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Abstract

Introduction: Utilizing plant extracts for synthesizing nanoparticles has garnered significant interest as an eco-friendly
approach. This research was conducted to investigate the green synthesis of zinc nanoparticles using the aerial parts extract
of the cow cockle (Vaccaria hispanica) and determine their antibacterial properties.

Methods: The size and structure of synthesized zinc nanoparticles were confirmed using a scanning electron microscope
(SEM), dynamic light scattering (DLS) and Fourier transform infrared spectrometer (FTIR). Also, the antibacterial
properties of the methanolic and aqueous extracts of cow cockle aerial parts and seeds were investigated on the bacteria
by disc diffusion method using tetracycline as a control.

Results: Analysis of variance showed that the size of the inhibition zone in the plates containing two kinds of gram-
negative (Escherichia coli) and gram-positive (Staphylococcus anrens) bacteria was significantly affected by the species of bactetia,
extraction method (aqueous and alcoholic), different concentrations of the extract and the interaction effect of the bacteria
species and the concentration of the extracts. E. /i showed a larger inhibition zone than . awureus, which indicated its
greater sensitivity to cow cockle extract. Antibacterial properties of cow cockle aerial parts and seed extracts increased
significantly with increasing concentration. Also, the size of the inhibition zone in the plates containing F. co/i and S. aureus
bacteria increased significantly by increasing the concentration of zinc nanopatticles from 0.5 to 2 mg/mL.

Conclusion: In general, aerial parts and seed extracts of 1. hispanica and green-synthesized nanoparticles showed good
antibacterial properties against E. co/i and S. aurens bacteria.
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3-Methylnonane

Cyclohexane, (2-methylpropyl)-
n-Decane

D-Limonene

Linalool

Silane, cyclohexyldimethoxymethyl
Cyclopentane, 1-hexyl-3-methyl-
Dodecane

2-Cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)-

Pentadecane

Trans-Anethole (Benzene, 1-methoxy-4-(1-propenyl)-)
p-Cymen-2-ol (Phenol, 2-methyl-5-(1-methylethyl)-)

Carvacrol (Phenol, 2-methyl-5-(1-methylethyl)-)
Thymol (Benzenemethanol, 4-(1-methylethyl)-
Eugenol (Phenol, 2-methoxy-3-(2-propenyl)-)
beta.Damascenone
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Benzene, 2-ethyl-1,4-dimethyl-

Hexadecane

Phenol, 2,4-bis(1,1-dimethylethyl)-
Megastigmatrienone

Cetane

Heneicosane

1-lodo-2-methylundecane

Pentadecane

Hentriacontane

Tetradecanoic acid

Octadecane

005911-04-6 7.435
001678-98-4 7.939

000124-18-5 8.237

005989-27-5 9.221

000078-70-6 10.131
017865-32-6 13.043
061142-68-5 13.827
000112-40-3 14.096
002244-16-8 15.183
000629-62-9 16.053
004180-23-8 16.219
000499-75-2 16.385
000499-75-2 16.631
000089-83-8 16.699
000097-53-0 17.895
023696-85-7 18.485
000629-59-4 18.794
001758-88-9 19.160
000544-76-3 20.808
000096-76-4 21.162
038818-55-2 22.547
000544-76-3 22.862
000629-94-7 23.737
073105-67-6 24.933
000629-62-9 25.174
000630-04-6 25.374
000544-63-8 25.900
000593-45-3 26.501

1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester (Phthalic acid) 000084-69-5 27.720

Hexadecane, 3-methyl-

Heptacosane

Palmitic acid

Eicosane

Heneicosane

Phytol (3, 7, 11, 15-tetramethyl-2-hexadecen-1-ol)
9,12,15-Octadecatrienoic acid (Linolenic acid)
Octadecanoic acid (Stearic acid)

Hexanedioic acid, bis(2-ethylhexyl) ester
1,2-Benzenedicarboxylic acid, diisooctyl ester
Bis(2-ethylhexyl) phthalate

Palmitin (Hexadecanoic acid, 2,3-dihydroxypropyl ester)

Di-n-octyl phthalate (
Octadecanoic acid, (2-Monostearin)

006418-43-5 27.995
000593-49-7 28.618
000057-10-3 29.414
000112-95-8 29.814
000629-94-7 31.370
000150-86-7 31.617
000463-40-1 32.040
000057-11-4 32.372
000103-23-1 35.685
027554-26-3 37.802
000117-81-7 37.390
000542-44-9 38.157
000117-84-0 38.763
000621-61-4 41.813

0.18
0.32
2.66
1.43
0.30
0.48
0.20
1.74
0.18
0.38
0.60
0.30
0.14
0.12
0.31
0.23
1.21
0.20
1.04
0.65
111
0.70
0.55
0.78
0.40
0.23
0.34
0.62
0.41
0.26
1.09
3.42
0.73
1.01
212
0.75
1.07
1.32
0.32
2.05
1.65
45.17
0.21
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Figure 1- Chromatogram from GC-MS analysis of V. hispanica aerial parts essential oil
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Figure 2- A) Scanning electron microscope (SEM) image of zinc nanoparticles synthesized using aqueous extract of the
aerial parts of V. hispanica with the desired size, and b) FTIR spectrum of the synthesized zinc nanoparticles. In this
figure, the horizontal axis (cm™) represents the wave number in the typical range of 4000 to 400 cm™, which is used as a
measure to characterize the frequencies of infrared light absorption or emission. The vertical axis (%T) represents the
percentage of transmittance, which means the amount of light that has passed through the sample. The peaks observed in
the graph indicate specific absorptions at specific frequencies of light. From left to right, these peaks represent hydroxyl
(-OH), C-H, C=N, carbonyl (C=0), N-O or N-H, C-H bending, C-O or C-N functional groups, and functional groups
related to minerals and metals
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Figure 3- Size distribution (DLS) and zeta potential of zinc hanoparticles synthesized using aqueous (A and C) and
alcoholic extracts (B and D) of V. hispanica aerial parts
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Figure 4- Thermal gravimetric analysis (TGA) curve of changes in the weight of zinc nanoparticles synthesized using
aqueous (top-right) and alcoholic (bottom-right) extracts of V. hispanica aerial parts, and the thermal gravimetric
derivative curve (DTG) of Zn nanoparticles synthesized from its aqueous (top-left) and alcoholic (bottom-left) extracts in
the temperature range of 25-700 °C
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Table 2- Mean square of antibacterial activity of V. hispanica aerial parts and seeds extracts in terms of

inhibition zone diameter
Mean square of inhibition zone

Source of variation df Seed extract  Aerial parts extract
Species of bacteria (A) 1 0.2314™ 0.1829™
Extraction method (B) 1 0.0003 " 0.0457"
Concentration of extract (C) 6 7.7604™ 7.1956™
AxB 1 0.0004 " 0.0179 ™
BxC 6 0.0017"™ 0.0124"
AxBxC 6 0.0083 "™ 0.0054 "

Error 56 0.005 0.0043
Coefficient of variation (%) - 3.52 3.29
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Ds F value P value
Group 4 47.43 P <0.001

ns: not significant, and *, **: significant at 5% and 1% probability levels, respectively
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Figure 5- The size of the inhibition zone caused by the antibacterial activity of V. hispanica aerial and seeds extracts used
in different concentrations: (A) the interaction between the species of bacteria and the concentration of the aerial plant
extract, (B) the interaction between the extraction method and the aerial plant extract concentration, and (C) interaction
effect of bacterial species and seed extract concentration. Different letters in each column indicate statistically significant
differences at the 1% probability level in Duncan's Multiple Range Test (DMRT). The standard deviation values in three
experiment replicates are shown as error bars
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Table 3- Mean square of antibacterial activity of green-synthesized zinc nanoparticles using alcoholic and
aqueous extract of V. hispanica aerial parts

Source of variation df Mean square of inhibition zone
Species of bacteria (A) 1 0.1323™

Extraction method (B) 1 0.0902™
Concentration of nanoparticles (C) 4 9.7354™

AxB 1 0.0062 "

AxC 4 0.2941™

BxC 4 0.0284 "

AxBxC 4 0.0081 "

Error 40 0.0107

Coefficient of variation (%) - 4.64

ns: not significant, and *, **: significant at 5% and 1% probability levels, respectively
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Figure 6- The size of the inhibition zone produced under the influence of (A) the interaction between the species of
bacteria and the concentration of zinc nanoparticles synthesized using the aerial part of V. hispanica. Different letters in
each column indicate statistically significant differences at the 1% probability level in Duncan's Multiple Range Test
(DMRT). The standard deviation values in three experiment replicates are shown as error bars.
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