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Abstract:

Introduction: Many medicinal plants produce antioxidants and
antimicrobial properties which protect the host from cellular
oxidation reactions and other pathogens highlighting the importance
of search for natural antimicrobial drugs.

Methods : The antibacterial activity of 25, 50 and 100 mg/ml agqueous
extract of garlic and onion on Staphylococcus aureus, Salmonella
Typhi, Pseudomonas aeruginosa and Escherichia coli isolates were
carried out using agar well diffusion method. The antibacterial
activities of the aqueous plant extract were measured by zones of
inhibition.

Results: Inhibition zone diameter of 18 mm, 19 mm, 21 mm and 27
mm were observed for E.coli, P.aeruginosa, S.aureus, and S. Typhi
respectively using 100 mg/ml of garlic while for onion, 11.5 mm, 12
mm, 12 mm and 13 mm inhibition zone diameter were observed for
the same bacteria isolates respectively. It was observed that the
increase in concentration of garlic is needed for better antibacterial
activity while increasing concentration does not have a significant
effect on the antibacterial activity of onion.

Conclusion: Garlic extract showed greater antimicrobial potential
compared with onion extract. Thus, agueous garlic extract may be
more effective in the treatment of bacterial infections in order to
overcome the problem of multidrug resistance of bacterial
pathogens.
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1. INTRODUCTION

The usage of medicinal plants has been given more
attention as a result of its minimal or no side effects,
better patient tolerance, low-priced, easy accessibility
and wide range of applications [2]. More than 80% of
the world population relies on traditional medicine for
their primary health care needs. Plants are endowed
with wide diversity of secondary metabolites, such as
tannins, terpenoids, alkaloids and flavonoids, which
have been found in vitro to have antimicrobial
properties. [2, 6]. As a result of the various inherent
properties of medicinal plants, numerous plants are now
being in used in part or as a whole to treat different types
of diseases. Active components of plants are now being
explored, isolated and processed into drugs with slight
or no negative effects [20]. Onion and garlic are
example of such medicinal plants with continued
growing interest.

Onion (Allium sativum) and garlic (Allium cepa) are
among the first cultivated vegetable all over the world
as a result of their long storage period and
transferability. They have over 500 members that differ
in color, taste and appearance but close in
neutraceutical, biochemical and phytochemical content
[22]. The major component of garlic and Onion are
water which is 85-90 g/100 g and 60—-70 g/100 g fresh
weight, respectively. The organosulphur containing
compounds are the most important potent components
which with other several phenolic compounds stir up
vast interest [26, 23]. The mature whole Alliums
comprise mainly of cysteine sulfoxides, and when
tissues are crushed, the enzyme allinase is released,
converting the cysteine sulfoxides into the
thiosulfinates. These compounds are reactive, volatile,
odor producing and lachrymatory [7].

Garlic and onion are known to have many biological
activities such as  antimicrobial, antioxidant,
anticarcinogenic immunomodulatory, anti-cholesterol
and biotic action [33,28]. The bulb is antihelmintic, anti-
inflammatory, antiseptic, antispasmodic, carminative,
diuretic, expectorant, febrifuge, hypoglycemic,
hypotensive, lithontripic, stomachic and tonic [9]. The
high content of organo-sulphur containing compounds
such as allin and allicin and their breakdown products
are responsible for the biological and medical effects of
garlic and onion [31]. Onion contain high content of
flavonoids such as quercetin which are absent in garlic
[30]. Flavonoids are a second class of health enhancing
chemical compounds active against microorganisms;
they have been found in-vitro to be effective
antimicrobial substances against a wide range of
microorganisms [32]. Garlic on the other hand contains
almost three times as much sulfur-containing
compound as onions (11-35 mg/100 g fresh weight).
Several studies have shown that garlic and onion exhibit
a broad antibacterial activity against both Gram positive
and Gram negative bacterial pathogens that are known
to resist different classes of antibiotics implicated in their
treatment [12, 25, 13, 27].

Bacterial resistance is of growing concern to medical
practice worldwide which impairs the effectiveness of
antimicrobial agents [35] resulting in considerable
increased illnesses and death rate. Staphylococcus
aureus is a notorious antibiotics resistant bacterium,
infections caused by antibiotics resistant strains have
reached epidemic proportions worldwide. S. aureus is a
major cause of nosocomial infections of surgical
wounds and infections associated with indwelling
medical devices [10]. Pseudomonas aeruginosa on the
other hand is an important cause of Gram negative
bacterial infection, the 4" most commonly isolated
nosocomial infections agent that causes variety of
systemic infections particularly in immunosuppressed
host [39]. Most E.coli strains are however harmless, but
some serotypes are pathogenic and have been
implicated in most several cases of urinary tract
infection [17]. Salmonella Typhi is another important
pathogen that causes enteric fever, an endemic disease
in the tropic and sub-tropic (Asia and Africa) which has
become a serious public health problem in developing
countries of the world. Methicillin resistant S. aureus, P.
aeruginosa and E. coli are among the most problematic
drug resistant bacteria encountered today. Increasing
frequency to several antibiotics has also been reported
in several strains of Salmonella [38, 29]. One of the
measures to combat the increasing rate of resistance in
the long run is to have continuous investigation for new,
safe and effective antimicrobials as alternative agents
to substitute with effective one.

The promising results obtained from the various studies
on the antimicrobial properties of garlic and onion
necessitates the need for more studies on the
antibacterial activities of these plants on different clinical
bacteria isolates. This study was therefore undertaken,
to explore the antibacterial properties of the crude
aqueous extracts of onion and garlic on four clinical
bacterial isolates: S.aureus, S.Typhi, P.aeruginosa, and
E.coli.

2. MATERIALS AND METHODS

Collection of test organisms

The test organisms; P. aeruginosa, S.Typhi, S. aureus
and E.coli were collected from the Microbiology
laboratory unit of Lagos University Teaching Hospital
(LUTH) Idi-Araba, Surulere, Lagos State. All the
cultures were obtained in pure form and subcultured on
nutrient agar slants which were kept at 4°C until ready
for use.

Collection of plant materials

Onion and garlic plants were purchased from the
vegetable section of lyana Iba market, Ojo, Lagos State.
It was identified taxonomically at the Department of
Botany, Faculty of Science, Lagos State University, Ojo.

Preparation of aqueous plants extracts
The garlic and onion bulbs were cleaned peeled; sun
dried and cut into small pieces and then grounded using
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an electric blender and placed in clean container. The
agueous extracts were obtained by soaking 200 gram
of the edible portion of the garlic and onion powder in
(100 ml) distilled water and allowed to stand for (72 h).
The homogenate was sterilized by filtration (using
millipore 0.45um pore-size filter to give a crude aqueous
extract which was freeze dried in a lyophilizer and
stored aseptically until used. The various concentration
used in the study was later prepared by weighing
appropriate grams of the onion and garlic in known
volume of sterile distilled water.

Antibacterial activity using agar diffusion assay

This was done according to the method described by
Cheesebrough [8]. Sterile inoculating loop was used to
pick 3-5 colonies of well isolated colonies on the

3. RESULTS AND DISCUSSION

The present study examines the antibacterial potential
of different concentrations of aqueous extracts of onion
and garlic against four pathogenic bacteria species;
P.aeruginosa, S.aureus, E.coli and S.Typhi. It was
observed that antibacterial activities of the aqueous
garlic and onion extracts on these pathogens were
found to be concentration dependent. Lower
concentration of 12.5 mg/ml and 6.25 mg/ml of the
aqueous garlic and onion extracts could not inhibit the
growth of the pathogenic bacteria (Figures 1A and B).
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micropipette, 100 pl of different concentrations of the
garlic and onion extracts (100 mg/ml, 50 mg/ml, 25
mg/ml, 12.5 mg/ml and 6.25 mg/ml were added to the
wells in the plates and allowed to stand for about one
hour for proper diffusion. The plates were then
incubated in an upright position at 37°C for 24 hours.
The diameter of inhibition zones was measured in
millimeter (mm) and the results were recorded.

Determination of minimum inhibitory concentration
(MIC)

The minimum inhibitory concentration (MIC) was
determined by the broth dilution method of Weigand et
al. [41]. The aqueous extracts were diluted to various
concentrations ranging from 100 to 6.25 mg/ml in sterile
distilled water. 500 pl of each concentration were added
to 2 ml sterile nutrient broth in test tubes. Then 1ml (108
cfu/ml) of the test microorganism was added to the
content of the test tubes and the tubes were incubated
at 37°C for 24 h. One milliliter (1ml) of the standardized
inocula were also pipetted into the test tubes containing
sterile nutrient broth and used as positive control. The
MIC was taken as the lowest concentration of extracts
that did not permit any visible growth for each of the test
bacteria [37].
Determination of minimum bactericidal
concentration (MBC)

The MBC of the extracts was determined using the
method of Tagoe and Gbadago [37]. Samples was
taken from the broth tubes that showed no change in
turbidity and introduced into freshly prepared nutrient
agar plates and incubated at 18-24 h. The lowest
concentration of the extracts that showed no visible
growth was recorded as the minimum bactericidal dose.

Figure 1: Antibacterial activity of various concentrations
of aqueous extracts of (A) onion and (B) garlic on the
bacterial isolates.

Generally, the bacteria growth were inhibited at
concentrations of 50 mg/ml and 100 mg/ml for the two
plants extracts with the exception of E.coli that was not
inhibited at 50 mg/ml of the aqueous onion extract. This
result is in agreement with the results of Lekshmi et al.
[25], Kabrah et al. [21] and Shakurfow et al. [34] that
also reported increased antibacterial activity of garlic
and onion extracts at higher concentration of the plant
extracts used. Reduced antibacterial activity recorded
for E.coli in this study is in accordance with Bakht et al.
[4] who also showed least antibacterial activity of
aqueous onion extracts on E.coli tested in their study.
Likewise the results of Azu and Onyeagba [3] and
Srinivasan et al. [36] also supported the results obtained
in this study.

Garlic extract was found to be more effective at
concentration of 100 mg/ml than onion extracts in
inhibiting the bacteria growth as shown in Figure 1.
S.Typhi and S.aureus were the most sensitive of the
four bacteria pathogens to the aqueous garlic extracts
with the zone of inhibition ranging from 27 mm in
S.Typhi to 21 mm in S.aureus while E. coli and
P.aeruginosa recorded 18 mm and 19 mm as shown in
Figure 2. At concentration of 50 mg/ml, good activity
was still recorded for the aqueous garlic extracts on the
bacteria pathogens and activity decrease at 25 mg/ml
as seen in Figure 1B. The higher antibacterial activity
recorded for garlic could be attributed to the fact that
garlic contains about three times as much sulphur
containing compounds as onion [24]. Increased
antibacterial activities of garlic to onion extracts have
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been reported by many authors. Hamza [16], showed
that the aqueous extract of garlic inhibited growth of
several Gram positive and Gram negative bacteria
studied. The antibacterial activity of the garlic extract
obtained in this study is also similar to that reported by
Esimone et al. [15] and Hindi [18] that showed good
antibacterial activity of aqueous garlic extracts on both
Gram positive and Gram negative pathogenic bacteria
studied. The variation in the size of the inhibition zone
among the different bacteria may also be due to the lipid
content in the outer membranes of the organisms [14].
Allicin responsible for the antimicrobial activity of garlic
is three times more effective on Gram-positive bacteria
than Gram-negative bacteria. E. coli has membrane
lipid content 10 times higher than S. aureus, making
allicin to be trapped in this lipid content [27]. The least
antibacterial activity of the aqueous garlic extracts
against E.coli and Pseudomonas recorded in this study
is also supported by Santas et al. [30].

The extent of the inhibitory effect of the onion extract
could be attributed to the presence of the antimicrobial
compounds and their dissolving ratio in the solvents and
concentration doses [1]. Onions are known to have
broad spectrum of antibacterial activity as a result of the
presence of flavonoids and polyphenols [30]. The
reduced antibacterial activity of onion extracts compare
to garlic extracts obtained in this study could be
attributed to the method of extraction used for the
plants. Studies have reported good antibacterial
activities of onion against many bacteria pathogens
using organic solvents. Bakht et al. [4], reported that
petroleum ether, ethyl acetate and chloroform extracts
of onion inhibited the growth of S. aureus at both lower
and higher concentration. This is also supported by
Eltaweel [13] that reported better antibacterial activity of
the methanolic extracts of onion on the growth of S.
aureus compared to the aqueous extracts. Organic
solvent are known to dissolve organic compounds
better, hence liberate the active component required for
antimicrobial activity [12]. The results of this study is in
accordance with the work of [16], that reported reduced
antibacterial activity of aqueous extracts of onion on
Gram positive and Gram negative bacteria pathogens
tested in their study. High molecular weight of the onion
extract could also reduce its rate of diffusion [3].

The minimum inhibitory concentration is the lowest
concentration of the plant extract needed to inhibit the
growth of the microorganisms. It was observed that both
garlic and onion extracts exerts bacteriostatic effects at
50 mg/ml concentration on the growth of S.Typhi,
S.aureus and P.aeruginosa while E.coli were not
inhibited at this concentration as shown in Table 1.

Table 1: Minimum Inhibitory concentration of aqueous
extracts of onion and garlic against the bacterial strains
S/N | Onion/Garlic Concentration of
extract extract (mg/ml)

6.25 125 25 50 100

1 E.coli

Onion - - - - -

Garlic - - - - -

Control - - - - -

2 S.aureus

Onion - - - ++ -

Garlic - - - | |

Control - - - - -

S.Typhi

3 Onion - - - | |

Garlic - - - |+

Control - - - - -

4 P.aeruginosa

Onion - - - |+

Garlic - - - |+

Control - - - - -

Key: - No growth ++ Complete inhibition
The minimum bactericidal concentration (MBC) of the
aqueous extracts of onion and garlic against the four
bacterial isolates is depicted in Table 2.



Page 5

Table 2: Minimum lethal concentration of aqueous
extracts of onion and garlic against the bacterial strains.

S/N | Onion/Garlic Concentration of
extract extract (mg/ml)

6.25 125 25 50 100

1 E.coli

Onion - - - - -

Garlic - - - - -

Control - - - - -

2 S.aureus

Onion - - - - -

Garlic - - - - ++

Control - - - - -

S.Typhi

3 Onion - - - - -

Garlic - - - - ++

Control - - - - -

4 P.aeruginosa

Onion - - - - -

Garlic - - - - -

Control - - - - -

Key: No growth ~ ++: Complete inhibition

It was observed that only garlic showed bactericidal
effect on S.Typhi and S.aureus at concentration of 100
mg/ml while no bactericidal activity was recorded for
onion at all the concentrations tested. These results
suggests that the 100 mg/ml concentration of the onion
was not sufficient for the tested bacterial pathogens
unlike the aqueous garlic extracts that showed
bactericidal activity at 100 mg/ml concentration of the
plant extracts. This inactivity may be due to plant
maturity, extracting solvent, method of extraction and
time of harvesting of plant materials and also that
variations may also be due to the different active
substances present in these plants [13]. The sensitivity

of the bacteria to agueous garlic and onion extracts
could be as a result of allicin the main active
components of onion and garlic which exhibits its
antimicrobial activity mainly by immediate and total
inhibition of RNA synthesis, although DNA and protein
synthesis are also partially inhibited, suggesting that
RNA is the primary target of allicin action [40]. The
sensitivity of the multidrug resistant bacteria pathogens
recorded in this study is in accordance with previous
studies that reported good antibacterial activity of Allium
spp against multi drug resistant bacteria pathogens [19,
5, 25].

4. Conclusion

It can be concluded that aqueous extracts of both garlic
and onion have antibacterial activities against the tested
bacteria pathogens and their antibacterial activities is
concentration dependent. In addition, aqueous garlic
extracts showed better antibacterial activity compared
to aqueous onion extracts. Further studies are needed
to evaluate the possibility on the use of combination of
garlic and onion as an antibacterial agent or
combination of garlic or onion with conventional
antibiotics.
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