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ABSTRACT

Skin serves as the first line of defense of the body against invading
microorganisms. When it becomes compromised due to a cut or a
burn, infections may set into the wound. Honey produced by bees
can serve as an alternative treatment to available antibiotics to
which microorganisms are already becoming resistant to. This
study was undertaken to evaluate the efficacy of honey sold in
Samaru, Zaria against bacterial wound isolates. Proximate
compositions of two honey samples were determined. Pure
isolates of P. aeruginosa and S. aureus were challenged against a
pool of the two honey samples that passed sterility test using agar
well diffusion method. The MIC and MBC of the honey were
determined using tube dilution method. The honey samples had a
mean pH of 4.93, with composition of 76.23% carbohydrate, 0.16%
ash, 2.23% lipid and 3.45% protein. The honey demonstrated its
highest activity against P. aeruginosa (20.0 mm), than S. aureus
(16.0 mm) at a concentration of 100%v/v. Activity of the honey
reduced with reducing concentration, until no activity was recorded
at a concentration of 25%v/v. The MIC of the honey was 25%v/v
against S. aureus and 12.5%vi/v against P. aeruginosa. However,
the MBC of the honey against S. aureus and P. aeruginosa was
25%vlv each. This study confirms that honey sold in Zaria possess
antibacterial activity against wound pathogens.
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INTRODUCTION

A wound is a breach on the skin that exposes the subcutaneous
tissues. Wounds are prone to microbial colonization and
proliferation (Bowler et al, 2001). There is a rise of multidrug
resistant bacterial species worldwide. Hence, alternative natural
sources with antimicrobial potentials like the use of honey are
currently receiving great attention (Mansur and Mukhtar, 2023).
Honey is a natural sweet liquid substance produced by bees from
nectar of flowers (Saranraj and Sivasakthi, 2018). Since ancient
times, honey has been used for wound care. It has widely been
used in the treatment of acute, chronic, traumatic and post-surgical
wounds. It is also used against ulcers, burns, eye diseases, skin
diseases, oro-pharygeal problems and necrosis necrotic areas.
Hence, honey is a possible alternative to other antibacterial agents
with a promising therapeutic potential in medical practice
(Almasaudi, 2021).

Honey acts against most types of Gram-positive and Gram-
negative bacteria (Mohaptra et al., 2011). Different components of
honey contribute to its antibacterial activity. These components
include sugar, polyphenolic compounds, hydrogen peroxide, 1,2-
dicarbonyl compounds and bee defensin-1; however, their

Phone: +2347064608775

concentrations depend on the source of nectar, type of bee and
storage (Almasaudi, 2021).

Staphylococcus aureus (S. aureus) is a Gram-positive bacterium,
measuring 0.5-0.7 um in diameter and can occur singly, in pairs or
form clusters. They are found on the skin, perianal area, inguinal
area and the anterior nares (Severn et al., 2023). Carrier rate of S.
aureus among healthy adults is about 30% (Tong et al., 2015).
Prevalence of 20 to 80% is commonly reported in general
population (Liagat et al., 2015; Sakr et al., 2018). Intravenous drug
users, as well as individuals with severe underlying illnesses,
previous antimicrobial therapy or hospitalization are more at risk of
bacterial infections. Burns can get infected due to contact with
environmental surfaces or by airborne route (Tong et al., 2015).
Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative
bacterium and is non-fermentative. It has a wide distribution in
nature and is capable of surviving in different surfaces and hospital
environments (Moghnieh et al., 2018; Rossi et al., 2021). About 10-
20% of nosocomial infections that include bacteraemia and sepsis,
especially in intensive care units are caused by P. aeruginosa. It
also causes cystic fibrosis, pneumonia, urinary tract infections, and
burns/wounds infections (Percival et al., 2015). Resistance of
pathogenic bacteria to available antibiotics has increased (Yang et
al., 2020). Resistance to all broad-spectrum antibiotics by P.
aeruginosa made it to be enlisted on first-priority critical pathogens
of the World Health Organization (Petrovic et al., (2024). Multidrug-
resistant P. aeruginosa develops resistance by various
mechanisms that may include use of efflux pumps, biofilm
formation, production of p-lactamases and aminoglycoside
modifying enzymes (El Zowalaty et al., 2015).

Both S. aureus and P. aeruginosa are highly prevalent pathogens
in chronic wound infections like leg ulcers, burns and necrotising
fasciitis (Yung et al., 2021). This study was carried out to assess
the antibacterial efficacy of honey against clinical isolates of S.
aureus and P. aeruginosa isolated from wound infections.

MATERIALS AND METHODS

Clinical isolates of S. aureus and P. aeruginosa from wound
infections were obtained from A.B.U Medical Center, Zaria and
reconfirmed by cultural and biochemical tests. Cultures of the
isolates (after 24 h) were standardized to obtain turbidity that was
equivalent to 0.5 McFarland standard. Two different honey
samples were obtained from different vendors in Samaru, Zaria.
The honey samples were subjected to sterility test by plating
aliquots on Nutrient agar at 37°C for 24h. After passing the sterility
test (as no microbial growth was recorded), the honey samples
were subjected to proximate analysis. The two samples were
pooled together and thoroughly mixed. The test isolates were
challenged with various concentrations (at 25%, 50%, 75% and
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100% viv) of the sterile honey to determine its antibacterial efficacy
using agar well diffusion method on sterile Mller-Hinton Agar
plates. Zones of inhibition were measured to the nearest whole
number in millimeter (mm). Ciprofloxacin (5ug) was used as a
positive control. The minimum inhibitory concentration (MIC) was
determined using tube serial dilution to obtained concentrations of
50%, 25%, 12.5% and 6.25% v/v, and seeded with 0.5mL of
standardized inocula. The MIC was determined to be the lowest
honey concentration that did not show any evidence of visible
turbidity. Aliquots (0.5mL) from all the tubes were plated out on
sterile MUller-Hinton Agar plates and incubated at 37°C for 24h in
order to determine the Minimum bactericidal concentration (MBC)
of the honey. The MBC was determined to be the lowest
concentration that did not show evidence of bacterial growth
(Almasaudi et al., 2017; Mansur and Mukhtar, 2023).

RESULTS

The honey samples had a mean pH of 4.93, with composition
0f76.23% carbohydrate, 0.16% ash, 2.23% lipid and 3.45% protein
(Table 1). The honey at a concentration of 100%v/v demonstrated
the highest activity against P. aeruginosa with zone of inhibition of
20.0 mm, than S. aureus (16.0 mm) (Table 2). The activity of the
honey was observed to reduce with reducing concentration, until
no activity was recorded at a concentration of 25%v/v. The
minimum inhibitory concentration (MIC) of the honey against S.
aureus was at 25%v/v, while the MIC against P. aeruginosa was at
12.5%vlv (Table 3). The minimum bactericidal concentration
(MBC) of the honey against S. aureus and P. aeruginosa was at
25%vlv each (Table 4).

Table 1: Proximate Composition of Honey Samples obtained in
Samaru, Zaria

Honey % % % % %
Sample Moisture Ash Lipid Protein Carbohydrate pH
A 1821 015 221 345 7598 483
B 17.66 016 225 345 76.48 470
Average 17.94 016 223 345 76.23 482
Table 2: Antibacterial Activity of Honey against S. aureus and P.
aeruginosa
Organisms Zone of Inhibition (mm)
25%viv 50%viv T5%viv 100%viv Ciprofloxacin (5pg)
S. aureus NA 80 140 16.0 26
P. aeruginosa NA 130 170 20.0 24

Key: NA = No activity

Table 3: Minimum Inhibitory Concentration (MIC) of Honey against
Clinical Isolates

Concentration of

S. aureus P. aeruginosa

honey (Ywviv) Growth pattern Growth pattern
50 - -
25 -* -
125 + ==
6.25 + +
NC - -
PC + +

https://dx.doi.org/10.4314/swj.v19i4.4

Keys: + = Turbidity, - = No turbidity, * = MIC,
NC = Negative control (honey + sterile distilled water 0.5mL each)
PC = Positive control (inoculum + sterile distilled water 0.5mL each)

Table 4: Minimum Bactericidal Concentration (MBC) of Honey
against the Clinical Isolates

Concentration S. aureus P. aeruginosa
of honey (%v/v) Growth pattern  Growth pattern
50 - -

25 _t _::

125 + +
6.25 + +
NC - -

PC + +

Keys: + = Growth; - = No Growth; * = MBC

DISCUSSION

Honey is characteristically acidic with pH between 3.2- 4.5, which
is low enough to be inhibitory to several bacterial pathogens
(Olaitan et al., 2007). However, the honey samples obtained from
Samaru, Zaria for this study had a slightly higher pH and moisture
content than those reported by Almasaudi et al. (2017). Honey
obtained from Samaru in Zaria demonstrated antibacterial activity
against S. aureus and P. aeruginosa, but its efficacy against P.
aeruginosa was higher than against S. aureus. This might be due
to emergence of resistance by S. aureus to antibiotics. Findings
from this study agrees with the report of Abd-El et al. (2007), who
showed that honey has a greater inhibitory effects on Gram-
negative bacteria (P. aeruginosa, Enterobacter spp. and Klebsiella)
when compared to Gram positive bacteria. More than 70 species
of microorganisms have been found to be susceptible to honey
(Bowler (2001). Our findings of mean zone of inhibition of 13 to 20
mm across the various honey concentrations are comparable to
reported 10.6 to 22.6 mm by Mansur and Mukhtar (2023). Though
this study did not record any antibacterial activity of the honey at
25% vlv against the clinical isolates, its highest activity at 100%
was similarly reported by Mudenda et al. (2023).

Some types of honey are more potent than others, but all of them
contain the same antibacterial substance (hydrogen peroxide,
(H202), except for Manuka honey (Romario-Silva et al., 2022).
However, there are demonstrable efficacy of honey against P.
aeruginosa (Yang et al., 2020) and S. aureus (Cremers et al.,
2020). Bioactive compounds in honey exhibit variable levels of
antibacterial effects that depend on the bacterial species (Petrovic
etal., (2024).

Present study shows that the two isolates were all susceptible to
the honey. It was observed that the zone of inhibition against the
isolates increased as the concentration of the honey was
increased. This might be due to increase in concentration of
inhibitory substances present in the honey. The honey required a
higher minimum inhibitory concentration against P. aeruginosa
than S. aureus, but its bactericidal concentration against the two
bacteria was the same. Efficacy of different types of honey against
S. aureus is dependent on the type of honey and the concentration
used (Almasaudi et al., 2017). Honey has a complex composition,
where the individual components act either individually or in
synergistic manner to prevent antibiotic resistance. Hence, no
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antibacterial resistance to honey that has been reported yet
(Cooper et al. 2010; Almasaudi et al., 2017).

Conclusion

Staphylococcus aureus and Pseudomonas aeruginosa were
identified from wound infection and challenged with various
concentration of honey. Finding of this study indicated that the
honey was more active against S. aureus (16.0 mm) and P.
aeruginosa (20.0 mm) at a concentration of 100%v/v). The MIC of
the honey was 25%v/v against S. aureus and 12.5%v/v against P.
aeruginosa. The MBC against the two wound isolates was 25%v/v
for each.
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