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This study intended to provide biopolymer films used as food packaging, which will result in reducing environmental pollution produced by the ac-
tivities of synthetic food packaging. We used zinc oxide nanorods (ZnO-nr) and we prepared nanocomposite films by means of solvent casting. FTIR
and SEM were employed to characterize the final films. SEM images revealed that ZnO-nr particles were homogenously distributed throughout the film
surface. The thermal, optical, and heat sealability properties of the films were also examined. Adding ZnO-nr significantly reduced oxygen permeability
and heat sealability. The semolina films” UV absorbance was highly impacted by the degree of ZnO-nr addition. The nanocomposite films absorbed
above 90% of the near infrared spectra. In addition, the zeta potential revealed the surface charge of ZnO-nr had a negative charge of about -33.9 mV.

INTRODUCTION

A large number of biodegradable polymers have been
studied to develop edible films and finally lower the amount
of waste produced through non-degradable petroleum-based
food packaging activities [Tharanathan, 2003]. Not only do
these edible films protect physically foods, they also prevent
the mass transfer of aromas, oxygen, carbon dioxide, mois-
ture, lipids, and flavors, into and from food products [Mar-
cuzzo et al., 2010]. Considering nutritive merits and superior
features, protein-based biopolymers have received consider-
able attention regarding the development of edible films [Gen-
nadios, 2004]. These polymers are remarkable oxygen hurdles
and they have certain mechanical properties to the films [So-
thornvit et al., 2009].

Different types of proteins are used as components of bio-
degradable packaging [Khwaldia ef al., 2010]. Of these pro-
teins, the wheat protein is a potential constituent of packaging
materials due to its expense effectiveness, renewability, biode-
gradability, and favorable film-forming and cohesive/adhesive
features [Ture er al., 2013]. Semolina is considered as a type
of wheat with flour rich in high gluten content [Quaglia, 1998;
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Jafarzadeh et al., 2016]. The gluten strengthens the nutrient
value of edible films. Semolina grain is highly hard, light col-
ored, translucent, and displays antioxidant activities. Further,
semolina extracts prevent radical-prompted liposome lipid
peroxidation. They also show radical cation-scavenging per-
formance [Onyeneho & Hettiarachchy, 1992; Dufresne, 2006;
Jafarzadeh et al., 2016].

Nevertheless, the poor water and mechanical sensitiv-
ity of biopolymers restrict their application in the activities
of food packaging. Nanomaterials, which reinforce biopoly-
mers through the formation of nanocomposites, have been
recently employed to overcome these limitations [Petersson
& Oksman, 2006]. The nanoparticles used in the biopolymer
matrix remarkably strengthen the physicochemical, thermal,
optical properties of nanocomposites in comparison with
pure biopolymer [Kovacevic ef al., 2008].

With respect to their enormous particular surface area
and high energy of surface, nano-fillers display good interfa-
cial relationship with polymer branches and as a result signifi-
cantly promote polymer properties [Kumar & Singh, 2008].
Zinc oxide (ZnO) has been broadly used as a functional filler
in UV absorbers in cosmetics, pharmaceuticals, pigments
and coating materials [Liet al., 2009; Liet al., 2010; Rajendra
et al., 2010]. ZnO nanoparticle is able to potentially obstruct
infectious diseases via the antimicrobial impacts of ZnO
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[Yu et al., 2004; Rajendra ef al., 2010; Zhang et al., 2008].
The morphology, size, composition, crystallinity and shape
of ZnO nanoparticles have an effect on their intrinsic proper-
ties [Lin ef al., 2009; Shahrom & Abdullah, 2007]. Lin et al.
[2009] stated that ZnO nanorods (ZnO-nr) display maximum
UV-absorption performance.

Semolina has good properties for edible film production
and ZnO-nr are powerful materials in enhancing the physi-
cochemical, thermal, and hurdles properties of semolina.
In addition to these drawbacks, ZnO-nr-reinforced semolina
has not been widely understood. In the current study, we pro-
posed that by adding ZnO-nr with low-concentration into
semolina films we can improve the thermal and barrier prop-
erties of films and that the final biopolymeric films display
UV-blocking properties. With their desirable antioxidant ac-
tivities, the suggested films could be utilized as food packag-
ing particularly for cheese. The current study took advantage
of ZnO-nr as fillers to make semolina film bionanocompos-
ites ready and described the physicochemical, morphology,
thermal and barrier properties of the prepared films.

MATERIALS AND METHODS

Materials

Semolina flour (14.2% protein, 18.5% gluten) was pur-
chased from the local market in Tehran, Iran and then stored
in a dry and cool place until the tests. Food-grade glycerol
was obtained from SIM Company Sdn. Bhd. (Penang, Ma-
laysia), whereas food-grade liquid sorbitol was purchased
from LiangtracoSdn. Bhd. (Penang, Malaysia). The magne-
sium nitrate used to control humidity was purchased from
Sigma Aldrich (Kuala Lumpur, Malaysia), and ZnO-nr was
synthesized through the catalyst-free combust-oxidized mesh
process as described by Shahrom & Abdullah [2007].

Preparation of bionanocomposite films

Semolina flour (4 g) was dispersed by magnetic stirring
in 80 mL of distilled water at room temperature, and the pH
of the dispersion was adjusted to 8 with 1 mol NaOH. Simi-
larly, various concentrations of ZnO powder (1%, 2%, 3%, 4%,
and 5%; w/w of total solid) and 2 g of a sorbitol and glycerol
(3:1) mixture were dispersed in 20 mL of distilled water for
30 min followed by sonication in an ultrasonic bath (Marconi
model, Unique USC 45 kHz, Piracicaba, Brazil). Subsequent-
ly, the dispersions of semolina flour and ZnO-nr plasticizer
were mixed and stirred at 90°C for 1 h. For the preparation
of nanocomposite films, the homogenous mixtures were
poured into plates and the solvents were allowed to evaporate
at room temperature for 24 h.

The films were dried under controlled conditions in a hu-
midity chamber (25°C and 58% relative humidity (RH).
A control film was prepared in a similar manner except for
the addition of nanoparticles. The dried films were peeled
and stored at 23+2°C and 58% RH until use.

Oxygen permeability (OP)

OP was determined using Mocon Oxtran 2/21 System
(Minneapolis, MN, USA) at 25°C and 55+1% RH in accor-
dance with the ASTM Standard Method D3985-05 [ASTM,

2005]. The films were placed on an aluminum foil mask that
allowed an exposure area of 5 cm? Three replicates of each
film were evaluated.

Heat seal strength measurement

In order to seal the two parts of film samples together,
an Impulse Auto Sealer was utilized (Mercier Corporation,
ME-455A1, Taipei, Taiwan). The machine was also exploited
in the manipulation of Pressure and Heat. The highest factor
of heat seal was previously measured. This was done to enable
us to generate the maximum seal strength in the used samples.
With this regard, the specified heat seal temperature, dwell time,
and pressure were kept at 110£5°C, 0.85 s, and 1.8x 103 Pa,
respectively. In an attempt to inspect the needed tensile force
in keeping the seal apart by the crosshead speed of 1 mm/s
and the preliminary distance of 25 mm, we made use of TA
XT Plus Texture Analyzer (Stable Micro System). Keeping at
the angle of 180°, the peeled samples were attached at non-
-heat seal section. In order to gauge the strength of the seal
(utmost seal/load length), the optimal load obtained was
taken into consideration. The valuation of the peel seal was
executed after 48 h of the heat sealing operation. The average
value of the number of twelve samples, keeping in similar con-
ditions, was determined. The calculation of the seal strength
was obtained using the following method:

Seal strength = peak force / film width (1)

Newton/meter (N/m) was stated for the seal strength to
demonstrate the expected maximum force needed to trigger
the seal to split.

Fourier transform infrared spectroscopy (FI-IR)

To determine the Fourier Transform Infrared Spectrosco-
py (FTIR) range of the designated films, FTIR spectrometer
(Thermo Scientific, Madison, USA) was exploited by means
of an attenuated total reflection (ATR) at the temperature
of 25°C. After placing the films onto the crystal cells, they
were fixed into the FTIR spectrometer’s mount. 32 scans at
4 cm! resolution were exploited in the process of collecting
the 650-4000 cm' ranged spectra with automatic signal gain.
They were also ratioed at the temperature of 25°C adjacent to
a background spectrum which was recorded from the empty
clean cell. The OPUS 3.0 (Bruker, Ettlingen, Germany) was
employed as the data gathering programme for the pur-
pose of analyzing the spectral data. The baseline correction
and normalization of the spectra was carried out prior to
the analysis of data.

Optical properties

We studied the absorbance of the films (in triplicate) at
200 and 800 nm, by using the UV-vis spectrophotometer mod-
el UV-1650PC (Shimadzu, Tokyo, Japan). Biofilms were sec-
tioned (60 mm x 4 mm) and directly placed in a spectropho-
tometer test cell. An empty glass plate served as the reference.

Decomposition temperature
The samples (~15 mg) were scanned in a thermogravi-
metric analyzer (TGA-1, Perkin Elmer, Massachusetts, USA)
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from 40°C to 800°C at a rate of 10°C/min in a nitrogen envi-
ronment [Nuthong et al., 2009].

Film morphology

The conditioned bionanocomposite samples were vacuum
coated with gold for field-emission scanning electron micros-
copy. The surface microstructure of the nanocomposite films
was visualized using a Leo Supra 50 VP field-emission scan-
ning electron microscope (Carl-Ziess. SMT, Oberkochen, Ger-
many) equipped with an Oxford INCA 400 energy dispersive.

We used a Phillips CM12 transmission electron micro-
scope. In addition, energy-dispersive X-ray spectroscopy
(EDX) was conducted under 15 kV incident electron energy.

Zeta potential

The zeta potential of ZnO-nr was determined using
Zeta sizer Nano-ZS90 (Malvern Instruments). The analysis
was performed at a scattering angle of 90° at a temperature
of 25°C using samples diluted to different intensity concentra-
tion with deionized distilled water.

Statistical analysis

Experiments were performed in triplicate (n=3) with three
different lots of film samples and a completely randomized
design (CRD) was used. ANOVA and Tukey’s post-hoc tests
were used to evaluate the mean values of the physical, bar-
rier and thermal properties of the prepared semolina films at
the 5% significance level. Statistical analysis was conducted
using SPSS version 22.0.

RESULTS AND DISCUSSION

Oxygen permeability

OP has been the most widely investigated transport prop-
erty of edible polymer films. As a matter of fact, diverse fac-
tors influence the transport property of gases through polymer
films. These properties include, according to Sanchez-Garcia
et al. [2008], such properties as their path’s tortuosity through
the structure of the polymer; the extent to which they are ex-
foliated or dispersed; the properties of the filler in terms
of the type, content, orientation and aspect ratio; the crystal-
linity of the induced filler; immobilization of polymer chain;
and the propensity and retention of solvent in the induced
filler. Various studies, for example Padua & Wang [2002],
Tharanathan [2003], and Hong & Krochta [2003], have
shown that due to the existence of polar interactions, an ex-
cellent OP properties can be observed in films which are pro-
duced from plant-based protein polymers.

The highest content of gluten can be found in semolina flour
among the numerous types of protein-rich flours available.
The formation of film is facilitated through the impartation
of integrity due to the flexible and cohesive properties of gluten.
Moreover, the main components of gluten are gliadins and glu-
tenins which contain low-molecular-weight and high-molec-
ular-weight proteins respectively. Accordingly, as maintained
by Wittaya [2012], films are strengthened by high-purity gluten
which in turn are useful barriers to oxygen.

As can be seen in Table 1, the increase in the content
of ZnO-nr significantly decreases the OP. The OP and bar-

TABLE 1. Permeability to oxygen of semolina nanocomposite films.

ZnO-nr (% w/w) OP cc mil/(m?-day-atm)
Control 2.04+0.04
1% 1.13+0.02°
2% 1.01%0.03¢
3% 0.90+0.02¢
4% 0.82+0.02¢
5% 0.71=0.101

Different letters in each column represent significant difference among
semolina films at the 5% level of probability

rier property are largely reduced and improved respectively,
in the semolina film with ZnO-nr (5%). A ca. 65% reduction
can be noticed in films containing 5% ZnO-nr. It is expected
that for the diffusion of the oxygen molecules, a tortuous
pathway is created by the nanoparticles fused into the matrix.
It can also be argued that the reduction seen in the permeabil-
ity coefficients can be interpreted as the passage of diffusing
gases through this long path [Bourtoom & Chinnan, 2008].
This is conversely in line with the finding of studies such as
Bae et al. [2009] and Tire et al. [2013].

Heat seal strength

Heat sealability is a critical property of films used in pack-
aging. Figure 1 shows the seal strengths of the nanocomposite
films. The control films exhibited the strongest seal strength
among all the films prepared. However, the seal strength
weakened with increasing ZnO-nr content. During sealing,
two pieces of biofilms were inserted between two heated
plates. We hypothesized that the nanoparticles in the pro-
tein polymer matrix possibly block the interaction between
the two melted surfaces of the films during heat sealing. Our
study revealed that the interactions occurring between the ac-
tive groups of semolina were reduced by the nanoparticles
inside the polymer matrix, which consequently weakened
the seal strength of the bionanocomposite films; in addition,
the reduced seal strength may be attributed to the reduction
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FIGURE 1. Effects of ZnO-nr contents on the heat sealability of semo-
lina nanocomposite films. The bars indicate mean (n = 5) = SD. Differ-
ent letters on the bars represent significant difference among the films at
the 5% level of probability.
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TABLE 2. Light transmittance values of semolina films as affected by ZnO-nr incorporation.

ZnO-nr Light transmittance (%) level

(%ow/w) 200 280 350 400 500 600 700 800
Control 0 1.01 14.75 18.67 24.84 27.28 29.24 3112
1% 0 0.33 3.479 3.955 10.413 16.602 22.29 27.368
2% 0 0.098 0.928 1294 4.883 9.595 14.856 20325
3% 0 0 0.061 0.366 1.367 2.905 5.139 7.959
4% 0 0 0.061 0.293 0.793 1.501 2.71 448
5% 0 0 0 0.146 0.439 0.671 1.038 1.66

in the moisture content and flexibility of the films with in-
creasing ZnO-nr content [Abdorreza et al., 2011]. Heat seal
strength is usually used to evaluate the opening properties
of the sealed package. High seal strength is desirable to real-
ize tightly sealed food packaging, whereas low seal strength
is suitable to obtain easy-open packaging.

Optical properties

In order to maintain the quality of food, the optical prop-
erties of biopolymer films are of highly significance in packag-
ing food. This is due to the fact that light protection is of high
priority when regarding the food quality.

According to Ramos ef al. [2013], the UV barrier prop-
erty of packaging films is desirable to prevent UV light-driven
lipid oxidation, discoloration of packed food stuffs, and ac-
cordingly the nutrients shortfall. There are three zones identi-
fied for UV region: UVC (180-280 nm), UVB (280-320 nm),
and UVA (320-400 nm). By means of a UV-vis spectro-
photometer, the absorbance of biopolymer film properties
and their nanocomposite were measured, the result of which
can be seen in Figure 2 and Table 2. Not possessing nanopar-
ticles, the semolina films as the control element exhibited an
acceptable quality against 180-280 nm range UV. As dis-
cussed by Arfat et al. [2014], the existence of aromatic amino
acids in high levels has resulted the protein based films to
be commonly considered as great barriers against UV.

A clear peak of absorption was observed by nanocompos-
ite films. An increase in the content of ZnO-nr resulted in an

increase in the peak of absorption. Semolina/ZnO-nr com-
posite’s absorption was at its peak at 380 nm. The blue-shift
phenomenon was clearly seen at these bionanocomposites’
peak of absorption. Due to the effect of quantum confinement,
the ZnO-nr would increase, the result of which is the emission
of ZnO-nr biocomposites and accordingly the blue shift phe-
nomenon [Subramani ez al., 2007]. CMC/ZnO nanocompos-
ite films revealed the similar results as well [Yu e al., 2009].

FTIR analysis

The vibration properties of synthesized materials can
be noticeably examined through the usage of FTIR spec-
troscopy. The properties that influence the absorption peak
and band positions are the structure, the chemical composi-
tion as well as morphology of thin films. There are four re-
gions viewed for FTIR spectroscopy which extends between:
1) ranges from 4,000 to 2,500, 2) ranges from 2,500 to 2,000,
3) ranges from 2,000 to 1,500 and 4) ranges from 1, 500 to
400. In condition of a peak of 4,000 to 2,500 for the spectrum,
a consistency of peak with absorption can be noticed stimu-
lated by C-H, O-H and N-H single bonds.

Alternatively, a peak of spectrum ranging from 2,500 to
2,000, the consistency can be observed for the peak with
triple-bond induced absorption. This agreement would
be observed with double bond absorption, including C=N,
C=0 and C=C, when the spectrum peak ranges from 2,000 to
1,500. The semolina-based FT-IR spectra and the semolina
nanocomposite films are presented in Figure 3. Ranging from
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FIGURE 2. UV-vis absorbance of semolina nanocomposite films at 25°C.
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FIGURE 3. FT-IR transmittance spectra of semolina nanocomposite films at 25°C.

3287 cm! to 664 cm!, different properties of the peaks were
shown for the spectrum of nano-composite film. The peaks
of absorption ranging from 400 to 700 cm~' could be ascribed
to stretching modes of all ZnO samples [Djaja et al., 2013].
The vibration of ZnO at 664 cm™' was the determinant fac-
tor for the peak of absorption in the present research. There
was found no new functional group after the fusion of nano-
composite, which could be perceived as a physical contact
between nanocomposite and film matrix.
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Scanning electron microscopy (SEM), EDX and TEM
SEM is the most widely applied technique to characterize
the shape, size, morphology, and porosity of matrices. Fig-
ure 4 shows the SEM images and EDX spectra of the semo-
lina films and ZnO-nr-reinforced films. TEM also revealed
that the nanorods were cylindrical with hexagonal cross sec-
tion (Figure 4). The control film exhibited a smooth and com-
pact surface morphology, whereas the nanocomposite films
showed a slightly rough surface. SEM images revealed that

Element Wit%
o 33.81

Na 13.79

Zn 524

FIGURE 4. (a) EDX spectrum, (b)FESEM micrograph of pure semolina film surface, and (¢) ZnO-nr-reinforced semolina film surface, (d) TEM

micrograph of ZnO-nr.
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FIGURE 5. Decomposition curves of semolina films compared with ZnO-nr-reinforced films.

ZnO-nr particles were homogenously distributed through-
out the film surface, which possibly rendered the surface
of the nanocomposite films rough. This finding is possi-
bly associated with the protruded film structures resulting
from the increased thickness of the films. Figure 4 illustrates
the EDX spectrum of semolina/ ZnO-nr films. If ZnO-nr con-
tent was increased, their signals could be detected. As shown
in Figure 4, C, Zn, O and Na elements were identified.

TGA

The control biopolymer’s thermal stability and the as-
sociated nanocomposite films are displayed in Figure 5.
Considering semolina and ZnO-nr-reinforced films, a slight
variation in the temperature of decomposition was discovered
by using TGA thermogram. As can be seen in Figure 5, there
is approximately 18%, 22% and 5% of residue for the control
and the ZnO-nr-reinforced film. Nevertheless, the divergence
in the temperature of films decomposition was insignificant,
which could be the result of an insignificant volume of the add-
ed nanoparticles. However, contrary to this finding, the study
by Zou & Yoshida [2010] indicates an increase in the tem-
perature of polymeric films decomposition and difference
in the volume of nitrogen residue by adding nanoparticle.

5707000

400000 H

300000 -

Total counts

100000 +--cmmmmemenemennnal ..............

200000 H ) el
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The stability of particle in suspension has a great influence
on the surface charge or Zeta potential which is done through
the electrostatic repulsion among particles. In other words,
the higher repulsion between particles would lead to a higher
Zeta potential. A surface charge is possessed by nanoparticles
through which a thin layer of opposite charge ions is attracted
to the surface of the nanoparticle. As the solution causes this
double layer of ions to diffuse with the nanoparticle to dif-
fuse, it moves with the nanoparticle. The particles’ Zeta po-
tential is the electric potential placed at the edge of the double
layer. This electric potential normally has the volume be-
tween +100 mV to -100 mV. As can be observed in Figure 6,
a negative charge of approximately -33.9 mV can be valued
for ZnO-nr surface. Higher measures of stability can also
be detected for nanoparticles with Zeta Potential of the values
higher than +25 mV or smaller than -25 mV.

CONCLUSIONS
The present research characterized and created semolina-

based nanobiocomposites of ZnO-nr for food packaging pur-
poses. There are some reasons why semolina was employed as

0 100 200

Apparent Zeta Potential (mV)

FIGURE 6. Zeta potential of ZnO-nr.
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a polymeric matrix including its great accessibility in nature,
biodegradability, low expenditure, and great gluten content,
which enhance the biopolymer films’ nutritional properties.

ZnO-nr played a crucial role in improving the physical
properties of semolina-based biocomposites. Having incor-
porated low degree of ZnO-nr fillers, important differences
were witnessed in the film properties, especially in barrier
and UV support activities. The optical property of bion-
anocomposites showed that the nanocomposite films had
absorbed above 90% of the near infrared spectra via adding
small degree of ZnO-nr to the biopolymer matrix. The Zeta
potential test showed that the surface charge of ZnO-nr
was -33.9 mV, and that the higher the surface charge was
the higher was the repulsion and dispersion between particles.
The FTIR spectra displayed the physical relationship between
ZnO-nr and the semolina. The crystal facets also maximized
the UV absorption. The present findings stressed that the bio-
polymer-based nanocomposite films are environment friendly
in films packaging to make an improvement in the shelf life
of food as well as viable replacement to petroleum-based or
synthetic packaging films. Overall, this study suggests that
semolina films incorporated with ZnO-nr show a strong po-
tential to be used as active films.

RESEARCH FUNDING

The authors acknowledge the University Sains Malay-
sia for supporting this project (GOT grant number 1001/
PFIZIK/823130).

CONFLICT OF INTEREST
Author declare no conflict of interest.
REFERENCES

1. Abdorreza M.N., Cheng L.H., Karim A.A., Effects of plasticizers
on thermal properties and heat sealability of sago starch films.
Food Hydrocolloid., 2011, 25, 56-60.

2. Arfat Y.A., Benjakul S., Prodpran T., Sumpavapol P., Songtipya
P, Properties and antimicrobial activity of fish protein isolate/
fish skin gelatin film containing basil leaf essential oil and zinc
oxide nanoparticles. Food Hydrocolloid., 2014, 41, 265-273.

3. ASTM., Annual Book of ASTM Standards. 2005, Philadelphia,
PA.

4. ASTM., Standard Test Method for Seal Strength of Flexible
Barrier MaterialsF88/F88M-09, Philadelphia, PA, 2009, Annual
book of ASTM Standards.

5. Bae H.J., Park H.J., Hong S.I., Byun Y.J., Darby D.O., Kimmel
R.M., Whiteside W.S., Effect of clay content, homogenization
RPM, pH, and ultrasonication on mechanical and barrier prop-
erties of fish gelatin/montmorillonite nanocomposite films. LWT
- Food Sci. Technol., 2009, 42, 1179-1186.

6. Bourtoom T., Chinnan M.S., Preparation and properties of rice
starch—chitosan blend biodegradable film. LWT - Food Sci.
Technol., 2008, 41, 1633-1641.

7. Djaja N. E, Montja D. A., Saleh R., The effect of Co incorpora-
tion into Zno nanoparticles. Adv. Material. Physc. Chem., 2013,
3,33-41.

20.

21.

22.

23.

24.

25.

. Dufresne A., Comparing the mechanical properties of high per-

formances polymer nanocomposites from biological sources.
J. Nano Sci. Nano Techno., 2006, 6, 322-330.

. Gennadios A., Edible films and coatings from proteins. 2004, in:

Proteins in Food Processing (ed. R. Yada). Wood Head Publish-
ing, Cambridge, UK, pp. 467-489.

. Hong S.1., Krochta J.M., Oxygen barrier properties of whey pro-

tein isolate coatings on polypropylene films. J. Food Sci., 2003,
68, 224-228.

. Jafarzadeh S., Alias A.K., Ariffin E, Mahmud S., Najafi A.,

Preparation and characterization of bionanocomposite films
reinforced with nano kaolin. J. Food Sci. Technol., 2016, 53,
I111-1119.

. Khwaldia K., Arab Tehrany E., Desobry S., Biopolymer coatings

on paper packaging materials. Compreh. Rev. Food Sci. Food
Safety, 2010, 9, 82-91.

. Kovacevic E., Stefanovic 1., Berndt J., Godde C., Winter J.,

Boufendi L., The nanoparticle formation in hydrocarbon plas-
mas. Publ. Astronom. Observ. Belgrade, 2008, 84, 151-152

. Kumar A.P, Singh R.P., Biocomposites of cellulose reinforced

starch: Improvement of properties by photo-induced crosslink-
ing. Biores. Technol., 2008, 99, 8803-8809.

. Li J.H., Hong RY., Li M.Y., Li H.Z., Zheng Y., Ding J., Ef-

fects of ZnO nanoparticles on the mechanical and antibacterial
properties of polyurethane coatings. Prog. Org. Coat., 2009, 64,
504-509.

. Li X.H., Xing Y.G., Li WL., Jiang Y.H., Ding Y.L., Antibacte-

rial and physical properties of poly (vinyl chloride)-based film
coated with ZnO nanoparticles. Food Sci. Technol. Int., 2010,
16, 225-232.

. Lin O.H., Akil H.M., Mahmud S. Effect of particle morphology

on the properties of nanoZnO/polypropylene composites. Adv.
Compos Lett., 2009, 18, 77-83.

. Mahmud S., Abdullah M.J., Tapered head of Zinc Oxide nanoro-

ds. Solid State Sci. Technol., 2007, 15, 1, 108-115.

. Marcuzzo E., Sensidoni A., Debeaufort E, Voilley A., Encapsula-

tion of aroma compounds in biopolymeric emulsion based ed-
ible films to control flavour release. Carbohydr. Polym., 2010,
80, 984-988.

Nuthong P, Benjakul S., Prodpran T., Characterization of por-
cine plasma protein-based films as affected by pretreatment
and cross-linking agents. Int. J. Biol. Macromol., 2009, 44,
143-148.

Onyeneho S.N., Hettiarachchy N.S., Antioxidant activity of du-
rum wheat bran. J. Agr. Food Chem., 1992, 40, 1496-1500.
Padua G.W.,, Wang Q., Formation and properties of corn zein
films and coatings. 2002, in: Protein Based Films and Coatings
(ed. A. Gennadios). CRC Press, USA, pp. 43-68.

Petersson L., Oksman K., Biopolymer based nanocomposites:
comparing layered silicates and microcrystalline cellulose as
nanoreinforcement. Compos. Sci. Technol., 2006, 66, 2187-2196.
Quaglia G.B., Other durum wheat products. 1988, in: Durum
Chemistry and Technology (eds. M.J. Sissones, J. Abecassis,
B. Marchylo, M. Carcea). AACC International, St. Paul, M.N.,
pp. 263-282.

Rajendran R., Balakumar C., Ahammed H.A.M., Jayakumar S.,
Vaideki K., Rajesh E., Use of zinc oxide nano particles for pro-
duction of antimicrobial textiles. Int. J. Eng. Sci. Technol., 2010,
2,202-208.



190

Semolina Protein Film with Incorporated Zinc Oxide Nano Rod Intended for Food Packaging

26.

27.

28.

29.

30.

31

Ramos O.L., Reinas L., Silva S.I., Fernandes J.C., Cerqueira
M.A., Pereira RIN., Vicente A.A., Pocas M.E, Pintado M.E.,
Malcata EX., Effect of whey protein purity and glycerol con-
tent upon physical properties of edible films manufactured there
from. Food Hydrocolloid., 2013, 30(1), 110-122.
Sanchez-Garcia M.D., Gimenez E., Lagaron J.M., Morphology
and barrier properties of solvent cast composites of thermoplas-
tic biopolymers and purified cellulose fibers. Carbohydr. Polym.,
2008, 71, 235-244.

Sothornvit R., Rhim J.W.,, Hong S.1. Effect of nano-clay type on
the physical and antimicrobial properties of whey protein isolate/
clay composite films. J. Food Eng., 2009, 91,468 473.
Subramani C., Mhaske S.T., Kathe A.A., Varadarajan PV,
Prasad V., Vignesh-Waran N., Functional behaviour of polypro-
pylene/ZnO-soluble starch nanocomposites. Nanotechnology,
2007, 18(38), 385702.

Tharanathan R.N., Biodegradable films and composite coatings:
past, present and future. Trends Food Sci. Technol., 2003, 14,
T1-78.

Ture H., Gillstedt M., Johansson E., Hedenqvist M.S., Wheat-
-gluten/montmorillonite clay multilayer-coated paperboards
with high barrier properties. Ind. Crop Prod., 2013, 51, 1-6.

32.

33.

34.

35.

36.

Wittaya T., Protein-based edible films: characteristics and im-
provement of properties. 2012, in: Structure and Foundation
of Food Engineering (ed. A.A. Eissa). InTech, Rijeka, Croatia,
pp. 43-70.

Yu D, Cai R, Liu Z., Studies on the photo degradation of Rho-
damine dyes on nanometer-sized zinc oxide. Spectrochim Acta
A., 2004, 60, 1617-1624.

YuJ, Yang J., Liu B., Ma X., Preparation and characterization
of glycerol plasticized-pea starch/ZnO-carboxymethylcellulose
sodium nanocomposites. Biores. Technol., 2009, 100, 2832-
-2841.

Zhang L., Ding Y., Povey M., York D., ZnO nanofluids-A po-
tential antibacterial agent. Prog. Nat. Sci. Mat. Int., 2008, 18(8),
939-944.

Zou D.Q., Yoshida H., Size effect of silica nanoparticles on ther-
mal decomposition of PMMA. J. Therm. Anal. Calorim., 2010,
99, 21-26.

Submitted: 27 February 2016. Revised: 17 July, 24 July and

5 September 2016. Accepted 12 September 2016. Published on-line:
19 January 2017.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


