112627. https://doi.org/10.1016/j.indcrop.2020.112627 

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. 

https://doi.org/10.1016/j.ijbiomac.2019.03.134 

Rhim, J. W., Park, H. M., & Ha, C. S. (2013). Bio-nanocomposites for food packaging 

applications. Progress in Polymer Science, 38(10–11), 1629–1652. 

https://doi.org/10.1016/j.progpolymsci.2013.05.008 

Rol, F., Belgacem, M. N., Gandini, A., & Bras, J. (2019). Recent advances in surface-

modified cellulose nanofibrils. Progress in Polymer Science, 88, 241–264. 

https://doi.org/10.1016/j.progpolymsci.2018.09.002 

Romanazzi, G., Feliziani, E., & Sivakumar, D. (2018). Chitosan, a Biopolymer With 

Triple Action on Postharvest Decay of Fruit and Vegetables: Eliciting, 

Antimicrobial and Film-Forming Properties. Frontiers in Microbiology, 

9(December), 1–9. https://doi.org/10.3389/fmicb.2018.02745 

Romi, S., Muhammad, W. W., Lestari, H. S., Rochmadi, & Heru, S. B. R. (2019). 

Microfibrillated cellulose extraction from bagasse using a modified kitchen 

blender. Materials Science Forum, 948 MSF(August), 186–191. 

https://doi.org/10.4028/www.scientific.net/MSF.948.186 

Rosa, M. F., Medeiros, E. S., 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. 

https://doi.org/10.1016/j.carbpol.2010.01.059 

Rubentheren, V., Ward, T. A., Chee, C. Y., & Nair, P. (2015). Physical and chemical 

reinforcement of chitosan film using nanocrystalline cellulose and tannic acid. 

Cellulose, 22(4), 2529–2541. https://doi.org/10.1007/s10570-015-0650-y 

Ruslan, N. A., Aris, N. F. M., Othman, N., Saili, A. R., Muhamad, M. Z., & Aziz, N. N. 

H. (2017). A Preliminary Study on Sustainable Management of Pineapple 

Waste: Perspective of Smallholders. International Journal of Academic 

Research in Business and Social Sciences, 7(6), 1–7. 

https://doi.org/10.6007/ijarbss/v7-i6/2937 

Sai Prasanna, N., & Mitra, J. (2020). Isolation and characterization of cellulose 

nanocrystals from Cucumis sativus peels. Carbohydrate Polymers, 247(July), 



 

 130 

116706. https://doi.org/10.1016/j.carbpol.2020.116706 

Santucci, B. S., Bras, J., Belgacem, M. N., Curvelo, A. A. da S., & Pimenta, M. T. B. 

(2016). Evaluation of the effects of chemical composition and refining 

treatments on the properties of nanofibrillated cellulose films from sugarcane 

bagasse. Industrial Crops and Products, 91, 238–248. 

https://doi.org/10.1016/j.indcrop.2016.07.017 

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

Development and characterization of sugar palm starch and poly(lactic acid) 

bilayer films. Carbohydrate Polymers, 146, 36–45. 

https://doi.org/10.1016/j.carbpol.2016.03.051 

Sartika, D., Syamsu, K., Warsiki, E., Fahma, F., & Arnata, I. W. (2021). 

Nanocrystalline Cellulose from Kapok Fiber ( Ceiba pentandra ) and Its 

Reinforcement Effect on Alginate Hydrogel Bead. Starch - Stärke, 2100033, 

2100033. https://doi.org/10.1002/star.202100033 

Saurabh, C. K., Mustapha, A., Masri, M. M., Owolabi, A. F., Syakir, M. I., Dungani, 

R., Paridah, M. T., Jawaid, M., & Abdul Khalil, H. P. S. (2016). Isolation and 

characterization of cellulose nanofibers from gigantochloa scortechinii as a 

reinforcement material. Journal of Nanomaterials, 2016. 

https://doi.org/10.1155/2016/4024527 

Sawpan, M. A., Pickering, K. L., & Fernyhough, A. (2012). Flexural properties of hemp 

fibre reinforced polylactide and unsaturated polyester composites. In 

Composites Part A: Applied Science and Manufacturing. 

https://doi.org/10.1016/j.compositesa.2011.11.021 

Seta, F. T., An, X., Liu, L., Zhang, H., Yang, J., Zhang, W., Nie, S., Yao, S., Cao, H., 

Xu, Q., Bu, Y., & Liu, H. (2020). Preparation and characterization of high yield 

cellulose nanocrystals (CNC) derived from ball mill pretreatment and maleic 

acid hydrolysis. Carbohydrate Polymers, 234(December 2019), 115942. 

https://doi.org/10.1016/j.carbpol.2020.115942 

Sever, K., Sarikanat, M., Seki, Y., Erkan, G., Erdoĝan, Ü. H., & Erden, S. (2012). 

Surface treatments of jute fabric: The influence of surface characteristics on jute 

fabrics and mechanical properties of jute/polyester composites. Industrial Crops 

and Products, 35(1), 22–30. https://doi.org/10.1016/j.indcrop.2011.05.020 

Shahi, N., Min, B., Sapkota, B., & Rangari, V. K. (2020). Eco-friendly cellulose 

nanofiber extraction from sugarcane bagasse and film fabrication. Sustainability 

(Switzerland), 12(15), 1–15. https://doi.org/10.3390/su12156015 

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. 

https://doi.org/10.1016/j.carbpol.2015.08.082 



 

 131 

Sharma, A., Mandal, T., & Goswami, S. (2021). Dispersibility and Stability Studies of 

Cellulose Nanofibers: Implications for Nanocomposite Preparation. Journal of 

Polymers and the Environment, 29(5), 1516–1525. 

https://doi.org/10.1007/s10924-020-01974-7 

Sharma, P. R., & Varma, A. J. (2014). Thermal stability of cellulose and their 

nanoparticles: Effect of incremental increases in carboxyl and aldehyde groups. 

Carbohydrate Polymers, 114, 339–343. 

https://doi.org/10.1016/j.carbpol.2014.08.032 

Shih, Y. F., Chou, M. Y., Lian, H. Y., Hsu, L. R., & Chen-Wei, S. M. (2018). Highly 

transparent and impact-resistant PMMA nanocomposites reinforced by cellulose 

nanofibers of pineapple leaves modified by eco-friendly methods. Express 

Polymer Letters, 12(9), 844–854. 

https://doi.org/10.3144/expresspolymlett.2018.72 

Shih, Yeng Fong, Chou, M. Y., Chang, W. C., Lian, H. Y., & Chen, C. M. (2017). 

Completely biodegradable composites reinforced by the cellulose nanofibers of 

pineapple leaves modified by eco-friendly methods. Journal of Polymer 

Research, 24(11). https://doi.org/10.1007/s10965-017-1367-4 

Sindhu, R., Pandey, A., & Binod, P. (2014). Alkaline Treatment. Pretreatment of 

Biomass: Processes and Technologies, 51–60. https://doi.org/10.1016/B978-0-

12-800080-9.00004-9 

Siró, I., & Plackett, D. (2010). Microfibrillated cellulose and new nanocomposite 

materials: A review. Cellulose, 17(3), 459–494. https://doi.org/10.1007/s10570-

010-9405-y 

Sobhan, A., Muthukumarappan, K., Cen, Z., & Wei, L. (2019). Characterization of 

nanocellulose and activated carbon nanocomposite films’ biosensing properties 

for smart packaging. Carbohydrate Polymers, 225(July), 115189. 

https://doi.org/10.1016/j.carbpol.2019.115189 

Sofla, R. K. M., Brown, R. J., Tsuzuki, T., & Rainey, T. J. (2016). A comparison of 

cellulose nanocrystals and cellulose nanofibres extracted from bagasse using 

acid and ball milling methods. Advances in Natural Sciences: Nanoscience and 

Nanotechnology, 7(3). https://doi.org/10.1088/2043-6262/7/3/035004 

Sogut, E., & Cakmak, H. (2020). Utilization of carrot (Daucus carota L.) fiber as a filler 

for chitosan based films. Food Hydrocolloids, 106(March), 105861. 

https://doi.org/10.1016/j.foodhyd.2020.105861 

Solikhin, A., Hadi, Y. S., Massijaya, M. Y., & Nikmatin, S. (2019). Production of 

Microfibrillated Cellulose by Novel Continuous Steam Explosion Assisted 

Chemo-Mechanical Methods and Its Characterizations. Waste and Biomass 

Valorization, 10(2), 275–286. https://doi.org/10.1007/s12649-017-0066-z 

Solikhin, A., Hadi, Y. S., Massijaya, M. Y., Nikmatin, S., Suzuki, S., Kojima, Y., & 



 

 132 

Kobori, H. (2018). Properties of Poly(Vinyl Alcohol)/Chitosan Nanocomposite 

Films Reinforced with Oil Palm Empty Fruit Bunch Amorphous Lignocellulose 

Nanofibers. Journal of Polymers and the Environment, 26(8), 3316–3333. 

https://doi.org/10.1007/s10924-018-1215-6 

Solikhin, A., Hermawan, B., Octaviani, E. A., Prabuningrum, D. S., Nurmadina, Gazali, 

I., Mangurai, S. U. N. M., Murayama, K., & Saad, S. (2018). Morphological, 

chemical, and thermal characteristics of chitosan nanocomposite films 

reinforced with steam-exploded microfibrillated cellulose. Journal of the Indian 

Academy of Wood Science, 15(1), 68–79. https://doi.org/10.1007/s13196-018-

0210-9 

Song, Y., Jiang, W., Zhang, Y., Ben, H., Han, G., & Ragauskas, A. J. (2018). Isolation 

and characterization of cellulosic fibers from kenaf bast using steam explosion 

and Fenton oxidation treatment. Cellulose, 25(9), 4979–4992. 

https://doi.org/10.1007/s10570-018-1916-y 

Soni, R., Asoh, T. A., & Uyama, H. (2020). Cellulose nanofiber reinforced starch 

membrane with high mechanical strength and durability in water. Carbohydrate 

Polymers, 238(March), 116203. https://doi.org/10.1016/j.carbpol.2020.116203 

Souza, Pires, Rodrigues, Coelhoso, & Fernando. (2020). Chitosan Composites in 

Packaging Industry—Current Trends and Future Challenges. Polymers, 12(2), 

417. https://doi.org/10.3390/polym12020417 

Souza, S. F., Leão, A. L., Cai, J. H., Wu, C., Sain, M., & Cherian, B. M. (2010). 

Nanocellulose from curava fibers and their nanocomposites. Molecular Crystals 

and Liquid Crystals, 522(September 2013), 42–52. 

https://doi.org/10.1080/15421401003722955 

Sreekumar, P. A., & Thomas, S. (2008). Matrices for natural-fibre reinforced 

composites. In Properties and Performance of Natural-Fibre Composites. 

https://doi.org/10.1533/9781845694593.1.67 

Sreenivasan, V. S., Rajini, N., Alavudeen, A., & Arumugaprabu, V. (2015). Dynamic 

mechanical and thermo-gravimetric analysis of Sansevieria cylindrica/polyester 

composite: Effect of fiber length, fiber loading and chemical treatment. 

Composites Part B: Engineering. 

https://doi.org/10.1016/j.compositesb.2014.09.025 

Sujaritjun, W., Uawongsuwan, P., Pivsa-Art, W., & Hamada, H. (2013). Mechanical 

property of surface modified natural fiber reinforced PLA biocomposites. 

Energy Procedia. https://doi.org/10.1016/j.egypro.2013.06.798 

Sun, X., Wu, Q., Zhang, X., Ren, S., Lei, T., Li, W., Xu, G., & Zhang, Q. (2018). 

Nanocellulose films with combined cellulose nanofibers and nanocrystals: 

tailored thermal, optical and mechanical properties. Cellulose, 25(2), 1103–

1115. https://doi.org/10.1007/s10570-017-1627-9 



 

 133 

Supian, M. A. F., Amin, K. N. M., Jamari, S. S., & Mohamad, S. (2020). Production of 

cellulose nanofiber (CNF) from empty fruit bunch (EFB) via mechanical 

method. Journal of Environmental Chemical Engineering, 8(1), 103024. 

https://doi.org/10.1016/j.jece.2019.103024 

Szymańska-Chargot, M., Chylińska, M., Pertile, G., Pieczywek, P. M., Cieślak, K. J., 

Zdunek, A., & Frąc, M. (2019). Influence of chitosan addition on the 

mechanical and antibacterial properties of carrot cellulose nanofibre film. 

Cellulose, 26(18), 9613–9629. https://doi.org/10.1007/s10570-019-02755-9 

Taimur, A. M., Mina, M. F., Gafur, M. A., Ahmed, A. N., & Dhar, S. A. (2018). Effect 

of Chemical Modifications on Surface Morphological, Structural, Mechanical, 

and Thermal Properties of Sponge-gourd Natural Fiber. Fibers and Polymers, 

19(1), 31–40. https://doi.org/10.1007/s12221-018-7199-3 

Tang, R., Yu, Z., Renneckar, S., & Zhang, Y. (2018). Coupling chitosan and TEMPO-

oxidized nanofibrilliated cellulose by electrostatic attraction and chemical 

reaction. Carbohydrate Polymers, 202(June), 84–90. 

https://doi.org/10.1016/j.carbpol.2018.08.097 

Tarique, J., Sapuan, S. M., & Khalina, A. (2021). Effect of glycerol plasticizer loading 

on the physical , mechanical , thermal , and barrier properties of arrowroot 

(Maranta arundinacea) starch biopolymers. Scientific Reports, 1–18. 

https://doi.org/10.1038/s41598-021-93094-y 

Thakur, V. K., & Singha, A. S. (2015). Surface Modification of Biopolymers. Surface 

Modification of Biopolymers, 1–429. https://doi.org/10.1002/9781119044901 

Thakur, V. K., & Thakur, M. K. (2014). Processing and characterization of natural 

cellulose fibers/thermoset polymer composites. Carbohydrate Polymers, 109, 

102–117. https://doi.org/10.1016/j.carbpol.2014.03.039 

Thomas, S. K., Parameswaranpillai, J., Krishnasamy, S., Begum, P. M. S., Nandi, D., 

Siengchin, S., George, J. J., Hameed, N., Salim, N. V., & Sienkiewicz, N. 

(2021). A comprehensive review on cellulose, chitin, and starch as fillers in 

natural rubber biocomposites. Carbohydrate Polymer Technologies and 

Applications, 2, 100095. https://doi.org/10.1016/j.carpta.2021.100095 

Tibolla, H., Czaikoski, A., Pelissari, F. M., Menegalli, F. C., & Cunha, R. L. (2020). 

Starch-based nanocomposites with cellulose nanofibers obtained from chemical 

and mechanical treatments. International Journal of Biological 

Macromolecules, 161, 132–146. https://doi.org/10.1016/j.ijbiomac.2020.05.194 

Todkar, S. S., & Patil, S. A. (2019). Review on mechanical properties evaluation of 

pineapple leaf fibre (PALF) reinforced polymer composites. Composites Part B: 

Engineering, 174(May), 106927. 

https://doi.org/10.1016/j.compositesb.2019.106927 

Trifol, J., Plackett, D., Sillard, C., Hassager, O., Daugaard, A. E., Bras, J., & Szabo, P. 



 

 134 

(2016). A comparison of partially acetylated nanocellulose, nanocrystalline 

cellulose, and nanoclay as fillers for high-performance polylactide 

nanocomposites. Journal of Applied Polymer Science, 133(14), 1–11. 

https://doi.org/10.1002/app.43257 

Tsou, C. H., Suen, M. C., Yao, W. H., Yeh, J. T., Wu, C. S., Tsou, C. Y., Chiu, S. H., 

Chen, J. C., Wang, R. Y., Lin, S. M., Hung, W. S., de Guzman, M., Hu, C. C., & 

Lee, K. R. (2014). Preparation and characterization of Bioplastic-Based green 

renewable composites from tapioca with acetyl tributyl citrate as a plasticizer. 

Materials, 7(8), 5617–5632. https://doi.org/10.3390/ma7085617 

Vasiliou, A. G. K., Carstensen, H. H., Nimlos, M. R., Daily, J. W., & Ellison, G. B. 

(2008). Mechanism of thermal decomposition of Furan. AIChE Annual Meeting, 

Conference Proceedings, 4(March 1983), 441–453. 

Verma, D., Gope, P. C., Shandilya, A., Gupta, A., & Maheshwari, M. K. (2013). Coir 

fibre reinforcement and application in polymer composites: A review. Journal 

of Materials and Environmental Science, 4(2), 263–276. 

Vijayalakshmi, K., Devi, B. M., Sudha, P. N., Venkatesan, J., & Anil, S. (2016). 

Synthesis, Characterization and Applications of Nanochitosan/Sodium 

Alginate/Microcrystalline Cellulose Film. Journal of Nanomedicine & 

Nanotechnology, 07(06). https://doi.org/10.4172/2157-7439.1000419 

Wang, C., Wang, L., Zhang, Q., Cheng, L., Yue, H., Xia, X., & Zhou, H. (2021). 

Preparation and characterization of apoacynum venetum cellulose nanofibers 

reinforced chitosan-based composite hydrogels. Colloids and Surfaces B: 

Biointerfaces, 199(December 2020), 111441. 

https://doi.org/10.1016/j.colsurfb.2020.111441 

Wang, H. S., Gao, H. L., Li, B., & Mu, X. D. (2013). Acid-alkaline Two-stage 

pretreatments of Corn Stover for Enhancing Enzymatic Saccharification. 

Advanced Materials Research, 724–725, 207–211. 

https://doi.org/10.4028/www.scientific.net/AMR.724-725.207 

Wang, J., Xu, J., Zhu, S., Wu, Q., Li, J., Gao, Y., Wang, B., Li, J., Gao, W., Zeng, J., & 

Chen, K. (2021). Preparation of nanocellulose in high yield via chemi-

mechanical synergy. Carbohydrate Polymers, 251(December 2020), 117094. 

https://doi.org/10.1016/j.carbpol.2020.117094 

Wang, Q. Q., Zhu, J. Y., Gleisner, R., Kuster, T. A., Baxa, U., & McNeil, S. E. (2012). 

Morphological development of cellulose fibrils of a bleached eucalyptus pulp by 

mechanical fibrillation. Cellulose, 19(5), 1631–1643. 

https://doi.org/10.1007/s10570-012-9745-x 

Wu, C., McClements, D. J., He, M., Huang, Y., Zhu, H., Jiang, L., Teng, F., & Li, Y. 

(2021). Okara nanocellulose fabricated using combined chemical and 

mechanical treatments: Structure and properties. Journal of Molecular Liquids, 

335, 116231. https://doi.org/10.1016/j.molliq.2021.116231 



 

 135 

Xie, H., Du, H., Yang, X., & Si, C. (2018). Recent Strategies in Preparation of 

Cellulose Nanocrystals and Cellulose Nanofibrils Derived from Raw Cellulose 

Materials. International Journal of Polymer Science, 2018. 

https://doi.org/10.1155/2018/7923068 

Xu, Jiyuan, Xia, R., Zheng, L., Yuan, T., & Sun, R. (2019). Plasticized 

hemicelluloses/chitosan-based edible films reinforced by cellulose nanofiber 

with enhanced mechanical properties. Carbohydrate Polymers, 224(August), 

115164. https://doi.org/10.1016/j.carbpol.2019.115164 

Xu, Junfei, Deng, X., Dong, Y., Zhou, Z., Zhang, Y., Yu, J., Cai, J., & Zhang, Y. 

(2020). High-strength, transparent and superhydrophobic 

nanocellulose/nanochitin membranes fabricated via crosslinking of nanofibers 

and coating F-SiO2 suspensions. Carbohydrate Polymers, 247(June), 116694. 

https://doi.org/10.1016/j.carbpol.2020.116694 

Xu, Q., Ji, Y., Sun, Q., Fu, Y., Xu, Y., & Jin, L. (2019). Fabrication of cellulose 

nanocrystal/chitosan hydrogel for controlled drug release. Nanomaterials, 9(2). 

https://doi.org/10.3390/nano9020253 

Xu, Y., Liu, X., Jiang, Q., Yu, D., Xu, Y., Wang, B., & Xia, W. (2021). Development 

and properties of bacterial cellulose, curcumin, and chitosan composite 

biodegradable films for active packaging materials. Carbohydrate Polymers, 

260(January), 117778. https://doi.org/10.1016/j.carbpol.2021.117778 

Yadav, M., Behera, K., Chang, Y. H., & Chiu, F. C. (2020). Cellulose nanocrystal 

reinforced chitosan based UV barrier composite films for sustainable packaging. 

Polymers, 12(1). https://doi.org/10.3390/polym12010202 

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

based UV resistant transparent bionanocomposite films for sustainable 

packaging applications. Carbohydrate Polymers, 211(December 2018), 181–

194. https://doi.org/10.1016/j.carbpol.2019.01.114 

Yadav, M., Liu, Y. K., & Chiu, F. C. (2019). Fabrication of cellulose 

nanocrystal/silver/alginate bionanocomposite films with enhanced mechanical 

and barrier properties for food packaging application. Nanomaterials, 9(11). 

https://doi.org/10.3390/nano9111523 

Yang, J., Kwon, G. J., Hwang, K., & Kim, D. Y. (2018). Cellulose-chitosan 

antibacterial composite films prepared from LiBr solution. Polymers, 10(10), 1–

7. https://doi.org/10.3390/polym10101058 

Yang, M., Zhang, X., Guan, S., Dou, Y., & Gao, X. (2020). Preparation of lignin 

containing cellulose nanofibers and its application in PVA nanocomposite films. 

International Journal of Biological Macromolecules, 158, 1259–1267. 

https://doi.org/10.1016/j.ijbiomac.2020.05.044 

Yang, W., Gao, Y., Zuo, C., Deng, Y., & Dai, H. (2019). Thermally-induced cellulose 



 

 136 

nanofibril films with near-complete ultraviolet-blocking and improved water 

resistance. Carbohydrate Polymers, 223(March), 115050. 

https://doi.org/10.1016/j.carbpol.2019.115050 

Yang, X., Reid, M. S., Olsén, P., & Berglund, L. A. (2020). Eco-Friendly Cellulose 

Nanofibrils Designed by Nature: Effects from Preserving Native State. ACS 

Nano, 14(1), 724–735. https://doi.org/10.1021/acsnano.9b07659 

Zanette, R. S. S., de Almeida, L. B. F., Souza, N. L. G. D., de Almeida, C. G., de 

Oliveira, L. F. C., de Matos, E. M., Gern, J. C., Brandão, H. M., & Munk, M. 

(2019). Cotton cellulose nanofiber/chitosan nanocomposite: characterization and 

evaluation of cytocompatibility. Journal of Biomaterials Science, Polymer 

Edition, 30(16), 1489–1504. https://doi.org/10.1080/09205063.2019.1646627 

Zhang, H. (2014). Effect of a novel coupling agent, alkyl ketene dimer, on the 

mechanical properties of wood-plastic composites. Materials and Design. 

https://doi.org/10.1016/j.matdes.2014.02.048 

Zhang, L., Tsuzuki, T., & Wang, X. (2015). Preparation of cellulose nanofiber from 

softwood pulp by ball milling. Cellulose, 22(3), 1729–1741. 

https://doi.org/10.1007/s10570-015-0582-6 

Zhang, X., Li, Y., Guo, M., Jin, T. Z., Arabi, S. A., He, Q., Ismail, B. B., Hu, Y., & Liu, 

D. (2021). Antimicrobial and UV Blocking Properties of Composite Chitosan 

Films with Curcumin Grafted Cellulose Nanofiber. Food Hydrocolloids, 

112(September 2020), 106337. https://doi.org/10.1016/j.foodhyd.2020.106337 

Zhao, J., Zhang, W., Zhang, X., Zhang, X., Lu, C., & Deng, Y. (2013). Extraction of 

cellulose nanofibrils from dry softwood pulp using high shear homogenization. 

Carbohydrate Polymers, 97(2), 695–702. 

https://doi.org/10.1016/j.carbpol.2013.05.050 

Zheng, Y., Fu, Z., Li, D., & Wu, M. (2018). Effects of ball milling processes on the 

microstructure and rheological properties of microcrystalline cellulose as a 

sustainable polymer additive. Materials, 11(7), 1–13. 

https://doi.org/10.3390/ma11071057 




