w
a
o
}_
(%
<
4
<
=
Q
74
®)

Iranlan
Journal of

Volume 16 Number 2 (April 2024) 208-218

Antibacterial activity of Shallots (Allium xwakegi Araki.) cultivars in Palu
Valley against Salmonella Typhi ATCC 27870 through in vitro and in silico
evaluation

Sitti Rahmah Sari?, Riuh Wardhani'?, Faigah Umar'?, Dirayah Rauf Husain*, Ade Chandra Iwansyah*

!Department of Biology, Faculty of Mathematics and Natural Sciences, Hasanuddin University, South
Sulawesi, Indonesia
2Department of Animal and Dairy Science, College of Agriculture and Life Sciences, Chungnam National
University, Daejeon, Republic of Korea
$Medical State Laboratory, Ministry of Health, Makassar, Indonesia
“Research Center for Food Technology and Processing, National Research and Innovation Agency,
Yogyakarta, Indonesia

Received: September 2023, Accepted: February 2024

ABSTRACT

Background and Objectives: Shallots, recognized for their minimal toxicity, cost-effectiveness, and widespread avail-
ability, are increasingly considered a viable source of biological activity. This study evaluates the antibacterial efficacy of a
specific shallot cultivar from Palu Valley, Indonesia, against Salmonella typhi, the pathogen responsible for typhoid fever.
Materials and Methods: Utilizing thin-layer chromatography (TLC-bioautography) and gas chromatography-mass spec-
troscopy (GC-MS), the study identifies active compounds in shallot ethanol extract and employs molecular docking to assess
interactions between receptors and ligands.

Results: Findings indicate significant antibacterial activity, with a notable inhibition zone diameter of 31.5 mm at spot Rf
0.28 in TLC bioautography and an optimum concentration of 2% yielding an average clear zone diameter of 28.27 mm in the
agar diffusion test. GC-MS analysis reveals 41 compounds, predominantly dodecanoic acid and 1,2,3-propanetriyl ester. Ad-
ditionally, molecular docking reveals the lowest binding affinity (-7.3 kcal/mol) for Ergost-8-En-3-Ol, 14-Methyl-, (3.Beta,5.
Alpha.) against DNA gyrase.

Conclusion: This study confirms Palu Valley shallot extract's potent antibacterial effect against Salmonella typhi, highlight-
ing its therapeutic potential.
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INTRODUCTION shallot (Allium xwakegi Araki.) emerges as a plant
of considerable interest. This hybrid is the result of

Indonesia is renowned for its rich biodiversi- crossing Allium fistulosum L. with Allium ascalon-
ty, which significantly contributes to its traditional icum L., and it exhibits remarkable potential (2). In

medical practices (1). Among the diverse plants, the Central Sulawesi, the Palu Valley is distinguished for
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its cultivation of shallot cultivars, which are a central
element of the region's economy. These cultivars are
integral to the production of the region's famed fried
shallot industry, a unique feature of Palu's culinary
culture. However, the investigation into the bioactive
compounds present in these Palu Valley shallot culti-
vars is notably lacking. This study highlights a signif-
icant research gap that warrants further exploration.

Shallots are increasingly recognized for their mul-
tifaceted pharmacological potential, encompassing
a wide spectrum of therapeutic applications such
as antimicrobial, antioxidant, analgesic, anti-in-
flammatory, antidiabetic, hypolipidemic, antihyper-
tensive, and immunoprotective actions (3). These
health-promoting effects are largely attributed to the
rich array of bioactive constituents found in shallots,
including organosulfur compounds, phenolic com-
pounds, polysaccharides, and steroids (4). Among
these, phenolic compounds are noted for their ability
to denature bacterial cell proteins, thereby exerting
antibacterial effects (5). Similarly, steroids have been
implicated as antibacterial agents, with their mecha-
nism of action associated with disrupting lipid mem-
branes in bacteria, leading to liposome leakage and
cellular compromise (6).

Phytochemicals from agricultural plants might
assist as an effective option for antimicrobials. This
relates to the several issues of pharmaceuticals tox-
icity and antibiotic resistance (7). In the treatment of
bacterial infections, broad-spectrum antibiotics are
occasionally necessary, however they can often re-
sult in enhanced toxicity for the patient. Resistance
has always emerged alongside the discovery of new
antibiotic drugs. Resistant strains can spread if in-
fection control procedures are ignored. The lack of
alternative discoveries to substitute ineffective anti-
microbials is a challenge in preserving the efficacy
of current antimicrobials (8). Subsequently, there is
an increasing demand for alternative antimicrobial
agents that are non-toxic, affordable, easily acces-
sible, and efficient in treating infectious diseases
caused by bacteria and other pathogens (9).

Meanwhile, despite its long presence in human his-
tory, systemic infection caused by S. Typhi still a
major life-threatening health problem, especially in
developing countries (10). Therefore, the purpose of
this study is focused on analyzing in vitro and in
silico the antibacterial activity of com- pounds in
shallot cultivars of Palu Valley on S. Typhi bacterial
cultures.
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MATERIALS AND METHODS

Extraction. Shallots were purchased from the Tra-
ditional Market in Palu, Central Sulawesi, Indonesia.
The shallot bulbs were cut into small pieces and dried
for seven days. They were then macerated using 96%
ethanol (Sigma-Aldrich) for five days. Furthermore,
this step was repeated three times so that the mac-
erate was obtained. The macerate was concentrated
using a rotary evaporator (Rotavapor R-300) (11).

Thin layer chromatography (TLC) test. TLC
was performed following with some modifications
(12). The G60F254 silica plate was cut to a size of
1 x10 cm. The plate was then activated in an oven
at 100°C. The sample of shallot ethanol extract was
smeared on the bottom edge and dried. Furthermore,
the TLC plate was inserted into a chamber containing
chloroform and acetone (2:8) mobile phases that have
been saturated. The stains formed on the plate were
then sprayed with spotting reagents and observed
directly or under UV with a wavelength of 366 nm.
The color spots were identified by spraying the re-
agents aluminum chloride (AICL,), iron (111) chloride
(FeCl,), Dragendorff, and Lieberman Burchard.

TLC-Bioautography test. This test was carried
out by preparing a nutrient agar medium (Merck)
containing 0.1 mL of S. Typhi bacterial suspension
(ATCC 27870) that was equal to 0.5 McFarland
(1.5%10® CFU/mL). As much as 10 mL of the medi-
um was then poured into a Petri dish and allowed to
solidify. The eluted TLC plate was then affixed to the
surface of the medium for 60 minutes so that the com-
pounds on the plate diffused, and the plate was then
removed. Last, it was then incubated at 37°C for 24
hours (13).

Antibacterial test. The antibacterial activity test
was carried out by the agar diffusion assay (cylinder
plate method) (14). In this case, shallot extract was
made in five different concentrations of 2, 4, 6, 8,
and 10%. This antibacterial testing was carried out
on a solid Mueller Hinton agar medium (Himedia)
as a base layer. After the base layer is solid, a me-
dium containing 0.1 mL of bacterial suspension (0.5
McFarland) is mixed into a petri dish as the second
layer. The second layer was aseptically holed. Shallot
extract with each concentration was added to the hole
in as much as 200 pL. Finally, the medium was incu-
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bated for 24 hours at 37°C (5).

Compound analysis by GCMS. The analysis of
shallot compounds was conducted using a GC-MS
instrument. Initially, 0.2 g of extract was combined
with 5 mL of ethanol. This mixture underwent ex-
traction in a sonicator for 20 minutes, maintaining a
temperature of 40°C. Subsequently, the resultant ex-
tract was transferred into a GC-MS vial. The GC-MS
settings were adjusted to a pressure of 76.9 kPa and
an injector temperature of 250°C, operating in split-
less mode with a ratio of 1:10. The flow rate was set
at 14 mL/min. Furthermore, ion source and interface
temperatures were maintained at 200°C and 280°C,
respectively, with solvent cut times set for 3 minutes
in the 400-700 m/z range. The column used was an
SH-Rxi-5Sil MS, measuring 30 meters in length and
0.25 mm in inner diameter. The initial column tem-
perature was set to 70°C and held for 2 minutes. This
was followed by a temperature increase to 200°C at
a rate of 100°C/min, leading to a final temperature
of 280°C. The final stage had a hold time of 9 min-
utes and a rate of 50°C/min. The total duration of the
sample analysis was 36 minutes. The chromatogram
data obtained from this process was subsequently an-
alyzed using the NIST 17 and Wiley 9 libraries (15).

In silico test. In silico technique utilizes com-
puter simulations to predict and study biological,
chemical, and pharmacological activities, assisting
in areas such as drug discovery and genomics. In
this study, molecular docking was performed to pre-
dict ligand (shallot componds) and macromoleculs
(target protein) interaction. Chemical compounds
as ligands were selected from GC-MS results of
shallot ethanol extract, 3D structures, simplified
molecular-input  line-entry system (SMILES) li-
gands, and ID numbers were taken from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). Protein  mac-
romolecules were obtained from the Protein Data
Bank (www.rcsb.org/). Protein structures were pro-
cessed using PyMOL v1.7.4.5 to remove non-protein
molecules. The target proteins of this study were
penicillin-binding protein (PBP) (PDB code: 1hd8),
DNA gyrase (PDB code: 5I3)), and dihydropteroate
synthase (DHPS) (PDB code: 1ajz). Molecular dock-
ing was conducted with the Vina Wizard feature inte-
grated into PyRx 0.8. Interactions between the target
ligands and proteins were visualized and analyzed
using Discovery Studio v21.1.0.20298 (16).
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RESULTS

Extraction. The determination of the shallot cultivar
in Palu Valley was carried out by identifying plants
morphologically. Based on the observation, this cul-
tivar have the characteristics of round, slightly oval
bulbs, pale red and whitish color, a length of 2.5-3.0
cm, and a diameter of 1.5-2.5 cm (Fig. 1).

S

Qr:‘. S — _3".\
Ly ":.w ‘?a %
,0;" ?{’ai

Fig. 1. Shallot (Allium xwakegi Araki.) Cultivar of Palu
Valley.

The extraction of shallots was done using the mac-
eration technique. This technique involves soaking the
shallot simply in a closed container with 96% etha-
nol solvent and leaving it at room temperature for 5
days with frequent stirring. This process was intend-
ed to break down and destroy plant cell walls to re-
lease soluble phytochemicals (17). After 3 days, the
mixture was filtered. The result obtained was a red-
dish-brown ethanol extract, which had a distinctive
odor and was soluble in ethanol. From 500 grams of
shallots, 100 grams of ethanol extract weight were
produced.

Thin layer chromatography (TLC) results. The
chemical components were tested in the ethanol ex-
tract of shallot with the separation of active com-
pounds by TLC using acetone: chloroform (8:2) elu-
ent. Each chemical compound was then moved at a
certain rate and the rate of movement was expressed as
a retention factor (Rf). The retention factor is the ratio
of the distance traveled by the mobile phase from the
starting line to the end to the distance of the movement
of chemical compounds that have been separated.

The results of TLC analysis on Shallot's ethanol ex-
tract, as presented in Table 1, reveal the presence of
various phytochemicals. Distinct spots were observed
with the Dragendorff reagent indicating the presence

http://ijm.tums.ac.ir
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Table 1. TLC Results of Shallot’s Ethanol Extract

Reagents Rf Description
Dragendorff 0,80 -
0,63 +Alkaloid
Liebermann- Burchard 0,81 +Steroids
0,78 +Steroids
0,28 +Steroids
AAluminum Chloride 0,75 +Flavonoids
Iron (111) Chloride 0,83 +Phenol
0,78 -

of alkaloids with Rf values of 0.80 and 0.63. Addition-
ally, the use of Liebermann-Burchard and Aluminum
Chloride reagents identified steroids and flavonoids
with Rf values ranging from 0.28 to 0.81. The Iron
(111) Chloride reagent further indicated the presence of
phenolic compounds with an Rf of 0.83. These find-
ings provide a quantitative measure of the compound
distribution, denoting a rich phytochemical profile in
the shallot extract. The variability in Rf values sug-
gests a diversity of compound polarities, reflecting the
complex nature of the extract's composition.

Antibacterial activity by TLC- Bioautography.
The chromatography plate from the TLC test was fol-
lowed by a bioautography TLC test (Fig. 2). The aim
was to determine the potential antibacterial activity of
shallot ethanol extract against S. Typhi bacteria at the
specific spot. The compounds with antibacterial po-
tential were transferred from the chromatogram plate
to the agar medium. In this case, the positive results
are indicated by the presence of a clear zone on the
surface of the agar former spot on the chromatogram
that has been affixed before. The test results can be
seen in (Fig. 2).

(@) (b)

Fig. 2. (a) Bioautography TLC results, inhibition zone di-

ameter of 31.5 mm (b) Spot point (uv 366nm) after spraying
Liebermann-Burchard reagent.
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Antibacterial test. The shallot ethanol extract sam-
ple was subjected to an antibacterial test by diffusion
method against S. Typhi bacteria. In this case, the pos-
itive results were indicated by the presence of a clear
zone around the hole on the surface of MHA media.
The test results can be seen in Fig. 3 and Table 2.

Gas chromatography-mass spectroscopy (GC-
MS) results. In order to determine the content of the
compound present in the shallot ethanol extract, an
analysis was carried out through GC-MS screening in
Fig. 4 and Table 3.

In silico test. The molecular docking between the li-
gand and the target protein used the Vina wizard in the
PyRx program. The results of the AG® binding affinity
value of the ligand and target protein are presented in
the Table 4 and Fig. 5.

DISCUSSION

Ethanol extract samples were subjected to phyto-
chemical and antibacterial tests against S. Typhi.
The results of TLC showed that there was a total of
eight spots of compounds that could be seen on the
chromatogram plate with different Rf values. These
results indicated that the ethanol extract of shallots
contains alkaloid, flavonoid, phenol, and steroid
groups.

The TLC results for Shallot's Ethanol Extract align
with established literature, confirming the presence
of various bioactive compounds. Flavonoids, includ-
ing quercetin and its derivatives, were previously
identified in shallot peels and bulbs, highlighting
their antioxidant potential (18, 19). The significant
phenolic content observed corresponds with find-
ings indicating shallots' rich polyphenolic profile and
higher phenolic and diallyl disulfide contents com-
pared to garlic (20, 21). Additionally, shallots have
been noted for their high levels of glycosidic flavo-
noids, which contribute to their antioxidant, antibac-
terial, and anti-inflammatory properties (22). The
correlation of these compounds with health benefits,
such as cancer prevention and potent antioxidant ac-
tivity, underscores the therapeutic relevance of the
phytochemicals detected in the current study (23,
24).

Furthermore, the TLC-bioautography test results
of shallot ethanol extract showed inhibitory activity
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I I

Fig. 3. Antibacterial Test Results of Shallot Ethanol Extract against S. Typhi

Table 2. Antibacterial test results of ethanol extract of Shallot

Replicate Positive Control Negative Control Inhibition Zone Diameter (mm)
(ciprofloxacin) (aquades) 2% 4% 6% 8% 10%
I 50,65 0 28,05 26 14,1 0 0
I 49,8 0 28,65 21,53 13,43 0 0
I 51,1 0 28,1 20,48 12,9 0 0
Average 50,2 0 28,27 22,67 13,48 0 0
TIC
(Nommlized)
' 10.0 ' 2!5,0 ' 300 ' 445,0 43,0_
nun

Fig. 4. Chromatogram of Shallot Ethanol Extract

against S. Typhi. The zone was found on the com-
pound spot with an Rf of 0.28. Based on the TLC
spot marker test, it is known that the Rf of 0.28 de-
tected the presence of steroid compounds. The mech-
anism of action of steroids as antibacterials is related
to lipid membranes and sensitivity to steroid compo-

212
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nents that cause leakage in bacterial liposomes. Ste-
roids can interact with cell phospholipid membranes
that are permeable to lipophilic compounds, causing
decreased membrane integrity and altered cell mem-
brane morphology that causes cell fragility and lysis
(6). These results are supported by several previous

http://ijm.tums.ac.ir
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Table 3. Phytochemical Components Identified in Shallot’s Ethanol Extract by GC-MS

(Chromatogram Code) Compound Retention Area  Chemical
Time (%) formula
Fatty Aldehydes
@N3-Isopropyl-4-Methyl-1-Decen-4-Ol 15.425 0,89 CHO
14 28
(ICijs-9-Hexadecenal 22.468 1,22 CHO
16 30
Alkana
@2Nonane, 5-Methyl- 8.158 0,25 CH
10 22
@AQctacosane 29.560 0,09 CH
28 58
Alkaloid
@0Xanthosin (CAS) 12.225 070 CHNO
10 12 4 6
®Oxime-, Methoxy-Phenyl- 3.427 292 CHNO
8 9 2
Aril Aldehyde
#95-Hydroxymethylfurfural 8.613 4,95 CHO
6 6 3
Benzoic acid
©31,2-Benzenedicarboxylic Acid 30.134 026 CHO
24 38 4
Fatty Acids
©Succinic Acid, Di(But-2-En-1-Y1) Ester 5.258 029 CHO
12 18 4
(83(2H)-Furanone, 2-Hexyl-5-Methyl- 10.850 051 CHO
1 18 2
499,10-Secochola-5,7,10(19)-Trien-24-Al,3-Hydroxy-,(3.Beta.,5Z,7E)- 13.758 0,44 CHO
24 36 2
©910,13-Octadecadienoic Acid, Methyl Ester 21.306 012 CHO
19 34 2
@IN-Hexadecanoic Acid 18308 1,76 CH O
16 32 2
@®Hexadecanoic Acid, Methyl Ester 17.417 023 CHO
17 34 2
Azole
(1,2,3-Thiadiazole-4-Carboxylic Acid, Hydrazide 9758 028 CHNOS
3 4 4
Benzene
®Benzeneacetaldehyde (CAS) 5.042 0,79 C,H;0
©9Benzene, 1,1'-Oxybis[(1,1-Dimethylbutyl)- (CAS) 33.575 0,18 C,H,0
@N4-Nitrophenyl Laurate 35.320 1,10 (318H27NO4
any. _4-Vi
2-Methoxy-4-Vinylphenol 9.308 0,61 C,H,,0,
Eater
2-Acetyl-Octanoic Acid, Ethyl Ester 7.358 0,08 C,H,0,
Phenol
17), _ _A- »
Benzene, 1-Chloro-4-Methoxy 10.331 0,20 C.H,CO
Furan
2 5-Dimethylfuran-3,4(2H,5H)-Dione 5.551 0,92 CH,0,
®2,5-Anhydro-1,6-Dideoxyhexo-3,4-Diulose 5.792 0,24 CH,0,
©2,4-Dihydroxy-2,5-Dimethyl-3(2H)-Furan-3-One 4.288 0,79 CH,0,
@93(2H)-Furanone, 5-Methyl-2-Octyl- 13.490 0,17 C,.H,,0,
Glycerol
®®Dodecanoic Acid, 1,2,3-Propanetriyl Ester (CAS) 39.046 2173 ¢ H.0,
©)Dodecanoic Acid, 1,2,3-Propanetriyl Ester 39.776 3353 c H.O
39" 746

“OEijcosanoic Acid, 2-[(1-Oxohexadecyl)Oxy]-1-[[(1-Oxohexadecyl)Oxy]Methyl|Ethyl Ester ~ 41.076 1,64

Saturated hydrocarbons ooamee
@21-Cyclopentyleicosane 13.014 0,25 C,He,
Ketone
@1,2-Cyclopentanedione 3761 2,05 C.HO
@9)(S)-1-(1-Cyclopentenyl)-Propanol 13.992 0,52 CZHZ_OZ
Lactones
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Table 3. Continuing...

@93-Deoxy-D-Mannoic Lactone 14.238 8,95 CHO
6 10 5
Monosaccharides
@D-Allose 12.442 1,53 CH O
6 12 6
Nitro
(91 ,3-Propanediol, 2-(Hydroxymethyl)-2-Nitro- 11.908 156 CHNO
4 9 5
Organosulfonat
@Sulfurous Acid, Bis(2-Methylpropyl) Ester 4.797 098 CHOS
8 18 3
Pyran
(194H-Pyran-4-One, 2,3-Dihydro-3,5-Dihydroxy-6-Methyl 6809 4,75 CHO
6 8 4
Steroid
“DErgost-8-En-3-0l, 14-Methyl-, (3.Beta.,5.Alpha.) 42.182 0,74 CHO
29 50
Terpenoid
ON-(3-Butenyl)-N-Methylcyclohexanamine 6115 0,38 CHN
1 21
(92 6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-Hexamethyl-, (All-E) 34.627 0,26 H
30 50
Organic Trisulfide
(9)(E)-1-Allyl-3-(Prop-1-En-1-Y 1) Trisulfane 9.492 0,43 CHS
6 10 3
Trialkylheterosilanes
©9N-Nonadecanoic Acid, Pentamethyldisilyl Ester 35.108 005 C H OSi
24 52 2 2
Table 4. AG° Binding Affinity Value of Compound Ligands in Shallots
Ligand Type AG° Binding Afinity (kcal/mol)
513j lajz 1hd8
Ergost-8-En-3-0l, 14-Methyl-, (3.Beta.,5.Alpha.) Steroid -7,3 -6,9 -7,5
Dodecanoic acid, 1,2,3-propanetriyl ester (CAS) Gliserol -57 -4,8 -4,2
3-Deoxy-d-mannoic lactone Lakton -5,5 -6,0 -5,5
5-Hydroxymethylfurfural Aril Aldehid -4.9 -4.8 -5,0
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl Piran -5,0 -5,2 -5,4
Oxime-, methoxy-phenyl Alkaloid -6,1 -5,2 -6,1

studies, which report that in general, shallots can in-
hibit or kill S. Typhi pathogenic bacteria (25-26).
The inhibition test, which demonstrates that the
ideal concentration is 2% with an average clear zone
diameter of 28.27 mm, supports the results of the
TLC test. According to the previous study (17), the
shallot crude extract contains a complex mixture
of many plant metabolites, such as alkaloids, gly-
cosides, phenolics, terpenoids, and flavonoids, that
can have potential as antibiotics. In line with other
research (27, 28), these compounds were found in
Allium species and were found to have strong anti-
microbial properties against bacteria, fungi, and vi-
ruses that infect humans. Based on the test results,
it can be concluded that phytochemical compounds
may have antimicrobial effects. For example, it has
been shown. that saponins and flavonoids in Allium

214 IRAN. J. MICROBIOL. Volume 16 Number 2 (April 2024) 208-218

species can inhibit several types of bacteria (29).
In addition, allium also has antimicrobial phenolic
compounds (3). Meanwhile, alkaloids and steroids
indicate that the plant can be used as an antibacte-
rial agent (30, 31). In this study, the concentration of
shallot extract showed varying antibacterial activity
against pathogens. Furthermore, according to anoth-
er previous study (32), the antimicrobial efficacy of
plants depends on their chemical structure, active
components, and concentration.

A total of 41 compounds were detected in the eth-
anol extract. Dodecanoic acid, 1,2,3-Propanetriyl Es-
ter (55.26%), 3-Deoxy-D-Mannoic Lactone (8.95%),
5-Hydroxymethylfurfural — (4.95%), 4H-Pyran-4-
One, 2,3-Dihydro-3,5-Dihydroxy-6-Methyl- (4.75%),
and Oxime-, Methoxy-Phenyl- (2.92%) were the
most prevalent compounds. Lipids, especially the

http://ijm.tums.ac.ir
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fatty acid class, are compounds whose derivatives
are widely detected. The results of this study are the
main characteristics of the compounds present in
shallots. It is known that lipids are generally a con-
stituent of all plant cells, functioning as membrane
components, metabolite storage products, and as a
source of energy (33). Bulbs of allium species are
widely known to contain oily substances that charac-
terize shallots, including allicin, flavanoids, and their
derivatives. These volatile lipid compounds have
characteristic odors derived from organic di- and
trisulfides and thioaldehydes (34-36). The research
related to the composition of shallots is still being
explored. This is due to differences in varieties, cli-
mate, geography, soil fertility, and cultivation prac-
tices, which play an important role in the proportion
of compounds in shallots (28).

Antimicrobials made from lipid derivatives exert
their effects on different cellular targets in different
ways. Generally, the main target is the cell mem-
brane and several parts inside it, such as enzymes
and proteins. Fatty acids can disrupt the integrity
of cell membranes in various ways, which can lead
to the leakage of important cellular metabolites and
even cell lysis (18). The inhibitory activity of bacte-
ria on lipid derivatives such as steroids and glycer-

http://ijm.tums.ac.ir

ol, specifically in onion extract, has not been widely
reported. However, several studies (37-39), reported
that essential oil from shallots can effectively inhibit
the activity of pathogenic bacteria.

Molecular docking is a structure-based drug de-
sign method that simulates molecular interactions
and predicts binding modes and affinities between
receptors and ligands (40). The main goal of molec-
ular docking is to obtain an optimized docking con-
former for the two interacting molecules to achieve
free energy reduction in the whole system. Molecular
docking produces the energy value (AG° binding af-
finity) for forming a bond between the ligand and
the target protein (receptor). The smaller the bond
energy value shown, the more stable the ligand-re-
ceptor bond. Stable bonds indicate that the activity
of the results of ligand and receptor interactions is
getting bigger (41). A total of five compounds with a
high percent area and one steroid compound detected
were selected from the GCMS test results to be used
as molecular ligands for docking. The receptors used
are proteins that are critical targets of antimicrobial
agents. Receptor selection is very important as a dif-
ferentiator from eukaryotic cells to allow selective
toxicity. In this study, two types of receptors were
used, namely, PBP, which plays an important role in
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cell wall formation. DHPS, which contributes to the
folate biosynthesis pathway; and DNA gyrase, which
is responsible for nucleic acid synthesis (42-44).

Penicillin-binding proteins (PBPs) are essential
in bacterial cell wall synthesis, catalyzing both the
polymerization of glycan strands and the cross-link-
ing of these chains, alongside hydrolyzing specific
peptide bonds (45). The synthesis of peptidoglycan,
a crucial cell wall component, is vital for bacterial
survival, and compounds targeting PBPs can disrupt
this process, leading to bacterial lysis. Additionally,
the inhibition of dihydropteroate synthase (DHPS)
impairs the folic acid metabolic pathway, crucial for
DNA and amino acid synthesis, thereby hindering
pathogenic bacterial growth (46). Similarly, target-
ing topoisomerase 11, or DNA gyrase, interferes with
DNA replication in pathogenic bacteria, further in-
hibiting their growth (47). These mechanisms high-
light the complex interplay of biochemical pathways
in bacterial inhibition and their potential as antibac-
terial therapy targets.

The molecular docking study revealed that ergost-
8-En-3-0l,14-Methyl-, (3.Beta.,5.Alpha.) exhibited
the lowest binding affinity, suggesting it as the most
potent inhibitor among the tested compounds from
the steroid class. This finding aligns with the results
obtained from the TLC-bioautography test, confirm-
ing its inhibitory efficacy. Additionally, five other
prevalent compounds in shallots demonstrated signif-
icant inhibitory potential against S. Typhi bacteria.
Notably, compounds belonging to the Oxime- and
methoxy-phenyl categories were particularly effec-
tive in this regard.

Overall, the broad-spectrum efficacy of shallot ex-
tracts can be traced back to their rich phytochemical
composition. Saponins, flavonoids, and a myriad of
other bioactive compounds within shallots have been
identified as key antimicrobial agents (18, 19). Such
comparisons not only highlight the unique medici-
nal properties of shallots but also offer a compara-
tive advantage in their utilization over other related
species. The significance of shallot extracts extends
beyond mere antibacterial action, encompassing
wound healing, cytotoxicity against harmful cells,
and biofilm inhibition (48, 49). These multifaceted
potential positions shallot extracts as a versatile can-
didate for medical and healthcare applications. The
current study’s results not only corroborate these
documented antibacterial properties but also add a
molecular dimension through docking tests, suggest-
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ing a targeted mechanism of action at the molecular
level, which could pave the way for novel antimicro-
bial drug development.

CONCLUSION

This study validates the antibacterial potential of
shallot (Allium xwakegi Araki.) cultivars from Palu
Valley against Salmonella Typhi, showcasing signif-
icant in vitro inhibition and identifying key com-
pounds through GC-MS analysis. Molecular docking
highlights Ergost-8-En-3-Ol 14-Methyl- (3.Beta.,5.
Alpha.) with notable binding affinity, suggesting a
targeted antibacterial mechanism. These findings
underscore shallots' value as a natural antibacterial
source, meriting further exploration for therapeutic
applications. Future research should focus on iso-
lating specific bioactive compounds, advancing our
understanding of natural remedies against antibiot-
ic-resistant pathogens.
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