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Abstract

Mitigating environmental pollution, which adversely affects humans, wildlife, and habitat, has been attracting increasing
attention worldwide, especially with reference to the importance of using composite films. In this study, composite films
consisting of cellulose, chitosan, and gelatine were analysed and characterized. It was fabricated via a solution casting method.
The cellulose extracted from the whole stem, cortex, and pith of Napier grass with 4, 8, 12, and 16% alkali concentrations
were used to produce the composite films. Based on the thermogravimetric analysis, mechanical analysis, Fourier-transform
infrared spectroscopy (FTIR) analysis, X-ray diffraction (XRD) analysis, and scanning electron microscopy (SEM) observa-
tion, it was confirmed that the interaction of cellulose of Napier grass, chitosan and gelatine had improve the thermal behav-
iour, strength, composition, crystallinity, and morphology of composite films. The composite films using 8% alkali-treated
cellulose from the whole stem had an ordered structure with 260 =22.68°. Furthermore, it contained the highest final residue
(74.85%) and tensile strength of 4.58 +0.373 MPa.
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1 Introduction

The packaging materials ability to demonstrate the various
functions expected had increased consumer demands [1].
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The natural materials, such as chitosan, gelatine and cel-
lulose are renewable materials under agrobiopolymers [6].
They have excellent potential as they are biodegradable,
economically advantageous, and environmentally friendly
[7]. Nevertheless, the resilient cohesive energy density of
polymers in chitosan and gelatine has limited the mechani-
cal properties of packaging material [8]. According to Jahit
et al. [9], gelatine-based films are thermally unstable, brittle,
susceptible to cracking, and provide an inadequate water
barrier because of their hydrophilic nature. However, gela-
tine also possess exceptional cell adhesion, proliferation, and
differentiation properties [10]. Besides, chitosan exhibits
high degradation rate and antimicrobial in nature, but it is
also possessing a low mechanical strength [10].

Another widely used natural polymer is cellulose [11].
Cellulose-based film is mainly cellulose esters and deriva-
tives, such as cellulose acetate (CA), nitrocellulose, and cel-
luloid [12]. However, CA is expensive and derived using
a high concentration of acetic anhydride or sulfuric acid,
which is environmentally detrimental [12]. Likewise, to
replace the CA, the development of new cellulose-based
films from waste crops, such as pineapple [13], oil palm
[14], and durian rind [15] were also reported earlier. Nota-
bly, the cellulosic feedstock by Napier grass (NG), which
scientific name is Pennisetum Purpureum, can serve as an
alternative material for composite film reinforcement mate-
rials [16]. Other than that, NG also is a part of a push—pull
agricultural pest management strategy as it requires less
water and nutrients [16]. Additionally, the cortex and pith
of NG represent 84% and 16%, respectively, which can opti-
mise the use of the NG stem for packaging material fabri-
cation. Consequently, this can decrease the dependence on
petrochemical sources in packaging material production [2].

Therefore, several researchers have tried to combine
the beneficial properties by combining of other fillers with
chitosan and gelatine which showed a good mechanical
strength, more rigid and microbial protection in film [9,
17-19]. In previous study, the research done by Kumar et al.
[18, 19] showed that the nano-composite films incorporating
silver with chitosan and gelatine had improved microbial
protection. However, the research done by Sharma et al.
[10] had observed that the ternary nano-biocomposite films
using bacterial cellulose with implementation of chitosan
and gelatine had produced more rigid and higher mechanical
properties of the films. Accordingly, it would be expected for
good combination of chitosan, gelatine and cellulose for this
research as demonstrated by Sharma et al. [10].

Hence, it has become an interesting reason to develop
composite films incorporated with cellulose, chitosan, and
gelatine. Furthermore, no previous study has investigated
the interaction of cellulose, chitosan, and gelatine in the
composite films using the whole stem, cortex, and pith of
NG. In addition, an ideal percentage concentration of alkali

treatment for cellulose extraction also can improve the
characteristics of composite films. According to a previous
paper, the cellulose extracted from the whole stem, cortex
and pith of NG at 4, 8, 12, and 16% concentrations of NaOH
treatment had a significant impact on the thermal proper-
ties, as well as the chemical composition, morphology, and
crystallinity of the material [20].

As a result, in this case study, an in-depth investigation
of the effect of different alkali concentrations cellulose filler
loading in the composite films was conducted. The cellu-
lose filler from the whole stem, cortex, and pith of Napier
grass for cellulose extraction using 4, 8, 12, and 16% con-
centration of alkali treatment was used in the composite
film’s fabrication. The thermogravimetric analysis (TGA),
mechanical properties, Fourier-transform infrared spectros-
copy (FTIR), X-ray diffraction (XRD), and scanning electron
microscopy (SEM) studies of the composite films fabricated
were investigated. The incorporation of different cellulose
extracts, chitosan, and gelatine in composite films could pro-
duce different thermal, chemical composition, crystallinity,
morphological, and strength results.

2 Materials and Methods
2.1 Material Preparation

Napier grass (NG), scientifically known as Pennisetum Pur-
pureum, is harvested from a local plantation in the north-
ern peninsula of Malaysia. The NG stems were extracted
to separate the cortex and pith, which represented the outer
and inner parts of the NG stem, respectively. Subsequently,
the cellulose was prepared through the alkali and bleaching
treatments of the whole stem, cortex and pith of NG, as
explained in a previous study [20]. Prior to the separation
process, the total weight of each NG stem was measured
and separated to 84% of the cortex and 16% of the pith [21].
The dried whole stem, cortex and pith of NG were ground
and sieved to obtain a powdered form. The prepared whole
stem, cortex and pith of NG powder were then labelled as
WNG, CNG, and PNG, respectively. Cellulose was extracted
from the WNG, CNG, and PNG at 4, 8, 12, and 16% concen-
trations of sodium hydroxide (NaOH), followed by a 1.7%
concentration of sodium chlorite (NaClO,). The cellulose
extracted from the WNG, CNG, and PNG were used as base
materials in the composite film’s preparation. The NaOH,
NaClO,, chitosan, acetic acid, gelatine, and glycerol were
obtained from Sigma-Aldrich, Germany.

2.2 Composite Films Preparation

The composite film was prepared from two types of solu-
tions using the casting method. Primarily, two solutions were
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prepared and named as the first and second solutions. For the
first solution, the chitosan was mixed with 2% (v/v) acetic
acid in 100 mL for 12 h using a magnetic stirrer. In the sec-
ond solution, the gelatine was dissolved in 100 mL of water
at room temperature. Prior to the preparation of the compos-
ite film suspension, 1 g of 4, 8, 12, and 16% alkali-treated
cellulose of WNG, CNG, and PNG were added to 40 mL of
the second solution. The mixture solutions were then fur-
ther stirred for 12 h without heating. Subsequently, 60 mL
of the first solution was added to the mixture solution and
stirred for 30 min. In the following step, 1 mL of glycerol
was added to the mixture and stirred for 2 h. Consequently,
12 different types of composite film suspension from the 4,
8, 12, and 16% alkali-treated cellulose of WNG, CNG, and
PNG were obtained. The composite films were fabricated
by pouring 30 mL of the composite film suspension into a
120 mm diameter glass petri dish and evaporating at room
temperature for 24 h. Finally, the composite films for the 4,
8, 12, and 16% alkali-treated cellulose of WNG, CNG, and
PNG were then peeled off from the petri dishes.

2.3 Thermogravimetric Analysis (TGA)

The TGA was performed using TGA-50 (Shimadzu, Japan)
to evaluate the decomposition and thermal stability of the
composite films. The composite films were gradually heated
from room temperature to 600 °C at a heating rate of 10 °C/
min with a flow rate of 20 mL/min [22].

2.4 Tensile Test

Tensile strength tests were tested using a micro universal
testing machine according to the ASTM D882-02 stand-
ard. The composite films with the dimension of 75 mm in
length and 16 mm in width. The crosshead speed was fixed
at 2 mm/min. The average thickness of the composite film’s
samples ranged from 0.09 to 0.23 mm. The tensile strength
test was repeated five times to obtain an average tensile
strength value. The tensile strength was determined using
the following equation [23]:

Load(N)

Tensilestrength = -
Areaofsamplethickness(mm?)

ey

2.5 Fourier-Transform Infrared (FTIR) Spectroscopy

The FTIR analysis of the composite films were performed
using an FTIR spectrophotometer (Model: Perkin Elmer).
The spectrum for each sample was recorded with 16 scans
in the frequency range from 4000 to 400 cm™' with a reso-
lution of 4 cm™!. The FTIR spectra were used to determine
the presence of functional groups and interactions between
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cellulose, chitosan, and gelatine in the composite films [18,
19].

2.6 X-Ray Diffractometer (XRD)

The crystalline structure of the composite film was investi-
gated using the X-ray diffractometer (Model: Aeris bench-
top, Malvern PANalytical Ltd., United Kingdom). The
instrument operated at a voltage of 40 kV and a tube cur-
rent of 250 mA with Cu Ko radiation (A= 1.54 A) for XRD
analysis. The data were recorded within the scattering angles
ranging from 20 =5-40° at a scanning rate of 5°/min. The
X-ray diffraction-based Segal Crystallinity Index (CI) was
calculated for simulated different sizes of crystallites for cel-
lulose I and II [24, 25].

2.7 Scanning Electron Microscopy (SEM)

A scanning electron microscope (Model: JEOL JSM 820
microscope) was used to record the surface morphologies
of samples. Scanning electron microscopy analysis was
conducted to study the molecular structure, morphological
surface, and transversal sections of the composite films. The
images were collected at a magnification of X500 with the
beam energy in the range of 10-25 kV.

3 Results and Discussion
3.1 Thermogravimetric Analysis (TGA)

The TGA curves of the composite films for 4, 8, 12, and
16% alkali-treated cellulose of WNG, CNG, and PNG are
displayed in Fig. la—c. The percentage of the final residues
at 600 °C, as well as the initial and final degradation tem-
peratures were calculated and tabulated in Table 1. The TGA
was performed to examine the influence of cellulose on the
thermal stability of the composite films. From Fig. 1 and
Table 1, it is evident that the composite films prepared with
4% alkali-treated cellulose improves the thermal stability
compared to that fabricated using 8% alkali-treated cellulose
of WNG, CNG, and PNG. These degradation trends, which
are almost similar to the those of a previous research that
entails a three-step decomposition mechanism process [26],
are presented in Fig. 1.

From the TGA curves in Fig. la—c, it was observed that
the weight loss was initiated at a temperature range of
25-150 °C, which was less than 15 wt%. The first weight
loss was due to the evaporation of absorbed moisture and
removal of volatile compounds in the composite films
[27, 28]. This could also be explained by biopolymers
and glycerol being hygroscopic substances, depending on
the ambient conditions [29]. In the second stage, the mass
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Fig. 1 TGA of composite films
for cellulose of a WNG, b
CNG, and ¢ PNG which were
treated with different alkali
concentrations
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Table 1 Final residues, along

. L Composite films sample
with the initial and final

Final degradation Final residue (%)

temperature (°C)

Initial degradation
temperature (°C)

degradation temperatures of the
composite films for cellulose of

Composite film for WNG (4%)
WNG, CNG, and PNG

Composite film for WNG (8%)
Composite film for WNG (12%)
Composite film for WNG (16%)
Composite film for CNG (4%)
Composite film for CNG (8%)
Composite film for CNG (12%)
Composite film for CNG (16%)
Composite film for PNG (4%)
Composite film for PNG (8%)
Composite film for PNG (12%)
Composite film for PNG (16%)

3522 597.03 60.75
36.93 597.53 74.85
36.83 596.90 69.70
33.62 597.37 65.50
30.48 599.27 35.30
29.37 597.87 39.65
32.87 598.77 53.90
32.46 597.19 66.10
32.73 599.00 32.03
25.96 597.28 3545
41.68 599.37 42.30
38.67 597.55 56.65

loss at temperatures between 150 and 250 °C could be
associated with the plasticizer evaporation following the
thermal degradation of hemicellulose [28]. The samples
were rapidly decomposed with a mass loss of 20-40 wt%
in the second stage [26]. The final weight loss beyond
250 °C was attributed to the depolymerisation of the
composite films material [26]. In addition, the cellulose
and lignin were decomposed and caused the char forma-
tion effect [28]. As shown in Fig. la—c, the composite
films using the cellulose of WNG, CNG, and PNG, the
weight loss associated with the decomposition of cellu-
lose started at approximately 300 °C. These shows that
mass loss was dependent on the type of cellulose filler
and presence of glycerol [30].

As shown in Table 1, the composite films for the 8%
alkali-treated cellulose of WNG had the highest final resi-
dues for WNG samples (74.85%). Thereafter, it was fol-
lowed by the composite films for the 16% alkali-treated
cellulose of CNG, which had the highest final residues
for CNG samples (66.1%). For the PNG samples, the
composite films for the 16% alkali-treated cellulose of
PNG had the highest final residues (56.65%), indicating
that the implementation of different concentration of the
NaOH treatment process for cellulose isolation would
affect the interaction between cellulose, chitosan, and
gelatine. Hence, this also shows that the composite films
for the 8% alkali-treated cellulose of WNG can resist ther-
mal degradation at high temperatures compared to the
composite films for the 16% alkali-treated cellulose of
CNG and PNG. The overall results of the thermal prop-
erties of the composite films for the 4, 8, 12, and 16%
alkali-treated cellulose of WNG, CNG, and PNG showed
that the weight loss ranged from 35 to 75% in a range of
50 to 600 °C [27, 31].

@ Springer

3.2 Tensile Strength

The tensile strengths of the composite films for the 4, 8, 12,
and 16% alkali-treated cellulose of WNG, CNG, and PNG
are presented in Fig. 2. Based on Fig. 2b and c, it is evident
that the incorporation of chitosan, gelatine, and cellulose
significantly increased the tensile strength of the composite
films for the 4, 8, 12, and 16% alkali-treated cellulose of
CNG and PNG. Meanwhile, for the WNG samples in Fig. 2a,
the composite films for the 8% alkali-treated cellulose of
WNG had the highest tensile strength (4.58 £0.373 MPa).
Based on these results, the presence of crystallisation fillers
in the films causes the molecular bond in the interaction
between chitosan and gelatine to become stronger [32, 33].
According to previous studies, gelatine- and chitosan-based
films are brittle and susceptible to cracking owing to the
resilient cohesive energy density of the polymer [8, 9]. Nev-
ertheless, Muhammad et al. [33] proposed that the trend of
the tensile strength gradually increases with the addition of
cellulose as fillers. Therefore, the alkaline treatments dur-
ing isolation process had improved the tensile strength to
sustain a high load in application [34]. This may be due to
the changes in the cellulose crystallinity during the isolation
process, which involves the removal of the weak amorphous
component [34].

Additionally, the mechanical properties in the composite
films were found to improve owing to the removal of the
hemicellulose and lignin in cellulose of WNG at an appro-
priate concentration [33]. In addition, stronger —OH inter-
actions between the filler and glycerol cause plasticisation
[35]. When glycerol is incorporated into the cellulose, chi-
tosan, and gelatine mixture, hydrogen bonding with glycerol
is formed [36]. Consequently, direct interactions between
mixtures were reduced, allowing the polymer chains to
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move freely [32]. However, as shown in Fig. 2a, the tensile
strength of the composite films for the 12 and 16% alkali-
treated cellulose of WNG was significantly decreased to
4.08 +0.183 and 3.78 +0.158 MPa, respectively. This may
be due to the uneven distribution of the filler may cause the
composite films to be inhomogeneous in one area, as shown
in the SEM micrograph. Besides, the filler orientation and
variation in the size of fillers also may affects the mechanical
strength of composite films [28, 37]. Notably, the composite
films using the cellulose of WNG consists of a variation in
the size of the filler owing to the mixture of the CNG and
PNG. The cellulose of CNG, which has a smaller diameter,
may cause it to be distributed randomly inside the composite
films [37].

Overall, the results of this study indicate that the removal
of hemicellulose and lignin at the appropriate concentration
for the production of composite films can have a positive
effect on the mechanical characteristics and interaction of
chitosan, gelatine, and cellulose [38]. Compared to the com-
posite films using the cellulose of WNG, CNG, and PNG, the
composite films for the 8% alkali-treated cellulose of WNG
had the highest tensile strength (4.58 +0.373 MPa), followed
by the composite films for the 16% alkali-treated cellulose
of CNG (4.36 +0.273 MPa), and the composite films for
the 16% alkali-treated cellulose of PNG (4.32+0.167 MPa).
Therefore, the results demonstrate that the composite films
using the alkali-treated cellulose has sufficient tensile
strength for biodegradable packaging [18, 19].

3.3 Fourier-Transform Infrared (FTIR) Spectroscopy

The FTIR spectra of the composite films for the 4, 8, 12, and
16% alkali-treated cellulose of WNG, CNG, and PNG are
shown in Fig. 3. From Fig. 3a—c, it is evident that the com-
mon bands observed at 3260-3390, 2910-2940, 1630-1644,
and 1030-1041 cm™! are attributed to O-H, C-H, C=0,
and C-0O absorption peaks, respectively [39]. The presence
of these four major absorption peaks in the FTIR spectra of
the composite films for 4, 8, 12, and 16% alkali-treated cel-
lulose of WNG, CNG, and PNG displayed the formation of
the biodegradable composite films [33]. Based on Fig. 3,the
peaks at 3260-3390 cm™! show that the hydrogen bond for-
mation in the pendant and hydroxyl groups, such as NH, and
OH of the carbohydrate structure occurred because of the
complex vibrational stretching [18, 19, 40]. The broadening
of the O—H groups also can occur owing to the interaction
of cellulose with gelatine and chitosan [26].

In addition, the common bands observed at
2910-2940 cm~! were due to the C—H stretching vibra-
tions of the methyl and methylene groups (CH,) in the
chitosan chain [18, 19, 41]. The other common peak at
1630—1644 cm™! was attributed to the adsorption of water
and the bending peaks of the C=0 and C=C bonds, which
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were not found in polysaccharides [18, 19, 41]. Additionally,
this peak may also be associated with the groups participat-
ing in the bonds formed between cellulose, chitosan, and
gelatine interactions [41, 42]. Moreover, based on Fig. 3, it
can be observed that the wavelength at 1000—1260 cm™" rep-
resents the C—O bending of the C—O-H group and C-O-C
stretching linkage of polysaccharide chains [41, 43]. The
rings, which are bound together with the C—O-C bond, are
also known as the glycosidic bond [44]. The change in crys-
tallinity of the cellulose result was due to the changes in the
CH, symmetrical bending vibration and glycosidic linkage
[44]. Therefore, the addition of cellulose extracted with a
higher concentration alkali treatment can enhance the effect
of the interaction mechanism between the molecular struc-
ture of chitosan and gelatine in the production of composite
films [18, 19].

Furthermore, the alteration in characteristic absorption
band frequency and intensity possibly indicated the role of
cellulose in strengthening composite films networks [32].
From Fig. 3a—c, it can be observed that the absorption
bands for the composite films using the 4% alkali-treated
cellulose of WNG, CNG, and PNG were 2924, 2938, and
2938 cm™!, respectively. The absorption band continued to
shift to a lower wavenumber for the composite films for the
8, 12 and 16% alkali-treated cellulose of WNG, CNG, and
PNG. These results showed that a more stable and stronger
hydrogen bonding exists when using cellulose in compos-
ite films production [33]. This also show that cellulose at
higher concentration alkali treatment does not affect the mol-
ecule in composite films production [33]. Consequently, this
decreased the free space in the composite films network and
strengthened the composite films structure [45]. Hence, the
ability of water and oxygen resistance of composite films
was improved [45]. Overall, the FTIR results demonstrated
that the quality of the composite films from the cellulose of
WNG, CNG, and PNG production was good, exhibiting an
improvement in chemical composition due to the incorpora-
tion of different cellulose extracts, chitosan, and gelatine in
composite films.

3.4 X-Ray Diffractometer (XRD)

The composite films for the 4, 8, 12, and 16% alkali-treated
cellulose of WNG, CNG, and PNG are shown in Fig. 4.
Based on Fig. 4a—c, it is evident that a new strong character-
istic reflection appeared from the diffraction patterns of the
composite films at around 20=12°, 15°, 20°, or 22°, which
indicate a crystalline structure [25]. Moreover, Fig. 4a—c
shows that the composite films for the 4% and 8% alkali-
treated cellulose of WNG, CNG, and PNG mainly exhibited
two diffraction peaks at around 26 =15° (broad) and 22°
(sharp and intense) indicating the cellulose I structure which
corresponded to the ((1-10), (110), and (200)) crystal plane

[18, 19, 46]. Meanwhile, the composite films for the 12
and 16% alkali-treated cellulose of WNG, CNG, and PNG
mainly exhibited three diffraction peaks at around 20=12°
(small and sharp), 20° (broad and intense), and 22° (sharp
and intense), indicating the cellulose II structure which cor-
responded to the ((1-10),(110), and (020)) crystal plane [4,
18, 19, 46]. This indicates that the crystalline structures of
the composite films can be affected by cellulose filler added
as different percent of alkali concentration used during the
isolation treatment process [44].

Furthermore, the numerical values of the Crystallinity
Index (CI) for the different composite films are shown in
Table 2. Table 2 also shows that the degrees of diffraction
angle for the composite films using 4, 8, 12, and 16% alkali-
treated cellulose of WNG, CNG, and PNG were completely
different from each other. These findings shows that the
presence of cellulose, chitosan and gelatine has affected the
preferred intensity at diffraction peaks but not the diffrac-
tion patterns of the composite films. Thus, the value of CI
for the composite films had decreases due to the mixed of
chitosan, gelatine and the cellulose extracted from the whole
stem, cortex and pith of NG at 4, 8, 12, and 16% concentra-
tions of NaOH treatment [20]. This was due to the change
in the upper angle specified a decrease in the subsequent
interlayer spacing, which signifies that a mixed component
has occurred in the composite films [26]. Besides, from
Fig. 4a—c, it can be observed that the composite films using
the 8% alkali-treated cellulose of WNG had the highest
value: 26 =22.68°, indicating that it had the most ordered
structure among the composite films [26]. This indicated
that the cellulose was uniformly dispersed in the composite
films and built a strong interaction with chitosan and gelatine
[45]. Overall, the XRD studies demonstrate that composite
films can change their amorphous arrangement when the
alkali-treated concentration of cellulose increases.

3.5 Scanning Electron Microscopy (SEM)
Observation

The differences between the physical structure of the com-
posite films for the 4, 8, 12, and 16% alkali-treated cellulose
of WNG, CNG, and PNG are shown in Fig. 5. The physi-
cal structure of the composite films became flexible and
smoother as the alkali treatment concentration increased.
Thus, the objective of fabricating composite films from agri-
cultural and food wastes to replace petrochemical source
was achieved.

The SEM was used to observe the morphology and
cross-sectional structure of the composite films. The SEM
micrographs of the composite films for the 4, 8, 12, and 16%
alkali-treated cellulose of WNG, CNG, and PNG surfaces
are shown in Fig. 6.
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Table2 X-ray diffraction . Composite films sample 20 at mini- Minimum 20 at highest dif- Intensity of  CI (%)

(XRD) result.s for th? composite mum (°) intensity fraction peak (°)  highest peak

films synthesized using

cellulose of WNG, CNG, and Cellulose I

PNG Composite film for WNG (4%)  17.62 90.71 22.19 227 60.04
Composite film for WNG (8%) 17.76 85.29 22.68 226 62.26
Composite film for CNG (4%) 17.34 90.71 22.37 235 61.4
Composite film for CNG (8%) 17.43 91.43 22.47 278 67.11
Composite film for PNG (4%) 17.54 95.71 22.56 214 55.28
Composite film for PNG (8%) 17.71 87.43 22.56 208 57.97

Cellulose II

Composite film for WNG (12%)  13.23 66.71 19.9 217 69.26
Composite film for WNG (16%)  13.71 60.29 21.68 183 67.05
Composite film for CNG (12%) 13.48 64.14 20 204 68.59
Composite film for CNG (16%) 13.83 68.57 19.77 227 69.79
Composite film for PNG (12%) 13.67 62.43 19.9 199 68.63
Composite film for PNG (16%) 14.07 66.29 20.08 198 66.52

From the SEM results, it can be seen that there is a dif-
ference in the cellulose structure of the composite films for
the 4, 8, 12, and 16% alkali-treated cellulose of WNG, CNG,
and PNG. Based on Fig. 6a—c, the SEM micrographs of the
composite films for the 8% alkali-treated cellulose of WNG,
CNG, and PNG showed a fluctuating, continuous structure,
and better compatible morphology without cavities, edges,
and holes [47]. Besides, Fig. 6¢ also demonstrates that the
composite films for the 12 and 16% alkali-treated cellulose
of PNG consisted of cellulose structures similar to twisted
ropes tied to each other [12]. Thus, it confirmed the supe-
rior bonding among components, which was attributed to
the existence of chemical interactions between cellulose,
chitosan, and gelatine [47]. In addition, the added glycerol
helped make a homogenous mixture with clear signs of plas-
ticisation in the composite films with a smoother surface
morphology [26]. This may be owing to the biomass com-
position and interactions between cellulose, chitosan, and
gelatine in the composite films.

However, from Fig. 6a and c, the composite films using
the 4% alkali-treated cellulose of WNG, and PNG shows that
the multicellular structures of filler were present. Besides,
the filler-pulled-out propagations in the composite films
indicate poor bonding among the components [27]. Moreo-
ver, it can be observed from Fig. 6a that the composite films
for the 12 and 16% alkali-treated cellulose of WNG had cel-
lulose structures with various diameters twisted to each other
[32]. Thus, this cause some voids on the surface and result
in poor tensile properties [27]. Furthermore, the composite
films using the 12 and 16% alkali-treated cellulose of CNG
shows poor interfacial adhesion on the surface morphology
as a result of the non-homogeneity of the composite films.
The lack of a solvent interaction in the solution casting pro-
cess might be the reason for the resulting structure and the

poor homogenisation of chitosan and gelatine [38]. This is
because incompatible mixtures would reflect the porosity
of a specific surface area [32]. Overall, the results indicated
that composite films using the 8% alkali-treated cellulose
from NG exhibited a homogeneous structure on its surface,
which proved the high quality and good architecture of the
produced composite films [4].

4 Conclusions

The thermal behaviour, strength analysis, composition,
crystallinity, and morphology confirmed a variation in the
composite films. The results show that the addition of dif-
ferent concentrations of alkali-treated cellulose of WNG,
CNG, and PNG in composite films can enhance the effect on
its characteristics and incorporation of cellulose, chitosan,
and gelatine. The presence of O-H, C-H, C=0, and C-O
absorption peaks in the FTIR spectra of composite films con-
firmed the formation of biodegradable film. The XRD stud-
ies demonstrate that composite films can change the amor-
phous arrangement when the alkali-treated concentration of
cellulose increases. The results also show an improvement
in the thermal stability of the additional cellulose due to
the strong interaction bonds formed between cellulose, chi-
tosan, and gelatine. Overall, the incorporation between 8%
alkali-treated cellulose of WNG, chitosan and gelatine had
produced the most ordered structure (20 =22.68°) among the
composite films. In addition, it had the highest final residues
for composite films (74.85%), which indicated that it could
resist thermal degradation at high temperatures. Thus, the
study demonstrates that the NG stem has a significant poten-
tial for the industrial production of composite films.
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Fig.5 Composite films for the 4, 8, 12, and 16% alkali-treated cellu-
lose of a WNG; b CNG; and ¢ PNG
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