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A B S T R A C T  
A R T I C L E  

I N F O  

Honey is a sweet and versatile substance produced by the complex interactions between bees and 

flowers. Honey is not only a nutrient, but also a bee product with antibacterial properties. 

Kyrgyzstan's geographical location, including the Tien Shan and Altai mountains, has made it one of 

the most important beekeeping regions in Central Asia. The rich flora and natural environment of 

these regions give Kyrgyz honey unique properties. The aim of this study is the determination of the 

antibacterial activity of honey samples on sale in the Chuy region of Kyrgyzstan. In this context, the 

antimicrobial effects of different honeys against Staphylococcus aureus and Escherichia coli were 

investigated using the agar-well diffusion and disc diffusion methods, with the aim of comparing the 

effectiveness of these methods. This study, conducted on white honey, buckwheat honey and three 

different multifloral honeys, provides important information for understanding the microbial effects 

of honey. Although the zones formed were more clearly visible when analysed using the agar-well 

diffusion method, it was found to be more sensitive than the disc diffusion method. As a result, it has 

been observed that different types of honey have different antimicrobial effects. 
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Kırgız Balının Antimikrobiyal Etkileri 

Ö Z E T  
M A K A L E  

B İ L G İ S İ  

Bal, arılar ve çiçekler arasındaki kompleks etkileşimler sonucunda üretilen tatlı ve çok yönlü bir 

maddedir. Bal sadece bir besin maddesi değil, aynı zamanda antibakteriyel özelliklere sahip bir arı 

ürünüdür. Kırgızistan'ın coğrafi konumu, Tien Shan ve Altay Dağları'nı içermesi nedeniyle, Orta 

Asya'nın önemli arıcılık bölgelerinden biri olmasını sağlamıştır. Bu bölgelerin zengin florası ve doğal 

ortamı, Kırgızistan balının benzersiz özellikler kazanmasına yardımcı olmaktadır. Bu çalışmanın 

amacı, Kırgızistan'ın Chuy bölgesinde satılan bal örneklerinin antibakteriyel aktivitesini 

belirlemektir. Bu kapsamda Staphylococcus aureus ve Escherichia coli’ye karşı çeşitli balların 

antimikrobiyal etkileri agar-well difüzyon ve disk düfizyon yöntemleri kullanılarak araştırılmış ve bu 

yöntemlerin etkinliğinin karşılaştırılması amaçlanmıştır. Beyaz bal, Karabuğday balı ve üç farklı 

multifloral bal kullanılarak gerçekleştirilen bu çalışma, balın mikrobiyal etkilerini anlamak adına 

önemli bilgiler sunmaktadır. Agar-well difüzyon yöntemi kullanılarak yapılan analizlerde oluşan 

zonlar daha net görünürken, bu yöntem disk difüzyon yöntemine göre daha duyarlı olduğu 

belirlenmiştir. Sonuç olarak, farklı tür ballarda farklı antimikrobiyal etkilere sahip olduğu 

gözlemlenmiştir. 
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INTRODUCTION 

Honey, a sweet and viscous substance, is mainly produced by honeybees (Apis mellifera) (Hossain et al., 

2022). Honey is a food product known and appreciated throughout the world. Flower origin, colour, aroma 

and taste are important factors in determining the quality of honey (Piana et al.,2023). In addition to being an 

important animal product, honey has become an important antimicrobial food because it has antibacterial 

properties and does not cause microbial resistance (Acaroz et al.,2024; Asma et al.,2022; İplikçioğlu-Çil et 

al., 2020). There is great interest in destroying foodborne pathogens or preventing their multiplication in 

food (Çakmak et al.,2023; İplikçioğlu-Çil et al.,2020; Schell et al.,2022). It strongly suggests that the 

antimicrobial components of honey have the potential to inhibit the proliferation and spread of pathogenic 

micro-organisms (İstanbullugil et al.,2023). There have been many studies of the antibacterial effects of 

honey on bacteria associated with wound healing (Balazs et al.,2023; Israili,2014; Skadins et al., 2023; 

Yupanqui Mieles et al.,2022). Recently there has been a growing demand for monofloral honeys with unique 

properties (Tananaki et al.,2021). Most of the honeys produced in Kyrgyzstan are polyfloral honeys, and it is 

difficult to produce monofloral honeys. For this reason, Kyrgyz honeys are often named after the places 

where they are produced; they are distinguished by the names of mountainous regions, for example, 

Toktogul, Sary-Chelek, Kara-Soro, At-Bashy (Mazhitova and Smanalieva,2022). Honey is produced in many 

regions of Kyrgyzstan (Kadyrova and Smanalieva,2017; İşenbaeva et al.,2021a). Buckwheat honey is a 

monofloral type of honey obtained from the buckwheat plant grown in Kyrgyzstan. Buckwheat honey is 

usually dark in colour and has a characteristic flavour and pleasant aroma. Buckwheat honey is believed to 

have many health benefits and is often consumed as a source of natural healing (Şabdanova et al.,2020). 

White honey is the honey obtained from the pollen of the sainfoin plant (Onobrychis sp.). Because it does 

not cause allergies, this honey is in demand on the international market (İşenbaeva et al.,2021b). In this 

study, the in vitro antibacterial activity of honey produced in Kyrgyzstan was investigated against important 

food-borne pathogens such as Escherichia coli and Staphylococcus aureus. For this purpose, two common 

methods such as agar-well diffusion and disc diffusion were selected and the effectiveness of these methods 

in the detection of antibacterial activity was compared. 

MATERIAL AND METHODS 

This research was carried out in the laboratories of the Department of Food Hygiene and Technology, 

Faculty of Veterinary Medicine, Kyrgyz-Turkish Manas University.  

Honey samples: This study was carried out on 15 freshly harvested, unpasteurized, unprocessed and natural 

honey samples from local beekeepers operating in Kyrgyzstan. For this purpose, white honey and buckwheat 

honey were collected from monofloral honeys and Toktogul, Sary-Chelek and At-Bashy honey were 

collected from polyfloral honeys. Each sample was collected from 3 different beekeepers. The samples were 

placed in sterile containers and stored at room temperature in the dark until testing.  

Bacterial strains: Staphylococcus aureus (ATCC 29213), one of the Gram-positive bacteria, and 

Escherichia coli (ATCC 25922), one of the Gram-negative bacteria, which are among the most important 

food-borne pathogens, were used. Bacterial cultures were incubated in Tryptic Soy Broth medium for 24 

hours at 37°C and then adjusted to 0.5 McFarland turbidity (1×10
8
 cfu/mL). 0,1 mL of the adjusted cultures 

were taken and transferred to Mueller Hinton Agar medium and spread with a sterile drigalski loop. 

Disc diffusion method: The collected honey samples were weighed as 0.5 g and dissolved thoroughly by 

mixing with 1 ml of sterile distilled water. Samples (500 mL
-1

 dilution) were prepared in this way. Pre-

prepared E. coli (ATCC 25922) and S. aureus (ATCC 29213) were inoculated with a sterile drigalski loop on 

Mueller-Hinton agar using the drop plate method, adjusted to 0.5 McFarland. Subsequently, 40 μL of the 

prepared honey sample was transferred to 6 mm diameter blank paper discs (Oxoid, England). All discs were 

then placed in sheets and gently pressed to ensure full contact. Sterile blank discs and discs saturated with 

methylene blue were used as controls. Plates were incubated for 24 hours at 37°C and the resulting zones 

were measured. (Patton et al.,2006). 

Agar-Well diffusion method: 0,5 McFarland adjustments of each test pathogen were inoculated onto 

Mueller-Hinton agar using the drop plate method (Suerdem et al.,2018). Wells of 8 mm diameter were 
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drilled on the surface of the agar and 180 microlitres of each sample was added. Plates were incubated at 37 

°C for 24 hours. The inhibition zones were measured after incubation. 

Statistical analysis: The SPSS statistical analysis program (IBM SPSS, Statistics 20) was used to determine 

the minimum, maximum, mean and standard error using descriptive statistics. 

RESULTS AND DISCUSSION 

The antimicrobial activity of 15 honey samples from the Chuy region of Kyrgyzstan was analysed. The 

antimicrobial zones of honey by disc diffusion method are shown in Table 1. When the zones in the honeys 

analyzed by disc diffusion method were measured, it was found that Sary-Chelek, Buckwheat honey, 

Toktogul and At Bashy honey showed similar antimicrobial effects against S. aureus, while white honey 

showed the least effect. It was found that honeys analyzed by disc diffusion method showed different zones 

against E.coli.  Buckwheat honey creates a zone of 9.00± 0.58 mm, Sary-Chelek honey creates a zone of 

8.00± 0.58 mm, Toktogul honey creates a zone of 6.00± 0.58 mm, and the least effect is found in At Bashy 

honey with 4.33± 0.33 mm. Yalazi and Zorba (2020) reported that the secretion honey they collected in the 

Kaz Mountains region had an antimicrobial effect on S. aureus and E. coli but no effect on Bacillus cereus, 

Candida albicans and Saccharomyces cerevisiae. İplikçioğlu-Çil et al., (2020) reported that honey collected 

from different regions of Turkey had antibacterial activity against E. coli, Listeria monocytogenes, 

Salmonella Typhimurium and S. aureus. These findings support our research. Ramos et al., (2018) the 

antibacterial activity of 24 honey samples collected in Argentina was evaluated against microorganisms 

isolated from contaminated food. The researchers observed antimicrobial effects for most strains of E. coli, 

Salmonella spp, S. aureus, Pseudomonas aeruginosa and Bacillus cereus at 1:2 dilutions. In the same study, 

they reported that some honeys had no antibacterial effect at a dilution of 1:4. Çakır and Dervişoğlu (2022) 

prepared different concentrations (500, 250 and 125 mg mL
-1

) of honey collected from four different districts 

of Bingöl province and their antimicrobial effects were investigated using the disc diffusion method. 

Researchers have reported that honey has antibacterial activity against S. aureus but not against L. 

monocytogenes. They also noted that only honey samples from Genç and Yedisu districts showed 

antibacterial activity against E. coli at a concentration of 500 mg mL-1, while other concentrations did not 

show antimicrobial effects. In our study, we observed antimicrobial activity against S. aureus in all honey 

samples. However, one sample from the white honey variety analysed by disc diffusion method did not show 

antimicrobial activity against E. coli, while antimicrobial effects were observed in other samples. The 

antibacterial activity of honey is significantly influenced by the geographical location and the botanical 

diversity from which the honey is obtained.  Engin et al., (2022) their research found that the antimicrobial 

activity of monofloral honey was highest in sunflower honey. They noted that the highest inhibitory effect of 

monofloral honey was against S. typhimurium and that the antimicrobial effect of heat-treated honey stored 

in areas exposed to light decreased over time. İşenbaeva et al., (2021b) reported antibacterial activity against 

E. coli, S. aureus and Shigella flexneri in white honey collected in Kyrgyzstan. 

Table 1. The antimicrobial zones of honey by disc diffusion method  

                                             S.aureus Inhibition Zones (mm) E.coli Inhibition Zones (mm) 

Type min max Mean± SE min  max Mean± SE 

Buckwheat honey 7.00 10.00 8.67±0.88 8.00 10.00 9.00± 0.58 

White honey 0.00 7.00 2.33± 2.33 0.00 5.00 3.00± 1.53 

Toktogul 7.00 10.00 8.33± 0.88 5.00 7.00 6.00± 0.58 

At-Bashy 8.00 10.00 9.00± 0.58 4.00 5.00 4.33± 0.33 

Sary-Chelek 7.00 9.00 8.00± 0.58 7.00 9.00 8.00± 0.58 

 

The antimicrobial effects of honey using the agar well diffusion method is shown in Table 2. When the table 

was examined, it was found that buckwheat honey had the best effect against S.aureus with 18.00±0.58 mm 

and white honey had the least effect with 11.00±0.58 mm. Using the agar-well diffusion method, it was 

found that buckwheat honey, Sary Chelek and Toktogul honey had high antimicrobial effects against E.coli, 

while white honey and At-Bashy honey had the least effect. 
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Table 2. The antimicrobial zones of honey by Agar-Well diffusion method 

                                         S.aureus Inhibition Zones (mm) E.coli Inhibition Zones (mm) 

Type min max Mean± SE min  max Mean± SE 

Buckwheat honey 17.00 19.00 18.00±0.58 12.00 15.00 13.67±0.88 

White honey 10.00 12.00 11.00±0.58 8.00 10.00 9.00±0.58 

Toktogul 15.00 17.00 16.00±0.58 10.00 14.00 12.33±1.20 

At-Bashy 14.00 16.00 15.00±0.58 10.00 11.00 10.33±0.33 

Sary-Chelek 9.00 14.00 12.00±1.53 11.00 16.00 13.33±1.45 

 
The antimicrobial effects of honeys against S. aureus were demonstrated using the disc diffusion and agar-

well methods in Figure 1, while their antimicrobial effects against E. coli were shown in Figure 2. By 

examining both graphs, it can be observed that the honeys exhibited distinct antimicrobial effects against the 

selected food pathogens. This finding supports the results obtained by other researchers (Çakır and 

Dervişoğlu, 2022; Hulea et al.,2022; İplikçioğlu-Çil et al.,2020; Yalazi and Zorba,2020). 

 

 

 
Figure 1. Antimicrobial activity of honey against S. aureus by disc diffusion and agar-well method 

 

 

 

Figure 2. Antimicrobial activity of honey against E. coli by disc diffusion and agar-well method 
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CONCLUSION  

Studies show that honeys from different geographical areas have significant and variable antibacterial 

activity against Gram-negative and Gram-positive bacteria. In the research, it was observed that both 

methods had antimicrobial activity against E. coli and S. aureus, which are food pathogens of choice. As a 

result of the analysis, the least amount of protection against pathogens was recorded in white honey samples. 

It is thought that this is due to the pollen collected by the bees during the production of white honey, which is 

a monofloral honey, and the components of the sainfoin plant (Onobrychis sp.).  

 

Buckwheat honey showed high antimicrobial activity against both E. coli and S. aureus, as evidenced by the 

zones measured by both methods. This is thought to be due to the high antimicrobial activity of the 

constituents found in buckwheat plants. It has been concluded that the polyfloral honeys Sary-Chelek, 

Toktogul and At Bashy create different zones against E. coli and S. aureus due to the differing flora of the 

region where these honeys are collected. It can be seen that the zones formed in the disc diffusion and agar-

well diffusion analyses are best obtained by the agar-well method. As a result, it is necessary to carry out 

research that will show the effects of honey made from the natural vegetation of Kyrgyzstan on other food-

borne pathogens. The literature review revealed a limited number of scientific studies on bees and bee 

products in Kyrgyzstan. There is a need for further research in these areas. 
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