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Introduction

Whey protein isolate has been considered in food packaging due to its edibility, biodegradability, ability to produce transparent,
colorless and odorless films and coatings, cheapness and high relative abundance, as well as high barrier to oxygen and aromatic
compounds at low relative humidity. However, the poor mechanical properties of these films, such as low tensile strength, inherent
stiffness and poor water vapor barrier, have limited their application. Therefore, to overcome this limitation, in this study, the use
of zinc oxide nanoparticles produced by green synthesis method from propolis alcoholic extract in the production of biodegradable
films based on whey protein isolate was investigated. The effect of ultrasound treatment on the green synthesis process and the
characteristics of the manufactured nanoparticles were also studied.

Materials and Methods

The production of zinc oxide nanoparticles by green synthesis method was as follows: first, zinc nitrate was prepared with different
concentrations of 0.075, 0.15 and 0.25 M. The alcoholic extract of propolis was slowly and dropwise added to the prepared zinc
nitrate solution. The reaction was carried out on a heater stirrer at 60 °C for 5 h. The pH of the solution was adjusted to 10 during the
reaction using sodium hydroxide so that after the end of mixing, a brick-colored precipitate of zinc oxide nanoparticles was observed
at the bottom of the container. The precipitates were centrifuged for 10 min at 4000 rpm. After this stage, the accumulated zinc oxide
precipitates were washed with distilled water to separate impurities and finally placed in an electric furnace at 350 °C for 2 h. After
this time, zinc oxide nanoparticles can be obtained in a light gray to white color. In the ultrasonic method, the brick-colored solution
obtained before centrifugation was subjected to ultrasonic waves in an ultrasonic bath for 15 min, and then the same procedure was
followed. To prepare the alcoholic extract of propolis, 15 g of propolis was mixed with 20 mL of 99% ethanol and placed in a shaker
at 180 rpm for 24 h at room temperature. The resulting solution was filtered with VWWhatman paper No. 1. Finally, the solvent was
recovered in a rotary evaporator at 45 °C. The superior nanoparticles were then obtained to be incorporated in the films of whey
protein isolate at different concentrations of 3, 5 and 7 % and the physicochemical, antioxidant and antimicrobial properties were
studied.

Results and Discussion
The results of FTIR analysis of nanoparticles showed a decrease in the intensity or elimination of some bands presented in propolis
extract, which indicated the participation of these functional groups in the process of zinc ion reduction and surface coating of
nanoparticles. The morphology of nanoparticles also showed that the samples treated by ultrasound had a more homogeneous
morphology than those without ultrasound. So, zinc oxide nanoparticles synthesized at a concentration of 0.25 M zinc nitrate with
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ultrasound were selected as the superior sample due to their appropriate density, regular shape and uniform distribution of particles.
These particles were then added to whey protein isolate film at concentrations of 3, 5 and 7% to compare their performance and their
properties in comparison with the control whey protein isolate film. The results showed that with increasing the percentage of
nanoparticles, the solubility and water vapor permeability decreased and the antioxidant property, tensile strength, elongation and
Young's modulus increased significantly (p < 0.05). This increase was greater in samples containing zinc oxide nanoparticles treated
with ultrasound than in samples without ultrasound (p < 0.05). The findings of the antimicrobial property also indicated that the gram-
positive bacterium Staphylococcus aureus was more sensitive to zinc oxide nanoparticles treated with propolis extract than the gram-
negative bacterium Escherichia coli.

Conclusion

In general, the findings of this study showed that the use of zinc oxide nanoparticles synthesized with propolis
extract using ultrasound improves the physicochemical and microbial properties of the whey protein isolate.
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Fig. 1. Scanning electron microscope images of zinc oxide nanoparticles synthesized with propolis extract
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate

with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (hanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound)
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Fig. 2. FTIR spectroscopy results of propolis extract and the synthesized ZnO nanoparticles
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate
with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (nanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound), g) propolis extract
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Table 1- Solubility (%) and water vapor permeability (gm's"'pa!) of films prepared with different percentages of zinc oxide
nanoparticles

Ol B @ (550dy dgii
(x107 gm-isipal)

Water vapor permeability

W diges (%) cal¥l>
Samples Solubility
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Data are reported as mean = standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.

ool L (ReScek et al., 2015) )Kan o5 SSu, gl |
9 03lpgpe Clllas 5 sy Rls okl (4 g9y 4Tl
euS1gil 139380 y9el e (Marvizadeh et al., 2014) Ko
bl Slgen (658 YIS 50l dtwlis 4 (g,
9> HeaST gl hops Gl b el Jobo 2bjl 3o
ol )3 302 WA Sl ()l sine sl 9ol $ (19 9 L od it
i 69y ST 03950 Lo 3 ¥ (g9l Wb 43 o )3 DV/YY & sl
oot cpl 5l Jols gl (P <+/+8) bl yiulbl igol b b odds
Ghafoori ) ,\Ken 5 ,Sial (cy9ae imgh 5| Jolbs mbs L
Sluogas obj)l g9y 5 (sladlls ,o (Ahangar et al., 2018
L305 plosl g9y denST 3936 gl s Sl 5157,5T 4 ¥ gs WLid

Sulse slaSiag

2 38 Kb Jgde 5 Job 2bdjl (oS Cunglio 4 bgiye ol
Joyd iliel b ool Gy b b ol ol 03> LiS Y Jaus
2 oili8l cplas ol L dolj8l Wy (pdidS Ceaglie il ydgil
I e ©gol b odd i (59) 38T Slpdgl ol sladiges
g diges plo

00950 YL sladoyd jaas 3 lapld LiuiS Cwglis deu
Il S Lo )3 3l (FuiiSyy i Jehoay oo (S
oSy S glpiedr Sdgl cpl VL Sl Jlate Cons e,
655 3emST 393l B giSy 5 0181y 5 (2 yesil dlayl 5> cansli
G oyl gl Bl ety Of g Agnl (e wlid



\f.¥ 6°_)'ST B oyl ¥ als (ol pl (2138 auluo g pole slebidghy 4 pis  OYY

&9y gl 39580 a8 By L5 sl Canday @l s a3y
Kanmani & Rhim, ) 55,5 .o bapld Job objl (il38l coge
(2014

duopd ioliel bas ob ol j8 L Jade a bayye s
4 S Bk ) Ggol)d (g 9 b odd Ji (g9, ST S350
<o /e 0) Cawl Bl yiol38l (o)l pxe yebds SSb Jade salis diges
028 jiuw (59) eS| SIOL (ol sladiges )3 JlEl cpl &5 (P
owlidl ey ol ls g dises plo 1 b Caolyd b
Dash, Ali, ) ol Ke2 5 (ob bwg b Jgdo g (wiudS Cooglio
ST (60 pausilis @l)dgil 09381 41y (Das, & Mohanta, 2019
45 IS god Slarls (550 5 s 4l 1 obd &

ool sloazily | img ol ccloasdly oyl ogMe il cillas
5 o)y (Ojagh et al., 2017) -, Kan 5 3o adllao ,5 ool
Sl 5 (Sujd Gl SRy Soan 9y ST SOl (3938
o ploul udiss > .l Slgsren LSTLI= 5T 4 ¥ GLs
wd Sluogas (Ghadetaj et al., 2018) 1, Sen 5 zU )06 bawgs
3590 bl g Cogdgol 6 g9l prineol ey gl b oad s
il 5 (ymdsalails 45 48 by s Lol gl 2 5 )5 alllas
crge ogMedy 33,5 oo Al St pld (Sl il e
» (Ghadetaj et al., 2018) »5 o (SolKo olsd deuo
s 4 M pbxl ) g (SletS awg VY Jlo )3 &8 auios
S35 QUSHE BT 4l 0nd 4Bl clagldsy Sluogas
oS M S § plysdr 55y ST gl g el fiie

S9 SawST 0,393 s (glao ;> L o and (Sekd (Sl g S519 - T Jgir
Table 2- Mechanical properties of films prepared with different percentages of zinc oxide nanoparticles
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Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <

0.05) between film samples.
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Table 3- Antioxidant and antimicrobial properties of films prepared with different percentages of zinc oxide nanoparticles
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Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.
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