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Abstract:

In this study, fatty acids were isolated and identified from the roots
and leaves of Allium orientale (Allium spp.) using Soxhlet
extraction GC/MS analysis of the extracts revealed a mixture of
saturated and unsaturated fatty acids. Among the major constituents
detected were oleic, linoleic, and palmitic acids, which were
consistently present in high concentrations across all samples,
indicating a similar fatty acid composition among the extracts..
Studying the biological activity of certain plant extracts from the
roots and flowers against various pathogenic bacteria, we found that
these extracts exhibit a significant inhibitory effect on bacterial
growth. The hexane extract of the roots showed the highest
antibacterial activity, followed by the methanol extract of the
flowers. These findings demonstrate that Allium orientale is a rich
source of bioactive fatty acids and that its extracts possess promising
biological effects, suggesting potential applications in
pharmaceutical or nutraceutical fields. in natural medicine and food
preservation

Keywords: Allium orientale, lipid constituents, GC/MS,
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1. Introduction

Allium species are a group of plants that have been extensively
studied for their antioxidant properties. The leaves of certain wild
Allium species, such as Allium flavum L. and Allium ursinum L.,
as well as cultivated Allium species like Allium sativum L., Allium
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cepa L., Allium vineale L., Allium fistulosum L., and Allium nutans
L., have been found to exhibit high antioxidant activities [1]. The
natural habitats of Allium grayi and Allium monanthum are limited
to specific altitude ranges, while Allium thunbergii and Allium
maximowiczii have different habitat preferences [2]. The
photosynthetic rates and other physiological characteristics of
Allium ochotense and Allium microdictyon leaves suggest that they
are adapted to different temperature conditions [3]. Studies have
demonstrated that extracts from Allium cepa, Allium ascalonicum,
and Allium sativum can prevent the oxidation of low-density
lipoproteins (LDL), a critical process involved in the onset of
atherosclerosis [4]. Karyotypic studies have revealed that Allium
cepa, Allium sativum, and Allium tuberosum have different
chromosome numbers and karyotype formulas. Allium orientale,
commonly known as Oriental garlic or Eastern onion, is a flowering
plant species belonging to the genus Allium in the Amaryllidaceae
family. Native to parts of the Middle East and Eastern
Mediterranean regions, this perennial herb has been valued for both
its culinary applications and traditional medicinal properties
throughout history [5].

The plant typically grows to a height of 30-60 cm and features linear
leaves and spherical umbels of white or pinkish flowers. Like other
members of the Allium genus, it contains organosulfur compounds
that contribute to its distinctive aroma and potential health benefits.
These compounds have been associated with antimicrobial,
antioxidant, and anti-inflammatory properties[6]. Allium orientale
has been used in traditional medicine systems across its native range for
various ailments, including respiratory issues, digestive disorders, and as
a general tonic. In culinary applications, various parts of the plant,
including the bulbs and sometimes the leaves, are used to add flavor to a
variety of regional dishes [7]. The chemical constituents of Allium
species include: Sulfur compounds, steroidal saponins, flavonoids,
and polysaccharides [8].

Allium species contain cysteine sulfoxides and volatile secondary
metabolites, with the distribution of these compounds being
determined primarily by the paternal wild species [9]. Allium
macrostemon Bunge contains various chemical constituents, such as
steroid saponin, nitrogen compounds, volatile oil, acidity
constituents, polysaccharides, and more [10]. Compounds identified
in Allium fistulosum (L.) var. giganteum include B-sitosterol,
daucosterol, quercetin, rutin, kaempferol, baicalin, and glucose.
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Allium ursinum (ramson) contains sulfur constituents, such as
Sulfur-containing compounds such as S-alk(en)yl-L-cysteine
sulfoxide (alliin) and its bioactive derivative allicin, which have
been found to have antifungal activities [11]. Studies on Allium
species have revealed important insights into their lipid-related
properties. Methanol extracts from Allium senescens L. have been
shown to reduce the production of reactive oxygen species (ROS)
and inhibit lipid accumulation during the formation of fat cells
(adipogenesis) in 3T3-L1 cellsl. These extracts suppressed the
expression of pro-oxidant enzymes such as glucose-6-phosphate
dehydrogenase (G6PDH) and decreased the mRNA levels of key
adipogenic transcription factors, including SREBP1c, PPARy, and
C/EBPa. This indicates that Allium senescens L. possesses anti-
adipogenic properties by inhibiting adipogenic gene expression
through ROS suppression[12,13].

The Allium genus, rich in bioactive compounds like allicin and
flavonoids, exhibits diverse therapeutic effects including
antimicrobial, antioxidant, and anticancer activities through
modulation of key cellular pathways. This review emphasizes their
health potential, species-specific differences, and the need for
further clinical validation to bridge traditional use with modern
medicine[14]. A 2024 study analyzed garlic essential oil (GEO) and
oleoresin (GOL), revealing key bioactive compounds such as allyl
sulfides and fatty acids using GC-MS. These components, including
allyl methyl trisulfide and hexadecanoic acid, showed potential as
natural flavoring and preservative agents in food and
pharmaceutical applications[15].

In 2013, a study was conducted, a comparative analysis of the
phytochemical profiles of three Allium species, highlighting both
shared and distinct bioactive compounds among them. Allicin was
found in all three species, with higher concentrations in A.
schoenoprasum and A. obliquum, whereas alliin was limited to A.
obliqguum and A. senescens subsp. montanum. All species exhibited
similar phenolic acid patterns, particularly the presence of p-
coumaric and ferulic acids. The flavonoid composition varied:
isoquercitrin was identified in A. obliquum and A. schoenoprasum,
while rutin appeared in A. senescens subsp. montanum and A.
schoenoprasum. Notably, luteolin and apigenin were exclusive to A.
obliqguum. Kaempferol and quercetin glycosides were consistently
detected across all species. Regarding sterol content, all three
species contained [B-sitosterol and campesterol, with A. obliquum
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showing the highest B-sitosterol concentration and A. senescens
subsp. Montanum has the highest level of campesterol[16]. The
compounds found in A. triquetrum bulbs include fatty acids (such
as hexadecanoic acid, the major component), hydrocarbons (like n-
tetradecane, n-octadecane, n-tricosane, and 1-hexadecene), sulfur
compounds (such as trans-propenyl-methyl disulfide, 1,3-dithiane,
and methyl-trans-propenyl disulfide), and other substances
(including phenol, 2,4-bis(1,1-dimethylethyl), and neophytadiene).
These components contribute to the plant's chemical profile [17].
In this study, we analyzed the lipid compounds of Allium orientale
using GC-MS and evaluated the biological activity of six different
extracts obtained from the leaves and roots of the plant.

2. MATERIALS

2.1. Plant Material

The plant Allium orientale was collected for chemical analysis in
February from the city of Sirte, Libya. The plant was identified by
Dr. Chbob T from the University of Tripoli. The collected samples
were prepared following standard procedures for phytochemical
studies.

2.2. Chemicals

Hexane (40-60), purity > 95%, Sigma-Aldrich

Methanol (HPLC grade), purity > 99.9%, Merck

Sulfuric acid (concentrated, 98%), Sigma-Aldrich

Sodium bicarbonate (analytical grade), Merck

Diethyl ether (anhydrous, > 99.5%), Fisher Scientific
Sodium sulfate (anhydrous, > 99%), Sigma-Aldrich
Magnesium sulfate (anhydrous, > 99%), Merck

3. METHODS

3.1. Lipid Extraction from Allium orientale Using Soxhlet
Apparatus and Hexane

Lipids were extracted from the A. orientale using the Soxhlet
extraction technique, focusing on both the roots and leaves as
sources of plant material. The roots and leaves were dried at a low
temperature to preserve active compounds, and then ground into a
fine powder [18]. Each powdered sample was placed in a paper
thimble and inserted separately into the Soxhlet apparatus to
conduct independent extraction processes for each plant part.
hexane was used as the organic solvent due to its high efficiency in
dissolving non-polar lipids, such as vegetable oils and saturated fats.
The extraction process lasted for several hours (typically 6-8 hours),
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allowing the hot hexane to pass repeatedly through the plant
material to ensure maximum lipid recovery. After extraction,
hexane was evaporated using a rotary evaporator to obtain the crude
lipid extract from both the roots and leaves separately. This
approach facilitates further comparative analysis of lipid
composition between the two plant parts.

Figure 1. Soxhlet Apparatus for Ipid Extraction from Allium
orientale

3.2. Conversion to Ester:

To prepare the extracted lipid for GC/MS analysis, an esterification

reaction is often performed. This is because the ester form of

compounds is generally more volatile and easier to analyze via

GC/MS [19].

General Esterification Reaction:

The essential lipid is reacted with an alcohol—typically methanol

or ethanol—in the presence of a strong acid catalyst like

hydrochloric acid (HCI) or sulfuric acid (H2SO4). This

transesterification process converts the fatty acids into alkyl esters,

such as methyl esters when methanol is used. Steps for

Esterification:

1. Inaround-bottom flask, add the essential lipid and an excess of
methanol (or the alcohol of choice).

2. Add a few drops of sulfuric acid or another strong acid catalyst.
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3. Heat the mixture gently under reflux conditions for about 1-2
hours.

4. After the reaction is complete, neutralize the solution by adding
a sodium bicarbonate solution to neutralize the acid.

5. Separate the ester from the mixture using extraction with diethyl
ether or another suitable organic solvent

6. Remove residual moisture from the organic phase by drying it
over anhydrous sodium sulfate or magnesium sulfate.

7. Concentrate the esterified product by evaporating the solvent,
leaving the esterified lipid.

\

Figuren 2. Esterification Process of Eastern A. orientale Lipids

B>

3.3. GC/MS Analysis of Lipid Compounds

The analysis of Fatty Acid Methyl Esters (FAMESs) was conducted
using a Shimadzu GC/MS-QP 5050 A system, controlled by Class
5000 software. Chromatographic separation was achieved using a
DB-5 capillary column (30 meters in length, 0.53 mm internal
diameter, and a film thickness of 1.5 um). Helium served as the
carrier gas, flowing at a rate of 1 mL/min. lonization was carried out
through electron impact (EI) at an energy of 70 eV.

The oven temperature was initially set to 30°C and held for 2
minutes, then increased at a rate of 2°C per minute to reach 100°C,
followed by a further rise to 150°C, which was maintained for 7.5
minutes. The injector and detector temperatures were both held
constant at 150°C. Data acquisition was performed in both full scan
and selected ion monitoring (SIM) modes.

Under these analytical conditions, allicin was detected with a
retention time of 0.9 minutes. The purity of each compound was
verified by evaluating the ratio of its primary identifying ion to a
secondary characteristic ion throughout the run.
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3.4. Biological activity
Preparation of different extracts for biology
A total of 30 grams of finely ground plant material, consisting of
both seeds and flowers, was used for the extraction process. The
plant material was subjected to successive solvent extractions using
three different solvents: n-hexane, methanol, and acetone, to obtain
a broad range of phytochemical constituents based on their polarity.
Each extraction was performed separately to yield six distinct
extracts in total—three extracts from the seeds (one per solvent) and
three from the flowers (one per solvent). The extraction procedure
involved macerating the powdered plant material in each solvent for
a specific period under continuous agitation at room temperature.
Following extraction, the mixtures were passed through Whatman
No. 1 filter paper to separate the solid materials [20]. The resulting
filtrates were subsequently concentrated under reduced pressure
using a rotary evaporator, with the temperature carefully adjusted
for each solvent to prevent heat-induced degradation of the bioactive
constituents.
Biological experiments.
Antimicrobial activity was assessed through the microdilution
technique to establish the minimum inhibitory concentration (MIC).
The extracts were evaluated against a range of Gram-positive and
Gram-negative bacterial strains, in accordance with the
methodology described by Koeth [21],
Cultures:

bacteria culture used for Escherichia coli, Bacillus subtilis and
Candida albicans
Maintenance of the
microorganism
The bacterial species used in this study were maintained on nutrient
agar medium at 37°C and on blood agar (PDH). After 12 hours of
activation, bacterial suspensions were prepared, and the turbidity
was standardized by measuring the optical density using a UV-VIS
spectrophotometer (Model 1610, Shimadzu, Tokyo, Japan). The
final bacterial concentrations were adjusted to 1 x 10°¢ cells/mL and
1 x 107 cells/mL, respectively [22]. The microorganisms used in the
current study were obtained from Emhammed Al-Magariaf Hospital
Laboratory — Ajdabiya, Libya."
Bioassay experiment.
The antimicrobial properties of the extracts were tested against the
aforementioned Gram-positive and Gram-negative bacterial strains.
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Pure cultures were grown on nutrient agar, incubated at 37 °C for 24
hours, and subsequently stored at 4°C. These strains were
periodically re-cultured to ensure their viability throughout the
study.
Preparation of Sensitivity Discs (Punching Method):
Sensitivity discs are small filter paper discs used in antibiotic
susceptibility testing. To prepare them using the punching method:
1. Filter Paper Selection: Use sterile Whatman No. 1 filter
paper.
2. Sterilization: Autoclave the paper or sterilize it using dry
heat.
3. Punching: Use a sterile paper punch to cut uniform discs
(usually 6 mm in diameter).
4. Storage: Store the discs in a sterile, airtight container until
use.

4. Results

The results obtained from the analysis using Gas Chromatography-
Mass Spectrometry (GC/MS) indicated that the leaves of the Allium
orientale plant contain a total of 13 different fatty acids. Among
these, palmitic acid was found to be the most abundant, accounting
for 29% of the total fatty acid content. This was followed by oleic
acid, which constituted 26%, and then linoleic acid, which made up
22%. While analysis of the plant root extract identified nine distinct
chemical compounds. Among them, linoleic acid was the most
abundant, comprising 39% of the total composition, making it the
primary fatty acid present in the extract. Oleic acid was the second
most prevalent compound, accounting for 18% of the total. The
results obtained are shown in Tables 1 and 2, and Figs 3and 4.
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Fig. (3): GC/MS Chromatogram of fatty acid methyl ester leaves of A.
oriental
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Table 1: GC/MS data of fatty acid methyl ester leaves of A.

oriental
Peak No. Fatty acid Relative %

1 Lauric 0.61
2 Myristic 1.65
3 Pentadecanoic 2.44
4 Palmitic 29.16
5 Rumelenic 0.96
6 Linoleic 22.19
7 Alpha-linolenic 4.57
8 Oleic 26.54
9 cis-Vaccenic 7.7

10 Pristanic 0.68
11 cis-13-Eicosenoic 1.98
12 Butyl linolenic 0.36
13 Behenic 0.85
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Fig. (4): GC/MS Chromatogram of fatty acid methyl ester root of A.

oriental

Table 2: GC/MS data of fatty acid methyl ester root A. oriental

Peak No. Fatty acid Relative %
1 Palmitic 6.8
2 Linoleic 39
3 -linolenic 12
4 cis-Vaccenic 7.88
5 Oleic A 18
6 cis-13-Eicosenoic docosa-13,16- 215
7 dienoic 457
8 Erucic 0.45
9 Heptatriacotanoic 7.7
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Evaluation of the Antibacterial Activity of Hexane, Methanol,
and Acetone Extracts from Roots and Flowers of the Plant
The results show that the hexane extract of the garlic root exhibited
the strongest antimicrobial activity against both E. coli and B.
subtilis, with inhibition zones of 3.2 cm and 2.3 cm respectively,
and moderate activity against C. albicans. This suggests that non-
polar compounds in the root are highly effective, especially against
E. coli. On the other hand, the acetone extract of the root showed
very weak activity against all tested microorganisms, indicating a
lower concentration or weaker antimicrobial compounds in this
fraction. The methanol root extract showed moderate inhibition, less
than hexane but more than acetone.
Regarding the flower extracts, the hexane fraction was effective
mainly against E. coli and C. albicans, while the acetone extract
showed the highest activity against B. subtilis, indicating that polar
compounds in the flowers might be responsible for inhibiting this
Gram-positive bacterium. Methanol flower extracts displayed the
least antimicrobial effect overall.
These findings are summarized in Table 3, which presents the
inhibition zones measured during the assay.

Table (3): Antimicrobial activity of different extracts of A.

orienta.
Extract E .coli B. subtillis C. albicans
H. root 3.2cm 2.3cm 1.4cm
A. root 0.6cm 0.7cm 0.2cm
M. root 2.1cm 1.6cm 0.8cm
H. flowers 2.5cm 1.3cm 1.6cm
A. flowers 1.4cm 2.6cm 0.4cm
M. flowers 1.1lcm 0.5cm 0.7cm
5. Discussion

The GC/MS (Gas Chromatography—Mass Spectrometry) analysis of
the roots and leaves of Allium A. oriental (wild garlic) revealed a
high concentration of fatty acids, particularly both saturated and
unsaturated fatty acids. Among these, oleic acid (C18:1) and linoleic
acid (C18:2) were found to be the most abundant components. The
presence of these fatty acids indicates that the plant, particularly its
roots and leaves, could have nutritional and medicinal value,
especially in promoting heart health and potentially exhibiting anti-
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inflammatory or antioxidant properties. These results are consistent
with previous studies on other Allium species, which have also
reported the predominance of similar fatty acids. For instance,
Allium sativum (garlic) and Allium cepa (onion) have been shown
to contain significant levels of linoleic and oleic acids, with linoleic
acid being a major component in both species’ lipid profiles [23].
Similarly, a study on Allium tuberosum indicated that linoleic acid
was the dominant fatty acid, accounting for over 35% of the total
fatty acid content. The presence of these unsaturated fatty acids,
known for their antioxidant and anti-inflammatory properties,
further supports the nutritional and therapeutic relevance of Allium
orientale. These comparative findings suggest that A. orientale, like
its relatives, holds promising potential for nutraceutical applications
[24].

Garlic (Allium oriental) has been extensively studied for its potent
biological properties, particularly its antimicrobial activity.
Numerous studies have demonstrated that garlic exhibits strong
antibacterial effects against various pathogenic bacteria, including
Gram-positive and Gram-negative strains. Our investigation
confirmed that garlic possesses high biological activity,
significantly inhibiting bacterial growth across multiple tested
species. The antibacterial effect is primarily attributed to the
presence of allicin, a sulfur-containing compound that is formed
when garlic cloves are crushed or chopped. Allicin is known for its
ability to interfere with lipid synthesis in bacterial cell membranes,
leading to cell lysis and death.

Several previous studies support these findings. For instance, a
study by Choo et al (2020) [25] reported that allicin exhibits broad-
spectrum antimicrobial activity, effectively inhibiting the growth of
Escherichia coli, Staphylococcus aureus, and Pseudomonas
aeruginosa. Similarly, research published by Sunil et al (2025) [26]
showed that garlic extracts significantly reduced the viability of oral
pathogens, suggesting its potential use in dental hygiene
applications.

6. Conclusion

The findings from both chemical and biological analyses highlight
the significant antimicrobial potential of Allium orientale,
particularly its root extracts. GC/MS analysis revealed that the
leaves are rich in palmitic, oleic, and linoleic acids, while the roots
are predominantly composed of linoleic acid, followed by oleic acid.
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These fatty acids, especially in their non-polar form, appear to
contribute to the observed bioactivity.

The hexane extract of the root demonstrated the highest
antimicrobial activity, notably against E. coli and B. subtilis,
indicating that non-polar compounds play a key role in the plant's
antimicrobial effect. In contrast, acetone and methanol extracts
showed weaker activity, suggesting a lower presence or efficacy of
polar compounds.

Overall, the variation in antimicrobial activity among extracts is
closely linked to the polarity of the solvent and the plant part used.
These results support the potential use of Allium orientale root
extracts, particularly the non-polar fractions, as a natural source of
antimicrobial agents. Further investigations, including compound
isolation and mechanism studies, are warranted to fully explore and
validate these promising.

References

[1] Kurnia, D., Ajiati, D., Heliawati, L., & Sumiarsa, D. (2021).
Antioxidant properties and structure-antioxidant activity
relationship of Allium species leaves. Molecules, 26(23), 7175.

[2] Kim, K. M., Kim, C. K., & Oh, J. Y. (2009). Distribution
characteristics of the four species of genus Allium at different
altitudes in South Korea. Korean Journal of Agricultural and
Forest Meteorology, 11(4), 252-255.

[3] Han, S. S., Kim, H. S., & Lee, K. C. (2010). Photosynthetic
responses in the leaves of Allium ochotense and Allium
microdictyon. Journal of Forest and Environmental
Science, 26(3), 203-208.

[4] AHMADVAND, H., ANI, M., & MOSHTAGHIE, A. A.
(2011). Inhibitory effect of Allium cepa extract on LDL
oxidation induced by CuSO4 in vitro compared with Allium
sativum and Allium ascalonicum.

[5] Ramesh, A. (2015). Karyotypic analysis in three species of
Allium and some Varieties. International Research Journal of
Biological Sciences, 4(9), 1-9.

[6] Bayan, L., Koulivand, P. H., & Gorji, A. (2014). Garlic: a
review of potential therapeutic effects. Avicenna journal of
phytomedicine, 4(1), 1.

[7] Yamazaki, Y., Ilwasaki, K., Mikami, M., & Yagihashi, A.
(2010). Distribution of eleven flavor precursors, S-alk (en) yl-

13 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/fsfa0258

International Scienceand ~ VOlUMe 37 asl) iy gl 58 gt ) <
_Technology Journal Part 1 aaall -—
Aty gl 2l A ISTA7

http://www.doi.org/10.62341/fsfa0258

L-cysteine derivatives, in seven Allium vegetables. Food
science and technology research, 17(1), 55-62.

[8] Choi, H. Y., & Kim, G. H. (2014). Inhibitory effects of Allium
senescens L. methanol extracts on reactive oxygen species
production and lipid accumulation during differentiation in
3T3-L1 cells. Korean Journal of Food Science and
Technology, 46(4), 498-504.

[9] Storsberg, J., Schulz, H., Keusgen, M., Tannous, F., Dehmer,
K. J.,, & Keller, E. J. (2004). Chemical characterization of
interspecific hybrids between Allium cepa L. and Allium
kermesinum Rchb. Journal of agricultural and food
chemistry, 52(17), 5499-5505.

[10] Xie, H., Shi, X., Zhao, D., Wang, B., Jin, Y., & Li, X. (2023).
A review: the structures and bioactivities of steroidal saponins
from  Allium  macrostemon Bulbus.  Phytochemistry
Letters, 57, 210-226.

[11] Padula, G., Xia, X., & Hotubowicz, R. (2022). Welsh onion
(Allium fistulosum L.) seed physiology, breeding, production,
and trade. Plants, 11(3), 343.

[12] Ashurmetov, O. A., Yengalycheva, S. S., & Fritsch, R. M.
(2001). Morphological and embryological characters of three
middle Asian Allium L. species (Alliaceae). Botanical Journal
of the Linnean Society, 137(1), 51-64.

[13] Nishimura, H., Higuchi, O., & Tateshita, K. (2004).
Antioxidative activity of sulfur-containing compounds in
Allium  species for human LDL oxidation in
vitro. Biofactors, 21(1-4), 277-280.

[14] Singh, N., Gusain, A., Nigam, M., & Mishra, A. P. (2025).
The pharmacological and therapeutic versatility of Allium
species: a comprehensive exploration of bioactive constituents
and biological activities. Discover Applied Sciences, 7(4), 349.

[15] ALAMU, A. E., OLOTU, T., & Ekoh, M. (2024).
Characterization and Physico-Chemical Properties of Essential
Oil and Oleoresin of Dried Garlic (Allium Sativum). Available
at SSRN 4703053.

[16] Vlase, L., Parvu, M., Parvu, E. A., & Toiu, A. (2012).
Chemical constituents of three Allium species from
Romania. Molecules, 18(1), 114-127.

[17] Markham, J. E., Li, J., Cahoon, E. B., & Jaworski, J. G.
(2006). Separation and identification of major plant

14 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/fsfa0258

International Scienceand ~ VOlume 37 aaxd) gy pll Al il

Imtrwaational beimrs mad Taviasiags demraal

Jomoky ol Part s ey 2

http://www.doi.org/10.62341/fsfa0258

sphingolipid classes from leaves. Journal of Biological
Chemistry, 281(32), 22684-22694.

[18] Nielsen, S. S., Min, D. B., & Ellefson, W. C. (2010). Fat
Analysis. Food Analysis, 117-132.

[19] Christie, W. W., & Han, X. (2010). Lipid analysis: isolation,
separation, identification, and lipidomic analysis. Elsevier.
[20] Koeth, L. M., DiFranco-Fisher, J. M., & McCurdy, S.

(2015). A reference broth microdilution method for
dalbavancin in vitro susceptibility testing of bacteria that grow
aerobically. Journal of visualized experiments: JoVE, (103),

53028.

[21] Harborne, A. J. (1998). Phytochemical methods: a guide to
Modern Techniques of plant analysis. springer science &
business media.

[22] CLSI. (2012). Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria That Grow Aerobically;
Approved Standard—Ninth Edition. CLSI document MO7-
AO9. Clinical and Laboratory Standards Institute, Wayne, PA.

[23] Dalhat, M. H., Adefolake, F. A., & Musa, M. (2018).
Nutritional composition and phytochemical analysis of
aqueous extract of Allium cepa (onion) and Allium sativum
(garlic). Asian Food Sci. J, 3(4), 1-9.

[24] Yin, M. C,, Lin, M. C., & Mong, M. C. (2012). Fatty acid
and phytochemical compositions of Allium tuberosum and its
health implications. Journal of Food Composition and
Analysis, 25(2), 178-182.

[25] Choo, S., Chin, V. K., Wong, E. H., Madhavan, P., Tay, S.
T.,Yong, P. V. C., & Chong, P. P. (2020). Antimicrobial
properties of allicin used alone or in combination with other
medications. Folia microbiologica, 65(3), 451-465.

[26] Sunil, M., Kurangi, B., Dodamani, S., Khalil, M., &
Chopra, A. (2025). Antimicrobial, antibiofilm, cytotoxicity,
and substantivity of aged garlic extract against oral bacteria:
an in-vitro study. BMC Complementary Medicine and
Therapies, 25(1), 266.

15 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/fsfa0258

