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Abstract

The purpose of this study was to investigate the photocatalytic/antimicrobial properties of biodegradable film based on wheat
gluten/zinc oxide nanocomposites (WG/ZnO) for the active packaging of food products. In this study, central composite
design (CCD) was used to study the effect of gluten percent (15, 22.5 and 30%) and ZnO percent (0, 2 and 4%) on the pho-
tocatalytic, mechanical and physicochemical properties of WG/ZnO film. Some properties of films, including antimicrobial,
antioxidant, FT-IR, SEM, solubility, water absorption, thickness, moisture, colorimetric (L*, a* and b*) and opacity were
investigated. Antibacterial and antifungal properties of films based on photocatalytic activity were investigated in three wave-
lengths of 500, 365 and 254 nm on the Escherichia coli and Aspergillus Niger. The results of the photocatalytic/antimicrobial
activity of the films showed that pure gluten film had no effect on bacteria and fungi at three wavelengths, but films contain-
ing zinc oxide nanoparticles showed a significant inhibitory effect on bacteria and fungi at 365 and 254 nm. Antibacterial
and anti-fungal inhibitory effects were observed at 254 nm stronger than 365 nm (p < 0.05). This result showed that at lower
wavelengths the photocatalytic activity was induced to the film. The results of the antioxidant test showed that pure gluten
had no antioxidant activity, but antioxidant activity increased with increasing zinc oxide nanoparticles significantly (p <0.05).
The results of the FT-IR analysis showed that new interactions between zinc oxide nanoparticles and gluten polymer of
wheat were created. The results showed that when the ZnO particle concentration was low, these particles were distributed
uniformly, but high concentration of zinc oxide in the film leaded to agglomeration of these particles.
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1 Introduction

In recent years, there has been a significant expansion in
the use of biodegradable technologies in the world. Biode-
gradable materials and products create a clean, healthy and
stable environment. Synthetic plastics are not biodegradable
and cannot be recycled in the environment. There are com-
pounds that reduce the environmental hazards of synthetic
plastics and can be substituted with these compounds [1].
Wheat gluten is a by-product of starch production and etha-
nol production as biofuel, and is available at a low cost [2].
Generally gluten films are pure and clear, the more purity the

P4 Sajad Pirsa
Pirsa7 @gmail.com; S.pirsa@urmia.ac.ir
Afagh Higher Education Institute, Urmia, Iran

Department of Food Science and Technology, Faculty
of Agriculture, Urmia University, P. O. Box 57561-51818,
Urmia, Iran

@ Springer

film causes of production of more transparent and stronger
films. Gluten films are a good barrier to oxygen and car-
bon dioxide, but the mechanical resistance of gluten film
is lower than other films. The strength of the gluten film is
increased by adding a cross-link-agent. The biggest barrier
to using gluten films is that the water is penetrating easily
from these films. Gluten is used to cover peanuts and to
encapsulate colors and flavors [3]. The gluten based biode-
gradable films are flexible and transparent, but do not have
enough mechanical strength. Gluten films in low relative
humidity have excellent oxygen and carbon dioxide inhibi-
tions. Gluten film can also act as an ingredient carrier of
antioxidants, antimicrobial agents and flavoring agents, and
can help maintain the quality of food [2]. Di-sulfide bonds
play an important role in forming a gluten film. Di-sulfide
bonds between two polypeptide rings increase the power of
the film. Di-sulfide bonds in gluten film are disconnected
during the heating and when the film is formed, a new Di-
sulfide bandings are formed. Due to the high intermolecular
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forces, the film will be crisp. Therefore, the addition of sof-
tening agents such as glycerol to improve mechanical prop-
erties and increase the flexibility of the film is necessary
[4]. Zinc oxide nanoparticles induce many properties into
the biodegradable films such as: high transparency against
visible light, high absorption of UV rays and low dielectric
constant. Consequently, polymer films containing zinc oxide
nanoparticles can be used for various purposes such as UV
protection, catalysts, gas detection, and thermo-electric cells.
When zinc oxide nanoparticles are embedded in the poly-
meric composition, they modify the mechanical and optical
properties of the compound, which is due to interactions
between organic and inorganic groups [5, 6].
Biodegradable films with antimicrobial properties play
a very important role in protecting food against microbial
contamination and improve its shelf-life [7]. In recent years,
attention has been paid to increasing the shelf life of food
products such as fresh fruits and vegetables and ready-to-
eat meat through active packaging. Antimicrobial packag-
ing is obtained using antimicrobial polymer material or the
addition of antimicrobial agents to a polymer compound to
prevent the spread of pathogenic and microbial agents [8].
Many researchers have studied the antimicrobial role of zinc
oxide nanoparticles for use in food packaging and enhance-
ment of its sustainability [9]. Recently, the antimicrobial
properties of silver, zinc oxide and titanium oxide nanopar-
ticles (at sizes smaller than 100 nm) have been reported by
UV radiation, due to the small size of the particles and the
high level of zinc oxide nanoparticles. Also, under the influ-
ence of UV light, ZnO, Ag and TiO, nanoparticles have
a strong oxidizing power, which causes the nanoparticle
to be destructive to organic compounds in the structure of
microorganisms [9—11]. In the present study, the photocata-
lytic and antimicrobial properties of biodegradable film of
gluten-zinc oxide nanocomposite was studied. In fact the
photocatalytic activity of the WG/ZnO film was activated
by UV irradiation at wavelengths of 500, 365 and 254 nm
for 90 min to produce a biodegradable antimicrobial film for
use in the packaging of food products. Also some properties
of WG/ZnO films including antioxidant, solubility, water
absorption, thickness, moisture, colorimetric (L*, a* and
b*) and transparency, FT-IR and SEM were investigated.

2 Materials and Methods
2.1 Materials

Wheat Gluten was provided by the Nano Novin Polymer
Company (Iran, Sari). Zinc oxide nanoparticles, DPPH,
PDA culture media and nutrient agar and other solutions and
compounds used in this study were obtained from Merck,
Germany.

2.2 WG/ZnO Film Preparation

In this study, based on the central composite design
(CCD), according to Table 1, 13 different films were pre-
pared. To prepare the film, a solution was initially pre-
pared by mixing a specific amount of wheat gluten powder
(15, 22.5 and 30 g, according to the design of Table 1)
and 9.9 g of glycerol in 135 ml of ethanol. Then this solu-
tion was homogenized by a magnetic stirrer and 90 ml of
deionized water was added to it slowly. Sodium hydroxide
(0.1 N) was used to adjust the pH of the solution. Then,
ZnO nanoparticles were added to the solution at 3 levels
(0, 2 and 4%) and the solution was heated to 75 °C for
20 min and was kept at 75 °C for 10 min. Finally, the solu-
tion was dispersed into Teflon containers (20 X 20 cm) and
dried at room temperature for 48 h.

2.3 SEM Study

The microstructure of the films was analyzed by scanning
electron microscope (TescanVegan-3, Japan). For this pur-
pose the films were covered with gold. Imaging was done
at 15 kw in different magnitudes [12].

2.4 FT-IR Study

To perform IR spectrometry, thin films with a thickness of
less than 1 mm were obtained by mixing the film sample
with bromide potassium in a ratio of 1:20 and applying a
pressure of about Kpa60 in a tablet machine. The spectra
of samples were recorded by FT-IR instrument (Perkin
Elmer, USA) in the range of t 500 to 4000 cm~! with a
resolution of 0.5 cm™" [3].

Table 1 List of experiments Film

ZnO (%)  Gluten (%)
based on CCD
F1 2 22.5
F2 2 22.5
F3 2 30
F4 2 22.5
F5 2 15
F6 0 30
F7 4 30
F8 2 22.5
F9 0 15
F10 0 22.5
F11 4 15
F12 4 22.5
F13 2 22.5
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2.5 WG/ZnO Film Properties Analysis
2.5.1 Thickness Determination

To determine the thickness of films, micrometers were
used with a precision of 0.01 mm. Measurements were
performed in 10 different film regions and then their aver-
age was calculated. The average thickness was used for
calculation of tensile strength [13].

2.5.2 Moisture Determination

To determine the moisture content, the films were cut in
2x2 cm? and were weighted (m,). After initial weighing
the films were dried for 24 h at 100 °C and were weighted
again (m,). Moisture content of the films was obtained
using the following equation [14].

MC,, = (2L7™2 )+ 100
wh = Tl (1)

where MC,, is moisture content of film, m, is sample weight
(g) before drying and m, is sample weight (g) after drying.

2.5.3 Solubility Determination

For this test, the films were cut in 2 X2 cm dimensions
and placed in an oven (100 °C) for 24 h and then weighed
(M,), and then placed in a beaker containing 50 ml of dis-
tilled water, and beaker was placed in a shaker incubator
(25 °C) for 24 h. Finally the remaining pieces were placed
in an oven (100 °C) for 24 h and weighed again (M,). The
solubility of films was calculated using following equa-
tion [14].

. M, -M,
Solubility(%) = ™ x 100 2)
1

where M, is the initial weight of film and M, is film weight
after dissolving in water.

2.5.4 Water Absorption Determination

For this test, the films were cut in 2 X 2 cm dimensions
and were weighed. Then they were placed in 30 ml of dis-
tilled water at room temperature for 2 h. After 2 h soaking
with distilled water, the samples were gently cleaned and
weighed again. The water absorption rate of the samples
was obtained using the following equation.

. We — W
Waterabsorption(%) = | ——— | x 100 3)
Wo
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where W, is the final weight of the film and W/, is the initial
weight of the film [4].

2.5.5 Antioxidant Activity Determination

Byun et al. (2010) method was used to determine the anti-
oxidant activity of films. Films (2 X2 cm) were immersed
in ethanol at and shaken for 10 min. Films were digested in
ethanol and antioxidant compounds released into the solu-
tion. After centrifugation for 10 min at 3000 RPM the solids
were separated and ethanol solution was used for determina-
tion of antioxidant activity. For this purpose 1 ml of ethanol
solution (obtained from film sample) was mixed with 2 ml
of DPPH (0.06 mM) and 1 ml of ethanol. The mixture was
placed in a dark place at 25 °C for 30 min, and then its
absorbance was measured at 517 nm by a UV-Vis spec-
trophotometer. The control sample was prepared by mixing
2 ml of ethanol and 2 ml of DPPH (0.06 mm). The antioxi-
dant activity was calculated using following equation [15].

_ (Abscontrol -
scavengingactivity(%) - Abs

Abssample )

DPPH x 100

“

control

ADbS o iro: Control sample absorption at 517 nm.

AbS it Film solution absorption at 517 nm.

2.5.6 Opacity Determination

The film opacity was determined using the (2014) Han
method by the UV-Vis spectrophotometer (UV-2100, USA).
For this purpose, the films were cut in 1 X4 cm dimension
and their thickness measured at 5 points along the film, and
then the films were placed in a transparent wall inside the
quartz cell and the film absorption was recorded. The opac-
ity was calculated by the following equation [16].

Opacity = % x 100 5)

where A600 is film absorbance in 600 nm and X is the aver-
age of film thickness (millimeter).

2.5.7 Color Determination

Colorimeter (Minolta, CR-410; Japan) was used to meas-
ure color of films. For this purpose first, the instrument was
calibrated using standard white pages. The films were then
placed on a white paper and their color was measured using
a colorimetric device. The color properties including L*,
a* and b*, which respectively indicate the brightness (from
L =0 for black to L =100 for white), green to red (a=-60
for Green to a=60 for red) and blue to yellow (from b=—60
blue to b=60 for yellow) were recorded [17].
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2.5.8 Mechanical Properties Determination

Mechanical tests were performed using the texture analyzer
(TA.XT Plus, Stable Micro Systems UK) according to the
standard method [ASTM D882]. Before analysis, samples
were conditioned in a desiccator (saturated calcium nitrite)
for 24 h at a relative humidity of 55%. Then, three sam-
ples from each of the films were cut with dimensions of
0.5x 8 cm and placed between two jaws of the instrument.
The initial distance between the jaws and the jaw moving
rate was 30 and 30 mm/min, respectively, and data were
recorded using computer software. The tensile strength (TS)
and strain to break (STB) were calculated by the following
equations [3].

TS = MaximumLoad
" Crosssectionalareaofsamples (6)
%STB = Elongationatbreakingpoint % 100 o

originallength

where Maximum Load is the maximum force input to the
film (N), Cross sectional area is primary cross-sectional
area of the film (m,), Elongation at break point is elonga-
tion amount of film to break (mm), Original length is ini-
tial length of film (millimeter), TS is the amount of stretch

Fig. 1 Antibacterial and anti-
fungal effect of WG/ZnO (4%)
film against Escherichia coli
(A) and Aspergillus niger (B)

at (a) 500 nm, (b) 365 nm and
(c) 254 nm; Closed system to
activate the photocatalytic activ-
ity of films (C)

resistance in (MPa) and STB is the strain of film to break
(%).

2.5.9 Photocatalytic Activity and Antibacterial Activity
Determination

2 ml of Escherichia coli culture medium and Aspergillus
niger fungus containing 10° — 10° cfu/ml of bacteria and
fungi were prepared. To cultivate Escherichia coli and
Aspergillus nutrient agar and PDA medium were used. After
culture of bacteria and fungi, the films (in circle shape with
a diameter of 5 mm) were placed on the culture media. The
culture media was storage for 48 h at 37 °C, then the lack
of growth areas around the film were measured (Fig. 1a and
b) [18]. To activate the photocatalytic properties of films
and study the photocatalytic effect of films on bacteria and
fungi, a system was designed such as Fig. 1c. The films were
exposed to UV rays for 24 h in three wavelengths of 500,
365, and 254 nm in a designed system.

2.6 Statistical Analysis

In this study, CCD was used to study the effects of wheat
gluten percent (15 to 30 g) and ZnO percent (0 to 0.4%) on
the film properties including antimicrobial, antioxidant, sol-
ubility, water absorption, thickness, moisture, colorimetric

Cc
On/Off power 254 nm 365 nm 500 nm
CI = ==
Lapms
WG/ZnO film
" 9 I
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properties (L*, a* and b*) and opacity (Table 1). Design-
Expert (Version 7) software was used for data analysis. Sig-
nificant levels of data were considered at the 5% probability
level (p <0.05).

To study gluten (15 to 30%) and ZnO (0 to 4%) effects on
the mechanical properties of the film, a factorial design with
three replications was used. Minitab (Version 17) software
was used for data analysis and Tukey’s test was used to com-
pare the means. Also, significant levels of data were consid-
ered at the 5% probability level (p <0.05). Meanwhile, the
data in tables and forms were considered as a mean standard
deviation (SD).

3 Result and Discussion

In this study, the response surface method (RSM) was used
to study the effect of independent factors such as wheat glu-
ten amount and ZnO concentration on the physicochemical
properties of WG film, including thickness, water absorp-
tion, moisture, antioxidant activity, photocatalytic/antibac-
terial activity and color preoperties. The obtained results
were studied in mathematical models and the mathemati-
cal relations between independent factors and the obtained

responses were investigated. Table 2 shows the mathematical
relation between independent factors and dependent factors.

3.1 Thickness, Water Absorption, Solubility,
Moisture and Antioxidant Activity Study

Thickness is one of the important factors in films, which
directly affects the properties of water vapor and oxygen
permeability, as well as the mechanical properties of the
film. Figure 2a shows the three-dimensional curve of the
simultaneous effect of two variables of zinc oxide nano-
particles and the gluten amount in the film characteristics.
The results showed that increasing the amount of gluten in
the composition increased the thickness of the films and the
amount of zinc oxide nanoparticles did not affect the thick-
ness of the films (p <0.05). The results are consistent with
Girard et al. [19].

Water absorption and high moisture content limit the
application capability of a biodegradable film in packaging.
Also, reducing the amount of water absorption and moisture
content of the film can prevent the destruction of the film.
Therefore, the water absorption in the films should be at its
minimum. Figure 2b shows the 3-D curve of water absorp-
tion of films. According to the results, with the increase
of gluten content, water absorption increases, while by

Table 2 Some characteristics of the constructed models for film based on responses

Response Regression equation

Model summary

Thickness

Water absorption

=+0.41+0.00¥ZnO — 0.03*Gluten 4 0.00¥*ZnO*Gluten — 0.00*Zn0O"2 4+ 0.00 *Gluten"2

R—-sq=0.93
R —sq(adj)=0.90

=+198.83 —15.45%Zn0O —7.09*Gluten + 0.16*ZnO*Gluten + 0.85 * ZnO"2 +0.18*Gluten2 R —sq=0.93

R-sq(adj)=0.88

Moisture =+1.87-2.35*ZnO + 1.39* Gluten — 0.001*ZnO*Gluten + 0.02* ZnO"2 —0.01*Gluten’2 =~ R—sq=0.93

R -sq(adj)=0.91
Solubility =+89.24-2.21*Zn0 - 0.48*Gluten — 0.00*ZnO*Gluten — 0.06*ZnO"2 — 0.00*Gluten2 R-sq=0.91

R —sq(adj)=0.87
Antioxidant activity =+8.15+0.44xZn0O —0.001*Gluten R-sq=0.92

R —sq(adj)=0.91
Opacity =40.52-0.02¥Zn0O + 1.43*Gluten 4 0.00* ZnO*Gluten — 0.01*Zn0O"2 - 0.06 * Gluten”2 R—-sq=0.94

R —sq(adj)=0.89
L* =91.41-017*Zn0O — 0.29*Gluten R-sq=0.89

R —sq(adj)=0.86
a" = —0.96+0.23*Zn0 + 0.04*Gluten + 0.00* ZnO*Gluten — 0.03*ZnO”2 — 0.00 * Gluten"2 R-5q=0.93

R —sq(adj)=0.91
b* =40.35-0.55%Zn0 — 1.38*Gluten 4 0.01¥*ZnO*Gluten 4+ 0.02*ZnO"2 4+ 0.04*Gluten”2 R—-sq=0.94

R —sq(adj)=0.93
Antibacterial effect at 365 nm =+0.00+0.25*Zn0O + 0.00*Gluten + 0.00*ZnO*Gluten + 0.12*ZnO”2 + 0.00*Gluten”2 R—-5q=0.98

R —sq(adj)=0.95
Antibacterial effect at 254 nm =40.00+0.75*ZnO +0.00*Gluten + 0.00*ZnO*Gluten + 0.12*Zn0O"2 + 0.00*Gluten”2 R-5q=0.99

R —sq(adj)=0.97
Antifungisal effect at 365 nm =40.00+0.50*ZnO 4+ 0.00*Gluten R—-sq=0.98

R —sq(adj)=0.96
Antifungisal effect at 254 nm  =40.00+1.00¥ZnO + 0.00*Gluten R—-sq=0.99

R —sq(adj)=0.98
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Fig.2 3-D curve of the effect of WG and ZnO on the thickness (A), water absorption (B), solubility (C), moisture (D) and antioxidant activity
(E)
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increasing the percentage of zinc oxide, water absorption
in the films is reduced (p <0.05). It is well known that the
water absorption capacity in the film depends on its mor-
phology and chemical structure. Decrease of water absorp-
tion in the film by adding of ZnO can be relate to the fill-
ing the pores of gluten film by zinc oxide nanoparticles.
Kim et al. had reported that water absorption of films was
decreased by adding zinc oxide, that their results confirmed
the results of our study [9].

Solubility in water can be one of the most important prop-
erties for films due to resistance against water, especially in
wet environments. This property demonstrates film’s effec-
tiveness in protecting foods with high water activity and
fresh and frozen food. Figure 2c shows the 3-D curve of the
effect of gluten and zinc oxide on the film solubility. The
results showed that the solubility of films decreased with
increasing gluten and zinc oxide nanoparticles (p <0.05).
The reason for reducing the solubility of the film can be
related to this fact that the glycerol and other components
in water can be absorbed on the surface of zinc oxide nano-
particles. The results are consistent with the Rafieian et al.
report [4].

Figure 2d shows the 3D curve of the effect of gluten and
zinc oxide on the moisture content of films. Results showed
that decreasing the percentage of gluten and increasing the
amount of zinc oxide nanoparticles decreased the moisture
content of films (p <0.05). The present study is consistent
with Shahabi-Ghahfarrokhi and Babaei-Ghazvini’s research
[20].

The basis of the antioxidant test is based on the reduc-
tion of the DPPH radical resonance in the presence of anti-
oxidants. In this test, the presence of antioxidants results in
the conversion of DPPH radicals into a yellow compound
called diphenylhydrazil. Figure 2e shows the 3-D curve of
the simultaneous effects of zinc oxide and gluten on the anti-
oxidant activity. According to result, the antioxidant proper-
ties of the films increased with increasing zinc oxide, and the
gluten had no effect on the antioxidant activity (p <0.05).
The results of Nagajyothi et al. research on the antioxidant
activity of zinc oxide nanoparticles are consistent with our
study [21].

3.2 Opacity and Color Study

Light irradiation is one of the most important factors that
causes of food corruption. Some food products are so sen-
sitive to light that their color, odor and taste are changed
extremely with oxidation from the effects of light. Figure 3a
shows the 3-D curve of the effect of gluten and zinc oxide
on the opacity. The results showed that the zinc oxide had
no effect on the opacity and film opacity was increased by
increasing the gluten content (p < 0.05). The reason for the

@ Springer

increase of turbidity is the increasing of gluten and increas-
ing of film thickness.

Wau et al. reported that the optical properties of the films
were affected by some parameters such as the internal struc-
ture of the polymer, the phase mixing capacity, the color of
the added materials, the type of dispersion and the size of
the dispersed particles, and film thickness [22]. Color and
transparency of packaging films are one of the important
and influential factors in terms of consumer acceptability.
Color is one of the most important features of a packag-
ing film that plays an important role in its appearance and
marketability. In general, the biodegradable films that have
more similarity to synthetic polymers, have more accept-
ance and application. Figure 3b, c and d, respectively, show
the 3-D curves of gluten and zinc oxide effects on the L*,
a*, b* index. The results showed that the decrease of gluten
resulted in an increase in the L*, indicating an increase in
the whiteness of the produced films. Also, by increasing
the zinc oxide nanoparticles and reducing the gluten, the
factor a* increased. With the increase of the gluten, the b*
increased significantly (p <0.05). The zinc oxide nanopar-
ticles, not affected significantly the L* and b* factors [23].

3.3 Photocatalytic, Antibacterial and Antifungal
Study

The photocatalytic property of ZnO makes this nanoparticle
an antimicrobial compound. Under the influence of UV light,
ZnO nanoparticles exhibit strong oxidizing power, which
makes the nanoparticle more harmful to organic compounds
in the structure of microorganisms. In this test, the films
were cut in 5 mm in diameter and placed in the vicinity of
UV rays at wavelengths of 500, 365 and 254 nm for 90 min.
After 90 min, the films were placed in the Escherichia coli
and Aspergillus Niger culture plates (Fig. 1).

Figure 4a, b, c and d illustrate 3-D curves of gluten and
zinc oxide on the antibacterial/antifungal properties of film
at 256 and 365 nm. The results showed that the gluten had
no effect on the antibacterial/antifungal property of the
films. Also, the results showed that the antibacterial/anti-
fungal effects had a direct correlation with the concentration
of zinc oxide nanoparticles and increasing of ZnO increased
the antibacterial/antifungal effects. The antibacterial/anti-
fungal effect at wavelengths of 254 nm were higher than
365 nm. The Halo of lack of growth in Escherichia coli bac-
teria was observed more than the Aspergillus Niger fungi.
Also, the results showed that wavelength of 500 nm did not
active antibacterial/antifungal property of the films, so at
500 nm the Halo of lack of growth around the film against
bacteria and fungi were not observed. The exact mechanism
for the antimicrobial activity of zinc oxide nanoparticles is
not known at this time. It has been accepted that the anti-
microbial activity of zinc oxide nanoparticles is due to the
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Fig.3 3-D curves of effect of gluten and ZnO on the opacity (A), L* (B), a* (C) and b* (D)

photocatalytic properties of zinc oxide nanoparticles. This
work results are consistent with Roy and Wan Rhim and
Pirsa et al. results [24, 27].

3.4 Mechanical Properties Study

Mechanical properties are important factors in choosing the
type of packaging in food industry. The package should be
protected against physical stress and changing environmen-
tal conditions during storage until it is consumed. The role
of plasticizers is the destruction of intra and intermediate
molecular bonds of hydrogen, and the reduction of hydrogen
bonds between polymer chains, which increases the distance

between polymer molecules and molecular motions and
increases the flexibility of the polymer.

In this test, tensile strengths (TS) and strain to break
(STB) factors were measured in four films (F6, F7, F9 and
F11) with three repetitions. The results of TS (Fig. 5a)
showed that the TS increased with increasing gluten, and
zinc oxide nanoparticles did not have a significant effect on
the TS (p>0.05). The results of the STB (Fig. 5b) showed
that both gluten and zinc oxide nanoparticles were effec-
tive in this factor, and with increasing the amount of both
variables, the film STB increased (p <0.05). The reason
for increasing the TS and STB factors due to the increase
in gluten percentage can be attributed to a better gluten
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polymerization and an increase in free space between the
gluten chains. The present study is consistent with the results
of Vaezi et al. and Sartori et al. [5, 25]. Sartori et al. reported
that increasing of gluten increased the TS of film and Vaezi
et al. reported that increasing of ZnO increased the STB.

3.5 SEM and FT-IR Study
Figure 6a shows the SEM images of zinc oxide nanoparticles

(Fig. 6A-a), pure gluten film (Fig. 6A-b), and gluten-zinc
oxide (Fig. 6A-c) film. Figure 6A-a shows nanoparticles of

@ Springer

zinc oxide at a size of 30 to 100 nm in a spherical shape.
Figure 6A-b shows the pure gluten film, which is composed
entirely uniformly and without pore. Figure 6A-c the film of
gluten-zinc oxide shows that nanoparticles of zinc oxide are
heterogeneously distributed within the film, and the presence
of these particles in the film creates empty spaces on the
film’s surface. According to SEM figures, pure gluten film
is homohen and uniform and no agglomeration is observed,
it also has a smooth surface without bulging, but in the film
of gluten-zinc oxide by adding zinc oxide nanoparticles the
agglomeration process has happened. The results of this
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study are consistent with Saral Sarojini et al., Chiou et al.
reports [7, 26].

The FT-IR spectrum of pure gluten and gluten-ZnO films
are shown in Fig. 6B-a and B-b. The FT-IR spectrum was
recorded in the 500 to 4000 cm™!. The results of the pure
gluten spectra show that peaks at 759, 1033, 1250, 1444 and
1630 cm™! are related to tensile vibrations of C—O. Also, the
peaks at 2930 and 3434 are related to the tensile vibrations
of C—H and O-H. The results of gluten-ZnO spectra show
that the peaks at 1039, 1244, 1441 and 1630 cm™! are related
to the tensile vibrations of the C—O. The peaks at 2080 and
2369 cm™! are related to the tensile vibrations of the C—C
and C-N. Also, the peaks at 2932 and 3437 are related to the
tensile vibrations of C—H and O-H. By comparing the two
pure gluten and gluten-ZnO spectra, it is observed that the
peak at 759 cm™! contained in the pure gluten is covered by
C—C vibrations and is not observed in the gluten-ZnO spec-
trum. Also, peaks at 1039, 51244, 1441, 1630, 2932, and
3437 have been shifted to higher wavelengths in the gluten-
ZnO spectrum and have become wider. This results show
that vibrations stretching C—H and O—H have been created
after adding zinc oxide nanoparticles to the film compound
[27]. In general, no significant difference has been observed
between pure gluten and gluten-ZnO spectra, which appears
to be due to the weak vendrorase bond between gluten and
zinc oxide nanoparticles. The results of this study are con-
sistent with Kim et al. and Farshchi et al. results [9, 28].

4 Conclusion

In this study, the photocatalytic/antimicrobial properties
of biodegradable film based on gluten-zinc oxide nano-
composites were investigated for the active packaging of

food products. In this study, using the CCD, the effects of
two variables of gluten percent (15, 22.5 and 30%) and
percentage of ZnO nanoparticles (0, 2 and 4%) were stud-
ied. The film properties such as mechanical, antimicrobial
and antioxidant properties, FT-IR, SEM, solubility, water
absorption, thickness, moisture content, colorimetric prop-
erties (L*, a*, b*) and opacity of films were investigated.
According to result, the antioxidant properties of the films
increased with increasing zinc oxide, and the gluten had no
effect on the antioxidant activity. With the increase of glu-
ten content, water absorption increases, while by increas-
ing the percentage of zinc oxide, water absorption in the
films is reduced. The solubility of films decreased with
increasing gluten and zinc oxide nanoparticles. The results
of the STB showed that both gluten and zinc oxide nano-
particles were effective in this factor, and with increas-
ing the amount of both variables, the film STB increased.
According to the results, by increasing the percentage of
nanoparticles of zinc oxide in the presence of UV rays,
the antimicrobial properties of films increased and this
factor was more effective against Escherichia coli than
the Aspergillus Niger fungi. The effect of gluten on the
antioxidant property was meaningless but it was increased
by increasing zinc oxide nanoparticles percent. The results
of the FT-IR analysis showed that new weak interactions
between zinc oxide nanoparticles and gluten polymer were
created. The results of the SEM analysis showed that the
addition of high percentage of zinc oxide nanoparticles
into the wheat gluten polymer caused agglomeration of
nanoparticles on the film from. According to the results,
biodegradable/photocatalytic gluten-ZnO nanocomposite
can be used in packaging of food products that are sensi-
tive to bacteria.
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