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food with minimal use of industrial polymers is rapidly increasing.
Food safety against internal and external spoilage agents is an
effective strategy for preserving food resources. For this reason,
global efforts have been focused on developing safe and efficient
packaging. In this regard, extensive research has been conducted to
evaluate biopolymers as suitable alternatives to plastic packaging.
Biodegradable polymers have limitations in terms of mechanical,
physical, and functional properties. Despite solving the
environmental problem caused by plastics, films have mechanical,
physical, and functional disadvantages properties. Combination of
two or more polymers, using plant extracts and using nanoparticles

Article history: are effective problem solving routs. The object of this research is to
Received: 2025-03-10 prepare nanocomposite films based on polyvinyl alcohol/chitosan
Revised: 2025-08-32 /pomegranate peel extract/zinc oxide nanoparticles to increase the

Accepted: 2025-09-15 shelf life and maintain the quality of food products. The presence of

hydroxyl groups on the carbon atoms of polyvinyl alcohol makes it
hydrophilic and causes its decomposition through hydrolysis. In
order to reduce the hydrophilic properties and improve the physical
properties, a hybrid polymer was used. Chitosan is a biocompatible
and biodegradable polymer that has film-forming capacity and
ability to absorb oxygen and moisture. However, its antioxidant and
antibacterial properties is low and can be improved with
pomegranate peel plant extract. Use of zinc oxide nanoparticles has
positive effects on antibacterial properties as well as the antioxidant
properties of nanocomposite films due to their photocatalytic

properties.

Keywords: Materials & Methods: To overcome these challenges, solutions
Nanocomposite film such as polymer blending, use of plant extracts, and application of
polyvinyl alcohol nanoparticles have been proposed. In this study, a biodegradable
chitosan nanocomposite film was fabricated by combining polyvinyl alcohol,
pomegranate peel extract . . . .

zinc oxide nanoparticles chitosan, zinc oxide (ZnO) nanoparticles, and pomegranate peel
food packaging extract (PPE). Based on various experiments, 5 films were

synthesized through trial and error to achieve maximum
antibacterial properties, and 8 samples were designed based on the
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proposed model.

Results: Studies showed that sample number 4 had the largest
diameter of the growth inhibition zone, and accordingly, optimal
concentrations were selected for the final film. The results showed
that the optimized nanocomposite film made with a combination of
polyvinyl alcohol, chitosan, zinc oxide nanoparticles, and
pomegranate peel extract has better desirable antibacterial and
antifungal properties than the reference films. Conclusion: This film
can be a suitable option for biodegradable food packaging, helping
to increase the shelf life and maintain the quality of products.
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Figure 1- Diameter of the growth inhibition zone
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Table 1- Result of serial dilution antibacterial properties of pomegranate peel extract in gram/MI
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Figure 2. Evaluation of antibacterial properties of bleached pomegranate peel extract with different
solvents (water-acetone-methanol) (a) Methanol equall to acetone. (b) Double ratio of acetone to

methanol. (c) Double ratio of methanol to acetone. In all three samples, the amount of water is constant
and the concentration of bleached extract is 0.25 g/ml.
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Table 2. Results of the growth inhibition zone of bleached extracts with different solvents at a
concentration of 0.25 g/ml
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Table 3. Antibacterial activity test of sample S1 at different concentrations
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Figure 3.Results of antibacterial test of synthesized films with bleached extract. Sample No. 1 (chitosan
and polyvinyl alcohol (250 mg/ml), zinc oxide (100 mg/ml), bleached pomegranate peel extract (0.1
g/ml)), Sample No. 2 (chitosan and polyvinyl alcohol (250 mg/ml), zinc oxide (100 mg/ml), bleached
pomegranate peel extract (0.2 g/ml)), Sample No. 3 (chitosan and polyvinyl alcohol (250 mg/ml), zinc
oxide (150 mg/ml), bleached pomegranate peel extract (0.3 g/ml))
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Table 4. Results of antibacterial test in equal proportions of methanol and acetone
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Figure 4. Investigation of the antibacterial properties of 8 manufactured films. A) Qualitative observation
of samples/B) Measurement with calipers. Sample 1 (Chitosan and polyvinyl alcohol (250 mg/ml), zinc
oxide (50 mg/ml), pomegranate peel extract (0.1 g/ml), deionized water (200 ml)), Sample 2 (Chitosan
and polyvinyl alcohol (250 mg/ml), zinc oxide (100 mg/ml), pomegranate peel extract (0.2 g/ml),
deionized water (150 ml)), Sample 3 (Chitosan and polyvinyl alcohol (250 mg/ml), zinc oxide (150
mg/ml), pomegranate peel extract (0.3 g/ml), deionized water (100 ml)), Sample 4 (Chitosan and
polyvinyl alcohol (250 mg/ml), zinc oxide (200 mg/ml), pomegranate peel extract (0.4 g) / ml), deionized
water (50 ml)), Sample 5 (Chitosan and polyvinyl alcohol (250 mg / ml), zinc oxide (250 mg / ml),
pomegranate peel extract (0.5 g / ml), deionized water (100)), Sample 6 (Chitosan and polyvinyl alcohol
(250 mg / ml), Sample 7 (Chitosan and polyvinyl alcohol (250 mg / ml), zinc oxide (250 mg / ml),

pomegranate peel extract (0.1 g / ml), deionized water (100)), Sample 8 (Chitosan and polyvinyl alcohol
(250 mg / ml), zinc oxide (50 mg / ml), pomegranate peel extract (0.5 g / ml), deionized water (200 ml))

Vo



‘i’i ““ D)LM:} ‘W 5)55 c‘:j.‘.\& b"o d)‘..\.e‘iﬁs‘_g)el)é

snaine
snoo0%0jAydersg
17 b\ 3\ v\ A
eSS Y A il
1100 BIYOLIAYOSH
il " A = 9 " A A 2
((qw 007) 107M ((qu 001) 107EM ((001) soreM
d&y euaroeg pozwowap (quA  ((WOSD WM poziop s (1w 05) yem  PIZIUIOWP “(jif3 ((001) 1o18Mm (1w 00) 10720
- 1°0) 10BNXD paziuotop ‘(jw/3 €°0) 10BIXd paziuotop ‘(jui/8  $°0) wenxa [pad paziuotop ‘(ju/3  PIZIUOP (w3
oo 10ad ajeuridowod 7°0) BNXd j0ad ayeuesSowod $°0) 1081 Jeuesdowod [°0) 10enX3 [92d G°0) oBNXd
‘(B [oad ajeuei3awod “(Jw/Bw [oad ayeuriSowod “(u/Bw areueigowod  19d wwmcm&qua
0S) 3pIX0 duIZ (u/Bu 0S1) 9PIX0 dUIZ “(Jw/Bw 0$7) 3pIxo (A (u/Bus
.A—E\WE OWNV OO—V QPIXO0 duIz .A-E\ME OWNV OONV 9pIX0 oUIZ ouiz «:E\WE OWNV QpIXO Awmv 9pIXO0 duIz
joyoore [Kuiakjod  (WAWOST)  joyoore Kummkod  (IW/BW 0ST) 0ST) [oyode oulz ‘(jw/Sw :E\w—w_ 052)
pue uesoNy?)) Joyooje [Auiakjod pue :mmo::Ov [oyoo[e [Kurakjod [Aurakjod ((quBw ¢s7) 052) [oyod[e [oyodre [Aurakjod
[ ojduieg pue uesojy)) ¢ o_aEmm puE UBsONY)) pue uesoyy)) Joyoore [Kuiakjod [Auiafjod pue uesoyy))
¢ oldueg o  ojdwreg ¢ o[dweg pue uesony)) pue uesoyy)) 8 odwes
. o =) . ojdwe L 9jdweg =
. HEo (10| FPFE)) . Helo (b0 T X)) (+0) 9 djdureg b))
HECo (004 ) sl papEry bt Gty e ARSI () e (v 0
59 1A 0y i A, sV Ay i = o ) £ o sl (vox (VST 0 o s
somCo By 190 (/o ik =B G 5o (o Koy 00 (L R At G o M\ ! ot S0 € soCo ¥ 3 )
=l . sy = - ¢ ; v (S0 et o K
) o HO 10 fE Pl Ao pap gy R P ek oy B s raig o
, . 7% 69 (o SUTEY wn o S TEAET A By
IS €69 (v ALY P IS~ €69 (vo)\ ) § e e S IS~ 69 (voy 5% i
A9 Ay 57 1) A AT Ly e TRy prTes S A
MU Lt R el (o TSV AT Y e Trean
Tequn Sies ey (R € Rveaduiin (S0 € #e s (hou Tl Cor e (o

o iy

ofey \(SFORE

oy (SHARE

oy o(sF0 ¢

e \(SFR €

o Y(SFO0 €

(saowriur) 1odijed © 3uisn dUOZ UONIQIYUI YIMOIT ) JO JIOJWRIP JULINSLIW JO S)NSNY- § J[qe L,

“ripo- MR hemDpere (€ e s¥ D e ardler v feipy S0 (K et )

"



O g (Gumo dgome | oIS g (b (2390l Sekd 93U (2L 8L S olop oy

VTV TN TP OOy U gt g W 1
st 3 Shas (F e 4 500) 0 (5,55, o
ol 5o Wl zatls o T o 8 55 el ol o
WSt s pl il 5 BB 3l A5 L
L () oslad aignd) olg OswVse b &S S o
3 S0 2SS S s b O S g S 5
L oSl 3, Shae o e Ul gy o las
Gl s gl S Olgea Kl o 5 das e <L)
D3 esl il sy s Seades slas S
Sl £ oslad agad s SIS 5 5ba 5,8
P el o S el el

RGOV I 5 uv,.,,_stf,b,@

g..a\_s'aﬁ‘ &\_g.» rL.J ‘.;jjjg-y‘-‘-ﬁb 5)“&-9 ey
5 2SS Glalyesl mls alul e
g_,_.wLA LS‘A—iLi Q‘j_..fas\_; ¢ AJLA..: 4.;}“ ‘Lﬁ-)k}v\nﬂ
S 2SS Ol 5 W5 ediag OS5
s> 0L (Vs 50 JS8) ol s ol la ol
5 g8 s e (0 oled @5a) 2l old S
5 ATl 3 Gl 8 s S A Slge
Ao L5 (&5 gad ol 53 o Codls o ghy ] 558 s Lile
A ] G sSS bl 53 A s
(V oolad 4 503) por o b Jolis )3 sl (6 551

Ol g iy S Ly (65 sden LG

1 e S e Y00 SOl i sy 5 O350 eolemd ol oddg K0 o 28 ol 2l LA Sl 0 IS
b (ks 00) w3 T (il oo/ 5 +/8) S0 gy o lae Cidishon £ 05 e T0) (555 S RIS
G e 15 e Y00 IS s b 5 005550 ¥ 5l (bl oo/ 8 ke Y00 U015 b 5 015 5Vl

(G o/ 5 1) 1 gy 555 0 )b (il on /5 Jea 10) (535 !
Figure 5. Evaluation of the antibacterial activities of the final, reference, bleached film. Film No. 1
(chitosan and polyvinyl alcohol (250 mg/ml), zinc oxide (200 mg/ml), pomegranate peel extract (0.4

g/ml), deionized water (50 ml)), Film No. 2 (chitosan and polyvinyl alcohol (250 mg/ml)), Film No. 3
(chitosan and polyvinyl alcohol (250 mg/ml), zinc oxide (150 mg/ml), bleached pomegranate peel extract

(0.3 g/ml))
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Table 6. Results of antibacterial test of film (final, reference, bleached) based on diameter of non-growth zone
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Figure 6. MIC test for samples number 4 and 8 in a 96-well plate on three types of yeast fungi
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Table 7. 96-well plate reading results
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