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Abstract: Polyvinyl alcohol (PVA) is a polymer used as an active layer
alternative. These advantages depend on the humidity rate or the water vapour
transmission rate. Kenaf is a plant rich in fibre and used as a primary source of
cellulose. This research aimed to analyse PVA films’ physical, mechanical, and
morphological characteristics by adding nanocellulose kenaf and glycerol. The
cellulose isolation of kenaf was done by the smoothing of the fibre method,
delignification, and bleaching. The steps for producing nanocellulose were
using  2,2,6,6-tetramethyl-1-piperidinyloxy,  ultrafine  grinding, and
ultrasonication. Nanocomposite film (PVA + nanocellulose + glycerol) was
produced using the solvent casting method. The treatments in this study were
the addition of cellulose nanofiber (0%, 3%, and 5%) and the addition of
glycerol (0% and 2%). The results showed that adding nanocellulose can
increase the total value of colour difference (AE) and tensile strength but
reduce the value of light transmission, water vapour transmission rate (WVTR),
and elongation. The addition of glycerol has a positive effect on the elongation
value but has a negative impact on the WVTR value and tensile strength. The
film had the highest total colour difference (AE), adding 5% nanofiber cellulose
and 2% glycerol (1.62 +0.49). The best tensile strength was sorted in film,
adding 5% nanofiber cellulose without glycerol. The highest elongation break
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was on nanocomposite film, adding 5% cellulose and 2% glycerol. We
concluded that reinforcing nanocellulose kenaf can enhance PVA film’s
physical and mechanical characteristics.

Keywords: kenaf, nanocomposite film; PVA; polyvinyl alcohol;
2,2,6,6-tetramethyl-1-piperidinyloxy.
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1 Introduction

Polyvinyl alcohol (PVA) is an environmentally friendly polymer. PVA has several
superior properties, including resistance to oxygen, mechanical properties, chemical
resistance, film-forming ability, and solubility in water (Tian et al., 2017). Barrier
characteristics on films are essential because they affect the shelf life of packaged food
products (Ma et al., 2016). However, the presence of clusters of the dominant hydroxyl
causes the characteristic low water vapour barrier. The addition of nanocellulose fillers
has been widely developed (Liu et al., 2014). This is because nanocellulose comes from
plants whose availability is abundant, inexpensive, and non-toxic. In addition, adding
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nanocellulose can increase the crystallinity, surface area, and the ability to disperse in
plastic composites (loelovich, 2012). With this ability, adding nanocellulose to the
polymer matrix produces better physical and mechanical characteristics and is
environmentally friendly (Silverio et al., 2013). In addition, PVA cellulose-based films
can produce thick and robust food packaging. On the other hand, it has high flexibility
because it can be modified to various laboratory conditions. The reaction between PVA
and cellulose reportedly increases the film’s toughness and water absorption capacity
(Panda et al., 2022).

Kenaf is a natural cellulose source plant that has the potential to be added to polymers
(Akhtar et al., 2017). Kenaf belongs to the genus Hibiscus (Faruk et al., 2012). Kenaf
produces a fibre of about 56% cellulose in the bark and 46% in the core. Kenaf has a
strong structure and can withstand the pressure applied. Compared with natural fibres
such as sisal, banana, and hemp, kenaf has greater adaptability, large biomass, and lower
production costs (Khan et al., 2023). Hafizah et al. (2014) reported that the tensile
strength of kenaf/epoxy composites, kenaf/polyester composites, and kenaf/vinyl ester
composites were 3—6 times higher than non-composite polymers.

Nanocellulose has been successfully added to several polymers as nanofillers,
including polylactic acid, starch, polycaprolactone, alginate, polyethylene oxide, and
PVA (Liu et al., 2014). Qiu and Netravali (2012) reported that adding nanocellulose to
the PVA film improved the mechanical and thermal characteristics. Similar results were
obtained in Ibrahim et al.’s (2010) study, which found that adding nanocellulose to PVA
composites increased mechanical characteristics such as tensile strength and percentage
elongation. PVA-based composite films have shown high potential for use as active and
smart food packaging (Oun et al., 2022).

Plasticisers are non-volatile compounds that usually can biodegrade. This allows for
improving the properties of the film. Commonly used plasticisers are polyols, mono-,
di- and oligosaccharides (Kazon et al., 2018). Glycerol is a plasticiser widely applied to
hydrocolloid-based films because it can increase film flexibility and adequate
processability (Ben et al., 2022). Therefore, the effect of adding glycerol on kenaf film
nanocomposites needs to be studied.

The ability of nanocellulose to improve film characteristics is influenced by the
characteristics of nanocellulose. Size, variety, source, nanocellulose content, and
plasticiser added to the film are essential factors determining the manufacture of
nanocellulose-based films. The purpose of this study is to assess the production of
cellulose nanofiber from kenaf plant sources to analyse the characteristics of the physical,
mechanical, and structural morphology of nanocomposite films by adding nanofiber of
kenaf cellulose and glycerol as a plasticiser.

2 Materials and methods

2.1 Kenaf nanocellulose production

Stages of kenaf fibre cellulose isolation refers to the method of Abe et al. (2007), which
comprises smoothing the fibre, reflux/delignification, and bleaching. Delignification was
done using the soxhlet method using toluene: ethanol (2 : 1) solvent for 6 h. Bleaching is
carried out by mixing 31.9 fibre plus 9 g of NaClO2, 1.2 mL of acetic acid, and 900 mL



192 S. Aminah et al.

of distilled water heated in a water bath at 70-80°C. The results were rinsed to pH seven
and soaked in 6% KOH for 24 h, followed by heating at 90°C for 20 min.

Nanocellulose production is divided into two types: TEMPO oxidation methods and
without oxidation. The later stages are the same: ultrafine grinding and ultrasonication.
TEMPO oxidation refers to the method developed by Saito et al. (2007). A total of
83.74 g of cellulose fibre with a dry weight of 12 g was suspended in a mixture of 1200
ml of water, 0.192 g of TEMPO, and 1.2 g of NaBr and 60 mmol NaClO, (pH 10) were
added. The solution was maintained at a pH 10 with 0.5 M NaOH gradually for 5 h.
Ethanol 5 ml was added to stop the reaction. TEMPO-oxidised cellulose is rinsed with
distilled water until the pH is neutral and the water is separated. Ultrafine grinding uses
2% of solid contents plus the gap, and the number of repetitions used in this study is +5
(15x), 0 (15x), =5 (15x), =10 (10x), —12.5 (2x). Ultrasonication done by 4 = 80, # =80
min, and 7 < 50°C. The obtained nanocellulose was characterised by its morphological
structure by scanning electron microscope (SEM) and transmission electron microscope
(TEM), as well as the characterisation of functional groups by FTIR (ASTM E 168).

2.2 Manufacture of nanocomposite film polyvinyl alcohol (PVA)/kenaf
nanocellulose

Nanocomposite manufacturing is done by solvent casting method with modifications of
Cho et al.’s (2011) method. Solution of 5% PVA made by dissolving the PVA powder
and distilled water at 130—150°C. A solution of 5% PVA was added with different
concentrations of nanocellulose (Table 1). The solution was stirred for 3 h, let stand
for = 24 h, and put on the Teflon. Thus, the solution was placed at 50°C until it dried out.
The combination treatments are in Table 1.

2.3 Characterisation of nanocomposite films based on polyvinyl alcohol

Characterisation includes morphological physical properties and mechanical properties.
Characterisation of physical properties includes the analysis of film thickness with a
micrometer, the analysis of water vapour transmission rate (water vapour transmission
rate/ WVTR) with ASTM E 168 (2009) methods, transmission analysis of light with
UV-Vis spectrophotometer, and colour analysis with chromameter. The mechanical
characterisation measured by the universal testing machine (UTM) includes tensile
strength and elongation.

2.4 Experimental design

The experimental design used a Completely Randomised Factorial Design with three
factors. The factors were the type of nanocellulose (TEMPO and without TEMPO), the
concentration of nanocellulose (3%, 5%), and the addition of glycerol (0% and 2%). This
research used three replications. Data analysis used analysis of variance (ANOVA) with
SAS software version 9.2. The significantly different results were followed by Duncan’s
further test with a significance level of a = 5%.
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Table 1 The combination treatments in producing nanocomposite
Treatment

Samples Glycerol (%) Nanocellulose (%) Type of nanocellulose
P 0 - N
PN3GO 0 3 N
PN5GO 0 5 N
PN5GOT 0 5 NT
PN3GOT 0 3 NT
PG2 2 - NT
PN3G2 2 3 N
PN5G2 2 5 N
PN3G2T 2 3 NT
PN5G2T 2 5 NT

(N): Nanocellulose without TEMPO steps, (NT): Nanocellulose with TEMPO steps.

3 Results and discussion

3.1 Characteristics of functional groups

Fourier Transform Infrared Spectroscopy is an analytical technique to identify the
chemical structure of vibration or blend caused by the sample treatment difference
(Khawas and Deka, 2016). The nanocellulose produced was analysed using FTIR to
determine the functional groups produced after TEMPO oxidation treatment. The results
of the FTIR test on the sample can be seen in Figure 1.

Figure 1 FTIR transmission value shift after TEMPO treatment (see online version for colours)
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Figure 1 shows the FTIR spectra from kenaf cellulose insulation results and
kenaf cellulose after the TEMPO oxidation process. Figure 1 shows that the peak
at 3433 cm™' indicates some of the OH group. OH groups in cellulose TEMPO showed a
lower intensity than those in cellulose. This is because the function of TEMPO
oxidisation that modifies the OH group contributes to hydrophilic properties becoming
less produced.

Peaks of nanocellulose samples without or with TEMPO oxidation modified TEMPO
oxidation is no different. This means that the TEMPO oxidation process that was carried
out was not effective. A less-than-optimal formulation causes this. Zhou et al. (2012)
stated that during the TEMPO reaction, at room temperature and in an alkaline medium,
changes in the morphological characteristics of the fibre occur and produce functional
surfaces (carboxyl, aldehyde, and hydroxyl).

3.2 Morphological characteristics

Morphological characteristics were observed to see the effects of each stage of
nanocellulose production. The morphology of kenaf nanocellulose in this study was
observed using SEM and TEM. SEM is used to determine the surface profile
nanocellulose. Kenaf nanofiber cellulose produced in this study can be seen with a SEM
at 15000x magnification and 89.63 nm diameter (Figure 2). Chaker et al. (2014) stated
that nanocellulose is cellulose with a diameter less than 100 nm. The results of SEM
observations on the sample can be seen in Figure 2.

Figure 2 Results of scanning electron microscope
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The distribution level of nanocellulose was seen using TEM. The results of observations
on TEM can be seen in Figure 3.
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Figure 3 Results of TEM: (A) nanofiber cellulose after grinding; (B) nanofiber cellulose tempo
after grinding; (C) nanofiber cellulose after ultrasonication and (D) TEMPO
nanocellulose after ultrasonication (see online version for colours)

Bar 500 nm.

Figures 3(A) and (B) show that the cellulose was successfully fibrillated after grinding.
The ultrafine grinding stage increases the surface area and solvent access to the fibre
interior, so defibrillation is effective (Chandra et al., 2016). However, the distribution
could be more optimal. Some fibre structures are in the form of bound threads. On the
other hand, the TEMPO method nanocellulose (Figure 3(B)) looks more fibrillated.
Ketabchi et al. (2015) stated that The TEMPO oxidation process can help the
defibrillation process more optimally. Figure 3(C) and (D) show cellulose with ultrafine
grinding and ultrasonication processes. The nanocellulose structure is well distributed.
These results were strengthened by morphological analysis with SEM.

3.3 Physical characteristics

The physical characteristics of this research are the film thickness, the total value of
colour difference (AF), and the water vapour transmission rate (WVTR). The test results
of each parameter are presented in Table 2.

3.4 The total value of colour difference (4E)

The value of AE can be used as a consideration before the application of nanocomposites
as packaging for food products. The lower the value of AE in the nanocomposite, the
visual appearance of the packaged product does not change much. In Table 2, it can be
seen that adding nanocellulose in general only slightly increased the value of AE. Li et al.
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(2012) produced a composite film with a more turbid colour as the amount of
nanocellulose added. A significant increase was seen in the addition of 5% nanocellulose.
This amount is able to make the colour of the film become more cloudy. Pereira et al.
(2014) added 5% nanocellulose from banana fibre in PVA and increased the E value due
to the increase in light absorbed by the nanocomposite. Nanocellulose also fills the voids
between the polymer matrix chains, increasing the nanocomposite’s light barrier

(Fortunati et al., 2013; Savadekar and Mhaske, 2012; Silverio et al., 2013).

Table 2 Nanocomposite physical characterisation

Sample code AE WVTR (gr/h/mm?)  Light transmission (%)
p 1.42 +0.01* 134.41 + 8.65*8 83.13 +£0.97%
PN3GO 1.11£0.13%8 91.66 +2.17°PF 57.97+1.148
PN5GO 1.53 £ 0.00%P 80.67 + 12.26°F 58.76 + 3.70°
PN3GOT 1.29 +0.145%¢ 93.34 + 8.71°F 64.88 + 2.46°
PN5GOT 1.06 +0.15% 105.12 + 13.51F 81.22 +2.98°
PG2 1.25+0.22° 94.12 + 16.07°PF 72.53 +0.054
PN3G2 1.09 £ 0.17°%¢ 103.90 + 12.60PF 71.17 £3.208
PN5G2 1.26 + 0.05B 139.88 + 3.244 65.06 +0.14¢
PN3G2T 0.92 + 0.06° 109.52 + 5.31°P 61.77 = 0.53P
PN5G2T 1.53 +0.08* 116.21 + 4.205C 56.47 + 4.41°

The difference between the letters A-E in the same column shows a significant difference in
Duncan’s post hoc test with=5%. AE (the total value of colour difference), Water vapour
transmission rate (WVTR); P =PVA film; PN3G0 = PVA + 3% nanocellulose; PN5G0 = PVA +
5% nanocellulose; PN3GOT =PVA + 3% mnanocellulose TEMPO; PN5GOT =PVA + 5%
nanocellulose TEMPO; PG2 =PVA + 2% glycerol; PN3G2 =PVA + 3% nanocellulose + 2%
glycerol; PN5G2 = PVA + 5% nanocellulose + 2% glycerol; PN3G2T = PVA + 3% nanocellulose
TEMPO + 2% glycerol; PNSG2T = PVA + 5% nanocellulose TEMPO + 2% glycerol.

The lowest AE value was found in the PN3G2T film sample (PVA with the addition of
2% glycerol, 3% nano cellulose TEMPO) of 0.92 + 0.06 while the highest AE value was
found in the PN5SG2T film sample (PVA with the addition of 5% tempo kenaf
nanocellulose, and 2% glycerol), namely of 1.53 + 0.08. However, there is no statistically
significant difference. Fukuzumi et al. (2009) state that fibres that go through the
TEMPO oxidation process will be more easily fibrillated and produce nano size with
good dispersion for better transparency. The appearance of the PVA film nanocomposite
produced in this study can be seen in Figure 4.

3.5 Water vapour permeability (water vapour transmission rate/WVTR)

The WVTR test results in Table 2 show that the addition of nanocellulose can reduce the
WVTR value. Adding nanocellulose at a concentration of 5% resulted in a lower WVTR
value. Pereira et al. (2014) added 5% banana stem nanocellulose to PVA and produced a
nanocomposite with a lower WVTR than without nanocellulose. Nafchi et al. (2013)
reported that nanoparticles added to the polymer will fill the molecular structure, thereby
reducing water vapour transmission.
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Figure 4 Nanocomposite film PVA. P = PVA film; PN3G0 = PVA + 3% nanocellulose;
PN5GO0 = PVA + 5% nanocellulose; PN3GOT = PVA + 3% nanocellulose TEMPO;
PN5GOT = PVA + 5% nanocellulose TEMPO; PG2 = PVA + 2% glycerol;
PN3G2 = PVA + 3% nanocellulose + 2% glycerol; PN5G2 = PVA + 5% nanocellulose
+ 2% glycerol; PN3G2T = PVA + 3% nanocellulose TEMPO + 2% glycerol,
PN5G2T = PVA + 5% nanocellulose TEMPO + 2% glycerol

The cellulose type factor did not significantly affect the WVTR value. Kumar et al.
(2014) stated that the composition of the film surface influenced the WVTR value. The
number of hydroxyl groups on the film will increase the WVTR value. Based on the
FTIR results in Figure 1, it is known that there is no significant change in the number of
hydroxyl groups both before and after the modified TEMPO oxidation reaction. This
causes no significant change in the WVTR value. The number of carboxylic groups
whose number did not change significantly also caused the WVTR value to be similar.

Films treated with 2% glycerol addition increased the WVTR value. This is
evidenced by analysis of variance; Duncan’s difference test found that the treatment
combination with the addition of glycerol had a significant mean value or significantly
different at the 5% level of significance compared to the film without the addition of
glycerol. Pudjiastuti et al. (2012) also found a decrease in the barrier properties of
nanocomposites added with plasticisers. Glycerol is hydrophilic and can reduce
intermolecular tension in the film matrix, causing the intermolecular space to be larger
and water vapour to easily penetrate the film. The addition of glycerol also causes a
decrease in internal hydrogen bonds and an increase in intermolecular distance, which
causes an increase in the rate of water vapour transmission.

3.6 Light transmission (%)

The level of transparency can be distinguished manually by placing the film in front of
the object (Li et al., 2013). The more transparent a film, the more precise the object
behind it is; conversely, the appearance of a blurred object indicates a low level of film
transparency. The addition of nanocellulose causes the value of light transmission on the
nanocomposite film to decrease. However, there was no significant difference in light
transmission values between nanocomposite films with the addition of 3% and 5%
nanocellulose. The decrease in the value of light transmission is due to a filler in the form
of nanocellulose, which is fused with the polymer matrix to form irregular webs; the
more nanocellulose is added, the more dense the nets will be. This makes it difficult for
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light to penetrate the composite layer. In addition, nanocellulose has a more turbid colour,
so adding the film matrix will reduce the transparency value.

The addition of different types of nanocellulose affects the value of light
transmission. The film with the addition of nanocellulose through the modified TEMPO
oxidation step has a lower light transmission value than the film with the addition of
nanocellulose without going through the TEMPO oxidation. This result is not in line with
Fukuzumi et al. (2009), who state that fibres that undergo the TEMPO oxidation process
will be more easily fibrillated and produce nano-sizes with good dispersion so that they
have better light transmission. This is because the nanocellulose with TEMPO oxidation
in this study has a dispersion level that is not optimal in the PVA film, which makes it
harder for light to penetrate the film. Light transmission is highly dependent on the
dispersion ability of nanocellulose in the film (Li et al., 2013).

The addition of 2% glycerol does not affect the light transmission value of the
resulting film. This is because the added glycerol is in the form of a transparent gel. The
addition of glycerol in a small amount also did not change the light transmittance value of
the film.

3.7 Mechanical characteristics

3.7.1 Tensile strength

The factors that significantly affected the film’s tensile strength in this study were the
amount of nanocellulose, the type of nanocellulose, and the addition of 2% glycerol. The
results of the tensile strength of the sample in this study can be seen in Figure 5.

In Figure 5, it can be seen that adding nanocellulose to the PVA film can increase the
tensile strength value. Based on the results of Duncan’s different test with = 5%, the
concentration factor of nanocellulose with a level of 5% significantly affected the tensile
strength value. Iriani et al. (2015) produced a tensile strength of 20-30 MPa for
nanocomposites by adding 40% pineapple fibre nanocellulose without adding glycerol.
Nanocellulose can produce a large surface area, reducing the number of cavities that
make up the film.

Nanocellulose with TEMPO has a significant effect on the value of tensile strength.
Nanocomposite films with nanocellulose added through a modified TEMPO oxidation
process have a higher tensile strength value. Chaabouni and Sami (2017) stated that the
increase in the tensile strength value of the film with the addition of TEMPO
nanocellulose also indicated a better dispersion level and a strong interaction between
nanocellulose and the film matrix.

Adding a plasticiser in the form of 2% glycerol to the film affects its film’s tensile
strength. The value of the film’s tensile strength with the addition of glycerol is lower
than the value of the film’s tensile strength without the addition of glycerol. Iriani et al.
(2015) produced nanocomposites by adding 1% glycerol, reducing the tensile strength by
half. Adding glycerol will reduce the intermolecular tension that composes the film
matrix so that the film will be weaker against mechanical treatment. In addition, glycerol
will reduce the stability of the solid dispersion system, resulting in weak physical
properties (Huri and Fithri, 2014). Increasing glycerol will also reduce intermolecular
interactions and increase polymer chain movement so that the tensile strength decreases
(Chen et al., 2008).
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Figure 5 Effect of TEMPO treatment and addition of glycerol on the tensile strength of
nanocomposites. The difference between the letters A-E in the same column shows a
significant difference in Duncan’s post hoc test with = 5%. P = PVA film;

PN3GO = PVA + 3% nanocellulose; PN5G0 = PVA + 5% nanocellulose;

PN3GOT = PVA + 3% nanocellulose TEMPO; PN5GOT = PVA + 5% nanocellulose
TEMPO; PG2 = PVA + 2% glycerol; PN3G2 = PVA + 3% nanocellulose + 2%
glycerol; PNSG2 = PVA + 5% nanocellulose + 2% glycerol; PN3G2T = PVA + 3%
nanocellulose TEMPO + 2% glycerol; PNSG2T = PVA + 5% nanocellulose TEMPO +
2% glycerol
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The results of the combination test of these three factors (glycerol, amount of
nanocellulose, and type of nanocellulose) using SAS 9.2 software showed that the best
treatment with the highest tensile strength value (48,003 MPa) was nanocomposite with
5% nanocellulose addition, modified TEMPO nanocellulose type, and without addition
glycerol.

3.7.2 Elongation

The addition of cellulose fibres in the form of nano reduces the elongation value Figure 6.
The nanocellulose fibres evenly distributed in the film matrix cause stronger interactions
so that the percent elongation will decrease. Meanwhile, 5% nitrocellulose and glycerol
addition at a 2% level showed the highest elongation value compared to other
combinations. Ramezani et al. (2014) added nanocellulose from aloe vera fibre in PVA.
They resulted in an elongation value that decreased from 165% (without adding
nanocellulose) to 6.6% (with the addition of nanocellulose as much as 2%). The intense
interaction between nanocellulose and the film matrix did not allow PVA to elongate.
The results of elongation of the sample in this study can be seen in Figure 5.
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Figure 6 Effect of tempo treatment and addition of glycerol on the elongation of nanocomposites.
The difference between the letters A-E in the same column shows a significant
difference in Duncan’s post hoc test with = 5%. P = PVA film; PN3G0 = PVA + 3%
nanocellulose; PN5G0 = PVA + 5% nanocellulose; PN3GOT = PVA + 3%
nanocellulose TEMPO; PN5GOT = PVA + 5% nanocellulose TEMPO; PG2 = PVA +
2% glycerol; PN3G2 = PVA + 3% nanocellulose + 2% glycerol; PN5G2 = PVA + 5%
nanocellulose + 2% glycerol; PN3G2T = PVA + 3% nanocellulose TEMPO + 2%
glycerol; PN5SG2T = PVA + 5% nanocellulose TEMPO + 2% glycerol
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The type of nanocellulose did not affect the elongation value. Films with TEMPO
nanocellulose had values that were not significantly different at the 5% level from films
added with nanocellulose without TEMPO. Soni et al. (2016) stated that nanocellulose,
through the TEMPO oxidation step, can increase the film’s strength without affecting its
flexibility.

On the other hand, the addition of glycerol affects the elongation value. Films with
the addition of 2% glycerol have a higher elongation value. This is because the
hydrophilic glycerol binds to the OH groups on the film matrix, thereby enhancing the
flexibility of the film. Huri and Fithri (2014) added that polyols such as glycerol function
effectively as plasticisers based on their ability to reduce internal hydrogen bonds by
increasing the free space between molecules, thereby reducing stiffness and film
flexibility. Glycerol is widely used as a plasticiser because of its small size and high
polarity.

The results of the combination test of these three factors (glycerol, the amount of
nanocellulose, and the type of nanocellulose) using SAS 9.2 software showed that the
treatment that had the highest elongation (249,007%) was nanocomposite film with the
addition of 5% nanocellulose, TEMPO type nanocellulose, with the addition of 2%
glycerol.

In general, this research was successful in producing kenaf nanocellulose.
Nanocellulose kenaf added to PVA film can improve physical and mechanical
characteristics. The addition of glycerol causes an increase in the elongation value.
However, further research is needed. Studies regarding the shelf life of nanocomposites
and how they are applied as food packaging need to be carried out.
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4 Conclusion

Adding nanofiber cellulose isolated from kenaf plants can maintain and increase PVA
film’s physical and mechanical characteristics. The addition of cellulose nanofiber
increased the value of tensile strength. Meanwhile, the addition of glycerol gave a lower
tensile strength value. Adding nanofiber cellulose as much as 5% without adding glycerol
gave the best result on tensile strength value. The addition of nanofiber cellulose can
reduce the value of elongation. The highest elongation value in the nanocomposite films
with cellulose nanofiber is 5% and 2% glycerol.
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