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ABSTRACT 

Background: Honey, derived from different botanical sources, have already been 

reported for the scientific basis of their antibacterial efficacy, however, varied to a 

great extent when sourced from different geographical locations. Thus, this study 

was aimed to highlight the antibacterial potential of honey derived from 

Bangladesh, Germany and Australia as well as to assess their potency to enhance 

the efficacy of standard antibiotics against resistant bacteria.  

Methods: In vitro susceptibility of four resistant gram-positive bacterial strains to 

honey samples and their combinations with standard antibiotics (penicillin and 

amoxiclav) were investigated. The evaluation of antibacterial activity was 

performed by disc diffusion method as well as microdilution method using two-

fold dilutions of honey samples ranging from 12.5µg/ml to 0.78µg/ml. Zone of 

inhibition, percentage inhibition, MIC and MBC were observed in this regard.  

Results: The results revealed that tested honey samples exhibited noticeable 

antibacterial activity against the bacterial strains. Maximum inhibition zone was 

observed by Bangladeshi honey (20.4mm) against M. luteus and highest inhibition 

percentage was demonstrated by German honey against B. subtilis (82%). 

Combinations with amoxiclav showed nearly two-fold increase in efficacy by all 

honeys, when treated against all species.  

Conclusion: The findings from this study suggested that, in addition to having 

inhibitory effects, all honey also enhanced the pharmacological action of penicillin 

and amoxiclav and could generate a potential research focus to establish a 

supplement for these antibiotics. 
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INTRODUCTION 

Antimicrobial agents play an essential role in 

controlling the global burden of infectious diseases 

(1). However, due to the lack of proper knowledge on 

antibiotic usage, these drugs have been misused for a 

long period. This eventually led to the development 

of resistant pathogenic microorganisms and 

reduction in the efficacy of antibiotics (2). 

Antimicrobial resistance (AMR) poses a great threat 

to the public health, causing over 700,000 deaths per 

year worldwide. AMR is not only a major concern in 

developing countries but also in developed countries 

like Europe and North America, where over 20,000 

people succumb to bacterial infections every year (3). 

It is projected that by 2050 AMR will cost 

approximately 10 million lives and around US$100 

trillion per year, if no alternative approach is 

developed by then to stop its progress (4). Therefore, 

the emerging problem of AMR has produced a need 

for novel antimicrobial agents.  

The practice of using natural products to treat several 

human ailments has been around since the evolution 

of mankind. Apitherapy, use of honey bee products, is 

one of the oldest traditional medicines for treating 

infections and promoting health (5). Honey offers a 

wide range of biological properties including wound 

healing and antimicrobial activity and thus gained 

significant attention over the past decades (6). 

Therefore, many studies have been focused on the 

use of honey in modern medicine as a promising 

alternative approach to combat resistant pathogens 

(7).  

Honey is primarily a concentrated solution of 

carbohydrates that contains over 200 compounds 

including enzymes, vitamins, proteins, lipids, amino 

and organic acids, minerals and phytochemicals. 

Variations in the chemical composition of different 

honey are associated with the climate, botanical/ 

floral source and environmental condition7. For 

instance, Australian Leptospermum based honey 

exhibits efficacy against Staphylococcus aureus, 

Scottish blossom honey against Acinetobactor 

calcoaceticus, Algerian eucalyptus honey against 

Clostridium perfringens, Cuban christmas vine against 

Bacillus subtilis and so on (8-11).  

Many studies have reported that the usage of honey, 

in combination with commonly prescribed 

antibiotics resulted in additive or synergistic effects 

against different bacterial species. Manuka honey and 

rifampicin combination was tested against MRSA 

strains that increased the susceptibility of the 

bacteria to the antibiotic (12). Moreover, synergism 

with other bee products like propolis and 

antibacterial agents has also been investigated (13). 

In previous studies, strong synergistic activity was 

noticed with Bangladeshi wild honey, black seed 

honey and lychee honey with penicillin/ amoxiclav 

against a wide range of bacterial strains (14-16).  

This study aimed to expand the investigation of 

synergism of honey from different geographical area 

having different floral origins, to achieve a wide range 

of antimicrobial activity. Thus, the purpose of this 

study is to (i) test potentials of honeys and 

conventional antibiotics (penicillin and amoxiclav); 

and (ii) examine the potential of honey in enhancing 

the efficacy of the antibiotics against resistant 

bacteria. Such combinations could lead to the 

development of novel antimicrobials agents that 

could prevent the problem of emerging resistant 

bacterial strains, with a broad-spectrum coverage 

and improved therapeutic efficiency. 

METHODS 

Collection and Preparation of Samples  

Around 1kg of honey from each source (Bangladesh, 

Germany and Australia) were collected directly from 

bee keepers in between March-June, 2019. These 

honeys were strained using a 0.5mm mesh to remove 

any coarse particles (such as pollen, beeswax etc.). It 

was stored in an impermeable glass container at 25°C 

± 2°C, to prevent moisture accumulation.  

Qualitative Physicochemical Analysis  

The qualitative analysis of the physicochemical 

properties of the honey was carried out using the 

standard procedures (17).   

Collection of Bacterial Strains  

Four gram-positive isolates used in this study were 

Staphylococcus aureus (ATCC 6538), Streptococcus 

pyogenes (ATCC 19615), Bacillus subtilis (ATCC 6633) 

and Micrococcus luteus (ATCC 4698). The clinical 

isolates, from urine culture, were received as a gift 

from the Center for Medical Biotechnology, Institute 

of Public Health, Bangladesh. 

Agar Disc Diffusion Assay 

Muller Hinton agar (MHA) was used for the inoculum 

of bacterial cultures (18). Each bacterial strain was 

suspended in 5ml of sterile saline and diluted to 

achieve a viable cell count of 107 CFU ml−1. This 
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suspension was streaked over freshly prepared 90-

mm MH agar medium plates. Following inoculation, 

prepared sterile paper discs of 5-mm (in diameter) 

were placed into the agar plate using sterile forceps. 

Subsequently, 20 μl of the natural agent (honey) was 

added to each disc. 10 μl of 2μg/ml of phenoxymeth-

ylpenicillin (PEN) [Sanofi Aventis (BD) Ltd.] and 

amoxicillin/clavulanic acid (AMX) [Sanofi Aventis 

(BD) Ltd.] were used as positive controls and sterile 

distilled water was used as a negative control. The 

plates were incubated overnight at 37°C ± 1°C for 24 

hours. After incubation, the plates were observed for 

zones of inhibition and diameter of the zones were 

measured with a Vernier Caliper’s scale. Each assay 

was repeated in triplicates (7). 

Determination of Percentage of Inhibition 

Cell suspensions of the clinical isolates were 

prepared in Nutrient Broth (NB) media and their 

concentrations were adjusted to 107 CFU/ml. Two-

fold dilutions of honey samples were prepared with 

NB to obtain concentrations as 12.5, 6.25, 3.125, 1.56 

and 0.78 µg/ml for each honey and were tested 

against each type of microorganism (19). The 

prepared concentrations (of honey samples) were 

also combined with phenoxymethylpenicillin and 

amoxicillin/ clavulanic acid in separate wells for 

comparison. Each well contained 200 μl of NB, 10 μl 

of bacterial suspension and 10 μl of antibiotic, 

whereas the test/sample well contained 20 μl of 

honey concentrations instead of the antibiotic to 

generate final concentrations. The combination wells 

contained both antibiotic (10 μl) and honey 

concentration (20 μl). NB was added to make the final 

volume of 300 μl in each well. An initial absorbance 

value was recorded before incubation (T0) at 630 nm 

using a Biobase-EL10A microplate Reader (China) 

(2). The plates were then incubated for 24 h at 37 °C 

and absorbance was measured (T24) at the same 

wavelength. The experiment was performed in 

triplicates (19). The percentage inhibition was 

calculated from the difference of bacterial growth 

using the following formula:  

Inhibition (%) = (1 − 
𝑂𝐷 𝑡𝑒𝑠𝑡

𝑂𝐷 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 )× 100 

Where, OD is Optical Density. 

Minimum inhibitory concentration (MIC) 

From the broth dilution assay mentioned above, 

minimum inhibitory concentration (MIC) was 

recorded. The minimum concentration at which no 

growth (turbidity) was observed was considered to 

be the MIC for the agent or the combination (20). 

Minimum bactericidal concentration (MBC) 

Like MIC, MBCs of all samples were determined from 

the broth dilution assay. 20 μl aliquots of the 

suspension from MIC wells and its successive higher 

concentrations were transferred to separate fresh 

MHA plates to determine the MBC. The agar plates 

were incubated at 37°C ± 1°C for 24 hours. The lowest 

concentration of honey that showed no visible 

bacterial growth on the surface of the agar was 

recorded as the MBC (21).  

Statistical analysis 

All experiments were performed in triplicate and 

data were expressed as the mean ± standard 

deviation.  One Way Analysis of Variance (ANOVA) 

followed by Dunnett’s t-test was conducted to 

compare all the groups with negative control and the 

difference was considered significant when the p 

value obtained was less than 0.05. 

RESULTS 

Qualitative Physicochemical Analysis 

The qualitative investigation of physicochemical 

parameters exhibited that all three honeys were high 

in soluble sugar content, acidic in nature and possess 

low moisture as shown in Table 1. 

Agar Disc Diffusion Assay 

An initial screening of the zones of inhibition with 

agar-disc diffusion assay showed GER-H to have 

highest antibacterial activity against Staphylococcus 

aureus (12.6mm) and Bacillus subtilis (19.0mm) 

whereas its treatment with the standards exhibited 

around two-fold increase in efficacy (29.7mm and 

34.6mm respectively) for amoxiclav (Figure 1). 

Combination with penicillin displayed less synergism 

in comparison. On the other hand, BD-H peaked 

against Streptococcus pyogenes (12.7mm) and 

Micrococcus luteus (20.4mm). In addition, its 

treatment with amoxiclav significantly elevated the 

growth inhibition (24.4mm and 35.8mm 

respectively), though with penicillin demonstrated 

smaller zones of inhibition against the tested 

bacteria. In contrast, antibacterial effects exerted by 

AUS-H were less potent against S. aureus (7.3mm), B. 

subtilis (13.1mm), S. pyogenes (6.9mm) and M. luteus 

(18.1mm); as demonstrated by smaller inhibition 

zones. Its combinations also yielded with reduced  
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Table 1: Physicochemical properties of honey samples 

Physicochemical Parameters 
Observations* 

BD-H GER-H AUS-H 

Moisture Content (g/100 g honey) 16.9 ± 0.43 16.1 ± 0.43 17.4 ± 0.43 

Total Soluble Solids (% Brix) 81.6 ± 0.58 83.0 ± 0.87 79.4 ± 0.21 

Density (w/v) 1.4604 ± 0.01 1.5698 ± 0.01 1.5351 ± 0.01 

Optical Density (at 530 nm) 0.628 ± 0.01 1.441 ± 0.01 0.881 ± 0.01 

pH (1–14) 4.8 3.9 4.3 

*All the methods performed in triplicate. Data represented as mean ± SEM (n=3).  

zone diameters following treatment with amoxiclav 

and penicillin in comparison with other two honeys. 

Penicillin and amoxiclav alone showed maximum 

efficacy against M. luteus (7.8 mm and 10.2 mm) and 

minimum towards S. pyogenes (7.8 mm and 10.2 mm) 

respectively. The standards in most cases 

demonstrated similar growth inhibition patterns for 

the different test bacteria with slight variations.

  

  

Figure 1 (a-d): Measurement of zones of inhibition of test samples and their combinations with standards 

in disc diffusion method. 

PEN = Penicillin (2µg/ml); AMX = Amoxicillin + Clavulanic Acid (2µg/ml); BD-H = Honey sourced from Bangladesh (12.5µg/ml); 

GER-H = Honey sourced from Germany (12.5µg/ml); AUS-H = Honey sourced from Australia (12.5µg/ml). Data represents 

diameter (mm) of zone of inhibition expressed as mean ± standard deviation, (n = 3); *p < 0.05, **p < 0.01, ***p < 0.001; Dunnett 

t-test (two sided) treated one group as control (no antibacterial agent) and compared all other groups against it. 
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Figure 2 (a-d): Expressions of percentage of inhibition by test samples and their combinations with standards in microdilution method. 

PEN = Penicillin; AMX = Amoxicillin + Clavulanic Acid; BD-H = Honey sourced from Bangladesh; GER-H = Honey sourced from Germany; AUS-H = Honey sourced from Australia. Graphs represent 

dose response curve per µg/ml concentrations, data expressed percentage of inhibition as mean ± standard deviation, (n = 3); *p < 0.05, **p < 0.01, ***p < 0.001; Dunnett t-test (two sided) treated 

one group as control (no antibacterial agent) and compared all other groups against it. 
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Determination of Percentage of Inhibition 

Figure 2a demonstrated that alone BD-H exhibited 

maximum inhibition at 3.13 µg/ml followed by a fall, 

GER-H at 0.78 µg/ml and AUS-H at 6.25 µg/ml 

followed by a sharp decrease in efficacy towards S. 

aureus. Similar patterns were observed for B. subtilis 

except by AUS-H where a linear increase in inhibition 

was depicted (62%, 0.78 µg/ml) (Figure 2b-2d). This 

linearity was also found in common for S. pyogenes by 

AUS-H (42%, 0.78 µg/ml) and M. luteus by BD-H 

(70%, 0.78 µg/ml) and GER-H (68%, 0.78 µg/ml). 

Maximum inhibitory potential among the honeys was 

elucidated by GER-H 1.56 µg/ml (82%) against B. 

subtilis whereas lowest was illustrated by AUS-H 0.78 

µg/ml (22%) towards S. aureus. Like the 

susceptibility tests, both the standards could not 

demonstrate significant growth inhibition capacity; 

maximum over B. subtilis (PEN 2µg/ml, 17% and AMX 

2µg/ml, 22%). As observed in Figure 2 (a-d), 

combinations of honeys with penicillin and amoxiclav 

showed greater efficacy with diluted concentrations 

of honey contrary to the effect of GER-H with AMX 

against S. pyogenes where higher concentration 

dominated for highest inhibition (79%, 6.25 µg/ml). 

Uppermost inhibitions by PEN and AMX 

combinations were facilitated by GER-H as – S. aureus 

(78% and 92%), S. pyogenes (70% and 79%), B. 

subtilis (93% and 96%), and M. luteus (86% and 

96%).  While most often honeys at their individual 

use showed less than 50% inhibition (IC50), their 

combinations demonstrated up to 90% inhibition 

(IC90) indicating noteworthy synergism.

Table 2: Summary of Figure 2 (a-d); p value, MIC, MBC.  

 TEST 
AGENTS 

AGENT-
SELF 

COMB 1 
(PEN 2) 

COMB 2 
(AMX 2) 

 TEST 
AGENTS 

AGENT- 
SELF 

COMB 1 
(PEN 2) 

COMB 2 
(AMX 2) 

S
ta

p
h

y
lo

co
cc

u
s 

a
u

re
u

s 

PEN 2 - ○ ○ 

S
tr

e
p

to
co

cc
u

s 
p

y
o

g
e

n
e

s 

PEN 2 - ○ ○ 
AMX 2 - ○ ○ AMX 2 - ○ ○ 
BD-H 12.5 - - - BD-H 12.5 - * * 
BD-H 6.25 - - * BD-H 6.25 - * ** 
BD-H 3.13 - * ** BD-H 3.13 - *  ** + 
BD-H 1.56 - * ** + BD-H 1.56 * * ** 
BD-H 0.78 - - * BD-H 0.78 * * * 
GER-H 12.5 - - - GER-H 12.5 - * * 
GER-H 6.25 - * * GER-H 6.25 - * ** + 
GER-H 3.13 * * ** GER-H 3.13 - ** + ** 
GER-H 1.56 * * ** GER-H 1.56 * ** ** 
GER-H 0.78 * ** *** ++ GER-H 0.78 - * ** 
AUS-H 12.5 - - * AUS-H 12.5 - - - 
AUS-H 6.25 - - ** AUS-H 6.25 - - * 
AUS-H 3.13 - - * AUS-H 3.13 - * ** 
AUS-H 1.56 - - * AUS-H 1.56 - * ** 
AUS-H 0.78 - - - AUS-H 0.78 - - - 

B
a

ci
ll

u
s 

su
b

ti
li

s 

PEN 2 - ○ ○ 

M
ic

ro
co

cc
u

s 
lu

te
u

s 

PEN 2 - ○ ○ 
AMX 2 - ○ ○ AMX 2 - ○ ○ 
BD-H 12.5 - ** ** BD-H 12.5 - - * 
BD-H 6.25 * ** *** BD-H 6.25 - - ** 
BD-H 3.13 ** ** + *** ++ BD-H 3.13 - ** ** 
BD-H 1.56 * ** ** + BD-H 1.56 ** ** *** ++ 
BD-H 0.78 * ** ** BD-H 0.78 ** ** ++ ** 
GER-H 12.5 - ** ** GER-H 12.5 - ** ** 
GER-H 6.25 ** ** ** GER-H 6.25 - ** ** 
GER-H 3.13 ** ** *** GER-H 3.13 * ** *** ++ 
GER-H 1.56 ** *** ++ *** ++ GER-H 1.56 ** ** + ***  
GER-H 0.78 ** *** + *** + GER-H 0.78 ** ** *** + 
AUS-H 12.5 - - ** AUS-H 12.5 - * * 
AUS-H 6.25 - * ** AUS-H 6.25 - ** ** 
AUS-H 3.13 - ** ** AUS-H 3.13 - ** + ** 
AUS-H 1.56 - ** + *** ++ AUS-H 1.56 - ** ** + 
AUS-H 0.78 ** ** ** +  AUS-H 0.78 - ** ** 

*, **, *** denotes p<0.05, p<0.01, p<0.001 respectively; + denotes MIC; ++ denotes MBC (obtained from further subculture); - 

denotes Not Achieved; ○ denotes Not Applicable. PEN 2 = Penicillin (2µg/ml); AMX 2 = Amoxicillin + Clavulanic Acid (2µg/ml). 
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Determination of MICs and MBCs 

In case of Staphylococcus species (Table 2), MIC was 

obtained by BD-H at 1.56 µg/ml and GER-H at 0.78 

µg/ml with AMX; MBC obtained for GER-H at the 

same concentration. S. pyogenes showed sensitivity 

towards both BD-H+AMX and GER-H+PEN 

combinations at 3.13 µg/ml and GER-H+AMX 

combination at 6.25 µg/ml. For both B. subtilis and M. 

luteus, MIC were recorded by BD-H+AMX at 1.56 

µg/ml, MBC were observed at 3.13 and 1.56 µg/ml 

respectively, whereas for BD-H+PEN, it was found at 

3.13 µg/ml and 0.78 µg/ml respectively, MBC 

obtained at 0.78 µg/ml. GER-H produced MIC at 0.78 

µg/ml and MBC at 1.56 µg/ml for both combinations 

against B. subtilis.  In case of M. luteus, GER-H 

exhibited bactericidal effect at 3.13 µg/ml for AMX 

combination, bacteriostatic effect for PEN and AMX 

combinations at 1.56 and 0.78 µg/ml respectively. 

Bacteriostatic effects were also exerted by AUS-H in 

combination with PEN and AMX at 1.56 and 0.78 

µg/ml against B. subtilis, 3.13 and 1.56 µg/ml against 

M. luteus. MBC for AUS-H+AMX was observed at 1.56 

µg/ml against B. subtilis. All three honeys showed 

neither bacteriostatic nor bactericidal effect against 

the bacterial strains when applied alone. 

DISCUSSION 

Antimicrobial activities vary depending on the 

constituents which are subjected differ based on geo-

locations. In this study, mixed honeys of different 

sources were screened by two different methods. 

Initial screening with disc diffusion assay revealed 

that the tested honey sample exhibited antibacterial 

activity against all the test bacteria. Microdilution 

assay explored the extent of activity in percentage 

and in addition drew a line between resistance and 

sensitivity. Further subculture differentiated 

between bactericidal effects from bacteriostatic 

effects. 

Antibacterial susceptibility testing revealed that all 

the test bacteria exhibited high level of resistance to 

the standard antibiotics; similar observations were 

previously reported (15, 22). Penicillin, one of the 

most commonly prescribed antibiotics, contains a 

beta-lactam ring that works by inhibiting the 

transpeptidase enzyme, which are responsible for 

peptidoglycan cross-linking in both gram-positive 

and gram-negative bacteria (23). As a result, the cell 

becomes susceptible to lysis and can no longer 

withstand the osmotic stress (24). Resistance to β-

lactam antibiotics continues to be a growing 

challenge, because of its widespread therapeutic 

dependence and misuse. Target modification of 

peptidoglycan-binding-proteins is the primary β-

lactam-resistance mechanism in most gram-positive 

bacteria (25).  

The third-generation penicillin, amoxicillin, has 

higher stability to penicillinase and thus exhibited 

better efficacy against a broader spectrum of bacteria 

that includes Escherichia coli, Haemophilus 

influenzae, Shigella spp and Salmonella spp. (24). 

However, it too is susceptible to degradation by beta-

lactamase. Commercially available combinations of 

amoxicillin and clavulanic acid (beta-lactamase 

inhibitor) are known to be effective against a number 

of bacterial infections. The beta-lactamase inhibitors 

act by irreversibly binding to the beta-lactamase 

enzyme, thus preventing the cleavage of beta-lactam 

ring. Although these drugs do not possess inherent 

bactericidal activity, but they broaden amoxicillin's 

spectrum to bacteria that produce beta-lactamase 

enzyme (26). 

Honey has re-emerged in modern medicine due to its 

potent antibacterial activity. It has been proposed 

that low pH, high osmolality, viscous properties and 

the enzymatic production of hydrogen peroxide 

(H2O2) are the major components that are 

responsible for the antibacterial activity of honey 

(27). Hydrogen peroxide is the most important 

antibacterial factor in natural honey, which is 

generated by the enzyme glucose oxidase (GOX) in 

diluted honey. This supported the reason why in most 

cases greater efficacies were obtained in diluted 

concentrations. GOX converts glucose to hydrogen 

peroxide and gluconic acid, under aerobic conditions 

(28). The concentration of hydrogen peroxide is quite 

low so it does not kill bacteria, however it does 

interact with bacterial cell proliferative signals even 

at diluted concentrations, therefore preventing 

bacterial growth to an extent (6). Similar results were 

observed with honeys and their combinations as 

shown in Figure 2 (a-d). Def-1, an antibacterial 

peptide, is also known to be effective against Gram-

positive bacteria. Def-1 is present in variable 

quantities in honey, which is why the antibacterial 

activity differ among honey samples (6). Moreover, 

the antibacterial activity of honey is attributed to the 

presence of phytochemical constituents like 

thymoquinone, melanin, methylglyoxal (MGO) and its 

precursor dihydroxyacetone (DHA) apart from its 

nutritional elements- polyphenol, vitamin C, 

flavonoids and certain heavy metals. This is why 
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apiarists are now trying to produce medical-grade 

honeys for wound care clinicians (29,30).  

Osmosis, which occurs due to high sugar content, is 

also an important factor contributing to the 

antibacterial activity of honey samples. Undiluted 

honey has a high sugar content that exerts osmotic 

pressure against bacterial cells, resulting in transport 

of water out of the cells via osmosis. As a result, cells 

become dehydrated and lose their ability to multiply 

in hypertonic sugar solution (31). This explains why 

treatment with GER-H+AMX showed greater efficacy 

against S. pyogenes at less diluted concentration (6.25 

µg/ml), in comparison to the other combinations. 

Apart from the low water activity, honey is mildly 

acidic (pH-3.9 to 4.8) and this alone is inhibitory to 

the growth of many pathogenic bacteria (32). More 

than 80% of soluble solids contributes to the 

dissolved sugar content and high amount of organic 

and amino acids is responsible for its low pH, 

therefore yielding antimicrobial properties (16). 

Natural products such as honey have always played a 

pivotal role in the treatment of human diseases (33). 

Several studies have investigated the antibacterial 

activity honey on different bacterial strains. Honey, 

from different botanical and geographical origins, 

varies in their antibacterial potency. From the study 

it was quite evident that different microorganisms 

have different susceptibilities to different 

concentrations of honey subjected to different 

geographical sources.  Further investigation by GC-

MS and IR analysis is needed to determine the 

bioactive compounds responsible for the 

antimicrobial activity and the mechanism of action of 

honey on the pathogenic bacterial cells could be 

established using transmission electron microscopy 

(TEM) (34). 

CONCLUSION 

The rapid onset of bacterial resistance to most 

antibiotics has become a global public health concern 

as it not only diminishes the effectiveness of drugs 

but also creates a necessity for a constant supply of 

novel antibiotics for the treatment of bacterial 

infections. This study demonstrated that honeys 

derived from different geographical origins exhibited 

noteworthy antibacterial activity against gram-

positive pathogens. Combinations of honey and 

amoxiclav showed greater potential in inhibiting 

bacterial growth than either of them alone, thus 

indicating a synergistic effect. Therefore, use of honey 

with conventional antibiotics could be a promising 

approach to enhance its efficacy and promote its 

antibacterial properties.  
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