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Abstract

In this study aimed to determine antimicrobial activities of natural honeys (HN) in Bitlis,
and natural royal jellys (RJ) in Bitlis & Agri on some pathogenic bacteria (Escherichia
coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), Staphylococcus aureus
(ATCC 29213), Enterococcus faecalis (ATCC 29212), Listeria monocytogenes (ATCC
7644), Streptococcus pyogenes (ATCC 19615), Salmonella Enteritidis (ATCC 13076) and
Bacillus cereus (ATCC 11778)). HN and RJ samples at concentrations of 10%, 25%,
50% and 100% were used to identify their antimicrobial activities using the method of
hollow agar. 50 uL of each HN and RJ concentrates was inoculated into the wells. The
diameters of inhibition zone occurring in petri dishes were measured in millimeters (mm)
at the end of the incubation at 37 °C for 24 hours. It was observed that the largest
diameters of inhibition zones were in 100% concentrates; whereas, no zones occurred in
10% concentrate. The sample with the most antimicrobial activity was the honey sample
(HN1) obtained from the Bitlis Dere region, with an inhibition zone of 39.50+4.93 mm on
P. aeruginosa (ATCC 27853). 100% and 50% concentrates of RJ samples had
antimicrobial activities on all bacteria strains except S. pyogenes (ATCC 19615). The
results of the present study provided preliminary evidence that the examined bee products
have potential for use in apitherapy applications.
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Dogal ballarin ve ar1 siitlerinin bazi patojenik bakteriler
lizerindeki antimikrobiyal aktivitesi

Oz

Bu ¢alismada Bitlis teki dogal ballarin (BL) ve Bitlis ve Agri’daki dogal art siitlerinin
(AS) bazi patojenik bakteriler (Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), Staphylococcus aureus (ATCC 29213), Enterococcus faecalis (ATCC
29212), Listeria monocytogenes (ATCC 7644), Streptococcus pyogenes (ATCC 19615),
Salmonella Enteritidis (ATCC 13076) and Bacillus cereus (ATCC 11778)) iizerindeki
antimikrobiyal aktivitesini belirlemek amaclanmistir. Oyuk agar metodu kullanilarak
antimikrobiyal aktivitelerini tanimlamak i¢in BL ve AS numuneleri %10’°luk, %25 lik,
%350’lik ve %100 ’liik konsantrasyonlarda kullanilmigtir. BL ve AS konsantratlarindan
her bir kuyucuga 50 uL inokiile edilmistir. 37 °C’de 24 saatlik inkiibasyondan sonra
petrilerde olusan inhibisyon zonlari milimetre (mm) olarak 6l¢iilmiistiir. En biiyiik
inhibisyon zonu ¢aplart  %100°lik  konsantratlarda  gozlemlenirken, %10 luk
konsantratlarda zon olusmamustir. En iyi antimikrobiyal aktiviteye sahip numune P.
aeruginosa (ATCC 27853) iizerinde 39,50+4,93 mm inhibisyon zonu olusturan, Bitlis
Dere mevkiinden elde edilen BL1 numunesi olmustur. AS numunelerinin %100 liik ve
%50’lik konsantratlar: S. pyogenes (ATCC 19615) disindaki tiim bakteri suslari iizerinde
antimikrobiyal aktiviteye sahip olmustur. Bu ¢alismanmin sonuglari, incelenen ari
tirtinlerinin apiterapi uygulamalarinda kullanim potansiyeline sahip olduguna dair on
kanitlar saglamistir.

Anahtar kelimeler: Bal, ar: siitii, antimikrobiyal aktivite, patojenik bakteri, inhibisyon
Zonu

1. Introduction

“Apitherapy” is defined as the use of honeybee products, prepared at different rates and
with different compositions, as a drug in the treatment of human diseases. There are
apitherapy centers treating diseases only using bee products in some Eastern Europe
countries, especially in China.

Apitherapy is one of the traditional and complementary medicine practices allowed to be
applied formally in Turkey based on the Regulation on Traditional and Complementary
Medicine Practices of the Republic of Turkey Ministry of Health [1]. This regulation
states that honey, pollen, propolis, and royal jelly may be applied orally and topically and
in secondary immunodeficiency to support the immune system [1]. In many research in
Turkey, the potential advantage of apitherapy has been mentioned, but it has been
observed that the scientific studies on this subject have not been conducted
comprehensively and adequately as necessary [2].

Honey is defined as “a sweet and thick substance produced by honeybees (Apis mellifera,
Apis mellifica) collecting nectar in the flowers of plants or sweet materials secreted by
the living parts of the plants and some homoptera and transforming their compounds in
their organisms, and depositing them in honeycombs to mature” [3]. The contribution of
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honey, that has been used medically against current bacterial infections and
gastrointestinal diseases for thousands of years [4], to the healing of wounds has been
proved many times [5, 6].

The antibacterial effect of honey especially on Gram (+) bacteria has been documented
by various studies. Its bacteriostatic and bactericidal effects in many strains, most of
which are pathogenic, have been reported [7]. The bacteria isolated from wounds such
as Escherichia coli (E. coli), Staphylococcus aureus (S. aureus) and Salmonella enterica
ser. Typhimurium are among the bacteria on which honey is effective [4]. In vitro studies
have revealed that honey, used in injected wounds, has not only an effect of preventing
only the growth of bacteria such as Proteus mirabilis, Pseudomonas aeruginosa (P.
aeruginosa), E. coli, Streptococcus faecalis, Clostridium perfringens and S. aureus but
also a lethal effect on them [8].

Royal jelly is the food of queen bees and its nutritional value is quite high. Royal jelly
contains water of about 66%, carbohydrate of 14.5%, lipid of 4.5%, the amino acid of
13%, and all the vitamins of Group B as well as vitamins A, D, C, and E, biologically
active substances, some important mineral matters, and some unidentified substances. In
addition, it contains 8 of the 10 essential amino acids (methionine, leucine, lysine, valine,
phenylalanine, tryptophan, isoleucine) with natural hormones and enzymes. It includes
pantheic acid, which is very important for metabolism, acetylcholine, protein, 10-
hydroxy-2 decanoic acid which is a fatty acid strengthening the immune system, sepanine
acid, and oleic acid which is very ideal to regulate digestion and appetize after a recovery
period of diseases [9].

In Europe and America, for the last 30 years, royal jelly has been considered as a special
food extending human life and ensuring human beings to be healthy and vigorous due to
its vital substances. In the mid-1960s, royal jelly had a wide area of use in diets and
cosmetics sectors in France and England due to its therapeutic characteristics. It has been
reported that it is pharmacologically used as antibacterial [10]. Fontanaetal. [11] purified
peptides with 4 antimicrobial characteristics from royal jelly by using HPLC and Q-Tof-
MS/MS techniques: Jelleine I-1V. Jelleine I-111 exhibits antimicrobial activity especially
against yeast, Gram (+) and Gram (-) bacteria [11].

Bitlis bee products obtained from endemic plants and rich flora are considered as being
of the high quality products in Turkey. The fact that agricultural spraying is low and there
are few industrial enterprises has made Bitlis an important region for beekeeping. There
are also production areas for organic honey and bee products in Bitlis. As migratory
beekeeping can also be performed in the region, the quality and yield of honey and other
bee products are higher compared to the stationary beekeeping due to different flora
monitoring [12].

The province of Agri, located within the borders of Upper Murat section, has a great
beekeeping potential due to its low summer temperatures and rich flora features.
However, despite this, it has been determined that there is no intense interest in the
evaluation of this potential, especially by local beekeepers. The beekeeping potential of
the region is mostly used by wandering beekeepers from other provinces. Honey and
beeswax production is mostly carried out by beekeepers in Agr1 [13].
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In the literature, there is a study [14] determining the antimicrobial activities of the honey
and propolis samples in Mus and Bitlis regions on Klebsiella pneumoniae (13883), E. coli
(ATCC 8739), P. aeruginosa (9027), S. aureus (6538), Bacillus megaterium (DSM 32)
and Enterococcus faecalis (E. faecalis-ATCC 29212) bacteria. However, it was observed
that not reporting the province of the samples based on their numbers caused the
antimicrobial activity of the samples in Bitlis not to be exactly understood in this study
[14]. There was also no study examining the antibacterial activity of royal jelly produced
in Bitlis and Agr1.

In this study was tried to determine the antimicrobial activity of the honey samples in
Bitlis only and royal jelly samples in Bitlis & Agr1 on five Gram (+) (Bacillus cereus (B.
cereus-ATCC 11778), E. faecalis (ATCC 29212), Listeria monocytogenes (L.
monocytogenes-ATCC 7644), S. aureus (ATCC 29213), Streptococcus pyogenes (S.
pyogenes-ATCC 19615)) and three Gram (-) (E. coli (ATCC 25922), P. aeruginosa
(ATCC 27853), Salmonella Enteritidis (S. Enteritidis-ATCC 13076) pure bacteria
cultures.

According to the results of the conducted study was aimed to attend that the examined
bee products can be used preferably as supportive of the medical treatment regarded as
appropriate for the treatment of some infectious diseases and can have a place in
apitherapy.

2. Materials and methods

2.1. Procurement of bacteria strains and media

Five Gram (+) (B. cereus (ATCC 11778), E. faecalis (ATCC 29212), L. monocytogenes
(ATCC 7644), S. aureus (ATCC 29213), S. pyogenes (ATCC 19615)) and three Gram (—
) (E. coli (ATCC 25922), P. aeruginosa (ATCC 27853), S. Enteritidis (ATCC 13076))
bacteria strains obtained from American Type Culture Collection (ATCC) were used to
reveal the antimicrobial activity of honey and royal jelly samples. The strains and the
required media (Nutrient Broth (LabM, LAB068) and Mueller Hinton Agar (LabM,
LABO039)) were provided by a medical company.

2.2. Procurement of honey and royal jelly samples

The honey and royal jelly samples were supplied from the registered producers of bee
products. One royal jelly sample (RJ1) from Agri, one royal jelly sample (RJ2) and three
honey samples (HN1, HN6, HN8) from the Merkez district of Bitlis, four honey samples
(HN3, HN4, HN5, HN7) from Mutki district of Bitlis, and one honey sample (HN2) from
Hizan district of Bitlis were obtained. Thus, a total of 2 royal jelly and 8 honey samples
were analyzed. The samples were taken to the laboratory using sterilized jars and kept at
242 °C until the antimicrobial activity studies were carried out.

2.3. Reviving and adjusting bacteria strains

The ATCC coded bacteria strains, obtained as a swab, kept at 2+2 °C were inoculated
into the tubes containing 5 mL Nutrient Broth (LabM, LABO068) and they were incubated
for 24 hours at 37 °C so that they were revived. Revived bacteria strains were taken to
the tubes containing 5 mL of 0.85% sterile physiological saline with loop (3 loopful) and
inoculated and they were adjusted to 0.5 McFarland turbidity (about 108 cfu/g) [15].

675



BAUN Fen Bil. Enst. Dergisi, 24(2), 672-689, (2022)

2.4. Preparing honey and royal jelly samples

The samples were mixed with distilled water and their concentrates of 10%, 25%, and
50% were prepared. The honey samples were kept in the water bath, adjusted to 37 °C,
for 2 hours in order to flow easily. After the royal jelly samples were liquefied more by
being kept for 5-10 minutes at room temperature, their concentrates were prepared in the
same rates as honey samples.

2.5. Preparation of medium and inoculation of bacteria strains

The Mueller Hinton Agar (LabM, LAB039) medium, sterilized in test tubes and cooled
to 45-50 °C were poured into the sterile petri dishes having a 9-cm diameter as 15 mL for
each. After it was cooled rather well and hollows of 6 mm were burrowed using sterile
Pasteur pipette on the medium, the adjusted bacteria strains were spread the medium using
sterile swab based on Kirby Bauer disk diffusion method and the names of the inoculated
bacteria were written on the petri dishes as well as the codes and the concentrates of the
samples to be placed in the hollows were written on the upper part of the hollows [16].

2.6. Determining antimicrobial activity using hollow agar method

50 pL of honey and royal jelly samples of 100%, 50%, 25%, and 10% were placed into
the hollows. Apple vinegar (AV) and sterile distilled water were used as positive control
and negative control, respectively. The diameters of inhibition zones occurring after the
incubation of the petri dishes at 37 °C for 24 hours were measured in mm using a ruler
[17]. The final results were obtained by repeating this method two times and studying in
2 parallels.

2.7. Statistical analysis

The data were assessed in Statistical Package for the Social Sciences (IBM SPSS
Statistics, Version 20.0) with one-way analysis of variance [18]. The level of p<0.05 was
accepted as statistically significant. The results were shown as mean + standard deviation
in mm.

3. Results

The largest inhibition zone diameters showing the antimicrobial activity of the honey and
royal jelly samples were determined in 100% concentrates and no zone was observed in
10% concentrates. It was observed that an extra zone of 0.10-0.20 mm formed in some
of the honey samples in 25% concentrates (HN2-E. faecalis (ATCC 29212)-7.00 mm
inhibition zone, HN3-E. faecalis (ATCC 29212)-8.00 mm inhibition zone, HN2-L.
monocytogenes (ATCC 7644)-8.00 mm inhibition zone, HN3-P. aeruginosa (ATCC
27853)-8.00 mm inhibition zone).

It was observed that one (RJ2) of the 25% concentrates of the royal jelly samples had a
very little effect only on L. monocytogenes (ATCC 7644) (9.00 mm inhibition zone) and
the other sample (RJ1) had also a very little effect on L. monocytogenes (ATCC 7644)
(8.00 mm inhibition zone) and E. faecalis (ATCC 29212) (10.00 mm inhibition zone).
For this reason, the antimicrobial activities of only 100% and 50% concentrates of the
samples on the bacteria strains were shown in tables (Table 1 and Table 2) and these
concentrates were analyzed statistically.
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It was found that the difference between the antimicrobial activities of the bacteria strains
of honey and royal jelly samples was significant (p<0.05) (Table 1 and Table 2).

3.1. Antimicrobial activities of honey samples
Table 1 shows the antimicrobial activities of 100% and 50% concentrates of the honey
samples.

Table 1. Antimicrobial activities of honeys

Bacteria strain- Inhibition zone (Mean + Std. dev., mm)

Concentration

Sample B. cereus E. coli E. faecalis L. monocytogenes
(ATCC 11778) (ATCC 25922) (ATCC 29212) (ATCC 7644)
HN1 100% - 10.00 + 0.00ACPab 14.00 + 0.00PFcd 10.50 + 0.55¢b
50% - - 11.50 + 0.55EH! -
HN2 100% - 14.00 + 1.10PFa 15.00 + 0.00PCac 38.50 & 1.64PP
50% - - 13.00 = 1.10CH 34.00 + 1.10PP
HN3 100% 11.50 = 0.55¢% - 12.50 £ 0.55F!a0 13.50 + 0.55EHD
50% 8.00 + 0.00B2 - 11.50 + 0.55EP 11.00 + 1.10CFHb
100% - 13.50 + 0.55ECa - 11.00 + 1.10CFHb
HN4 50% - 8.00 + 0.00B¢a - -
HN5 100% - 7.00 £ 1.00CHCa 12.00 = 1.0QPEFGD 9.00 £ 1.00CFac
50% - - 11.00 + 1.0QPEFGad -
HN6 100% - 7.50 + 0.558Ha 23.00 + 1.10¢P 8.50 + 0.55F!a
50% - - - -
HN7 100% - 15.00 = 0.00EP - 8.00 + 1.00FCa
50% - 12.00 £ 1.00ACEa - -
HNS 100% 23.00 +1.10Ps8 9.50 =+ 2.73ABEFb - 12.00 + 0.00ECGd
50% 20.00 + 0.00Pad 8.50 + 1.64ABFGbc - 8.50 + 1.64CHIbe
AV 100% - 8.40 +0.708Ba 9.70 + 1.33BEa 10.60 £ 2.01CH!ac
S. aureus S. Enteritidis S. pyogenes P. aureginosa
(ATCC 29213) (ATCC 13076) (ATCC 19615) (ATCC 27853)
HN1 100% 15.50 £ 0.55¢ 13.00 £ 1.10ABd - 39.50 = 4.93CCle
50% 14.00 £ 0.00PEP - - 12.50 = 1.648Da
HN2 100% 9.00 + 0.00CECd 14.00 + 1.10AEG= 32.50 + 2.74Ab 37.50 +2.74¢b
50% - - 15.00 + 000B¢ 15.50 + 0.55PE¢
HN3 100% 10.50 + 0.558CHe 15.00 + 0.00AEGHd - 28.00 + 2.19AFHIe
50% - - - 22.00 +2.19EF¢
HN4 100% 11.50 + 0.558Hp 39.00 + 1.10P¢ - 37.00 +2.19¢¢
50% 10.00 + 1.10BEFb 22.50 +2.73F¢ - 27.50 + 2.74AFCGHc
HN5 100% 10.00 + 1.0QBEFHab 8.00 + 1.10¢Fa - 21.00 + 1.10FGM
50% 10.00 + 0.00BEFHa - - 14.00 £ 2.198D&®
HNG 100% 8.50 £ (0.55FCa 9.00 £+ 1.10CFHa - 23.50 £ 1.64FCHD
50% - - - 12.00 + 1.0082
HN7 100% 14.50 +0.55P 9.00 + 0.00BFHIa - 31.00 £ 1.10CHe
50% 10.00 + 1.00BEFHa 9.00 + 1.00BFH! - 21.00 £ 3.29ABDFGb
HNS 100% 11.00 = 1.10BEFHID 12.00 £ 1.10BCHIb - 27.50 & 2.74AFCHa
50% 10.00 + 0.00BEFHb 8.50 + 0.55F¢ - 19.00 + 1.10EHd
AV 100% 8.70 + 0.82CF2 16.10 £2.07AE - 14.80 = 3.94BDEcd

*Upper case letters indicate the difference between lines in the same column, lower case letters indicate the
difference between columns in the same line (p<0.05).

The difference between the mean values indicated by the same letter is insignificant (p>0.05).

(-): Inhibition zone was not detected.

The honey sample HN1 (100%) had the best antimicrobial activity by creating an
inhibition zone of 39.50 + 4.93 mm on P. aeruginosa (ATCC 27853) (Table 1).

The 50% concentrates of some honey samples had an antimicrobial activity as good as
the 100% concentrates. It was determined among 50% concentrates of the honey samples
that the HN2 sample formed the best inhibition zone (34.00 + 1.10 mm) on L.
monocytogenes (ATCC 7644). The 50% concentrate of the HN5 sample formed an
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inhibition zone of 20.00 + 0.00 mm on B. cereus (ATCC 11778). The 50% concentrate
of HN4 samples showed a quite good antimicrobial activity by forming an inhibition zone
of 22.50 + 2.73 mm on S. Enteritidis (ATCC 13076) and an inhibition zone of 27.50 +
2.74 mm on P. aeruginosa (ATCC 27853) (Table 1).

Figure 1 shows the photos of some inhibition zones formed by some honey samples,
which had good antimicrobial activity on bacteria.

Figure 1. Some inhibition zones created by honey samples (HN1 indicated as BL1, HN2
indicated as BL2, HN4 indicated as BL4, HN6 indicated as BL6, HNS8 indicated
as BL8)

The samples HN1, HN2, HN4, HN5, HN6, and HN7 had no antimicrobial activity on B.
cereus (ATCC 11778), the sample HN3 had no antimicrobial activity on E. coli (ATCC
27853) and the sample HN4 had no antimicrobial activity on E. faecalis (ATCC 29212).
The honey samples other than the HN2 sample had no antimicrobial activity on S.
pyogenes (ATCC 19615) (Table 1).

S. Enteritidis (ATCC 13076) was the strain in which apple vinegar had the best
antimicrobial activity. It was determined that apple vinegar had no antimicrobial activity
on B. cereus (ATCC 11778) and S. pyogenes (ATCC 19615). The difference between
the antimicrobial activities of apple vinegar on E. coli (ATCC 27853), E. faecalis (ATCC
29212), L. monocytogenes (ATCC 7644), and S. aureus (ATCC 29213) was insignificant
(p>0.05) (Table 1).

It was determined that the difference between the antimicrobial activities of the 100%
concentrate of the samples HN1, HN4, and HNG6 on E. coli (ATCC 27853) was significant
(p<0.05). The antimicrobial activity of the honey samples other than HN6 on E. faecalis
(ATCC 29212) was similar (p>0.05). The difference between the antimicrobial activities
of 50% concentrates of the samples HN4, HN7 and HN8 on S. Enteritidis (ATCC 13076)
was significant (p<0.05) (Table 1).

3.2. Antimicrobial activities of royal jelly samples

Table 2 shows the antimicrobial activities of 100% and 50% concentrates of the royal
jelly samples.
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Table 2. Antimicrobial activities of royal jellys

Inhibition zone (Mean + Std. dev., mm)

Bacteria strain RJ1 RJ2

100% 50% 100% 50%
a%ecuil?m) 13.00£0.00%  12.00+0.00A%  10.00 = 0.00A% 8.50 = 0.5582
('i;"c“c 25022) 11.50 + 0.55A0  10.00 + 0.00AC%2  8.00 % 0.008¢ -
a;aéccag;mz) 21.00 £ 1.10AS  10.50 +0.5585%  18.00 +0.00A% 9,00 + 0.00BDC®
'(‘AQ“g'éo%fge”es 2650+ 0.55A 1900+ 1.10%  18.50+ 1.648%  10.00 4 0.00CP
(SAiucréuzgzm) 2100+ 110 11.5040.558  13.00 + 3.238C0Fbed 9 50 4 0,550
?A'Egtérigg;se) 13.50 £ 0.55E%8  10.50+0.558¢% 800+ 1.10CF -
S. pyogenes

(ATCC 19615)
P. aureginosa ACe Ba BEFHabd
(ATCC 27853) 32.00+1.10 10.00 £+ 1.00 19.50 +4.93
*Upper case letters indicate the difference between columns in the same line, lower case letters indicate the
difference between lines in the same column (p<0.05).
The difference between the mean values indicated by the same letter is insignificant (p>0.05).
(-): Inhibition zone was not detected.

RJ1 (100%), among the royal jelly samples, had the best antimicrobial activity. The 100%
concentrate of the RJ1 sample suppressed the development of P. aeruginosa (ATCC
27853) with the inhibition zone of 32.00 = 1.10 mm. RJ1 (100%) sample formed an
inhibition zone of 26.50 + 0.55 mm on L. monocytogenes (ATCC 7644) and RJ2 (100%)
sample formed an inhibition zone of 18.50 = 1.64 mm. RJ2 (100%) sample had the least
antimicrobial activity on E. coli (ATCC 25922) and S. Enteritidis (ATCC 13076) with an
inhibition zone of 8.00 £ 0.00 mm and an inhibition zone of 8.00 & 1.10 mm, respectively
(Table 2).

Figure 2 shows the photos of some inhibition zones formed by the RJ1 sample, that had
the best antimicrobial activity among royal jelly samples on bacteria.

i AL

Figure 2. Some inhibition zones created b R'Jl"(Rﬂ indicated as AS1)
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The difference between the antimicrobial activities of the 100% and 50% concentrates of
RJ1 sample on E. faecalis (ATCC 29212) and L. monocytogenes (ATCC 7644) was
significant (p<0.05) and the difference between their antimicrobial activities on B. cereus
(ATCC 11778) and E. coli (ATCC 29212) was insignificant (p>0.05). It was found that
the difference between the antimicrobial activity of the 100% and 50% of concentrates of
RJ2 sample on B. cereus (ATCC 11778), L. monocytogenes (ATCC 7644), S. aureus
(ATCC 29213), S. Enteritidis (ATCC 13076), and P. aeruginosa (ATCC 27853) was
significant (p<0.05). It was determined that the difference between the antimicrobial
activities of 50% concentrate of RJ1 and 100% concentrate of RJ2 on L. monocytogenes
(ATCC 7644) was insignificant (p>0.05) (Table 2).

4. Discussion

The honey sample HN1 (100%) had the best antimicrobial activity by creating an
inhibition zone 0f 39.50 + 4.93 mm on P. aeruginosa (ATCC 27853). This result is quite
higher than the inhibition zone of 12-25 mm determined on P. aeruginosa by Alan et al.
[14] when they added a honey sample of 0.1 mL into the hollows to determine the
antimicrobial activity of the honey samples from the different districts of Mus and Bitlis
provinces. Aksoy and Digrak [19] researched the antimicrobial effect of the honey
samples collected from the different districts of Bingdl province and the black-hive honey
bought from a supermarket. It was found that honeys had 14-21 mm and 34 mm inhibition
zone, respectively on P. aeruginosa. It was lower than the maximum inhibition zone
determined in the present study, although they have put 0.1 mL of honey into the hollows.

P. aeruginosa which is resistant against many antimicrobial compounds [20] is protected
from the host immune effectors in scar tissue, also it produces toxins degrading the fibrin
and collagen molecules required for the tissue regeneration and therefore delays recovery
of chronic injuries [21]. It is very important that all the honey and royal jelly samples in
the present study were determined to have antimicrobial activity on this important
bacterium (Table 1 and Table 2).

The sample HN5 (100%) that formed an inhibition zone of 7.00 £ 1.00 mm on E. coli
(ATCC 27853) had the lowest antimicrobial activity (Table 1). It may be asserted that
the formation of a smaller inhibition zone on E. coli, compared to the other bacteria is
normal, as it is known to produce p-lactamase enzyme that is resistant to antibiotics [22].

The honey sample HNS8 (100%) that formed an inhibition zone of 23.00 £ 1.10 mm had
the best antimicrobial activity on B. cereus (ATCC 11778) (Table 1). It is a positive
development that a significant antimicrobial effect has been determined to form on B.
cereus that causes eye infections such as posttraumatic endophthalmitis, keratitis, and
panophthalmitis as well as burn, wound and skin infections, meningitis, lower respiratory
tract infections, endocarditis, bacteremia and sepsis [23].

The honey sample HN6 (100%) that formed an inhibition zone of 23.00 + 1.10 mm had
the best antimicrobial activity on E. faecalis (ATCC 29212) (Table 1). It was determined
by Alan et al. [14] that antimicrobial activity on E. faecalis was an inhibition zone of 15-
33 mm. This result may be considered as similar to the present study. However since
honey of 50 puL (0.05 mL), as much as half of the amount used (0.1 mL) by Alan et al.
[14], was put in the hollows in applied method by us, it may be asserted that HN6 sample
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had a better antimicrobial effect on E. faecalis (Table 1). The antibiotic resistance of E.
faecalis that threatens human life and causes, especially, hospital-acquired infections, is
naturally at a high level, which increases its pathogenicity [24]. Both royal jelly and
honey samples were determined to have an antimicrobial effect on E. faecalis (ATCC
29212) in the present study (Table 1 and Table 2) and this suggests that drugs to be
developed from the active substances in these bee products may be used in the treatment
of the relevant infections.

The sample HN2 (100%) that created the inhibition zones of 38.50 + 1.64 mm and 32.50
+ 2.74 mm respectively, was the honey sample with the best antimicrobial activity on L.
monocytogenes (ATCC 7644) and S. pyogenes (ATCC 19615) (Table 1). It is promising
that the sample HN2 and the royal jelly samples have an effective antimicrobial activity
on L. monocytogenes (Table 1 and Table 2) that causes meningitis, septicemia,
conjunctivitis (inflammation of the transparent outer layer covering eyelids and eyeball),
skin and mucosa localizations and monocytosis in the blood table (the increase of
monocytes, included in blood, in number) [25].

S. pyogenes may cause scarlet fever by releasing some toxins related to throat infections
[24] and the resistance it develops against penicillin and macrolide used in the treatment
of the infections it causes poses an important problem [26]. The reason why the samples
other than HN2 did not have an antimicrobial effect on this bacteria (Table 1 and Table
2) may be considered to be this resistance developed by S. pyogenes (ATCC 19615).

The honey sample HN6 (100%) that formed an inhibition zone of 39.00 + 1.10 mm had
the best antimicrobial activity on S. Enteritidis (ATCC 13076) (Table 1). S. Enteritidis is
quite important as it is the most frequent (64.89%) serotype isolated from human clinical
samples in Salmonella infections [27] and causes complications such as endovascular
infection, bone and deep-organ apsis [28]. Within this context, it is a very valuable data
that the finding of the present study indicated that the samples RJ1, HN1, HN2, HN3, and
HN8 formed an inhibition zone of 12-15 mm on S. Enteritidis (ATCC 13076) (Table 1
and Table 2).

Ogbu et al. [29] determined based disc diffusion method that the inhibition zone on E.
coli formed by the 250 mg/mL (25%) concentration of honey extract obtained from a
region located in Nigeria was 6.70 = 0.30 mm. On the other hand, 50 pL amount of the
100% concentrate of the sample HN7 had the best antimicrobial activity on E. coli (ATCC
27853) with the inhibition zone of 15.50 + 0.55 mm in the present study (Table 1). The
honey sample which had the best antimicrobial activity on S. aureus (ATCC 29213) was
the sample HN1 (100%) formed an inhibition zone of 15.05 + 0.55 (Table 1). This result
was quite higher than the antimicrobial activity (inhibition zone of 7.70 + 0.30 mm on S.
aureus) of the 250 mg/mL (25%) concentration of honey extract [29]. It was determined
by Erdogrul and Erbilir [30] that 9 of 21 honey samples, produced commercially in
Kahramanmaras, had an inhibition zone of 15-25 mm against S. aureus. This result may
be considered to be similar to the present study (Table 1).

Alan et al. [14] and Aksoy and Digrak [19] observed that the honey samples formed
inhibitions zones of 12-25 mm and 16-51 mm on S. aureus, respectively, and 12-32 mm
and 14-35 mm on E. coli, respectively. This may be caused by the difference in the
compound of the antimicrobial active substances from the flowers from which the honey
samples were obtained and/or the fact that the amount of honey put into the hollows was
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high (0.1 mL). The inhibition zone of 28 mm formed by black-hive honey obtained from
a supermarket on S. aureus and the inhibition zones of 29 mm and 36 mm formed on E.
coli by black-hive and comb honey [19] were quite higher than the antimicrobial effect
seen on the same bacteria in the present study (Table 1). However, the inhibition zone of
14 mm formed on E. coli in the same study by the extracted honey [19] was similar to the
antimicrobial effect of the honey samples HN2, HN4, and HN7 on the same bacteria in
the present study (Table 1). Polat [31] found that the undiluted pure honey samples
(100%) formed an inhibition zone of 14-15 mm on S. aureus when 100 pL (0.1 mL) of
them were placed in the hollows. This was similar to the antimicrobial effect of the 100%
concentrates of the samples HN1 and HN7 on the same bacteria in the present study
(Table 1). It was observed in the same study [31] that the inhibition zone of 14-16 mm
formed on E. coli by the pure honey samples was similar to the antimicrobial effect of the
100% concentrates of the samples HN2, HN4, and HN7 in the present study (Table 1).

Polat [31] determined that the undiluted pure honey samples (100%) had an inhibition
zone of 14-16 mm on L. monocytogenes when they were put into the hollows in the
amount of 100 pL (0.1 mL). This was similar to the antimicrobial effect of the 100%
concentrate of the sample HN3 in the present study (Table 1). The inhibition zone of 12-
16 mm formed on P. aeruginosa by the pure honey samples [31] was similar to the
antimicrobial effect of the 50% concentrates of the samples HN1, HN2, HN5, and HN6
on the same bacteria in the present study (Table 1).

As in the present study, it has been considered in similar studies investigating the
antibacterial activities of honey samples that the antibacterial effect of different honey
concentrations may be different and the studies have been designed in this way. The
effect of the differences in the types and amounts of the antimicrobial compounds
obtained from the flora of the plant from which honey is obtained has an important effect
on the antimicrobial effect of the honey. By this means, some of the different kinds of
honey have the same activity on the same bacteria, some have a different activity on the
same bacteria, and some have no activity.

Polat [31] observed that pine honey and wild strawberry honey have 300 mg/mL (30%)
MIC (minimum inhibitory concentration) value and heather honey has 275 mg/mL
(27.5%) MIC value against P. aeruginosa. This may be asserted to be similar only for the
HN3 sample (Table 1). However, there are studies [32, 33] stating that manuka honey,
obtained from manuka flowers in New Zealand, has 100 mg/mL (10%) MIC value [32]
and 60 mg/mL (6%) MIC value [33] against some species of P. aeruginosa.

Obaseiki-Ebor et al. [34] stated in their first study on the antimicrobial activity of distilled
honey that most of Gram (+) and Gram (—) bacteria were inhibited by a 40% concentration
of honey. They reported in their following study [35] that the honey concentrations of
50% and higher inhibited the development of E. coli, Vibrio cholerae, Yersinia
enterocolitica, Plesiomonas shigelloides, Aeromonas hydrophila, Salmonella Typhi,
Shigella boydi and Clostridium jejuni efficiently. Malika et al. [36] found that the 25%
and 50% (v/v) concentrations of the honey obtained from aromatic and medicinal plants
inhibited most of the bacteria tested. It was also reported that the effect of the honey
samples on Gram (—) bacteria was more compared to Gram (+) bacteria [36]. Dastouri et
al. [37] stated that honey in concentrations of 40% and higher showed antibacterial
activity against Bacillus anthracis, B. cereus, Pasturella multicidae, Proteus vulgaris,
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and S. aureus and the best activity was obtained from the honey in the concentration of
80%.

Omafuvbe and Akanbi [38] examined the activity of 10 honey samples collected from
different geographical regions of Nigeria on Klebsiella pneumoniae (K. pneumoniae), E.
coli, S. aureus, B. cereus, Proteus vulgaris, P. aeruginosa, Salmonella spp., Shigella spp.,
and Clostridium sporogenes (CI. sporogenes). The high concentrations (50-100%) of the
honey samples tested in the study inhibited B. cereus, K. pneumoniae and CI. sporogenes.
On the other hand, they reported that the honey samples did not show inhibitory effects
against S. aureus and P. aeruginosa [38].

Dogan [39] researched the antimicrobial activity of 27 honey samples obtained from
Giresun, Kars, Bayburt, Erzurum, and Hakkari provinces. It was determined that the
honey obtained from Bayburt province had the best antimicrobial activity with the
inhibition zones of 7.50 mm against E. coli (BC 1402), 9.00 mm against B. cereus (ATCC
33019), and 14.00 mm against S. aureus (ATCC 29213) [39]. The antibacterial activities
of Bayburt honey [39] and HN6 sample (100%) on E. coli and also the antibacterial
activities of Bayburt honey [39] and the samples HN7 (100%) and HN1 (50%) on S.
aureus (ATCC 29213) were similar (Table 1).

Karadal et al. [40] examined the antibacterial activity of the multi-floral kinds of honey
obtained from Central Anatolia and Black Sea region and the chestnut and pine honey
obtained from supermarkets based on the agar well method. It was observed that the
values of the honey samples of the Black Sea region with the antibacterial activity (6.0 +
1.7 mm and 4.2 + 0.8 mm inhibition zone respectively) which is the best against L.
monocytogenes (ATCC 15313) and S. Enteritidis (ATCC 13311) are lower [40] than the
values of the honey samples in the same bacteria in the present study (Table 1). Also, the
activity of the chestnut honey with the best antibacterial activity (inhibition zone of 9.5 +
3.9 mm) against S. aureus (ATCC 29213) was lower [40] than the antibacterial activity
of the honey samples in the present study apart from the samples HN2 and HN6 (Table
1).

Khalil et al. [41] assessed that the zone diameters larger than 18 mm were significant,
those between 16-18 mm were good, those between 13-15 mm were low, those between
9-12 mm were insignificant and those below 8 mm signified no activity. It was
determined in the same study [41] that the honey samples had low activity against E. coli
(14.40 £ 0.45 mm). Accordingly, it is very important that an inhibition zone of >18 mm
was formed on B. cereus (ATCC 11778) by 100% and 50% concentrates of HN8, on E.
faecalis (ATCC 29212) by 100% concentrate of RJ1 and RJ2 and 100% concentrate of
HNG6, on L. monocytogenes (ATCC 7644) by 100% concentrates of RJ1 and RJ2, 50%
concentrate of RJ1 and 100% and 50% concentrates of HN2, on S. aureus (ATCC 29213)
by 100% concentrates of RJ1, on S. Enteritidis (ATCC 13076) by 100% and 50%
concentrates of HN4, on S. pyogenes (ATCC 19615) by the 100% concentrates of HN2,
on P. aeruginosa (ATCC 27853) by the 100% concentrates of RJ1 and RJ2, 100%
concentrate of RJ2, by 100% concentrates of HN1, HN2, HN5 and HN6, and by 100%
and 50% concentrates of HN3, HN4, HN7 and HN8 (Table 1 and Table 2).

The 50% concentrates of the samples HN1, HN2, HN5, and HN6 had no antimicrobial

activity on E. coli (ATCC 27853), the 50% concentrates of the samples HN1, HN4, HNS5,
HNG6, and HN7 had no antimicrobial activity on L. monocytogenes (ATCC 7644), and the
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50% concentrates of the samples HN1, HN2, HN3, HN5, and HN6 had no antimicrobial
activity on S. Enteritidis (ATCC 13076) (Table 1). Some of the honey samples were
determined to have no antimicrobial effect on some of the bacteria tested in the studies of
Alan et al. [14] and Aksoy and Digrak [19]. This is compatible with the present study.

RJ1 (100%) sample suppressed the development of S. aureus (ATCC 29213) with an
inhibition zone of 21.00 + 1.10 mm. This effect had also become the best antimicrobial
effect observed on S. aureus (ATCC 29213) (Table 2). As S. aureus rapidly gains
resistance against the antibiotics used [42] the treatment of both the hospital and the
community-acquired infections it causes is quite challenging [43]. Thanks to this positive
effect of the RJ1 sample, the active substance responsible for the antimicrobial effect in
royal jelly may be purified and used in developing new antibiotics for the treatment of S.
aureus based diseases.

It was determined among the 50% concentrates of the royal jelly that the RJ1 sample
formed the best inhibition zone (19.00 + 1.10 mm) on L. monocytogenes (ATCC 7644)
(Table 2).

It has been reported that royal jelly has a powerful antibiotic effect against E. coli,
Salmonella, Proteus, Bacillus subtilis and S. aureus bacteria [44]. It is similar to the
present study (Table 2) that 1000 mg/mL concentrate of the pure royal jelly created an
inhibition zone of 20 mm against S. aureus (ATCC 14776) and an inhibition zone of 12
mm against E. coli (ATCC 29532) [45].

Ramanathan et al. [46] researched the antibacterial effect of the royal jelly obtained from
Kerala city of India against E. coli MTCC40, based on the hollow agar method. They
prepared 20 mg/mL concentration of the royal jelly with sterile water and inoculated it
into the wells of 4 mm at the amounts of 500 ug and 1000 pg. As a result of the
inoculation of 1000 pg, the inhibition zone of 5 mm determined on E. coli (MTCCA40)
was quite lower [46] than the value determined in the present study (Table 2).

Garcia et al. [47] examined the antibacterial activity of the royal jelly obtained from two
different regions of Argentina, by well diffusion method, against S. aureus MS 1 (ATCC
25923), E. faecalis 1 (ATCC 29212), E. coli isolated from well water, P. aeruginosa
isolated from a patient with catheter infection, E. faecalis 2 isolated from the skin
infections in humans, S. aureus MS 2, S. aureus MR 1 and S. aureus MR 2 isolated from
cows with mastitis. 1 mL of bacterial culture was added to 30 mL of Mueller Hinton
Agar medium and placed into 90 mm of petri dish and then 4 mm of wells were burrowed
and pure royal jelly and 50 pL of its concentrations of 90%, 80%, 70%, 60%, 50%, 40%,
30%, 20%, and 10% were put into these wells. The undiluted 1st royal jelly sample
created an inhibition zone of 14.7 = 0.6 mm on S. aureus MR 1, the undiluted 2nd royal
jelly sample created an inhibition zone of 5.7 + 0.6 mm on P. aeruginosa, 9.7 + 0.6 mm
on E. coli, 10.7+ 0.6 mm on E. faecalis 2, 12.0 £ 0.0 mm on E. faecalis 1, 20.7 = 0.6 mm
on S. aureus MR 2, 18.7+0.6 mm on S. aureus MS 2, 15.7 £ 0.6 mm on S. aureus MS 1
[47]. These values were lower than the inhibition zone diameters of the RJ1 sample on
the same bacteria (Table 2). It was determined in the same study [47] that the 50%
concentration of the 2nd royal jelly sample had an antibacterial effect on S. aureus MR
1, S.aureus MS 1 and S. aureus MS 2. The 50% concentration of the 1st royal jelly sample
did not have an antibacterial effect on the other bacteria (E. coli, P. aeruginosa, E. faecalis
2, E. faecalis 1, S. aureus MR 2, S. aureus MR 1, S. aureus MS 1) apart from S. aureus
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MS 2 [47] and 100% and 50% concentrates of RJ1 and RJ2 did not have antibacterial
effect on S. pyogenes (ATCC 19615) and 50% concentrate of RJ2 did not have
antibacterial effect on E. coli (ATCC 25922), S. Enteritidis (ATCC 13076), and P.
aeruginosa (ATCC 27853) in the present study (Table 2).

As in the present study, different studies have been conducted proving that royal jelly has
an antibacterial effect on B. cereus [48], E. faecalis [49], E. coli [47-49, 50, 51], P.
aeruginosa [47-49, 52, 53] and S. aureus [47-51, 53, 54]. It has been reported that RJ has
antibacterial activity against both Gram (+) and Gram (—) bacteria mainly due to fatty
acids present in RJ, such as trans-10-hydroxydec-2-enoic acid, 3-hydroxydodecanoic
acid, 11-oxododecanoic acid, and 11-S-hydroxydodecanoic acid [55, 56]. Furthermore,
a series of short peptides (jelleines, royalisin) present in RJ has also been shown to possess
strong antibacterial properties against Gram (+) and Gram (—) bacteria [11, 56-58].

The peptide RJ has formerly shown total inhibition of bacterial growth for S. aureus, L.
monocytogenes at very high concentrations (>200 pg/mL). An additional constituent, 10
hydroxy delta decanoic acid (10 HDA), the major component of the lipid fraction of RJ
occupies 10% of the total weight of RJ. Earlier studies indicating that the antimicrobial
effect and minimum dosage of 10 HDA for various pathogenic microbes were E. coli
0.625 mg/mL and S. aureus 2.5 mg/mL, showed that 10 HDA could effectively inhibit
the growth of bacterium [58]. It has been proven that the royalisin isolated from royal
jelly has antibacterial effect against P. aeruginosa and S. aureus [53] and jelleines has
antibacterial effect against E. coli, P. aeruginosa [11], L. monocytogenes [59] and S.
aureus [11, 59], and 10-hydroxy-2-decanoic acid has antibacterial effect against S. aureus
[49, 54], E. coli [54], and E. faecalis [49].

In conclusion, according to the findings obtained in the study, it was revealed that the
honeys of Bitlis and royal jellys of Bitlis & Agri have a potential to using supportive of
the medical treatment of some of the infectious diseases and they may be have a place in
apitherapy applications. It may be develop new drugs using the active substances of bee
products, obtained from these regions, forming the antimicrobial effect, in order to treat
some infectious diseases. Because, since the bee products are natural nutrients that does
not contain the harmful chemicals contained in medicines, they have an advantage in
medical treatment and health protection.
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