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Abstract

The emergence of multidrug-resistant bacteria presents a significant global health risk, necessitating
the exploration of alternative treatment options. This in vitro study aimed to evaluate the efficacy
of Saudi honey Clover and Talh against Gram-negative and positive bacteria, including Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus epidermidis and Methicillin-
resistant Staphylococcus aureus. All tested bacteria were collected and two types of Saudi honey
were diluted and stored. This is followed by microbiological identification, prolonged exposure to
honey (10 times), antibiotic susceptibility testing, and biofilm formation assay. The findings offer
valuable insights into potential antimicrobial properties of Saudi honey against bacteria. The results
demonstrated that Talh and Clover Honey caused alterations in the antimicrobial sensitivity of the
bacteria tested. In Gram-negative bacteria, E. coli treated with honey showed increased sensitivity
to imipenem, while P. aeruginosa and K. pneumoniae became increasingly susceptible to cell wall
inhibitors. In Gram-positive bacteria, adapted MRSA and S. epidermidis strains exhibited increased
sensitivity to ampicillin, amoxicillin/clavulanic acid, and ceftriaxone. The results suggest that honey’s
antimicrobial effects vary based on its components and bacterial species. Consequently, further analysis
is required to uncover the underlying mechanisms of the observed changes. The complex interactions
between honey and pathogens, as shown by varying bacterial responses and limited impact on biofilm
formation, highlighting the necessity for alternative therapeutic approaches. This study contributes
to the existing evidence on the antimicrobial properties of honey.
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INTRODUCTION

Multidrug-resistance (MDR) has emerged
as a life-threatening health problem that affects
millions of patients globally.! Over the past
decades, the number of MDR bacteria has
significantly increased, posing a global health
challenge.? In Europe alone, approximately
33,000 individuals die annually due to MDR
bacteria.® A global study has predicted that
unless the appropriate prevention protocols are
implemented, nearly 10 million lives could be lost
by 2050.*

One of the most prevalent MDR bacteria
is methicillin-resistant Staphylococcus aureus
(MRSA).> The worldwide prevalence of MRSA
infections varies widely, ranging from 13% to 74%.
In Europe, the prevalence of MRSA in 2014 ranged
from 0.9% to 56%.° In the United States, around
50% of S. aureus infections acquired in intensive
care units were attributed to MRSA.” Multiple
studies conducted in Saudi Arabia have indicated
anincreasing trend in the prevalence of MRSA over
time, emphasizing it as a growing public health
concern in the region.®°

A study conducted in Saudi Arabia at
King Fahd Medical City in Riyadh from 2019 to
2020 found that 33.49% of E. coli isolates from
urinary tract infections were extended-spectrum
B-lactamase-producing strains.’® Further, a
previous study was conducted over an eleven-
year from January 2011 to December 2021 to
inspect the prevalence and antimicrobial profile
of Klebsiella pneumoniae (K. pneumoniae).*
A subsequent study conducted at a tertiary
hospital in Mecca aimed to evaluate the trends
in antibiotic resistance of Klebsiella pneumoniae
over this period. During the study, a total of
61,027 bacterial isolates were collected from
clinical samples, out of which 14.7% (n = 9014)
were identified as K. pneumoniae. The researchers
analysed the antibiotic susceptibility pattern of K.
pneumoniae isolates to determine their resistance
rates. The findings revealed a concerning increase
in resistance rates to several commonly used
antibiotics over the eleven-year period. Notably,
resistance rates for amoxicillin/clavulanate
increased from 33.6% in 2011 to 71.4% in 2021,
and for piperacillin/tazobactam, the resistance
rates rose from 13.6% in 2011 to 84.9% in 2021.*

In Qatar, a study investigated MDR P.
aeruginosa isolates and found a prevalence of
5.9% among clinical samples.!? The majority of
cases were hospital-acquired, and the isolates
displayed high resistance rates to various
antibiotics but remained susceptible to colistin.*?
The genetic analysis identified different sequence
types and highlighted the presence of exotoxin
genes, indicating potential virulence.’? Given the
challenges posed by MDR bacteria, alternative
treatment methods have gained attention. Natural
products such as liquorice, chamomile, and honey
have shown antimicrobial properties and potential
efficacy against MDR bacteria.’**®

The antimicrobial effects of honey result
from its high viscosity, acidic nature, osmotic
effect, and the presence of hydrogen peroxide,
which collectively inhibit bacterial growth and
damage bacterial DNA.' Therefore, in this study,
we used two types of Saudi made honey including
(Talh and Clover) to investigate their properties
against MDR bacteria such as MRSA.

MATERIALS AND METHODS

Samples collection

A selection of six bacterial strains
including E. coli, P. aeruginosa, extended spectrum
beta-lactamase (ESBL) producing K. pneumoniae,
S. aureus, MRSA, and S. epidermidis were obtained
from King Abdulaziz University Hospital (KAUH),
Jeddah, Saudi Arabia. The Clover and Talh honey
were ordered from Alabdali Honey Company, Hail,
Saudi Arabia. After the collection we diluted the
honey by 30 mg/mL with distilled water (dH,0)
followed by storage at 10 °C. Antibiotic discs,
such as gentamicin (120 pg), ceftazidime (30 pg),
ampicillin (10 pg), amoxicillin/clavulanic acid (30
ug), ceftriaxone (30 ug), and imipenem (10 pg),
were sourced from Al Wareed Medical Company
in Makkah, Saudi Arabia, and stored at 20 °C for
further analysis.

Microbiological culture and identification

All bacterial strains were cultured and
inoculated on MacConkey agar media for Gram-
negative, and blood agar media for Gram-positive
followed by aerobic incubation at 37 °Cand stored
at 4 °C for the next experiment.
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Long term exposure to honey (Adaptation
process)

Agar-based diffusion was used to
repeatedly expose each individual bacterium
(ten times) to each tested honey samples (Talh
and Colver) to examine the impact of prolonged
in vitro exposure of bacterial isolates to different
honey samples.'” Three 6-millimeter-diameter
wells were created in Mueller-Hinton agar (MHA).
Each of these wells was used to culture different
bacterial strains by spreading them onto the agar.
200 pL of honey was added and diluted by 30 mg/
mL dissolved in sterile (dHZO). In each well, Talh
honey and Clover honey were in separate agars.
The culture is incubated at 37 °C for 24 hours. The
unexposed bacteria PO were sub-cultured in agar
to form a negative control, and to exclude any
existing contamination.

Antibiotic Susceptibility Testing (AST)

The first antibiotic sensitivity test was disc
diffusion test (DDT) that were used to compare
between the (PO) and (P10) Bacteria by applying
6 different antibiotics including gentamicin,
ceftazidime, ampicillin, amoxicillin/clavulanic,
ceftriaxone, and imipenem.*® DensiChek was used
to adjust the bacterial concentration to match the
standard turbidity of 0.5 McFarland. Then, using
cotton swabs, PO and P10 bacterial suspensions
were applied to the MHA agar’s surface.’® Then
added antibiotics disc for the six antibiotics. The
MHA agar plates were incubated at 37 °C for
24 hours, and inhibition zones were measured
in millimetres (mm) following incubation. To
produce more accurate and repeatable results, this
testing was done three times for every bacterium.
Standard deviations and the mean of the three
reads were calculated as well.

Biofilm formation assay

The formation of biofilm formation was
evaluated using crystal violet stain by examining
bacterial strains that were treated with the honeys
(P10) and the untreated strains (P0). The bacterial
cultures were diluted (1:100) by using Muller
Hinton broth (MHB), followed by transferring to a
96-well microtiter plate and incubated at 37 °C for
two days. After incubation the bacterial suspension
were discarded, then by using a normal saline it
has been washed twice. About 1% of crystal violet

satin was added for few minutes. Finally, ethanol
was added to each well, then reading the optical
density of the staining at wavelength 600 (OD
by spectrophotometer.'61#

600)

Data analysis

All results were statistically analyzed using
GraphPad (Prism 9). The biofilm formation assay
was readied to detect any significant changes
between the control (PO) (untreated) and (P10)
(honey-treated) using both the Student t-test
and one-way ANOVA, with p < 0.05 considered
statistically significant.

RESULTS

Influence of honey exposure on Gram-negative
bacteria to antibiotics

The exposure of E. coli to Talh and Clover
honey did not result in any significant changes in
antibiotic sensitivity for ceftazidime, ampicillin,
amoxicillin/clavulanic acid, or ceftriaxone (Figure
1). However, when gentamicin was combined
with Clover honey, there was a slight increase in
the zone of inhibition compared to gentamicin
alone, although this difference was not statistically
significant (p = 0.7016). Alternatively, both Talh
and Clover honey had a statistically significant
effect on the zone of inhibition for imipenem (p =
0.0457 for Clover and p = 0.0018 for Talh). For P.
aeruginosa, the combination of Talh and Clover
honey with imipenem and gentamicin significantly
enhanced the zone of inhibition across all treated
groups. Additionally, a slight increase in the zone
of inhibition was observed in the P10 strain treated
with Clover honey when combined with ampicillin
and amoxicillin/clavulanic acid, and in the P10
strain treated with Talh honey when combined
with ceftazidime. However, these increases
were not statistically significant. Similarly, for K.
pneumoniae, exposure to Talh and Clover honey
increased the zone of inhibition for gentamicin
and imipenem across all tested groups, but these
changes were also not statistically significant.
Additionally, a slight increase in the zone of
inhibition was observed with Talh honey in P10
strains treated with amoxicillin/clavulanic acid,
and with Clover honey in P10 strains treated with
ampicillin.
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Effect of honey exposure on Gram-positive
bacteria to antibiotics

Across all Gram-positive strains
gentamicin exhibited significant inhibitory effects,
with large zones of inhibition observed in the PO
group (Figure 2). However, in both P10 (Talh) and
P10 (Clover) groups, a slight reduction in the zone
of inhibition was noted, suggesting that honey
might reduce the effectiveness of Gentamicin
slightly, particularly in MRSA and S. aureus. No
significant zones of inhibition were observed
across the bacteria for the PO group, indicating
inherent resistance to Cefazidime. Interestingly,
a minimal zone of inhibition was detected for S.
aureus in the P10 (Clover) group, implying a slight
potentiation of Cefazidime effect due to Clover

honey. Both P10 (Talh) and P10 (Clover) groups
exhibited significant increases in the zones of
inhibition across Gram-positve bacteria, compared
to the PO control. This suggests that honey
enhances the effectiveness of Ampicillin against
Staphylococcus species, including the resistant
MRSA. Similar to Ampicillin, the addition of honey
(both Talh and Clover) significantly increased
the zones of inhibition, indicating that honey
enhances the antibacterial activity of Amoxicillin/
Clavulanic acid. Ceftriaxone shows that results
were consistent with those observed for Ampicillin
and Amoxicillin/Clavulanic acid, with significant
zones of inhibition in the honey-treated groups
compared to the control. This reinforces the idea
that honey can potentiate the effectiveness of
certain antibiotics.
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Figure 1. Gram-negative bacterial strains were treated with Clover and Talh honey, and antibiotic sensitivity testing
was conducted to determine the minimum inhibitory concentration.
* represent P value < 0.05. ** represent P value < 0.01
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Figure 2. Gram-positive bacterial strains were treated with Clover and Talh honey, and antibiotic sensitivity testing
was conducted to determine the minimum inhibitory concentration.

**** represent P value < 0.0001
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Figure 3. The impact of the adaptation process with Clover and Talh honey on biofilm formation in both Gram-
negative and Gram-positive bacteria, including P. aeruginosa, E. coli, ESBL-producing K. pneumoniae, MRSA, S.

aureus, and S. epidermidis

Biofilm formation of Gram-negative and Gram-
positive bacteria

Across both Gram-negative and Gram-
positive bacteria, treatment with Talh and Clover
honey led to some minor variations in biofilm
formation (Figure 3). However, none of these
changes were statistically significant, indicating
that while honey might have a mild effect on
biofilm formation in certain bacterial strains, it
does not significantly alter biofilm production
under the conditions tested. Further research
could explore different concentrations and
exposure durations to evaluate whether honey
could have a more pronounced effect on biofilm
formation of these bacteria.

DISCUSSION

Honey is a highly natural substance
that has been extensively used across diverse
cultures for its medicinal and dietary benefits.”
The remarkable therapeutic potential of honey
stems from its distinct properties, including its
elevated viscosity, acidic nature, and the presence
of hydrogen peroxide.'® These characteristics
collectively contribute to its capacity as a potent
antimicrobial agent.'®! The mechanism of
antimicrobial activity of honey mainly involved
stimulation of bacterial dehydration, inhibition
their reproductive capabilities, and facilitate DNA
degradation through the generation of radicals
and oxygen emphasises its promising role as
an alternative treatment option for combating

emerged antimicrobial resistance. Although the
bacterial adaptation to certain types of honey was
previously described,*”?° the adaptation effect of
new types of Saudi honey including Talh and Clover
has not yet been investigated.

In the current research, a series of
clinical Gram-negative bacterial isolates including
(E. coli, P. aeruginosa, and K. pneumoniae) and
Gram-positive bacterial isolates (S. aureus, MRSA,
S. epidermidis) were subjected to a repeated
exposure protocol of Talh and Clover honey. The
goal was to induce adaptation in the bacterial
population, resulting in the emergence of a
modified bacteria strain referred to as P10. The
antibiotic susceptibility and biofilm formation of
the adapted bacterial strains were thoroughly
examined. In the case of Gram-negative bacteria,
E. coli strain that were treated with Talh and Clover
honey exhibited a notable significant increase
in the zone of inhibition against imipenem (cell
wall inhibitor). This strain showed resistant to
ceftazidime, ampicillin, amoxicillin/clavulanic
and ceftriaxone. Moreover, P. aeruginosa control
strains were resistant to ceftazidime, ampicillin,
amoxicillin/clavulanic and ceftriaxone, while the
adapted treated strains with Talh and Clover
were only sensitive to ceftazidime and ampicillin,
amoxicillin/clavulanic (cell wall inhibitors),
respectively. Furthermore, ESBL-producing K.
pneumoniae strains treated with Talh and Clover
were sensitive to gentamicin and imipenem
respectively.
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The increase zone of inhibition could
be through interfering with bacterial membrane
permeability, inhibiting proteins as, Al-Sayaghi
explored the antibacterial effects and mechanisms
of Yemeni Sidr honey (SH) and Manuka honey (MH)
against E. coli. Using the disk diffusion method,
both types demonstrated strong inhibitory
effects at 700 mg/disk, with similar MIC and
MBC values. MH exhibited a stronger bactericidal
effect (30%) than SH (50%). SH compromised
bacterial membrane integrity, causing potassium
and protein leakage, while MH primarily inhibited
bacterial protein synthesis.'® Both types of honey
also induced bacterial DNA damage.

Regarding Gram-positive bacteria, the
adapted S. epidermidis and MRSA strains exposed
to Talh and Clover honey showed increased
sensitivity to three tested antibiotics (cell wall
inhibitors) such as ampicillin, amoxicillin/clavulanic
acid, and ceftriaxone. However, only S. aureus
adapted with Clover honey exhibited a zone of
inhibition to the same antibiotics. This result
suggests that the concentration and components
of honey, as well as the nature of the bacteria,
may have a potential role on its antimicrobial
properties and effectiveness. In contrast, previous
studies examined the effect of Manuka honey on
S. aureus exposed to the same antibiotics, resulted
in increased sensitivity.1#202

The overall findings of this study are in
line with a recent study conducted in Hail, Saudi
Arabia where the efficacy of different Saudi honey
was analysed.? The study investigated the effects
of Sumra and Sider honey on reference bacterial
strains, revealing a more significant impact of
in vitro honey exposure on antibiotic sensitivity
compared to clinical strains. This suggests
that reference strains, typically less exposed
to antibiotics, respond differently than clinical
strains.202

The increased sensitivity of treated
bacteria to tested cell wall inhibitors suggests a
possible alteration in their cell wall permeabilit*
or efflux system?® after exposure to honey.
Furthermore, the repeated in vitro treatment
with honey (adaptation process) may affect the
bacterial fitness and growth causing an enhanced
antimicrobial sensitivity of adapted strains.??

Biofilm formation is widely known
as one of the essential bacterial virulence

factors that can delay wound healing and resist
both host immune defence and antimicrobial
agents leading to sever infections and treatment
complications.?® Previous studies reported the
potential antibiofilm activity of various honey
types including Manuka, Sumra and Sider that
were tested with biofilm former bacteria such
as S. aureus and Acinetobacter baumannii.>***
However, there was an observation of an increased
tendency of biofilm formation among tested Gram-
negative bacteria adapted with Manuka honey.*
Similarly, the current study of Talh and Clover
honey treatment showed limited impact on biofilm
formation among the tested strains suggesting
that honey contains multiple components that
may resulted in antimicrobial and antibiofilm
activities via various underlying mechanisms, thus
limited resistance may be developed as defensive
pathway. Therefore, further analysis is required to
uncover the underlying mechanisms responsible
for the observed changes in antimicrobial
sensitivity. The complex interactions between
honey and MDR pathogens, as evidenced by
varying bacterial responses and limited impact
on biofilm formation, highlight the necessity for
alternative therapeutic approaches.

Although the current in vitro study
exhibits an enhanced antibiotic sensitivity of
tested clinical bacteria after exposure to Talh
and Clover honey treatment, there were number
of limitations faced the study. The virulence
of bacteria could be examined using in vivo
study to understand the bacterial response and
pathogenesis after honey treatment. Furthermore,
the effect of honey treatment on bacterial growth
and virulence could be examined at the molecular
or genomic level to identify any potential variance
or mutation. Thus, further investigation is essential
to fully comprehend the mechanisms involved and
optimize honey-based treatment strategies for
addressing antibiotic resistance health issue.

CONCLUSION

In conclusion, repeated exposure of
clinical bacterial pathogens to Saudi Clover
and Talh honey led to alterations in their
antimicrobial sensitivity profiles and biofilm
formation tendencies. While some bacterial
strains developed limited resistance to the honey
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compared to the original strains, the adapted
pathogenic bacteria, especially E. coli, generally
exhibited increased susceptibility to Saudi
Clover honey. Although the precise mechanisms
underlying the observed reduction in antibiotic
sensitivity remain unclear and require further
investigation, this study underscores the potential
therapeutic applications of Saudi Honey in treating
bacterial infections. These findings highlight the
positive impact of Saudi Honey on the sensitivity
profiles of various antimicrobial agents against the
tested bacteria, offering a promising avenue for
future medical research.
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