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Chitosan (CHT) is a biodegradable compound and has excellent performance in forming films; on the
other hand, nanocellulose (NCL) crystals have low densities and are less expensive than other nanofillers.
A novel and simple method was applied to develop CHT-NCL nanocomposite (NCP) from CHT powder
of high molecular weight and NCL particles having two dimensions in nanoscale; a rotor stator and
an ultrasound device were used to separate different nanolayers from each other and facilitate their
dispersion into polymer matrix. The optimized NCP indicated superior mechanical properties compared
with some synthetic films; approximate values of 47% elongation-at-break, 245 MPa tensile strength
and 4430 MPa Young’s modulus were achieved. Water vapour permeability (WVP) value of the NCP was
at optimal level of 0.23 x 10-!! (g/msPa) which was much less than the most biofilms’ WVP values.
FESEM analyses revealed that high concentrations of CHT and NCL composed inter-connected structures
justifying high elongation capability of CHT-NCL NCP.
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1. Introduction

Chitosan (CHT), the cationic (1-4)-2-amino-2-deoxy-f3-D-
glucan, is industrially produced in various quality grades from
chitin, the second most abundant polysaccharide in nature
(Muzzarelli et al., 2012; Muzzarelli, 2012; Tome et al., 2013). CHT
is a non-toxic and biodegradable compound and has excellent per-
formance in forming films (Hardy, Hubert, Macquarrie, & Wilson,
2004). Molecular weight of CHT deeply affects the permeability,
mechanical and thermal properties of the obtained film (Butler,
Vergano, Testin, Bunn, & Wiles, 1996). CHT films have moderate
water vapour permeabilities and exhibit good barrier properties
against oxygen permeation (Rudrapatnam & Faroogahrned, 2003).

Cellulose, as the most abundant polymer in the environment,
regards as one of the most important elements in the plant struc-
tures and guarantees the integrity of cellular structure (Righi et al.,
2011). Different cellulose derivations with various applications
could be obtained by physicochemical treatments on cellulose;
since the aim of treatment application is grinding the long chains
of cellulose polymers, hydrolysis process is applied on cellulose
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microfibrils and then chemical compounds and impurities are
removed by washing and residuals are treated by spray drying pro-
cess (Dadashi, 2011). Obtained crystals have low densities, high
elongation moduli and tensile strengths (Klemm, Heublein, & Fink,
2005); besides, they have high biodegradability rates and are less
expensive than other nanofillers (Hansson et al., 2013). This high-
lights their suitability to be applied as nano-reinforcer materials in
biodegradable packaging.

Nanocomposites (NCPs) are novel polymer matrices which have
been incorporated by nanoparticles (NPs) having at least one
dimension in nanoscale (Petersson & Oksman, 2006). Cellulosic
nanocomposites are usually used to achieve excellent strength
properties (Mikkonen et al., 2011). Dadashi (2011) evaluated the
effect of three different levels of the current nanocellulose (NCL) (3,
5 and 7%) on poly lactic acid matrix. Since NCL, as a polysaccharide
and hydrophilic compound, is in fibrous state and its dimensions
are greater than counterparts of other NPs, it was recommended
to be used as a reinforcement constituent in such a way that it
won’t change the matrix context. They suggested the level of 3%
NCL to obtain less water vapour permeability rates and higher
tensile moduli for final films. Khan et al. (2012) reported that
incorporation of even 1% (w/w) NCL with 5-10 nm width could sig-
nificantly increase tensile modulus of CHT film, which was equal
to 43% increase compared with control CHT film. Of course, when
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Table 1
RSM Box-Behnken experimental designfor independent variables.
Std. No. of CHT level NCL level GLY level
treatment (%w/0.6v) (%wW/wenr) (%v[wenr)
1 1.00 0 60
2 1.30 0 60
3 1.00 2 60
4 1.30 2 60
5 1.00 1 30
6 1.30 1 30
7 1.00 1 90
8 1.30 1 90
9 1.15 0 30
10 1.15 2 30
11 1.15 0 90
12 1.15 2 90
13 1.15 1 60
14 1.15 1 60
15 1.15 1 60

5% NPs was incorporated, tensile strength, tensile modulus and
elongation at break reached a plateau; incorporation the higher lev-
els of NCL couldn’t improve mentioned parameters, attributed to
potential aggregation of NCL particles above the threshold point.
Hassan, Hassan, and Oksman (2011) reported that improvement
of tensile strength for CHT-NCL NCPs was significant with the
incorporation of just 2.5% NCL having 7-24 nm diameters, which
was attributed to the formation of percolated/interconnected net-
work of cellulose NPs within CHT matrix. In general, previously
prepared chitosan-nanocellulose composites did not show appro-
priate water vapour permeability or mechanical strength rates to
substitute common synthetic polymers. The aim of this research
was to apply different types of raw materials to warrant better
homogeneity for incorporated NCL particles into CHT matrix in
order to improve final diverse properties of nanocomposites. Also,
our objective was to obtain the optimized amount considering all
factors including the raw material consumption and the properties
of final NCPs in order to replace synthetic polymers frequently used
in the packaging industry.

2. Material and methods
2.1. Materials

CHT powder, having molecular weight of 600-800 kDa, and cel-
lulose NPs, with 20-50 nm diameters, were purchased from Acros
Organics Co., Belgium and Asahi Kasei Corp., Japan, respectively.
Absolute acetic acid and glycerol (GLY), sodium chloride, calcium
chloride and magnesium nitrate were prepared from Merck Co.,
Germany.

2.2. Film preparation

Certain amounts of CHT powder (Table 1) were dissolved in
40 mL aqueous solution (1%, v/v) of glacial acetic acid; stirring was
conducted at 50 °C and 250 rpm by a heater-stirrer (CB162, Stuart®,
UK) for 2 h. In parallel, certain amounts of cellulose NPs (Table 1)
were added to 20 mL distilled water and dispersed at the same con-
ditions as CHT for 2 h. Then, the solution was homogenized with a
rotor stator (IKA®T25 digital, Ultra-Turrax®, Germany) at 8000 rpm
for 15min and an ultrasound device (TI-H-10, ElIma®, Germany)
at 35kHz and 100% power without heating for 30 min. Deaeration
was conducted in a thermostat vacuum oven (Croydon, Townson
& Mercer Ltd., UK) at 600 mmHg for 1 h without heating. The solu-
tions were casted on the center of glass plates which had 100 cm?
surface areas and were inside the oven at 37 °C; the required time
for film forming was 48 h. The dried films were removed from the

plates and placed inside the oven for two further days to evaporate
residual solvents completely and finally were placed in hermetic
packaging plastics (18 cm x 14 cm; Pollyetilen Co., Iran).

2.3. Physical properties of NCPs

2.3.1. Thickness

Thickness of different films was determined by a digital microm-
eter (Mitutoyo Company, Japan) to the nearest 0.001 mm. For each
sample, 8 random positions around the film were measured and
mean value was used for determination of physical and mechanical
properties.

2.3.2. Transparency

This was determined by a lux-meter device (Testo 540 pocket
sized, UK). For this purpose, its light sensor was located under the
light source and the number of received luxes from the source
was recorded. Then, in the stable conditions, the samples were
placed under the light sensor and received luxes were recorded and
reported in terms of the percent and on the basis of two obtained
values (Dadashi, Mousavi, Emam, Jomeh, & Oromiehie, 2012). Rates
of light illustration were measured from four different directions
of the films and mean values were reported.

2.3.3. Moisture content

To carry out this analysis, empty capsules were located in the
oven at 110°C for 1h to reach the constant weight. Film samples
were cut into 3cm x 1 cm pieces; then, they were placed into the
capsules and weighed and finally, the capsules were placed in the
oven at 110°C to reach the constant weight (Ghasemlou, Khaksar,
Mardani, Shahnia, & Rashedi, 2013). After cooling in the desicca-
tors, the whole films and capsules were weighed to obtain the dry
sample weights. Moisture contents of the films were calculated on
the basis of wet weight as follows:

Wet sample weight — Dry sample weight
Wet sample weight

MCuyp, = ( X 100)

2.3.4. Solubility in water

The dried films were then immersed in 50 mL of distilled water
for 12 h at 25°C (Ghasemlou, Khodaiyan, Oromiehie, & Yarmand,
2011). Next, the films were taken out from the water by blotting
with filter papers previously dried and weighed to remove the sur-
face adsorbed water. Remaining pieces of films were dried at 110°C
to constant weight (Final dry weight). Solubility in water (WS) was
calculated by using the following equation:

WS — (Imtlal dry weight — Final dry weight

Initial dry weight * 100)

2.3.5. Color

The values were determined by a chromameter (Minolta CR 300
Series, Minolta Camera Co., Ltd., Japan). Measurements were per-
formed by placing the NCP films over the standard white paper:
L*=93.49, a*=-0.25 and b*=-0.09. The CIELab scale was used,
L* (white=100 and black=0) and chromaticity parameters of a*
(red=60 to green=-60) and b* (yellow=60 to blue=-60) were
measured. For each film, 3 different points were selected (Ojagh,
Rezaei, Razavi, & Hosseini, 2010).

2.3.6. Water vapor permeability (WVP)

The WVP test was conducted gravimetrically using ASTM pro-
cedure E96-95 (1995). At first, the measurement cells filled with
anhydrous calcium chloride desiccant to create a 0% RH storage
condition and the surfaces of cells were covered with the films and
sealed with molten paraffin. To maintain a 75% RH gradient across
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the film at 25 °C, a sodium chloride-saturated solution was used in
the desiccator. The RH difference between two sides of the films cre-
ates a vapor pressure equal to 1753.55 Pa. The cells were weighted
at 2-h intervals during 18 h by a digital balance (GK1203, Sartorius
Co., Germany) nearest to the 0.0001. The slope of the weight loss
versus time was obtained by linear regression. Water vapor transi-
tion rate (WVTR) and water vapor permeability were calculated by
the following equations, respectively:

WVTR — (Curve slope)

Film area

WVP =

( Thickness x WVTR)
Pressure difference

2.4. Mechanical properties of NCPs

Prepared films were placed on the aluminum foils and main-
tained for moisture equilibrium in desiccator at 25°C and 50%
RH for 24 h. Saturated magnesium nitrate solution was used to
meet required relative humidity. Mechanical properties of the films
were measured using a SANTAM Machine (STM-5, SANTAM, Iran)
according to the ASTM method D882 (ASTM, 2001); initial grip sep-
aration and crosshead speed were set at 50 mm and 5 mm/min,
respectively. Tensile strength (TS), elongation-at-break (EB) and
Young’s modulus (YM) were calculated from Force-Extension
curves. EB value was calculated as the ratio of the final length at
the point of sample rupture to the initial length of a specimen and
expressed as a percentage. TS value was calculated by the following
equation:

_ Maximum force
"~ (Film thickness) x (Film width)

2.5. Field emission scanning electron microscope (FESEM)

All the specimens were examined by a FESEM (SU8040, Hitachi,
Japan) equipment at an accelerating voltage of 10 kV and magnifi-
cence of 1-5 KX.

2.6. Statistical analysis

In this research, Response Surface Method and Box-Behnken
design with three independent variables including CHT, NCL and
GLY at three levels and three replications at central point were used
to study the influence of different concentrations for the raw mate-
rials on improvement of the responses (probability level of 0.05).
Design-Expert® 6.0.2 software was used for regression analysis and
to determine the best fitting models.

3. Results and discussion
3.1. Physical properties of CHT-NCL NCPs

The results have been listed in Table 2. Thickness (TH) of NCPs
was varied from 118 to 225 pm, higher than normal thickness of
CHT films; the cause of this problem is to apply CHT of much higher
molecular weight in comparison with previous researches (Ojagh
etal.,2010). Transparency rates of NCPs were in the range of 85-92%
indicating high capability of CHT-NCL films to transmit light; since
the majority of NPs have smaller dimensions than the wavelength
of visual light, it is not expected these particles to create any sig-
nificant changes in film transparency when their dispersion into
the polymer matrix is desirable (Zeng, Yu, Lu, & Paul, 2005). In this
research, transparency rates (Table 2) and SEM results from internal
structures of the prepared films confirmed this phenomenon.

Moisture content of the NCPs was 13-18%, lower than that
(20%) reported by Ojagh et al. (2010) and could show appropri-
ate conditions applied for film drying. Moisture content of the

Table 2
Physical properties of chitosan-nanocellulose composites.
Std. No. Thickness (mm) Transparency (%) Moisture content (%) Water solubility (%) L* a* b*
1 0.13 91.84 16.86 43.36 69.80 -1.16 6.82
2 0.18 88.92 16.44 40.48 73.18 —2.77 17.84
3 0.14 90.60 15.94 42.76 65.67 -2.14 11.96
4 0.18 89.10 15.11 45.55 68.13 -1.76 9.19
5 0.12 90.78 17.00 29.40 71.60 -1.69 9.00
6 0.16 86.70 17.60 26.46 66.40 -2.13 11.19
7 0.15 90.43 14.02 55.97 73.80 -1.19 7.27
8 0.23 89.01 13.79 55.15 70.06 -1.80 11.49
9 0.17 88.65 17.52 29.86 63.64 -1.90 11.34
10 0.22 88.83 16.44 36.34 67.44 -1.91 12.07
11 0.23 87.50 14.85 54.81 66.09 -2.05 16.38
12 0.19 88.39 14.26 56.52 68.97 -1.73 11.57
13 0.19 87.06 15.04 4218 68.78 —4.06 22.26
14 0.18 85.47 15.47 41.79 63.73 -4.34 24.37
15 0.16 86.97 16.30 44.74 73.78 -4.30 22.38
Table 3
Prediction of physical and mechanical behaviors for CHT-NCL NCPs by fitting different models with the obtained data.
The best fitted models Prob>F Lack of fit R?
TH=0.03 (CHT)+0.01 (GLY) — 0.03 (CHT)? 0.0295 0.43 91.75
TP=—1.24 (CHT)+2.25 (CHT)? — 1.36 (NCL)? 0.0364 0.55 90.95
MC,, =—0.49 (NCL) — 1.46 (GLY) <0.0001 0.83 88.16
WS =1.58 (NCL)+12.55 (GLY) <0.0001 0.38 96.23
a*=-0.28 (CHT)+ 1.24 (CHT)? + 1.04 (NCL)? +1.30 (GLY)? +0.50 (CHT)(NCL) 0.0001 0.45 99.11
b*=1.83 (CHT) — 7.33 (CHT)? — 4.22 (NCL)? — 5.49 (GLY)? — 3.45 (CHT)(NCL) 0.0007 0.49 98.27
WVP=0.06 (CHT)+0.06 (NCL)+0.20 (GLY) - 0.14 (CHT)? +0.11 (NCL)? +0.03 (GLY)? — 0.14 (NCL)(GLY) 0.0006 0.07 98.33
EB=—7.12 (CHT)+6.83 (NCL)+9.73 (CHT)? + 17.77 (NCL)? 0.0169 0.40 93.51
TS=-34.48 (NCL)-62.17 (GLY)+66 (GLY)(NCL) 0.0007 0.25 91.59
EM=-1.56 (GLY) <0.0001 0.24 88.15
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Fig. 1. WVP values of chitosan-nanocellulosenanocomposite as a function of (a)
chitosan (CHT) and nanocellulose (NCL), (b) chitosan and glycerol (GLY) and (c)
nanocellulose and glycerol.

Table 4
Mechanical properties of CHT-NCL NCPs.
Std. No. EB (%) TS (MPa) EM (MPa)
1 40.33 112.06 3003
2 34.17 67.64 1997
3 70.48 64.43 3418
4 45.39 74.27 1703
5 36.68 152.64 3872
6 17.35 146.82 4421
7 30.78 28.12 947
8 2441 17.37 716
9 41.59 273.46 3866
10 35.53 24.03 3981
11 22.46 19.74 892
12 41.78 34.33 1129
13 25.22 84.53 3322
14 15.00 97.35 282
15 20.06 66.05 3297

NCPs showed a reverse relationship with applied NPs (Table 3);
Fernandes et al. (2010) reported that incorporation of bacterial cel-
lulose with 10-200 nm width caused a slight decrease in moisture
content of CHT films. Solubility rates of CHT-NCL NCPs in water
were in the range of 26-57%. GLY and NPs were found to be signif-
icant effective factors on solubility rates of NCPs (Table 3); sample
No. 12, having the highest levels of GLY and NPs, exhibited the high-
est rate of solubility in water. Generally, water absorption of NCPs
depends on the nature of matrix and filler. Water absorption of
CHT films increased by incorporating cellulose NPs, in agreement
with increment in water vapour permeability rates after NPs addi-
tion. Measured values for color parameters of different NCPs have
been listed in Table 2. L* value did not exhibit any relationship with
three factors including CHT, NCL and GLY; in other words, all values
of this parameter were close to a mean number for various NCPs.
Treatments No. 1 and 7, having minimum levels of CHT, deserved
the highest rates of a* value and lowest rates of b* value, the closest
ones to standard values.

Table 5
Comparison of mechanical properties for different (types of) films.
Type of film Mechanical properties Reference
CHT-NCL EBmax =70 (%) Current research
TSmax =273 (MPa)
EMnax = 4.42 (GPa)
CHT-NCL EBmax =34.6 (%) Azeredo et al.
TSmax = 57.45 (MPa) (2010)
YMmax = 1.63 (GPa)
CHT-NCL Strainmax =35 (%) Fernandes et al.
Stressmax =85 (MPa) (2009)
YMmax =3.75 (GPa)
CHT-NCL EBmax =10 (%) Khan et al. (2012)
TSmax = 100 (MPa)
YMpmax =3.75 (GPa)
CHT-NCL EBmax =25 (%) Fernandes et al.
TSmax =40-110 (MPa) (2010)
YMpax = 6.8 (GPa)
CHT-NCL Strainmax =12 (%) De Mesquita,

TSmax =110 (MPa)
EMpmax =3.75 (GPa)
LDPE EBumax =675 (%)
TSmax =31 (MPa)
YMmax = 0.5 (GPa)
PP EBimax = 600 (%)
TSmax =43 (MPa)
YMumax = 1.55 (GPa)
PS EBimax =2.3 (%)
TSmax = 70 (MPa)
YMnax = 3.28 (GPa)
PVC EBumax =450 (%)
TSmax = 55 (MPa)
YMumax =0.021 (GPa)

2 YM=Young’s Modulus.

Donnici, Teixeira, &
Pereira (2012)

Azeredo et al.
(2010)
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Fig. 2. FESEM micrographs of nanocomposites No. 12 (a), 9 (b), 11 (c), 5 (d) and 4 (e and f).

Water vapour permeability (WVP) is the most studied property
of edible films due to its involvement in reactions culminating into
food spoilage. WVP and water vapour transmission rate of films
are affected by hydrophilic or hydrophobic nature of materials,
preparation method, type, level and dispersion quality of addi-
tives, voids, cracks or tortuosity into and chains order of polymer
(Vasconez, Flores, Campos, Alvarado, & Gerschenson, 2009). Fig. 1
exhibits three-dimensional response surfaces for WVP rates of the
NCPs. Sample No. 5, having the minimum levels of CHT and GLY
concentrations, showed the lowest rate of WVP. Decreasing GLY
concentration from 90 to 30% decreased WVP values, reflecting
hygroscopic nature of substance. This response stood for the high-
est degree of dependence upon the variables; it exhibited direct
relationship with the first power of CHT, NCL and GLY and sec-
ond power of NCL and reverse relationship with the second power
of CHT or NCL-GLY interaction (Table 3). Petersson and Oksman
(2006) used NCL as a reinforcement agent for poly lactic acid matrix
and reported WVP increased along with incorporating particles,
attributed to the hydrophilic nature and big particle size of incor-
porated nanocelllulose.

Much less WVP values were obtained for the current NCPs in
comparison with normal biofilms or previously-reported CHT-NCL
NCPs; minimum WVP values of approximately 8.1, 75.23, 19.68,
53.24 and 22.06 (x10~11 g/m s Pa) have been reported for alginate,
whey protein isolate/sodium dodecyl sulphate, gelatine, pea starch
and hydroxypropyl methylcellulose, respectively (Azeredo et al.,
2010).

3.2. Mechanical properties of CHT-NCL NCPs

The results have been listed in Table 4. Increasing NCL level
incorporated into CHT films from O to 2 could increase elon-
gation at break by 14.6-30.2%. This could be relevant to two
factors: (1) proper connections between polymer-nanocrystals (2)
efficient transfer of involved stress through polymer-NCL lay-
ers. In fact, improvement of elongation properties for the film is
due to a suitable stress transfer throughout polymer, even dis-
tribution of entered stress and minimizing the areas of stress
concentrations (Kanagaraj, Varanda, Zhiltsova, Oliveira, & Simoes,
2007). Decreasing GLY level from 90 to 30% caused significantlyan
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improvement in NCPs tensile properties. Addition of plasticizer is
necessary for the most biopolymer films to overcome film brit-
tleness caused by intense intermolecular forces (Azeredo et al.,
2009); plasticizers can decrease these forces, so improving flexibil-
ity and elongation properties of films (Forssell, Lahtinen, Lahelin,
& Myllarinen, 2002). On the other hand, plasticizers decrease crys-
tallinity rate of biopolymer films and result in decreasing strength
and module values of NCPs (Bangyekan, Aht-Ong, & Srikulkit, 2006).
Quadratic model for elongation at break, two factor interactions for
tensile strength and linear model for elastic modulus deserved the
highest fitting indexes (Table 4).

The prepared NCPs exhibited supreme mechanical proper-
ties in comparison with other biofilms or previously prepared
CHT-NCL NCPs; large differences for mechanical strength between
the current NCPs and common synthetic films are noticeable, too
(Table 5).

3.3. FESEM results

The surface area of CHT films was flat and smooth indicating
appropriate dissolution for CHT powder into acidic solution. In
microscopic figures, random direction and balanced dispersion of
cellulose nanocrystals into CHT matrix were obvious; this issue
indicated proper compatibility between two constituent elements
of NCPs films, which resulted in a final homogenized structure and
improved mechanical properties for CHT-NCL NCPs (Azeredo et al.,
2009).

Fig. 2 shows internal structure of the NCPs. Fig. 2(a), related to
NCP No. 12 having 2% NCL and 90% GLY, indicates an appropri-
ate distribution of cellulose NPs into CHT matrix, implying suitable
homogenizing method applied in this research. Fig. 2(b), belong-
ing to film No. 9, describes the cross section of CHT film. White
spots observed through the microstructures of most NCPs are
attributed to natural impurities inside raw CHT powder. Fig. 2(c),
which shows internal structure of film No. 11 (pure CHT with-
out NPs), displays these white impurities. It is to be mentioned
that NPs were dispersed in a better and more appropriate man-
ner into CHT matrix with increasing CHT and GLY concentrations;
contrariwise, NPs distribution was not suitable and was accom-
panied by some cracks on the polymer context as CHT and GLY
levels decreased. As an illustration, when Fig. 2(a) is compared
with Fig. 2(d) representing NCP No. 5 (minimal concentrations
of CHT and GLY), more even and efficient dispersion of NPs into
NCP No. 12 is clarified. FESEM analysis revealed that high con-
centrations of CHT and NCL composed complex networks and
inter-connected structures simplifying water vapour molecules
transitions within cross sections and increasing WVP rates; the
intricate structure justifies high elongation capability of CHT-NCL
NCP, too. Fig. 2(e) and (f), representing internal structure of NCP

Table 6
Optimization of CHT-NCL nanocomposites’ preparation in terms of physical and
mechanical responses obtained for the films.

Factor name Goal Importance Optimized value
CHT Minimize 2 1.00 (%w/0.6v)
NCL Minimize 2 0.18 (%wW/wcpr)
GLY Minimize 1 30 (%v/wWcur)

TP Maximize 1 92.44 (%)

MC Minimize 1 17.74 (%)

WS Minimize 3 29.66 (%)

a* Maximize 1 -0.42

b* Minimize 2 2.00

WVP Minimize 3 0.23 (x10-'"" g/m SPa)
EB Maximize 3 46.80 (%)

TS Maximize 1 245.05 (MPa)
EM Maximize 1 4430 (MPa)

No. 4 having 1.3g CHT and 2% NCL, clearly shows those canals
throughout the film.

3.4. Optimization procedure

If CHT, NCL and GLY are used at 1% (w/0.6v), 0.18% (W/wcyT)
and 30% (w/v) levels to prepare film, it'll give the highest over-
all desirability of 75% considering all 12 variables and responses
(Table 6). For optimized film, the values of some responses such as
transparency, a* value and elastic modulus were at higher amounts
than that of treated films and some other responses like WVP and
b* values were at lower rates than the lowest rates of treated ones,
interpreting the high overall desirability obtained for the optimized
film.

4. Conclusion

Three main drawbacks of biocomposites are their poor water
vapor permeability values, unsatisfactory mechanical properties
and unacceptable water resistance in comparison with com-
mon synthetic films. In contrast, the CHT-NCL NCP deserved
suitable bionanocomposite title; water vapor permeability val-
ues of the prepared NCPs were in the appropriate range of
0.293-1.072 x 10! (g/m s Pa) and maximum amounts of 70% EB,
273.46 TS and 4421 YM were achieved for the NCP. Transparency
rates of the prepared NCPs were in the range of 85-92%. As the
results showed, water solubility of the NCP films can be controlled
by adjusting the concentration of incorporated NCL and the glycerol
amount; too high WS values for the NCPs might destroy the quality
and consumer desirability of the packaged product. Addition of cel-
lulose nanoparticles to chitosan films decreased moisture content,
increased (till 30.2%) elongation-at-break and improved a* and b*
values for final nanocomposites; reducing glycerol concentration
caused a decrease (till 28.7%) in water solubility and water vapour
permeability rate and simultaneously increased (till 3.7 GPa) elas-
tic module of the nanocomposite. We found that 1 g chitosan, 0.18%
nanocellulose and 30% glycerol led to the highest desirability (75%)
for final nanocomposites.
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