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INHIBITORY EFFECTS of HONEY on
STAPHYLOCOCCUS AUREUS and ESCHERICHIA COLI: A
CURRENT REVIEW

ABSTRACT. Honey is a natural food that has been used since ancient times for its
medicinal benefits. Thanks to its antimicrobial activity, which has a very important
place among honey's medicinal effects, it can be used against various pathogens such
as Staphylococcus aureus and Escherichia coli. The antibacterial effect of honey
depends on physical (high osmotic pressure, low water activity and low pH value),
chemical (hydrogen peroxide, methylglyocal, phenolic compounds, flavonoids, organic
acids and proteins) and biological factors (enzymes secreted by bees, probiotic bacteria
and pollen). The antibacterial effect of honey can be affected by the origin of the honey,
the type of flower obtained, the season of harvest and processing methods. Therefore,
more studies are required to clearly demonstrate the antimicrobial activity of honey and
make it available for use in clinical treatments. In this review, it was aimed to better
understand the antimicrobial effects of honey on S. aureus and E. coli by searching the
current literature.

Keywords: Antimicrobial activity, Escherichia coli, honey, inhibitory effect,
Staphylococcus aureus.

BALIN STAPHYLOCOCCUS AUREUS ve ESCHERICHIA
COLJ UZERINE INHIBITOR ETKIiSi: GUNCEL
DERLEME

OZET. Bal, tibbi faydalarindan dolay1 eski dénemlerden beri kullamlan dogal bir
gidadir. Bal tibbi etkileri arasinda olduk¢a 6nemli yer tutan antimikrobiyal aktivitesi
sayesinde, Staphylococcus aureus ve Escherichia coli gibi ¢esitli patojenlere karst
kullanilabilmektedir. Balin antibakteriyel etkisi, fiziksel (yiiksek osmotik basing, diisiik
su aktivitesi ve diisiik pH degeri), kimyasal (hidrojen peroksit, metilgliokal, fenolik
bilesikler, flavonoidler, organik asitler ve proteinler) ve biyolojik faktorleri (arilar
tarafindan salgilanan enzimler, probiyotik bakteriler ve polen) sayesinde
gerceklesmektedir. Balin antibakteriyel etkisini balin kokeni, elde edilen ¢igegin tiirii,
hasat yapilan mevsim ve igleme yontemleri etkileyebilmektedir. Bundan dolay1, balin
antimikrobiyal aktivitesini net bir sekilde ortaya koymak ve klinik tedavilerin
kullanimina sunmak i¢in daha fazla ¢alisma gerekmektedir. Bu derlemede, giincel
literatiir taramasi yapilarak, balin S. aureus ve E. coli tizerine antimikrobiyal etkilerinin
daha iyi anlasilmasi hedeflendi.

Anahtar Kelimeler: Antimikrobiyal aktivite, bal, Escherichia coli, inhibitor etki,
Staphylococcus aureus.
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INTRODUCTION

For many centuries, people have relied on honey as a
healing agent for different kinds of wounds and
diseases, because it can destroy many kinds of germs.
But when antibiotics were invented, honey was mostly
ignored as a treatment. However, with microorganisms
progressively developing resistance to antibiotics,
researchers have rekindled their interest in the
antimicrobial and wound-healing potential of honey.
Recent investigations have demonstrated that honey
can effectively combat around 60 bacterial species,
encompassing both gram-positive and gram-negative
bacteria, as well as aerobes and anaerobes (Gambo et
al., 2018).

Honey carries a minimal risk of microbial
contamination and boasts a prolonged shelf life. Its
primary constituent is carbohydrates, and its elevated
carbohydrate content results in low water activity,
typically within the range of 0.59 to 0.63. Water
activity is a crucial factor affecting the viability and
functionality of biological systems. Most bacteria find
it challenging to proliferate when water activity levels
drop below 0.9. The reduced water activity in honey
significantly contributes to its antimicrobial properties.
Furthermore, the presence of honey's proteins and
enzymes serves to impede microbial growth. The most
important enzymes in honey are invertase, diastase, and
glucose oxidase. Of these, invertase is also thought to
contribute to honey's antimicrobial properties by
defending against harmful microorganisms and
absorbing moisture to reduce bacterial invasion (Ro Me
Busserolles et al., 2002). Honey is recognised as a
natural food preservative mainly because of its
antimicrobial properties. The pH of honey and the
enzymatic production of hydrogen peroxide by glucose
oxidase also influence the antimicrobial activity of
honey (Mundo et al., 2004; Afroz et al., 2016). The bee
enzyme glucose oxidase catalyzes the oxidation of
glucose to produce hydrogen peroxide. This oxidative
compound inhibits bacterial growth even in diluted
honey by preventing bacteria from responding to
normal proliferative signals (Shamala et al., 2000).

Studies have shown that other bee products, such
as propolis, have antibacterial effects. For example,
propolis can prevent lipid oxidation and extend the
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shelf life of various foods, including meat, fish, poultry,
vegetables, fruit, and beverages. It has both antibacterial and
antioxidant properties. However, its unpleasant taste and odor
may limit its use in food products by affecting sensory
characteristics such as color, aroma, appearance, texture, and
overall taste (Asma et al., 2022a; Segueni et al., 2023). In
addition, Asma et al. (2022a) have illustrated that natural
products derived from plants possess notable medicinal
properties, rendering them a pragmatic approach for the
control of biofilm-forming microorganisms. There is a
growing consensus that antimicrobial compounds derived
from plants can deliver effective antibiofilm activities. As for
biofilm-forming microorganisms, they are increasingly
becoming the focus of antibiofilm compounds sourced from
both microorganisms and phytonanotechnology. These
compounds have shown efficacy in the inhibition and
eradication of biofilm development (Asma et al., 2022b).

Antibiotics are crucial for safeguarding the well-being
of food-producing animals that hold nutritional significance.
They are administered to treat afflicted animals and to
mitigate and manage outbreaks of diseases. If antibiotics are
not completely metabolised and eliminated from the body,
residues may be found in the food obtained from these
animals, posing a threat to public health by causing problems
such as gastrointestinal disorders, antibiotic resistance, tissue
damage, hypersensitivity reactions, neurological damage and
anaphylactic shock in humans. In addition to acute illnesses
associated with the consumption of animal-derived foods
containing residues, carcinogenic and teratogenic effects may
also be observed in humans (Kiigiikbiigrii and Acardz, 2020;
Cakmak et al., 2022).

This paper presents a thorough examination of honey's
antimicrobial  capabilities against the  pathogenic
microorganisms S. aureus and E. coli, presenting the most
recent research discoveries from the existing literature.
Increased knowledge of honey's antimicrobial properties
could lead to new uses in the food and healthcare industries.

STAPHYLOCOCCUS AUREUS

Staphylococci are gram-positive cocci. There are thirty-three
different species within the genus Staphylococcus, with the
pathogenic species being S. Certain
Staphylococcus species can cause opportunistic infections in
people with weakened immune systems. S. aureus is known
to cause bacterial infections in humans, affecting various sites

most aureus.
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including the skin, bones, bloodstream, respiratory tract
and soft tissues (David and Daum, 2017). The
emergence of antimicrobial resistance in methicillin-
resistant S. aureus (MRSA) has created difficulties in
the treatment of infections caused by this bacterium
(Almasaudi et al., 2017; Yilmaz and Aslantag, 2017).

is responsible for causing food
poisoning in humans. The aforementioned bacterium is
not directly responsible for the foodborne illnesses;
however, the toxins they secrete - staphylococcal
enterotoxins - are. Hence, the severity of the impact of
S. aureus on the ailment depends on the quantity of
generates (Zeaki et al., 2019).
Staphylococcal poisoning has implications for health.
Inadequate hygiene amongst food service workers may
result in food contamination by S. aureus. This
bacterium can lead to conditions such as septicaemia,
foodborne illness, and toxic shock syndrome, all caused
by the presence of enterotoxins produced by S. aureus.
Over twenty distinctive types of Staphylococcal
enterotoxins, proteins, have been identified. S. aureus
can survive harsh conditions like low pH and heat. This
bacterium can also withstand exposure to digestive
enzymes. However, the fortitude of S. aureus may lead
to increased likelihood of diseases. S. aureus can
produce enterotoxins in perishable food without
spoiling it. This can happen even when toxic
concentrations are present. Certain enterotoxins
produced by S. aureus have been discovered to possess

S. aureus

enterotoxin it

emetic properties (Yilmaz and Aslantas, 2017; Zhao et
al., 2017; Ciupescu et al., 2018).

Recent research shows that honey can slow the
growth of bacteria. This includes S. aureus. This
segment provides a detailed critique of current
scientific academic literature. It focuses on the
antimicrobial properties of honey against S. aureus.
The segment highlights honey's natural ability to fight
against bacteria. Research studies have presented the
effects of honey on S. aureus. Additionally, these
outcomes are summarized in Table 1.

Tulay and Akyalcin, (2018) conducted a study.
The study examined antimicrobial properties of various
honey samples. Agar well diffusion technique was used
on Mueller-Hinton agar. The research focuses on three
strains of S. aureus: 29213, ATCC 6538P and ATCC
25923. The tested honey samples skillfully fight three
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strains of S. aureus. The discoveries reveal this proficiency.
The results imply that honey can be useful as a natural
antibacterial agent. Honey, in various types, showed different
levels of antibacterial activity. This activity led to inhibition
zones with diameters ranging from 12 to 22mm. Among the
honey samples tested, S. aureus ATCC 29213 was most
susceptible. However, S. aureus ATCC 25923 was resistant
to all the honey samples.

Russo et al. (2023) assessed antibacterial properties of
honey samples. Honey collected from different regions of
Sicily was used. The honey came from five floral sources:
chestnut, eucalyptus, sulla, thyme, and citrus. Honey samples
were then tested against S. aureus ATCC 29213. Only the
chestnut-2 honey exhibited activity against S. aureus ATCC
29213 in both undiluted and diluted forms, with inhibition
zones measuring approximately 15 mm. Conversely, the
samples from Citrus-2 and Citrus-3 were found to possess no
antimicrobial activity. The activity of the remaining honey
samples varied. Sulla-1, eucalyptus-1, and eucalyptus-2
honey exhibited activity solely in the undiluted form, whereas
citrus-1, thyme-1, thyme-2, and eucalyptus-3 honey
demonstrated inhibition halos in both undiluted form and at
75% concentration. In contrast, Sulla-2, Sulla-3, thyme-3,
chestnut-1, and chestnut-3 honey antagonized S. aureus
ATCC 29213 in concentrations ranging from 100% to 50%.
The study indicates that the honey samples tested have
potential as natural antibacterial products and food
preservatives, emphasizing the importance of further
investigation on thyme honey as an effective natural
antibacterial agent.

Postali et al. (2022) conducted a study examining the
antibacterial properties of honey samples gathered from
Samothrace Island in Greece, against S. aureus. The findings
indicate that the growth of S. aureus was suppressed by honey
and no collaborative antibacterial effects were detected
among the tested honeys. All samples, except the lowest
concentration (1.56% v/v), restricted S. aureus growth. A
concentration of 75% v/v honey resulted in the most
extensive inhibition zone (15.00 + 1.00 mm), exceeding the
zones produced by concentrations of 50%, 25%, and 12.5%
v/v honey or by kanamycin (8.33 + 1.12 mm).

Mahmood et al. (2021) investigated the antimicrobial
properties of stingless honey derived from distinct multifloral
sources against S. aureus during wet and dry seasons.
Samples were collected from hives located in two multifloral
areas - one comprising two flower types, including stevia, and
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the other encompassing more than two types of flowers.
Inhibitory effects of honey samples from both seasons
were observed against all foodborne pathogens tested,
with dry season samples exhibiting the most significant
inhibition. The antimicrobial activity decreased during
the rainy season. However, higher flower diversity and
quantity increased it. Seasonal fluctuations and
flowering plant distribution greatly impact multifloral
stingless honey. These findings emphasize the
antimicrobial attributes of the honey.

Ogur and Dayan, (2022) researched Bitlis natural
honey. Its antimicrobial properties were evaluated at
various concentrations (10%, 25%, 50%, and 100%).
The study focused on its effectiveness against S.
aureus. The results showed large zones of inhibition at
100% concentration. No zones formed at 10%
concentration. Bitlis honey has the potential to help
treat infectious diseases. It may also be used in
apitherapy for practical purposes.

Adeyemo et al. (2017) conducted a study in
Nigeria. The study aimed to assess the antibacterial
effectiveness of various types of honey against S.
aureus. The researchers also compared it to a standard
antibiotic. This study confirms that honey is an
affordable and effective natural antibacterial agent. The
study showed that super dark amber honey has potent
antimicrobial properties. These properties are
comparable to streptomycin. This honey exhibited
strong antibacterial activity against a wide variety of
bacteria. However, more research is needed for its
suitability for clinical practice.

Kalidasan et al. (2017) examined the
antimicrobial activity of three honey samples
(Commercial Honey, Malan Honey and Kombu honey)
against S. aureus bacteria. All three types of honey
showed antibacterial activity against S. aureus bacteria.
The activity was observed at a concentration of 75 pl.
Commercial honey had a 22 mm zone of inhibition.
Malan honey had a 26 mm zone. Kombu honey had an
impressive 34 mm zone.

Shalsh et al. (2021) conducted a study on
Malaysian Kelulut honey. The effectiveness of honey
against S. aureus was tested. The results indicate that
the dilution results of different Kelulut honey
concentrations were highly significant. Both types of
Kelulut honey demonstrated antimicrobial properties,
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notably in terms of minimum bactericidal concentration.
Kelulut honey 1 did not exhibit any detectable zone of
inhibition against S. aureus when tested at concentrations of
20%, 40%, and 60%. However, inhibition zones against S.
aureus were observed at concentrations of %80 (3 £ 0.5) and
%100 (3.4 + 0.6) for Kelulut honey 1, and at concentrations
of %80 (2.4 £ 0.6) and %100 (3.7 £ 0.3) for Kelulut honey 2.
The study findings demonstrate that kelulut honey exhibits
notable antibacterial properties when used at 100%
concentration, indicating a viable option as an alternative
treatment in veterinary medicine.

Akyalgin and Siierdem, (2017) investigated the antibacterial
characteristics of six distinct types of honey from Kosovo in
opposition to three strains of S. aureus. The outcomes showed
that honey samples stopped S. aureus growth. The range was
10 to 38 millimeters. It was observed that all varieties of
honey exhibited highly effective antibacterial attributes.

Shah et al. (2017) study was conducted on the
antibacterial effects of honey samples. The honey samples
were obtained from Apis mellifera and stingless bees. The
study tested the effects of the honey samples against S.
aureus. Samples from various regions in Pakistan were
collected and analyzed. Examined in its original and
processed forms. The results showed that all three honey
samples had strong antibacterial properties. The inhibition
zones ranged from 19 to 25 mm, which matches previous
research.

Cakir and Dervisoglu, (2022) aimed to investigate the
antimicrobial properties of honey samples. The honey
samples were obtained from Bing6l province, Turkey. The
study focused on their effectiveness against S. aureus. The
supplied honey was subjected to tests at various
concentrations: 500 mg/mL, 250 mg/mL and 125 mg/mL.
The findings showed that honey at 500 mg/mL and 250
mg/mL had antibacterial effects. However, honey at 125
mg/mL had no antibacterial properties. The findings showed
that honey at 500 mg/mL and 250 mg/mL had antibacterial
effects. Honey at 125 mg/mL did not have these effects.

Fratianni et al. (2023) tested of Italian organic
monofloral honeys. The honeys tested for antimicrobial
properties were Strobl, indigo, and alfalfa. These honeys were
tested against S. aureus at concentrations of 10 and 20 pg/ml.
The results showed that all honey types affected S. aureus.
The extent of inhibition ranged from 1 to 56 mm. It has been
determined that carob honey is more effective than other
honeys.



14 (3): 133-148: 2023

Veteriner Farmakoloji ve Toksikoloji Dernegi

0. Cakmak et al. / REVIEW

Gkoutzouvelidou et al. (2021) tested eight types
of Lemnos honey from Greece. They compared its
effectiveness to Manuka honey in combating S. aureus.
Each honey type was applied at 25% and 12.5%
concentrations. The results show that both Lemnos and
Manuka honeys show antibacterial activity. Some
Lemnos honey samples showed antibacterial activity
comparable to Manuka honey. Certain samples showed
stronger antibacterial activity at 12.5% concentration.
Cakir et al. (2020) conducted an antimicrobial test. The
test examined the impact of honey samples from
different regions in Turkey. Honey samples from Rize

(Anzer), Giimiishane, and Sivas (Zara) were analysed
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to observe their effect on S. aureus. At 500 mg/mL extract
concentration of all honey samples, the inhibition zone was
10.0 mm in Rize honey, 8.5 mm in Giimiishane honey and 8.0
mm in Sivas honey. The study reveals insights about honey's
potential as a natural antimicrobial agent. Rize and
Gimiighane honeys, at a concentration of 250 mg/mL,
showed antimicrobial activity against S. aureus. The
inhibition zones measured 6.0-6.5 mm. However, the
concentration of Sivas honey at 250 mg/mL did not create any
inhibition zones. No inhibition zones were found for Rize,
Gilimiishane, and Sivas honeys. The extract concentration of
125 mg/mL did not affect S. aureus.

Table 1. Antimicrobial activity of honey against S. aureus.

S. aureus Types Honey Types Concentration Inhibition Zones (mm) References
Floral 100% 14
S Highland 100% 18
Aﬁéggz 13 Chestnut 100% 22
Oak 100% 18
Thyme 100% 14
Floral 100% -
S Highland 100% 16 ' §
. aureus Suerdem an
Chestnut 100% 18
AT P
CC 6538 Oak 100% 0 Akyalgn, 2018
Thyme 100% 18
Floral 100% -
S. aureus Highland 100% .
ATCC 25923 Chestnut 100% -
Oak 100% -
Thyme 100% -
100% 18+0.00
75% 18+0.58
Chestnut-1 50% 18+0.58
25% 0+0.00
100% 16+0.58
Chestnut-2 75% 16£1.00
estnd 50% 15£0.58
25% 15+0.58
100% 25+0.00
75% 10+0.00
Chestnut-3 50% 010,58
25% 0+0.00
100% 17+1.00
S. aureus o ” Russo et al.,
ATCC 29213 Eucalyptus-1 5% 0+0.00 2023
50% 0+0.00
25% 0+0.00
100% 10£0.00
75% 0+0.00
Eucalyptus-2 50% 020.00
25% 0+0.00
100% 11£0.60
75% 9+0.58
Eucalyptus-3 50% 020.00
25% 0+0.00
100% 17£1.70
Sulla-1 75% 020.00
50% 0+0.00
25% 0+0.00
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Table 1. Continued.
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S. aureus Types Honey Types Concentration Inhibition Zones (mm) References
100% 27+1.63
75% 26+0.58
Sulla-2 50% 2312.08
25% 0+0.00
100% 28+1.00
75% 28+1.53
S aureus Sulla-3 50% 27+1.25
. aureu
25% 0+0.00
ATCC 29213 100% 24+0.00
75% 20+1.00
Thyme-1
v 50% 00.00
Russo et al,
25% 0+0.00 2023
100% 22+1.15
75% 20+0.00
Thyme-2 50% 0+0.00
25% 0+0.00
100% 23+1.73
75% 22+2.00
Thyme-3 50% 19+0.58
25% 0+0.00
100% 18+1.00
Citrus-1 75% 17+1.00
50% 0+0.0
25% 0+0.0
100% 0=0.00
. 75% 0+0.00
Citrus-2 50% 00.00
S. aureus 25% 0+0.00 Russo etal.,
- aureu 100% 0+0.00 2023
Citrus-3 75% 0+0.00
50% 0+0.00
25% 0+0.00
Blossom  honey
(Arbutus
andrachne L. o Postali et al.,
S. aureus (Ericaceae)), 75% 15.00£1.00 2022
Greek strawberry
tree)
Dry Season
two types of more than two types of
Honey from flowers flowers
S. aureus stingless bee 100% 16.33+1.15 19.33+1.15 Mahmood et al.,
ATCC 6538P (Heterotrigona Rainy Season 2021
itama) two types of more than two types of
flowers flowers
7.67+0.58 11.33+0.58
Bitlis-1. 100% 15.50+0.55
50% 14.00+0.00
- 100% 9.00+0.00
Bitlis-2 50% -
- 100% 10.50+0.55
Bitlis-3 50% .
- 100% 11.50+0.55
S. aureus il 50% 10.001.10 Ogur and
X L 100% 10.00+1.00
ATCC 29213 Bitlis-5 50% 10.0020.00 Dayan, 2022
L 100% 8.50+0.55
Bitlis-6 50% -
- 100% 14.50+0.55
Bitlis-7 50% 10.00£1.00
100% 11.00+£1.10
Bitlis-8 50% 10.00£0.00
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Table 1. Continued.

S. aureus Types Honey Types Concentration Inhibition Zones (mm) References
Dark amber ND 8.0+0.0
Dark amber ND 21.340.5
Super light amber ND 18.7+1.2
Light amber ND 24.3+0.6
Light amber ND 7.7+0.6
Super dark amber ND 24.3+£0.6
S. aureus NCIB Dark amber ND 14.0+1.0 Adeyemo et al.,
8588 Super light amber ND 7.0+1.5 2017
Super dark amber ND 27.3+£1.2
Bitter ND 18.7+1.2
Light amber ND 21.7+0.6
Dark amber ND 9.3+1.2
Super dark amber ND 8.3+0.6
Super dark amber ND 7.3+0.6
Commercial ND 22 .
Kalidasan et al.,
S. aureus Malan ND 26 2017
Kombu ND 34
100% 3.4+0.6
80% 3+0.5
Kelulut-1 60% -
40% -
S. aureus 20% - Shalsh et al.,
' 100% 3.7+0.3 2021
80% 2.4+0.6
Kelulut-2 60% -
40% -
20% -
Mountain ND -
Floral ND -
S. aureus Meadow flowers ND 10
Pinus ND 18
Floral ND 10
Floral ND -
Mountain ND -
Floral ND 10
S. aureus Meadow flowers ND 12
ATCC 29213 Pinus ND 18
Floral ND 14
Floral ND 12 Akyal¢m and
Mountain ND - Stierdem, 2017
Floral ND -
S. aureus Meadow flowers ND 12
ATCC 6538P Pinus ND 14
Floral ND 14
Floral ND 10
Mountain ND 36
Floral ND 34
S. aureus Meadow flowers ND 38
ATCC 25923 Pinus ND 34
Floral ND 34
Floral ND 32
S. aureus Dir Lower ND 24.6
ATCC 6538P Swa? ND 19.8 Shah et al., 2017
Oghi ND 25.2
500 mg/mL 8.0+0.0
Yedisu 250 mg/mL 6.0£0.0
125 mg/mL -
500 mg/mL 8.5+0.7
Sancak 250 mg/mL 6.5+0.7
S. aureus 125 mg/mL - Dcearvkg(??i
ATCC 29213 500 mg/mL 9.0£0.0 2022g ?
Kigi 250 mg/mL 6.0£0.0
125 mg/mL -
500 mg/mL 9.5+0.7
Geng 250 mg/mL 7.0+0.0
125 mg/mL -
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Table 1. Continued.

S. aureus Types Honey Types Concentration Inhibition Zones (mm) References
o 10 pg/mL 40.03+2.16
Sainfoin
20 pg/mL 47.58+3.35
10 pg/mL 47.35+1.44
Carob
20 pg/mL 56.22+2.68
10 pg/mL 26.01£2.02 ianni
S. aureus Astragalus Fratianni et al.,
ATCC 25923 20 pg/mL 39.5242.78 2023
. 10 pg/mL 1.02+0.06
Indigo
20 ug/mL 28.06+2.04
10 pg/mL 8.68+0.52
Alfalfa
20 ug/mL 28.85+1.45
Lemnos-1 25% 5.0+0.0
12.5% 5.0+0.0
Lemnos-2 25% 5.0+0.0
12.5% 5.0+0.0
Lemnos-3 25% 5.0£0.0
12.5% 5.0+0.0
Lemnos-4 25% 5.0+0.0
12.5% 5.0£0.0
S. aureus Lemnos-5 25% 5.0+£0.0 Gkoutzouvelidou
DFSN_B26 12.5% 5.0£0.0 et al., 2021
Lemnos-6 25% 5.0£0.0
12.5% 5.0£0.0
Lemnos-7 25% 30.0+0.0
12.5% 24.0+3.5
Lemnos-8 25% 30.0+0.0
12.5% 26.7+2.3
Manuka 25% 30.0+3.5
12.5% 25.3+4.2
500 mg/mL 10.0+£1.4
Rize (Anzer) 250 mg/mL 6.0+0.0
125 mg/mL -
500 mg/mL 8.5+0.7
S. aureus R Cakir et al.,
ATCC 29213 Giimiishane 250 mg/mL 6.5+£0.7 2020
125 mg/mL -
500 mg/mL 8.0+0.0
Sivas (Zara) 250 mg/mL -
125 mg/mL -

ND: Not Determined

ESCHERICHIA COLI

Escherichia coli is extensively studied worldwide. It is
a model organism for understanding biology. It usually
lives in the gut microbiome. It can also harm humans
and animals as a pathogen. The introduction of
antibiotics in the 1940s marked a significant milestone
in the realm of medicine. However, pathogenic bacteria
have progressively developed resistance to multiple
antibiotic agents. Antimicrobial resistance has now
escalated into a worldwide peril to public health, with
the growing resistance of E. coli to antibiotics emerging
as a major point of concern. In 2018, more than half of
the reported E. coli strains to the European Centre for
Disease Prevention and Control demonstrated
resistance to at least one of the assessed antimicrobial
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groups, and a significant portion displayed resistance to
multiple groups (Kara et al., 2019; Karaynir, 2021).

Taking into account all these considerations and the
promising outcomes of recent research, it is of paramount
importance to explore alternative natural antibacterial
strategies to combat antibiotic-resistant infectious diseases.
This section provides a thorough review of recent research
findings. The research focuses on honey's antimicrobial
properties against E. coli. The review highlights honey's
potential as a natural antimicrobial agent. Additionally,
studies conducted on honey against E. coli are summarized in
Table 2.

Russo et al. (2023) conducted an evaluation of the
antimicrobial potential of Sicilian honey samples from five
botanical sources (chestnut, eucalyptus, sulla, thyme, and



14 (3): 133-148: 2023

Veteriner Farmakoloji ve Toksikoloji Dernegi

0. Cakmak et al. / REVIEW

citrus) against E. coli. All honey samples showed
inhibitory activity against E. coli in the results. The
most pronounced inhibitory effects were observed in
Sulla-3, Citrus-3, Thyme-1, Thyme-2, Eucalyptus-1,
Eucalyptus-3, Chestnut-2, and Chestnut-3. These
particular honey varieties displayed inhibitory
properties in both their concentrated and diluted forms.
In contrast, Citrus-2 inhibited E. coli growth only in its
undiluted form, with an inhibition rate of 40.95%.
Citrus-1 and Eucalyptus-1 samples inhibited E. coli
growth when diluted up to 75%, while Thime-3 and
Chestnut-1 honeys inhibited E. coli growth by up to
50% when diluted. Sulla-1 and Sulla-2 honeys were the
only samples that showed no antagonistic activity
against E. coli in either undiluted or diluted
formulations. Just like in the case of S. aureus, it was
observed that dark-colored honeys exhibited a higher
inhibitory effect compared to their lighter-colored
counterparts.

Mahmood et al. (2021) examined the
antimicrobial characteristics of multifloral stingless
honey acquired from two distinct multifloral areas in
both dry and rainy seasons. One region had only two
types of flowers, while the other had more than two.
Pollen analysis confirmed that the honey samples
varied depending on the season. Despite this, honey
from both seasons exhibited antimicrobial activity
against all foodborne pathogens tested, with dry season
samples showing the strongest inhibition. Surprisingly,
honey from the two-flower region did not show
antimicrobial effects against E. coli during the rainy
season. Multifloral stingless honey has antimicrobial
properties, but these properties are greatly affected by
seasonal changes and flowering plant diversity. This
study highlights their important impact.

Ogur (2022) assessed the
antimicrobial activity of natural honeys from Bitlis
against E. coli. The antimicrobial activity of honey
samples was tested using the hollow agar method. The
concentrations tested were 10%, 25%, 50%, and 100%.
The largest inhibition zones were observed in 100%
concentrates, while no zones were formed in 10%
concentrates. These findings suggest that the studied
bee products have potential for use in apitherapy.

Adeyemo et al. (2017) evaluated the antibacterial
activity of different honey types against E. coli in

and Dayan,
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southwest Nigeria. The inhibition zones ranged from 6.7+1.2
to 28.741.2 mm. Super dark amber honey exhibited the
highest antimicrobial activity and potent broad-spectrum
antibacterial activity. However, further research is needed to
assess its clinical practicality.

Wadi, (2022) conducted an evaluation of the
antibacterial activity of 32 different global raw natural and
commercial honey samples against E. coli. Both raw natural
and commercial honey samples showed inhibitory effects on
E. coli. Commercial honey showed comparable efficacy to
raw, unprocessed natural honey. Honey is highly
recommended for wound management due to its broad-
spectrum antibacterial activity against a wide range of
microorganisms.  Geographical
significantly influence honey's antibacterial properties, which
are also affected by other factors besides floral sources.
Honey could be an alternative treatment for various
microorganisms that are resistant to traditional antibiotics.
The use of honey in a medical context can reduce financial
costs and hospital stays. Further research efforts are
encouraged to combat antibiotic resistant organisms that do
not respond to conventional treatments. Furthermore,
Kalidasan et al. (2017) assessed the antimicrobial activity of
Kombu honey, Malan honey, and commercial honey against
E. coli. The natural and commercial honey samples were
collected from the Chetheri Malai region in Harur, Tamil
Nadu, India. Kombu honey exhibited higher antimicrobial
activity against bacterial pathogens than Malan honey and
commercial honey.

and botanical sources

Shalsh et al. (2021) conducted an investigation on the
antimicrobial activity of local Malaysian Kelulut honey
against the pathogenic E. coli. The results obtained
emphasised the importance of different dilution levels of
kelulut honey, as only the undiluted samples of both kelulut
honey 1 and kelulut honey 2 were found to possess
antimicrobial properties in terms of minimum bactericidal
concentration. For Kelulut honey 1 and Kelulut honey 2 at
concentrations of 20%, 40%, 60% and 80%, no inhibition
zones were observed against E. coli in the agar well diffusion
test. At 100% concentration, both Kelulut honey 1 and 2
showed inhibition zones against E. coli. This was only
observed in undiluted samples.

Akyalgm and Silierdem, (2017) evaluated the
antibacterial activity of six honey samples. The honey was

collected from various regions in Kosovo. The study tested
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the honey against E. coli bacteria. The results showed
that none of the honey samples showed any efficacy
against E. coli. Also, Cakir and Dervisoglu (2022)
evaluated the antimicrobial effects of honeys. The
honeys were from districts in Bing6l province: Yedisu,
Sancak, Kig1, and Geng. Used the disc diffusion method
for their assessment. Honey samples were tested for
antimicrobial activity against E. coli. Three
concentrations were used: 500, 250, and 125 mg mL-1.
Honey samples from Yedisu and Geng¢ showed
antibacterial activity against E. coli. This activity was
observed at a concentration of 500 mg/mL. However,
no activity was seen at concentrations of 250 mg/mL
and 125 mg/mL.

Fratianni et al. (2023) examined five Italian organic
commercial monofloral honeys. The honeys included
sainfoin, carob, astragalus, indigo, and alfalfa. The
ability of these honeys to inhibit E. coli biofilm
formation was tested. The concentrations used were 10
and 20 pg/mL. Carob honey at 20 pg/mL inhibited E.
coli biofilm development most effectively. All varieties
of honey showed activity against E. coli, with inhibition
zones ranging from 26 to 81 mm.

Gkoutzouvelidou et al. (2021) studied the
antimicrobial properties of eight Lemnos honeys. The
honeys were tested against E. coli at concentrations of
25% and 12.5%. Manuka honey was used for
comparison. All Lemnos honey displayed antibacterial
activity. Some samples surpassed Manuka honey's
effectiveness. Lemnos honeys have great potential as
natural antimicrobial agents.

Cakir et al. (2020) conducted a test on honey
samples from different regions of Turkey. The purpose
was to assess their antimicrobial properties against E.
coli. Antibacterial activity was observed in Anzer
honey at a concentration of 500 mg/mL. The measured
inhibition zone was 6.0 £ 0.0 mm. It was determined
that Glimiishane and Zara honeys did not have any
antibacterial activity at 500 mg/mL. No antibacterial
activity was detected in all honey groups at a
concentration of 125 or 250 mg/mL.

Zapata-Vahos et al. (2023) studied honey from
two bee species. The antimicrobial properties of honey
in Melipona eburnea and Apis
mellifera. The study found that both types of honey had

were evaluated
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no antimicrobial activity against E. coli.

Bazaid et al. (2023) tested Saudi Sidr honey's
antimicrobial effects. They evaluated its impact on E. coli.
The results indicated promising antibacterial activity of Saudi
Sidr honey. It was observed that it could inhibit the formation
of biofilm by E. coli on glass slides by approximately
61.79%. Additionally, with the increasing challenges of
antibiotic resistance and the growing number of bacteria
resistant to these antibiotics, the need for alternative
antimicrobial treatments has become critical. Therefore,
McArdle et al. (2023) investigated the use of medical-grade
honey altered to environments typically found in diabetic foot
ulcers and post-surgical wounds, within the pH range of 6-8.
The cell survival of E. coli and S. aureus decreased by at least
10'° Coloni-Forming Units (CFU/ml), independent of the pH
environment, and as much as 10*? CFU/mI depending on the
pH environment (p<0.5). S. aureus and E. coli had some
bacterial survival at pH 6, 7, and 8, respectively; however,
these were extremely small quantities, with all final colony
counts averaging less than 10?2 CFU/ml for each experiment.
No correlation or statistical significance was found between
the pH environments investigated and the colony counts with
small amounts of bacterial survival. Furthermore, Skadins et
al. (2023) evaluated the antibacterial activity of 40
monofloral honey samples obtained from beekeepers in
Latvia. The antimicrobial activity of Latvian honey samples,
with an 80% honey solution w/v, was compared with
commercial Manuka honey and honey analogue sugar
solutions-carbohydrate mixture and tested against E. coli, P.
aeruginosa, and S. aureus. The antibacterial effect of the
samples was more pronounced on Gram-positive bacteria
compared to Gram-negative bacteria. Latvian honey shows
promising potential for use in wound healing biomaterials,
offering the possibility of achieving long-term antibacterial
effects.

The applications of honey are based on their chemical
compositions, but these vary depending on geographical
origins, plant sources, and bee nutrition. In this context,
Kumari et al. (2023) aim to evaluate the quality of honey
produced by Apis mellifera through stimulative diets.
Initially, stimulative diets were provided to honey bees for
one year, and sufficient honey samples were collected before
and after the administration of stimulative diets.
Subsequently, the antibacterial potential of honey samples
was examined. The results indicate that post-feeding honey
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samples exhibit high antibacterial activity at a
concentration of 800 pug/mL against E. coli. The study
found that supplement administration, in the form of
syrup (a diet containing roasted chickpeas, defatted soy
flour, protein hydrolysate powder, brewer's yeast,
honey, and sugar), enhances the quality of honey in

Bulletin of Veterinary Pharmacology and Toxicology Association

terms of antioxidant and antimicrobial activities. Therefore,
the possible reason for all these improvements in honey
quality could be syrup supplements, which may have
inductive activity to enhance the health of worker bees.
Increased honey quality due to multiple ingredients might
have elevated antibacterial activities.

Table 2. Antimicrobial activity of honey against E. coli.

E. coli Types | Honey Types Concentration Inhibition Zones (mm) References
100% 9+0.00
. 75% 9+2.08
Citrus-1
50% 0+0.00
25% 0+0.00
100% 9+1.00
Citrus-2 75% 0:£0.00
50% 0+0.00
25% 0+0.00
100% 2642.08
. 75% 26+1.00
Citrus-3
50% 24+1.15
25% 10£1.00
100% 27+0.00
Chestnut-1 75% 2420.58
50% 18+0.58
25% 0+0.00
100% 26+1.00
Chestnut-2 75% 2420.58
50% 2240.00
25% 15+0.58
100% 25+1.00
E. coli Chestnut-3 75% 2340.58 Russo et al.,
ATCC 25922 50% 2140.60 2023
25% 18+0.58
100% 10+0.58
Eucalyptus-1 75% 920.00
P 50% 8+0.58
25% 7+0.00
100% 10+£0.60
Eucalyptus-2 5% 10+0.00
50% 0+0.00
25% 0+0.00
100% 10£1.00
Eucalyptus-3 5% 9£0.00
P 50% 8+0.58
25% 8+0.58
100% 0+0.00
Sulla-1 75% 0+0.00
50% 0+0.00
25% 0+0.00
100% 0+0.00
75% 0+0.00
Sulla-2 50% 0£0.00
25% 0+0.00
Sulla-3 100% 18+1.00
75% 17£1.00
50% 16£1.00
25% 13+1.53
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Table 2. Continued.

E. coli Types | Honey Types Concentration Inhibition Zones (mm) References
Honey from stingless Dry Season
bee  (Heterotrigona two types of more than two types
itama) flowers of flowers
E. coli ND 8.67+0.58 11.33+0.58 Mahmood et al.,
ATCC 25922 Rainy Season 2021
two types of more than two types
flowers of flowers
0+0.00 7.33+0.58
Bitlis-1. 100% 10.00+0.00
50% -
- 100% 14.00+1.10
Bitlis-2 50% -
- 100% -
Bitlis-3 50% -
) Bitlis-4 100% 13.50+0.55 }
E. coli 50% 8.00+0.00 Ogur and
ATCC 25922 i 100% 7.00+1.00 Dayan, 2022
Bitlis-5
50% B
- 100% 7.50+0.55
Bitlis-6 50% -
- 100% 15.00+0.00
Bitlis-7 50% 12.00+1.00
- 100% 9.50+2.73
Bitlis-8 50% 8.50+1.64
Dark amber ND 12.7£1.2
Dark amber ND 24.3+0.6
Super light amber ND 18.7+0.6
Light amber ND 22.7+1.2
Light amber ND 14.0+1.7
Super dark amber ND 26.3+0.6
E. coli Dark amber ND 10.7+1.2 Adeyemo et al.,
Super light amber ND 6.7+1.2 2017
Super dark amber ND 28.7+£1.2
Bitter ND 20.0+1.0
Light amber ND 26.7£1.2
Dark amber ND 9.7£1.5
Super dark amber ND 6.7£1.2
Super dark amber ND 8.7+0.6
Neem ND 22+0.5
Sidr ND 20+0.5
Sidr ND 24+0.5
Sidr ND 1940.5
Acacia ND 20+0.5
Sidr ND 1940.5
Mountain ND 20+0.5
Acacia ND 254+0.4
Acacia ND 22+0.5
Sun flower ND 23+0.6
Sun flower ND 2240.5
Sun flower ND 21+0.5
Sidr ND 18+0.5
E. coli Sidr ND 17+0.4 Wadi, 2022
Unknown ND 2240.5
Sidr ND 22+0.5
Orange ND 23+40.5
Flowers ND 20+0.5
Flowers ND 21+0.5
Orange ND 20+0.5
Orange ND 21+0.5
Flowers ND 22+0.5
Flowers ND 20+0.5
Flowers ND 21+0.5
Acacia ND 22+0.6
Citrus ND 21+0.4
Alfa ND 22+0.5
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Table 2. Continued.

E. coli Types | Honey Types Concentration Inhibition Zones (mm) References
Alfa ND 20+0.6
E. coli Citrus ND 224+0.4
Sidr ND 21£0.5 Wadi, 2022
Sidr ND 20+0.5
Sun flower ND 224+0.4
Commercial ND 17 Kalidasan et al
E. coli Malan ND 19 2017 v
Kombu ND 28
100% 93+0.2
80% -
Kelulut-1 60% -
40% -
. 20% - Shalsh et al.,
E. coli 100% 82203 2021
80% -
Kelulut-2 60% -
40% -
20% -
Mountain ND -
Floral ND -
E. coli Meadow flowers ND - Akyalgin and
ATCC 25922 | Pinus ND - Siierdem, 2017
Floral ND -
Floral ND -
500 mg/mL 6.0+0.0
Yedisu 250 mg/mL -
125 mg/mL -
500 mg/mL -
Sancak 250 mg/mL -
E. coli 125 mg/mL - Dii(ilr;flli
ATCC 25922 500 mg/mL - 205223 ’
Kig1 250 mg/mL -
125 mg/mL -
500 mg/mL 6.0+0.0
Geng 250 mg/mL -
125 mg/mL -
L 10 pg/mL 57.78+3.98
Sainfoin
20 pg/mL 60.06+2.08
Carob 10 pg/mL 37.69+1.57
20 pg/mL 81.71+1.44
E. coli Astragalus 10 pg/mL 32.38%1.22 Fratianni et al.,
DSM 8579 20 pg/mL 35.70+2.45 2023
10 pg/mL 26.62+1.13
Indigo
20 pg/mL 44.62+3.54
10 pg/mL 45.61+2.52
Alfalfa
20 pg/mL 49.91+3.45
Lemnos-1 25% 22.00.0
12.5% 19.3+£1.2
Lemnos-2 25% 21.343.1
12.5% 18.7+3.1
Lemnos-3 25% 21.3+1.2
12.5% 19.3+1.2
Lemnos-4 25% 21.3+4.2
E. coli 122550/(:)/0 ;?giiz Gkoutzouvelidou et
ATCC 43888 | Lemnos-5 125% 21014 al., 2021
Lemnos-6 25% 22.0£2.0
12.5% 20.0+£2.0
Lemnos-7 25% 28.7+1.2
12.5% 26.0+0.0
Lemnos-8 25% 28.0+0.0
12.5% 24.7+1.2
Manuka 25% 28.0+0.0
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Table 2. Continued.
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E. coli Types | Honey Types Concentration Inhibition Zones (mm) References
E. coli o Gkoutzouvelidou et
ATCC 43888 | Manuka 12.5% 25.051.4 al., 2021
500 mg/mL 6.0+0.0
Rize (Anzer) 250 mg/mL -
125 mg/mL
. 500 mg/mL
E. coli - Cakir et al.,
ATCC 25922 Giimiishane 250 mg/mL 2020
125 mg/mL
500 mg/mL
Sivas (Zara) 250 mg/mL
125 mg/mL
E. coli Monofloral and Zapata-Vahos et
ATCC 25922 | Multifloral 15 and 20 mg/mL al., 2023

ND: Not Determined

CONCLUSION

This review aimed to examine the antibacterial activity
of honey against S. aureus and E. coli bacteria. The
review collected evidence that honey is effective in
preventing the growth and infection of these bacteria by
scanning relevant recent studies in the literature. The
review examined honey's activity
mechanism, influencing factors, and applications.

antibacterial

The main reason for honey’s ability to kill bacteria
such as hydrogen peroxide, methylglyoxal, phenolic
acids and flavonoids is that it contains various
substances. Thanks to these substances, the replication
of genetic material is disrupted. The strength of honey’s
ability to kill bacteria can change depending on where
the honey comes from, what kind of flowers it is made
from, when it is collected and how it is treated. There
are important differences in how well honey can kill
bacteria among different kinds of honey that are made
from different kinds of flowers.

Since honey can kill bacteria such as S. aureus and
E. coli well, more studies are needed to be sure about
how much honey should be used, how safe it is, and
what side effects it might have. It should also be
checked how well honey can kill different kinds of
bacteria that may have different features or ways of
resisting honey. The antibacterial activity of honey in
combination with other antibiotics should also be
examined. The dose-response relationship of honey's
antibacterial activity, optimal application method and
duration, possible  allergic and
contraindications should also be determined.

This review examines recent studies that have

reactions
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tested the antibacterial activity of honey against S. aureus and
E. coli. It was concluded that more comprehensive and
systematic studies should be carried out in order for honey to
be used more in this field.
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