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and stored under sterile conditions, while garlic extract was prepared by grinding, filtration,
sonication, and centrifugation. Antibacterial activity was assessed by agar diffusion at 25,
50, and 100 pL, and minimum inhibitory concentration (MIC) was determined by broth
dilution at 600 nm. Honey alone showed no inhibition zones but had an MIC of 250 ug
against both organisms. Garlic produced inhibition zones of 20—23 mm against S. aureus
and 12 mm against E. coli at 100 pL. The honey—garlic combination produced inhibition
zones of 17-25 mm against both organisms. MIC values were 125 pg for garlic against S.
aureus, 250 pg against E. coli, and 62.5 pg for the combination against both organisms.
Overall, the combination showed enhanced antibacterial activity and a lower MIC than the
individual treatments. Further studies using standardized synergy assays are required to
confirm this interaction and identify the contributing bioactive compounds.

Introduction

The rapid rise of antimicrobial resistance has increased
interest in alternative or complementary antimicrobial
agents. Natural products such as honey and garlic have
long histories of traditional use and contain multiple
bioactive constituents with antimicrobial properties.
Standardized antimicrobial assays, including diffusion
methods and broth dilution, can be used to assess
inhibitory activity and determine the minimum inhibitory
concentration (MIC), defined as the lowest concentration
that prevents visible microbial growth. Garlic (A/lium
sativum)  contains  sulfur-containing  compounds,
particularly allicin, formed when garlic tissue is crushed.

It describes allicin as acting on thiol-containing microbial
enzymes and disrupting essential cellular processes.
Honey has antimicrobial properties associated with high
osmotic pressure, low pH, hydrogen peroxide generation
through glucose oxidase, and non-peroxide components
including phenolic compounds and methylglyoxal.

Staphylococcus aureus and Escherichia coli represent
Gram-positive and Gram-negative bacterial test
organisms, respectively. Comparing the activity of honey
and garlic individually with their combined preparation
provides an experimental basis for assessing whether
combination treatment produces greater inhibition under
the conditions used in this study.
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The present work therefore evaluated the antibacterial
activity of honey and garlic against S. aureus and E. coli,
determined MIC values, and compared individual
treatments with a honey—garlic combination.

Materials and Methods

Sample collection and preparation

Fresh, unprocessed natural honey was procured from a
certified local apiculture source. The honey was filtered
through sterile muslin cloth to remove any visible debris
or foreign particles and was subsequently transferred into
sterile airtight containers. The samples were stored at
room temperature until further use. Fresh garlic bulbs
(Allium sativum) were obtained from a local market. The
garlic bulbs were peeled carefully and surface sterilized
with 70% ethanol for 1 min to minimize surface
contamination. The cloves were then rinsed thoroughly
with sterile distilled water before extraction.

Preparation of garlic extract

Fifteen garlic cloves were used for the preparation of the
garlic extract. The cloves were initially ground using a
sterile mortar and pestle to obtain a fine paste. Sterile
saline was added gradually, and the material was further
ground to facilitate the release of the soluble components
from the garlic tissue. The resulting mixture was filtered
through sterile filter paper to remove coarse particles.

The filtrate was then sonicated for 10 min to aid in the
extraction of bioactive components and subsequently
centrifuged at 10,000 rpm for 15 min. Following
centrifugation, the clear supernatant was carefully
collected without disturbing the sediment and stored at 4
°C until further analysis.

Test organisms and inoculum preparation

Pure cultures of Staphylococcus aureus and Escherichia
coli were obtained from the laboratory and used as the
test organisms. Bacterial colonies were transferred
aseptically into nutrient broth and incubated for 2—6 hrs
until visible turbidity developed.

The resulting bacterial suspensions were adjusted
visually to a 0.5 McFarland standard using 0.9% saline
when necessary to obtain a standardized inoculum for the
antibacterial assays.
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Media and standards

Mueller—Hinton agar was used for antibacterial diffusion
testing, as it provides a standardized medium for
evaluating the inhibitory activity of test samples against
bacterial organisms. Nutrient broth was used for broth-
based bacterial growth assessment and MIC
determination. The preparation of Sabouraud dextrose
medium was included for fungal inoculum work,
although the reported study results concern S. aureus and
E. coli

Agar diffusion assay

Standardized bacterial suspensions were inoculated
uniformly onto the surface of Mueller—Hinton agar plates
to obtain an even bacterial lawn. The test samples were
inoculated at concentrations of 25 uL, 50 uL, and 100
uL. Following incubation, the zones of inhibition
surrounding the test samples were measured in
millimetres. Positive-control antibiotic zones were also
included alongside the test samples to provide a reference
for antibacterial activity

Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) was
determined using the broth dilution method. Serial
concentrations of the test samples were prepared and
inoculated with the standardized test organisms. The
inoculated tubes were incubated at 37 °C for 18-24 hrs.
Following incubation, bacterial growth was assessed
based on visible turbidity and optical density (OD)
measurements at 600 nm. The MIC was recorded as the
lowest tested concentration showing no visible bacterial
growth and OD values comparable with the sterility
controls.

Results and Discussion

Antibacterial Activity of Honey

The antibacterial activity of honey was evaluated against
Staphylococcus aureus and Escherichia coli using the
agar disc diffusion method at 25, 50, and 100 pL. Honey
produced no detectable inhibition zone against either S.
aureus or E. coli at all tested concentrations (Table 1;
Figures 2 and 3). The absence of visible inhibition zones
is also evident in the respective agar plates (Figures 2 and
3). This finding indicates that the tested honey sample
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did not show sufficient diffusion-based antibacterial
activity under the experimental conditions. Similar
variations in the antibacterial activity of honey have been
reported by Bogdanov et al., (2008), who described that
the antimicrobial properties of honey depend on factors
such as botanical origin, hydrogen peroxide production,
phenolic compounds, and other physicochemical
characteristics. Molan (1992) also reported that the
antimicrobial activity of honey varies among different
honey samples and may be weak or negligible depending
on the concentration and nature of its active components.
Therefore, the absence of an inhibition zone in the
present diffusion assay should not be interpreted as
complete absence of antibacterial activity.

Antibacterial Activity of Garlic Extract

Garlic extract demonstrated considerable antibacterial
activity against S. aureus, producing inhibition zones of
20, 23, and 23 mm at 25, 50, and 100 pL, respectively
(Table 1; Figure 1). Against E. coli, no inhibition was
observed at 25 and 50 pL, whereas a 12 mm inhibition
zone was observed at 100 uL (Table 1; Figure 4). The
greater activity of garlic against S. aureus is consistent
with Kumar et al., (2010), who reported concentration-
dependent antibacterial activity of garlic extracts. The
antibacterial property of garlic is mainly associated with
allicin and other sulfur-containing compounds, which can
interfere with essential microbial processes including
enzyme activity, protein synthesis, and cellular
metabolism. Willix et al.,, (2009) also reported that the
antimicrobial activity of garlic increased with
concentration and that Gram-negative bacteria may show
greater resistance because their outer membrane can
restrict the penetration of certain bioactive compounds.
The present findings therefore indicate greater
susceptibility of S. aureus compared with E. coli to the
tested garlic extract.

Antibacterial
Combination

Activity of  Honey-Garlic

The honey—garlic combination produced measurable
inhibition against both bacterial organisms (Table 1).
Against S. aureus, inhibition zones of 17 and 25 mm
were observed at 50 and 100 pL, respectively, while no
inhibition was observed at 25 pL (Table 1; Figure 5).
Against E. coli, inhibition zones of 17, 23, and 25 mm
were observed at 25, 50, and 100 pL, respectively (Table
1; Figure 6). The increased inhibition observed with the

combination compared with honey alone suggests
enhanced antibacterial activity under the tested
conditions. Similar enhanced effects of combining
natural antimicrobial substances have been reported by
Abdullah et al, (2012), who observed increased
antibacterial activity when natural antimicrobial agents
were used in combination. The present observation also
agrees with studies describing the antibacterial potential
of garlic-derived compounds and their interaction with
bacterial cellular structures, including Ankri et al., (1999)
and Borlinghaus et al., (2014).

Minimum Inhibitory Concentration

The disc diffusion findings were further supported by the
minimum inhibitory concentration (MIC) assay. Honey
showed an MIC of 250 pg against both S. aureus and E.
coli (Table 2), indicating comparatively lower inhibitory
activity under the tested conditions. Garlic extract
showed an MIC of 125 ng against S. aureus and 250 pg
against E. coli (Table 2), further supporting the greater
susceptibility of S. aureus observed in the disc diffusion
assay. The difference may be associated with the
structural differences between Gram-positive and Gram-
negative bacteria, particularly the outer membrane of E.
coli, which can act as an additional barrier to
antimicrobial compounds. Similar mechanisms related to
the antibacterial action of garlic and allicin have been
described by Ankri ef al., (1999) and Borlinghaus et al.,
(2014).

The honey—garlic combination showed the lowest MIC
of 62.5 ug against both S. aureus and E. coli (Table 2).
This lower MIC, together with the larger inhibition zones
observed with the combination treatment (Table 1;
Figures 5 and 6), indicates enhanced antibacterial activity
compared with the individual treatments under the
present experimental conditions. The enhanced effect
may be associated with the presence of different
antimicrobial components in honey and garlic, allowing
multiple bacterial targets to be affected. Similar
interactions between natural antimicrobial agents have
been reported by Kwakman et al., (2012) and Maddocks
et al, (2013), who described antimicrobial effects
associated with honey and its bioactive components.

The positive controls produced measurable inhibition
zones, with ciprofloxacin producing a 13 mm zone
against S. aureus and ampicillin producing a 10 mm zone
against E. coli.
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Figure.1 S. aureus with honey Figure.2 S. aureus with garlic

Figure.4 E. coli with garlic

Figure.5 Honey garlic Figure.6 Honey garlic
combination against S. aureus. combination against E.coli
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Table.1 Inhibition -zone diameters a

Sample Organism
Honey S. aureus
Honey E. coli
Garlic S. aureus
Garlic E. coli
Honey + garlic S. aureus
Honey + garlic E. coli

25 nLL 50 pLL 100 pL.
0 0 0

0 0 0

20 mm 23 mm 23 mm
0 0 12 mm
0 17 mm 25 mm
17 mm 23 mm 25 mm

Table.2 Minimum Inhibitory Concentration (MIC) of Honey, Garlic and Honey—Garlic Combination

Sample Organism MIC (ng)
Honey E. coli 250 pg
Honey S. aureus 250 pg
Garlic E. coli 250 ng
Garlic S. aureus 125 pg
Combination E. coli 62.5 ng

Overall, garlic extract exhibited notable antibacterial
activity, particularly against S. aureus, whereas the tested
honey sample showed no detectable inhibition by the
disc diffusion method but demonstrated inhibitory
activity in the MIC assay.

The honey—garlic combination produced measurable
inhibition against both organisms and showed the lowest
MIC value of 62.5 pg (Table 1; Table 2).

However, although the combination showed enhanced
antibacterial activity under the tested conditions, the
present  results alone cannot establish  true
pharmacological synergy.

Minimum Inhibitory Concentration
Interpretation

(MIC)

Honey alone required very high concentration (250 pg)
to inhibit bacterial growth, as shown in Table 3. Garlic
showed moderate inhibition against Staphylococcus
aureus (Table 3).

The honey—garlic combination showed the lowest MIC
(62.5 ng) against both organisms, confirming strong
synergistic antibacterial effect (Table 3).

Combination treatment was the most potent formulation
tested (Table 3). The lowest MIC value was observed
with the honey—garlic combination (62.5 pg), indicating

Evidence

OD increases steadily below 250 ug, showing growth
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OD increases below 250 ug
No inhibition below 250 pg
Growth increases below 125 pg
Growth observed below 62.5 pg

enhanced antibacterial efficacy compared to individual
honey and garlic treatments (Table 3).

This study concludes that under the experimental
conditions reported the garlic extract showed
antibacterial activity against S. aureus and, at the highest
tested sample, against E. coli. Honey alone produced no
detectable inhibition zone in the agar diffusion assay but
showed an MIC of 250 pg against both organisms. The
honey—garlic combination produced inhibition zones
against both organisms and showed an MIC of 62.5 pg
for both S. aureus and E. coli. These findings indicate
enhanced inhibitory activity for the tested combination.
Further studies using standardized synergy assays,
replicate  experiments, statistical  analysis, and
characterization of active compounds are needed to
establish the nature and reproducibility of the interaction
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