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░ ABSTRACT: In this article, Coconut husk fiber derived cellulose nanowhiskers incorporated pectin matrix was achieved 
by solution casting technique. Also, it includes a trace amount of zinc oxide nanoparticles (hydrothermal method) to improve 
antimicrobial activity along with the plasticizing agent and lipid in appropriate composition. The characteristic peak 2Θ= 36.4569 
and 22.7 depicts the crystal geometry of ZnO and Cellulose nanowhiskers. Spherical ZnO nanoparticles (50-80nm) and rod 
(aspect ratio 6-10) like cellulose nanowhiskers morphology shown by thermionic SEM. Topographical analysis by AFM confirms 
homogeneous impregnation of the reinforced materials. FTIR spectrum provides evidence that the pure form of ZnO nanoparticles 
(np’s) and Cellulose nanowhiskers used. Further, tensile strength, elongation at break, shows drastic improvement in the 
nanocomposites films calculated by Universal Testing Machine. Also, Food packaged with the prepared nanocomposite film was 
devoid from microbial growth which extended the shelf life of the food product and also its own quality was retained safely.   
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░ 1. INTRODUCTION 
Food packaging requires protection, tempering resistance and 
physical, chemical or biological needs. Commercially used 
materials for food packaging are the petrochemical based 
polymers, due to their low cost. But they are non-
biodegradable which creates serious ecological problems. So, 
the packing material has been shifted to biodegradable 
material often vegetable based such as starchy or pectic 
materials [1]. The biodegradable polymers are restructured by 
the addition of other fillers to form composites for improving 
the mechanical properties [14].  Nanotechnology has potential 
to influence the packaging features by addition of 
antimicrobial agents. Antimicrobial agents are broadly 
classified into organic agents and inorganic agents. Organic 
agents are often less stable at harsh conditions compared to 
inorganic agents. Inorganic agents are of various kinds namely 
metal and metal oxides and also they have the ability to 
withstand in harsh conditions [15]. Antimicrobial packaging 
can take several forms including: addition of sachets to the 
polymer, incorporation of agents directly into the polymers, 
coating / adsorbing onto the polymer surfaces and 
immobilization of agents by ions or covalent linkages. Among 
these, the incorporation of antimicrobial agents receives the 
attention of slowing the growth of microbes and maintains the 
food quality as well as safety [2]. 
 
Polymer composites are mixtures of polymers with organic or 
inorganic filler with certain geometries. The use of fillers 
which have at least one dimension in nanometer range 
produces polymer nanocomposites [16]. The fillers can be 
distinguished depends upon the dimensions. Addition of 

cellulose nanowhiskers varies the strength and elasticity of the 
nanocomposite film. Cellulose nanowhiskers are formed by 
the acid hydrolysis method [3] and it uses strong acids such as 
sulfuric acid and hydrochloric acid to remove amorphous 
region. This process is to break down the hierarchical 
structures of fibril bundles to nanowhiskers. Antimicrobial 
agents in nano-sized particles of ZnO have more activity than 
the large particles because of the increased surface to volume 
ratio which allows more interaction with the microbes [4]. 
ZnO nanoparticles can be prepared on a large scale at low cost 
by simple solution- based methods, such as chemical 
precipitation, sol-gel synthesis and solvothermal or 
hydrothermal method. Among these solvothermal method is 
an effective method because of the low process temperature 
and very easy to control the particle size 
 
The goal of this study was to fabricate the antimicrobial 
nanocomposite film [5] for food packaging. ZnO nanoparticles 
(hydro thermal)/ cellulose nanowhiskers impregnated pectin 
nanocomposites film was developed by solution casting 
method. For this, biodegradable pectin was used as matrix and 
reinforced with trace amount of cellulose nanowhiskers and 
ZnO nanoparticles. The homogeneous dispersion of 
incorporated materials in the nanocomposite film was 
observed through SEM and AFM. Crystal geometry and 
molecular vibrations were studied by XRD and FTIR. Further, 
the mechanical properties of the nanocomposite films like 
elastic modulus, elongation at break and tensile strength were 
scrutinized by the Universal Testing machine. Also, Food 
packaged with the prepared nanocomposite film was devoid 
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from microbial growth which extended the shelf life of the 
food product and also its own quality was retained safely.   
 
░ 2. EXPERIMENTAL 
 
2.1. Materials 
All the chemicals and reagents used throughout the process is 
research grade. The precursor’s used in the preparation of Zinc 
Oxide np’s, Cellulose nanowhiskers and Nanocomposite film: 
Zinc acetate, Ammonium oxalate, Ammonia, Sodium 
hydroxide, Nitric acid, Sulfuric acid, glacial acetic acid, and 
Sodium chlorite were purchased from Merck specialties Pvt. 
limited.  Bio-degradable pectin was purchased from Hi-Media 
private limited, Cochin. 
 
2.2. Sample preparation 
 

2.2.1. ZnO Preparation by hydrothermal method: 
ZnO nanoparticles were prepared by hydrothermal method [7]. 
In brief, zinc acetate (0.01 M) was dissolved in 50 ml distilled 
water. To this solution, 4g of ammonium oxalate was added 
with slow stirring. Stirring was continued till the dissolution of 
ammonium oxalate took place. The ammonia was added drop 
wise to raise the pH of the solution to about 10. A milky white 
precipitate of zinc oxalate was obtained immediately. The 
settled precipitate was collected by filtration, washed with 
distilled water several times over a Buckner funnel. The zinc 
oxalate precipitate was then transferred on a watch glass and 
kept in air oven at 105oC for a period of 1 hour. After cooling, 
the dried powder was collected and transferred into a silica 
crucible. Further, the powder in the crucible was calcinated at 
700oC for 3 hours in muffle furnace. The zinc oxide 
nanoparticles obtained were collected and stored. 

 
2.2.2. Preparation of cellulose Nano whiskers: 

 
 

Coconut husk 
fiber 

 
 

   

 
Raw coconut 
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(After dialysis) 

 
Fig1. Preparation of Cellulose Nanowhiskers (from left to right) 

 
Coconut fibers were subjected to washing pre-treatment to 
remove impurities and waxy substances covering the external 
surfaces of fiber cell wall. This was followed by the sulfuric 
acid hydrolysis [8]. In brief of pre-treatment, first the fibers 
were chopped in Wiley mill and sieved through the mesh. 
Then the sieved sample was dispersed in distilled water (500 
ml) for 10 min. This suspension was stirred for 2 hrs at 50OC, 
filtered in order to remove soluble extractives in water and this 
procedure repeated once more. The filtered residue was 
subjected to alkaline treatment by dispersing the residue in 
500ml of 2% NaOH solution, it continued for 2 hrs at 80OC, 
filtered and washed with water. This procedure was repeated 
for one more time. The alkaline treated fibers were dried 
overnight at 50OC for 24 hrs. An aggressive multistage 
bleaching process of coconut fiber was continued after the 
completion of alkaline treatment. This bleaching process is for 

the partial delignification of coconut husk fiber because lignin 
in the fiber greatly hinders the nanowhisker extraction. The 
remaining lignin would help to improve the thermal properties 
of the acid-extracted nanowhiskers. For bleaching, 5 g of 
alkaline treated and dried fiber was heated in between 60- 
70OC in 150 ml of distilled water containing 1.5 g of NaClO2 

and 8-10 drops of glacial acetic acid. The mixture was stirred 
at frequent intervals of 1 hr, and then cooled in an ice bath. For 
stronger bleaching, the process was repeated three more times 
using the same conditions. At the end, the bleached sample 
was treated with 0.05 N nitric acid solutions for 1 h at 70OC, 
filtered and washed extensively with water. 
 
Cellulose nanowhiskers were extracted from the coconut husk 
fiber by sulfuric acid hydrolysis [17]. In brief, the bleached 
samples were treated with concentrated sulfuric acid (55% of 
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sulfuric acid to water) for 1 hr after the completion of nitric 
acid treatment at room temperature. After treatment the 
hydrolyzed cellulose samples were washed four times with 
water, separating the whisker by centrifugation (10,000 rpm 
for 10 min) after each washing. The resultant precipitate was 
dialyzed against water until the constant pH was reached. The 
extracted nanowhisker was dispersed in water to form as 
suspension for further characterization. Practical schematic 
illustration is shown Fig1. 
 
2.3. Preparation of pectin nanocomposite film: 

The pectin-based nanocomposite film was prepared by the 
solution casting technique is shown in Fig2. [9]. In the typical 
process, 10 mg and 20 mg of ZnO nanoparticles were well 
dispersed using ultra sonicator in the distilled water (100 ml). 
To this was added, 10 mg of cellulose nanowhiskers and again 
dispersed through ultra sonicator. Then 3 g of pectin was 
added and mixed it at 50-60OC for complete dissolution along 
with this 0.2g of polyethylene glycol was added as a 
plasticizing agent. The solution was cast onto the glass petri 
plate of 15 cm in diameter. The casted film was kept overnight 
to dry at ambient condition. The obtained nanocomposite film 
is then used for further scrutiny. 

 

 
 

 
Cellulose nanowhiskers Spherical shaped ZnO 

Nanoparticles 
Cellulose nanowhiskers and 
ZnO casted Pectin matrix 

Fig2. Preparation of Nanocomposite film via Solution casting 

2.4. Characterization techniques 
The geometrical structural features of Zinc oxide and cellulose 
nanowhiskers could be possibly arrived from X-ray 
diffractometer  which was carried out using Philips Xpert Pro 
X-ray diffractometer (Cu-Kα radiation λ= 1.54016Ǻ Ni 
filtered radiation 40 kV, 30 mA divergence slit 0.47 degree). 
The morphology of the synthesized Zinc oxide np’s and 
Cellulose nanowhiskers were studied using thermionic 
Scanning Electron Microscope (SEM) SU 1510, Hitachi, 
Japan. The surface topography of the nanocomposite films was 
observed using AFM XE-70 Park systems, Korea. The purity 
and bonding Vibrational features were verified for Zinc oxide 
and cellulose nanowhiskers using Bruker ALPHA E FTIR 
Spectrometer. The mechanical properties of the 

nanocomposite films were studied using an instron tensile 
tester, as per ASTM D-882 standard. 
 
2.5 Effect of film in delayed ripening and antifungal 
property in chilli fruit: 
The effect of the developed nanocomposite (Pectin with 
cellulose nanowhiskers and ZnO nanoparticles) in food 
preserving against microbial infection was studied using green 
chilli fruit (Capsicum sp.) as test sample. Two chilli fruits 
from same plant were taken fresh and packed individually. 
One was packed with pectin film (control) and another was 
packed using the developed film made of pectin with cellulose 
nanowhiskers and ZnO nanoparticles (Film I). The shelf life of 
the two individually packed chillies were observed for a period 
of three days.  

 
░ 3. RESULTS AND DISCUSSION 
 
3.1. Geometrical structure Analysis 
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 (a) 

(b) 

Fig: 3. XRD pattern for: (a) Nano Zinc oxide and (b) Cellulose nanowhiskers. 
 
Fig. 3(a) & (b) represents the XRD pattern of Zinc oxide 
nanoparticles and cellulose nanowhiskers. The intensity data 
of diffraction peaks was measured over a 2Θ range of 20 to 
80O. The XRD pattern of ZnO np’s shows characteristic peak 
at 2Θ= 36.4569, corresponds to the (101) plane. It also shows 
other 2Θ angular positions at 31.9794, 34.6209, 47.770, 
56.7756, 63.0328, 68.1020, 69.2535, 72.8496 which were 
indexed as (100), (002), (102), (110), (103), (112), (201) and 
(004) respectively. The peaks were matched with the primitive 

structure of Zinc Oxide np’s (JCPDS card no: 79-0205).  In 
fig.1 (b) significant increase in the relative intensity of peaks 
at 2Θ= 22.7 and 26.57 were observed giving rise to a cellulose 
patterns [8]. The XRD pattern was associated with line 
broadening effect, which was an indication that the 
synthesized materials were in nanometer range. The average 
crystallite size of the nano ZnO was estimated as 60-80 nm by 
Scherer’s equation. 

 
 
3.2. Molecular Vibrational Analysis 

 
Fig.4. FTIR Spectrum for Nano Zinc oxide 

 
Fig. 4 represents the FTIR absorption spectrum of Zinc oxide 
nanoparticles. The peak at 490.98 cm−1 and 463.02 cm-1 were 
the characteristic absorption of Zn–O bond [11] as shown in 
Fig.2. It’s clear the amorphous regions were dissolved by acid 

attack and hence the peak ratio of lignin to cellulose increased 
with decrease in the absorption peak at 897cm-1 (C1-H 
deformation) of glucose rings in the case of Cellulose 
nanowhiskers (not shown).

 
 
3.3. Morphological investigation 
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Fig. 5. Scanning Electron Micrograph of: (a) Zinc oxide nanoparticles and 
(b)Cellulose nanowhiskers. 

 
The SEM images were taken using secondary electron mode 
(SE) and thermionic emission of electron beams accelerated at 
a voltage of 10 kV and 6 kV respectively. Spherical shaped 
ZnO np’s is shown in Fig. 5 (a) was prepared by hydrothermal 
method. It is confirmed by the morphology that the size of the 
impregnated ZnO np’s in the nanocomposite film was in the 

range of 50-80 nm. Short rod like structure was obtained for 
the Cellulose nanowhiskers prepared by acid hydrolysis 
method is shown in Fig.5 (b). The aspect ratio (l/w) of the 
cellulose nanowhiskers was in the range of 10-60. 
 
3.4. Topographical Analysis 

 
(a) 

 
(b) 

Fig. 6. AFM images of: (a) Pectin with cellulose nanowhiskers and (b) Pectin with cellulose nanowhiskers and Nano ZnO. 
 
Mechanical interactions acting between a sharp probe and a 
sample are used for surface imaging in Atomic Force 
microscopy (AFM). The images were taken using the non-
contact mode, by keeping the tip to sample distance of about 
10-100 nm at a scanning rate of 0.5 kHz. Nanocomposite film 
with cellulose nanowhiskers and zinc oxide nanoparticles were 
confirmed through these images shown in Fig. 6. The 
incorporated particles were in the range of 50-80 nm. 
 
3.5. Mechanical properties 
The mechanical properties such as elongation @ break, tensile 
strength, and elastic modulus are shown in Fig.7 (a), (b) and 
(c) and Table.1 describes sample 1 and 2. The test was 

conducted using an instron tensile tester (ASTM D882) with a 
crosshead speed of 500 mm/min [12]. when compared with 
pectin [7] the tensile strength and elongation @break of the 
film were increased in pectin with cellulose nanowhiskers 
(sample 1) followed by the pectin with cellulose nanowhiskers 
with zinc oxide nanoparticles (sample 2). The elastic modulus 
is just reciprocal of the tensile strength. When strength 
increases the elasticity of the film will get decreased. So, the 
pectin has higher level of elasticity when compared with other 
two samples (sample 1 & 2). The mechanical property of the 
sample 1 is varied when compared with sample 2. The 
variation in the mechanical properties is due to the addition of 
ceramic materials (ZnO nanoparticles) in sample 2. 

 

(a) (b) 
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░ Table.1 Description about sample 1 and 2 

 
Fig. 7.(a),(b) and (c) Mechanical properties of the fabricated 

nanocomposite films 
 
 

Control Pectin 

Sample 1 Pectin with Cellulose nanowhiskers 

Sample 2 Pectin with cellulose nanowhiskers and 
ZnO nanoparticles 

3.6. Effect of film in delayed ripening and antifungal 
property in chilli fruit 
The bio-degradable nanocomposite film used in vegetable 
(chili) packaging [13] is shown in Fig.8. Fungal infection on 
chilly was observed after 16 days in the control. There was no 
microbial infection in the prepared nanocomposite film (Film 

I) even after 90 days. This observed result suggested that the 
antifungal property of the composite film made of pectin with 
cellulose nanowhiskers and ZnO nanoparticles preserved the 
chilli from microbial infection. The properties of cellulose 
nanowhiskers and ZnO nanoparticles combining with that of 
the pectin successfully preserved the chilli [18, 19].
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After 16 days 

  

After 30 days 

  

After 90 days 

  
 

Fig.8 Effect of film in delayed ripening and antifungal property in chilli fruit

░ CONCLUSION 
Coconut husk fiber derived cellulose nanowhiskers 
incorporated pectin matrix was achieved by solution casting 
technique. Also, it includes a trace amount of zinc oxide 
nanoparticles (hydrothermal method) to improve antimicrobial 
activity along with the plasticizing agent and lipid in 
appropriate composition. The characteristic peak 2Θ= 36.4569 
and 22.7 depicts the crystal geometry of ZnO and Cellulose 
nanowhiskers. Spherical ZnO nanoparticles (50-80nm) and rod 
(aspect ratio 6-10) like cellulose nanowhisker morphology 
shown by thermionic SEM.  Topographical analysis by AFM 
confirms homogeneous impregnation of the reinforced 
materials. FTIR spectrum provides evidence that the pure form 
of ZnO nanoparticles (np’s) and Cellulose nanowhiskers used. 
Further, tensile strength, elongation at break, shows drastic 
improvement in the nanocomposites films calculated by 
Universal Testing Machine. Also, Food packaged with the 
prepared nanocomposite film was devoid from microbial 
growth which extended the shelf life of the food product and 
also its own quality was retained safely.  
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