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Abstract The aim of present study was to develop and
characterize the biodegradable sweet potato starch-based
nanocomposite films reinforced with barley starch nanopar-
ticles (SNP). Sweet potato starch-based films with varying
concentrations of barley SNP (5-25% w/w) were manufac-
tured by adopting solution casting method using glycerol
as a plasticizer. The morphology, thickness, transparency,
water solubility, water vapor transmission rate (WVTR),
tensile strength, elongation at break and thermal stability
properties of nanocomposite films were evaluated. The
results showed that the incorporation of barley SNP led to
a significant increase in tensile strength from 2.63 (control
film) to 8.98 MPa (nanocomposite with 15% (w/w) SNP).
Compared with the native starch film, the surface of the
nanocomposite films became more rough and uneven with
the increasing concentration of nanofillers. High concentra-
tion of SNP (upto 25%, w/w) significantly decreased the
transparency and WVTR, and water solubility (upto 20%,
w/w) of nanocomposite films. The WVTR decreased from
3294.53 to 349.06 g/m2/24 h. In addition, the thermal stabil-
ity of nanocomposites got improved after incorporation of
SNP into starch-film matrix.
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Abbreviations

SNP Starch nanoparticles

SNC Starch nanocrystals

TGA Thermogravimetric analysis
WVTR Water vapor transmission rate

Introduction

The grueling environmental pollution provoked by exces-
sive use of plastic packaging materials, has evoked a sub-
stantial curiosity in production of edible and biodegradable
bioplastics using various biopolymers. The manufacturing of
polythene bags emits carbon and many other harmful gases
aggravating the environmental concerns (Jain et al. 2015),
alternatively, the production of bioplastics as biodegradable
packaging materials may reduce the use of fossil fuel, non-
degradable plastic waste, and emission of carbon dioxide
gas (Siakeng et al. 2019). The primary reason to consider
the biopolymers as alternative packaging material is their
readily available nature, low cost, renewability, biodegrada-
bility, biocompatibility, and eco-friendliness (Herniou-Julien
et al. 2019). However, the restricted performance and high
cost of other biopolymeric materials like proteins (e.g. soy,
gelatin, wheat gluten, corn zein, whey and casein) and poly-
saccharides (e.g. cellulose, chitosan, pectins) are the limiting
factors in contrast to conventional thermoplastics and starch.

Polysaccharides are the most abundant macromolecules
in nature, which may be the most suitable raw materials for
the production of bioplastics (Emre and Pukanszky 2015).
Starch could be a popular biopolymer as an alternative mate-
rial due to its abundance in nature, cost-effectiveness, and
biodegradability. Starch-based bioplastics are widely used
for packaging applications as about 50% of commercially
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used bioplastics are manufactured using starch (Gadhave
et al. 2018).

The turn of the industries towards eco-friendly nanocom-
posites, one of the promising areas of starch nanoparticles,
is to improve the physicochemical, mechanical, and thermal
properties of the biodegradable nanocomposites. Nowadays,
starch-based nanocomposites are finding diverse applica-
tions in food packaging, pharmaceutical, medical, and agri-
based industry. Nanometric dimension of nanoparticles may
improve the distribution and compactness of polymeric
structure (Da Silva et al. 2018). The starch can be trans-
formed into varied forms such as molded, extruded, blown
articles, or thermoformed. Casting and extrusion are the fre-
quently used methods for material processing (Madhumita
et al. 2018). Out of these, the casting method is more appro-
priate for laboratory use to prepare starch nanocomposites.
The properties like tensile strength, elongation at break, and
water vapour permeability of starch-based nanocomposites
are dependent to a great extent on the amylose content of
starch. The high amylose content of starches has been a bet-
ter choice for biopolymer films (Muscat et al. 2012). The
starch nanoparticles (SNP) have been used as nanofillers
in starch-based nanocomposites greatly affecting the mor-
phological, barrier, mechanical strength, and thermal stabil-
ity of starch-based nanocomposites (Piyada et al. 2013; Li
et al. 2015; Dai et al. 2015). Waxy maize starch nanocrystals
(SNC) have been produced by adopting acid hydrolysis and
used as a reinforcing agent in rice starch-based nanocom-
posites resulting into improved mechanical strength of films
(Piyada et al. 2013). Since the conventional starches such as
corn, potato, rice, waxy maize etc. are being over exploited
for various food and non-food applications, a wide scope
could be there for the production of SNP using underutilized
cereal and tuber starches. Crops like sweet potato and barley
could be excellent alternative sources of starch for the fab-
rication of SNP and their applications in nanocomposites.

Sweet potato (Ipomoea batatas) is a tuber crop and is
largely grown in the world’s tropical and sub-tropical areas.
Every year up to 15% of sweet potato tubers are discarded due
to difficulties in storage and inefficient processing, and there-
fore, extraction of starch from tubers is considered as the finest
way to diminish this wastage (Flores et al. 2007). Starch is the
major component of sweet potato tuber with 19-36% amyl-
ose content (Saman et al. 2019). The good amylose content
of sweet potato starch makes it suitable for films production.
Barley (Hordeum Vulgare L.) is one of the first crop to get
domesticated and cultivated commercially all over the world.
Barley grains are mainly used in malting for beer and whis-
key production and for animal feed, the major reason for less
exploitation of barley starch (Satnca et al. 2016). The barley
endosperm occupies about 60—70% starch as the main com-
ponent (Kong et al. 2016) with amylose content varying from
15 t0 29% (Fan et al. 2019; Kumari et al. 2022). To the best

of our knowledge there are no publications reporting the use
of barley SNP in nanocomposites. Hence, the objective of
this work was to manufacture the sweet potato starch-based
bionanocomposite films reinforced with barley SNP and to
investigate the morphological and thermomechanical proper-
ties of nanocomposites.

Materials and methods

The sweet potato tubers were purchased from the local mar-
ket of Rohtak, Haryana (India) and the barley seeds (H. Vul-
gare L.) of non-waxy variety BH-393 were procured from
Chaudhary Charan Singh, Haryana Agricultural University,
Hisar (India). All the chemicals/reagents used in the present
investigation were of analytical grade and were purchased
from Spectrum Technologies, Hisar, Haryana (India).

Preparation of starch-based nanocomposite films

The sweet potato starch (polygonal shaped granules with
diameter ranging from 6 to 24 pm, with amylose content
of 23.94%, and gelatinization temperature of 62.37 °C)
was used for nanocomposite films formation (Kumari et al.
2021). Barley SNP were used as nano fillers in sweet potato
starch-based nanocomposites. The barley SNP produced by
sulfuric acid (3.16 M) hydrolysis were round or irregular
shaped with average hydrodynamic diameter of 140 nm,
crystallinity value of 48.08% and gelatinization temperature
of 135.87 °C (Kumari et al. 2022).

Starch-based nanocomposite films were prepared by using
casting method as used by Piyada et al. (2013) with some
modification. Dry sweet potato starch (3 g) in water (100 ml)
was gelatinized at 95 °C on a hot plate with constant stirring
for 30 min. The mixture was then cooled to 50 °C. Plasti-
cizer i.e., glycerol, was added at a level of 40% (w/w) of
native starch, subsequently the dispersions of SNP (5, 10,
15, 20, and 25%, w/w of native starch) were prepared in
20 ml distilled water and sonicated for 10 min before pour-
ing into the native starch gel and stirring for 30 min at 50 °C
in an incubator shaker at 100 rpm. The starch matrix was
casted on rectangular plastic trays, dried overnight at 45 °C
and then cooled to room temperature before peeling off the
films. The translucent films free from cracks and holes were
stored in plastic bags for further testing. All nanocomposites
blends were made in triplicate.

Characterization of starch-based nanocomposites
Morphology of starch-based nanocomposites
The morphological characteristics of the developed films

were studied by using SEM (Zeiss EVO 50) by examining
the surface of the films. Films pieces (6 mm) were dried
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in a vacuum drier, coated with a layer of gold, and photo-
graphed at a magnification of 1000X and acceleration volt-
age of 15 kV.

Moisture content of starch nanocomposites

The moisture content of starch nanocomposites was deter-
mined by following Miiller et al. (2011) method with minor
modification. The weight of the film samples taken in trip-
licate (3 cmx 3 cm) was recorded before and after drying at
100 °C overnight. The moisture content of nanocomposites
film was expressed in percent (%).

Water vapor transmission rate (WVTR) of starch
nanocomposite films

The water vapor transmission rate of the starch-based nano-
composite films was carried out using water vapor perme-
ability tester (PermeH,0O model, extra solution s.r.1) (ASTM
F1249 standard). The film samples were conditioned at
2342 °C temperature and 50 + 5% relative humidity prior
to testing. Circular films of 10 cm diameter were cut and
sealed between wet and dry chambers with a relative humid-
ity of 90% at 38 °C temperature. In this system, a pressure
modulated sensor measures water vapor transmitted through
the sample tested. The WVTR was measured in g/m*/day.

Solubility of starch nanocomposites in water

The solubility of native starch film and nanocomposite films
was determined by following Nafchi et al. (2012), method
with minor modification. Three samples of 3 cm X3 cm were
cut from each film and placed in a desiccator containing
silica gel for 48 h. The film’s samples were weighed and
dipped into beakers with 100 ml distilled water. The sam-
ples were agitated constantly on the shaker for 1 h at room
temperature. The samples were filtered through a filter paper
Whatman No.1. The wet film samples were dried in oven at
55 °C until they reached a constant weight. The following
formula calculates the water solubility:

Solubility%

_ Initial dried weight of film — final dried weight of the film
- Initial dried weight of the film

x 100

Thickness of starch nanocomposites

The thickness of nanocomposites films were recorded by
using an electronic digital caliper (0.001 accuracy, china)
at 10 random locations. The average thickness values was
recorded and used to determine the mechanical properties
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(tensile properties and elongation at break) and water vapor
transmission rate of films.

Transparency/opacity properties of starch nanocomposites

The transparency of films was determined using Shi et al.
(2013) method. The film samples were cut into rectangular
(0.5x4 cm) shapes and placed inside the spectrophotometer
cell. The air was used as a reference, and the absorbance
spectrum was measured at 600 nm wavelength. The opacity
of films was obtained by calculating the area under absorb-
ance at a given wavelength, and three replicate samples were
analyzed.

Tensile properties and elongation at break of starch
nanocomposites

Tensile strength and elongation at break of nanocomposites
films were determined using a universal testing machine
according to the ASTM 882 standard method. For measure-
ment thin films strips (1 X 10 cm) were used. In this test the
film strip was mounted between two grips that were 50 mm
apart at the beginning of the test distance and which were
pulled apart by applying a tensile load. Tensile strength
and elongation at break was calculated from crosshead
displacement.

Thermogravimetric analysis (TGA)

To study the thermal stability of nanocomposites, thermo-
gravimetric analysis was performed using a thermogravimet-
ric apparatus (Hitachi, STA7300). Each sample (10 mg) was
loaded into an aluminum pan and ramped from 30 to 500 °C
at a heating rate of 10 °C/min, and performed under a nitro-
gen environment at a flow rate of 30 ml/min and the mass
loss of the sample was analyzed as a function of temperature.

Statistical analysis

Data were subjected to one way analysis of variance
(ANOVA), followed by Tukeys HSD test (p <0.05) using
SPSS version 19.0. The results were interpreted as the
mean of three independently samples and reported as
mean =+ standard deviation.

Results and discussion
Morphological characteristics
The Fig. 1 displays the photographic images of the nano-

composite films reinforced with barley SNP and showed
that the obtained films were translucent, flexible and free
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from cracks. The SEM micrographs of flexible and translu-
cent films as shown in Fig. 2 revealed a smooth and clean
surface of the control film but the films became rougher
with the increasing concentrations of nano fillers. The
Fig. 2B, C shows that nanoparticles were dispersed evenly
throughout the film matrix when loaded at a level of 5-10%
(w/w). However, Fig. 2D, F showed rougher and uneven
surfaced nanocomposite films ascribed to the aggregations
of nanoparticles. No obvious clusters of nanoparticles and
microphase separation were observed up to 10% (w/w) filler
content. Rough or uneven surface has been reported for rice
starch nanocomposite films reinforced with rice SNC at 25
and 30% (w/w) levels (Piyada et al. 2013) and for corn starch
nanocomposite films reinforced with freeze-dried and spray-
dried nanoparticles (Shi et al. 2013).

Generally, the low filler content get dispersed homoge-
neously in the matrix than high filler content resulting in
stronger interaction and adhesion on the interfaces of matrix
and filler. At lower concentrations, the SNP have more ten-
dency to touch the starch matrix and establish stronger
interactions (Chen et al. 2008) and this fact is in agreement
with the results of this study for mechanical properties (ten-
sile strength); the tensile strength of nanocomposites film
increased with increasing filler content loaded upto 15%
(w/w) and start decreasing beyond a level of 15% (w/w). In
addition, uniform distribution of nanoparticles is essential
for obtaining optimum properties of nanocomposite films.

Moisture content, solubility and water vapor
transmission rate (WVTR)

The moisture content of nanocomposite films was affected
inconsistently when compared to native starch films. At 5%
concentration of nanofiller, the moisture content increased
significantly but it showed an insignificant decrease at 10
and 15% concentration followed by a significant increase at
25% concentration of nanofiller content. However, a signifi-
cant (p <0.05) decrease in the water solubility of nanocom-
posite films was recorded with the incorporation of SNP up
to 20% (w/w). The water solubility was found to be highest
for control film (22.86%) and lowest (18.41%) for nanocom-
posite film reinforced with 20% (w/w) SNP content. The
reduction in solubility of nanocomposite films could also
be attributed to the inclusion of more crystalline SNP (Li
et al. 2015). Consequently, the inter/interamolecular com-
bination is improved by the interaction between SNP and
films matrix, indicating that nanoparticles can increase films
stability in water. The increase in water solubility of nano-
composite films above 20% (w/w) nano filler content could
be attributed to the uneven distribution of SNP on account of
aggregation of nano filler at higher concentration. However,
low filler content in the matrix facilitates uniform distribu-
tion of nanoparticles and establishes a regular structure with
relative impermeability lowering the solubility of films. Fur-
ther, the incorporation of nano fillers suppressed the diffu-
sion of water through the film’s structure (Voon et al. 2012).

The most important function of packaging material is to
prevent the moisture transfer between food and the environ-
ment. The lower WVTR of films is preferable for packaging
purposes. The results as given in Table 1 illustrated that the

Fig. 1 Photographic images of sweet potato starch-based films reinforced with barley SNP (5-25% (w/w) concentrations)
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Fig. 2 SEM micrographs of
sweet potato starch-based films
reinforced with barley SNP
(5-25% (w/w) concentrations,
A-F)

WYVTR decreased significantly (p <0.05) as the SNP content
was increased up to 25% (w/w).The WVTR of nanocompos-
ite films decreased from 3294.53 to 349.06 g/m?/24 h with
the increasing concentrations of nano filler. It was recorded
to be maximum for control film (3294.53 g/m?/24 h) and
minimum (349.06 g/m?/24 h) for nanocomposite film filled
with 25% (w/w) nano filler. This decrease in WVTR could
be ascribed to the nanometric size of SNP which boosts
the compactness of films and interferes with polymer chain
mobility (Shi et al. 2013) or alternatively also be due to the
uniform distribution of SNP throughout the film matrix. The
decrease in water vapor resistance of nanocomposite films
with the incorporation of SNP has been attributed to nano
fillers that can create a tortuous path for water molecules to
pass through composite minimizing the diffusion through
nanocomposite films by creating a longer diffusive path
which further reduces WVTR (Liu et al. 2016; Charoenthai

@ Springer

et al. 2018). Incorporation of SNP also restricts the forma-
tion of intermolecular hydrogen bonding in between starch
molecules (Gujral et al. 2021).

However, increased WVTR at high loading levels has
been ascribed to the aggregation of SNP which disturbs the
uniformity of films, creates an easy pathway, and allows
diffusion of water molecules through films at a high rate
(Miiller et al. 2011). The reduction in WVTR of starch
nanocomposites suggested that these nanocomposites may
be used for the wrapping of fruits, vegetables and bakery
products (Castillo et al. 2017) by using some additives for
preservation and production of edible films which could be
eaten with food materials. Edibles films enhance the qual-
ity of food products and protect the food from physical,
chemical and biological deteriorations, which is directly
related to the self-life extension. Edible films might be
located between the heterogeneous food components to
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Table 1 M.o?sture content, Samples Moisture content (%) WVTR (g/m2/24 h) Water solubility (%)
water solubility, and WVTR of
sweet potato starch-based films Control 20.18+0.092° 3295 +82.95F 22.86+0.50°
reinforced with barley SNP NS +5% SNP 19.22+£0.102° 2863 +76.06° 22.5240.08°

NS +10% SNP 20.38+0.070% 2364 +170.20 21.37+0.57¢

NS +15% SNP 20.50+0.090¢ 2268 +251.76° 20.95+0.11°

NS +20% SNP 19.80+0.060° 1010+22.28° 18.41+0.92°

NS +25% SNP 20.61+£0.045 349 +82.55" 19.40+0.08"

The values represent the mean + standard deviation of three independent determinations

The values followed by the different superscripts in the same column are significantly different (p < 0.05),

based on Tukey HSD test

NS native starch, SNP starch nanoparticles

Table 2 Thickness and transparency of sweet potato starch based
films reinforced with barley SNP

Samples Thickness(mm) Transparency (%)
Control 0.106 +0.00* 99.72+0.03"
NS +5% SNP 0.133+0.01° 99.00+0.54°
NS+ 10% SNP 0.163 +0.00° 98.32+0.03¢
NS+ 15% SNP 0.170+0.01¢ 98.01+0.01°
NS +20% SNP 0.183+0.00° 97.91+0.04°
NS +25% SNP 0.186 +0.00 97.64+0.03?

The values represent the mean + standard deviation of three independ-
ent determinations

The values followed by the different superscripts in the same column
are significantly different (p < 0.05), based on Tukey HSD test

NS native starch, SNP starch nanoparticles

prevent the migrations of moisture and preserve the qual-
ity, for example pizza crust absorbs the moisture from the
filling/toppings and lost the crispness.

Thickness and transparency

The results of thickness and transparency of starch-based
nanocomposites are elaborated in Table 2. The film’s thick-
ness increased significantly (p <0.05) as the nanoparticles
concentration increased in the film matrix up to 25% (w/w).
The thickness was observed to be lowest for control film
(0.106 mm) and the highest for nanocomposite film loaded
25% (w/w) SNP (0.186 mm). The increased thickness may
possibly be due to an increase in the total dry mass content
of films, which may further influence the mechanical and
barrier properties of films. Similar observations have been
reported for corn starch films filled with waxy corn SNP
(1-25%, wiw); taro SNP (0.5-15%, w/w) (Dai et al. 2015;
Liu et al. 2016).

The transparency of films decreased significantly
(p <0.05) with increasing SNP concentrations up to 25%
(w/w) as given in Table 2. Transparency was recorded
to be maximum for control film (99.72%) and minimum

(97.64%) for nanocomposite film loaded with 25% (w/w)
SNP. The increase in opacity can be related to the thickness
of films with the increasing dry mass in the film matrix may
increases the number of established bonds and thickness of
nanocomposite films resulting in reduced light penetration,
and hence increased film opacity. This increase in opacity
of nanocomposite films could also be ascribed to the aggre-
gations of nanoparticles at higher filler levels. Previously,
a similar tendency was also reported for corn starch-based
films reinforced with taro SNP at different levels (Dai et al.
2015).

Mechanical properties

Packaging materials must be undeformable to provide struc-
tural integrity to the food materials and this tendency of
deformation is evaluated by measuring the tensile strength
and elongation of break with the later being inversely propor-
tional to the tensile strength. The results of tensile strength
and elongation at break measurements are given in Table 3.
The results revealed that after an initial significant increase
in tensile strength of nanocomposite films loaded with upto
15% (w/w) SNP, it started decreasing at a higher concen-
trations of SNP (above 15% (w/w). The increase in tensile
strength has been related to the much smaller size, larger
surface area, and higher surface energy of nanoparticles. The
larger surface area of SNP plays an important role in improv-
ing the mechanical strength of nanocomposite films through
better interfacial interaction between filler-filler and filler-
polymeric matrix due to hydrogen bonding. Additionally,
the improvement in mechanical strength of nanocomposite
films reinforced with nano-fillers has also been attributed to
the fact that nano-sized particles due to much smaller size
dispersed more homogenously and formed stronger inter-
action with polymeric matrix than micron-sized granules
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Table 3 Mechanical properties of sweet potato starch-based films
reinforced with barley SNP

Samples Tensile strength (MPa)  Elongation at break (%)
Control 2.63+0.30" 26.25+1.15
NS +5% SNP 4.06+0.37° 25.71+1.02°
NS+10% SNP  5.82+0.35¢ 24.14+6.77°
NS+15% SNP  8.98+0.71F 23.06+1.05¢
NS+20% SNP  7.15+0.47¢ 21.16 + 1.60°
NS+25% SNP  6.41+0.08¢ 17.47+0.52?

The values represent the mean +standard deviation of three independ-
ent determinations

The values followed by the different superscripts in the same column
are significantly different (p<0.05), based on Tukey HSD test

NS native starch, SNP starch nanoparticles

(Chen et al. 2008). However, the decrease in tensile strength
beyond 15% (w/w) nano filler content might be due to the
ability of nanoparticles to form aggregates, which reduces
SNP effective surface area for interacting with film's matrix
(Zheng et al. 2009). A reduction in tensile strength above
15% (w/w) nano filler content has also been reported for the
nanocomposite films (Lin et al. 2020).

On the other hand, the elongation at break values of films
decreased significantly (p < 0.05) with increasing nano filler
content and it was recorded as maximum (26.25%) for the
control film and minimum (17.47%) for nanocomposite
films reinforced with 25% (w/w) barley SNP (Table 3). The
decrease in elongation at break with increasing filler con-
tent is ascribed to the differences between the polymeric
matrix and fillers’ rigidity. Due to the rigid nature of fill-
ers, the polymers deform at high strain and therefore, the
deformation of nanocomposite films reduces (Piyada et al.
2013). Besides, higher rigidity of nanocomposite films and
decreased elongation at break has also been ascribed to
increment in hydrogen bonds with hydroxyl group of starch
(Selene et al., 2013). Similarly, a decrease in elongation at
break has also been reported in earlier studies for corn starch
nanocomposite films loaded with waxy corn SNP (Liu et al.
2016). The increased mechanical strength of starch nano-
composites may be helpful in protecting the food products
more effectively from the physical damage caused by trans-
portation, vibrations, pressure, and mechanical factors. The
improved tensile strength of starch nanocomposites may also
enhance the holding capacity of packaging materials.

Thermogravimetric analysis (TGA)

The thermograms of control film and nanocomposites are
shown in Fig. 3. The thermal decomposition process of
nanocomposite films occurred in three stages. The initial
stage was observed in between 40 and 150 °C, second stage
in between 275 and 350 °C and third stage at a temperature
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beyond 350 °C. The maximum degradation temperature was
found to be around 350 °C for nanocomposite film incorpo-
rated with 15% (w/w) SNP (Fig. 3D). The higher degrada-
tion temperature corresponds to the higher thermal stability.

The decomposition temperature at 50% mass loss was
recorded to be lowest (340 °C) for control film and highest
(348 °C) for nanocomposite film loaded with 15% (w/w)
SNP. The thermal stability started decreasing at a concentra-
tion of SNP beyond 15% (w/w).This may be attributed to the
aggregations of nanoparticles or non-uniform distribution
of nanoparticles at higher loading level as revealed by SEM
micrographs of films. The residual amount of nanocompos-
ite films (7.84-10.37%) was higher than that of the control
film (7.29%) due to the higher crystallinity and higher ther-
mal stability of SNP.

For sweet potato starch-based films loaded with barley
SNP, the increased decomposition temperature with increas-
ing filler content could be due to the more crystalline and
compact structure attributed to the presence of starch nano-
particles requiring more time to melt and hence more ther-
mal stability (Liu et al. 2016). It could also be justified with
the help of results of DSC study for barley SNP as the results
revealed a higher melting temperature for barley SNP than
their native counterpart and the compact crystalline struc-
tures of nanoparticles required higher thermal energy to
disrupt amylopectin double helices (Kim et al. 2013). The
finding of the present study suggested that the addition of
barley SNP enhanced the thermal stability of nanocompos-
ites. Similar observation has been reported earlier for rice
starch matrix loaded with rice SNC (Piyada et al. 2013).
Higher melting temperature also reported for corn starch
film loaded with taro SNP than control starch film (Dai
et al. 2015). Thus, the incorporation of starch nano fillers
improved the thermal stability of nanocomposites and the
results of TGA study suggested that these nanocomposites
could better tolerate thermal stress during food processing,
shipping and storage.

Conclusion

The nanocomposite films were obtained using acid hydro-
lyzed round or irregular shaped barley SNP as reinforcing
phase and sweet potato starch as film matrix. The results of
study revealed that the addition of barley SNP had a signifi-
cant impact on the performance of sweet potato starch-based
films. Compared to the native starch film, the water solubil-
ity of nanocomposites decreased by 19.46% up to a filler
content of 20% (w/w).The WVTR of nanocomposites film
decreased by 89% at 25% (w/w) nano filler content. Nano-
composite film containing 15% (w/w) SNP exhibited the
highest (8.98 MPa) tensile strength. Additionally, incorpora-
tion of SNP improved the thermal stability of nanocomposite
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Fig. 3 TGA curves of sweet
potato starch-based nanocom-
posite films reinforced with
barley SNP (5-25% (w/w)
concentrations, A-F)
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Fig. 3 (continued)
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films. The findings of current study suggested that the bar-
rier, mechanical and thermal stability of sweet potato starch
films were enhanced by the reinforcement of barley SNP.
Therefore, the starch nanocomposites impregnated with
SNP obtained from different starch sources could have great
potential for developing environment friendly packaging
materials for food and non food applications.
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