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Abstract

Background and objectives: Garlic (Allium sativum L.) exhibits strong antimicrobial activity, primarily
due to its organic sulfur compounds such as thiosulfates, especially allicin. Given the environmental
concerns and potential health risks associated with synthetic additives, there is growing interest in
developing active, biodegradable packaging materials incorporating herbal essential oils and plant extracts.
This study aimed to fabricate and assess the mechanical, physical, and antimicrobial properties of an active
composite film made from polyvinyl alcohol, chitosan, and nanoclay, incorporating 2% and 4% garlic
extract, for potential application in food packaging.
Methodology: First, separate solutions were prepared by dissolving polyvinyl alcohol (5%), chitosan (2%),
and nanoclay (4%) in appropriate solvents, along with an aqueous extract of garlic. Film fabrication was
carried out using the casting method, based on five experimental treatments: (1) polyvinyl alcohol (PVA)
alone, (2) PVA/chitosan, (3) PVA/chitosan/nanoclay, and (4-5) PVA/chitosan/nanoclay films containing
2% and 4% garlic extract (montmorillonite-based). The mechanical properties of the films, including tensile
strength (TS), elongation at break (EB), and Young’s modulus (YM), were measured using a texture
analyzer. Physical properties such as film thickness were assessed with a digital micrometer, while
solubility (WS), water absorption capacity (WAC), and water vapor permeability (WVP) were evaluated
using ASTM standard methods. Opacity was measured via spectrophotometry. Antimicrobial activity
against Staphylococcus aureus and Escherichia coli was assessed using the disc diffusion method on
Mueller-Hinton agar. The diameter of the inhibition zones was recorded as an indicator of antimicrobial
efficacy. Data were analyzed in a completely randomized design (CRD) with five treatments and three
replications using one-way ANOVA in SPSS software, and treatment means were compared using
Duncan’s test at a significance level of p < 0.05.
Results: The structural components of the films and the garlic extract concentration significantly influenced
the mechanical, physical, and antimicrobial properties. The active triple composite films containing garlic
extract exhibited higher tensile strength and Young’s modulus (approximately 30 MPa and 0.14 MPa,
respectively) while demonstrating the lowest elongation at break. The incorporation of chitosan and
nanoclay into the polyvinyl alcohol matrix increased film thickness, with triple composite films showing
greater thickness (0.17 mm) and opacity. These films also exhibited the lowest values of water absorption,
solubility, and water vapor permeability. Unlike most mechanical and physical properties, the antimicrobial
effectiveness of the films was directly dependent on garlic extract concentration. In general, the garlic
extract showed stronger antibacterial effects against gram-positive S. aureus than gram-negative E. coli. In
films containing 2% and 4% garlic extract, the inhibition zones for S. aureus measured 21.6 mm and 26.55
mm, respectively, and for E. coli, 16.5 mm and 19.1 mm, respectively.
Conclusion: The active triple composite film (polyvinyl alcohol/chitosan/montmorillonite) containing 4%
garlic extract demonstrated the lowest WVP and higher values for TS, YM, and thickness. These
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characteristics enable the film to minimize moisture transfer, preserve the structural integrity of packaged
food, and delay spoilage, thereby extending shelf life. Hence, enriching biodegradable triple composite
films with garlic extract presents a promising approach for developing innovative food packaging materials

with extended storage capabilities.
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Table 1. Analysis of variance of the effect of garlic extract on the mechanical and physical properties of polyvinyl
alcohol-based composite films

M.S.
S.0vV d.f. Mechanical properties Physical properties
TS EB YM Thickness WAC WS WVP Opacity
Garlic extract 4 48.21™ 687.33" 0.010" 0.0006" 82.54" 38.60" 416" 3.74"
Experimental error 10 1.98 5.04 0.00014 0.00004 9.63 11.21 0.431 0.052
C.V. (%) 14.4 20.0 15.78 8.9 8.0 7.2 235 46.67

*and **: significant at 5 and 1% probability levels, respectively.

TS: Tensile strength, EB: Elongation at break, YM: Young’s modulus, WAC: Water absorption capacity, WS: Water solubility, WVP: Water vapor permeability

Sgie YM oslie 5 1 glie K5, il TS ke
Sl I 55l Slkd ol s 4S5 S sanlin
PVA 4 CH xS wisls plas |y Slade ozt o las
) EB lais PVA/CH slo3less cuspelS ohd sl
S I s ols il ao,s SF/OY 4 s ys VE/OY )
M S5 4 o)las Wlee 5 MMT gz es5380
45050l o SOl e (RS LEB Slade Jlab oy 508
220 ¥ ool losluan CujselS Wb 5 as 50 #V/VO

(p<0.05) ses ) o 5lae

S Ol 2>
S ol ols 558 (L SIS ol
53 (YM) KL s 5 (EB) oSl alais 5o S5L (TS)
YN/AN 31 TS olie el sas sols ples ¥ Joas
b PVA 1 CH Ghilass cyjpmls s 5o JSLLK
RPN | PR SV C o IR COR TR SV
soba loslaan CojaelS s el s MMT pulnS
T YT USSP P
aon ¥ oY cbekl ooyl J e 5o (p<0.05)
2 x5 BB e loslean 5508 b 5o e lae

IS s by b 2 oS o ot (Sl Sloo sas 31 5 o 2sbas b 00l alio Y Jon

Table 2. Mean comparison of the effect of garlic extract on certain mechanical properties of polyvinyl alcohol-
based composite films

Tensile strength

Elongation at

Young’s modulus

(MPa) break (%) (MPa)
PVA 23.58+1.20° 75.54+1.16° 0.11+0.00°
PVA+CH 21.88+3.15° 94.52+2.212 0.10+0.04°
PVA+CH+MMT 29.10+5.15% 64.51+5.12¢ 0.13+0.072
PVA+CH+MMT+Gar 2% 30.60+3.162 56.30+4.17¢ 0.14+0.05*
PVA+CH+MMT+Gar 4% 30.00+2.23? 61.75+2.14¢ 0.14+0.03?

Values are presented as mean+SD, n=3. In each column, means with common letters are in the same statistical group at a 5 % probability level (Duncan test).
PVA: Polyvinyl alcohol, CH: Chitosan, MMT: Montmorillonite, and Gar: Garlic extract.
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Table3. Mean comparison of the effect of garlic extract on certain physical properties of polyvinyl alcohol-based

composite films

Thickness WVP (g mm.m2 )
WAC (%) WS (%) Opacity
(mm) h Pa)
PVA 0.14+0.00°¢ 70.30+3.972 65.55+0.212 6.85+1.61° 0.84+0.14°
PVA+CH 0.150.02° 77.51+1.772 63.32+0.11° 6.00+1.30° 1.25+0.55P
PVA+CH+MMT 0.17+0.00? 67.20+2.65° 58.25+0.12¢ 4.70+0.94° 2.91+0.802
PVA+CH+MMT+Gar 2% 0.17+0.022 65.51+2.00° 57.90+0.10° 4.35+0.92? 3.12+1.102
PVA+CH+MMT+Gar 4% 0.17+0.01° 64.47+1.80° 58.00+0.11° 4.10+1.35° 3.15+1.10°

Values are presented as mean+SD, n=3. In each column, means with common letters are in the same statistical group at a 5 % probability level
(Duncan test). PVA: Polyvinyl alcohol, CH: Chitosan, MMT: Montmorillonite, and Gar: Garlic extract; WAC: Water absorption capacity, WS: Water

solubility, and WVP: Water vapor permeability.
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Figure 1. Mean comparison of the effect of garlic extract on the inhibition zone diameter of Staphylococcus

aureus and Escherichia coli in polyvinyl alcohol-based films
Values are presented as mean+SD, n=3. Means with common letters are in the same statistical group at a 5 % probability level (Duncan test),
PVA: Polyvinyl alcohol, CH: Chitosan, MMT: Montmorillonite, and Gar: Garlic extract.
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Table 4. Correlation coefficients between the mechanical, physical, and optical parameters of polyvinyl alcohol-
based composite films containing garlic extract

Thickness TS EB YM WAC WS WVP Opacity
Thickness 1
TS 0.911 1
EB -0.741 -0.951 1
YM 0.876 0.992 -0.960 1
WAC -0.705 -0.927 0.984 -0.949 1
WS -0.999 -0.927 0.766 -0.896 0.731 1
WVP -0.983 -0.908 0.741 -0.894 0.721 0.987 1
Opacity 0.989 0.958 -0.823 0.937 -0.796 -0.995 -0.986 1

TS: Tensile strength, EB: Elongation at break, YM: Young’s modulus, WAC: Water absorption capacity, WS: Water solubility, WVP: Water vapor permeability
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