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ABSTRACT

ARTICLE INFO

Allium sativum, also known as garlic, has been eaten as food and used as medicine
against numerous ailments for thousands of years. This study investigated the pH, In-vitro
antimicrobial assays: Minimum Inhibitory Concentration (MIC)/ Minimum Fungicidal
Concentration (MFC), and disc diffusion assay of non-fermented and fermented samples of
Allium sativum against Staphylococcus aureus, Escherichia coli, and Candida albicans.
The phytochemical and proximate compositions of the samples were also screened.
Constituents of the fermented samples were further analyzed using high-performance liquid
chromatography (HPLC). Fermentation of the samples for 14 days influenced the results of
this study. The pH decreased from 6.8 to 4.5, and MIC/ MFC against all the test organisms
ranged between 12.5 - 100 mg/mL and 12.5 — 25 mg/mL for the non-fermented and
fermented samples. Concentration-dependent ranges of activities (2-8 mm for the non-
fermented and 10-16 mm for the fermented samples) were recorded. Varying quantities of
moisture, ash, fat, carbohydrate, fiber, and protein were obtained for the samples.
However, these values were higher for the fermented than the non-fermented samples. In
addition to alkaloids, flavonoids, glycosides, saponins, and terpenoids detected in the non-
fermented samples, anthraquinone and tannin were also detected in the fermented
samples. In order of peak height, allicin, allin, coumaric acid, ajoene, beta phellendrene,
hydroxycinnamate, and dithin were presented in the fermented A. sativum. The increase in
acidity of A. sativum due to fermentation signifies preservation, the presence of organic
acids, and other compounds. This may correlate to the increased phytochemical
components in the fermented samples. Consequently, the constituents identified by HPLC
in the fermented sample may be linked to better biological properties than the non-
fermented sample, making it a better source of nutritional and therapeutic agents.

Received 13 November, 2024
Accepted 09 June, 2025
Published 30 June, 2025

KEYWORDS

Allium sativum,

E. coli,

Fermentation,
Phytochemicals,
Antimicrobial activities,
Proximate composition

Copyright © 2025 the
authors. This is an open
access  article  distributed

under the Creative Commons
Attribution  License  which
permits  unrestricted  use,
distribution, and reproduction
in any medium, provided the
original work is properly cited.

INTRODUCTION

The bulb of Allium sativum (Garlic), recurrently known as
garlic, of the family Alliaceae, is a known beneficial spice
commonly consumed in its raw, dried, or processed (oil or
extract) form for numerous nutritional and biological
properties [1]. The functional and beneficial effects of a food
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substance must be based on the available scientific
evidence on the food [2]. Garlic is packed with high
concentrations of sulfur-containing compounds such as
allicin, contributing significantly to its therapeutic properties.
Other beneficial components of garlic include steroids,
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terpenoids, flavonoids, saponins, sugars, proteins, fats, and
vitamins [1, 3]. Due to its active composition, garlic is
notable for its therapeutic potential against numerous health
conditions (including high blood pressure and cancer) and
diseases (caused by bacteria and fungi) [1, 4]. Efforts to
unfold more potentials of A. sativum are rapidly ongoing
among scientists, especially its potential for discovering new
drugs.

The potential of microorganisms to develop resistance to
the same drug has become a crucial public health challenge
[5]. Therefore, researchers continue to assess strategies to
enhance the effectiveness of agents with known
antimicrobial potentials and search for newer sources of
antimicrobial compounds.

Fermentation is a traditional technique that improves the
biological properties of herbs by decomposing their complex
substrate into simpler ones, thereby increasing their
assimilability, digestibility, bioactivity, and reducing their
adverse effects [6,7]. Samtiya et al. [7] reported that
fermentation produces enzymes such as phytase that break
down phytic acid, an antinutritional compound of plant-
based foods. The influence of fermentation in enhancing the
phenolic constituents and the biological activities of
products such as agricultural products, tea, and cereal
foods is gaining relevance [8]. During fermentation,
microorganisms produce many enzymes that disintegrate
components, such as phenolic substituents, to release their
phenolic components [9].

Despite the numerous scientific papers reporting the
efficacy and compounds in garlic extracts, there is a need to
explore techniques to improve the constituents and
properties of A. sativum. Also, the European Food Safety
Authority (EFSA) states that the scientific proof of the
beneficial effect of a food determines its functionality [1].
Therefore, this study focuses on the bioprocessing of A.
sativum to explore the impact of fermentation on the
phytochemical, proximate constituents and its in-vitro
antimicrobial activities on selected pathogens.

MATERIALS AND METHODS

Preparation and fermentation of the plant material

Bulbs of Allium sativum were obtained from vendors in
Mandate market in Kwara State, Nigeria. The bulbs were
authenticated, and a referenced specimen (number
UILH/1209) was dropped at the Herbarium of the University
of llorin, llorin, Nigeria. Healthy bulbs were selected, oven-
dried at 30°C for 72 hours, and squashed to powder using a
China-made Blender (Master Chef, Mode MC-BL 1980).

An adapted method reported by Kimet al. [10] was
observed to ferment 100g of the A. sativum powder in a
sterile mason jar (2-liter capacity heat-tempered glass)
holding 1000 mL of the brine (2% of NaCl w/v), resulting in a
powder/brine ratio of 1:10 w/v. This gave an initial
concentration of 100mg/ml. The tightly covered mason jar
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was submerged in a water bath (Lab Tech product; Model
LWB-111D) at 72 * C for 15 minutes to discourage microbial
growth and cooled to room temperature (25 ° C).
Subsequently, the cap of the jar was carefully slacked to
release trapped air, then closed tightly back at room
temperature for 14 days. After that, the sample was filtered
with a membrane mesh sized 0.4 mm. The filtrate was kept
refrigerated at -18 * C before analysis. The pH reading of
the sample was done on days 7 and 14 of the fermentation
time using a digital pH meter (Multifunction quality tester;
Model Number-EZ-9908).

Preparation of different concentrations of the samples
Three concentrations of the sample were prepared in sterile
test tubes. The pure sample representing a 100 %
concentration was used to prepare other concentrations.
The 50 % concentration was prepared by transferring 10 mL
from the 100% concentration into another tube holding 10
mL of sterile distilled water, whirled to mix, and the 25 %
concentration was prepared by transferring 10 mL from the
mixture in the second test tube into the third tube containing
10 mL of distilled water. All the tubes were centrifuged for
20 mins at 25°C at 3000 rpm to separate the supernatants
through filtration with Whatman no. 1 filter paper and stored.
Procurement and standardization of inoculum

The cultural, physiological, and biochemical characteristics
of the isolates used in this study were done before storage
at 4°C for use in the study. The isolates used, Candida
albicans (yeast), Staphylococcus aureus, and Escherichia
coli (bacteria), were procured from the Microbiology
Department, University of llorin Teaching Hospital, llorin,
Nigeria, on Potato Dextrose Agar (PDA) and Nutrient agar
slants, respectively.

An aseptic laboratory technique was adopted throughout the
study. Using a sterile rod, a few (4-5) discrete five colonies
were taken from a primary agar plate and introduced into
the sterile tube containing 5 mL sterile saline, Vortexed
using a Genie Mixer and the arising suspension was noted
for cloudiness using a spectrophotometer that was
previously modified at 530 nm to 1.5 x 108 CFU/mL (for the
bacteria) and 1.5 X 104 conidia/mL (for the yeast isolate),
respectively [11]. This was equivalent to 0.5 McFarland
standard.

Determination of MIC of the sample

The MIC was determined by adopting the microdilution
techniques described by Wayne [12], and different
concentrations (100 mg/mL, 50 mg/mL, and 25 mg/mL) of
the samples were prepared. A two-fold serial dilution was
done in a plate (microtiter) of Mueller Hinton broth to get
different concentrations (100 mg/mL, 50 mg/mL, 25 mg/mL,
12.5 mg/mL, 6.25 mg/mL, and 3.25 mg/mL). Into each tube
containing the different concentrations of the sample, 0.1
mL of an 18-hour broth culture of the test organism that had
been adapted to 0.5 McFarland standard was introduced.
Cotton wool was placed over the test tubes and incubated
at 37 ° C for 24 hours. After this, clear test tubes with the
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lowest concentration were selected after 24 hours and
recorded as the MIC.

Phytochemical analysis of non-fermented and
fermented bulb of A. sativum

Phytochemical screening was done following the modified
methods of Ezeonu and Ejikeme [13] as well as Shaikh et
al. [14] to determine the presence of Alkaloids,
anthraquinones, flavonoids, glycosides, phlobatannins,
saponins, steroids, tannins, and terpenoids in the samples.
Estimation of proximate compounds in the non-
fermented and fermented bulb of A. sativum

The method described by Magu et al. [15] was followed to
quantify the Moisture, ash, fat, fiber, protein, and
carbohydrate present in the samples.

HPLC analysis of the fermented bulb of Allium sativum
The fermented sample was investigated for the active
constituents that may be responsible for its biological
activities based on the HPLC method described by Mernissi
et al. [16]. The modular chromatographic system Shimadzu
(Nexeramx), comprising a Workstation (LC-10), an interface
(CBM-10A), an LC-10AD pump, a column oven (CTO-10A),
and a UV-DAD detector (SPD-10A). The sample (1.0 g) was
suspended in acetonitrile/water (1:1 v/v), centrifuged (for 10
minutes at 3000 rpm), and filtered. The constituents were
further analyzed on a 250 mm x 4.6 mm ID x 5 mm at 30°C
using the mobile phase acetonitrile with water (40:60 v/v) at
a 1 mL /min flow rate. The evaluation period involved a
Statistical Analysis

The zones of inhibition were expressed as arithmetic means
+ standard error of mean (SEM). The means were
compared using One-way analysis of variance (ANOVA).

RESULTS
pH value of Allium sativum during the fermentation
period
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separation of the constituents of the sample in the isocratic
mode at a mobile phase of constant composition.
Susceptibility Testing of Non-fermented and Fermented
A. sativum
Testing of the non-fermented and fermented samples for activity
against the test pathogens was done by the Kirby-Bauer disc
diffusion technique as described by the CLSI [17]. In this
method, paper discs (6 mm in diameter) were produced from
Whatman filter paper (Grade No. 1) using an office hole paper
perforator, arranged in Petri dishes, left 5 meters apart, sterilized
in an oven (hot air) at 160°C lasting one hour [18], and allowed
to cool. A fixed amount of 0.01mL (10 l) of the samples at
different concentrations was carefully loaded on the paper discs
using a micropipette, which came in slight contact with the
paper; the sample was allowed to diffuse into the discs and
dried at room temperature. Following this, solidified Mueller-
Hinton (Oxoid, UK) agar of 4.0 mm depth in sterile plates was
introduced (by streaking) with 0.5 mL of an 18-hour liquid culture
of the standardized pathogen. The loaded paper discs were
immediately arranged superficially on the agar plate and gently
pressed down to make good contact with the inoculated agar
top. The plates were turned upside down and incubated (for 18-
20 hours at 35 = 1°C), after which the diameter of the inhibition
was measured as zones with clarity around the disc. An average
of the triplicate experiment was taken. Standard antibiotics
discs (erythromycin and Gentamicin at 30 pg each) were used
as control [19].

A reduction in value was observed on days 5, 10, and 14
of the fermentation periods with pH values of 6.8, 6.3,
and 6.0, respectively (Figure 1).

[

Figure 1: pH value of a sample of A. sativum during the fermentation period
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Minimum Inhibitory Concentration (MIC) of Fermented showed a range of inhibition of 25-100 ug/mL and 12.5-50
and Non-fermented samples of Allium sativum pg/mL, respectively, against the selected pathogens (Table
The Minimum Inhibitory Concentration/minimal fungicidal 1).

concentration of the non-fermented and fermented A.

sativum

Table 1: Minimum Inhibitory Concentration (ug/mL) of non-fermented and fermented Allium sativum against some
pathogens

Minimum Inhibitory Concentration (ag/mL)

S. aureus E. coli C. albicans
Sample type
Non-fermented 100 100 25
Fermented 12.5 50 25
Diameter of zones of inhibition (mm) of the non- 2mm was obtained against both E. coli and S. aureus; 6mm
fermented and fermented A. sativum against the test against C. albicans were obtained at the lowest (25 mg/mL)
pathogens and highest (100 mg/mL) concentrations of the non-
fermented sample. However, diameters of 8mm (against E.

In addition to the effect of concentration of the tested col) and; 16mm (against S. aureus) were obtained at the
samples, fermentation influenced the zones of inhibition of lowest (25 mg/mL) and highest (100 mg/mL) concentrations
A. sativum against the tested pathogens as diameters of of the fermented sample (Figure 2).

E 15

; | “ I ‘ []

e 0 " . 1 —" 1 { l

5. wwews Ecol C alhicans 5. oweus Eqo) C. albicans
Fermented Non Fermented

Concantration of sample tested (%)

m 100% m 50%  I5%

Figure 2: Diameter of zones of inhibition (mm) of the non-fermented and fermented A. sativum against the test
pathogens

Comparative Nutritional Composition of the Fermented content, ash, fat, carbohydrates, fiber, and protein were
and Non-fermented sample of Allium sativum explored in the fermented and non-fermented samples of
Comparative Nutritional Composition of the fermented and Allium sativum with only differences in their nutritional
non-fermented samples of Allium sativum. moisture values (Table 2).
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Table 2: Comparative proximate composition of the non-fermented and fermented Allium sativum

Proximate composition

Proximate values (%)

Non-fermented Fermented
Moisture content 68.01 £ 0.12a 7412 £ 0.34°
Ash 3.48 + 0.622 3.21 £0.0322
Fat 0.28 + 0.02a 0.18 £0.182
Carbohydrate 2583+ 0.122 19.35 1 0.14°
Fiber 1.04 £ 0.322 1.28 £0.21°
Protein 1.64 £0.232 2.04 £0.18°

Phytochemical constituents of the Non-fermented and
Fermented Allium sativum

Anthraquinones, glycosides, saponin, steroids, and tannin
were present in the non-fermented sample. Alkaloids,

anthraquinones, flavonoids, glycosides, saponin, steroids,
and tannins were present in the fermented sample of Allium
sativum (Table 3).

Table 3: Phytochemical components of the non-fermented and the fermented Allium sativum

Phytochemical constituents Non-fermented Allium sativum

Fermented Allium
sativum

Alkaloids -
Anthraquinones +
Flavonoids -
Glycoside +
Phlobatannin
Saponin
Steroids
Tannins
Terpenoid

+ + +

+ + + '+ + + +

Key: + Present; — Absent

HPLC Chromatogram of the constituents of fermented
bulb of Allium sativum

The HPLC chromatogram result of the fermented bulb of A.
sativum shows different constituents at various retention
times. Allicin, with the highest peak, represented the main
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constituent while dithin was the least constituent present in
the fermented bulb of A. sativum leaves. (Figure 3). The
functional activities of the compounds separated in the
fermented A. sativum by HPLC are given in Table 4.
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Temperature program:

Init termp  Hold Ramp Final temp
-10.000 180.00(
T f— ALLICING.300
2r . COUMARIC ACID/Z 183
al AJOENE/Z 633
4 HYDROXYCINNAMATE4.016
8 DITHING 233
6 BETA PHELLENDREME/G. 116
7L
8
al-
10t k
1+
12
13f
14}
151
18
17
18
191
20
21
22F
23
24
25
26
a7+
Component Retanticn Area Height  External  Units
ALLICIN 1.300 10405410 72.242 0.0000
ALLIMN 1.850 4741720 3N e19 0.0000
COUMARIC ACID 2183 2944230 21601 0.0000
AJOENE 2633 2474770 15.267 0.0000
HYDROXYCINNAMATES. 016 114.7145 5.797 0.0000
"DITHIN 5.233 53.9060 2825 0.0000
BETA PHELLEMNDREMIG.116  327.1435 13131 0.0000
25523770 0.0000

Figure 3: HPLC chromatogram of the constituents of fermented bulb of Allium sativum

Table 4: Some of the functional activities attributed to the compounds separated in the fermented A. sativum by HPLC

Biological

Separated compound . References Structure
activity
. . 0
Antimicrobial, Ankri and Mirelman ”
Allicin Antioxidant, 3
Anti-inflammatory D YW NN

Allin

Antifungal,
Anticancer,
antiplatelet

[20]

Ankri and Mirelman
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[20]
Coumaric acid Antioxidant, Boz [21]
Antimicrobial
Anticancer,

Kaschula et al. [22]
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i 0
Ajoene Anti-leukaemia Hassan [23] ”
S S
INNA NN
Glucose Uptake Seethalakshmi et al.
Beta phellandrene and Adipogenesis  [24] >“"""-C>:
Antioxidant o
Hydroxycinnamate Simmermaker [25]
Glycosidase = o
inhibition
Dithin Anticancer Talib et al. [26] g S/L\jH
H ~ H s H "
DISCUSSION

The consistent decrease in the pH value of A. sativum during
the days of fermentation is similar to the phenomenon
described by Choi et al. [27], where the reduction in pH value

was linked to increasing acidity. Scientific papers prove that
fermented products are sources of nutraceuticals due to their
functional, health-maintaining, and disease-prevention
properties [28]. The increased acidity observed in this study
may mean a decrease in undesirable strains of
microorganisms in the fermented sample, and this
corroborates the report of Masulli [29] who stated that the
acidic pH of fermented samples acts as a preservative
against undesirable microbial strains.

The lower MIC obtained for the fermented sample against all
the test pathogens signifies the need for a lower
concentration of the fermented sample to impede the growth
of pathogens than the non-fermented sample. This directly
translated to the higher diameter of the zone of inhibition
obtained for the fermented samples than the non-fermented
sample against all the tested pathogens. The fermented and
non-fermented samples of A. sativum revealed varying
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activities against the test pathogens. Our findings agree with
some scientific literature that reported the antimicrobial
activities of organic and aqueous extracts of garlic and black
garlic extracts [30 - 34].

A higher diameter of the zone of inhibition obtained for the
Gram-positive pathogen than other pathogens concur with the
statements of Moulia et al. [35] and Airaodion et al. [36], who
individually reported a better activity of garlic against Gram-
positive bacteria compared to Gram-negative bacteria. The
higher diameter of inhibition zones of the fermented sample
may be linked to the biotransformation process of
fermentation that decomposed organic substances by
fermenting organisms to vyield active constituents with
reduced toxicity and improved pharmacological effects. The
influence of the concentration of the sample on the diameters
of zones of inhibition obtained against the test pathogens
conforms with Nweze et al. [37], who also reported a
concentration-dependent activity of medicinal plants. This
may invariably mean that the concentration of the sample is a
function of its bioactive constituents. There was no
remarkable difference between the ash and fat content of the
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fermented and non-fermented Allium sativum. However,
differences occurred in their moisture, carbohydrate, protein,
and fiber content. The higher nutritional composition
elucidated by the fermented sample in the present study may
be attributed to better biological activity. Fiber helps in bowel
movement, carbohydrate plays a crucial role in immunity,
clotting of blood, and body development, proteins play a
significant role in building body tissues, and fat contributes to
the synthesis of membranes and tissue [38, 39].

More constituents being detected in the fermented sample
than the non-fermented counterpart may translate to factors
such as the increased acidity of the fermented sample and
the associated compounds in the biotransformation process
(fermentation) disintegrating more constituents. Leopoldini et
al. [40] and Ghosh et al. [41] variously linked the influence of
thermodynamics of hydrogen ion transfer (acidity) to the
phytochemical composition of fermenting samples.

Different scientific studies have identified numerous bioactive
components of A. safivum [42-45]. Organic sulfides,
saponins, phenolic compounds, and polysaccharides are
among the bioactive compounds that may be responsible for
diverse biological properties such as antimicrobial, anti-
inflammatory, antioxidant, anticancer, immunomodulatory,
anti-diabetic, anti-obesity, and cardiovascular protective
properties [46 - 48]. Bioactives are functional compounds,
such as phytochemicals produced during fermentation, and
are implicated in numerous health benefits [49]. Therefore,
the fermented sample of A. sativum would be a better
alternative to the non-fermented sample. Alkaloids and
flavonoids in the fermented sample may be attributed to its
improved antimicrobial and antioxidant activity [50]. The
presence of tannin in this study may be linked to the tannin-
hydrolyzing enzyme content of the sample, which may mean
that the sample may support gut health and reduce diabetic
and cardiovascular conditions [51].

Allicin and ajoene are among the predominantly mentioned
active components in garlic with health-promoting potentials
[52]. According to Bhatwalkar et al. [53], the antimicrobial
effect of allicin was linked to the inhibition of DNA synthesis.
Several scientific studies have reported that ajoene and allicin
from garlic function in lipid profile alteration, vasodilation
enhancement, and cholesterol biosynthesis inhibition [54, 55].
The improved properties of the fermented A. sativum
observed in this study may be attributed to its organosulfur
compounds, including allicin, adenosine, ajoene, flavonoid,
and saponin, which provide numerous benefits, such as
anticancer, antimicrobial, antioxidant, and anti-inflammatory
properties [56].

CONCLUSION

The increased acidity of the fermented sample observed in
this study may be linked to increased shelf life and the
presence of acids and other organic compounds in fermented
A. sativum. This may be attributed to the improved
antimicrobial activites and increased phytoconstituents

34

Afr J Pharm Res Dev, 17(1), 2025, 27-37

detected in the sample. The HPLC result on the constituents
(Allicin, allin, coumaric acid. ajoene, beta phellandrene,
hydroxycinnamate, and dithin) identified in the fermented A.
sativum by HPLC corroborate its biological properties and its
potential as a good source of nutritional and therapeutic
agent. Hence, this study enriches the available scientific
reports on the benefits of A. sativum, its active composition,
and its health benefits. However, a more comprehensive
exploration of the compounds associated with fermented A.
sativum will promote antimicrobial studies and enhance
pharmaceutical intervention and disease prevention.
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