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Abstract
Honey’s popularity as a treatment is growing by the day, with many societies 

emphasizing its importance and its role in infections causing burns and wounds and 
recently gets focus from the medical community; as antimicrobial resistance is a rising 
issue. This study targets to check the antimicrobial activity of both red and white honey 
against two bacterial species (Staphylococcus aureus, Clostridium perfringens) and two 
fungal species (Trichophyton rubrum, Pencillium chrysogenum). Four honey dilutions for 
each type of honey were prepared and tested for its antimicrobial activity using agar well 
diffusion method. Both red honey and white honey showed effective antibacterial activity 
against C. perfringens with range of inhibition zone (16-22), (8-12) and antifungal activity 
against T. rubrum (24-30), (26.5-29) and P. chrysogenum (20-23), (18-21) respectively. 
While both honey types do not show any activity against S. aureus. So honey can serve as 
a wide range antimicrobial alternative against pathogens including medically important 
ones like clostridium and several superfi cial disease causing fungi like dermatophytes. 

Introduction
Antimicrobials are among the most successful chemotherapeutic 

strategies in medical history showing a remarkable advances in 20th 
century. However, in response to the development of antimicrobial agents, 
drug resistant microorganisms have emerged and continue to plague 
human beings [1]. Raw honey is a treasure of nutritional constituents 
and medicinal remedies. Honey contains a variable supersaturated sugar 
solution with about 181 diff erent chemicals [2] such as monosaccharides 
(glucose and fructose), and minor compounds, such as amino acids, 
enzymes, organic acids, fl avonoids, vitamins, and minerals, and 
polyphenols, are the constituents of honey [3]. Biologically honey also 
contains bacteria (Bacillus spp., Staphylococcus spp., and Pseudomonas 
spp.), yeast and some mold species originated from water, pollen, insect 
pollinators and from the GIT of the honeybee [4]. The composition and 
quality of honey may be aff ected by many external factors including, 
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geography, climatic conditions and vegetation type 
[3]. Moreover; bee hive humidity, honey treatment 
during extraction, processing techniques and storage 
also aff ects honey’s nature [5]. 

The antimicrobial potency of honey may be 
attributed to its acidity (pH range of 3.2-4.5) [6], 
osmotic eff ect, high sugar concentration (Average 
CHO of honey is 85%), presence of bacteriostatic 
and bactericidal factors (hydrogen peroxide, 
antioxidants, lysozyme, polyphenols like phenolic 
acids, fl avonoids, methylglyoxal, and bee peptides) 
in which all diff ers in their concentrations [7]. Out of 
all these contributors; hydrogen peroxide (produced 
during the process of converting D-glucose to D- 
gluconic acid [8] and gluconic acid are the major 
actors responsible for honey’s antimicrobial activity 
even though, non-peroxide honey (viz., manuka 
honey) also displays signifi cant antibacterial 
eff ects [9]. In addition to their antimicrobial role; 
polyphenolic compounds (fl avonoids and phenolic 
acids) are also used to identify the botanical and 
geographical origin of a given honey sample [10]. 
Depending on the concentration used; honey can 
act as bactericidal or bacteriostatic agent and 
fungicidal or fungistatic means for treating epidermal 
bacterial infections and dermatophytosis such as 
onychomycosis, and athlete’s foot respectively [11]. 
Previous studies indicate that Honey Flavonoid 
Extract (HFE) synergically exhibits anticandidal 
activity [12]. Synergy between oxacillin and Manuka 
honey sensitizes and inhibits methicillin-resistant 
Staphylococcus aureus [13]. The lower water activity 
of honey (0.562 to 0.62) makes it unfavorable for the 
growth of most microorganisms [14]. Moreover the 
hygroscopicity of honey poses high osmotic pressure 
hindering bacterial growth through dehydration [15]. 

Even if honey was traditionally used to treat 
infected wounds before bacteria were discovered to be 
the cause of infection; the fi rst scientifi c explanation 
of the antibacterial activity of honey was reported in 
1892 by Van Ketel [3] leaving its molecular mechanism 
to remain as mystery to the majority of people. The 
escalating trend of microbial resistance to essential 
antibiotics (e.g. Clostridium diffi  cile, S. aureus), an 
increase in immunocompromised patient population 
and the emergence of opportunistic fungal pathogens 
poses a public health concerns underlining the need 
for evaluating alternative potential therapeutic 
agents with antimicrobial properties like honey [9]. 
Honey has an advantage over antibiotics because its 
antimicrobial activity varies greatly with its origin 

and processing. So, resistance against it cannot 
develop in the same way as antibiotics [16]. As a result, 
this research was carried out in order to gain a better 
understanding of the natural treatment to infections 
caused by certain microbes, providing the knowledge 
behind the tradition of treating wound with honey.

Materials and Methods
Sample and pure strain collection 

Honey samples were obtained from the local 
honey market in Asmara, Eritrea. Collected honey 
samples were tested for its antimicrobial activity in 
the microbiology laboratory of Mai-Nefhi College of 
Science. Microbial strains for this study (Clostridium 
perfringens, Trichophyton rubrum) were clinical 
isolates collected from central medical laboratory of 
Orota National Referral Hospital in Asmara, Eritrea, 
while both Staphylococcus aureus and Pencillium 
chrysogenum was isolated from red honey and orange 
fruits infected with pencillium, respectively both in 
the microbiology laboratory, Mai-Nefhi college of 
Science. 

Preparation of honey solutions

The required amount of honey was weighed 
and diluted using sterile distilled water to provide 
diff erent dilutions of both types of honey. Honey 
solutions were prepared by diluting honey to the 
required concentrations (1 g/0.5 ml, 1 g/1 ml, 1 g/1.5 
ml, 1 g/2 ml). Dilution samples were incubated at 37°C 
for about 2 hrs in an incubator, and stirred several 
times to facilitate dissolving before test.   The pH of 
honey sample was measured in a 10% honey solution 
using an analogue pH meter. Each honey sample 
was checked in triplicate. The honey samples were 
inoculated separately on standard nutrient media 
with no test organisms so as to assess their possible 
contamination. 

Microbial culture and antimicrobial sensitivity 
test

The tested bacterial and fungal species were 
cultured on nutrient agar media and potato dextrose 
agar media respectively, which are prepared in the 
microbiology laboratory of Mai-Nefhi College of 
Science. Each test microorganism was standardized by 
serial dilution separately in 1ml sterile distilled water 
and inoculated using a micropipette onto the agar 
plate followed by a gentle spread on nutrient media 
surface using a sterilized glass rod spreader through 
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spread plate technique under aseptic conditions. 
Antimicrobial sensitivity test was conducted through 
in vitro agar well diff usion method where agar wells 
with 10 mm diameter were created on the nutrient 
media using a cork borer [17]. Each well on the Petri 
plates was inoculated with 6 μL of each honey dilution 
(1 g/0.5 ml-1 g/2 ml), and incubated for 48 hrs at 
35°C for bacterial culture and for 4 days at 27°C for 
fungal culture. Three replicates for each dilution were 
prepared and the experiment was repeated 3 times. 
Following required incubation time each Petri plate 
were assessed for sensitivity result and diameter of 
inhibition zone for each agar well was measured using 
digital caliper and recorded in millimeters where it is 
further calculated on equivalent of Fluconazole (μL/
mL). Similarly, for the control plates like negative 
control agar wells were inoculated with sterile distilled 
water while amoxicillin and fl uconazole solution was 
used as standard reference for positive control of 
bacterial and fungal sensitivity test respectively.

Statistical analysis

The association between inhibition zones 
diameter created around agar wells and diff erent 
honey dilutions and diff erent tested microbes were 
analyzed using R(4.3.3) to compare the descriptive 
statistics according to the inhibition abilities of two 
honey types in four concentrations against selected 
bacteria and fungi. Moreover regression analysis 
were done to test the association between honey type, 
microbe type and honey concentration. The results 
were considered signifi cant at p < 0.01. 

Results and Discussion
Culturing and antimicrobial sensitivity test

This study investigates the possible antibacterial 
and antifungal activity of honey against specifi c 
proxy microbes through agar diff usion method. 
This method is widely used in most previous studies 
because honey is a naturally viscous substance and it 
needs time to diff use from the well to the surrounding 
completely and display its antimicrobial eff ect on 
the microbial culture [18]. Tested bacterial strains 
were inoculated using a sterilized inoculating loop 
as bacterial colonies are sticky while cotton swab 
was used to inoculate fungal samples as it was dusty 
containing spores. Once inoculation step is completed 
the cork borer with 10 mm diameter was immersed 
in alcohol and exposed to heat on Bunsen burner for 
sterilization purpose, then agar wells were punched 
on the culture media using the cork borer [19].

Microbial inoculation, agar well punching and 
inoculation of honey dilutions in to agar wells were 
conducted in a sterile clean workbench. As the 
optimum requirements of these tested microbes 
(bacteria and fungi) are diff erent the incubation 
temperature (35°C for bacteria and 27°C for fungi) 
and time (2 days for bacteria and 4 days for fungi) 
were adjusted accordingly in a microbiological 
incubator (Thermo Scientifi c Steri-Cult 3310 CO2 
Incubator w/ Sterilization Cycle) [16]. The diameter 
of zone of inhibition for each plate was observed and 
recorded daily. The diameter of the zone of inhibition 
correlates to the sensitivity range of the microbe 
under investigation to the tested antibiotic substance. 
According to the results of this study stated on the 
table 1 and fi gure 1 most dilutions of red and white 
honey shows clear ranges of inhibition zones in all 
cultures of the tested microorganisms except for S. 
aureus.

Antibacterial activity

Clostridium genus involves anaerobic, gram-
positive rods capable of forming endospores which 
are responsible for toxin induced illness (e.g. 
botulism) on humans and animals. Clostridia are 
members of the intestinal microbiome of humans and 
most other animals. C. perfringens can cause gangrene 
or Clostridial myonecrosis and foodborne illness on 
humans [20]. In this study red honey displayed the 
highest inhibition zone (23 mm) against C. perfringens 
in its lowest concentration (1 g/2 ml) and no inhibition 
zone (Figure 1) in the highest concentration (1 g/0.5 
ml). The lowest concentration of white honey (1 g/2 
ml) scored higher inhibition zone (12 mm) against 
C. perfringens while with increasing concentration 
sensitivity tends to decrease; like 8 mm in 1g/0.5ml 
(Figure 3). This shows C. perfringens was found to be 
more sensitive to red honey. Moreover; all investigated 
dilutions showed signifi cant diff erence considering 
the average inhibition zone diameters, especially at 
1 g/2 ml of red and white honey against clostridium 
(Table 1) which is similar to previous literatures, where 
Manuka honey was found to work against clostridium 
species [3]. In contrast to previous fi ndings all tested 
dilutions of both honey types did not show any 
eff ect against S. aureus (Figures 2,3). This shows the 
resistance of S. aureus to the antimicrobial activity of 
both honey types, as it is isolated from red honey prior 
to this study.  Methicillin-Resistant Staphylococcus 
aureus (MRSA) is being a distressing medical issue for 
about a quarter of a century. According to previous 
fi ndings synergy of honey with certain antibiotics 



1374Netserab MG, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2025

Figure 1 Inhibition zone diameter of different honey dilutions against tested microbes.

Figure 2 Effi  ciency of both honey types on different concentration and mean inhibition diameter.
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Figure 3 Concentration type of honey microbe type.

Table 1: Data for inhibition zone diameter of tested microbes in evaluated dilutions.

Honey dilutions(g/mm) 1 g/0.5 ml 1 g/1 ml 1 g/1.5 ml 1 g/2 ml

Red honey

Log Conc. 0.3010 - -0.1760 -0.3010

Average diameter of  inhibition 
zone

C. perfringens - 16 20 22
S.aureus - - - -

P. chrysogenum 20 21 22 23
T. rubrum 24 29 29 30

White honey
Average diameter of  inhibition 

zone

C. perfringens 8 10 11 12
S.aureus - - - -

P. chrysogenum 18 19 20 21
T. rubrum 26.5 28 28 29

Control

Amoxicillin (+)
C. perfringens 20 25 26.5 27

S. aureus 25 27 28 29.5

Fluconazole (+)
P. chrysogenum 11 21 24 27

T. rubrum 17 26 30.5 32
Sterile distilled water (-) Against All - - - -

Signifi cance of each evaluated dilution for both 
honey varieties in relation to each other

0.5 ml 0.119 0.05 0.046
1 ml 0.119 1.000 1.000

1.5 ml 0.05 1.000 1.000
2 ml 0.46 1.000 1.000

(-): no inhibition, *: inhibition zones includes 10 mm disk diameter, data are average of triple measurements.
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enhances the effi  ciency of wound treatment. Jenkins 
RE, et al. [13], found that synergistic eff ect of Manuka 
honey and oxacillin inhibits MRSA indicating the 
capability of Manuka honey to restore susceptibility 
of MRSA to oxacillin. According to previous studies 
there are many locally produced honeys like Manuka 
(Leptospermum scoparium) honey as well as Tualang 
(Koompassia excelsa) honey with standardized levels 
of antibacterial activity. Moreover Capillano and Eco-
honeys have showed an antibacterial activity against 
H. pylori [6].

Antifungal activity

The two fungal species tested on this study have 
connection with the human and animal health. 
Penicillium chrysogenum  is a commonly occurring 
mould in indoor environments which contaminates 
food, citrus fruits and cause respiratory allergic 
reactions on humans especially on individuals with 
compromised immunity [21]. Trichophyton rubrum 
is a dermatophytic ascomycete which colonizes 
the epidermis of a skin causing athlete's foot, nail 
infection and tinea capitis [22]. Both red and white 
honey forms larger inhibition zone (30 mm) and (29 
mm) against T. rubrum at the lowest concentration (1 
g/2 ml). Similar to this fi ndings Shariati A, et al. [11], 
found that T. mentagrophytes and T. rubrum showed 
higher sensitivity to the tested honey samples from 
all evaluated dermatophytes. Moreover the highest 
dilution for red and white honey (1 g/2 ml) displayed 
lower inhibition zone diameter (23 mm) and (21 mm) 
respectively compared to the sensitivity recorded for 
T. rubrum (Table 1). 

The highest concentration of red honey (1 g/0.5 
ml) displayed lowest average inhibition zone (20 
mm) against P. chrysogenum and (24 mm) against T. 
rubrum, while white honey at the same concentration 
scored (18 mm) against P. chrysogenum and (26.5 
mm) against T. rubrum (Table 1). The eff ect of 
white and red honey was somehow similar when 
it comes to fungal isolates. According to previous 
literatures [23,24]. honey showed lower antifungal 
activity against Candida infections than superfi cial 
dermatophytic infections. Similar to the fi ndings 
of this study De Groot T, et al. [25], found that 
unprocessed local honey score higher effi  ciency on 
inhibiting the growth of most tested Candida species 
compared to the standardized medical-grade honey. 
Even though concentration of inoculated honey tends 
to determine the bactericidal or fungicidal eff ect of 
honey [6], the concentrated honey dilution observed 

to produce smaller inhibition zone, which might be 
due to its viscosity induced lower diff usion rate to 
the agar medium, even though concentration has 
an eff ect on fungicidal effi  cacy. So with increasing 
dilution of both honey types the diameter of zone 
of inhibition tends to increase in this study (Figure 
3). Insuffi  ciency of eff ective cure for multiresistant 
isolates, triggers the need for searching options. 
Moreover most wide spectrum antifungal drugs have 
broad side eff ects on the body cells due to similarity 
between the fungal pathogens and host cells; just 
for being eukaryotic cells. So honey can serve as 
a promising alternative candidate for superfi cial 
infections like wounds and dermatophytosis either 
independently or in synergy with medications. Many 
studies have revealed that the amount of H2O2 
production is determinant on antifungal activity 
of honey, but Manuka honey and Agastache honey 
which show higher antifungal activity produce lower 
H2O2 (41 μm, 5.13 μm respectively) [26].

Factorial analysis showed that honey type (p = 
0.000), concentration (p = 0.001), and microbe type 
(p = 0.000) signifi cantly (at p < 0.001) determine 
the inhibition diameter. Comparison of the mean 
values also revealed that the inhibition diameter 
in red honey was signifi cantly greater than that of 
white honey. Comparison across the categories of 
the diff erent concentrations also showed that the 
inhibition diameter using 0.5 ml concentration was 
signifi cantly less than using 1.5 ml (p = 0.005), 2ml 
(p = 0.046). However, other pairwise comparison of 
the concentration levels was found to have similar 
inhibition diameters. On the other hand, the order of 
an inhibition diameter for the evaluated microbes is T. 
rubrum > P. chrysogenum > C. perferingens >S. auerus 
(at p < 0.001). 

Conclusion
It has been shown that the potency of the 

antibacterial and antifungal activity can vary 
very markedly with changing concentration and 
type of honey investigated. The antifungal and 
antibacterial eff ect of two diff erent honey samples 
was evaluated in culture media containing diff erent 
concentrations of honey. The antimicrobial activity 
of honey is largely due to its physico-chemical 
properties such as high osmotic pressure, low water 
activity, low pH and possession of certain gluco-
oxidase enzymes, hydrogen peroxide, fl avonoids, 
and phenolic compounds. Red honey demonstrated 
more eff ective antibacterial activity than white 
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honey but it seems similar on antifungal activity. 
C. perferingens, P. chrysogenum, T. rubrum were 
found to be sensitive in most of the tested dilutions 
of both honey types. In contrast to many previous 
fi ndings S. aureus do not show any sensitivity to all 
evaluated dilutions of both types of honey. Honey is 
a natural and safe antimicrobial substance, since no 
previously published literature has reported bacterial 
or fungal resistance for honey, which is attributed to 
complexity of honey components working solely or in 
a synergistic manner with other components. 
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