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ABSTRACT Microbiology

This study aimed to determine the antimicrobial effects of different honey

types against Listeria monocytogenes strains. The antimicrobial activity Research Article

of 40 honey samples, collected from different provinces of Turkiye and : :

categorized as filtered floral honey, comb floral honey, acacia honey, and Artlc.le H1story'

pine honey, was evaluated against 29 L. monocytogenes strains using the Received ) 08.02.2025
well diffusion method. The inhibition zone diameters formed by honey Accepted - 08.05.2025
samples at 100% and 50% concentrations against L. monocytogenes Keywords

strains ranged from 0.0 to 4.8 cm. The average inhibition zone diameter
of the 100% honey samples was found to be 3.54 cm, while the average
inhibition zone diameter of the 50% concentration was 3.30 cm. The 100%
concentration of honey samples has higher antimicrobial activity, and
when the honey samples are diluted, the antimicrobial activity decreases.
Pine honey exhibited the highest antimicrobial activity in this study.
Following pine honey, the antimicrobial effects decreased in the following
order: filtered flower honey, comb flower honey, and acacia honey.

Listeria monocytogenes
Antimicrobial Activity
Well diffusion method
Honey

Balin Listeria monocytogenes Suglar1 Uzerindeki Antimikrobiyal Etkisinin Degerlendirilmesi

OZET Mikrobiyoloji

Bu ¢alisma, farkh bal tiirlerinin Listeria monocytogenes suslarina karsi

antimikrobiyal etkilerini belirlemeyi amaglamistir. Turkiyenin cesitli Aragtirma Makalesi
illerinden toplanan ve stiizme ¢icek bali, petek cicek bali, akasya bali ve

cam bali olarak siniflandirilan 40 bal 6rneginin antimikrobiyal aktivitesi, Makale Tarihgesi

29 L. monocytogenes susuna karsi kuyucuk diflizyon yontemi Gelig Tarihi  : 08.02.2025
kullanilarak degerlendirilmistir. L. monocytogenes suslarina karsi %100 Kabul Tarihi :08.05.2025
ve %50 konsantrasyonlardaki bal 6rneklerinin olusturdugu inhibisyon

zon ¢aplar1 0,0 ile 4,8 cm arasinda degismistir. %100 bal 6rneklerinin Anahtar Kelimeler

ortalama inhibisyon zon ¢ap1 3,54 cm, %50 konsantrasyonda ise 3,30 cm
olarak bulunmustur. %100 konsantrasyondaki bal 6rneklerinin daha
yiksek antimikrobiyal aktivite gosterdigi ve bal 6rnekleri seyreltilince
bu etkinin azaldigi Dbelirlenmistir. Bu c¢alismada en yuksek
antimikrobiyal aktivite ¢am balinda go6zlemlenmistir. Cam balim

Listeria monocytogenes
Antimikrobiyal aktivite
Kuyu difiizyon yontemi
Bal

sirasiyla stizme cicek bali, petek ¢icek bali ve akasya bali takip etmistir.
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INTRODUCTION

Each year, approximately 600 million people worldwide fall ill due to the consumption of contaminated food, with
approximately 420,000 of these cases resulting in death. Similarly, around 125,000 children under the age of five
die annually as a consequence of consuming contaminated food (Anonymous, 2024). Foodborne diseases caused by
various pathogens pose a significant threat to public health and food safety in contemporary society. Pathogens
such as Salmonella spp., Staphylococcus aureus, Listeria monocytogenes, Escherichia coli, Clostridium botulinum,
Campylobacter jejuni, and Vibrio parahaemolyticus are frequently isolated from food sources and are known to
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adversely affect human health (Istanbullugil et al., 2023). Among these, L. monocytogenes holds particular
importance as it is responsible for listeriosis infections. Gastrointestinal symptoms such as headache, abdominal
pain, fever, and vomiting are commonly observed in listeriosis cases. However, in individuals with compromised
or suppressed immune systems, such as pregnant women, the elderly, infants, and patients with AIDS or cancer,
L. monocytogenes can lead to severe complications, including meningitis, miscarriage, neonatal death, and
septicemia, which may ultimately result in mortality (Grigore-Gurgu et al., 2024).

L. monocytogenes is commonly found in nature and, consequently, is frequently encountered in food and food
processing environments. It can be isolated from soil, animal feed, water, feces of mammals and birds, raw foods,
meat and meat products, poultry and their products, raw milk, and dairy products. This widespread presence
enables it to cause contamination at various stages of food production, storage, and distribution (Zamuz et al.,
2021). L. monocytogenes is characterized as a bacterium resistant to adverse environmental conditions. It can
survive and proliferate even under conditions designed to control the microbial load of food, such as drying, cold
storage, freezing, and increasing acidity. This pathogen is capable of growth within a temperature range of 0—45°C
and thrives across a broad pH spectrum (4.4-9.4). Furthermore, it can survive and multiply in environments with
high water activity (above 0.92) and in saline conditions (Orsi et al., 2011; Aktop et al., 2020; Taylor & Zhu, 2021).

Various methods are employed in food processing and preservation to control microbial growth, while also
maintaining the nutritional properties and sensory quality of food. Commonly used techniques include thermal
processing, reduction of water activity, the use of antimicrobial substances, application of antioxidants, cold
storage, freezing, irradiation, and modified atmosphere packaging (Dweh et al., 2024). However, contemporary
consumer preferences have shifted toward natural, healthy, and minimally processed foods. Consequently, the food
industry has begun exploring alternative methods to prevent contamination by pathogenic microorganisms
(Ariyamuthu et al., 2022). For centuries, honey has been valued not only as a food but also as a natural medicine
and food preservative. Recent research has further validated its beneficial bioactive effects on human health
(Tsadila et al., 2021).

Honey plays a significant role in human health due to its antimicrobial, antioxidant, and anti-inflammatory
properties, attributed to its rich bioactive components. Extensive research has highlighted honey's broad-spectrum
antimicrobial effects, including antibacterial, antifungal, antimycobacterial, and antiviral activities (Cinar, 2020;
Ali et al., 2023). These properties have been confirmed through numerous in vitro studies and a limited number of
clinical trials (Istanbullugil et al., 2023). Honey, containing over 200 components, has been used since ancient
times in the treatment of various diseases and exhibits antimicrobial activity against many pathogenic
microorganisms. Honey is primarily composed of carbohydrates. Additionally, it contains small quantities of
proteins, amino acids, phytochemicals, and enzymes derived from plants and bees, such as glucose oxidase and
catalase (Tsadila et al., 2021). Honey's antibacterial activity can be attributed to several factors, including the
production of hydrogen peroxide, its high sugar concentration, low pH, low water activity, phenolic compounds,
and flavonoids. (Bayrak, 2005; Brudzynski et al., 2012; Dogan, 2014). Poltorak et al. (2018) demonstrated that
incorporating honey into sausage production reduces microbial load. Similarly, Cinar (2020) reported that
multifloral honeys exhibit greater antimicrobial activity than monofloral honeys. Among monofloral honeys, lemon
blossom honey was found to have the highest antimicrobial activity, followed by lavender and thyme honeys. Yalazi
& Zorba (2020) investigated honeydew honeys from the Kazdaglar: region and found that they exhibited very low
or low antimicrobial activity against E. coli, S. aureus, and S. Typhimurium. However, these honeys showed no
antimicrobial effect against C. albicans, S. cerevisiae yeast strains, or B. cereus bacteria.

Different honey samples exhibit varying levels of antimicrobial activity against L. monocytogenes strains (Cam,
2006). Ertirk et al. (2009) found that "mad honey" obtained from Rhododendron (rosebay) demonstrated
antimicrobial effects against L. monocytogenes. Similarly, Silici et al. (2010) reported that 50 honey samples at
50% and 75% concentrations showed moderate inhibition against L. monocytogenes strains. Polat (2011) observed
that pine, davulga, and heath honeys produced in the Southern Marmara region exhibited antimicrobial activity
against L. monocytogenes at concentrations of 40% or higher (100%, 80%, 60%, 40%, and 20%). Sousa et al. (2016)
noted that 24 honey samples showed low antimicrobial activity against L. monocytogenes strains isolated from
food products. According to Cinar (2020), multifloral honeys exhibited higher antimicrobial activity compared to
monofloral honeys, such as lavender, lemon blossom, and thyme honeys. Among monofloral types, lemon blossom
honey was identified as the most effective, demonstrating moderate antimicrobial activity against Z.
monocytogenes.

The aim of this study is to evaluate the antimicrobial effects of solutions prepared at different concentrations from
honey samples, obtained directly from primary producers and available in the market, against L. monocytogenes
strains that were previously isolated from ready-to-eat foods and identified using molecular methods.
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MATERYAL and METOD
Honey Samples

In this study, 40 honey samples were categorized into four groups: filtered floral honey (FFH), comb floral honey
(CFH), acacia honey (AH), and pine honey (PH). These samples were obtained from primary producers in the
provinces of Ankara, Adana, Artvin, and Mersin in Tiirkiye (Table 1).

Table 1. Honey samples used in the study and their provinces of origin
Cizelge 1. Calismada kullanilan bal ornekleri ve mengei illeri
Honey code Honey  Province of Honey code Honey Province of Honey code Honey Province of

numbed type Origin numbed type Origin numbed type Origin
1 FFH Ankara 15 FFH Ankara 29 FFH Adana
2 CFH Ankara 16 AH Ankara 30 FFH Adana
3 FFH Ankara 17 PH Ankara 31 FFH Adana
4 FFH Ankara 18 FFH Ankara 32 CFH Adana
5 CFH Ankara 19 FFH Ankara 33 CFH Adana
6 FFH Ankara 20 FFH Ankara 34 CFH Adana
7 FFH Ankara 21 FFH Artvin 35 CFH Mersin
8 FFH Ankara 22 FFH Artvin 36 CFH Mersin
9 FFH Ankara 23 FFH Artvin 37 CFH Mersin
10 AH Ankara 24 FFH Artvin 38 PH Mersin
11 PH Ankara 25 PH Adana 39 PH Mersin
12 FFH Ankara 26 FFH Adana 40 FFH Mersin
13 FFH Ankara 27 PH Adana
14 AH Ankara 28 PH Adana

FFH: Filtered Floral Honey; CFH: Comb Floral Honey; AH: Acacia Honey; PH: Pine Honey

Listeria monocytogenes and Reference Strains

In the study, 29 L. monocytogenes strains, which were previously isolated from ready-to-eat foods and molecularly
identified, were used as bacterial cultures. All L. monocytogenes strains and the L. monocytogenes ATCC 7644
reference strain were obtained from the culture collection of the Department of Food Engineering, Faculty of
Engineering, Ankara University.

Preparation of Stock Cultures

The reference bacterium and L. monocytogenes strains were prepared as stock cultures in Brain Heart Infusion
(BHD) broth and Tryptic Soy Broth (TSB) medium containing 20% sterile glycerol. The stock cultures were stored
at -20°C. Throughout the study, the cultures were developed in TSB and/or BHI broth at 37°C for 18 hours before
being used as working materials.

Preparation of Bacterial Cultures

In this study, a single colony of L. monocytogenes was first obtained by streaking on Tryptic Soy Agar (TSA) plates
to isolate a pure culture. After 24 hours of incubation at 37°C, single colonies were selected using a sterile loop and
transferred into 5 mL of TSB, then incubated for 24 hours at 37°C. After incubation, 100 pL of the culture was
transferred to 10 mL of TSB, followed by another 24 hours of incubation at 37°C. After the final enrichment step,
100 pL of the culture was again transferred to 10 mL of TSB and incubated for 24 hours at 37°C. The
microorganisms were then adjusted to a turbidity value of 0.5 McFarland (approximately 108 CFU/mL).

Comparison of Honey Samples and Pathogens Cultured Under /n Vitro Conditions

The well diffusion method, modified from Bauer et al. (1966), was used to determine the antimicrobial efficacy of
the selected honey samples against the L. monocytogenes strains. L. monocytogenes cultures containing the culture
at 1x108 CFU/mL cell density were transferred from 10 mL to 90 mL of TSA when the optimal temperature for
plating was reached (45°C). The medium was thoroughly mixed, and approximately 25 mL of the mixture was
distributed into four Petri dishes. The Petri dishes were placed on a flat surface, and the agar was allowed to
solidify. Wells of 6 mm in diameter were created on the agar surface using a cork borer. After each use, the cork
borer was dipped in alcohol and sterilized by flaming. Once the agar solidified (Aytar et al. 2019). The 100% and
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50% concentrations of honey samples were tested against L. monocytogenes strains. To prepare the 50% (v/v)
concentrations of the honey samples, sterile distilled water was used. 100 pL of the 100% and 50% concentrations
of honey were aseptically added to the wells created on the agar surface, and the Petri dishes were incubated at
37°C for 24 hours. After the incubation period, the inhibition zone diameters were measured using a ruler. The
antimicrobial susceptibility of L. monocytogenes strains against honey samples was evaluated by measuring the
inhibition zone diameter. Sterile distilled water was used as a negative control, and erythromycin (15 pg/disc) was
used as a positive control. The honey samples were sterilized through 0.45 pm pore size sterile membrane filters
(Sartorius, Germany).

Statistical Analysis

The average and standard deviation values of the measurements obtained from the analyses were determined. The
differences in the average inhibition zone diameters were analyzed using a T-test. To evaluate the average
inhibition zone diameters of honey samples at both 100% and 50% concentrations, based on the honey types
classified into four groups, an analysis of variance (ANOVA) method was applied. The study was conducted
according to the randomized plot design with two replications. Significant differences between the means were
compared using Duncan's Multiple Comparison Test at a p<0.05 level. SPSS (Version 23) software was used for
the analysis.

RESULTS and DISCUSSION

In the study, the antimicrobial activity values of different honey types against L. monocytogenes strains were
evaluated by measuring the inhibition zone diameters. Accordingly, the maximum zone diameters formed by the
different honey types against L. monocytogenes varied at different concentrations. All honey samples exhibited
varying levels of antimicrobial activity against L. monocytogenes strains. For the 100% concentration, the zone
diameters ranged from 4.25 to 4.8 cm, while for the 50% concentration, they ranged from 4.1 to 4.45 cm (Table 2,
Figure 1, Figure 2).

Table 2. Minimum and maximum inhibition zone diameters of honey types against L. monocytogenes strains
Cizelge 2. Bal tiirlerinin L. monocytogenes suslarina karsi minimum ve maksimum inhibisyon zon ¢aplari

Concentration
Honey type 100% 50%
Min Max Min Max
FFH 0 4.80 0 4.45
CFH 0 4.25 0 4.25
AH 0 4.6 0 4.1
PH 0 4.6 0 4.2
4.75 4.7 4.6
5 4 42 , 4.2 41 342405 = 4 341543341
e 3.85 366 39365 g 385 3.95 3.8
[
34
o
s 3
g,
=1
21
[\C‘:] 0 Jo 0° 30 30 OFJ O JO JOJO JO JO JOREJOJO JORJORRO JO JOJORR0 SO JORJOJO
N sl sPosliststlnlPstslP sl sl sl sl Pl PPl
2 2|2 N 2 2 L 2N L 2R N 2NE 2| &g 2l 2
o ol olo ol ol ol ol ol ol ol ol ol ol o]lo O
[an] w | o w [an] v | o w [an] wilo Wi o wn [an] g =N [an] w [a T (=] w o= W S W
1 ‘ 2 3 ‘ 4 ‘ 5 6 ‘ 7 ‘ 8 9 10 ‘ 11 ‘ 12 ‘ 1 ‘ 14
EMin =Max

933



KSU Tarim ve Doga Derg 28 (4), 930-944, 2025 Arastirma Makalesi

KSU J. Agric Nat 28 (4), 930-944, 2025 Research Article
4.8 4.8
4.55 6 45 445 4.5 4 4065
—~ 5 41 ardl ay 42425505 4244 4140572 43 4435405, 4.05374'33.95
5, '
5]
D 3 Sb2p.
P -
=]
21
[=]
N 0 ———————
s FE
o oo
g %S
21 22
EMin. ®Max
445 46
,€5 41554425, 4 054251053 4154154242 ost254.24.15%
4 |3 . .
” _ . .
53
EP
=]
L¥]
1
5 oo
N .
S FNE F|IE FIE I FE FE £l g 2l 818 2l £l 7§
[ = [a=] = (] (=] (=] = [a=] = (=] [=] [a=] = (=] = =] [ [a=] = (=] = (=] = [=] =
28 20 | 30 31 32 33 34 35 36 37 38 39 | 40

EMin ®Max

Figure 1. Minimum and maximum inhibition zone diameters (cm) of honey types against L. monocytogenes
Sekil 1. Bal tiirlerinin L. monocytogenes'e karsi minimum ve maksimum inhibisyon zon ¢aplari (cm)

The highest antimicrobial effects were observed at 100% concentration, with inhibition zone diameters of 4.75 cm,
4.70 cm, and 4.8 cm in the filtered flower honey samples obtained from Ankara, numbered 4, 7, and 15, respectively
(Figure 1). The average values of inhibition zone diameters and the changes according to concentration for honey
samples at 100% and 50% concentrations against L. monocytogenes strains are shown in Figure 2. The highest
antimicrobial effects were measured at 4.8 cm, 4.7 cm, and 4.65 cm inhibition zone diameters for the strains 142-
1, 107-2, ATCC7644, and 151-1P. The difference between the antimicrobial activity measured by the average
inhibition zone diameters of the honey samples at 100% concentration and the inhibition zone diameters at 50%
concentration was statistically analyzed. The average inhibition zone diameter of the 100% honey samples was
found to be 3.54 cm, while the average inhibition zone diameter of the 50% concentration was 3.30 cm (Table 3).
The antimicrobial activity of honey samples, categorized by type (filtered flower honey, comb flower honey, acacia
honey, and pine honey), against L. monocytogenes strains was also investigated. Statistically significant
differences were observed in the average inhibition zone diameters formed by these honey samples against L.
monocytogenes strains (Table 4).
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Figure 2. Minimum and maximum inhibition zone diameters (cm) observed in L. monocytogenes strains
Sekil 2. L. monocytogenes suslarinda gozlenen minimum ve maksimum inhibisyon zon ¢aplar: (cm)

When evaluating the average inhibition zone diameters formed by different honey types against L. monocytogenes,
it was found that pine honey exhibited the highest antimicrobial activity in this study. Following pine honey, the
antimicrobial effects decreased in the following order: filtered flower honey, comb flower honey, and acacia honey.
However, based on the 95% confidence interval, the differences in the average zone diameters formed by filtered
flower honey, comb flower honey, acacia honey, and pine honey against L. monocytogenes were found to be
statistically insignificant (p>0.05) (Table 4). Therefore, it can be statistically concluded that the antimicrobial
effects of the different honey types on L. monocytogenes strains did not differ significantly from one another.

In the T-Test analysis, it was determined that this difference in zone diameters was statistically significant at a
95% confidence level (p<0.05). Based on this result, it was concluded that the 100% concentration of honey samples
has higher antimicrobial activity, and that when the honey samples are diluted, the antimicrobial activity
decreases (Table 5).

In Table 6, the honey types were compared individually with each other, and the differences in the average
inhibition zone diameters were found to be statistically insignificant based on the 95% confidence interval analysis
(>0.05). In this context, no superiority could be measured between the honey types based on the pairwise
comparisons.
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Table 3. Average inhibition zone diameters of 100% and 50% honey concentrations against Listeria monocytogenes
Cizelge 3. Listeria monocytogenes'e karsi %100 ve %50 bal konsantrasyonlarinin ortalama inhibisyon zon ¢aplari

T-Test
Average Number of strains Standard deviation Standard error of the mean
Inhibition zone (for
%100% honey 3.5423 29 0.26188 0.04863
concentration)
Inhibition zone (for
%50% hone 3.3032 29 0.25195 0.04679
Yy
concentration)
Reliability of the average values of the obtained inhibition zone diameters
1 0,
Standard Standard D1fference .at 95% Degrees of Two-tailed significance level
Average deviation error of the confidence interval Freedom (»)
Mean (SEM) Min Max P
X =
= J=
0 )
e’ =
= o £.8  0.23909 0.06091 0.01131 0.21593 0.26226 28 .000
SRS '-’: o
SEEEE
SRR SRERN

Table 4. Statistical evaluation of the antimicrobial activity of 100% honey samples against L. monocytogenes

Strains
Cizelge 4. %100 bal orneklerinin L. monocytogenes suglarina karsi antimikrobiyal aktivitesinin istatistiksel
degerlendirmesi
Honey type Concentration Average Standard deviation

FFH 3.5675 .31388
CFH 0 3.4929 .26155
AH 100% 3.5919 27678
PH 3.3989 .69953

The reliability of the average inhibition zone diameters formed by 100% honey samples against
L. monocytogenes strains

Within-Groups Effect Test
Sources Sum of Squares Degrees of Freedom Mean Square P
Greenhouse-Geisser 0.656 1.725 0.38 0.143

Table 6. Comparison of the antimicrobial effect spectra of 100% honey samples with each other
Cizelge 6. %100 bal orneklerinin antimikrobiyal etki spektrumlarinin birbiriyle kargilastirilmasi
Pairwise Comparison

Comparison of Samples Mean Diameter Standard 95% Confidence Interval
with Each Other Differences Error P Lower Bound Upper Bound
2 0.075 0.065 1 -0.111 0.261
1 3 -0.024 0.063 1 -0.203 0.154
4 0.169 0.096 0.544 -0.105 0.442
1 -0.075 0.065 1 -0.261 0.111
2 3 -0.099 0.043 0.175 -0.221 0.023
4 0.094 0.117 1 -0.239 0.427
1 0.024 0.063 1 -0.154 0.203
3 2 0.099 0.043 0.175 -0.023 0.221
4 0.193 0.103 0.423 -0.098 0.484
1 -0.169 0.096 0.544 -0.442 0.105
4 2 -0.094 0.117 1 -0.427 0.239
3 -0.193 0.103 0.423 -0.484 0.098

(1: Filtered Floral honey, 2: Comb Floral Honey, 3: Pine Honey, 4: Acacia Honey)

The average values of the inhibition zone diameters showing the antimicrobial activity of the 50% concentration
honey samples against L. monocytogenes strains are presented in Table 7.
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Table 5. Antimicrobial activity of honey kinds at 100% concentration against L. monocytogenes strains (zone diameter: cm)
Cizelge 5. %100 konsantrasyondaki farkl bal tiirlerinin L. monocytogenes suslarina karsi antimikrobiyel aktivitesi (zon ¢api’ cm)

1 2 3 4 5 6 7 8 9 10
3C 3.56aABC 3.6abc ABC 1.5ab D 3.9ab ABC 3.55 ab ABC 3.65b-e ABC 3.65 e 1 ABC 3.7ab ABC 3.45a ABC 3.55ab ABC
77-1 3.75a NS 4aNS 3.45a NS 4ab NS 3.75a NS 39adNS 395afNS 21abcNS 23ab NS 2.1abc NS
88-3 1.75 ab B 3.75ab A 3.65a A4 3.5abc A 3.35abcA 3. 75adA 395afA 3.8ab A4 3.3a A4 3.65ab A
100-1P 4a AB 3.6 abc AB 3.4aAB 4 ab AB 3.2a-dB 3.55b-e AB 3.7d14B 3.6ab AB 41a AB 3.65 ab AB
104-1P 3.45al-K 345abcI-K 3.7aE-I  0dL 325a-d K 35b-el-K 4af BCD 36abG<J 395aB-E 39abBF
107-2 3.85aABC 395aABC 38aABC 22cBCD 37aABC O0fD 0;D 2.15abc BcD O0b D 1.95 be CD
114-1P 1.7ab B 1.8cd B 3.95a 4 415ab A 3.45ab A 4ab A 41ladA 3.75ab A 3.6ba 4 3.75ab A
115-1P 3.65aA  3.TabcA  3.85a4 44abA  39a4d 42aA 405aed 42aAd 3.95a 4 42aA
116-1P 3.35a G-I 3.3abc HI 3.4alF-I 3.6ab C-I 3.35abc G-I 3.8adB-G 435aA 4.1 ab AB 3.75a B-H 3.95ab A-D
120-3P 3.8 a B-G 3.85ab A-G 3.7a C-G 43ab A4 3.6ab £-H 3.95abc A-G 3.85¢c-h A-G 3.85ab A-G 4a A-F 4.15 a ABC
122-2P 3.65a A 3.95a 4 3.35a 4 43ab A4 3.8a4 3.6bcde 4 3.65e14 3.55ab A4 3.85a 4 3.65ab A
123-3 3.5aA4 3.5abc A 3.65a A4 3.75ab A 3.45ab A 3.65b-e 4 3.85c-h A 3.8ab A 1.9ab B 3.85ab A
124-2P 3.45a AB 3.45 abc AB 1.75ab C 3.15bc AB 15dC 3.65b-e AB 3.45hu AB 3.5ab AB 3.3aAB 3.25 abc AB
127-4P Ob F Oe & 34aBCD O0dF 3.35abc CD 3.4cde BCD 3.41 BCD 3.6abA-D 3.3aCD 3.6ab A-D
133-1P 3.45a G-I  3.45abc G-I 3.05a 1 435abA  3.15adIl 36be Bl 395afAF 385abB-G 38aC-G 36abE]
134-1P 3.55a D-I 3.45abc F-I 3.35a HII 4.15ab ABC 3.4ab G-I 4.05ab A-E 3.9b-gA-H 4.25a A 3.6a CI 3.8ab A1
135-1 34aAd 3.3 abc A 34aAd 41ab A 3.45ab A 4ab A 3.7d14 2.05abcA 395aA4 3.35 abc A
136-1P O0b & 0Oe G 3.3ba DEF 4.1ab ABC 325a-dF 335de DEF 35g1A-F 33abFEF 39aAd-F 3.4 abc C-F
137-3P 3.5a AB 3.5abcAB 1.6ab C 4 ab AB 1.55cd C 3.556b-eAB 35g1AB 3.55ab AB 3.65aAB 3.4 abc AB
142-1 1.85 ab BCD 1.95bed A-D 1.75ab CD 4.75a AB 1.8becd CD 0fD 0jD OcD 2.15ab A4-D 0dD
150-3P 3.8a AB 3.8abAB 3.6aAB 0dD 3.7a AB 4ab A 41ladA 3.7abAB 3.85aAB 3.9ab AB
151-1P 3.65a E-G 3.7abc E-G 3.55a E-G 4ab B-F 3.55ab £-G 3.6b-e E-G 3.6f1E-G 3.65ab E-G 3.9a B-G 3.5 ab FGH
152-3P 3.5 a F(G 3.65 abc C-G 3.55a EFG 4.05ab ABC 3.5ab FG  3.65b-e C-G 3.85cch A-F 3.6ab D-G 3.95aA-F 3.8abA-G
197-1P 3.15aA-F 135de EF O0b F 3.5abc AB 3.75a 4 3.15e4-F 3.151A-F 1.55bc C-F 365aA 1.45 cd DEF
217-2P 3.65a E-I 3.8ab C-H 325all 4.05ab A-F 3.55ab F-I 3.85a-d C-G 4.15abc A-F 3.85ab C-G 4.2a A-D 3.9ab C-G
219-3P 3.55a FGH 3.65abc E-H 3.55a FGH 3.8ab C-G 3.45ab GH 3.85ad C-F 43ab A 4.05abA-D 0b [ 4.05 ab A-D
241-1P 1.85ab B 3.55abcA 31a4 3.45abc A 3.3abcA4 3.4cde 4 341 A 3.4ab A 3.556a A4 3.45 abc A
287-1P 3.8a B-G 3.9a B-F 3.25a lJ 4.05ab A-D 3.05a-d[] 3.8ad B-G 4.05aeA-D 4.1ab ABC 3.75a C-G 4ab A-F
ATCC 3.75aABC 3.6abcA-D 1.75abDE 4.4ab A 3.2adA-D OfF 0; F Ock 2 ab CD 0dFE

Two-way ANOVA; ns: not significant. Means with different lowercase letters in the columns indicate significant differences among strains for each honey type; Means with different
uppercase letters in the rows indicate substantial differences among kinds of honey in each strain. The numbers are averages of all replicates.
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Table 5. Antimicrobial activity of honey kinds at 100% concentration against L. monocytogenes strains (zone diameter: cm) (Continue)

Cizelge 5. %100 konsantrasyondaki farkl bal tiirlerinin L. monocytogenes suslarina karsi antimikrobiyel aktivitesi (zon ¢api’ cm)

11 12 13 14 15 16 17 18 19 20
3C 3.6a ABC 3.65a ABC 3.55def ABC 3.1 cde C 4.05aAB 3.7b-gABC 38dABC 36aABC 3.6ab ABC 3.9 abc ABC
77-1 445a NS 4.05a NS 395bc NS 3.7bc NS 4.3a NS 3.9b-e NS 4.1bcd NS 2.25ab NS 4.05a NS  3.85abc NS
88-3 1.85b B 3.8a4 3.35efgA 3.65bcdA 355abA 3.45efg A 3.25e A 3.25aA 3.45ab A 3.55 abc A
100-1P 32a B 4aAB 3.8bcd AB 3.45b-e AB 3.8ab AB 3.8b-gAB 4.15bcd AB 3.85aAB 39aAB 3.75 abc AB
104-1P 3.9a B-F 3.9a B-F 3.8bcd C-H 3.8ab C-H OclL Oh L 0fL 4 a BCD 3.95a B-EF 4.1 abc B
107-2 4.25a ABC 4.5a AB 435aABC 44aABC 24bABC 42ab ABC 4.6aAB 0bD 4.7a A 4.5a AB
114-1P 4a A 4aA 3.85bcd A 3.95ab A4 3.95ab A 3.8b-g A 3.95cd A4 3.75a A 3.75a A 3.8 abc A
115-1P 4a A 39a 4 41ab A 3.75b A 41a A 3.95ae A 3.95¢cd A 4.25a A 39aA 3.9abc A
116-1P 4a ABC 3.95a A-D 3.85bcd B-F 3.85ab B-F 3.65ab B[ 3.5d-gD-I 3.95cd A-D 39aA-E 3.9aAF 3.9 abc A-F
120-3P 4.2a AB 3.9a A4A-G 3.85bed A-G 3.55bed F-I 4.1a A-D 3.85b-fA-G 3.8d B-G 4aAF 3.95a A-G 3.8 abc B-G
122-2P 4.1a A4 3.95a A 3.75bcd A 3.5bcd A 3.95ab A4 4.15abc A 435abcA 4.2aA 3.75a A 3.8 abc A
123-3 4.1a A4 4aA 3.9 bed A 3.95ab A 3.9ab A 3.75b-g A 4.15bcd A 3.7a A 1.9bc B 4.35ab A
124-2P 335aAB 335aAB 32gAB 29e B 3.35ab AB 3.25fg AB 325eAB 3.6aAB 3.2abc AB 3.25bc AB
127-4P 3.4a BCD 3.45a BCD 33efg CD 3.45b-eBCD OcF Oh ¥ OfF 3.4a BCD 3.3abc CD 3.35abc CD
133-1P 4.3a AB 4aAFE 3.9bcd A-G 3.65bed E-H 4 ab A-E 4.15 abc A-D 3.9d A-G 37aD-H 3875aC-G 4abcA-FE
134-1P 4.25a A 3.75a Al 375bcd AT 3.7bc Al 41aA-D 4.15abc ABC 39dA-H 38aA-l  395aA-G 3.75abc A
135-1 4.2aAd 4.15a A 3.9bcd A 3.5bcd A 4.2a A 3.95ae A 3.95¢cd A4 4.2a A 41a A 3.9abc A
136-1P 3.7a A-F 3.5aA4A-F 3.6cde A-F 3.5bcd A-F 3.75ab A-F 355c-g A-F 3.3e EF 3.9a A-F 42a A 3.8 abc A-F
137-3P 3.8a AB 3.6a AB 3.55 def AB 3.7bc AB 3.95ab AB 3.95a¢eAB 42adA 3.8a AB 3.8a AB 4.25 ab A
142-1 OcD 2b A-D OhD ofD 4.8a A 4.55a ABC 46aABC 22abA-D 45aABC 4.4ab ABC
150-3P 4.1a 4 3.7a AB 3.9bcd AB 39abAB 0cD OhD ofD 3.9a AB 3.8a AB 3.85 abc 4B
151-1P 3.8a C-H 3.5aFGH 3.6cde E-G 3. 7bc E-G 3.65ab E-G 41adA-F 4.45ab AB 4a B-F 3.95a B-G 4.35ab A-D
152-3P 3.95a A-EF 4.05a ABC 3.8bcd A-G 3.7bc B-G 4.05aABC 3.6b-gD-G 42adA 3.65a C-G 3.6ab D-G 4.05 abc ABC
197-1P Oc F OcF OhF OfF 3.4ab ABC 32gA-E 3.35eA-D 355aAB 1.7c¢c BF 1.7d B-F
217-2P 4.05a A-F 4aA-F 3.8bcd C-H 3.95ab B-G 4.45aAB 38b-g(C-H 4.05bcdA-F 3.95a B-G 3.95a B-G 3.9abc C-G
219-3P 3.9a B-F 3.85a C-F 39bcd B-F 4ab A-E 3.9ab B-F 4.05aeA-D 39dBF Ob/7 0d7 Oel
241-1P 345a A 3.35a 4 3.25fg A 3.05de A 3.25ab A 3.25fg A 3.25e A 3.55a A4 3.5ab A4 3.9 abc A
287-1P 395a A-F 395aA-F 39bed B-F 3.8abBG 43aA 3.9b-e B-FF 4.05bcd A-D 3.95a A-F 4.1a ABC 3.9 abc B-F
ATCC 4.25aAB 43aAd 4.35c A 3.9ab ABC 4.2a AB 4.15 abc AB  4.1bcd AB 2.3ab BCD 3.45ab A-D 2.95c A-D

Two-way ANOVA; ns: not significant. Means with different lowercase letters in the columns indicate significant differences among strains for each honey type; Means with different
uppercase letters in the rows indicate substantial differences among kinds of honey in each strain. The numbers are averages of all replicates.
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Table 5. Antimicrobial activity of honey kinds at 100% concentration against L. monocytogenes strains (zone diameter: cm) (Continue)
Cizelge 5. %100 konsantrasyondaki farkl bal tiirlerinin L. monocytogenes suslarina karsi antimikrobiyel aktivitesi (zon ¢api’ cm)

21 22 23 24 25 26 27 28 29 30
3C 3.95a ABC 4.2a A 3.8¢cfABC 3.85bc ABC 35a ABC 3.65aABC 3.7e1ABC 3.95a-dABC 3.35k ABC 4bc ABC
77-1 4.15 NS 4a NS 4.05a-e NS 3.9bc NS 3.65a NS 3.65a NS 3.75d-h NS 3.75d-g NS 3.95b-g NS 4bc NS
88-3 3.7ab A 44a A 4.4ab A 4.1ab A 3.7aA 4.05a A 3.7e1A 3.9b-e A 3.8e1A4 3.85 abc A
100-1P 4.3a A4 4.05a AB 4.05a-e AB 4.35ab A 3.9a AB 3.35a AB 3.75d-h AB 3.8cfAB 3.7¢)AB 3.6 de AB

104-1P 3.9a B-F 3.9a B-F 4a-e BCD 385bcB-G 355aHJ 395aBF 4.05 abc BC 3.75d-g D-I 3.95b-g B-E 3.55 de H-J
107-2 46a AB 42aABC 4.3 abc ABC 4.3 ab ABC 4 a ABC 3.85a ABC 4.25ab ABC 3.95a-d ABC 4.1 a-d ABC 3.6 de ABC

114-1P 4.3a 4 3.95a A 4aeA 4.05bc A 34aA 3.8a A4 3.31A4 3.314 4.2 ab A 3.75¢cd A
115-1P 4.15a A 3.6ab A OhD 0ofD 1.9b BC 1.7b C 3.85¢cfA 3.75dgA 395b-gA 3.85abcA
116-1P 3.75ab B-H 3.85a B-F 3.95afA-D 39bc A-F 3.8a B-G 3.7a B-1 3.65 -1 B-1 3.45hii E-I 3.85d1 B-F 3.85abc B-F
120-3P 3.95aA-G 43aA 3.95afA-G 39bcA-G 3abl 3.85a A-G 3.5 hu GI 4.05ab A-F 3.7g5 C-G 3.7cde C-G
122-2P 3.8ab A 3.95a A4 3.65defA 4.25ab A 1.6b B 1.7b B 4.05 abc A 4 abc A 3.65h-j A 34eA
123-3  4.45a A 4aA 4.25abcA 4.3ab A 3.55a A 3.55a A 4 bed A 3.75d-gA 361kA 3.85 abc A
124-2P 3.45ab AB 3.25ab AB 3.65def AB 3.5cde AB 335aAB 3.4aAB 3.5 hii AB 3.45h1i AB 3.85d1AB 3.9abc AB
127-4P 3.4ab BCD 3.3ab CD 3.4fgBCD 33de(CD 355aA-D 3.6aA-D 3.55g1A4-D 335uCD 35ijkA-D 355deA-D
133-1P 3.9a A4-G 3.856aA-G 395afA-F 4bc A-F 3.5a F-I 3.6a K1 3.85¢fA-G 3.45hi G-I 4.15abc A-D 3.8cd C-G
134-1P 3.8ab A-f 4aA-F 3.95afA-G 39bc A-H 3.45aF-I 3.45aFI 3.8cgAl  3.65fgh B 3.5ijk E-I 3.75cd A-T
135-1 23bA 22b A Oh B 0fB 3.5ad 3.75a A 3.95cde A 4 abc A 3.5k A 3.6de A
136-1P 4a A-E 4.06aA-D 42adA 4.15ab AB 3.85a 3.35a DEF  355gi1A-F 3251 F 3.9c-h A-FF 4.15ab AB
137-3P 4.05aAB 4.1a AB 3.8¢cfAB 4.05bc AB 3.6aAB 3.6a AB 3.95cde AB 4.15a A 4.15abc A 3.75¢cd AB

142-1 4.45a ABC 4.25a ABC 4.4ab ABC 4.1ab ABC 3.55aABC 3.8a ABC 3451 ABC 3.Tefg ABC 3.9ch ABC 4.15ab ABC
150-3P 3.75ab AB 3.75aAB 395afAB 4.05bc A 3.75aAB 3.75a AB 3.95cde AB 38cfAB 385d1A4AB 445aA4

151-1P 4.1a A-F 415a A-F 44ab ABC 465a A 3.5a FGH 3.65a E-G 3.9cf B-G 3.55 gh1 E-G 3.75f-1 D-H 3.9 abc B-G
152-3P 4.1 a AB 3.75aBG 4aeA-D 4.2 ab A 3.75a B-G 3.55aFEFG 3.75d-h B-G 3.95a-d A-F 4.05 a-e ABC 3.7 cde B-GG

197-1P 3.55ab AB 33abA-D 31gA-FE 3.25eA-D 395a A4 3.8a4 3.7e1A 4.05ab A 3.95b-g A 3.6 de AB
217-2P 4a AF 39aC-G 45aA 4.25ab ABC 3.8a C-H 3.6aF-I 3.05j 1 3.45hi G-I 3.45jk G-I 3.95bc B-G
219-3P 4.05aA4-D 4.25aAB 4.05aeA-D 4bc A-F 3.8a C-G 3.55a FGH 385cfC-F 395adA-F 3.8e1(C-G 3.9abc B-F
241-1P 35ab A 3.4ab A 3.55efg A 3.8bcd A 3.6aA 3.65a A 3.5hu 4 3314 3.61k A 3.7cde A
287-1P 3.85a B-G 3.5ab G-I 3.85b-f B-G 3.8becd B-G 3.7aD-H 3.75a C-G 4.05 abc A-D 3.85b-f B-G 4 a-f A-F 4.15 ab AB
ATCC 4.15aAB 43aAd 3.65def A-D 41abAB 4.15aAB 3.75aABC 43aA 3.756d-g ABC 4.25a AB 4bc AB

Two-way ANOVA; ns: not significant. Means with different lowercase letters in the columns indicate significant differences among strains for each honey type; Means with different
uppercase letters in the rows indicate substantial differences among kinds of honey in each strain. The numbers are averages of all replicates.
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Table 5. Antimicrobial activity of honey kinds at 100% concentration against L. monocytogenes strains (zone diameter: cm) (Continue)
Cizelge 5. %100 konsantrasyondaki farkli bal tiirlerinin L. monocytogenes suslarina karsi antimikrobiyel aktivitesi (zon ¢api’ cm)

31 32 33 34 35 36 37 38 39 40
3C 3.6 b-e ABC 3.55 ghi1 ABC 3.65 a-f ABC 4.15aAB 325ab BC 3.35efg ABC 4.2aA 3.9bed ABC 3.7a ABC 3.3de ABC
77-1 4.05bc NS 3.95a-e NS 3.85abc NS 3.55b-e NS 3.1abNS 3.6afNS 4.1ab NS 3.35f1 NS 3.35abc NS 3.4de NS
88-3 4.15b A 3.45h1 A 3.6b-gA 3.5ceAd 3.5ab A 3.25fgh A 3.85afA 3.8b-eA 3.55ab A4 3.5cde A
100-1P 3.6b-eAB 331A4B 3.9ab AB 3.85ae AB 3.5ab AB 3.1gh B 3.55d14AB 38b-eAB 1.75cC 3.6 b-e AB
104-1P 3.5cde I-K 3.65eh F-J 3.85abc B-G 3.5cel-K 355ab HJ 345cgl-K 38agC-H 36dgG-<J 34abcJ-K 435aA
107-2  3.85 bed ABC 4.05 abc ABC 3.4e1ABC 3.9 a-d ABC 3 ab ABC 3.5b-g ABC 35e1ABC 3.75b-e ABC 3.05 abc ABC 3.85 a-e ABC
114-1P 3.55cdeA 4adA 3.1514 3.85aeA 345ab A 3.85abc A 3.6chA 3.7cfA 3.30abcA 3.5cde A
115-1P 3.9bcd 4 42ab A 3.65afA 3.85aedA 35ab4 3.8a-dA 3.11 AB 3.2 A 3.35abc A 3.75aeAd
116-1P 3.95bc A-D 35ghi DI 395aA-D 38aeBG Ocd 3.95a4-D 325mil/ 38b-eBG 32abcl 3.45 cde E-I
120-3P 3.75b-e B-G 3.95a-e A-G 3.8 a-d B-G 3.9adA-G 3.65ab D-H 3.55 a-f F-I 3.6cch E-H 3.6d-g E-H 3.25 abc HI 3.15ell
122-2P 3.75b-e 4 3.6f1A4 3.7aecA 3.35d-ed 39aA4 3.95a A4 3.45f1 A4 3.0514 3.7a A 3.2de 4
123-3 3.8 bed 4 3.55gh1iA 35dhA 3.8aeA 3.6ab A 3.75ae A 3411 A 3.75b-e A 3.45abcA 3.45cde A
124-2P 3.6b-e AB 39b-fAB 3.8a-d AB 3.9adAB 3.75ab AB 3.35efg AB 3.051AB 44aA 3.9a AB 3.35de AB
127-4P 3.7b-e ABC 3.55gh1 A-D 3.2h1 D 3.75a¢e ABC3.35ab CD 3.2fgh D 3.8a-gAB 335f1CD 3.35abc CD 3.9a-dA
133-1P 3.7b-e D-H 3.75¢h C-G 3.45e1 G-I 3.8ae C-G 3.85abA-G 325fgh HII 42aABC 4bc AE 3.6ab E-I 3.7aeDH
134-1P 3.2e [ 3.3111 3.85abc A-f 4.05 abc A-E 4.2 a AB 3.7ae A-I  38agAl 4bcAF 3.8a A 3.6 b-e C-I
135-1 32eAd 3.45h1 A 3.5d-h 4 39adA 3.8ab A 3.4dgA 395aeA 385beA 36abA 3.7aeA
136-1P 3.7b-e A-F 3.8cgA-F 355cgA-F 3.85aeA-F 3.45ab B-FF 3.9ab A-F 3.6chA-F 36dgA-F 36abA-F 3.85aeA-F
137-3P 3.65b-e AB 4.05abc AB 3.2h1 AB 4.1 ab AB 2.3b BC 3.35 efg AB 3.65b-h AB 3.55d-h AB 3.85a AB 3.85 a-e AB
142-1  3.55cde 4BC 3.7d-h ABC 3.5d-h ABC 3.6 ae ABC 3.3 ab ABC 3.85abc ABC 3.65b-h ABC 3.6 d-g ABC 3.75a ABC 4.3 ab ABC
150-3P 3.75b-e AB 4.25a A 3.85abc AB 3.7aeAB 4aA 285h B 3.411AB 3.75b-e AB 1.85bc C 4.15abc A
151-1P 3.55cde E-G 3.75¢c-h D-H 3.65 a-f E-G 3.65ae E-G 3.95a B-G 3.35efg G-H 3.6ch E-G 3.85b-e B-H 3.25abc H 3.85aeB-H
152-3P 3.75b-e B-G 3.9b-fA-FF 3.7ae B-G 3.8ae A-G 3.4ab G 3.75a~e B-G 4.05 abc ABC 3.5 eh FG 4.2a A 3.55 cde EFG
197-1P 3.6b-e AB 3.6f1A4B 3.3gh1 A-D 415a A 3.3abA-D 34dgABC 335g1A-D 32hi1A-F 365aA 4.15 abc A
217-2P 3.75b-e C-H 3.9b-f C-G 3.8a-d C-H 3.7aeD-I 33abHII 325fchIl 345fiG- [ 37c¢ftDI 37aDI  3TaeDI
219-3P 3.7b-e D-H 3.95a-eA-E 365afkE-H 34deH 3.45ab GH 3.55afFGH 3.65b-h E-H 4.1ab ABC 3.75a C-H 3.7ae D-H
241-1P 3.5cde 4 3.314 3.8a-dA 3.55b-ed 3.05abA4 3.1ghA 4adA 314 ~ 38a4 3.85aeA
287-1P 3.35de H-J 3.65eh E-I 335f1HJ 33ell] 3.25ab 1J  3.25fgh IJ 325hilJ 36dgF-I 365aF-I 3.85aeBG
ATCC 4.65a 4 3.95a-e ABC3.65a-fA-D 3.3eA-D 3.85ab ABC 3.55a-fA-D 415aAB 33gh1iA-D 365aA-D 3.7aeABC

Two-way ANOVA; ns: not significant. Means with different lowercase letters in the columns indicate significant differences among strains for each honey type; Means with different
uppercase letters in the rows indicate substantial differences among kinds of honey in each strain. The numbers are averages of all replicates.
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Table 7. Statistical Evaluation of the Antimicrobial Activity of 50% Honey Samples Against L. monocytogenes

strains

Cizelge 7. %50 bal orneklerinin L. monocytogenes suglarina karsi antimikrobiyal aktivitesinin istatistiksel
degerlendirmesi

Honey Type Concentration Average Standard deviation

FFH 3.3141 0.30478

CFH 50% 3.3157 0.24943

AH 3.3382 0.25343

PH 3.108 0.71056

The reliability of the average inhibition zone diameters formed by
50% honey samples against L. monocytogenes strains

Within-Groups Effect Test
Sources Sum of Squares Degrees of Freedom Mean Square D
Greenhouse-Geisser 1.012 1.674 0.605 0.063

When examining the differences in the average inhibition zone diameters formed by the 50% concentrations of the
honey types, it was found that the highest antimicrobial effect was exhibited by pine honey, followed by comb floral
honey, filtered floral honey, and acacia honey in descending order. Table 6 also presents the reliability of the
average inhibition zone diameters formed by the 50% concentration honey samples against L. monocytogenes
strains. The statistical analysis at the 95% confidence interval revealed that the differences in the inhibition zone
diameters between the comb floral honey, filtered floral honey, acacia honey, and pine honeys were not statistically
significant (p>0.05). Therefore, it was statistically observed that there were no significant differences in the
antimicrobial effects of the honey types on the L. monocytogenes strains. In Table 8, the 50% concentrations of the
honey types were compared with each other individually, and it was concluded that the differences in the average
inhibition zone diameters were not statistically significant (p>0.05). As a result, it was statistically observed that
the antimicrobial effects of the honey types on the test strains did not differ from each other.

Table 8. Comparison of the antimicrobial effect spectra of 50% honey samples with each other
Cizelge 8. %50 bal 6rneklerinin antimikrobiyal etki spektrumlarinin birbiriyle karsilastirilmasi
Pairwise Comparison

Comparison of Samples Mean Diameter Standard Error 95% Confidence Interval
with Each Other Differences p Lower Bound Upper Bound

2 -0.002 0.062 1 -0.178 0.175

1 3 -0.024 0.062 1 -0.199 0.151

4 0.206 0.103 0.33 -0.086 0.498

1 0.002 0,062 1 -0.175 0.178

2 3 -0.022 0.039 1 -0.134 0.089

4 0.208 0.117 0.514 -0.123 0.538

1 0.024 0.062 1 -0.151 0.199

3 2 0.022 0.039 1 -0.089 0.134

4 0.23 0.109 0.261 -0.079 0.539

1 -0.206 0.103 0.33 -0.498 0.086

4 2 -0.208 0.117 0.514 -0.538 0.123

3 -0.23 0.109 0.261 -0.539 0.079

(1: Filtered Floral honey, 2: Comb Floral Honey, 3: Pine Honey, 4: Acacia Honey)

The findings of our study align with several previous studies examining the antimicrobial activity of honey samples
against L. monocytogenes strains. Silici et al. (2010) investigated the antimicrobial effects of honey samples at
concentrations of 10%, 25%, 50%, and 75%, reporting no inhibition at the 10% and 25% concentrations, but varying
degrees of inhibition at the 50% and 75% concentrations. Similarly, Polat (2011) observed the antimicrobial activity
of honey at concentrations of 100%, 80%, 60%, and 40%, but no antimicrobial effect at the 20% concentration.
Consequently, antimicrobial activity increased progressively with higher concentrations. Moussa et al. (2012)
measured the antimicrobial effects of honey samples diluted to 100%, 70%, 50%, and 30%, and emphasized that
undiluted samples exhibited the highest antimicrobial activity. Borum (2016) similarly found that undiluted honey
samples showed the strongest antibacterial and antifungal effects at concentrations of 100%, 50%, and 25%.
Nayaka et al. (2020), in line with our study, reported the highest antimicrobial activity in undiluted honey samples
when tested at concentrations of 100%, 80%, 60%, 40%, and 20%, further confirming the trend observed in our
study.
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Table 9 presents the variance analysis results of honey samples at 100% and 50% concentrations. Statistically, the
antimicrobial activity of honey samples at 100% concentration is found to be more significant.
Table 10 presents the effect size of honey samples at 100% concentration.

Table 9. Variance analysis of the antimicrobial activity of honey samples at 100% and 50% concentrations.
Cizelge 9. %100 ve %50 konsantrasyondaki bal érneklerinin antimikrobiyel aktivitesinin varyans analizi
Variance analysis of 100% concentrations

Source Sum of Squares df Mean Square F Sig.
Strains 153.916 28 5.497 17.251 .000
100 % 101.592 39 2.605 8.175 .000
Strains*100% 1429.006 1092 1.309 4.107 .000
Error 369.625 1160 319

Total 2054.139 2319

Variance analysis table of 50% concentrations

Source Sum of Squares df Mean Square F Sig.
Strains 721.510 28 25.768 1.385 .088
50% 630.350 39 16.163 .869 .700
Strains*50% 21179.161 1092 19.395 1.043 241
Error 21576.770 1160 18.601

Total 44107.791 2319

Tablo 10. Effect size of 100% concentrations
Cizelge 10. %100 konsantrasyonun etki biiytikligii

Eta Eta Squared
Zon diameter * 100% 222 .049
Zon diameter* Strains 274 .075

The results from these studies, as well as from our own, demonstrate that higher concentrations of honey generally
exhibit stronger antimicrobial effects against L. monocytogenes, supporting the hypothesis that dilution reduces
the antimicrobial potency of honey. Additionally, Fratianni et al. (2021) conducted an evaluation of the effects of
various monofloral honeys of Italian origin on L. monocytogenes. The findings revealed that L. monocytogenes was
generally susceptible to the inhibitory effects of all tested honeys. Notably, the sensitivity of the bacteria reached
90% in the presence of ivy honey, while blackberry honey and snowberry honey demonstrated inhibitory effects
exceeding 90%. Ogur & Dayan (2022) investigated the antimicrobial activity of natural honey against L.
monocytogenes in the Bitlis region. The agar well diffusion method was employed to evaluate the antimicrobial
effects of honey at concentrations of 10%, 25%, 50%, and 100%. The results demonstrated significant antimicrobial
activity, with a 50% honey concentration producing an inhibition zone of 34.00 = 1.10 mm against L.
monocytogenes. The largest inhibition zones were observed at the 100% concentration. In contrast to our study,
Cakir & Dervisoglu (2022) explored the antimicrobial effects of honey collected from various regions of Bingél
province using the disk diffusion method. Honey samples were tested at three concentrations (500, 250, and 125
mg/mL) for their antibacterial activity against L. monocytogenes. The results indicated that none of the honey
samples, regardless of concentration, exhibited antibacterial activity against L. monocytogenes.

The antimicrobial properties of honey have been extensively studied against various pathogenic bacteria. The
results obtained in our study also support similar studies conducted on other pathogens. Mahendran and
Kumarasamy (2015) evaluated the antibacterial activity of twelve honey samples from different origins against
Gram-positive bacteria, including S. aureus and Streptococcus pyogenes, as well as Gram-negative bacteria such
as FE. coli, Pseudomonas aeruginosa, and Proteus mirabilis. Their results showed that among the twelve honey
samples, summer honey (S1) and winter honey (W1) exhibited the highest antibacterial activity, particularly
against S. aureus. Siierdem & Akyalcin (2017) examined the antimicrobial activity of six different honey samples
against various Gram-positive (Enterobacter faecalis ATCC 29212, S. aureus ATCC 29213, S. aureus ATCC 6538P,
S. aureus ATCC 25923, Bacillus cereus) and Gram-negative (%. coli ATCC 25922, S. Typhimurium ATCC 51812)
bacteria. Their results demonstrated that all tested honey samples exhibited antimicrobial activity against the
studied pathogens, except for £. faecalis and E. coli ATCC 25922, which were found to be resistant. The inhibition
zones ranged between 10 mm and 40 mm in diameter, indicating variable antibacterial activity among the honey
samples. Similarly, Guruvu et al. (2021) investigated the antimicrobial effects of commercial honey and Bharat
honey against three different pathogens, namely P. aeruginosa ATCC 27853, E. coli ATCC 35218, and S. aureus
ATCC 25923, using seven different dilutions. Their findings indicated that undiluted honey samples exhibited
higher antimicrobial effects against these pathogens compared to the diluted samples. Additionally, Ozkirim et al.
(2021) investigated the antimicrobial activity of oak honey against K. coli ATCC 35218, S. aureus ATCC 29213,
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and P. aeruginosa ATCC 27853. Their findings revealed that S. aureus was the most susceptible strain, followed
by P. aeruginosa and E. coli, respectively.

CONCLUSION

The growing interest in natural products as potential treatments for antibiotic-resistant bacteria and the diseases
they cause has increasingly captured the attention of researchers. The results of the study showed that it was
statistically significant that the 100% concentrations exhibited higher antimicrobial activity compared to the 50%
concentrations (p<0.05). The highest average inhibition zone diameter in undiluted samples was observed in pine
honey, followed by flower honey, comb honey, and acacia honey in decreasing order. The study emphasizes the
need for comprehensive, broad-spectrum research and clinical trials to validate the findings.
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