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Abstract 

In this study, isolation and characterization of nano cellulose from peanut shell was carried 

out. A new biodegradable antimicrobial film was developed using chitosan, zero valent iron (zvi) 

nanoparticle and nanocellulose. Nano cellulose got from peanut shells was utilized as filler and 

iron oxide as hostile to microbial reinforcer for chitosan. Another arrangement of green composite 

film was additionally arranged by surface alteration of nano cellulose and tried for antimicrobial 

property. The two films were described utilizing Fourier transform infrared (FTIR) spectroscope, 

X-ray diffraction (XRD) technique, Scanning electron microscope (SEM), thermo gravimetric 

analysis (TGA) and contact angle estimations. Antibacterial activity of the prepared green 

composite films was directed against Staphylococcus aureus ATCC 25923 and Escherichia coli 

ATCC 25922 by agar dispersion strategy. The outcomes demonstrated that Peanut shell waste 

could turn into a suitable wellspring of monetarily significant nano cellulose. It was likewise 

discovered that cellulose got from Peanut shells improved mechanical properties like tensile and 

impact tests. The high degradation temperature of nano composite showed prevalent thermal 

stability. All the characterisation underlined that carboxy methylated nanocellulose fortified 

compososite film displayed more sensitivity and can be viably utilized as packaging material to 

improve the shell life of food materials. 
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1. Introduction 

Biopolymers are essentially utilized and depended in food packaging 

industry to diminish the profundity, rate and spread of ecological issues. The 

materials got from the plants, creature products and microbial products are 

called biopolymers. Cellulose is the main accessible polymer joined by 
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strength and stiffness on the planet (1, 2). Cellulose is found with 

hemicelluloses, waxed resins, lignin etc. (3) Cellulose is derived from the 

plant assets, for example, wood, cotton, sisal, coconut fiber and from 

microscopic organisms, tunicates and so forth, and the resources other than 

the plants. Its structure is as fibrils in lignin network. Cellulose is differently 

utilized in light of the fact that there are three hydroxyl groups in it which 

can create hydrogen bonds (4, 5). 

Be that as it may, films delivered by such cellulose have certain 

drawbacks of mechanical property (6). The disadvantages of such mechanical 

execution are rewarded by including biodegradable polymers and fillers. 

Packaging industry gives incredible criticalness to nano sized cellulose since, 

when plainly visible materials are utilized as fortify it shows poor adhesion 

character with network (7). The cellulose with nano size gives high 

perspective proportion, more than the ones lacking nano size. So this 

cellulose gives brilliant fortifying impact in polymer grid with nano particles 

having high quality and film straightforwardness (8). Polysaccharides, lipids 

and proteins are the customary biodegradable polymers with got from plants 

and creatures. The film industry chooses starch, chitosan and so forth., as 

biodegradable polymers since they are less expensive as well as effectively 

accessible. Among these chitosan is noteworthy in light of the fact that it can 

create incredible non-toxic films. Other than the films with chitosan have 

exceptional antimicrobial property against microbes, yeast and mold (9). 

When the nano filler is additionally added to the polymer network, the 

physic-chemical property will be a matchless one. This improves primarily 

the quality and antimicrobial limit (10-17). Water retention is another 

quality or idiosyncrasy of packaging film. It shows the expanding limit of 

packaging film when it interacts with food and fluid. At the point when such 

properties are estimated, one can see how the packaging film acts in various 

conditions (18). Cellulose can be utilized in various structures. It very well 

may be utilized as unique fiber, methyl cellulose or carboxy methyl cellulose. 

Right now, film dependent on chitosan, cellulose separated from nut shells 

and iron nano particles were utilized. In addition, a similar cellulose which 

is altered to carboxy methyl structure based film was additionally studied for 

packaging application. 



K. JAYARAJ, JACKCINA STOBEL CHRISTY and ANITHA PIUS 

Advances and Applications in Mathematical Sciences, Volume 20, Issue 2, December 2020 

248 

2. Materials and Methods 

2.1. Materials 

Peanut shells acquired from a nearby plant close Palakkad were utilized 

as the crude material. Synthetic compounds utilized were NaOH (Merck), 

NaOCl, HNO3 and Ethanol. All synthetic concoctions utilized right now of 

high virtue and of investigative reagent (AR) grade and were utilized as 

gotten. Twofold Distilled Water (DDW) was utilized all through the 

examination. Chitosan ≥75% (deacetylated) bought from Sigma Aldrich. Agar 

arrangements were acquired of Mueller-Hinton. Eschericha coli ATCC 25922 

and Mangifera indica extricate were given by Adson chemicals. 

2.2. Methods 

2.2.1. Isolation of micro crystalline cellulose from peanut shells 

 

Figure 1 (a). Pure Peanut shell powder (b) alkali treated (c) HNO3/ ethanol 

refluxed (d) Micro crystalline cellulose. 

The groundnut shell was granulated into crystalline powder and dried 

for a time of one week. It was then sieved to acquire finely crushed powder. 

A cartridge containing 50g of dried groundnut shell was set in a Soxhlet 

outfitted with 1000 mL R.B flask. The example was first exposed to 

extraction at 85°C with 600 mL ethanol/toluene (2/1 (v/v)) blend during 24h 

[19]. The pulping procedure was performed under barometrical tension. The 

acquired blend was then quickly separated. The residue was progressively 

washed with 350mL of NaOCl solution (40 wt%) for 18h at 30°C, 250mL of 

ethanol for 2h at 30°C and 250mL of diethyl ether for 2h at ordinary 

temperature [20]. After this treatment, the cellulose pulp was washed with 

distilled water until pH of 7 was come to. Finally, the residue acquired was 

dried for 24h at 60°C. 

In the preparation, 100mL HCl solution was taken in a 250mL cup and 
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kept it in a warming mental. The temperature of warming mental was kept 

steady at 85°C and stirring of HCl solution began. In the wake of getting the 

85°C temperature of HCl arrangement, 100 g of the groundnut shell pulp 

were included the solution gradually with persistent stirring. After complete 

addition of the powder, the mixture was held under continuous mixing for 

one and half hours. Subsequent to affirming the total de polymerization of 

the powder, the heating and stirring was stopped and the blend was saved 

for cooling. Subsequent to getting the blend at room temperature, it was 

neutralized with water to get the neutral pH. At that point this blend was 

filtered with the Watmann 42 filter paper isolating microcrystalline cellulose 

(MCC). At that point this microcrystalline cellulose was again washed with 

acetone to expel hints of water present. Again filtration was done to isolate 

acetone and microcrystalline cellulose. After filtration, the microcrystalline 

cellulose was saved for regular drying. After complete drying, the 

microcrystalline cellulose was gauged (21, 22). 

2.2.2. Preparation of Nano Cellulose from Micro crystalline 

cellulose 

About 5g of MCC (separated from nut shell) was blended in with 

sulphuric acid (64wt%, 45ml) kept in an ice shower, the blend was mixed for 

120 min at 450 0C utilizing a magnetic stirrer. Around 500 ml of water was 

added to the reaction mixture to stop hydrolysis and afterward washed till 

the arrangement got neutral. The resultant suspension was saved for freeze-

drying. 

2.2.3. Conversion of isolated cellulose into CMC 

Separated cellulose from peanut shell waste was changed over to CMC in 

two stages: alkalization and etherification of cellulose under heterogeneous 

conditions. In the initial step about 5.0g of isolated cellulose powder was 

gauged and added to 500mL Schott bottle and followed by 300mL of water: 

isopropyl alcohol solvent (1.4) in fitting proportion. At that point, 40mL of 

different Concentrations (5, 10, 15, 20, 25 and 30%)w/v sodium hydroxide 

included drop-wise and mixed for 2 h. The carboxy methylation reaction was 

begun by including varying measures of sodium mono chloro acetic acid 

(MCA) (1, 2, 3, 4 and 5g) to the reaction mixture on magnetic stirrer hot 

plate. The reaction mixture was warmed up at different temperatures (40-
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600C) with steady mixing for 3h. The blend was then separated and the 

residue was suspended in 100mL of methanol for 40 min. The suspended 

slurry was then neutralized with dilglacial acetic acid. The residue was 

filtered again and washed with methanol. The buildup from the filtration 

was dried in hot oven at 600C overnight and the powder acquired was CMC 

(23). 

2.2.4. Film Preparation with Iron nanoparticles 

Polymer solutions and the nano particle solutions were arranged 

independently (18). The two solutions were blended at room temperature 

under constant stirring. Then again, solutions from silver nano particles (0, 

0, 05, and 0, 5% w/v) were set up in distilled water and ultra sonicated for 30 

min. These solutions were added to the polymer solutions recently arranged 

and were exposed to a solid mixing for 2 hours at 70°C. The solutions were 

casted in glass Petri dishes and dried in a heater at 45°C for 24 hours. 

Finally, the dried films with a thickness of ~3 mm were gotten and put away 

at consistent temperature in a desiccator for 48 h to be utilized later. 

2.3. Characterisation 

Scanning Electron Microscope (SEM) Analysis 

The morphology of the readied composite when treatment were 

contemplated utilizing SEM (TESCAN vega). 

Fourier Transform Infrared Spectrometer (FTIR) 

The composite were clarified utilizing Fourier Transform Infrared 

Spectrometer (FT/IR) (Jasco 460 or more model). The FT-IR spectra for 

composite were gotten over the frequency running from 500 to 4000cm−1 

utilizing potassium bromide disc technique. 

X-ray diffraction technique (XRD) 

The structure and period of the integrated composite were portrayed by 

XRD (Bruker parallel v3 X-ray diffractometer) wiyh Cu kα (λ = 1.5406  A0) 

radiation as the X-ray source worked at 40 Kv and 30 Ma. The patterns were 

gathered in the scope of2θ =10-800. 

Thermo gravimetric Analysis 
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A thermo gravimetric analyzer (SEIKO model TG/DTA 6200) was used to 

quantify the thermal weight reduction and derivate thermo gravimetric of 

the film in the temperature extend somewhere in the range of 300C and 

6000C, with a warming pace of 100C/min under nitrogen stream. The weight 

loss at various stages were checked. 

Anti bacterial test 

Antimicrobial activity test of film was completed utilizing agar diffusion 

strategy. The films were cut into a plate structure. Film cuts were put on 

Mueller Hinton agar plates which had been recently seeded with 0.1 ml of 

inoculums containing pointer micro organisms. The plates were then 

hatched at 370C for 24h. The breadth of inhibitory zone encompassing film 

circles of films with agar surface was then estimated. 

3. Results and Discussion 

3.1. Fourier transform infrared spectroscopy (FT-IR) 

FTIR spectra of untreated PSP, soluble base treated, ethanol refluxed 

and MCC are introduced in Figure 2. Contrast in intensities of FTIR groups 

demonstrated that changes have happened during chemical treatment. All 

the spectra has broad band in the locale of 3400cm-1, 2900 cm-1 and 1627 

cm-1. The one at 3400 cm-1 compares to the free O-H extending vibration of -

OH in cellulose. Those at 2900 cm-1 and 1627 cm-1 were appointed to C-H 

stretching vibration (24) and O-H bending of consumed water (25). Pure PSP 

demonstrated strong band at 1735 cm-1 and 1247 cm-1(26), comparing to 

C=O stretching vibration of acetyl groups from lignin and hemicelluloses; 

and C-O out of plane extending vibration of phenyl group in lignin. These 

two groups progressively vanished during chemical treatment. The 

nonappearance of these two groups in MCC demonstrates the total expulsion 

of lignin and hemicelluloses (27). 

The FT-IR Spectra of CMC (Fig. 3) are like the spectra revealed already 

(28). The FT-IR spectrum of the example demonstrated that the carboxy 

methyl and hydroxyl groups are found at frequency of 1620, 1423 and 1328 

cm-1 respectively. Clearly the expansive retention band at 3423 cm-1 is 

because of stretching hydroxyl group. The band at 2920 cm-1 is because of 
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carbon-hydrogen (C-H) stretching vibration. The strong absorption at 1620 

cm-1, affirmed the nearness of COO− group. The groups around 1423 

and1328 cm-1 are due to -CH 2 scissoring and hydroxyl groups bending 

vibration, individually. The band at 1054 cm-1is expected to>CH-O-CH 2 

stretching. The top at 1600-1640 cm-1 and 1400-1450 cm-1 is because of the 

carboxyl and its salts, which is affirmed substitution of carboxy methyl 

groups in cellulose structure. This peak doesn't exist in the FTIR spectra of 

cellulose from nut shell acquired (29). 

The C-H extending band and C-N stretching band are seen at 2870 cm-1, 

and 1253 cm-1 respectively. These groups are available in secondary amines, 

and have a place with the chitosan polymer chain. The noticeable peak that 

showed up at 1634 cm-1 was appointed to both the carbonyl extending of the 

secondary (amide II) groups of chitosan (30, 31). Fourier Transform Infrared 

Spectroscopy (FTIR) demonstrates chemical changes in the polymer 

structure. Cellulose and carboxy methyl have comparative functional groups 

with same absorption. 

 

Figure 2. FTIR spectra of (a) untreated PSP (b) alkali treated (c) acid 

refluxed (d) MCC. 
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Figure 3. FT-IR spectra of CMC. 

FTIR spectrum presents two new peaks located at 546 and 634 cm-1 

related to stretching vibration of Fe–O. Meanwhile, the band at 3039-3710 

cm-1 assigned to the stretching vibrations of hydroxyl groups, shifts from 

3444 cm-1 to lower wave number 3423 cm-1, suggesting the strong 

interaction between the hydroxyl groups of cellulose and the encapsulated 

Fe 2O3. From the above, the Fe 2O3 nano particles were successfully 

fabricated and encapsulated in the architectures of cellulose (32) 

3.2. X-ray diffraction (XRD) 

 

Figure 4. X-ray diffractograms of films based on (a) NCC, (b) chitosan and 

(c) chitosan+ NCC. 
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Structural examination of chitosan films and NCC containing chitosan 

films was explored by XRD. Fig.4 speaks to the diffractograms of the pure 

chitosan film and the NCC fortified chitosan films. The diffractogram of NCC 

films displayed crystalline at 2θ = 16.80 and 20-22.40. The watched peaks 

might be because of the 1 10 and 2 2 0 planes of cellulose I, separately. (33). 

Chitosan films indicated a trademark sharp peak at around 2θ = 130 and an 

broad one at 2θ = 20-230. The sharp one at 2θ = 130 demonstrated a 

hydrated crystalline structure, while the broad one showed an indistinct 

structure of chitosan (34, 35). Because of the fuse of NCC into chitosan, an 

expansion in top force at 2θ = 130 was watched. Likewise, the broad one of 

indistinct chitosan at 2θ = 20–230 super-positioned with the sharp peak of 

NCC at 2θ = 220. A sharp one at 2θ = 250 was watched for the chitosan with 

NCC. This diffractograms recommended that NCC strengthened chitosan 

films showed a blend of indistinct and crystalline peaks (36). The expansion 

of intensity of the chitosan films may result from the trans crystallization 

impact. Transcrystallization can be characterized as direction of crystals of a 

semi crystalline framework oppositely to the cellulose nano crystals (37) 

announced crystallization of polymer network specially nucleated by 

cellulose nanocrystals, prompting a trans crystalline layer around the nano 

crystals. The improvement of boundary properties of NCC-strengthened 

chitosan films may be ascribed to the nearness of crystalline locales in the 

films. Higher the level of crystallinity, bring down the porousness of the 

films (38). At last, XRD bolstered both the mechanical and barrier property 

which improve chitosan films. It was noticed that other than cellulose and 

chitosan, the composite films showed some unmistakable peaks at 2θ 

estimations of 30.3, 35.7, 43.5, 53.7, 57.2 and 63.0, which were related to the 

trademark peaks of Fe 2O 3(39) 

3.3. Thermo gravimetric analysis (TGA) 

Figure 5 portrayed the TGA and DTG bends, separately. All the TGA 

bends started with slight mass losses from room temperature to 1050C, 

relating to the dissipation of somewhat bound water from all the samples. As 

the temperature expanded further, the degradation happened in two stages. 

The main disintegration happened between 2140C and 300 0C, comparing to 

the hemi cellulose degradation and the start of lignin debasement (40, 41). 

After this change, the biggest loss of mass in the material happened between 
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3000C and 3800C, topping at 3420C, which compared to that of cellulose 

(42). TGA for the films were spoken to were truly steady during the heating 

of 50-2750C, losing just 4.2% of its underlying weight. The weight reduction 

for the chitosan, chitosan with NC was 26.7, 27.6 and 27.8%, individually. 

For both the films a significant weight reduction was found at around 2800C 

which is related to quick volatilization of polymer portions because of 

scission of the polymer spine. Chitosan showed a comparable stability at the 

temperature extend 280-4600C and the impact of NC on the thermal 

stability was seen as unimportant. 

 

Figure 5. TG patterns and corresponding DTGA analysis. 

3.4. SEM analysis 

Figure 6a shows SEM analysis of NCC. chitosan embedding cellulose 

fibers were shown in figure 6b. Aggregates on top of the chitosan in the case 

of chitosan-cellulose-nzvicomposite, and smaller and dispersed aggregates in 

the case of chitosan-CMC-nzvi composite (Figure 6c). 

 

Figure 6(a). SEM micrograph images of NCC b) cellulose composite c) CMC 
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composite. 

3.5. Contact angle measurements 

The contact angle is a wetability of a surface by a liquid. It extensively 

characterizes the hydrophilic/hydrophobic character of the surface. The 

contact angle consequences of the composites are appeared in Figure 7. The 

contact angle degrees are 850, and 1020 for cellulose based composite and 

CMC composites separately. The contact angle is lower for cellulose 

composite than altered films. NCC/chitosan/Fe2O3 composite assimilates 

water and it is permitted to spread in the substrate and making it 

hydrophilic. Be that as it may, CMC composite film are hydrophobic in 

nature. 

 

Figure 7. Contact angle measurements of a) NCC/chitosan/Fe2O3 b) CMC. 

3.6. Antibacterial activity 

Inhibitory impact of cellulose based film and CMC film against bacterial 

strains like E, coli, S.aures are appeared in Fig.8. The inhibitory impact was 

estimated dependent on clear zone encompassing. On the off chance that 

there is no unmistakable encompassing the film, it is accepted that there is 

no inhibitory zone. As far as clear encompassing zones, the film show 

inhibitory impact against allmicro organisms. It is obvious from the figure 

that CMC shows better obstruction toward both the micro organisms. 
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Figure 8. Anti microbial activity of (1&2) cellulose composite against E.coli 

and S. Aurus (3&4) CMC composite against E. coli and S. Aurus. 

4. Conclusions 

In this investigation cellulose isolated from peanut shell based 

biodegradable film were prepared, characterized and applied for the food 

packaging application. The prepared biodegradable polysaccharide film is 

attractive thinking about natural and financial angles. Expansion of 

polysaccharide by addition of chitosan increased the thermal stability of the 

films. The surface morphologies demonstrated better homogenization of the 

biopolymers. Surface change and expansion of iron nano particles expanded 

the antimicrobial activity of the film. The prepared film inhibit the growth of 

specific sort of microorganism like E.coli, S.aureus. Antibacterial test 

demonstrates that surface altered composite is better decision for the food 

packaging use. It tends to be inferred that the modified nano cellulose 

isolated from peanut shell fortified biodegradable polymer-based film can be 

viably utilized as packaging material to upgrade the time span of usability of 

food materials. 

References 

 [1] N. Kumar, P. Kaur and S. Bhatia, Advances in bio-nanocomposite materials for food 

packaging: a review, Nutrition & Food Science 47(4) (2017), 591-606. 

 [2] D. Lavanya, P. K. Kulkarni, M. Dixit, P. K. Raavi and L. N. V. Krishna (Sources of 



K. JAYARAJ, JACKCINA STOBEL CHRISTY and ANITHA PIUS 

Advances and Applications in Mathematical Sciences, Volume 20, Issue 2, December 2020 

258 

cellulose and their applications-A review), International Journal of Drug Formulation and 

Research 2(6) (2011), 19-38. 

 [3] M. Abbakar and M. Elsheikh, Investigation of alpha-cellulose local sources for the 

Production of Nitrocellulose, International Journal of Sciences: Basic and Applied 

Research 19(2) (2015), 35-50. 

 [4] A. Costa, A. F. Fonesca, F. V. Pereira and J. I. Druzian, Extraction and Characterization of 

Cellulose Nanocrystals from Corn Stover Larissa, Cellulose Chemical Technology 49(2) 

(2015), 127-133. 

 [5] M. J. John and S. Thomas, Bio fibres and bio composites, Carbohydr. Polym. 71 (2008), 

343. (peanut paper) 

 [6] E. V. R. Almeida, E. Frollini, A. Castellan and V. Coma, Chitosan, sisal cellulose, and 

biocomposite chitosan/sisal cellulose films prepared from thiourea/NaOH aqueous solution, 

Carbohydrate Polymers 80(3) (2010), 655-664. 

 [7] H. Azeredo, L. H. C. Mattoso, D. Wood, et al., Nanocomposite edible films from mango 

puree reinforced with cellulose nanofibers, J. Food Sci 74(5) (2009), N31-N35. 

 [8] I. Besbes, S. Alila and S. Boufi, Nanofibrillated cellulose from TEMPO-oxidized eucalyptus 

fibres: effect of the carboxyl content, Carbohydr Polym 84(3) (2011), 975-983. 

 [9] S. C. Shit and P. M. Shah, Edible polymers: challenges and opportunities, J Polym (2014), 

1-13. 

 [10] L. Polo-Corrales, J. J. Feria-Díaz and E. J. Hernandez-Ramos, Recent advances in the 

fabrication of chitosan-based films for food packaging applications, International Journal 

of Chem Tech Research 9(11) (2016), 466-83. 

 [11] T. V. Duncan, Applications of nanotechnology in food packaging and food safety: Barrier 

materials, antimicrobials and sensors, Journal of Colloid and Interface Science 363(1) 

(2011), 1-24. 

 [12] A. Arora and G. W. Padua, Review: Nanocomposites in food packaging, Journal of Food 

Science 75(1) (2010), 43-9. 

 [13] A. Llorens, E. Lloret, P. A. Picouet, R. Trbojevich and A. Fernandez, Metallic-based micro 

and nanocomposites in food contact materials and active food packaging, Trends in Food 

Science & Technology 24(1) (2012), 19-29. 

 [14] D. Wei, W. Sun, W. Qian, Y. Ye and X. Ma, The synthesis of chitosan-based silver 

nanoparticles and their antibacterial activity, Carbohydrate Research 344(17) (2009), 

2375-82. 

 [15] M. Yadollahi, S. Farhoudian and H. Namazi, One-pot synthesis of antibacterial 

chitosan/silver bionanocomposite hydrogel beads as drug delivery systems, International 

Journal of Biological Macromolecules 79 (2015), 37-43. 

 [16] A. Nithya, H. L. Jeeva Kumari, K. Rokesh, K. Ruckmani, K. Jeganathan and K. 

Jothivenkatachalam, A versatile effect of chitosan-silver nanocomposite for surface 

plasmonic photocatalytic and antibacterial activity, Journal of Photochemistry and 

Photobiology B: Biology 2015; 153:412-22. 



GREEN COMPOSITE FILM FOR FOOD PACKAGING  

Advances and Applications in Mathematical Sciences, Volume 20, Issue 2, December 2020 

259 

 [17] J. B. González-campos, J. D. Mota-morales and S. Kumar, New insights into the 

bactericidal activity of chitosan-Ag bionanocomposite, The role of the electrical 

conductivity, Colloids Surfaces B. 2013; 111:741-6. 

 [18] Cazon, Patricia, V´azquez, Manuel and Velazquez, Gonzalo, Cellulose-glycerol-polyvinyl 

alcohol composite films for food packaging: Evaluation of water adsorption, mechanical 

properties, light-barrier properties andtransparency, Carbohydrate Polymers 2018: 04.120 

 [19] H. Nadji, P. N Diouf, A. Benaboura, Y. Bedard and B. Riedl, Comparative study of lignins 

isolated from Alfa grass (Stipa tenacissima L.), Bioresour. Technol., vol. 100, p. 3585-3592. 

 [20] P. Maafi, E. M., Malek, F., Tighzert, L., and Dony, Synthesis of polyurethane and 

characterization of its composites based on alfa cellulose fibers, J. Polym. Environ., vol. 18, 

pp. 638-646, 2010. 

 [21] S. Chuayjuljit, S., Su-uthai, S., and Charuchinda, Poly(vinyl chloride) film filled with 

microcrystalline cellulose prepared from cotton fabric waste: Properties and 

biodegradability study, Waste Manag. Res., vol. 28, pp. 109-117, 2010. 

 [22] O. A. Battista, Hydrolysis and crystallization of cellulose, Ind. Eng. Chem., vol. 42, p. 502-

507. 

 [23] Noor Haleema, Muhammad Arshada, Muhammad Shahidb and Muhammad Ashraf Tahir, 

Synthesis of carboxymethyl cellulose from waste of cotton ginning industry, Carbohydrate 

Polymers 113 (2014), 249-255. 

 [24] H. P. S. Abdul Khalil, H. Ismail, H. D. Rozman and M. N. Ahmad, The effect of acetylation 

on interfacial shear strength between plant fibres and various matrices, J. Eur. Polym., 37 

(2001), 1037-1045. 

 [25] M Troedec, D. Sedan, C. Peyratout, J. Bonnet, A. Smith and R. Guinebretiere, Influence of 

various chemical treatments on the composition and structure of hemp fibres, Composites 

Part A – Applied Science and Manufacturing 39 (2008), 514-522. 

 [26] S. Y. Oh, D. I. Yoo, Y. Shin and G. Seo, FTIR analysis of cellulose treated with sodium 

hydroxide and carbon dioxide, Carbohyd. Res., 340 (2004), 417-428. 

 [27] R. G. P. Viera, G. Rodrigues, R. M. N. Assuncao, C. S. Meireles, J. Vieira and G. S. 

Oliveira, Synthesis and characterization of methylcellulose from sugar cane bagasse 

cellulose, Carbohydr. Polym., 67 (2007), 182-189. 

 [28] J. C. S. Chandra, N. George, S. K. Narayanankutty, Isolation and characterization of 

cellulose nanofibrils from arecanut husk fibre, Carbohydr. Polym. 142 (2016), 158-166. 

 [29] W. S. Chen, H. P. Yu and Y. X. Liu, Preparation of millimeter-long cellulose I nanofibers 

with diameters of 30-80 nm from bamboo fibers. Carbohydr. Polym. 86 (2011), 453-461. 

 [30] S. Azizi, M. Ahmad, N. Ibrahim, M. Hussein and F. Namvar, Cellulose Nanocrystals/ZnO 

as a Bifunctional Reinforcing Nanocomposite for Poly(vinyl alcohol)/Chitosan Blend Films: 

Fabrication, Characterization and Properties, International Journal of Molecular Sciences 

15(6) (2014), 11040-53. 

 [31] J. W. Rhim, S. I. Hong, H. M. Park and P. K. W. Ng, Preparation and characterization of 

chitosan-based nanocomposite films with antimicrobial activity, Journal of Agricultural 

and Food Chemistry 54(16) (2006), 5814-22. 



K. JAYARAJ, JACKCINA STOBEL CHRISTY and ANITHA PIUS 

Advances and Applications in Mathematical Sciences, Volume 20, Issue 2, December 2020 

260 

 [32] H. -Y. Zhua, R. Jianga, L. Xiaob and W. Lib, A novel magnetically separable-

Fe2O3/crosslinked chitosan adsorbent: preparation, characterization and adsorption 

application for removal of hazardous azo dye, J. Hazard. Mater. 179 (2010), 251-257. 

 [33] Y. Shin, J. Gregory and G. J. Exarhos, Template synthesis of porous titania using cellulose 

nanocrystals, Materials Letters 61 (2007), 2594-2597. 

 [34] K. Ogawa, S. Hirano, T. Miyanishi, T. Yui and T. A. Watanabe, New polymorph of 

chitosan, Macromolecules 17 (1994), 973-975. 

 [35] S.-F. Wang, L. Shen, W.-D. Zhang and Y.-J. Tong, Preparation and mechanical properties 

of chitosan/carbon nanotubes composites, Biomacromolecules 6(6) (2005), 3067-3072. 

 [36] A. Bodin, L. Ahrenstedt, H. Fink, H. Brumer, B. Risberg and P. Gatenholm, (2007). 

Modification of nanocellulose with a xyloglucan–RGD conjugate enhances adhesion and 

proliferation of endothelial cells: Implications for tissue engineering, Biomacromolecules, 

8(12), 3697-3704. 

 [37] W. Helbert and H. Chanzy, Oriented growth of V amylase n-butanol crystals on cellulose, 

Carbohydrate Polymers 24 (1994), 119-122. 

 [38] J.-W. Rhim, S.-I. Hong, H.-M. Park and P. K. W. Ng, Preparation and characterization of 

chitosan-based nanocomposite films with antimicrobial activity, Journal of Agricultural 

and Food Chemistry, 54(16) (2006), 5814-5822. 

 [39] J. M. C. Moreno and M. Yoshimura, Hydrothermal processing of high-quality multiwall 

nanotubes from amorphouscarbon, J. Am Chem Soc 123 (2001), 741-742. 

 [40] J.I. Moran, V. A. Alvarez, V. P. Cyras and A. Vazquez, Extraction of cellulose and 

preparation of nanocellulose from sisal fibers, Cellulose 15 (2008), 149-159. 

 [41] R. A. Ilyas, S. M. Sapuan and M. R. Ishak, Isolation and characterization of 

nanocrystalline cellulose from sugar palm fibres (Arenga Pinnata), Carbohydr. Polym. 181 

(2018), 1038-1051. 

 [42] K. O. Reddy, C. U. Maheswari, D. J. P. Reddy and A. V. Rajulu, Thermal properties of 

Napier grass fibers, Mater. Lett. 63 (2009), 2390-2392. 


