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ABSTRACT

Determine the in vitro antibacterial potential activity sidr honey produced in upper Egypt against five
references bacterial strains (Gram positive and Gram negative strains) and its synergistic effect with
some antimicrobial agents. Material & Methods: fifteen Sidr honey samples were collected from three
Governorates in Upper Egypt. Honey samples were diluted and tested against Staphylococcus aureus,
Streptococcus agalactiae, Escherichia coli, Klebsiella pneumoniae and Bacillus cereus by agar
dilution method. Post determination of the minimum inhibitory concentration (MIC) values, six honey
samples were examined for their synergistic action with the ineffective antimicrobial agents. Results:
In vitro antimicrobial sensitivity test, all bacterial strains showed multidrug resistance action against
the 13 tested antimicrobial agents with high multiple antibiotic resistance (MAR) index, it was = 0.38.
All Sidr bee honey samples showing antibacterial activity against the five tested references bacterial
strains. All Sidr bee honey samples, showed better synergistic effect with all antimicrobial agents
against.

Key words: Egyptian Sidr honey, Antimicrobial impact, Minimum inhibitory concentration, Synergistic
effect
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Bu galigmanin amaci, Yukari Misir'da liretilen Sidr balinin bes referans bakteri suguna (Gram pozitif ve
Gram negatif suslar) karsi in vitro antibakteriyel potansiyel aktivitesini ve bazi antimikrobiyal ajanlarla
sinerjistik etkisini belirlemektir. Yukari Misir'daki ti¢ valilikten on bes Sidr bali 6rnegi toplanmistir. Bal
ornekleri seyreltilmis ve agar seyreltme yontemiyle Staphylococcus aureus, Streptococcus agalactiae,
Escherichia coli, Klebsiella pneumoniae ve Bacillus cereus'a karsi test edilmistir. Minimum inhibitor
konsantrasyon (MiK) degerlerinin belirlenmesinden sonra, alti bal 6rnegi etkisiz antimikrobiyal
ajanlarla sinerjik etkileri agisindan incelenmistir. In vitro antimikrobiyal duyarlilik testinde, tiim bakteri
suslari test edilen 13 antimikrobiyal ajana karsi yiiksek ¢oklu antibiyotik direnci (MAR) indeksi ile goklu
ilag direnci etkisi gostermistir, bu deger 2 0.38'dir. Tiim Sidr ari1 bali 6rnekleri, test edilen beg referans
bakteri susuna karsi antibakteriyel aktivite gostermistir. Tim Sidr ari1 bali 6rnekleri, tiim antimikrobiyal
ajanlara kargi daha iyi sinerjik etki gostermistir.

Anahtar kelimeler: Misir Sidr bali, Antimikrobiyal etki, Minimum inhibitér konsantrasyon, Sinerjistik
etki
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GENISLETILMiS OZET

Girig: Artik ddnyanin  bulasici  hastaliklardan
kurtulma umudu daha etkili ve guvenli antimikrobiyal
ajanlara ulasmaktir. Disuk bakim maliyeti ve yerel
olarak bulunabilirligi bala alternatif bir antimikrobiyal
tedavi olarak kullanim igcin degerli avantajlar
saglamaktadir. Ari balinin antimikrobiyal aktivitesi
fiziksel ve kimyasal Ozelliklerine, toplam fenol
icerigine, cografi bdlgeye ve bitki kaynaklarina
baghdir. Bu slre zarfinda, Yukari Misir'da Uretilen
sidr bahh (UESH) ticari olarak Uretiimeye
baslanmistir; konu, c¢ok ilaca direngli (MDR) farkli
bakteri suslarina karsi antimikrobiyal aktivitesinin
belirlenmesini gerektirmektedir. Tatli bir materyal
olan UESH, antimikrobiyal etkiye ve antimikrobiyal
ajanlarla sinerjik etkiye sahiptir, bu nedenle
bakteriyel enfeksiyon vakalarinin tedavisinde
tamamlayici ve alternatif ilag olarak kullanilabilir.

Amag: Bu ¢alismanin amaci, Yukari Misir Sidr ari
balinin beg referans (3 Gram +ve ve 2 Gram -ve)
bakteri susuna kars! in vitro antibakteriyel yetenegini
ve bazi antimikrobiyal ajanlarla sinerjik etkisini
belirlemektir.

Gere¢ ve Yontem: Yukart Misir'daki G¢ farkli
valilikte (Sohag, Qena ve Luxor) bulunan cesitli
ariliklardan on bes Sidr bali 6rnegi toplanmistir. Bal
ornekleri agar diflizyon yodntemi kullanilarak 5
referans bakteri susuna (goklu ilaca direngli
bakteriler olarak bilinen Staphylococcus aureus
AUMC B - 261, Streptococcus agalactiae AUMC B -
253, Escherichia coli AUMC B - 243 ve Klebsiella
pneumoniae AUMC B - 257; ve gida toksisitesine
neden olan Bacillus cereus AUMC B - 100) kars test
edilmigtir. MIK degerlerinin belirlenmesinden sonra,
alti bal 6rnegi etkisiz antimikrobiyal ajanlarla sinerjik
etkileri agisindan incelenmigtir.

Bulgular: In vitro antimikrobiyal duyarlilik testinde
tim referans bakteri suslari, test edilen 13
antimikrobiyal ajana karsi ¢oklu antibiyotik direnci
(MAR) indeksi = 0.38 olarak ylksek ¢oklu ilag direnci
(MDR) go6stermistir. Tim Sidr bal érneklerine karsi
test edildiklerinde, genel ortalama %15,16 + 3,77
olmak Uzere farkli MiK degerleri (%11,6 - 18,8) ile
biylime inhibisyonu elde etmislerdir. Sohag'dan
toplanan Sidr bali érnekleri, in vitro testlerde %13,6
MIC degeri gbsterdiginden en iyi antimikrobiyal etkiyi
ortaya koymus, bunu sirasiyla %14,36 ve 17,96 ile
Qena ve Luxor érnekleri izlemistir. Tim Sidr ari bali
ornekleri, tim antimikrobiyal ajanlarla en iyi sinerjik
etkiyi gostermigtir.
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Sonug: Calisma, tim Yukari Misir Sidr ari ballarinin
%11,6 ila %18,8 (v/v) arasinda degisen in vitro en iyi
minimum inhibitér konsantrasyon degerlerine sahip
oldugu sonucuna varmistir. Calisilan tim Sidr bali
orneklerinin antimikrobiyal etkisi, ¢oklu ilaca direngli
Gram pozitif veya Gram negatif bakterilere karsi bile
umut verici minimum inhibitdr konsantrasyon
degerlerine sahipti ve Sohag vilayetinden toplanan
Sidr bali o6rnekleri en iyi antimikrobiyal etki
gOstermistir. Ayrica, Sidr bali 6rnekleri direngli
bakterilere karsi etkili olmayan antibiyotik ajanlarla
sinerjik aktivite gOstererek onlari duyarli hale
getirmigtir. Elde edilen sonuglar, Yukari Misir Sidr ari
balinin  tim  api-terapdtik  kullanimlar  igin
kullanilabilecegini gdstermigtir.

Tim UESH o6rnekleri, test edilen tim Gram pozitif
veya negatif bakteriler Uzerinde blylimeyi
engelleyici etkiye sahiptir ve en ¢ok test edilen
antimikrobiyal ajanlarla sinerjik etki gostermistir.
Yerel olarak temin edilebilen UESH balinin
antibakteriyel aktivitesi, ¢oklu ilaca direngli ve gida
kaynakli bakterilere karsi terapdétik ajan olarak
kullanilabilir.

INTRODUCTION

Honey antimicrobial activity is proved in ancient
medicine where the primary characteristic of "Active
Honey" is the presence and concentration of
antibacterial compounds (Brudzynsk 2021). The
difference in antibacterial activity of bee honey
against different pathogens attributes to seasonality
of tested honey types, difference in floral origin,
physical and chemical properties, total phenol
contents, geographical area as well as plant
resources (Elbanna et al. 2014, Almasaudi 2021).

Determination of in vitro honey antimicrobial activity
is widely documented (Hegazi 2011, Abdul-Hafeez
et al. 2021) but with different potencies owing to the
action of honey macro-components (sucrose,
glucose) and the bioactive micro-components
flavonoids (Gorniak et al. 2019), also, polyphenols
that seems to contribute to the most antibacterial
activity (Stagos et al. 2018), in addition to definsin
(Bucekova et al. 2017) and hydrogen peroxidase
and catalase enzymes (Scripca et al. 2019), these
components are acting chemically resulting in
production of new created bioactive micro-
components (Almasaudi 2021, Hamouda et al.
2019).
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The high osmatic pressure and high acidity are the
main two factors of antibacterial activity of undiluted
honey while the activity of diluted honey is peroxide
- dependent. (Zainol et al. 2013). This activity is
highly complex and still remains not fully recognized
which is determined by agar dilution or serial
diffusion methods (Szweda 2017).

The application of antibiotics with honey yielded
potential synergistic effects against microbes
multidrug resistance bacterial strains even biofilm
producers (Liu et al. 2018, Abdul-Hafeez et al. 2021,
Almasaudi 2021). The low maintenance cost, local
production and low price give honey good advantage
to use as an alternative antimicrobial treatment
(Mandal and Mandal 2012).

Sidr and Talah honey samples contain great
potential as an antimicrobial against and Gram-
negative bacteria (Gram + ve) and dermatophytes
regardless of the origin of the sample. Where found
that Gram-negative more resistant to the tested
bacteria than Gram (Owayss et al. 2019).

In vitro there was synergistic affect between honey
and antibiotics against methicillin resistance
Staphylococcus aureus (MRSA) and clinical isolates
of Staphylococcus. aureus. In addition, the honey
and antibiotics combination stopped the appearance
of antibiotics resistant S. aureus. The susceptibility
of isolated bacterial strains revealed the synergistic
effect of added honey to the antibiotic discs tested.
Also, when honey was added with the antibiotic
discs, there was a highly synergistic increase in the
mean areas of inhibition (Abdul-Hafeez et al. 2021).

So, the present work aimed to study in vitro
antibacterial activity sidr honey produced in upper
Egypt (UESH) from different Governorates against
five bacterial references strains (three Gram positive
and two Gram negative strains) and their synergistic
action with antimicrobial agents.

MATERIAL AND METHODS
Honey Samples:

The present study was carried out through flow
season of Sidr honey, during the year 2021,
collected in three Governorates in Upper Egypt
(Sohag, Qena & Luxor). The antimicrobial activity of
selected monofloral 15 Sidr honey samples was
tested against 5 reference bacterial strains.

The quantitative and qualitative evaluation of pollen
grains was carried out under microscopy slide. The
results of the study showed that Egyptian Sidr honey
is considered a mono - floral honey with a high
content of Sidr honey pollen grains with an average
more than 45000 sidr pollen grains per 10 gm of
honey (Louveaux et al.1978).

Bacterial Strains:

Five reference bacterial strains known to be
pathogenic to human were chosen to evaluate the
antimicrobial activity of monofloral 15 Upper
Egyptian Sidr bee honey samples. The selected
tested strains included pathogenic Gram-positive
and Gram-negative bacteria- which were provided
kindly from Assiut University Mycological Center
(AUMC), Assiut, Egypt-(Bacillus cereus AUMC B-
100, Staphylococcus aureus B- 261, Streptococcus
agalactiae AUMC B- 253, Escherichia coli AUMC B-
243 and Kilebsiella pneumoniae AUMC B- 257 and
Bacillus cereus AUMC B - 100; that causing food
toxicity. The bacterial study carried in Assiut
Regional Lab., Animal Health Researcher Institute;
Agriculture Researcher Center, Egypt. All tested
bacterial were used as freshly prepared to be
adjusted to a 0.5 McFarland opacity standard in each
bacterial inoculation all over the study to obtain
approximately 5x10% CFU/mI (Quinn et al. 2004).

Antimicrobial Sensitivity Testing: The antibiotic
susceptibility of the examined isolated bacteria was
evaluated to calculate multi antibiotic resistance
(MAR) index of examined strains. Overnight broth
cultured was compared with 0.5 McFarland
standards, using the Kirby-Bauer disc spread
sensitivity method as described in the National
Laboratory Standards Committee guidelines (2000).
The above mentioned five reference bacterial strains
(Staphylococcus aureus B-261, Streptococcus
agalactiae AUMC B-253, Escherichia coli AUMC B-
243, Klebsiella pneumoniae AUMC B-257 and
Bacillus cereus AUMC B-100) were tested against
13 antimicrobial agents [Cloxacillin ( CX) 1ug,
Erythromycin (E) 15ug, Norfloxacin (Nor) 5ug;
Cefotaxime (CTX) 30ug, Levofloxacin (Lev) 5ug,
Tobramycin (TOB) 10ug; Vancomycin (VA) 30ug,
Tetracycline (TE) 30upg, Gentamicin; (CN) 10pug,
Ofloxacin ( Ofx) 5pg; Amoxycillin (AML) 10ug;
Amoxyecillin/  Clavulanic acid (AMC) 30ug; and
Trimethoprim - Sulfamethoxazole (SXT) (25ug-
1.25/23.75ug); Oxoid -England] For Cloxacillin
inhibition zones diameter around the disc were
measured after 24 and 48 h using the following
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breakpoints: susceptible = 13mm and resistance
<11mm (Quinn et al. 2004). Multiple antibiotic
resistance (MAR) index of each tested bacterial
strain was calculated; to determine the MAR index
that was defined as a/b, where (a) represents the
number of antibiotics that isolated strain was
resistant and (b) represents the number of all tested
antibiotics (Subramani and Vignesh 2012).

Honey Minimum Inhibitory Concentration (MIC)
Determination: It was performed according to
Cooper et al. 2002 method by an agar dilution
method.

Synergism between Sidr honeys and ineffective
antimicrobial agents:

Synergy assay was based on described procedures
by Stepanovi¢ et al. (2003), where the five strains,
six Sidr honey samples and inactive antibacterial
agents was evaluated. As follows, by determination
of the MIC of honey, different dilutions of samples
are less than 1% minimum inhibitory concentration
of honey (sub-inhibitory concentration) prepared
(allowing bacteria to grow).

\

b
Plate 1: In Vitro antimicrobia

| susceptibility testing of Eschericha ci (B), Klebsiella pneumiae (C), Stahylcoccus

RESULTS

In vitro the present antimicrobial susceptibility testing
showed that all tested strains were highly sensitive
to Levofloxacin, Norfloxacin, Gentamycin,
Tetracycline and Ofloxacin (100%). While the tested
five reference bacterial strains were resisted
Tobramycin and Vancomycin with percentage 60%
followed by 40% towered Erythromycin and
Trimethoprim/ Sulphamethoxazole. But the highest
percentage of resistance was to Amoxycillin,
Cloxacillin, Amoxycillin/ Clavulanic acid and
Cefotaxime (100%); Table (1) and Plate (1) Multiple
Antimicrobial resistance index (MAR) among the
tested five reference bacterial strains; Escherichia
coli, Staphylococcus aureus and Streptococcus
agalactiae showed the highest value as 0.54, while
Bacillus cereus and Klebsiella pneumoniae showed
lowest value 0.38; for each. Table (1) and Plate (1)
the all-tested strains had very high MAR index value
since MAR index value just 2 0.2 was considered
high.

aureus (D) and Streptococcus agalactiae (E) against 13 antimicrobial agents showing multi-drug resistance.
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In the present study, the minimum inhibitory
concentration (MIC) of Sidr bee honey samples
collected from Upper Egypt and the antibacterial
activity was evaluated against five reference
bacterial strains, showing varying antibacterial
activity against the various tested bacterial strains.
Minimum inhibitory concentration of Egyptian Sidr
bee honey samples, from Upper Egypt, against
Bacillus cereus, Escherichia coli, Klebsiella

pneumoniae, Staphylococcus  aureus  and
Streptococcus  agalactiae  showing  varying
antibacterial activity were 14.2+2.36, 15.0t1.6,
15.4+2.56, 15.4+2.18 and 15.842.27 %,
respectively. The highest MIC value (15.8+2.27 %)
was found against Streptococcus agalactiae. On the
contrary, the lowest MIC value (14.2+2.36 %) was
showed against Bacillus cereus, with overall mean
15.16+2.19%, (Table 2 & Diagram 1, 2 & Fig. 1-4).

Table 1: In vitro antimicrobial susceptibility test of the tested bacterial strains and multiple antibiotics resistanc Index

(MAR).
SXT
AMC | CTX CX AML | OFX VA TE TOB CN NOR (1.25 LEV E MAR
(30 | @0 | (1 | (10| (5 | (30 | (30 | (30 | (10 | (5 | ,5:50 | (6 | (15 | (multiple
Bacterial strains | mcg) | mcg) | mecg) | mcg | mcg) | mcg) | mcg) | meg) | mcg) | Mcg) mc.g) mcg) | mcg) | antibiotics
Resistance
The diameter of inhibition zone in mm Index)
14 Zero | Zero 11 25 20 25 19 24 21 Zero 28 30 SXT, AML
Bacillus cereus CX, CTX,
R R R R S S S S S S R S s | AMC(0.38)
SXT, TOP,
Zero | Zero | Zero | Zero 30 8 >30 1" 25 21 10 40 25 VA, AML,
Escherichia coli CX, CTX,
R R R R s R s R S s R S s AMC,
(0.54)
10 Zero | Zero | Zero 25 20 24 20 24 25 Zero 30 25 SXT, AML,
Klebsiella CX, CTX,
pneumoniae AMC
R R R R S S S S S S R S S (0.38)
Zero | Zero | Zero | Zero 35 Zero >30 12 25 25 22 40 Zero Vi’\ TAON'IDL
Stapgzgzr;ccus cX. CTX.
AMC,
R R R R S R S R S S S S R (0.54)
E, TOP,
Zero | Zero | Zero | Zero | >33 Zero >40 12 23 23 22 >30 Zero VA, AML.
Streptocopcus CX. CTX.
agalactiae AMC
R R R R S R S R S S S S R (0.54)
AMC= Amoxycillin/Clavulanic acid, CTX= Cefotaxime, CX= Cloxacilin, AML= Amoxycillin, OFX= Ofloxacin,
VA=Vancomycin, TE= Tetracycline, E= Erythromycin, LEV= Levofloxacin, NOR= Norfloxacin, CN=Gentamicin,

TOB=Tobramycin, SXT=Trimethoprim/Sulfamethoxa
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Diagram (1): Percentage of the minimum inhibitory concentration (MIC) of Upper Egyptian Sidr bee honey samples against
the tested bacterial strains.

@ Sohag EQena O Luxor

B. cereus E. coli K. pneumoniae Staph. aureus Strept. Governorate
agalactiae mean

Diagram (2): Percentage of the minimum inhibitory concentration (MIC %) of Sidr honey samples from different locations
of Upper Egypt against the tested bacterial strains.

e

Figure 1: In Vitro honey (20%) showing no growth Figure 2: In Vitro honey (11%) showing no growth

against all five reference strains against Staph. aureus (D) and Strept. agalactiae (E).
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Figure 3: In Vitro honey at (10%)

all reference strains showing growth

Figure 4: In Vitro honey (20%) showing no growth all five

against K. pneumonia (C), and Strept. agalactiae (E)

Table 2. Percentage of the minimum inhibitory concentration (MIC %) of Sidr honey samples from different locations of

Upper Egypt against the tested bacterial strains.

MIC percentage v/v against different bacterial strains
Location Bcaefgﬁf Escherichia pﬁ/gssgﬁa Staphylococcus | Streptococcus| Mean of
(B.100) coli (B243) (B257) aureus (B251) (B253) location

Sohag 11.610.24 13.4+0.42 13.4+0.23 13.4+0.19 14.0+0.26 13.61£0.225 C
Qena 14.01£0.33 14.610.12 14.0£0.17 14.6+0.39 14.6+£0.17 | 14.36+£0.375 B
Luxor 17.0£0.44 17.0£0.17 18.8+0.09 18.2+0.33 18.810.12 | 17.96+0.872 A

Me_an of . 14.2+2.36 D| 15.0+1.6 C | 15.4+2.56 B 15.4£2.18 B 15.8+2.27 A 15.16+2.19

bacterial strain
Range 11.6-17.0 13.4-17.0 13.0-18.8 13.4-18.2 14.0-18.8 -

In this study, the high antibacterial activity of honey
samples against all test strains support the
assessment of synergistic action of honey and
antibiotics. Honey interacts synergistically with
antibiotics at sub-lethal concentrations (sub-MIC), so
the present work tested this activity for six brands of
Sidr honey. with the ineffective antimicrobial agents.

All Sidr honey brands, in the present study, showed
best synergistic action with different antimicrobial
agents against Staphylococcus aureus (B 261),
Klebsiella pneumoniae (B 257), Bacillus cereus
(B100) and Streptococcus agalactiae (B 253), Table
(3) Fig. (5-7).
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Figure 5: Synergistic action of Sidr honey Figure 6: Synergistic action of Sidr honey

TOB and VA against E. coli. with AMC against K. pneumonia.

Figure 7: Different types of Sidr honeys (A, B and C) restored methicillin resistant S. aureus (MRSA) sensitive to
Cloxacillin (MSSA).
Table 3: Synergistic action of Sidr bee honey and the ineffective antimicrobial agents against both Staph. aureus (B 261)

and Strept. agalactiae (B 253)

zone of zone of inhibition of tested Sidr honey with antimicrobial disc
Antimicrobial | Breakpoint inhibition of in mm
agents = mm antimicrobial
disc only | Il 1 \ \Y \
Amoxycillin 29 mm Zero mm 33mm | 35mm | 33mm | 33mm | 33mm | 35mm
Amoxycilli_n / 20 mm Zero mm 25mm | 22mm | 24mm | 22mm | 23 mm | 22 mm
Clavulanic
Vancomycin 12 mm Zero mm 19mm | 26 mm | 20 mm 19mm | 24mm | 25 mm
Cloxacillin 13 mm Zero mm 16mm | 15mm | 18 mm 17mm 15mm | 18 mm
Tobramycin 15 mm 12 mm 23mm | 20mm | 18 mm | 21 mm | 199mm | 22 mm
Erythromycin 23 mm Zero mm 26mm | 28mm | 30mm | 28mm | 27 mm | 29 mm
Cefotaxime 23 mm zero mm 25mm | 27mm | 29 mm | 25mm | 29 mm | 30 mm

U.Ar D. — U.Bee J. 2023, 23 (1): 1-13 8
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DISCUSSION

In the present study, the tested bacterial strains
showed strong multidrug resistance action (Table 1
& Plate 1) against different antimicrobial groups; -
lactam  (amoxycillin,  cloxacillin,  amoxycillin/
clavulanic acid) or against the third-generation
cephalosporin  (cefotaxime) showed resistance
100% resulting that the tested Staphylococcus
aureus B - 261 was methicillin resistance
Staphylococcus aureus (MRSA). But against
quinolone compound (tobramycin) and glycopeptide
(vancomycin) showed resistance 60%, while against
macrolide  (erythromycin) and  sulfonamides
(Trimethoprim - Sulfamethoxazole) was only 40%
resistance.

But all tested strains were highly sensitive to
Levofloxacin, Norfloxacin, Gentamycin, Tetracycline
and Ofloxacin (100%), (Table 1). These obtained
resistance results were with high value of multiple
antibiotic resistance (MAR) index as it was = 0.38
[0.38- 0.54] since MAR index = 0.2 is considered
high (Subramani and Vignesh 2012). These results
go in parallel with that obtained (Abdul-Hafeez et al.
2021, Sayed et al. 2011).

But fortunately, there is no bacterial resistance
against honey as that antibiotics (Blair et al. 2009;
Cooper et al. 2010). In the present study, the
minimum inhibitory concentration (MIC) of Sidr
honey samples collected from Upper Egypt showing
varying antibacterial activity against the various
tested bacterial strains.

All tested Upper Egyptian Sidr honey (UESH)
samples, in present work, have different potencies of
antibacterial effects against all five reference
bacterial strains with a percentage of minimum
inhibitory concentration. (MIC%) values were 13.6 -
17.96% (v/v), with the mean percentage minimum
inhibitory concentration (MIC%) values as 15.16%
(v/v), (Table 2 & Diagram 1); Generally, the
percentage of the minimum inhibitory concentration
of Upper Egyptian sider honey samples against
Bacillus cereus AUMC B- 100, Escherichia coli
AUMC B- 243 and Klebsiella pneumoniae AUMC B-
257Staphylococcus  aureus B- 261, and
Streptococcus agalactiae AUMC B- 253, were
14.245.97, 15+5.18, 15.4+5.32, 15.414.56 and
15.814.56%, respectively. The highest MIC% value
(15.8+4.56%) was found against Streptococcus
agalactiae. While the Ilowest MIC value
(14.245.97%) was showed against Bacillus cereus
(Table 2, Fig. 1 - 4 & Diagram 1). In the present work,

Sider honey showed broad-spectrum antimicrobial
activity against Gram+ve and Gram-ve bacteria,
which is agreement With previous findings where
different types of honey from diverse botanical
origins were reported with widespread activity
against Gram+ve and Gram-ve bacteria (Irish et al.
2011, Hegazi & Abd Allah 2012, Elbanna et al. 2014,
Almasaudi et al. 2017). honey samples collected
from Sohag were having goodly antibacterial
efficacy against the tested bacterial strains revealed
MIC% was 13.6 % followed by samples of Qena and
Luxor as 14.36 & 17.96 %, respectively (Table 2 &
Diagram 2).

The antibacterial potency differences among honey
samples could be attributed to the natural variations
the different geographical locations and floral
sources of nectar (Alzahrani et al. 2012, Da Silvaet
al. 2016). The difference in antimicrobial potency
between different types of honey can be more than
100-fold, depending on its geographical, seasonal
and botanical source (Molan and Cooper 2000).
Bacterial strains showed differential sensitivity as
Gram-positive bacteria were more sensitive than
Gram-negative bacteria (Owayss et al, 2019). Gram-
positive and Gram-negative bacteria were inhibited
by 5-10 and 10 to 20 % (w/v), respectively (Eman
and Mohammed 2011).

These results are According to other authors, Sidr
honey has been used as an antimicrobial agent. The
average MIC values of Sidr honey was 15%, 20%,
10% & 20% (v/v) (Alqurashi et al. 2013, Almasaudi
et al. 2017, Mohammed & Jayashankar 2020),
respectively. The present obtained MIC values of
Upper Egyptian Sidr bee honey were much less than
MIC values of either Egyptian Sidr Honey recorded
formerly as 20% (Hamouda et al. 2019) or the fully
studied Saudi Sidr Honey as 20% (Hegazi 2011,
Almasaudi et al. 2017, Hegazi et al. 2017).

Sidr honey possessed MIC value against
Streptococcus pyogenes 20% (w/v), as Sidr honey
is effective at inducing lysis of bacterial cell and
identifies targets genes, at the genetic level
(Mohammad et al. 2021). While the another study
showed high MIC that at a concentration 50% (w/v),
where Staphylococcus aureus ATCC 29213 was
susceptibility to two out of the three Sidr honey types
tested, while Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27453 were
completely unaffected by the three Sidr honeys
tested (Dash et al. 2016). Also, Sidr honey sample
showing MIC on Staphylococcus heamolyticus more
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than 25% v/v (Mohammed et al. 2016). Nigerian
honey at concentration 40% v/v gave better
antimicrobial  activity against Pseudomonas
aeruginosa, Staphylococcus aureus, Klebsiella
pneumoniae and Escherichia coli (Braide et al.
2012).

Recent study of Saudi Sidr Honey showed higher
MIC value as 33% w/v. Saudi Talh and Sidr honey
The water-diluted honeys caused an increase in
antimicrobial activity compared to the undiluted
natural honey. (Owayss et al. 2019). Consequently,
MIC of the Upper Egyptian Sidr bee honey revealed
the best in vitro antimicrobial action of all available
studied Sidr honey.

The potential therapeutic agent of honey is
increasingly due to its antibacterial activity as the
most researched biological property of honey
through the influence of its phytochemical contents
that vary geographically or seasonally. Sider honey
has several antibacterial components and property
is likely to explain why, unlike antibiotics, it does not
induce resistance in bacteria. Commercial
development of new classes of antibiotics has been
diminished and few pharmaceutical companies still
active in this area (European Center for Disease
Prevention and Control 2009).

Honey interacts synergistically with antibiotics at
sub-lethal (sub-MIC) concentrations (Masoud et al.
2015, Brown et al. 2020), so the present work tested
this activity of six Upper Egyptian Sidr bee honey
samples with the eight ineffective antimicrobial
agents. All tested Upper Egyptian Sidr bee honey
samples showed synergistic effect with different
antimicrobial agents against the five tested bacterial
strains and these resistant bacteria become
sensitive (Table 3 & Fig. 5 & 6); and the best
synergistic action was against Staphylococcus
aureus (B 261) and Streptococcus agalactiae (B
253). Meanwhile, all tested Sidr honey samples
restored Staphylococcus aureus sensitive to
cloxacillin, Table (3) and Fig. (7).

It was documented that manuka (Jenkins and
Cooper 2012, Muller et al. 2013) or Egyptian fennel
honey (Abdul-Hafeez et al. 2021) restored methicillin
resistant Staphylococcus aureus (MRSA) to
methicillin sensitive Staphylococcus aureus (MSSA)
since honey interacts synergistically with antibiotics
at sub-lethal (sub-MIC) indicated by significant
decline in minimum inhibitory concentration or sub-
lethal concentration (Enany et al. 2018). This action
is obtained by the down regulation of the honey on

U.An D. - U.Bee J. 2023, 23 (1): 1-13

methicillin resistant Staphylococcus aureus (MRSA)
accessory gene regulator genes (agr B, agr C, agr
D) responsible for virulence (Jenkins and Cooper
2012) and cid B gene responsible for bacterial cell
division and reduced expression of mecR1
(responsible for methicillin resistance) (Jenkins et al.
2014) and decreased transcription of the MRSA-
specific penicillin binding protein (PBP2A) that has
markedly reduced affinity to B-lactams compared to
endogenous Staphylococcus aureus PBP enzymes
(Liu et al. 2015). But, in the present study,
Escherichia coli (B 243) and Klebsiella pneumoniae
(B257) still  resistant the trimethoprim -
sulfamethoxazole and sub-MIC of one Upper
Egyptian Sidr bee honey (UESH) sample and
Bacillus cereus (B100) still resistant to two samples
It was evident that both the antimicrobial strength
and fairness brands of honey had variable
synergistic  activity against Escherichia coli,
Klebsiella pneumonia and Streptococcus agalactiae
(Abdul-Hafeez et al. 2021). These findings provide a
strong basis for the use of Upper Egyptian Sidr
honey in treatment of bacterial infections. In addition
of mixing of honey and antibiotics have synergistic
activity against biofilms producing bacteria. The
micro-organisms may not develop resistance
against honey in the same way as they develop for
other commonly used antimicrobial agents. All these
features may make the honey a promising
alternative to the commonly used antibiotics.

Conclusion:

The study concluded that all Upper Egyptian Sidr
bee honey have the best minimum inhibitory
concentration values in vitro ranged from 11.6 to
18.8% (v/v). Antimicrobial action of all available
studied Sidr honey samples even against multi- drug
resistant Gram- positive or Gram- negative bacteria
was  with  promising  minimum inhibitory
concentration values, where Sidr honey samples
collected from Sohag governorate showed the best
antimicrobial action. Moreover, Sidr honey samples
achieved synergistic activity with the non-effective
antibiotic agents against resistant bacteria restoring
them sensitive. The obtained results recommended
that Upper Egyptian Sidr bee honey can be used for
all api-therapeutic usage.
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ABSTRACT

Rearing bee queens is almost done utilizing grafting young larvae while the effects of grafting using
old larvae after the collection of royal jelly on the quality of queens are not known. In fact, the
production of royal jelly depends on grafting, then discarding the larvae to collect the royal jelly. This
study aimed to investigate this point by grafting old larvae after removing them from their original cells
without food. Larvae at age about 2 days were grafted into plastic queen cell cups (selection and
grafting method or S&G method) leaving royal jelly behind and then resultant queens were compared
with naturally reared ones (or NQ). The study showed the absence of significant variations between
the queens reared from the two methods in characteristics of queens and cells. Meanwhile, no
significant differences were found in regard to the performance of colonies. The colonies with queens
from S&G method had slightly higher performance than those with NQ. The study concluded that
grafting using old larvae without their original food does not impair the quality of queens. During the
production of royal jelly, larvae may be grafted into new cells to continue their normal development
instead of discarding them.

Key Words: Apis mellifera, morphology, performance, rearing, cells

oz

Ana arilarin yetistirilmesi geng¢ larvalarin asilanmasiyla neredeyse tamamlanirken, arn siitiiniin
toplanmasindan sonra eski larvalarin asilanmasinin kralige arilarin kalitesine etkisi bilinmemektedir.
Aslinda, ari siiti tretimi agilamaya ve ardindan ar siitlinii toplamak igin larvalari atmaya baghdir. Bu
calisma, eski larvalari yemeksiz olarak orijinal hiicrelerinden ¢ikardiktan sonra asilayarak bu noktayi
arastirmayir amacglamistir. Yaklasik 2 giinliik olan larvalar, geride an siitii birakarak plastik kralige hiicre
kaplarina (se¢gme ve asilama yontemi veya S&G yontemi) asilandi ve ardindan ortaya ¢ikan kraligeler,
dogal olarak yetistirilenlerle (veya NQ) karsilagtirildi. Galisma, iki yontemden yetistirilen ana arilar
arasinda ana ari ve hiicre 6zelliklerinde 6nemli farkliliklarin olmadigini gésterdi. Bu arada, kolonilerin
performansi agisindan énemli bir fark bulunamadi. S&G yénteminden kraliceleri olan koloniler, NQ'ya
sahip olanlardan biraz daha yiiksek performans goésterdi. Caligma, orijinal besinleri olmadan eski
larvalan kullanarak asilamanin kraligelerin kalitesini bozmadigi sonucuna varmigtir. Ari sutinin
liretimi sirasinda larvalar, onlari atmak yerine normal gelisimlerini siirdiirmek icin yeni hiicrelere
asilanabilir.

Anahtar Kelimeler: Apis mellifera, morfoloji, performans, yetistirme, hiicreler
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GENISLETILMiS OZET

Calismanin amaci: Ana ar yetistiriciligi geng
larvalarin asilanmasiyla neredeyse tamamlanirken,
arl sutd toplandiktan sonra eski larvalarin
asllanmasinin  kralice arilarin kalitesine etkisi
bilinmemektedir. Aslinda, ari situ Uretimi asilamaya
ve ardindan ari sutinu toplamak igin larvalari
atmaya baghdir. Bu ¢alisma, eski larvalari yemeksiz
olarak orijinal hucrelerinden c¢ikardiktan sonra
asilayarak bu noktayi arastirmayi amaclamistir.
Geregler ve yontemler: yaklagik 2 gunlik larvalar,
geride ari sutl birakarak plastik kralice hucre
kaplarina asilandi (segme ve asilama yontemi veya
S&G yontemi) ve ardindan ortaya ¢ikan kraligeler,
dogdal olarak yetigtirilenlerle (veya NQ) karsilastirildi.
Bu calismada kullanilan koloniler, ana ari icermeyen
besin peteklerinin yaninda yumurta iceren kulucka
peteklerine sahipti. Kralice hicrelerinin 6zellikleri,
uzunluk, taban genigligi ve u¢ genigligi dahil olmak
Uzere Olguldl. Ortaya ¢ikan ana arilarin taze agirligi,
g0gus genisligi, 6n kanat uzunlugu ve 6n kanat
genigligi dahil olmak Uzere ana ari O&zellikleri
incelenmigtir. Ayrica, arilarla kapli peteklerin sayisi
sayllmis ve kapal kulugka, depolanmis bal ve
depolanmig ari ekmegi alanlari élgiimustar.
Bulgular: Calisma, iki ydntemle yetistirilen ana arilar
arasinda ana ari ve hicre o6zelliklerinde énemli
farkhliklarin  olmadigini gosterdi. S&G ve NQ
arasindaki fark sirasiyla vicut agirhgi, 6n kanat
uzunlugu, 6n kanat genisligi ve goégus genigligi icin
sadece 1,2 mg, 0,01 mm, 0,02 mm ve 0,1 mm ve
hlcre tabani, hicre icin 0,56, 0,38 ve 0,04 mm idi.
sirasiyla uzunluk ve uc¢ genisligi. Bu arada,
kolonilerin performansi agisindan iki yontem
arasinda anlamli bir fark bulunamadi. S&G
yénteminden ana arili koloniler, petek sayisi, kapali
kulugka alani, depolanan bal alani ve depolanan ari
ekmegi alani igin sirasiyla 0,4 petek, 69,67, 45,17 ve
246,45 cm2 ile NQ'lu kolonilerden biraz daha yuksek
ortalamalara sahipti. S&G yonteminden kraligeleri
olan koloniler, NQ'ya sahip olanlardan biraz daha
yiksek performans gosterdi. Bu, S&G'den elde
edilen kralice arnlarin kalitesinin dogal olarak
yetistirilenlere benzer oldugunu goésterdi.

Sonug: Calisma, orijinal besinleri olmadan eski
larvalari kullanarak asilamanin, ortaya ¢ikan bal
arisi kraligelerinin kalitesini bozmadigi sonucuna
varmistir. Ayrica, bu yontemle yetistirilen ana arilarla
yonetilen Kkolonilerin performansi etkilenmez. Ari
sutindn dretimi  sirasinda larvalar, ekonomik
faydalari en Ust diuzeye gikarmak i¢in onlari atmak
yerine normal geligsimlerini sdrdirmek igin yeni
hicrelere asilanabilir.

INTRODUCTION

Honey bee colonies headed with good young
queens are expected to yield better productivity than
those headed with older ones (Akyol et al. 2008,
Hatjina et al. 2014, Junus 2019). There are various
methods that can be employed by beekeepers to
produce queens such as grafting (Zawislak and
Burns 2012, Biichler et al. 2013, Given 2021). Also,
grafting is widely used during the production of royal
jelly (Zheng et al. 2011, Al-Kahtani and Taha 2020,
Gemeda et al. 2020) and larvae are mostly
discarded after the collection of royal jelly from cells.
It is not known if these larvae can be used to obtain
good queens instead of discarding them. Looking at
the literature, comparing queen rearing methods
was the main focus of some previous studies
(Cengiz et al. 2009, Kumar 2018, Dhaliwal et al.
2019), while other studies focused on age of grafted
larvae (Mahbobi et al. 2012, Okuyan and Akyol
2018), queen cell size and numbers (Al-Fattah et al.
2011, Wu et al. 2018, Adgaba et al. 2019), rearing
months and seasons (Ko¢ and Karacaoglu 2011,
Kamel et al. 2013, Onk et al. 2016), and grafting
methods (Gene et al. 2005, Rafique et al. 2019).
There are no studies however on grafting old larvae
without their royal jelly.

In fact, queen rearing is regulated by bee workers
(Hatch et al. 1999, Tarpy et al. 2004). In queenless
colonies, orphan workers build many emergency
queen cells (Abou-Shaara et al. 2021). However, the
queen cells may be built over old larvae (Fell and
Morse 1984, Tofilski and Czekonska 2004),
especially bee workers select larvae for emergency
queen rearing based on their nutritional status (Sagili
et al. 2018). In the present study, to be able to
compare naturally reared larvae and those removed
from their cells, the age of larvae over which queen
cells were built was controlled. Also, grafting was
used to move larvae from their queen cells into new
plastic cell cups. Then, the quality of the emerged
queens was assessed in comparison with the
naturally reared ones.

Parameters commonly considered to compare
queens resulting from various methods include cell
characteristics, body weight, and morphological
characteristics of queens (Al-Ghzawi and Zaitoun
2008, Cengiz et al. 2009, Al-Fattah et al. 2011,
Mahbobi et al. 2012, Kamel et al. 2013, Onk et al.
2016, Okuyan and Akyol 2018, Mattiello et al. 2022),
and performance of colonies including brood rearing
and colony productivity (Genger et al. 2000, Mahbobi
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et al. 2014, Kumar 2018). Such parameters were
included in the comparison between queens
naturally reared in their cells and those grafted away
from their original cells. This study presents also
some insights into the development of honey bee
queens and provides a method to utilize queen
larvae after the collection of royal jelly instead of
discarding the larvae.

MATERIALS AND METHODS
Grafting using old larvae

In this study, queenless colonies (Carniolan hybrid
bees) were allowed to rear their own queens from
combs containing eggs followed by grafting. Firstly,
the queens were removed from the colonies.
Secondly, queen cells containing larvae at age of
about two days were selected. Thirdly, these larvae
were moved from their natural cells into plastic
queen cell cups. Then, grafted queens were left
inside the colonies until the sealing of cells, and then
the cells were placed in an incubator (34+1°C, and
80% RH) until hatching. This method was applied in
particular to be able to compare queens reared
under the same conditions and meanwhile to mimic
the process of royal jelly production by removing the
larvae without their food. To simplify the study, this
method of removing larvae from their cells into new
cups was named selection and grafting method
(S&G).

Experimental setup.

Queens reared from S&G method were compared
with naturally reared queens (NQ) in the colonies. To
do this, Carniolan hybrid colonies with the same
strength (each with 10 combs covered with bees: 6
combs each with brood and 4 combs each with
stored pollen/honey) from an apiary at Damanhour
city were used in the study during March — July.
There are good sources for nectar/pollen during this
period at the study area. The study started with eight
colonies but finally, five colonies were considered in
the study. Combs with capped brood and old larvae
were replaced by new empty combs to ensure the
availability of eggs before splitting the colonies.
Then, each colony was divided into two small
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colonies (each with 5 bee combs: 3 brood combs
containing mainly eggs and 2 food combs covered
completely with bees) placed in 10-frame Langstroth
beehives without queens. All colonies were supplied
temporarily with 2 combs of capped brood to
increase their strength. The first 5 small colonies
were allowed to rear queens naturally (NQ) while
their sister 5 small colonies were used to obtain
queens using S&G method. Each colony was able to
rear >13 queen cells, and 10 of them were used in
measuring the following parameters.

Cell characteristics

A digital caliper was used to measure the length,
base width, and tip width of queen cells for 10 cells
from each colony (a total of 50 cells per group).

Queen characteristics

The fresh weight of the emerged queens was
determined using an electronic balance. Also, body
characteristics related to body size were measured
including thorax width, forewing length, and forewing
width. The thorax width was measured using a digital
caliper while forewing length and width were
measured according to Ruttner et al. (1978) using
Scan Photo Technique (EI-Aw et al., 2012) after
scanning the wings at 1200 dpi using a scanner
(Canon LiDE 110, k10352, Vietnam). The
measurements were taken for 10 queens per colony
with a total of 50 queens per group.

Colony performance

The number of combs covered with bees was
counted. While a frame divided into grids of cm?
(Jeffree 1958) was used to measure areas of sealed
brood, stored honey, and stored bee bread. These
areas were measured after two months from the start
of egg laying by the new queens in the 10 colonies
(5 per each group) as an indicator for the
performance of queens reared by the two methods.

Statistical analysis

The measured parameters for the two groups were
compared using t-test. The variations were
considered significant when P<0.05. The analysis
was done using SPSS v. 16 (SPSS for Windows
2007, Chicago, USA).
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Fig.1: The experimental setup of the study to compare between naturally reared queens (NQ) and queens reared by

selection and grafting method (S&G).

RESULTS
Cell characteristics

No significant differences (P>0.05) were found
between the two groups in cell length and tip width
while base width differed significantly (P<0.05)
between them as shown in Table 1. The measured

characteristics of cells were slightly higher in S&G
method than NQ, except base width. The difference
between the two groups was 0.56, 0.38, and 0.04
mm for base width, cell length, and tip width,
respectively.

Table 1. Cell characteristics (Mean+SE) of natural queens (NQ) and queens from selection and grafting (S&G) method.

MeantSE (mm)

Characteristics NQ S&G t-test
Base width 11.56+0.16 11.00+0.00 (t=3.35, P=0.001)
Length 17.56+0.25 17.9410.21 (t=1.1, P=0.25)
Tip width 6.42+0.11 6.46+0.12 (t=0.22, P=0.81)

Queen characteristics.

No significant differences (P>0.05) were found
between the two groups in all characteristics (Table
2). Naturally reared queens had slightly higher
values in the measured characteristics than S&G

Uludag Aricilik Dergisi —

queens. The  difference  between queen
characteristics of the two groups was 1.2 mg, 0.01
mm, 0.02 mm, and 0.1 mm for body weight, forewing
length, forewing width, and thorax width,
respectively.
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Table 2: Queen characteristics (Mean+SE) of natural queens (NQ) and queens from selection and grafting (S&G)

method.
MeanzSE
Characteristics NQ S&G t-test
Weight (mg) 198.34+1.35 197.14+1.27 (t=0.64, P=0.51)
Forewing length (mm) 9.11+0.007 9.10+0.008 (t=1.42, P=0.15)
Forewing width (mm) 3.01£0.010 2.99+0.011 (t=0.99, P=0.32)
Thorax width (mm) 4.82+0.05 4.72+0.06 (t=1.18, P=0.23)

Colony performance.

No significant differences (P>0.05) were found
between them in measured parameters (Tables 3).
The colonies headed with NQ or queens from S&G
method showed approximately the same
performance level. The number of combs covered

with bees, after two months, ranged from 3 to 5
combs for the both groups. The colonies with queens
from S&G method had slightly higher means than
colonies with NQ by 0.4 comb, 69.67, 45.17, and
246.45 cm? for the number of combs covered with
bees, sealed brood area, stored honey area, and
stored bee bread area, respectively.

Table 3: Parameters (MeantSE) of colonies headed with natural queens (NQ) and queens reared from selection and

grafting (S&G) method.

MeaniSE
Parameters NQ S&G t-test
Number of combs 3.80+0.37 4.20+0.49 (t=0.64, P=0.53)
Sealed brood area (cm?) 1406.45£119.22 1476.121225.24 (t=0.27, P=0.79)
Stored honey area (cm?) 709.67+145.34 754.84+338.87 (t=0.12, P=0.91)

Stored bee bread area (cm?)

529.03+120.95

775.48+177.92 (t=1.14, P=0.28)

DISCUSSION

The best quality of queens was found when queens
were reared from 1 to 2 days old larvae (Genger et
al. 2000, Mahbobi et al. 2012, Okuyan and Akyol
2018, Dhaliwal et al. 2019). In the present study,
workers in queenless colonies accepted the grafted
old larvae when moved into new plastic queen cell
cups. Accordingly, Staron et al. (2019) recorded low
death rates when grafting old larvae, suggesting the
good survival of old larvae after grafting. The two
methods used in this study had approximately
similar cell characteristics without significant
differences in cell length and tip width. This indicates
the lack of any negative impacts of the S&G method
on the ability of bees to construct normal cells on
older grafted larvae. The significant differences
between the two methods in cell base can be
explained by using plastic cups with fixed width in
S&G method than the naturally built queen cells.

The measured queen characteristics proved that
queens from S&G method were not different from
those reared naturally. This supports the idea that

U.Ar D. — U.Bee J. 2023, 23 (1): 14-22

grafting old queen larvae into new cells did not affect
the subsequent development of queens. Based on
bee subspecies, the queen weight of 190-200 mg
can be considered as moderate queens (Kahya et
al. 2008) or heavy queens (Al-Fattah et al. 2011,
Dhaliwal et al. 2019); therefore, queens developed
from the two rearing methods can be considered at
least as moderate queens. This indicates the good
quality of queens; especially queen weight is a good
indicator for colony productivity (De Souza et al.
2013) and queen quality (Wilkinson and Brown
2002, Kahya et al. 2008, Hatjina et al. 2014), and
large queens have large spermatheca and can store
more sperms (Collins and Pettis 2013). In line with
the obtained results, the weight of queens from
grafting method (189.80 mg) was higher than
naturally reared queens in queenless colonies
(Kumar 2018). The measurements of forewing
length and width recorded in this study for queens
from the two groups were similar to those recorded
by Kamel et al. (2013) for bee queens in Egypt
reared during different months.
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Despite its importance, queen weight has no role in
the acceptance of queens by bee workers as well as
the beginning of oviposition (Medina and Goncalves
2001). The commencement of egg laying after
mating is impacted by many factors (Woyke and
Jasinski 1990, Schlins et al. 2005), and can range
from a few days to one month (Moritz and Kuhnert
1984, Cobey 2007). In the present study, all queens
developed from the two groups were observed to lay
eggs within the first two weeks after emergence and
had similar performance. The insignificant variations
between performance parameters reflected that
queens from the two methods were able to naturally
mate in a similar way. It is known that poor queen
mating can impair its egg laying ability, and
subsequently colony development (Abou-Shaara et
al. 2021). But in this study colonies were developed
over two months in a similar way.

The obtained results are somewhat supported by a
previous study, wherein the queens from the grafting
method were better than naturally reared queens in
the studied parameters including areas of brood,
pollen, and honey (Kumar, 2018). The higher brood
area in S&G group can be explained by the higher
area of stored food than NQ group. Accordingly, a
relationship was found between stored pollen area
and brood rearing activity (Abou-Shaara et al. 2013).
Genger et al. (2000) recorded significant differences
in brood rearing activity and the number of combs
covered with bees in colonies headed with heavy
and light queens. On the contrary, all queens from
the two groups in this study were approximately with
the same weight, and thus had no variations in their
performances.

Conclusion

This study tested the effects of grafting old larvae
without their food (S&G method) on the quality of
queens in comparison with naturally reared ones.
To mimic the situation during royal jelly production
as larvae are discarded after royal jelly collection,
but here the larvae were grafted again into new
plastic cups. This method yields queens with similar
quality to those reared naturally inside hives. The
results proved that the transportation of old larvae
into new cells (i.e. plastic queen cell cups) did not
affect negatively on the quality of queens and
colony performance. The comparison between
naturally reared queens and queens reared using
S&G showed the absence of high variations in
queen cell characteristics and queen morphology.
Also, the performance of colonies headed with

queens from the two methods showed insignificant
variations. On the beekeeping scale, royal jelly
producers may plan to utilize the larvae in queen
rearing instead of discarding them but accelerate
the process of royal jelly collection to be done with
younger larvae (< 3 days). This study also shows
that the interruption in the feeding of larvae may not
pose serious effects on their development and
quality. More studies using different honey bee
subspecies are advised.
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ABSTRACT

In this research, heavy metal contents (Al, As, Pb and Cd) of 6 honey samples obtained from Marmara
and Aegean regions of Turkiye (chaste berry, chestnut, jerusalem torn and sunflower kind of honeys)
and 4 honey samples obtained from Bulgaria (lavender, acacia and sunflower kind of honeys) with
micro and macro element contents including Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B, Na, K, Sr, S and
Ca were analyzed by ICP-OES (Inductively Coupled Optical Emission Spectrometer). It was found that
the heavy metal contents (Al, As, Cd and Pb) in the investigated honey samples were below the toxic
limit values specified by the World Health Organisation and the Turkish Food Codex. In general, the
mineral contents of honey samples vary according to the regions where they were taken. Among the
honey samples taken from different regions; the contents of Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B, Ca, K, Na,
P and S changed at 1% significance level, while Mn, Ni and Fe contents differ at 5% level of
significance. It was determined that as the apiary locations from which honey samples were taken
approached the urban areas, the Pb content increased statistically by 1%, while the As and Co content
increased at the 5% level of significance.

Keywords: Honey, Heavy Metals, Micro Element, Macro Element, ICP-OES

oz

Arasgtirmada Tiirkiye Marmara ve Ege boélgelerinden temin edilen 6 bal 6rnegi (hayit, kestane, karacgali
ve cicek ballari) ile Bulgaristan’dan temin edilen 4 bal 6rnegi (lavanta, akasya ve ¢icek ballari) agir
metal igerikleri (Al, As, Pb ve Cd) basta olmak uizere; Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B, Na, K, Sr,
S ve Ca gibi mikro ve makro element igerikleri ICP-OES (indiiktif Eslesmis Optik Emisyon
Spektrometresi) ile analiz edilmistir. incelenen bal érneklerindeki agir metal diizeylerinin (Al, As, Cd ve
Pb) WHO ve Tiirk Gida Kodeksi’ nde belirtilen toksik limit degerlerinin altinda oldugu tespit edilmistir.
Genel olarak, bal o6rneklerinin mineral igerikleri alindiklani boélgelere goére degismektedir. Farkli
bolgelerden alinan bal 6rnekleri arasinda Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B, Ca, K, Na, P ve S igerikleri
%1 onem dizeyinde; Mn, Ni ve Fe icerikleri ise %5 Oonem dizeyinde farklik godstermektedir.
istatistiksel analizler sonucunda; bal érneklerinin alindigi ariliklar yerlesim yerine yaklastikga Pb %1,
As ve Co icerikleri ise %5 6nem duizeyinde artig gosterdigi ortaya ¢cikmigtir.

Anahtar Kelimeler: Bal, Agir Metaller, Mikro Element, Makro Element, Mineraller, ICP-OES
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GENISLETILMiS OZET

Amag: Bal, arn sutl, polen ve propolis gibi ari
drtnlerinin saglikh yasami sirdirme ve hastaliklara
karsi vicut badisikligini guclendirme gibi insan
saghgi agisindan 6nem tasiyan pek cok faydasi
vardir. Bu ari trlnleri icerdigi vitaminler, mineraller,
enzimler, fenolik bilesenler ve diger biyoaktif
maddelerden dolayl antibakteriyel, antimikrobiyal,
antiviral ve antiparaziter gibi birgok saglik
fonksiyonuna sahiptir. Demir, bakir, ¢inko, kalsiyum,
sodyum ve potasyum gibi mineraller balda siklikla
bulunan ve insan beslenmesi igin 6nem
tasimaktadir. Bu faydali minerallerin yani sira bal ve
diger ari Urlnleri sehir merkezleri, otoyollar ve
endustriyel kirlilik faktérler nedeniyle insan saghgina
zararli bazi agir metaller igerebilmektedir. CUnku ar
kovandaki bal ve diger Grtnlerini 3-4 km ¢apinda bir

alandan topladigindan, cevresel kirlilik
kaynaklarindan bazi bulasanlari kovana
tasiyabilmektedir. Bu nedenle ballar insan

beslenmesine katki veren besleyici mineraller
acisindan incelenmesi yaninda, gida guvenligi
acisindan bdlgesel bazda c¢evre kirliliginin bir
yansimasi olan agir metal icerikleri bakimindan da
stk stk incelenmelidir. Turkiye ve Bulgaristan
aricilhikta 6nemli potansiyele sahip iki tlkedir. Her iki
Ulkenin cografi konumu, bitki cesitliligi, ekolojisi,
nektar kaynaklari ve koloni varhigi bal dretimi icin cok
uygundur. Calismada, Tirkiye’de Ege ve Marmara
bolgelerinden 4 farkli bal cg¢esidine ait 6 ve
Bulgaristan’dan temin edilen 3 farkh bal ¢esidine ait
4 6rnek, 16 farkh mineral (Ba, Cr, Co, Ni, Fe, Cu, Zn,
Mn, Mg, P, B, Na, K, Sr, S ve Ca) ve 4 farkl agir
metal (Al, As, Cd ve Pb) incelenmistir. Bal
orneklerinin sehit merkezleri ile otoyollarin neden
oldugu agir metal kirlilik dizeylerinden etkilenme
durumlari ortaya konulmaya calisiimigtir. Temel
analiz yontemlerinin gelismesine paralel olarak, son
yilllarda besinlerin adir metal analizlerinde daha
glvenilir sonuglarin elde edilmesi talep edilmektedir.
ICP-OES analiz teknigi, temel arastirmalar icin en
hassas ve glvenilir bir mineral madde ve agir metal
analizi 6lgiim yontemi olarak kabul edilmektedir. Bu
nedenle 6rneklerin mineral ve agir metal iceriklerinin
incelenmesinde, ICP-OES teknigi kullaniimistir.

Gere¢ ve Yontem: Bu calismada Turkiye'nin
Marmara Bdlgesinde Bursa-Mudanya’'nin 4 kdyu ile
Bursa-Karacabey’'in Malkara Kdyu kirsal alanindan
1 ve Ege Bolgesi'ndeki izmir Bergama’'dan 1 olmak
Uzere Ulke genelinde 6 &rnek incelenmigtir.
Bulgaristan'in ise Oblast ili Sumnu, Benkovski,
Kayaloba ve Dobromirtsi sehirleri kirsal alanlarindan
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4 bal 6rnegi temin edilmis ve incelenmistir (Tablo 1).
Bu boélgelerin bal dretimi icin énemli oldugu
bilinmektedir. Calisma boyunca agir metaller de
dahil olmak Uzere 20 mineral analiz edilmistir.
Analiz, Bursa Uludag Universitesi Ziraat Fakiltesi
Toprak Bilimi Bolimu ve Bitki Besleme Arastirma
Laboratuvari'nda ICP-OES cihazi kullanilarak
gercgeklestiriimistir. Bal 6rnekleri asitte mikrodalga
kullanilarak yakilmis ve seyreltme isleminden sonra
analiz edilmigtir. Kalibrasyon testleri sonrasinda
ICP-OES cihazi analize uygun hale getiriimis ve
numuneler standart  bir egri  kullanilarak
hesaplanmistir.

Sonuglar ve Tartisma: Tirkiye'den alinan bal
ornekleri igerisinde en yiiksek Al (4,04+0,20 ppm) ve
As (0,39 icerikleri T5 ve T2 (3,60+0,24 ppm) bal
orneklerinde ol¢limustir. Bulgaristan’da ise en
yiuksek Al igerigine Kayaloba’ dan alinan c¢igek
balinda (B3; 2,06+0,18 ppm), As icerigine ise B4
orneginde rastlanilmistir. Tuarkiye bal 6érnekleri
icerisinde en ylksek kurgun (Pb) igerigine izmir
Bergama’dan alinan bal 6érneginde (2,79+ 0,16 ppm)
rastlanirken, Bulgaristan bal &rnekleri iginde Pb
kalinti miktari en yuksek B1 6rneginde (0,84+0,01
ppm) tespit edilmistir. Kadmiyum icerigi en yuksek
Tarkiye bal 6rnegi olarak T5 6rnegi (0,36+0,00 ppm)
ve en ylUksek Bulgaristan bal 6rnegi olarak B3
(0,13+0,16 ppm) bulunmustur. Analizler sonucunda
tim bal o6rneklerinde element igeriklerinin kabul
edilebilir dlizeyde oldugu, toksik agir metal (As, Al,
Pb ve Cd) iceriklerinin toksik diizeyin altinda oldugu
belirlenmistir. Ozkul ve digerleri (2018) de belirledigi
gibi, sehir merkezi ve yerlesim alanlarina
yaklagildikca bal 6rneklerindeki kirlenme oraninin
(Pb ve As icerikleri) arttigi ve bu artislarin istatistiksel
olarak %1 ve %5 dluzeylerinde dnem tasidigi tespit
edilmigtir. Arastirma sonunda en yuksek kursun
icerigine sahip olan hayit balinin bile gunlik
tuketilebilecek  maksimum  bal  miktann ile
orantilandiginda FDA'nin glivenli limit degeri altinda
kaldigi belirlenmistir.

Diger yandan ballarin besin degeri ve mineral
zenginligi bakimindan degerlendirildiginde (Tablo 2);
tim bal érneklerinin kemik sagligr agisindan énemli
bir mineral olan Ca igeriklerinin ylksek oldugu ve
67,44+2,21 ile 198,70+1,44 ppm arsinda degistigi
bulunmustur. Ballarin kansizlik agisindan énemli bir
element olan Fe igeridi bakimindan da zengin bir
kaynak oldugu ve bu element igeriginin ballarda (B1)
29,1340,36 ppm’e varan dizeylere kadar ¢ikabildigi
belirlenmistir. Yine bir koenzim faktérii olarak
vicutta gorev yapan Zn; Turkiye ballarinda (T5)
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2,94+0,02, Bulgaristan ballarinda (B3) ise 3,79+0,01
ppm duzeylerinde 6l¢cilimis olup balin zengin bir
mineral madde kaynagi olarak beslenmede rol
oynadidi ortaya konulmusgtur.

INTRODUCTION

In recent years, the impact of rapid industrialization
on nature in terms of environmental pollution
increased significantly in our country parallel to the
World. Industrial plants in business enterprises such
as paint, automotive and plastic cannot completely
prevent toxic and harmful chemicals from
production, although waste treatment units are
mandatory, toxic substances continue to spread to
the environment through water and air (Tchounwou
et al. 2012). Bees are accepted as indicator
creatures due to their interaction with nature in
maintaining the balance in nature. They are living
organisms that are indispensable in ensuring the
sustainability of plant production by pollination (Sirali
and Cinbirtoglu 2018). Environmental problems such
as heavy metal pollution in nature pose a risk not
only to human health and nutrition but also to bee life
and health, elevating the risk of pollution of the
products such as honey, pollen and royal jelly
produced by bees.

Beekeeping is a socio-economic activity that uses
plant resources, bees, technical knowledge, and
labor to produce various bee products. (Burucu ve
Glulse Bal 2018). The orientation towards providing
the nutrients and energy elements needed by the
body from natural sources with the understanding of
healthy life has led to the development of
beekeeping activities and to a significant increase in
the value of these products. Bee products such as
honey, royal jelly, pollen and propolis have great
benefits in terms of maintaining a healthy life,
preventing certain diseases and strengthening the
immune system. These products have antibacterial,
antimicrobial, antiviral and antiparasitic health
functions due to their antioxidant elements such as
vitamins, minerals, enzymes, phenolic components
and their bioactive substances. In addition to all
these benefits, beekeeping is important in
agricultural activities due to the reasons such as
earning income in a short time, it can be done with
little capital and it does not require a lot of land area
(Tepge 2021).

Turkiye has significant potential in beekeeping and
is very favorable for honey production due to its

geographical location, plant diversity, ecology,
nectar reserves and the existence of colonies or
hives (Borum 2014). Approximately 5.9% of the
honey obtained in the world in 2019 was produced
in Turkiye. This brings Turkiye to second place in the
world in honey production (Guler 2021). Projection
studies show that honey production will increase
even more in Turkiye. According to the data of 2021,
while around 97 thousand tons of honey was
produced in Turkiye (TUIK 2021), honey production
is expected to be between 121 thousand and 125
thousand tons in 2023 (Burucu ve Gulse Bal 2017).

Due to the rapid increase in the world population,
industrialization and agricultural production activities
recently, heavy metal pollution in soil and nature has
reached serious levels (Mikhailenko et al. 2020). Soil
is an important medium in which plants grow and
acts as filtration for pollutants. Since there is an
exchange of substances and energy between the
three main ecosystems in nature (water, air and soil),
the pollutant is able to transport from one ecosystem
to another (Figure 1). As a result of the accumulation
of heavy metals in the soil, these can be transported
to humans through these plants and can play a role
as significant risk factors responsible for some
chronic diseases (Kara and Kara 2018). The
increase in the heavy metal concentration in
Turkey's natural resources with each passing day
keeps this issue on the agenda and leads to an
increase in the number of studies on this subject
(S6nmez and Kilig 2021). In a study conducted in the
province of Istanbul, soil samples were examined
from 40 different locations and the highest pollution
values were determined in the unwashed leaf
samples taken from the roadside as 14.90 + 2.96
pg/g for Pb, 0.65 + 0.13 pg/g for Cd, 19.94 + 1.17
pg/g for Cu and 42.53 + 3.08 ug/g for Zn (Ozturk et
al. 2017). It has been determined that there is a
linear relationship  between heavy metal
accumulation, traffic density and proximity to the
roadside. In a study carried out in the Altintas plain,
located in the south of Kitahya, a region where
agricultural activities are intense, the heavy metal
contents were analyzed by ICP-MS by sampling
from 15 points of agricultural lands. (Ozkul 2018). As
a result of the analysis of soil samples taken from the
study area, while the pollution was moderate for Cu,
Pb, Sb and Zn heavy metals, Hg, As and Ni were
found as the heavy metals that cause the most
pollution, respectively. In another study, the heavy
metal contents of the soils in the playgrounds in the
city center of Kutahya have investigated, and found
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significant soil contamination in terms of heavy metal
contents of As, Cd, Hg, Ni, Pb, and Zn (Ozkul 2019).
Among these, it has been observed that the
contamination rate of heavy metals, especially As
and Cd, has reached serious levels. Pollution
caused by heavy metals is easily able to transport
between the ecosystems through the food chain. In
this respect, heavy metals can be transmitted to
humans through many pathways including food
production, drinking water, inhalation and skin
contact (Figure 1). Pollution sources occurring in the
ecosystem causes serious negative effects if it is
taken into the metabolism of the living organisms
(Vareda et al. 2016). Heavy metals mixed with the
soil can be transported to the human body either
directly through plants or indirectly through animal
meats and products that consume plants (Kara and
Kara 2018).

Figure 1: Pollution caused by heavy metals.

Sekil 1: Agir metallerin sebep oldugu kirlilik.
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In Turkiye, which has a wide and diverse flora
potential and geography where flowering continues
at all times of the year; beekeeping is an agricultural
business area that can be done almost anywhere
from sea level to high plateaus (Tepge 2021). The
high quality of honey in our country is based on the
abundance of nectar-producing plant varieties in
different climatic conditions and different periods.
For these reasons, an important part of the honey
produced from these regions is a mixture, that is,
multi-floral. In addition, herbal kinds of honey

U.Arn D. — U.Bee J. 2023, 23 (1): 23-36

specific to a local plant flora, which are unique to
certain regions in Turkiye, can also be produced.
Chasteberry honey, one of these kind of honey, is
one of the only plant kind of honey that is produced
intensively in the Aegean and Marmara Regions and
consumed in common. Chasteberry (Vitex agnus-
castus) is an herb, also known as priest pepper or
five-finger plant. The chasteberry plant is a good
source of nectar for honey bees and has an
estrogenic effect and hormone-balancing
characteristics (Ugak Kog et al. 2017).

Jerusalem thorn honey is produced mostly in
Marmara and Thrace regions in Turkiye (Malkog et
al. 2019). Paliurus spina-christi, known as Jerusalem
thorn, is a shrub plant belonging to the Miller
Rhamnaceae family. The flowers of the Jerusalem
thorn plant turn yellow in May and July depending on
the weather conditions; medium sweet and slightly
bitter honeys that can crystallize very quickly are
obtained. Jerusalem thorn herb has traditionally
been wused for the treatment of diuretic,
antirheumatic, hypocholesterolemic, and chronic
obstructive pulmonary disease (Sen 2018, Zor et al.
2017).

Lavender honey is among the most admired high-
quality honeys for its pleasant aroma and taste.
Lavender is a popular aromatic Mediterranean plant
belonging to the Lamiaceae family (Castro-Vazquez
et al. 2014).

Chestnut honey is honey obtained from the extracts
collected by the bees from the flowers of the
chestnut trees in a certain period. Since chestnut
trees (Castanea sativa) begin to bloom in June, this
honey made by bees that work intensively during this
period is produced less frequently in our country, so
its economic value is higher than the many other
honey varieties (Alkan 2020).

Acacia honey (Robinia pseudocacia), with its light
yellow appearance, delicate scent and floral aroma,
is one of the most popular honey varieties available
in the European market (Oroian et al. 2015,
Schievano et al. 2019). In order for a honey sample
to be classified as real acacia honey, it must contain
at least 45% granular acacia pollen as specified in
the regulation on honey quality (Soares et al. 2017).

Sunflower honey (Helianthus annuus) is one of the
most produced monofloral (single flower) honey
varieties in Turkiye and it is the most exported honey
in the country after pine honey. It is generally used
by beekeepers as winter food or bee feed. Sunflower
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blooms in July and is harvested in August. Sunflower
honey is honey having golden yellow in color, has a
unique taste, and crystallizes very quickly. The quick
crystallization of this honey is due to its high glucose
and pollen content. It looks like a yellow candle when
it crystallizes (Sen 2019).

Chasteberry, chestnut and Jerusalem thorn are
plants preferred by bees, which naturally reproduce
in forest areas far from city centers for honey
production. Lavender, on the other hand, is an
aromatic plant that is extensively planted as an
important raw material for the perfume and
cosmetics industry, generally in the fields relatively
close to cities and industrial pollution sources
compared to other forest plants examined in the
research. These plants, which exist both in forest
areas and in areas close to cities, are among the
plants used extensively by honey bees (Apis
mellifica) to create unmatured liquid honey. Residue
levels in the honey produced by bees collecting
liquid honey extracts and pollen from these plants
may vary depending on the distance from the
environmental pollution sources of the plants where
the bee collects the nectar and the area where the
beehive is located.

Honey, which is loved and consumed by all age
groups, is a functional food that is easy to digest and
has a curative or protective effect against some
diseases. Honey contains elements such as
potassium, sodium, phosphorus, magnesium, sulfur,
manganese, chlorine and iron, which are important
for human health and nutrition. According to the
Turkish Food Codex Honey Communiqué, honey; is
defined as a natural bee product created by the
collection of plant nectars, the secretions of living
parts of plants, or the secretions of plant-sucking
insects living on the living parts of plants by honey
bees (TGK 2020). For this reason, honey is one of
the natural food products whose source is nature
and therefore can be affected by environmental
pollution sources such as heavy metal pollution in
nature.

In the composition of honey; there are main
nutritional components such as sugars (31%
glucose, 38% fructose), vitamins (ascorbic acid,
etc.), moisture (10-20%), elements (potassium,
sodium, calcium, magnesium, phosphorus and
organic acids (gluconic acid, acetic acid, etc.). The
amounts of major and trace elements in honey vary
according to the element contents of the sources
(soil and vegetation) from which the bee collects the

nectar. The elements are generally transported to
the honey through the nectars and nectars collected
by the bees from the plants through the roots of the
flowering plants (Lanjwani and Channa 2019). Apart
from environmental pollution, the amount of heavy
metals and minerals varies according to the
geographical and flora characteristics of honey.
Heavy metals are elements with a density higher
than 5 g/cm3 in terms of physical properties in three
or higher periods in the periodic table. More than 60
metals are in this group, including lead, cadmium,
chromium, iron, cobalt, copper, nickel, mercury and
zinc. The most common heavy metals determined in
polluted soils are Cr, Pb, Cu, Cd, Zn, Hg and As,
respectively (Khalid et al. 2017).

In many studies on the element contents in honey,
macro elements such as Na, K, CI, Ca, P, S and Mg,
and micro elements such as Al, Mn, Pb, Cd, Cu, Tl,
Co, Zn, Rb, Ni, Ba, Bi, Pt, Be, V, Pd, Te, Fe, Mo, Hf,
Sb, Sn, U, La, Sm, |, Tb, Th, Dy, Sd, Nd, Pr, Lu, Gd,
Yb, Er, Ho, Cr, B, As, Br, Ce, Cd, Se, Srand Hg have
been investigated in detail (Lanjwani and Channa
2019). However, since environmental pollution is a
rapidly increasing problem both in our country
parallel to the World, it is necessary to frequently
examine and evaluate foods such as honey, which
is a product obtained from nature, in terms of
pesticide and heavy metals which have serious toxic
effect on human health.

Bees take heavy metals from plants and water
sources on the soil surface while collecting nectar.
These heavy metals are transmitted to plants from
the soil, pesticides, chemicals and industrial wastes
in the region. Although the typical food collection
area of the honey bee varies according to the
distance of the food and water sources around the
hive; most of the time it is collected within a radius of
600-800 of an area. However, they can often fly
distances of 2 km to gather food and can even follow
a flight route of up to 5 km. It is stated that in cases
of food and water deprivation, bees can fly up to a
maximum distance of 13 km in order to find food
sources and under experimental conditions (Pahl et
al. 2011). Metals can contaminate honey by a
mechanism defined as migration, not only from the
environment and nature but also from the metal
surfaces, metal-based containers and cauldrons and
equipment used in the production steps (Ozcan and
AL Juhaimi 2012). Environmental pollution, on the
other hand, is a global problem of today, and its
effects are increasing day by day and reaching a
dangerous dimension. Among the main factors
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polluting nature, heavy metals, various pesticides,
organic compounds, radioactive substances and
hydrocarbon combustion products at first (Doelsch
et al. 2006). Due to food safety concerns, studies on
the determination of heavy metal content in honey
have increased in recent years. It is stated that if
these toxic substances are taken by the organism
above a certain level, they can harm the metabolism
and the body (Bengl and Kutlu 2020).

There is no separate classification regarding the
heavy metal limit values in honey. There are
regulations published by the World Health
Organization (WHO 2007), European Union (EC
2006), The Food and Drug Administration (FDA
2021) regarding heavy metal residue limits in foods.
In Turkiye, heavy metal limit values are considered
as toxic residue values in foods like in other
countries, and there is no separate legal
classification for heavy metal contents only in honey
(Resmi Gazete 2011).

In this study, 16 different micro and macro elements
and 4 heavy metals were tried to be measured in the
honey samples (chasteberry, chestnut,
jerusalemthorn, and sunflower honeys) obtained
from two regions of Turkiye and the honeys
(lavender, acacia, and sunflower honeys) from four
settlements of Bulgaria. With statistical methods, it
has been tried to reveal the level of being affected
by environmental pollution according to the distance
of the honey to the pollution sources that cause
environmental pollution such as city centers and
highways.

MATERIALS AND METHODS
Collection of Samples

In the study, 10 honey samples produced in Turkiye
and Bulgaria were used. For this purpose, 6 honey
samples belonging to the Marmara and Aegean
regions of Turkiye and 4 honey samples belonging
to 4 settlements of Bulgaria were examined in terms
of heavy metals (4) and micro and macro elements
(16) (Table 1 and Figure 2). Honey samples without
honeycombs (500 g) were brought to the laboratory
in clean glass jars, labeled and stored at 4-8 °C until
analysis.

Figure 2. Honey sampling locations on the map
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Table 1. Geographical coordinates and regions for honey sampling

Tablo 1. Bal drneklerinin alindiklari bélgeler ve cografi koordinatlari

Sample Code Honey Variety Geographical Position Coordinates

T1 Chasteberry Turkiye/lzmir/Bergama 39.29774,27.28536
T2 Chestnut Turkiye/Bursa/Malkara/Karacabey 40.31248,28.34772
T3 Jerusalemthorn Turkiye/Bursa/Mudanya/Sogutpinar 40.46111,28.62627
T4 Jerusalemthorn Turkiye/Bursa/ Mudanya/Mesudiye 40.57991,28.58261
T5 Jerusalemthorn Turkiye/Bursa/ Mudanya/Camlik 40.45518,28.56538
T6 Sunflower Turkiye/Bursa/Mudanya/Evciler 40.55469,28.49159
B1 Lavander Bulgaria/Sumnu 43.45616,26.90330
B2 Acacia Bulgaria/Benkovski 41.60622,25.22514
B3 Sunflower Bulgaria/Kayaloba 41.52410,25.17348
B4 Sunflower Bulgaria/Dobromirtsi 41.46227,25.15832
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Sample Preparation and ICP-OES Method

Approximately 1 g of honey samples were weighed
and burned with 4 ml of 37% HCI (Honeywell,
Germany) and 3 ml of 65% HNOs (Merck,
Darmstadt, Germany) using a Multiwave 5000
(Anton Paar, Austria) microwave device. The
samples were completed with ultrapure water to a
final volume of 50 ml. The samples were burned
using HNOs and H20:2 in a Berghof MWS-2 model
microwave oven. In the extracts obtained, 4 heavy
metal types (Al, As, Pb and Cd) and micro and macro
elements (Ba, Cr, Co, Ni, Fe, Cu, Zn, Mn, Mg, P, B,
Na, K, Sr, S and Ca) were determined with Perkin
Elmer OPTIMA 2100DV model ICP OES apparatus.
Measurement conditions applied in the device are
given in Table 2.

Table 2. The Measurement Conditions Of ICP-OES
Tablo 2. ICP OES 6l¢iim kosullari

Reding Time 5(s)
Rf Power 1.20 (kW)
Stabilization Time 15 (s)

Chemical Analysis

During heavy metal and other element analyses,
appropriate calibration standards were used at
periodic intervals to maintain measurement
accuracy between samples and to minimize
productivity loss. For this purpose, the accuracy of
the ICP-OES data was checked using blank
reagents and calibration standards prepared with
standard solutions (Agilent Technologies Co.).
Calibrations were generally applied in the range of
0-0.1 ppm for micro elements and 5-80 ppm for
macro elements.

Statistical Analysis

Whether the heavy metal contents of honey samples
showed normal distribution was analyzed by
Kolmogorov-Smirnov test. As a result of the
analysis; It was determined that Pb, Al, Cr, Cu, Ba,
Zn, B, Ca, Fe, K, Na and S elements showed normal
distribution, while As, Cd, Co, Mn, Ni, Sr, Mg and P
elements did not show normal distribution. Whether
there is a difference between the mean element
levels of honeys was analyzed by t-test.

At the same time, whether there is a relationship
between heavy metal levels of honey and their
distance from settlements and highways was
examined with the help of Pearson correlation tests
for elements with normal distribution and Spearman

correlation tests for elements that do not show
normal distribution.

RESULTS

The contents of the heavy metals with micro and
macro elements determined in the honey samples
are given in Table 3.

Toxic Heavy Metal Contents (Pb, Cd, Al and As)
of the Honey Samples

Ballarin Toksik Agir Metal (Pb, Cd, Al ve As)
Igerikleri

Toxic heavy metal (Pb, Cd, Al and As) contents of
the honeys are given in Table 3.

Lead (Pb) is an element with atomic number 82 in
the periodic table and has very important in terms of
its toxicity and food safety (Bengi and Kutlu, 2020).
In the analyzes made, the highest lead content was
found in chasteberry honey (T1), which is one of the
test samples, with a level of 2.79 ppm. The lead
content in other honey samples varies between
0.03-1.70 ppm (Table 3). The sources of lead
pollution in nature are usually lead-containing
industrial wastes and gasoline-powered car
emissions. The maximum amount of lead that can be
taken from food is stated by the US Food and Drug
Administration (FDA) as 12.5 micrograms per day
(FDA 2022). Considering the average daily honey
consumption in Turkiye, this limit corresponds to 4.1
ppm lead content that can be taken with honey.
When evaluated in terms of honey samples
examined in our research; even the chasteberry
honey, which has the highest lead content, has a
content far below the lead level that can be safely
consumed daily.

Cadmium (Cd) is a soft metal known for its bluish
color and is a metal that can slowly oxidize due to
moisture in the air. The cadmium mineral with atomic
number 48 is less than 0.01% in the earth's crust
(Bengii and Kutlu 2020). Long-term intake of
cadmium causes accumulation in the human
organism, especially in the liver and kidney. When
cadmium accumulates in the body and its level in the
renal cortex reaches 0.2-0.3 mg/g, it causes damage
to the tubules. The tolerable weekly dose for an adult
(70 kg) is considered to be 0.49 mg of cadmium
(Wang et al. 2012). The amount of cadmium in all
honey varieties examined in the study varied
between 0.01-0.36 ppm (mg/kg), and no significant
Cd presence that could cause toxicity in the human
organism was found.
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Aliiminyum (Al) is the third most common element
in the world (Rafati Rahimzadeh et al. 2022) and 50-
150 mg of aluminum is found in the human body. It
is stated that the level of aluminum is higher in aging
organisms. The daily intake of aluminum to the body
is at the level of 2-10 mg, and the dose that can be
absorbed by the gastrointestinal tract is very small,
that is, in trace amounts (Wang et al. 2012). It is
stated that as a result of environmental pollution,
aluminum can pose a great threat to humans,
animals and plants. Aluminum, which accumulates
in an overdose in the body, can cause damage by
increasing oxidative stress in the brain, liver and

kidney. This damage can occur in the form of
disruption of the mechanism of action of some
enzymes, protein synthesis, utilization of nucleic
acids and dysfunctioning of cell membrane
permeability in the body. It is stated that they can
affect triglyceride levels in plasma and fat
metabolism in the body (Bengi and Kutlu 2020,
Rafati Rahimzadeh et al. 2022). Al was found at the
highest level of 4.04 ppm in jerusalemthorn honey
(T5) and 3.60 ppm in chestnut honey (T2) in the
honey samples examined, and it ranged between
0.06-1.83 ppm in other honey samples.

Table 3. The Contents of Heavy Metals, Micro and Macro Elements in the Honey Samples (ppm)
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Arsenic (As) is one of the important risk factors for
public health due to its high toxicity level. It can be
transmitted to individuals as a result of the direct
consumption of food and water contaminated with
arsenic or within the scope of the situations covered
by the definition of occupational disease in the
workplace (Gupta et al. 2017). Arsenic causes
neurodegenerative diseases in the body, especially
on the nervous system (Mitra et al. 2022). The World
Health Organization (WHO) has determined the
level of 10 ug/kg as the safe limit for arsenic (Singh
et al. 2017). In the study, arsenic was not detected
in chasteberry honey (T1), but it was found to be
between 0.06-0.39 ppm and at trace level in other
honeys. According to these results, it was observed
that the honey analyzed in the study was within the
safe limits determined by the World Health
Organization (WHO) in terms of arsenic content,
which has a serious toxic effect on humans.

Contents of Macro and Micro Element (Na, K, Ca,
Fe, Cu, Zn, Mn, B, Mg, P, Cr, S, Ba, Ni, Co and Sr)
in the Honeys

The macro and micro element contents of honeys
(Na, K, Ca, Fe, Cu, Zn, Mn, B, Mg, P, Cr, S, Ba, Ni,
Co and Sr) are given in Table 3.

Sodium (Na) was found to be between 41.48-111.46
ppm in the honeys examined and the highest was
found in jerusalemthorn honey (T5). When the
amount of honey consumed daily and the amount of
Na that can be taken into the body are compared, it
does not pose any risk. Sodium is a component in
the body that regulates the osmotic pressure of the
extracellular fluid. It also activates some enzymes
such as amylase. The absorption of sodium begins
3 to 6 minutes after ingestion, is quite rapid and is
completed within 3 hours. The average daily sodium
intake for the body with food is 2.5 g for women and
3.3 g for men. The average requirement for adults is
between 1.3-1.6 g/day, which is equivalent to 3.3—
4.0 g/day of table salt (NaCl) intake. Too little or too
much Na intake into the body can cause serious
disorders such as hypertension (Wang et al. 2012).

Potassium (K) is an alkaline and soft metal,
compared to the other elements examined, it is an
element found in the highest amount in honey. The
potassium levels in the honey samples varies
between 203.33-2697.75 ppm. Potassium is the
basic cationic element in the cell fluid and has an
important function in maintaining the acid-base
balance. Potassium is an important component of
the glycogenesis energy cycle and the regulation of

intracellular osmotic pressure in the cell (Bengi and
Kutlu 2020). It is an important nutritional element in
terms of cell membrane permeability and cofactor
functions for some enzymes. The daily amount of
potassium taken into the body by diet is 2-5.9 g. The
minimum daily requirement is estimated to be
around 780-800 mg (Wang et al. 2012). Therefore,
when honey samples are considered in terms of
nutrition, they can be recommended as one of the
important sources in providing the potassium that the
body needs for individuals other than diabetics.

Calcium (Ca) is a metallic element of the alkaline
earth group. As a result of elemental analysis, when
all honey samples are taken into account in the
research, it has been determined that it varies
between 67.44-198.70 ppm. Calcium is another
essential element for healthy nutrition, which plays a
role in the regulation of the nervous system and the
realization of muscle functions, and is also found as
a building block in teeth and bones. In addition to the
conversion mechanism of prothrombin to thrombin in
blood coagulation; it is a vital element for muscle
contraction, nerve conduction and membrane
permeability (Bengl and Kutlu 2020).

Iron (Fe) is the most abundant element in the earth's
crust, and its total amount in the human body is 4-5
g. Most of the iron in the body is found in the
structure of hemoglobin in the blood and myoglobin
in the muscle tissue. Iron, which is also found in the
structure of enzymes such as hydroxylase,
peroxidase, and catalase, is an essential element in
terms of maintaining the normal function of the body.
For this reason, it is one of the important blood
markers sought in determining whether the body
maintains a healthy life. Although the iron
requirement of the individual varies according to age
and gender, it varies between 1.5-2.2 mg/day (Wang
et al. 2012). In the study, the highest iron contents
were determined as lavender honey (B1) 29.13 ppm
and then sunflower honey (B3) 13.46 ppm. It is
thought that, among the honeys examined in the
research, especially lavender and jerusalem thorn
honeys can be used as an important food in the diets
of individuals suffering from iron anemia and without
a history of diabetes.

Copper (Cu) is an important element that plays a
role in iron absorption (Chandra 1990) and its daily
requirement is 1-1.5 mg (Wang et al. 2012). The
copper content of the honey samples examined in
the research ranged between 0.17-0.86 ppm.
Although the Cu content of honey is not very high, it
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is stated that when taken together with other
nutrients in the diet, honey may be one of the food
sources that can play a role in meeting the daily Cu
requirement.

Zinc (Zn) is an element found in the structure of
plant and animal foods and in all living cells. There
is a total of 2-4 g of zinc in an adult human body, and
the daily requirement of the body is 5-10 mg. This
amount can be easily met daily with the foods
included in the diet in individuals with a normal diet.
Zinc is a cofactor component that plays a key role in
maintaining the function of many enzymes such as
malate dehydrogenase, alcohol dehydrogenase,
lactate dehydrogenase, glutamate dehydrogenase
and carboxypeptidase (Wang et al. 2012). Zinc (Zn)
was found between 0.44-3.80 ppm in research
honeys and is one of the important natural food
sources in providing the body's daily zinc
requirement in the daily diet.

Manganese (Mn) was found to be the highest in
chestnut honey (T2) at 2.22 ppm among the honey
types used in the study. It was determined between
0.13-0.64 ppm in the other three honey types
(chasteberry, jerusalemthorn and lavender).
Manganese is one of the important enzyme
cofactors like zinc; it is an essential element for the
functioning of decarboxylase, hydrolase and
transferase enzymes (Bengu and Kutlu 2020). The
amount of manganese in the body is about 10-40 mg
in total. The daily manganese requirement of the
body is a very small amount, such as 2-5 mg. This
requirement can be easily met up to 48 mg per day,
depending on the manganese content of the foods
consumed in the daily diet. It is stated that even if
manganese is taken in excess of the body's
requirement, it does not have a toxic effect (Wang et
al. 2012).

Boron (B) is an element found between 3.26-8.01
ppm in honey varieties evaluated in the research.
Turkiye is a country known for its rich boron reserves
(Elevli and Laratte 2022). As can be seen from the
boron content of local country honeys such as
chasteberry, chestnut and jerusalem thorn honey,
which are especially studied, this rich element
source is; it is estimated that it is carried to the hive
by bees through plants grown in the soil and running
water sources. It is stated that the daily boron
requirement for the body is 1-2 mg. In addition, it is
thought that boron is an element that interacts with
calcium, magnesium and vitamin D and has an effect
on bone formation (Wang et al. 2012).
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Magnesium (Mg), considering all the examined
honey varieties, is an element that is detected
between 15.84 and 41.00 ppm and can be taken into
the body as 300-500 mg in daily nutrition.
Magnesium is one of the important enzyme
activators like zinc and manganese. It has a function
in the stabilization of cell and plasma membranes
and nucleic acids. The lack of magnesium in the
body can pave the way for important problems in
metabolism (Wang et al. 2012).

Phosphorus (P) is an element with a daily
requirement of about 0.8-1.2 g. It was found that the
phosphorus content of the honey varieties used in
the research varied between 205.93 and 294.96
ppm, and chestnut honey had the highest
phosphorus content. Phosphorus is present in the
structure of bones and teeth, DNA and RNA in the
body. It is effective in the bipolarity of membrane
lipids and lipoproteins in the bloodstream.
Phosphorus also; it is an element involved in many
metabolic processes such as energy production
(ATP) and conversion in the cell, buffering of blood,
regulation of gene transcription, enzyme activation
(cofactor), renal system excretion function, immune
system activity and signal transmission (Calvo and
Lamberg-Allardt 2015).

Chromium (Cr) was found to vary between 0.09-
0.12 ppm in honey samples. Chromium, as an
enzyme activator (phosphoglucomutase enzyme), is
an element that has an effect on increasing the
activity of insulin and regulating blood glucose levels.
In case of chromium deficiency in the body, glucose
tolerance decreases and therefore the risk of
cardiovascular disease increases. It is stated that
feeding with 25 ppm chromate in experimental mice
does not cause any toxic effect (Wang et al. 2012).
Considering the maximum amount of honey that can
be consumed daily, it is seen that the chromium
content in research honeys has a content well below
the level that can be toxic.

Sulfur (S) is an element in the macro elements
group found in foods. Sulfur is found in the
composition of many metabolites that are important
for the maintenance of cell structure and the
maintenance of biological activities (Bohrer and
Takahashi 2016). After calcium and phosphorus, it is
the third mineral substance in the body, constituting
approximately 0.3% of the human body (Hewlings
and Douglas, 2019). It was determined that the sulfur
content of the research honeys varied between
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21.46-56-86 ppm and was found mostly in chestnut
honey.

Barium (Ba) is an element found in the skeletal
system (0.5-10 pg/g), teeth (0.1-3 pg/g), heart, lung,
kidney and liver in the human body. As a result of
excessive Ba intake into the body, especially; health
problems such as heart and/or kidney failure,
pulmonary edema, respiratory paralysis and
bleeding in the stomach and intestinal tract occur. As
an orally adult reference dose for barium, 0.2
mg/kg/day has been determined by the U.S.
Environmental Protection Agency (Kravchenko et al.
2014). In the study, although barium was not
detected in chasteberry honey; the Ba level in
chestnut, jerusalemthorn and lavender honeys is
between 0.01-0.18 ppm.

In the study, nickel (Ni) was found to be 0.07, 0.11,
0.15 and 0.04 ppm at trace levels in chasteberry,
chestnut, jerusalem thorn and lavender honeys,
respectively. Nickel is an element that is a cofactor
for many enzymes and plays a role in increasing
insulin activity. Nickel requirement is estimated to be
35-500 pg per day; The amount of Ni that can be
taken with the daily diet is at the level of 150-700 ug
(Wang et al. 2012).

Strontium (Sr) is a trace element whose function in
the human body is not fully understood. In some
animal experiments, strontium is thought to be
effective in physiological processes such as muscle
contraction, blood clotting, and secretion of certain
hormones. It is stated that the daily adult dose is
about 4 mg (Kotodziejska et al. 2021). In our study,
0.12-0.21 ppm of strontium was found in the honey
samples examined  (chasteberry, chestnut,
jerusalemthorn and lavender), and these levels are
far below the daily intake dose.

DISCUSSION

In our study, when the daily honey consumption of
people is evaluated in grams of portion, it is seen that
the possible heavy metal doses that can be taken
into the body with these portions are far below the
toxic values. While there are studies on honey that
overlap with the results of this research, there are
also research results that do not overlap and indicate
that heavy metal pollution increases as you get
closer to settlements. For example, in 11 different
honey samples taken from Bingdl and its
surroundings, 18 mineral substances were analyzed
(Bengi and Kutlu, 2020) and honey samples were

found to be reliable in terms of heavy metal contents,
in parallel with this study. But there are also research
findings to the contrary. For example, Demirezen et
al. (2005) determined that the heavy metal contents
of honey samples taken from places close to the
residential area were generally higher.

Although the honey used in our study was generally
supplied from the Marmara and Aegean regions,
where industrialization is intense, the amount of Al
contained in some honey samples was even lower
than the amounts contained in the honey obtained
from Bingdl, which is a city far from industrial and
production facilities that may cause environmental
pollution. For example, Cd, Zn and Ni concentrations
in honey samples taken from Kayseri Erciyes
Mountain and its surroundings were determined to
be in the range of 0.11-0.18 ppm, 2.2-11 ppm and
0.2-0.8 ppm, respectively (Demirezen and Aksoy,
2005). According to the analysis results, the contents
of Cd (0.01-0.02 ppm), Zn (0.44-1.69 ppm) and Ni
(0.04-0.15 ppm) in the present study were lower than
the honey samples investigated in Kayseri. It is
estimated that the difference in the honeys of these
two regions, which are not close to the industrial
zones, may be due to the metal content and
elemental composition in the soil and other natural
resources, rather than the pollution caused by the
industrial facilities and city centers in nature.

When honey samples were compared in terms of
heavy metals and elements examined, the statistical
significance level was found 1% between honey
samples and their Pb, Al, As, Cr, Cu, Ba, Sr, Zn, B,
Ca, K, Na, P and S contents. A significant difference
of 5% was found in terms of Mn, Ni and Fe contents.
No statistical difference was found between Cd and
Co levels.

Based on the coordinates of the apiaries where
honey samples were collected, the distance to the
highway and the nearest settlement was determined
in kilometers. Considering the relationship between
the distances of the apiaries from the highway or
settlement centers with the contents of elements
detected in honey; it has been determined that there
is an inversely proportional relationship between the
amounts of Pb, As and Co and the distance to the
settlements. In other words, Pb, As and Co contents
increase as the apiaries from which honey samples
are taken get closer to the settlement. The said
correlation value is significant at the level of 1% for
Pb and 5% for As and Co.
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There are many studies on heavy metal and trace
element contents in honey produced in Turkiye.
However, environmental pollution changes
depending on many factors such as geography,
climate and pollution sources, it is important for data
security to repeat the effects of environmental
pollution on people and food as often and in as many
different and many examples as possible. Heavy
metals, which are an indicator of environmental
pollution, seriously pollute the soil, water and air. The
increase in the heavy metal level in the soil also
increases the heavy metal accumulation in the
plants. The bees, which obtain most of their food
sources from plants, and their water needs from
water sources in nature, carry nectars such as sap,
nectar and pollen they collect from plants and heavy
metals to the hive. Therefore, heavy metal and
element contents in the composition of bee products
such as honey, pollen, royal jelly and propolis may
vary depending on the heavy metal and element
content in environmental sources such as soil, water
and air.

Preserving the naturalness of honey produced and
consumed in different regions of our country is very
important for our health. Honey, which is an
important food for human health in nutrition, can be
exposed to many sources of contamination during
the processes after it is produced.

Acknowledgement

| would like to express my sincere thanks to Assist.
Prof. Dr. Baris Bulent Asik (Bursa Uludag University,
Faculty of Agriculture, Department of Soil Science
and Plant Nutrition), Prof. Dr. Belgin Izgi (Bursa
Uludag University Department of Chemistry, Faculty
of Arts and Sciences), Res. Assist. Hilal Sezer
Demiregen, late Ph.D. student Bora Burak Topuz
and graduate student Ceren Filiz for their
contributions.

Data availability: All of the data obtained were used
in the article. If requested, the raw data set will be
sent by me.

Ethical issue: No applicable requirement for the
approval of ethics committee

Funding: There is no applicable financial resources
for this research

U.Ar D. — U.Bee J. 2023, 23 (1): 23-36

REFERENCES

Alkan PE. Pollen Analysis of Chestnut Honey in
Some Provinces of the Black Sea Region,
Turkiye. Mellifera 2020;20(2):18-31.

Bengli AS, Kutlu MA. Bingdl'den Temin Edilen
Ballarda Icp-Ms ile Bazi Temel ve Toksik
Elementlerin Analizi. U. An D.-U. Bee J
2020;20(1):1-12,
doi:10.31467/uluaricilik.648631

Bohrer AS, Takahashi H. Compartmentalization and
Regulation of Sulfate Assimilation Pathways in
Plants. Int Rev Cell Mol Biol 2016;326:1-31,
doi:10.1016/bs.ircmb.2016.03.001

Borum E. Arilarin Yavru Ciirlikligi infeksiyonlarinda
Dogru Teshis, Mucadele Ve Korunma
Yontemleri. U. Ari D.-U Bee J 2014;14(1):44-
55, d0i:10.31467/uluaricilik.376732

Burucu V, Giilse Bal HS. Tirkiye'de Ariciligin
Mevcut Durumu ve Bal Uretim Ongorisi. T.
Eko Ars D.- J. Agri Eco Res 2017;3(1): 28-37,
http://dergipark.gov.tr/tead/issue/29947/32244
3 adresinden erisildi (Date of
access:18.10.2022).

Burucu V, Giilse Bal HS. Aricilik igletmelerinin
Pazarlama Olanaklari: Kastamonu ili Azdavay
iicesi Ornegi. T. Eko Ars D.- J. Agri Eco Res
2018;4(1): 23-35.

Calvo MS, Lamberg-Allardt CJ. Phosphorus. Adv
Nutr 2015;6(6):860-862,
doi:10.3945/an.115.008516

Castro-Vazquez L, Leon-Ruiz V, Alafion ME, Pérez-
Coello MS, Gonzalez-Porto AV. Floral origin
markers for authenticating Lavandin honey

(Lavandula angustifolia X latifolia).
Discrimination from Lavender honey
(Lavandula latifolia). Food Control.

2014;37:362-370,
doi:10.1016/j.foodcont.2013.09.003

Chandra RK. Micronutrients and Immune Functions.
Ann Ny Acad Sci 1990;587(1):9-16,
doi:10.1111/j.1749-6632.1990.tb00128.x

Demirezen D, Aksoy A. Determination of Heavy
Metals in Bee Honey Using By Inductively
Coupled Plasma Optical Emission
Spectrometry (Icp-Oes). Gazi U J Sci
2005;18(4):569-575.

Doelsch E, Saint Macary H, Van de Kerchove V.
Sources of very high heavy metal content in
soils of volcanic island (La Réunion). J
Geochem  Explor  2006;88(1-3):194-197,
doi:10.1016/j.gexplo.2005.08.037

Elevli B, Laratte B. Estimation of the Turkish Boron

34



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Exportation to Europe. Mining 2022;2(2):155-
169.

EC (European Comission) 2006. European Union
Regulation EC1881/2006 Maximum levels for
certain contaminants in foodstuffs. https://eur-
lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:02006R1881-
20150731 (Date of access:31.10.2022)

FDA (US Food and Drug Administration) 2021.
https://www.fda.gov/food/metals-and-your-
food/lead-food-foodwares-and-
dietarysupplements#:~:text=The%20FDA's %2
Ocurrent%20IRL%20is,age%20(updated%20i
n%202022 (Date of access:01.11.2022).

Giiler D.Tiirkiye'de illere Gore Aricilik Etkinliginin
Veri Zarflama Analizi ile Belirlenmesi. U. Ari D.-
u. Bee J 2021;21(2):146-156,
doi:10.31467/uluaricilik.940167

Gupta DK, Tiwari S, Razafindrabe BHN, Chatterjee
S. Arsenic Contamination from Historical
Aspects to the Present. Arsenic contamination
from historical aspects to the present. In
Arsenic Contamination in the Environment.
Springer, Cham 2017;1-12., doi:10.1007/978-
3-319-54356-7_1

Hewlings S, Douglas K. Sulfur and Human Health.
Ec Nutr, 2019;785-791.
https://www.researchgate.net/publication/3356
53705_Sulfur_and_Human_Health adresinden
erigildi (Date of access: 18.10.2022).

Kara EE, Kara E. Toprakta Agir Metal Kirliliginin
insan Sagligina Etkileri ve Cdzim Onerileri.
Tdrk Bil Der Der-Turk J Sci Rev 2018;11(1):56-
62.

Khalid S, Shahid M, Niazi NK, Murtaza B, Bibi I,
Dumat C. A comparison of technologies for
remediation of heavy metal contaminated soils.
J Geochem Explor 2017;182:247-268,
doi:10.1016/j.gexplo.2016.11.021

Kotodziejska B, Stepien N, Kolmas J. The Influence
of Strontium on Bone Tissue Metabolism and
Its Application in Osteoporosis Treatment. Int J
Mol Sci 2021;22(12):6564,
doi:10.3390/ijms22126564

Kravchenko J, Darrah TH, Miller RK, Kim Lyerly H,
Vengosh A, Kravchenko J, Vd. A review of the
health impacts of barium from natural and
anthropogenic exposure. Environ Geo Health
2014;36:797-814,  doi:10.1007/s10653-014-
9622-7

Lanjwani MF, Channa FA. Minerals content in
different types of local and branded honey in
Sindh, Pakistan. Heliyon 2019;5(7):e02042,

doi:10.1016/j.heliyon.2019.e02042

Malkog M, Kara Y, Ozkék A, Ertirk O, Kolayli S.
Characteristic properties of Jerusalem thorn
(Paliurus spina-christi Mill.) Honey. U. Ari D.-U.
Bee J 2019;19(1):69-81,
doi:10.31467/uluaricilik.535658

Mikhailenko AV, Ruban DA, Ermolaev VA, Van Loon
T. Cadmium pollution in the tourism
environment: A literature review. Geosciences
2020;10(6):242,
doi:10.3390/geosciences10060242

Mitra S, Chakraborty AJ, Tareq AM, Emran T, Bin
Nainu F, Khusro A, Vd. Impact of heavy metals
on the environment and human health: Novel
therapeutic insights to counter the toxicity. J
King Saud U- Sci 2022;34(3):101865,
doi:10.1016/j.jksus.2022.101865

Ozcan MM, AL Juhaimi FY. Determination of heavy
metals in bee honey with connected and not
connected metal wires using inductively
coupled plasma atomic emission spectrometry

(ICP-AES). Environm Moni Asses
2012;184(4):2373-2375, doi:10.1007/s10661-
011-2123-6

Ozkul C. Kitahya Sehir Merkezinde Yer Alan Gocuk
Parklarindaki Topraklarin Agir Metal Kirliliginin
Belirlenmesi. Afyon Kocatepe U Jour Sci Eng
2019;19(1):226-240,
doi:10.35414/akufemubid.408653

Ozkul C, Acar RU, Kopribasi N Er AE, Kizilkaya H
i, Metin M, Senel MN. Altintas
(KutahyaTurkiye) Ovasi Tarim Topraklarinda
Agir MKirliliginin Aragtirilmasi, Oncel Calisma.
Uyg Yerbil Der 2018;17(1):13-26,
doi:10.30706/uybd.426408

Oroian M, Amariei S, Rosu A, Gutt G. Classification
of unifloral honeys using multivariate analysis,
J Essent Oil Res 2015;27(6):533-544,
doi.org/10.1080/10412905.2015.1073183

Ozturk A, Yarci C, Ozyigit Il. Assessment of heavy
metal pollution in Istanbul using plant ( Celtis
australis L.) and soil assays. Biotechnol Bio
Equ 2017;31(5):948-954,
doi:10.1080/13102818.2017.1353922

Pahl M, Zhu H, Tautz J, Zhang S. Large Scale
Homing in Honeybees. PLoS ONE
2011;6(5):19669,
doi:10.1371/journal.pone.0019669

Pires J, Estevinho ML, Feas X, Cantalapiedra J,
Iglesias A. Pollen spectrum and physico-
chemical attributes of heather (Erica sp.)
honeys of north Portugal. J Sci Food Agr
2009;89(11):1862-1870,

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (1): 23-36 35



ARASTIRMA MAKALESI / RESEARCH ARTICLE

doi.org/10.1002/jsfa.3663

Rafati Rahimzadeh M, Rafati Rahimzadeh M,
Kazemi S, Jafarian Amiri R, Pirzadeh M, Akbar
Moghadamnia A. Aluminum Poisoning with
Emphasis on Its Mechanism and Treatment of
Intoxication. Emerg Med Inter 2022,
doi:10.1155/2022/1480553

Resmi Gazete 2011. Tirk Gida Kodeksi Bulasanlar
Yonetmeligi (29 Aralik 2011).
https://www.resmigazete.gov.tr/eskiler/2011/1
2/20111229M3-8.htm  (Date of access:
01.11.2022)

Schievano E, Stocchero M, Zuccato V, Conti |, Piana
L. NMR assessment of European acacia honey
origin and composition of EU-blend based on
geographical floral markers, Food Chem
2019;288:96-101,
doi.org/10.1016/j.foodchem.2019.02.062

Sirall R, Cinbirtoglu $. Bal arilarinin tozlasmadaki ve
bitkisel Uretimdeki 6nemi. Ari Ars (August)
2018;28-33.

Singh SP, Kaur S, Singh D. Food toxicology-past,
present, and the future (the Indian
perspective). Food Safety in the 21st Century:
Public Health Perspective 2017;1:91-110,
doi:10.1016/B978-0-12-801773-9.00008-X

Soares S, Amaral JS, Oliveira MBP, Mafra IA.
comprehensive review on the main honey
authentication issues: Production and origin,
Comp Rev Food Sci Food Safety
2017;16(5):1072-1100, doi.org/10.1111/1541-
4337.12278

Sénmez O, Kilig¢ FN. Toprakta Agir Metal Kirliligi ve
Giderim Yontemleri. Turk J Agri Eng Res
2021;2(2):493-507,
doi:10.46592/turkager.2021.v02i02.020

Sen A. Antioxidant and anti-inflammatory activity of
fruit, leaf and branch extracts of Paliurus spina-
christt  P. Mill. Marmara Pharma J
2018;22(2):328-333,
doi:10.12991/mpj.2018.71

Sen, K. Trakya yoresi aygicegi bali, mese bali ve
karagali bal’nin gesitli kalite 6zellikleri Gzerine
bir arastirma (Master's thesis, Namik Kemal
Universitesi) 2019.

Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ,
Tchounwou PB, Yedjou CG, Vd. Heavy Metal
Toxicity and the Environment. Exper Supp

U.Ar D. — U.Bee J. 2023, 23 (1): 23-36

2012;101, doi:10.1007/978-3-7643-8340-4_6

Tepge TE, PGE. Uriin Raporu: Aricilik 2021.
https://arastirma.tarimorman.gov.tr/tepge/Belg
eler/PDF  Uriin  Raporlari/2021 Uriin
Raporlari/Ariciik ~ Uriin - Raporu  2021-320
TEPGE.pdf adresinden erisildi (Date of
access:18.10.22).

TGK, Turkish Food Codex. Honey Communiqué,
Number: 2020/7.
https://www.tarimorman.gov.tr/HAY GEM/KAG
EM/Link/8/Bal-Tebligi (Date of access:
19.10.2022)

TUIK, Hayvansal Uretim istatistikleri, (Aralik) 2021.
https://data.tuik.gov.tr/Bulten/Index?p=Hayvan
sal-%C3%9Cretim-%C4%BO0statistikleri-
Aral%C4%B1k-2021-
45593&dil=1#:~:text=Bir%20%C3%B6nceki%
20y%C4%B11a%209%C3%B6re%20yapa%C
4%9F%C4%B1,96%20bin%20344%20ton%2
Ooldu.

Ucak Kog A, Karacaoglu M, Dogan M. Hayit (Vitex
agnus-castus), Cam ve Karisim Cicek Balinin
Bazi Kalite Kriterleri Acisindan
Karsilastirlmasi. Adnan Menderes U Ziraat
Fak D 2017;14(1):17-21,
doi:10.25308/aduziraat.294889

Vareda JP, Valente AJM, Durdes L. Heavy metals in
Iberian soils: Removal by  current
adsorbents/amendments and prospective for
aerogels. Adv Coll Interface Sci 2016;237:28-
42, doi:10.1016/j.cis.2016.08.009

Wang D, Lin H, Kan J, Liu L, Zeng X, Shen S. Food
Chemistry. Nova Science Publishers, Inc.,
Hauppauge, NewYork, USA, 2012, p.1-370,
doi:10.1201/b18894-16.

WHO (World Health Organization) 2007. Exposure
of children to chemical hazards in food. Fact
Sheet No.4.4. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://www.euro.who.int/__data/assets/pdf _fi
e/0003/97446/4.4.pdf (Date of access:
01.11.2022)

Zor M, Aydin S, Glner ND, Basaran N, Basaran AA.
Antigenotoxic properties of Paliurus spina-
christi Mill fruits and their active compounds.
Bmc Complem Altern M 2017;17(1):229,
doi:10.1186/s12906-017-1732-1.

36



Citation: Sénmez E. Investigation of chemical content and antimicrobial activities of different plant sources of Anatolian propolis
samples. U. Ari D. / U. Bee J. 2023,23(1):37-48. DOI: 10.31467/uluaricilik.1208667

ARASTIRMA MAKALESIi / RESEARCH ARTICLE
INVESTIGATION OF CHEMICAL CONTENT AND ANTIMICROBIAL
ACTIVITIES OF DIFFERENT PLANT SOURCES OF ANATOLIAN
PROPOLIS SAMPLES

Farkh Bitki Kaynaklh Anadolu Propolis Orneklerinin Kimyasal igerigi ve
Antimikrobial Aktivitelerinin Arastiriimasi

Emine SONMEZ

Diizce University, Beekeeping Research Development and Aplication Centre, 81620 Diizce, TURKIYE, E-posta:
eminesonmez@duzce.edu.tr, ORCID No: 0000-0003-4418-5599

Gelis Tarihi / Received:22.11.2022 Kabul Tarihi / Accepted:29.12.2022 DOI: 10.31467/uluaricilik.1208667

ABSTRACT

The ethnopharmacological approach combined with chemical and biological methods can be a useful
model in the field of pharmacology. One of these approaches, apitherapy, is the use of bee and hive
products for therapeutic purposes. Propolis is among the best known of these bee products. The
chemical composition of propolis varies according to the local or endemic flora, bee species,
geographical origin and season. This study is to determine the antimicrobial activity differences
between chestnut and polyfloral origin propolis against various pathogenic bacterial species. First of
all, the Liquid Chromatography-Mass Spectrometry (LC-MS/MS) method was used for the
determination of bioactive components known to be responsible for antimicrobial activity. Folin-
Ciocalteu method and colorimetric aluminum chloride assay were used to determine the total phenolic
(TP) and flavonoid (TF) amounts. 19 different pathogenic microorganisms were selected to test the
antimicrobial activity levels of propolis samples with agar well diffusion and minimum inhibitory
concentration (MIC) methods. TP and TF values of chestnut propolis (71.06 mg GAE/mL-11.75 mg
QE/mL) were significantly higher than polyfloral sample (36.84 mg GAE/mL-7.04 mg QE/mL). Chrysin,
a flavone derivative, was the most abundant compound in both samples. The MIC values of chestnut
propolis ranged from 19.5 to 2500 pg/mL, while the MIC value of polyfloral origin propolis was between
39.06 and 5000 pg/mL. The most susceptible strain was Mycobacterium smegmatis for both samples
with different concentration. Notably, it was observed that the botanical origins affect the chemical
composition of propolis, and this situation can also be effect antibacterial and antifungal activity in
respective propolis because of the different amount and diversity of bioactive compounds.
Consequently, chestnut propolis is a promising candidate for drug discovery that can be used to treat
some infectious diseases, including diseases related with resistant bacteria.

Keywords: Chestnut propolis, total phenolic, flavonoid, phenolic composition, antimicrobial and
antifungal activity

oz

Kimyasal ve biyolojik yontemlerin entegre caligilmasi ile olusturulan etnofarmakolojik yaklagim,
farmakoloji alaninda faydali bir model olabilir. Bu yaklagimlardan biri olan apiterapi, ari ve kovan
drunlerinin tedavi amacgh kullaniimasidir. Bu aricilik idirtinleri iginde propolis, en iyi bilinenler
arasindadir. Propolisin kimyasal bilegsiminin yerel veya endemik floraya, ari irkina, cografi kokene ve
mevsime gore degistigi bilinmektedir. Bu bilgiler dogrultusunda ¢alisma, kestane ve polifloral orijinli
propolis orneklerinin farkh patojenik mikroorganizma suslarina karsi antimikrobiyal aktivite
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farkhhiklarini belirlemek amaciyla yapilmigtir. Antimikrobiyal aktiviteden sorumlu oldugu bilinen
biyoaktif bilesenlerin tayini i¢cin 6ncelikle Sivi Kromatografi-Kiitle Spektrometresi (LC-MS/MS) yéntemi
kullanildi. Toplam fenolik (TP) ve flavonoid (TF) miktarlarini belirlemek i¢in Folin-Ciocalteau yontemi
ve kolorimetrik aliminyum kloriir testleri kullanildi. Propolis orneklerinin antimikrobiyal aktivite
duzeyleri secilen 19 farkl patojenik mikroorganizmaya karsi agar kuyu diflizyonu ve minimum inhibitér
konsantrasyon (MIC) yontemleri ile belirlendi. Kestane propolisinin TP ve TF degerleri (71.06 mg
GAE/mL-11.75 mg QE/mL), polifloral 6rnekle (36.84 mg GAE/mL-7.04 mg QE/mL) kiyaslandiginda
anlamli olarak yiiksek bulunmustur. Bir flavon tiirevi olan Chrysin, her iki 6rnekte de en yiiksek oranda
bulunan bilesik olarak tespit edildi. Kestane propolisinin MiK degerleri 19,5 ile 2500 ug/mL arasinda
degisirken, polifloral orijinli propolisin MiK degeri 39,06 ile 5000 ug/mL arasinda belirlendi. Her iki
ornege karsi farkli konsantrasyonlarda en duyarli sugs Mycobacterium smegmatis’di. Bu galisma ile
botanik orijinlerin propolisin kimyasal bilesimini etkiledigi ve bu durumun biyoaktif bilegiklerin farkl
miktar ve gesitliliginden dolayi ilgili propoliste antibakteriyel ve antifungal aktiviteyi de etkileyebilecegi
dogrulandi. Sonug¢ olarak, kestane propolisi, diren¢li bakteriler de dahil olmak lzere bazi bulasici
hastaliklari tedavi etmek amaciyla kullanilabilecek ila¢ geligtirme ¢aligmalari i¢in umut vaad edici bir
aday olarak kullanilabilecegi 6nerilmektedir.

Anahtar Kelimeler: Kestane propolisi, toplam fenolik madde, flavonoid, fenolik kompozisyon,
antimikrobiyal ve antifungal aktivite

GENISLETILMiS OZET

Amag: Bu calismanin amaci farkh orjinli propolis
orneklerinin  biyoaktif cesitliligini ve miktarini
belirleyerek, secilen farkli patojen
mikroorganizmalara kargi antimikrobiyal aktivite
dizeylerini karsilagtirmaktir.

Giris: Dinya genelinde artan antibiyotik direnci
sebebiyle insanlar sentetik Urinler yerine dogal
urtinlere yonelmektedir. Dogallrinler, tarih boyunca
geleneksel tipta kullaniimig ve potansiyel bir yeniilag
kaynad: olmustur. Propolis, eski Misirlilar ve
Yunanlilar zamanindan beri bilinen ve bazi
hastaliklarin  tedavisinde kullanilanantimikrobiyal
ajan ornegidir. Propolisin antimikrobiyal aktivitesi,
farkh arastirmacilar tarafindan kapsamli bir sekilde
incelenmig; Gram pozitif veya Gram negatif
bakterilerin yani sira mayalar ve kufler gibi cok ¢esitli
mikroorganizmalarin blyumesini inhibe veya kontrol
edebildigi bildirilmistir. Propolis, polifenol
(flavonoidler, fenolik asitler ve esterler), fenolik
aldehitler ve ketonlar gibi 300'den fazla farkli
bilesenden olusur. Polifenoller ve terpenoidler de en
aktif grup olarak kabul edilir. Bu biyoaktif bilesiklerin
sayisi ve konsantrasyonu bal arisinin yasadigi
cografyaya, mevsime, ari irkina ve kovaninin belirli
bitki kaynaklarina yakinhgina baglh olarak
degiskenlik gosterir.

Gereg ve Yontem: Bu calismada etkinligi arastirilan
propolis 6rnekleri Dizce Universitesi Aricilik
Uygulama ve Arastirma Merkezi'nden (DAGEM)
temin edildi. Ornekler Haziran ve Temmuz aylarinda
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propolis tuzaklari kullanilarak kovanlardan toplandi.
Labaratuvara getirilen ham propolis 6rnekleri
(Kestane ve polifloral orjinli) 6gutuldikten sonra
etanolik ekstraksiyon metoduna tabi tutuldu.
Kullanima hazir hale gelen 6rneklerin toplam fenolik
(TP) miktarlari Folin-Ciocalteau ydntemi ile toplam
flavonoid (TF) miktarlar ise kolorimetrik aliiminyum
klortr testi ile tespit edildi. Propolis 6rneklerinin
biyoaktif bilesenlerinin tespiti icin Sivi Kromatografi-
Kiatle  Spektrometresi  (LC-MS/MS)  yontemi
kullanildi. Segilen 19 farkli patojene karsi 6rneklerin
antimikrobiyal aktivite dizeylerini belirlemek igin ilk
basamakta agar kuyucuk, ardindan minimal
inhibisyon konsantrasyonu (MiK) deneyleri yapildi.

Bulgular:  Arastirmalar  sonucunda  kestane
propolisinin polifloral 6rnede goére daha ylksek
oranda antimikrobiyal aktivite sergiledigi tespit
edilmistir. Her iki ©6rnege karsi da farkl
konsantrasyonlarda en duyarli sug Mycobacterium
smegmatis olarak belirlenmistir. Bu yuksek etkinligin
de icerigindeki biyoaktif bilesenlerin farkliigindan
kaynaklandigi dusunulmektedir. Kestane
propolisinin toplam fenolik ve flavonoid miktar
polifloral drnede goére anlamli dizeyde farkhhk
gOstermistir. Her iki propolis érneginde de en yiksek
oranda tespit edilen bilesik bir flavon tlrevi olan
Chrysin’dir. Kestane propolisinde hesperidin ve
protokatekuik asit saptanmazken, polifloral orijinli
propoliste bu bilesenler tespit edilmistir. (+)-Katesin,
siringik asit, (-)-epikatesin ve rutin polifloral kokenli
propolis bilesenlerinde tespit edilemezken, bu
biyoaktif maddelerin konsantrasyonlari kestane
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propolisinde kayda deger dizeyde tespit edilmistir.
Sadece bir flavonoid turevi olan daidzein her iki
numunede de bulunamamistir.

Sonug: Bu calismanin sonuglari propolis igeriginin
orjinlendigi bitki kaynaklarina gore degistigi bilgisini
dogrulamaktadir. Kestane propolisinin  segilen
patojenlere kargl ¢ok duslk dozlarda etkili olmasi,
bulasici hastaliklarin 6énlenmesinde ve tedavisinde
kullanim potansiyeline sahip oldugunu gdsteren
Onemli bir sonug olarak degerlendirilmektedir.

INTRODUCTION

Propolis, which has great potential as a medicine
and has many biological properties, is more effective
than medicinal plant extracts, because its
composition is extraordinarily variable. The bioactive
components of the propolis samples may vary
according to the different geographic origin, race,
climate, flora and bud exudates (Bankova et al.
2000, Kartal et al. 2003). Propolis consists mainly of
polyphenols (phenolic aldehydes, phenolic acids
and their esters, flavonoid aglycones, alcohols and
ketones), but it also contains terpenoids, amino
acids, steroids and inorganic substances (Moreno et
al. 2000). It is known that bees collect secretion from
buds of poplar (Populus spp.), alder (Alnus spp.) in
Poland and Central Europe (Przybytek and Karpinski
2019). In other European countries such as Albania,
Bulgaria, Hungary, different types of poplar are
known as sources of propolis (Zabaiou et al. 2017).
In some regions of Turkiye, chestnut (Castanea
sativa) trees are common and honey bees often use
these trees to produce propolis (Kekecoglu et al.
2021). Many previous studies have shown that
different types of propolis exhibits great potential as
an antioxidant, antimicrobial and antiviral agent
because of the its rich content (Fatima et al. 2014,
Al-Juhaimi et al. 2022, Kekecoglu et al. 2021, Yildiz
2020, Ugar 2021). It is thought that the main source
of antimicrobial activity originates from pinocembrin,
galangin and caffeic acid phenethyl esters, and this
effect is caused by the inhibition of bacterial RNA-
polymerase by phenolic compounds (Takaisi-Kikuni
and Schilcher 1994). In this process, where the
incidence of antimicrobial resistance is constantly
increasing, the demand for natural products is
increasing rapidly. Propolis is effective on many
microorganisms such as viruses, fungi, including
resistant bacteria (Bankova et al. 1996, Koru et al.
2007). For example, Veiga et al. (2017) showed that
poplar propolis had antimicrobial activity against

both Gram-positive and Gram-negative bacteria,
including  Methicillin-resistant ~ Staphylococcus
aureus (MRSA). In addition, it is known that ethanolic
extracts of propolis have antifungal effect against
different strain of yeast (Bankova et al. 2014). In
addition to the therapeutic properties of propolis, it
has reported that it has no side effects in animals or
humans as a result of toxicity tests (Demir et al.
2016).

All countries have honeybee races of local ecotypes
that adapt to its own ecological conditions. Although
there are different bee races in our country, ecotypes
of these races have spread in different areas
(Ruttner, 2013, Kekecoglu, 2018). Honey bees have
some characteristics that are different from each
other in every race. Accordingly, propolis collection
behavior also varies according to different honey
bee races and ecotypes (Eroglu et al. 2021). Apis
mellifera anatoliaca, which is found in Yigilca district
of Diizce province, is a special ecotype belonging to
this region.

The aim of this study is to investigate and compare
the bioactive components and antimicrobial activities
against pathogenic microorganisms including
resistant bacteria of propolis samples obtained from
different botanical origins. Secondly, to test whether
the Yigilca ecotype, a special bee subspecies,
affects this biological activity.

MATERIAL AND METHODS
Sample collection, Extraction and Preparation

Propolis samples were collected from Duzce
University Beekeeping Research and Development
Center (DAGEM) located in the north-east area of
Duzce. Propolis samples were collected with
propolis traps placed in hives in June and July. The
samples were kept in a dry place and stored at 4°C
until its complete process. For extraction the
samples were disintegrated with a grinder and 30 g
of the propolis mixed in 90 mL of 96% ethanol and
shaken at 30 °C for two weeks. Then, centrifuged at
26,000x g for 30 min and the supernatant was
filtered twice with Whatman No. 4. The remaining
ethanol was allowed to evaporate to obtain a
completely dry sample from this final solution. The
sample was kept at 4 °C in the dark until use.
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Liquid Chromatography-Mass
(LC-MS/MS)

LC-MS/MS method was used in the content analysis
of the samples, as it is a reliable and successful
technique for the characterization of active
compounds in biological products such as propolis.
For component analysis of the samples Thermo-
Scientific LC coupled with a TSQ Quantum Access
Max triple-stage quadruple-mass spectrometer (San
Jose, CA, USA) was used. LC separations were
performed in a C18 analytical column (15 cm x 3 mm
x 5 ym; Torrance, California, USA). The run time was
5.5 minutes, the temperature of the column was
40°C, and the injection volume was 10uL. The mass-
spectrometer was working with an electrospray ion
source (ESI) in negative mode under the selected
ion monitoring (SRM) condition (Nichitoi et al. 2020).

Determination of Total Phenolic (TP) and
Flavonoid (TF) Content

The total phenolic content of both propolis samples
was determined using the Folin—Ciocalteu
colorimetric method mentioned in Singleton and
Rossi (1965) with minor modifications. First, 20 pL of
propolis extract was mixed with 680 uL of distilled
water. 400 yL of 0.2 N Folin-Ciocalteu was added to
this mixture and vortexed, this mixture was
incubated for 2 minutes. After incubation, 400 uL of
Na2COs (10%) was added, the mixture was shaken
at regular intervals and incubated for 2 hours at room
temperature. The absorbance of the mixture was
measured at 760 nm and the total amount of
phenolic substance was calculated as mg gallic acid
equivalent per gram sample.

Spectrometry

The total flavonoid amount of propolis samples was
determined by making minor changes in the
aluminum chloride colorimetric method described by
Fukumoto and Mazza (2000). Quercetin was used
as a standard to generate the calibration curve. The
results were expressed as mg of quercetin
equivalents (QE) per g pollen sample.

Test Microorganisms

For determination of the antimicrobial activityof
propolis samples, seven Gram-negative, nine Gram
positive and three yeast-like fungi were used. Gram-
negative bacteria consisted of Aeromonas sobria
ATCC 43979, Aeromonas hydrophila ATCC 7966,
Klebsiella pneumoniae subsp. pneumoniae ATCC
18883, Escherichia coli ATCC 25922, Vibrio sp.
Clinic strain, Yersinia pseudotuberculosis ATCC
911, Pseudomonas aeruginosa ATCC 27853, while
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Gram positive bacteria consisted of Bacillus sp.
Clinic strain, Bacillus subtilis ATCC 6633, Bacillus
cereus 702 Roma, Staphylococcus aureus MRSA
Clinic strain, Staphylococcus aureus ATCC 25923,
Streptococcus pyogenes Clinic strain, Listeria
monocytogenes ATCC 11994, Mycobacterium
smegmatis ATCC 607 and Enterococcus faecalis
ATCC 29212. Yeast-like fungi group contained
Candida tropicalis ATCC 13803, Candida albicans
ATCC 60193, Saccharomyces cerevisiae RSKK 251

Culture media and preparation of inoculum

All bacteria were transferred from stock cultures to
Tryptic Soy Agar (TSA) (Merck), Blood base agar
(for S. pyogenes) and Brain Heart Infusion (BHI)
Agar (for M. smegmatis) and incubated overnight at
37 °C. Potato Dextrose Agar (PDA) (Merck) was
preferred for the growth of yeast-like fungi. Single
colonies from plates were transferred into tubes
containing 2 ml of Mueller Hinton Broth (MHB),
except M. smegmatis. Yeast-like fungi were
inoculated in tubes which include 2 ml Malt extract
broth. All tubes were incubated at 37 °C and 120 rpm
for 1-3 hours. The turbidity of the suspensions were
adjusted spectrophotometrically to the McFarland
0.5 turbidity standart (1.5 x 108 colony forming unit
per ml (cfu/ml) for bacteria, 6 x 108cfu/ml for yeast
fungi).

Test for antimicrobial activity
Agar well diffusion method

Test plates were prepared with suitable medium and
wells of 6 mm in diameter were punched in the agar
plates by using sterile glass tube. Overnight cultures
(100 pL) spread on the petri surface with a sterile
swap. 50 uL of propolis extracts were transferred to
each well. Negative control was %96 ethanol and
standard controls were Ampicillin (10 pg) for
bacteria, streptomycin (10 pg) for M. smegmatis and
fluconazole (5 ug) for the yeasts. Propolis extracts
were tested at 4 different concentrations (1/2, 1/4,
1/8, 1/16) in the agar well method. Zones of
inhibition formed by the extracts were determined
using caliper after incubation and those that formed
larger than 6 mm were used in the MIC experiment
(Kuppulakshmi et al., 2008).

Evaluation of Minimum Inhibitory
Concentrations (MIC)
For determination of MIC values, inoculum

suspensions were prepared from 24 h overnight
cultures. 100 pL of propolis extracts were diluted
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with the liquid medium to reach a final bacterial and
yeast-like fungi count in ELISA plates (96-Well
ELISA Microplates) by microdilution technique. The
final concentration of propolis samples ranged from
5000 to 39 pg/mL. The MIC values were determined
as the lowest concentration of propolis extracts that
inhibit microbial population growth.

Statistical Analysis

The analyses results of bioactive compounds in
propolis samples were expressed in mean +
standard deviation by using Microsoft Office Excel
2019 (Microsoft Corporation, Redmond, WA, USA).
Significant differences between means were
determined by T-test (SPSS version 25 for Windows
11; post hoc-one way ANOVA).

RESULTS

The bioactive components of ethanol extracts of
propolis samples used in the study are given in Table
1. LC-MS/MS analysis showed that different
amounts of bioactive components were detected in
both propolis samples. Chrysin which is the flavone
derivative, was the most abundant of all these
components. While hesperidin and protocatechuic
acid were not detectable in chestnut propolis, they
were present in polyfloral origin propolis. (z)-
Catechin, syringic acid, (-)-epicatechin and rutin
were absent in polyfloral origin propolis components.
Only daidzein, which is a flavonoid derivative, was
not found in both samples.

Table 1. Analysis of phenolic composition in propolis samples (ug/ml)

Tablo 1. Propolis érneklerinin fenolik kompozisyonu (ug/ml)

Chestnut Propolis

Polyfloral Propolis

Compounds (ng/ml) (ng/mil)
(MEAN%SD) (MEAN#SD)
Galllic acid 0,422+0,002 *nd
Protocatheuic acid nd 1,46+0,04
Benzoic acid 95,7+0,011 2,31+0,005
(+)-Catechin 31,33+0,06 nd
Caffeic acid phenethyl ester 725,3+0,02 94,820,007
Syringic acid 18,12+0,03 nd
(-)-Epicatechin 1,77+0,024 nd
p- Coumaric acid 375,73+0,03 65,85+0,01
Ferulic acid 633,26+,07 69,17+10,3
Rutin 4734,50,47 nd
Myricetin 2596,37+0,025 2,07+0,056
Resveratrol 737,27+0,025 176,28+0,017
Daidzein nd nd
Luteolin 90,57+0,03 14,65+0,004
trans-Cinnamic acid 219,43+0,06 103,63+0,003
Hesperidin nd 12,870,004
Chrysin 7214,42+0,07 2301,65+0,005
Pinocembrin 2272,72+0,04 910,4+0,006
CAPE 3593,27+0,06 1209,99+0,008

*nd: not detected
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The TPC of the samples, measured by the Folin—
Ciocalteu method, the TFC of measured by the
aluminum chloride colorimetric method. After the
necessary dilution of the ethanolic propolis extracts,
the total amount of phenolic and flavonoid
substances were determined according to the gallic
acid and quercetin standard respevtively. When the
data is evaluated the TPC value of chestnut propolis
was nearly two times polyfloral origin propolis

sample (Table 2). The obtained TPC value was
71,06£1,4 mgGAE/mL for chestnut propolis,
36,84+1,4 mgGAE/mL for polyfloral origin sample.
The total flavonoid amounts of the samples were
different from each other. The amount of TFC of
chestnut propolis was higher than the polyfloral
origin propolis sample. (t-test should be added to
explain differences between two samples)

Table 2. Total phenolic and flavonoid content of propolis extracts

Tablo 2. Propolis ekstraktlarinin toplam fenolik ve flavonoid madde igerigi

Total Phenolic (mg

Total flavonoids

GAE/mL) (mgQE/mL)
Chestnut propolis 71,06+1,40 11,75+0,15
Polyfloral propolis 36,84+1,40 7,04+0,30

Propolis samples obtained from two different
sources were effective against all selected test
microorganisms. Agar well diffusion and MIC values
of propolis samples are summarized in Table 5. As
a result of one-way variance analysis (ANOVA), it
was seen that there was statistical differences in
terms of inhibition zones (Fchestnut propolis=4,300,
p<0,05; Fpolyfioral propotis=7,420, p<0,05 ). As a result of
the multiple comparison analysis, it was seen that
there were significant differences in the
effectiveness of chestnut propolis between Gr (-)
and Gr (+) bacteria according to the results of the
agar well method (x= 4,50; p<,030). Similarly, it was
observed that there were significant differences in
the effect of the polyfloral propolis sample against

Gram (+) and Gram (-) bacteria (x= 4,010; p<,017)
(Table 3). According the agar well diffusion method
with four different concentration (1/2, 1/4, 1/8, 1/16)
among the samples obtained by ethanolic extraction,
we obtained the highest antimicrobial activity from
chestnut propolis. The microorganism in which both
propolis samples were most effective was M.
smegmatis and their effect zones sizes were
differed. The highest susceptible zone was obtained
from M. smegmatis with the value of 26 and 22 mm
for chestnut and polyfloral origin popolis
respectively. Gram positive bacteria were more
sensitive than Gram-negative one for both propolis
samples.

Table 3. Statistical analysis of chestnut and polyfloral samples’ inhibition zone between microorganism groups

Tablo 3. Kestane ve polifloral propolis érneklerine ait inhibisyon zonlarinin mikroorganizma gruplari arasindaki

istatistiksel analiz sonuglari

Inhibition Factors s Mean F P

Zone Differences

Chestnut Gr (-)/Gr (+) 1,470 4,500 ,030*

Propolis Gr (+)/Yeast fungi 1,570 2,220 4300 376
Gr (-)/Yeast fungi 1,480 2,280 ‘ ,511

Polyfloral Gr (-)/Gr (+) 1,270 4,010 ,017*

propolis Gr (+)/Yeast fungi 1,680 1,330 ,306
Gr (-)/Yeast fungi 1,740 2,670 7,420 715

* Statistical significance was defined as P<0.05
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Table 4. Statistical analysis of chestnut and polyfloral samples’ MIC value between microorganism groups

Tablo 4. Kestane ve polifloral propolis érneklerinin MIC degerlerinin mikroorganizma gruplari arasindaki istatistiksel

analiz sonuglari

MIC (ug/ml) Factors s Mean P
Differences

Chestnut Gr (-)/Gr (+) 300,500 1347,660 ,001*

Propolis Gr (+)Yeastfungi 397,300 253,910 10,450 801
Gr (-)/Yeast fungi 411,500 1093,740 ,047*

Polyfloral Gr (-)/Gr (+) 610,410 2460, 930 ,003*

propolis Gr (+)/Yeast fungi 807,500 273,430 8,680 ,939
Gr (-)/Yeast fungi 835,840 2187,500 ,041*

* Statistical significance was defined as P<0.05

Table 5. Agar well diffusion and MIC values of the Propolis extracts against the tested microorganisms

Tablo 5. Propolis ekstraktlarinin test edilen mikroorganizmalara karsi agar kuyucuk difiizyonu ve MiK degerleri.

Chestnut Polyfloral Antibiotics*
propolis propolis
; ; Inhibition Inhibition Inhibition
Microorganisms zone MIC zone MIC Zone ?/”(jml)
(mm) (ug/ml)  (mm) (ug/iml) — (mm) Hg
Escherichia coli 10 2500 8 5000 10 10
Klebsiella pneumoniae 10 2500 9 5000 10 32
subsp. pneumoniae
Yersinia . 12 1250 10 2500 10 32
Gr(-) ps_egdotuberculoss
Vibrio sp. 14 312.5 13 625 NT NT
Aeromonas hydrophila 10 2500 8 5000 NT NT
Aeromonas sobria 12 1250 10 2500 NT NT
Pseudomonas 14 625 12 1250 18 >128
aeruginosa
Enterococcus faecalis 14 312.5 12 1250 10 2
Listeria monosytogenes 16 156.25 14 312,5 NT NT
Streptococeus 15 156.25 12 1250 NT NT
pyogenes
Staphylococcus aureus 18 39.06 14 312.5 35 2
Gr(+) S. aureus MRSA+ 15 156.25 13 625 NT NT
Bacillus subtilis 15 156.25 13 625 NT NT
Bacillus sp. 14 312.5 14 312.5 NT NT
Bacillus cereus 13 625 12 1250 NT NT
Mycobacterium 26 195 22 39.06 35 <1
smegmatis
Candida albicans 13 625 12 1250 25 <8
Yeast Candida tropicalis 13 625 12 1250 25 <8
fungi  Saccharomyces 16 156.25 14 3125 25 <8
cerevisiae

*The test control antibiotics used: Ampicillin for Gram (-) and Gram (+) bacteria (10 pg/ml), Streptomycin for ARB+ bacteria
(10 ug/ml), and Fluconazole for the yeast fungi (5 ug/ml). (-): No activity, NT, Not tested.

*Kullanilan kontrol antibiyotikleri: Gram (-) ve Gram (+) bakteriler igcin ampisilin (10 ug/ml), ARB+ bakterileri igin Streptomisin
(10 pg/ml) ve maya mantarlari igin Flukonazol (5 pg/ml). (-): Etkinlik yok, NT, Test edilmedi.

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (1): 37-48

43



ARASTIRMA MAKALESI / RESEARCH ARTICLE

According to the MIC results obtained from the
propolis samples, significant differences were
obtained among the microorganisms (Fchestnut
propolis=10,450, p<0,05; Fpolyfioral propolis=8,680, p<0,05).
When the MIC results of chestnut propolis were
evaluated, significant differences were observed
between the activity values between Gram (+) and
Gram (-) bacteria (x = 1347,660; p<,001). Similarly,
significant differences were observed between the
efficacy values of the MIC results of polyfloral
propolis (x = 2460,930; p<,003). The differences
between other groups (Gram (+) /Yeast fungi, Gram
(-) /Yeast fungi) are summarized in table 4. The
efficacy dose of chestnut propolis was between 19,5
and 2500 pg/mL while the polyfloral origin propolis
sample was between 39,06 and 5000 pg/mL.
Chestnut propolis showed remarkable bactericidal
effect against M. smegmatis with the dose of 19,5
pyg/mL. The most resistant strains were E. coli, K.
pneumoniae subsp. pneumoniae and A. hydrophila
with inhibition dose of 5000 ug/mL. Two propolis
samples exhibited moderate antifungal activity
against selected yeast like fungi. Most resistant
yeast were C. albicans and C. tropicalis with the
dose of 2500 for polyfloral origin propolis and 1250
for chestnut propolis, most sensitive was S.
cerevisiae (Table 5).

DISCUSSION

It is known that the chemical content of propolis
depends on the origin of the plant, geographical
location and the harvest season (Al-Ani et al. 2018).
In this study, content differences due to the plant
origin of propolis samples were observed. While
some bioactive components were found in chestnut
propolis, some of them were not detected in the
polyfloral origin propolis sample. In addition, the
amounts of the analyzed components were different
from each other. Previous studies have shown that
European, African and Asian propolis mostly
contains phenolics and flavonoids such as
pinocembrin, p-coumaric acid, cinnamic acid,
chrysin, naringenin, galangin, quercetin, apigenin,
pinobanksin, kaempferol, caffeine (Huang et al.
2014; De Groot et al. 2013). Among these
components polyphenols and terpenoids are the
most active group (Pimenta et al. 2015). The
flavonoid group consists of chrysin, pinostrobin,
galangin, pinocembrin,  quercetin, apigenin,
kaempferol and other components (Przybytek, and
Karpinski 2019). Our chestnut and polyfloral origin
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propolis samples contained the highest rate of
chrysin, which is a flavonoid derivative. Another
critical group constituting the content of propolis is
aromatic acids, among which cinnamic, ferulic,
caffeic, p-coumaric and benzoic acids are the most
common (Kedzia and Hotderna-Kedzia 2017;
Bankova 2000). Almost all of these aromatic esters
were detected at high rates in chestnut propolis.

The present study aimed to investigate the
antimicrobial properties of chestnut and polyfloral
origin propolis samples. The influence of ethanol
extraction in different concentrations on the growth
of bacteria and fungi was determined. Incubation of
propolis samples with higher concentrations resulted
in higher inhibition of growth zones. Some
researchers reported that propolis samples were
only effective against Gram-positive bacteria and
fungi, while others reported that the activity was not
high against Gram-negative bacteria (Nieva et
al.1999; Kujumgiev et al. 1999; Sforcin et al. 2000) .
In this study, it was confirmed that Gram-positive
bacteria were sensitive to low concentrations for
both samples and that Gram-negative bacteria
growth was inhibited to a lesser extent than Gram-
positive bacteria. Chestnut propolis was the most
effective against test microorganisms, followed by
polyfloral origin sample. In previous studies, the best
anti-staphylococcal effect levels of propolis ethanolic
extract were reported for extracts derived from
Turkey (8 ug/mL), Oman (42 ug/mL) and Ireland (80
pg/mL) (Uzel et al. 2005; Popova et al. 2013; AL-Ani
et al. 2018). The antimicrobial activity of chestnut
propolis against this bacterial species that causes
pneumonia, osteomyelitis, septic arthritis,
bacteremia, endocarditis and various skin infections
is quite low as compared to previous studies (39.06
pg/mL). It is known that the presence of phenolic
compounds in the chemical structure of chrysin is
responsible for the antibacterial effects of propolis,
as well as other flavonoids (Warfvinge et al.1985;
Sforcin and Bankova, 2011; Sharifi et al. 2020). The
slightlyhigh detection of chrysin in our chestnut
propolis sample may be explained bylow MIC
concentration against S. aureus.

We obtained strong antimicrobial activity from both
propolis samples against M. smegmatis which is a
saprophytic acid-resistant bacterium that also
causes skin diseases. It has been reported in
previous studies that pinocembrin and its 3-OH
analog galangin, flavonoids such as quercetin,
myricetin and rutin are the components responsible
for the most potent microbicidal compounds via
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increasing bacterial membrane permeability (Vica et
al. 2022; Das et al. 2015; Stepanovic et al. 2003;
Kosalec et al. 2003). Otherbioactive compounds
which are identified and studied inpropolis are
caffeic acid phenethyl ester (CAPE), which exhibit
good antimicrobial properties by inhibiting bacterial
RNA polymerase (Suran et al. 2021; Speciale et al.
2006). Considering that the most abundant bioactive
components as a result of LC-MS/MS analyzes of
the chestnut propolis was chrysin, rutin, CAPE,
myricetin and pinocembrin. It is possible to obtain
MIC values at such low concentrations against M.
smegmatis. Because one of these components,
rutin, cannot be detected in the polyfloral origin
propolis sample, while myricetin is present in trace
amounts. These results demonstrated that chestnut
propolis is a promising candidate for using as an
antimicrobial product.

Ristivojevi¢ et al. (2016) tested the efficacy of 53
propolis samples on L. monocytogenes and reported
the lowest efficacy dose as 100 ug/mL and the
highest as 10.600 m/mL. The MIC values of chestnut
and polyfloral origin propolis, whose antimicrobial
activity levels were investigated in this study, against
this bacterium causing meningitis, septicemia and
monocytosis were 156.25 pg/mL and 312.5 ug/mL
respectively. The fact that the propolis samples have
such a low MIC values can be explained by the
synergistic effect of the phenolic compounds with
high level in the samples or special bee subspecies
of Yigilca ecotype that collect propolis. Al-Ani et al.
(2018) investigated the effect of different propolis
samples against S. pyogenes, which causes dermal
diseases such as impetigo and necrotizing fasciitis
and they obtained different MIC values ranging from
80 to 600 pg/mL. The effect concentration of
chestnut propolis against this bacterium is still quite
low (156.25), which is below the average dose
compared to previous studies.

Previous studies reported that different propolis
samples have significant antifungal activity against a
wide range of pathogen like Candida species which
were isolated from patients and show antibiotic
resistance (De Castro 2001; Cornara et al. 2017;
Vica etal. 2021; Lan et al. 2016). AL-Ani et al. (2018)
evaluated the effect of propolis samples from
Germany, Ireland and Czech against different
Candida species and reported the effective values
against C. albicans as 5000, 600 and 1200 ug/mL,
respectively. MIC values of the same samples
against C. tropicalis were reported as 5000, 200 and
600 ug /mL, respectively. Chestnut propolis, which

antifungal effect was tested in this study, showed a
very low activity value on the same yeast-like fungus,
and MIC values were determined as 625 ug /mL
against both Candida species. It has been previously
reported that the amount of CAPE in propolis
significantly affects the antifungal activity (Cornara et
al. 2017). Considering the CAPE amount of chestnut
propolis, it is not surprising that such a low MIC value
was obtained.

Conclusion

The antimicrobial activities of two different floral
origin propolis from Anatolia against various
pathogenic bacterial strains were determined by a
MIC method. It was confirmed that chestnut propolis
sample has higherphenolic and flavonoid contents
and also it was found to be more effective against
both Gram positive and Gram-negative bacteria. In
the study, it was determined that the most abundant
bioactive component in chestnut propolis samples,
wwere chrysin followed by rutin, CAPE, myricetin
and pinocembrin. The results suggest that the high
content of bioactive components inhibit the growth
and proliferation of bacteria by acting alone or
synergistically. It was concluded that MIC values
were obtained at lower concentrations from chestnut
propolis than other sample according to this reason.
Among the Gram-positive strains, M. smegmatis
was the most susceptible strain for chestnut
propolis, while the most resistant strains were E. coli,
Klebsiella pneumoniae subsp. pneumoniae and A.
hydrophila. The knowledge gained through this
study may be a comparative analysis of the content
to attribute the antimicrobial activity of propolis to
specific chemical compounds and to confirm that
these components are related to the floral origin.
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oz

Bu calismanin amaci, makine 6grenmesi yoluyla ar sitiiniin bolgesini belirlemek icin ayirt edici
kimyasal faktorleri kesfetmektir. Calismada, Tirkiye'nin 13 farkl boélgesinden 84 numune kullaniimis
ve nem, pH, asitlik ve 10-hidroksi-2-dekanoik asit (10-HDA) kimyasal parametreleri incelenmistir. 13
yerden toplanan ari siitleri arasinda dort kimyasal deger agisindan farklilik olup olmadigi ANOVA testi
ile incelenmistir. istatistiksel testlere ek olarak, ar siitlerini birbirinden neyin ayirdigini kesfetmek igin
bir makine 6grenimi modeli kullanilmigtir. Arn sitii, kimyasal analiz sonuglarinin tanimlayici
istatistikleri sirasiyla, nem %63,05+2,99, pH 3,67+0,08, asitlik 45,32+3,55 ve 10-HDA 2,40+0,24 olarak
bulunmustur. Sasirtici bir sekilde, makine 6grenimi modeli, 10-HDA'nin an siitiiniin bdlgesini
belirlemek icin en belirgin parametre olabilecegini 6ne sirmektedir. Bu bilgi, arn siitinin
dogrulugunun tespitini daha kolay 6grenmemize yardimci olacaktir.

Anahtar Kelimeler: Ar siitii, bal arisi, makine 6grenimi, 10-HDA

ABSTRACT

This study aims to discover the characteristic chemical factors for determining the region of royal jelly
using machine learning. 84 samples from 13 different regions of Turkey were used for the study, and
the chemical parameters of moisture, pH, acidity, and 10-hydroxy-2-decanoic acid (10-HDA) were
investigated. ANOVA test was conducted to determine whether there are differences between royal
jelly from 13 locations concerning the four chemical values. In addition to the statistical tests, a
machine learning model was used to find out what makes royal jelly different from each other. The
descriptive statistics of the chemical analysis results of royal jelly showed the following values:
moisture 63.05%%2.99, pH 3.67+0.08, acidity 45.321+3.55, and 10-HDA 2.40%0.24. Surprisingly, the
machine learning model suggests that 10-HDA may be the most prominent parameter for determining
the region of royal jelly. This information will help us identify royal jelly’s authenticity more easily.

Keywords: Royal jelly, honeybee, machine learning, 10-HDA
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GENISLETILMiS OZET

Amag: Bu calismanin amaci, ari sutiinin bélgesel
farkhliklarinin ardindaki kimyasal faktorleri makine
Ogrenimi  kullanarak kesfetmektir. Bu amagla
Tarkiye'nin farkli lokasyonlarindan toplanan ari siti
drtinlerinin kimyasal analiz sonuglari
karsilastiriimistir.

Gereg ve yontem: 2020 yilinda Turkiye'nin 13 farkli
ilinden toplam 84 adet ari sitl 6rnegi toplanmistir.
Toplanan drnekler analize kadar -18°C'de
saklanmistir. Daha sonra kimyasal analizler
yapilmistir. Bu calismada kullanilan veriler ari
sutiinin kimyasal analiz sonuglarindan
olusmaktadir. Sekil 1'deki haritada gosterilen 13
sehir ismi hedef degisken olarak yapay zeka makine
6grenmesi algoritmalarina verilmistir. Kullanilan
kimyasal degerler nem, pH, asitlik ve 10-hidroksi-2-
dekanoik asittir (10-HDA). Her spesifikasyon,
karsilik gelen analizle etiketlenmistir. Diger bir
deyisle, makine analizi biliyordu ve &gdrenme
sirasinda dikkate aliyordu. Ari sutleri arasinda
kimyasal analiz sonuglari acgisindan anlamli
istatistiksel fark olup olmadigini belirlemek igin
ANOVA testi yapilmistir. Nem, 10-HDA (%), pH ve
asitlik acisindan boélgeler arasinda anlamli bir fark
olup olmadigini gérmek icgin tek tarafli ANOVA testi
yaplimistir. Daha sonra, 13 farkh lokasyondan
toplanan ari sutlerinin 6zelliklerinin ardindaki gizli
kurallari gikarmak i¢in karar agaglarina sahip makine
o6grenme algoritmasi kullaniimistir. SMOTE, makine
O0grenimi c¢alismalarinda yaygin olarak kullanilan
sentetik bir veri gelistirme teknigidir (Silahtaroglu
2009). Veri seti %30 / %70 oraninda bolinmusgtir.
Bu, verilerin %70'inin makineyi egitmek igin ve
%30'unun sonuglari test etmek ve degerlendirmek
icin kullanildi§i anlamina gelmektedir. Dogruluk,
kesinlik, 6zgullik, Cronbach' Kappa ve F-degeri,
makinenin ari sttindn yerini tahmin etmek icin ne
kadar iyi egitildigini 6lcmek igin kullaniimigtir.

Bulgular ve tartisma: An sitl, kimyasal analiz
sonuglarinin tanimlayici istatistikleri Tablo 1'de
gOsterilmistir. Tablo 1'e gore, asagidaki ortalama
kimyasal analiz degerleri elde edilmigti. Nem
%63,05+£2,99, pH 3,67+0,08, asitlik 45,32+3,55 ve
10-HDA 2,40 +0,24. An sutindn bilesiminin
mevsime, ekolojik kogullara ve toplandigi bélgenin
Ozelliklerine bagh oldugdu bildirilmigtir (Zheng ve Hu
2010). Fransiz ar1 suti Gzerinde yapilan arastirmaya
gore nem igerigi %60-70, 10-HDA degeri ise %1,4 ile
%3,7 arasinda degismektedir (Wytrychowski vd.
2013). Baska bir galismada Anadolu ari sitinin 10-
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HDA degerlerinin %1,0 ile %3,9 arasinda, nem
iceriginin ise %62,6 ile %73 arasinda degistigi
saptanmistir (Kolayli vd. 2015). Ayrica ari sutiinin
uluslararasi standardi olan ISO/DIS 12824 (2016)
uyarinca ari sutiinin 10-HDA degeri minimum %1,4,
nem igerigi minimum %62 ile maksimum %68,5
arasinda ve asitlik 30 ila 53 m.q g/kg arasinda
degismektedir. Keskin vd. (2020), an sutu
Orneklerinin  10-HDA igeriginin  %2,1 ile %2,6
arasinda, nem igeriginin ise %62,6 ile %66,5
arasinda degistigini tespit etmistir. Tim bu
¢alismalarin  sonuglari ile bizim ¢alismamiz
benzerdir (Tablo 1).

Tablo 2'de gorulebilecedi gibi, Levene test
istatistikleri, dort parametrenin tumua icin esit
varyanslarin varsayilabilecegini géstermektedir. Ote
yandan, Tablo 3'teki test istatistikleri, 10-HDA haric,
H1 icin sifir hipotezinin reddedildigini, yani pH, asitlik
ve nem agisindan araglar arasindaki tum farklarin
istatistiksel olarak anlamli oldugunu géstermektedir.
Bununla birlikte, bir p-degeri = 0,296 ile sifir hipotezi
reddedilemez, dolayisiyla  10-HDA'ya  gore
popilasyon araclarinin hepsinin ayni oldugu
sonucuna variriz. Sekil 2, olusturulan karar agacini
gostermektedir. Makine tarafindan olusturulan karar
agacinin koku 10-HDA'dir (%). Degerinin 2,59'dan
blylk olup olmamasina gbére sola veya saga
yaylanir. Bu, ari sutinun yerini tahmin etmede en
Onemli faktortiin 10-HDA (%) oldugu anlamina gelir.
Bu parametrenin esik degeri de 2,59'dur (Sekil 2).
Agag, ari sttliniin Balikesir'de mi yoksa Konya'da mi
hasat edildigini tek basina 10-HDA (%) degerleri ile
tahmin etmenin midmkin oldugunu géstermektedir.
%2,59'a bagli olarak 10-HDA, an sitinin hasat
edildigi yeri tahmin etmede en 6nemli faktérddr.
Adac degerlendirme istatistikleri Tablo 4'te
gosterilmektedir.  Istatistiklerin ~ minimum %75
dogrulukla tatmin edici oldugu gdrulmektedir.
Cohen'in kappa'si da 0,50'den buyuktir, yani
0,73'tur.

Sonug: Klasik tek yonlu analiz ANOVA, %10-HDA
acisindan siteler arasinda ortalama bir fark
olmadigini éne slrse de, makine Ogrenimi karar
agdacl, %10-HDA'nin siteler arasinda ayrim yapmasi
icin esik olarak 2,59 verir. Bu durum ar sutinin
Balikesir veya Konya'da %10-HDA dederi
kullanilarak Uretilip hasat edildigini gdsterebilir. Bu,
ari sUtinun orijinalligini daha kolay tespit etmemize
yardimci  olacaktir. Burada %10-HDA degeri
arasindaki iligkiyi ortaya koyabilmek icin daha fazla
veri iceren ileri calismalara ihtiyag vardir. Cok fazla
veriye sahip bir yapay zeka modeli, bu konuda daha
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fazla bilgi saglayabilir ve gelecekte yapay zeka
araciligiyla ari Grdnlerinin dogrulugunu belirlemek
icin kullanilabilir.

INTRODUCTION

People's interest in natural products is increasing
rapidly worldwide, increasing the popularity of bee
products. Bee products are rare natural products
with high biological activities and therapeutic
properties. Royal jelly is also one of the important
bee products and is a homogeneous, white or yellow
colored, sharp smelling, sour taste, water-soluble
substance secreted from the hypopharyngeal and
mandibular glands of worker bees (Chinou 2014,
Krell 1996, Melliou and Schmidt 1997, Tamura et al.
2009, Wytrychowski et al. 2013).

It was determined that the queen bee was constantly
fed with royal jelly by Huber, and for this reason, it
was named "royal jelly", which means queen meal in
English for the first time in Switzerland in 1793
(Crane 1997). While worker bees are fed royal jelly
in the first three days of their larval stages, the only
food of the queen bee is royal jelly. As a result of
feeding honey bee larvae with royal jelly, a
productive and long-lived adult queen develops
morphological and functional characteristics that
other adult individuals in the hive do not have (Krell
1996, Melliou and Chinou 2014, Schmidt 1997,
Wytrychowski et al. 2013). Throughout history,
human beings have always been affected by this
special effect of royal jelly on bees, and for this
reason, royal jelly has been used as a food
supplement and therapeutic for centuries.

Fresh royal jelly contains water (60-70%), proteins
(9-18%), carbohydrates (7-18%), fatty acids and
lipids (3-8%), minerals (about 1.5%), and small
amounts of polyphenols and vitamins (Melliou and
Chinou 2014). On the other hand, lyophilized royal
jelly contains <5% water, 27-41% protein, 22-31%
carbohydrates, and 15-30% fat (Melliou and Chinou
2014). The composition of royal jelly is similar when
compared with different bee colonies and bee
breeds (Krell 1996).

The biological activities of royal jelly vary depending
on the number of trace elements in its content. Anti-
aging (Salazar-Olivo and Paz-Gonzalez 2005),
antioxidant (Liu et al. 2008), antibacterial (Fujiwara
et al. 1990; Melliou and Chinou 2005), antitumor
(Salazar-Olivo and Paz-Gonzalez 2005, Tamura et
al. 1987) antihypertensive (Tokunaga et al. 2004),

immunomodulatory (Vucevic et al. 2007), anti-
inflammatory (Kohno et al. 2004), liver protective
(Kanbur et al. 2009), osteoporosis preventative
(Hidaka et al. 2006) properties have attracted
attention in recent years. In addition, it is known that
people who use royal jelly develop a general sense
of well-being in a short time and develop higher
learning capacity, fatigue resistance, and better
memory (Krell, 1996). In other words, royal jelly
appears to be a general stimulant that improves the
immune system and general body functions (Krell,
1996).

Royal jelly contains short-chain hydroxy fatty acids,
which are not found in other foods, and are claimed
to have anti-tumor, anti-bacterial and
immunoregulatory activity and hormonal activity
(Ramadan and Al-Ghamdi 2012, Terada et al. 2011).
Royal jelly fatty acids are mostly short-chain fatty
acids, such as dicarboxylic acids with 8-10 carbons,
which are not found in most plants and animals
(Ramadan and Al-Ghamdi 2012). Trans-10-hydroxy-
2-decanoic acid (10-HDA), which is considered the
major fatty acid of royal jelly, is considered a marker
for royal jelly and is found in royal jelly at a rate of
0.5-3.5% of its dry weight (Garcia- Amoedo and
Almeida-Muradian 2007, Ramadan and Al-Ghamdi
2012, Kamakura et al. 2001, Kanelis et al. 2015, Liu
et al. 2008, Yukunc 2019). However, it is also stated
that in a quality royal jelly, the 10-HDA should be at
least 1.4 and the moisture content should be
between 60% and 70% (Bogdanov and Gallmann
2008).

The term machine learning was coined in 1959 by
American Arthur Samuel, a pioneer in computer
games and artificial intelligence and an IBM
employee, and machine learning or machine
learning refers to the design and development
processes of algorithms that enable computers to
learn based on data types such as sensor data or
databases. It is a science that deals with the subject.
The focus of machine learning research is to give
computers the ability to detect complex patterns and
make rational decisions based on data. This shows
that machine learning is closely related to fields such
as statistics, probability theory, data mining, pattern
recognition, artificial intelligence, adaptive control,
and theoretical computer science (Alpaydin 2020,
Arthur 1959, Kohavi and Provost 1998).

This study aims to discover the chemical factors
behind the regional differences of royal jelly through
machine learning. To achieve this, we collected,
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compared, and evaluated the results of chemical
analysis of royal jelly products harvested in various
locations in Turkey.

MATERIAL AND METHODS
Collection and storage of royal jelly samples

A total of 84 royal jelly samples were collected from
13 different provinces of Turkey in 2020 (Figure 1).
Collected samples were stored at -18°C until
analysis. Then, chemical analyses were made.

Ardahan

Sekil 1. Ari sutu toplanan bdélgeler
Figure 1. Royal jelly collected regions

Chemical
collection

analysis of samples and data

The data used in this study consists of the results of
the chemical analysis of royal jelly. The 13 city
names shown on the map in Figure 1, are given as
target variables to artificial intelligence machine
learning algorithms. The chemical values used are
moisture, pH, acidity, and 10-hydroxy-2-decanoic
acid (10-HDA). Each data was marked with the
corresponding analysis.

Moisture analysis

For moisture determination, 1 g of each sample was
weighed. It was then incubated at 105°C for 3 hours.
At the end of the period, the royal jelly samples were
cooled in the desiccator until they reached a
constant weight. This process was repeated three
times for each sample (Horwitz and Latimer 2000).

pH analysis

The pH and acidity of the royal jelly samples were
determined according to ISO/DIS 12824 (2016). 1 g

U.An D. - U.Bee J. 2023, 23 (1): 49-60

of royal jelly sample was weighed and placed in a
100 mL beaker and 75 mL of boiled and cooled
distilled water was added. It was titrated with sodium
hydroxide standard solution (¢ = 0.1 mol/L). The
endpoint was obtained when the acidometer showed
a pH of 8.3.

Acidity analysis

To obtain the sample's acidity, the milliliter amount
of sodium hydroxide standard solution consumed in
the titration is multiplied by the concentration value
(mol/L), divided by the sample's mass, and multiplied
by 100. The acidity of royal jelly is calculated with the
following equation:

Acidity [(1 mol/l NaOH) mL/100g] = (V x ¢ x 100) / m

V is the volume of 0.1 mol/L NaOH standard solution
consumed in the titration in milliliters. ¢ is the
concentration of the NaOH standard solution in
mol/L; m is the mass of the sample in grams.

10-Hydroxy-2-decanoic acid (10-HDA) analysis
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The amount of 10-HDA was determined by
ultraviolet absorbing detector high-performance
liquid chromatography (HPLC, VWR Hitachi
Chromaster HPLC-UV). Measurements were made
at 215 nm to obtain the highest absorbance value
(Kim and Lee 2010). The mobile phase of the C-18
(150 x 4.6 mm) column was optimized for methanol,
water, and phosphoric acid (55:45:2.2) and the flow
rate was 1.0 mL min-1 and the injection volume was
3 uL. Liquid methyl 4-hydroxybenzoate (MHB) was
used as a standard. Calibration solutions were
obtained by diluting 160 yg mL™" of stock 10-HDA
solution (0.1, 0.5, 1.0, 5.0, 10, 20, 40, 80, and 160
Mg mL-1). The R? value of the obtained calibration
graph was determined as 0.9998.

Statistical analysis and machine learning

ANOVA test was performed to see if there was a
statistically significant difference between royal
jellies in terms of chemical analysis results. One-way
ANOVA was performed to test whether there was a
significant difference between locations in terms of
humidity, 10-HDA (%), pH, and acidity.

HO: There is a significant difference between
locations in terms of humidity, 10-HDA (%), pH, and
acidity averages.

H1: There is no statistically significant difference
between the means.

Then the hidden rules behind the properties of the
royal jelly harvested from 13 different locations were
extracted using the Decision Tree Machine Learning
algorithm.

The purpose of the study analysis is to find hidden
rules that will allow the machine to predict the
location of the royal jelly using the four chemical
analysis values. For this purpose, Gini and Gain
(entropy-based) decision tree algorithms were used.
Decision trees are widely used in machine learning
to enable machine learning and predict class value.
They are preferred to "deep learning” and "support
vector machines" because they create rules that
humans can understand. Decision Trees are among

the most common and powerful algorithms used
especially in classification and regression tasks.
They are used to build models that can predict the
value of the target variable based on input
properties. Decision trees are created by dividing the
data using a hierarchical structure according to
different feature values and making predictions
based on the resulting datasets. Decision Trees are
used in two main types: “Classification Trees” and
“Regression Trees”. Classification Trees are used
for categorical or discrete target variables, while
Regression Trees are used for continuous target
variables. Both types of trees are created using a
similar process. This process is done by separating
the data into smaller subsets based on different
property values. There are many pollution
calculations for decision trees. Gini and entropy are
two of them. Their ability to handle missing data and
their ability to be used for feature selection is a great
advantage (Schug et al. 2005, Shafer et al. 1996,
Silahtaroglu 2013). For this reason, these algorithms
were preferred in the study.

Since the number of royal jellies was not evenly
distributed across the 13 locations, SMOTE was
used to eliminate the class imbalance. SMOTE is a
synthetic data augmentation technique that is widely
used in Machine Learning studies (Silahtaroglu
2009). The dataset is partitioned at 30% / 70%. This
means that 70% of the data is used to train the
machine and 30% is used to test and evaluate the
results. Accuracy, Sensitivity, Specificity, Cronbach
Kappa, and F-Value were used to measure how well
the machine was trained to estimate the location of
royal jelly.

RESULTS

Descriptive statistics of the chemical analysis results
of royal jelly are given in Table 1. According to Table
1, the mean chemical analysis results were found as
follows, respectively: Humidity 63.05% +2.99, pH
3.67+0.08, acidity 45.32 +3.55 and 10-HDA
2.40+0.24.
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Table 1. Descripitve statistics of the royal jelly samples

Tablo 1. Ari st 6rneklerinin tanimlayici istatistikleri

Parameter Min. Mean Max. Std. Dev. Skewness Kurtosis No. Missing
Nem (%) 53.29  63.05 69.58 2.99 -0.59 1.18 0
pH 3.50 3.67 3.8 0.08 -0.52 -0.05 0
Asitlik (m.qg. g/kg) 38.0 45.32 58 3.55 0.76 1.06 0
10-HDA (%) 1.46 2.40 3.06 0.24 -0.49 2.16 0

As can be seen in Table 2, Levene's test
statistics show that equal variances can be
assumed for all four parameters. On the other
hand, the test statistics in Table 3 show that the
null hypothesis is rejected on behalf of H1,
excluding 10-HDA, that is, any of the differences

Table 2. Test of homogeneity of variances

Tablo 2. Varyanslarin homojenligi testi

between the means are statistically significant in
terms of pH, acidity, and humidity. However, with
a p-value = 0.296, we fail to reject the null
hypothesis and conclude that the population
means are all equal in terms of 10-HDA.

Levene

Statistic e e Sig.

Moisture Based on Mean 1.244 70 .283

Based on Median .825 70 .595

Based on the Median and .825 9 54.611 .596

with adjusted df

Based on trimmed mean 1.191 9 70 314
pH Based on Mean 1.050 9 70 410

Based on Median 467 9 70 .892

Based on the Median and 467 9 57.491 .891

with adjusted df

Based on trimmed mean .980 9 70 464
Acidity Based on Mean .639 9 70 .760

Based on Median .604 9 70 .789

Based on the Median and .604 9 53.631 .788

with adjusted df

Based on trimmed mean .626 9 70 771
10-HDA Based on Mean 1.871 9 70 .071

Based on Median 1.141 9 70 .346

Based on the Median and 1.141 9 39.333 .358

with adjusted df

Based on trimmed mean 1.840 9 70 .076
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Table 3. ANOVA results
Tablo 3. ANOVA sonuglari

Sum of .
Squares df Mean Square F Sig.
Moisture = Between Groups 218.312 13 16.793 2.237 .016
Within Groups 525.389 70 7.506
Total 743.701 83
pH Between Groups A79 13 .014 2.550 .006
Within Groups 379 70 .005
Total .558 83
Acidity Between Groups 289.463 13 22.266 2.065 .027
Within Groups 754.859 70 10.784
Total 1044.321 83
10-HDA Between Groups .908 13 .070 1.203 .296
Within Groups 4.065 70 .058
Total 4.973 83
Table 4. Decision tree results
Tablo 4 Karar agaci sonuglari
Region True Pos False Pos  True Neg False Neg Recall Precision  Sensitivity Specifity F- Measure
Balikesir 7.00 0.00 84.00 2.00 0.78 1.00 0.78 1.00 0.88
Tokat 3.00 4.00 81.00 5.00 0.38 0.43 0.38 0.95 0.40
Bursa 6.00 0.00 82.00 5.00 0.55 1.00 0.55 1.00 0.71
Bandirma 1.00 5.00 84.00 3.00 0.25 0.17 0.25 0.94 0.20
Zonguldak 0.00 6.00 83.00 0.00 0.00 0.00 0.00 0.93 NaN
Sivas 6.00 0.00 87.00 0.00 1.00 1.00 1.00 1.00 1.00
Kastamonu 6.00 1.00 86.00 0.00 1.00 0.86 1.00 0.99 0.92
Canakkale 3.00 4.00 85.00 1.00 0.75 0.43 0.75 0.96 0.55
Konya 7.00 0.00 85.00 1.00 0.88 1.00 0.88 1.00 0.93
Cankiri 5.00 1.00 86.00 1.00 0.83 0.83 0.83 0.99 0.83
Amasya 5.00 2.00 86.00 0.00 1.00 0.71 1.00 0.98 0.83
Bilecik 7.00 0.00 86.00 0.00 1.00 1.00 1.00 1.00 1.00
Yalova 7.00 0.00 85.00 1.00 0.88 1.00 0.88 1.00 0.93
istanbul 7.00 0.00 86.00 0.00 1.00 1.00 1.00 1.00 1.00

Table 4 and Figure 2 show the machine-generated
decision tree results. The root of the machine-
generated decision tree is 10-HDA. The tree arcs to
the right or left depending on whether the
percentage value is greater than 2.59 or not. This
means that the most important factor for estimating
the location of royal jelly is 10-HDA, and the cut-off

point of this parameter is 2.59 (Figure 2). Tree
suggests that with 10-HDA values alone it is possible
to predict whether royal jelly was harvested in
Balikesir or Konya. Based on 2.59%, 10-HDA is the
most important factor in estimating the location of
royal jelly.
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Bursa (66/380)
YTable:
Category % n
Balikesir 14.2 54
istanbul 7.4 28
Canakkale 1.9 4
Bursa 17.4 66
Bandirma 0.8 3
Bilecik 6.6 25
Zonguldak 0.3 1
Yalova 10.0 a8
Sivas 16.1 61
Kastamonu 39 15
Tokat 1.1 4
Amasya 6.3 24
Konya 10.0 38
Gankin 5.0 19
Total 100.0 380
10-HDA (%)
S}
=259 =259
Balikesir (50/280) Konya (38/100)
»Table: »Table:
Race Race
@ ]

Sekil 2. Karar agacinin kokii

Figure 2. The root of the decision tree

Tree evaluation statistics are shown in Table 5. The
statistics appear to be satisfactory with a minimum
accuracy of 75%. Cohen's kappa is also greater than
0.50, meaning 0.73.

Table 5. Decision tree evaluation statistics

Tablo 5. Karar agaci degerlendirme istatistikleri

Precision Sensivity Specifity
0.74 0.73 0.98
F-measure Accuracy Cohen's kappa
0.78 0.75 0.73
DISCUSSION

It is stated that the composition of royal jelly depends
on the season, ecological conditions, and the
characteristics of the region where it is collected
(Zheng and Hu 2010). In a study conducted with
French royal jelly, it was reported that the moisture
content varies between 60% and 70%, and the 10-
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HDA value varies between 1.4% and 3.7%
(Wytrychowski et al. 2013). In another study, it was
stated that the 10-HDA values of Anatolian royal jelly
varied between 1.0% and 3.9%, and the moisture
content between 62.6% and 73% (Kolayll et al.
2015). In addition, according to the international
royal jelly standard ISO/DIS 12824 (2016), the 10-
HDA value of royal jelly should be between at least
1.4%, its moisture value between at least 62% and a
maximum of 68.5%, and its acidity value between 30
and 53 m.q. It is stated that it should be between g /
kg. Keskin et al. (2020), it was determined that the
10-HDA content of royal jelly samples varied
between 2.1% and 2.6%, and the moisture content
varied between 62.6% and 66.5%. The results of all
these studies and ours are similar (Table 1).

A study by Yavuz and Gurel (2017) determined that
the 10-HDA content of commercial royal jelly ranged
between 0.75% and 3.11%, and the moisture
content between 63.1% and 73.5%. However,
according to the international royal jelly standard
(ISO/DIS 12824, 2016), the 10-HDA value of royal
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jelly should be at least 1.4%. It has been stated that
royal jelly containing 10-HDA below this value is
likely to be a product with additives or adulteration
(Yavuz and Gurel 2017). In this case, the machine
learning method can be a guide in determining the
accuracy of royal jelly.

As the success of data mining and machine learning
algorithms has increased, these data analysis
methods and tools have been used in many fields
such as agriculture, beekeeping, and quality and
yield estimation in recent years. These studies cover
both  supervised learning (clustering) and
unsupervised learning (classification and prediction)
models of machine learning and data mining. In one
of the studies conducted in the field of beekeeping in
recent years, a face-to-face survey was conducted
with 62 beekeepers and the decision tree model,
which is one of the data mining methods, was used
to determine the factors affecting the cooperative
membership of beekeepers. As a result of the
statistical analysis, of the cooperative members of
the beekeepers; It was concluded that credit
utilization status, education level, and beekeeping
support have a significant effect on the status (Cukur
and Gukur 2022). In another study, the decision tree
method was used to monitor honey bee health
(Edwards-Murphy et al. 2016). Aksoy et al. (2018)
conducted a study on the estimation of honey
production in beekeeping enterprises located in
eastern Turkey. In this study, they aimed to
determine the main factors contributing to honey
production and to develop a model that can
accurately predict honey production in the region by
using different data such as colony number,
cultivated land area, and plant species. In the study
using Multiple Adaptive Regression Splines (MARS),
Classification and Regression Tree (CART), and
(Chi-squared Automatic Interaction Detector) CHAID
algorithms in honey yield per hive, it was determined
that MARS (r=0.920) outperformed other
approaches. In a study by Karadas and
Kadirhanogullari (2017), data mining and artificial
neural network algorithms were used to determine
the amount of honey production. In another study, a
method based on clustering and classification
techniques was developed to develop seasonal
honey bee models that can be customized and
integrated into the computer system for remote
monitoring of beehives. In the model, a clustering
technique was applied that monitors the brood
temperature, relative humidity, and weight of the
beehives. Naive Bayes, k-NN, and Random Forest

algorithms were compared to propose a high-
accuracy classification model (99.67%) that
recommends seasonal honey bee patterns for the
remote monitoring system (Rafael Braga et al.
2020).

Beekeepers perform inspection procedures that
include identifying potential problems or overall
colony health in the colonies. If the inspections are
not done properly, it may disrupt the microclimate
balance in the hive and the work of the worker bees.
Classification algorithms were used in the study,
which states that these controls can be made and
the health status of honey bee colonies can be
predicted with high precision (Rafael Braga et al.
2020, Robles-Guerrero et al. 2017).

Data mining and machine learning algorithms are
also used to detect fatal diseases of honey bees. In
a study, artificial neural networks and Support Vector
Machines (SVM) algorithms were used in the
detection of Nosema, which is known as a common
fatal disease, and disease detection was
successfully performed with artificial neural networks
with an accuracy of 96.25% (Dghim et al. 2021).

In our study, it has been shown that the location of
the harvest and other ecological conditions can be
determined by examining the composition of royal
jelly. For this purpose, moisture, pH, acidity, and 10-
HDA values, which are among the components of
royal jelly, were used. The study has developed and
introduced a smart system that predicts the
harvested location with high accuracy using the
composition values of the collected royal jelly
samples with the decision tree method, which is one
of the machine learning methods. In the results, it
was seen that the 10-HDA value from the royal jelly
components is effective in determining the
geographical location and the harvested location can
be determined with more than 75% accuracy by
using the 10-HDA value. Thanks to the developed
smart system, the location of the received royal jelly
sample could be determined within seconds.

Conclusion

Although classical one-way ANOVA suggests no
mean difference between locations in terms of 10%-
HDA, the machine learning decision tree gives 2.59
as a cut-off point for 10%-HDA in distinguishing
locations. This situation can reveal that royal jelly
was produced and harvested in Balikesir or Konya
using a 10%-HDA value. Thus, it will contribute to
our learning of the originality of royal jelly more
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easily. Here, more studies with more data are
needed to reveal the correlation between the 10%-
HDA value. This preliminary study, which we have
done on the adaptation of bee products to the
machine learning path, is the first study conducted in
Turkey. An artificial intelligence model with a larger
amount of data can provide more information on this
issue and can be used in the future to determine the
accuracy of artificial intelligence bee products.

Author contributions: Idea-A.O. Analysis and/or
interpretation- M.K.; E.Y.O.; G.S. Literature review -
A.O; MK; G.S. Article writing - A.O; MK; G.S.
Critical review -A.O.; M.K.; AE.T.S;E.Y.O.; G.S.

Financial Source: This work was supported by SBS
Scientific Bio Solutions Inc. and Bee&You Propolis
R&D Center.

Conflict of Interest: There is no conflict of interest
between the authors.

Ethics Certificate: Ethics certificate is not required
for this study.

Data access: Raw data can be provided upon
request.

REFERENCES

Aksoy A, Ertirk YE, Erdogan S, Eyduran E, Tariq
MM. Estimation of honey production in
beekeeping enterprises from the eastern part
of Turkey through some data mining
algorithms. Pak. J. Zool. 2018;50(6):2199-
2207,
http://dx.doi.org/10.17582/journal.pjz/2018.50
.6.2199.2207.

Alpaydin E. Introduction to machine learning (Fourth
bas.) MIT. Ss.xix, 2020, 1-3, 13-18.

Arthur S. Some studies in machine learning using
the game of checkers. IBM J. Res. Devep.
1959;3(3):210-229, doi:10.1147/rd.33.0210.

Bogdanov S, Gallmann P. Authenticity of Honey and
Other Bee Products State of the Art, ALP
Science Switzerland, 2008, No.520,p.1-12.

Crane E. The Past and Present Importance of Bee
Products to Man, A. Mizrahi, Y. Lensky.
(eds.), Bee Products. Springer Science &
Business Media New York. 1997,p.1-15.

Cukur T, Gukur F. Determining Factors Affecting
Cooperative Membership of the Beekeepers
Using Decision Tree Algorithms. Tarim Bilim.

U.Ar D. — U.Bee J. 2023, 23 (1): 49-60

Derg. 2022;28(1):25-32,
https://doi.org/10.15832/ankutbd. 739230

Dghim S, Travieso-Gonzalez CM, Burget R.
Analysis of the Nosema cells identification for
microscopic images. Sensors,
2021;21(9):3068,
https://doi.org/10.3390/s21093068.

Edwards-Murphy F, Magno M, Whelan PM,
O’Halloran J, Popovici EM. b+ WSN: Smart
beehive with preliminary decision tree
analysis for agriculture and honey bee health
monitoring. Comput.  Electron.  Agric.
2016;124:211-219,
https://doi.org/10.1016/j.compag.2016.04.00
8.

Fujiwara S, Imai J, Fujiwara M, Yaeshima T,
Kawashima T, Kobayashi K. A potent
antibacterial protein in royal jelly. Purification
and determination of the primary structure of
royalisin. J. Biol. Chem. 1990;265(19):11333-
11337.

Garcia-Amoedo  LH, Almeida-Muradian LB.
Physicochemical composition of pure and
adulterated royal jelly. Quim. Nova,
2007;30(2):257-259,
https://doi.org/10.1590/S0100-
40422007000200002.

Hidaka S, Okamoto Y, Uchiyama S, Nakatsuma A,
Hashimoto K, Ohnishi ST, Yamaguchi M.
Royal jelly prevents osteoporosis in rats:
beneficial effects in ovariectomy model and in
bone tissue culture model. Evid. Based
Complementary and Altern. Med.
2006;3(3):339-48, doi: 10.1093/ecam/nel019

Horwitz W, Latimer G. Official methods of analysis of
AOAC International. Gaithersburg MA, USA:
Association of Official Analytical Chemist.
2000.

Kamakura M, Mitani N, Fukuda T, Fukushima M.
Antifatigue effect of fresh royal jelly in mice. J.
Nutr. Sci. Vitaminol. 2001;47(6):394-401, doi:
10.3177/jnsv.47.394.

Kanbur M, Eraslan G, Beyaz L, Silici S, Liman BC,
Altinordulu S, Atasever A. The effects of royal
jelly on liver damage induced by paracetamol
in mice. Exp. Toxicol. Pathol. 2009;61(2):123-
132, doi: 10.1016/j.etp.2008.06.003.

Kanelis D, Tananaki C, Liolios V, Dimou M, Goras
G, Rodopoulou MA, Karazafiris E,
Thrasyvoulou A. A suggestion for royal jelly

58



ARASTIRMA MAKALESI / RESEARCH ARTICLE

specifications. Arh. Hig. Rada. Toksikol.
2015;66(4):275-284, doi: 10.1515/aiht-2015-
66-2651.

Karadas K, Kadirhanogullari IH. Predicting honey
production using data mining and artificial
neural network algorithms in apiculture. Pak.
J. Zool. 2017;49(5):1611-1619,
DOI:10.17582/journal.pjz/2017.49.5.1611.16
19.

Keskin M, Ozkdk A, Karahalil F, Kolayli S. What
should be the amount of 10-Hydroxi-2-
Decanoic Acid (10-HDA) in royal jelly?
Mediterr. Agric. Sci. 2020;33(3):347-350,
https://doi.org/10.29136/mediterranean.6989
26.

Kim J, Lee J. Quantitative analysis of trans-10-
hydroxy decanoic acid in royal jelly products
purchased in the USA by high-performance
liquid chromatography. J. Agric. Food Chem.
2010; 54:77-86.

Kohavi R, Provost F. Glossary of terms. Mach.
Learn. 1998;20(2-3):271-274.

Kohno K, Okamoto I, Sano O, Arai N, Iwaki K, Ikeda
M, Kurimoto M. Royal jelly inhibits the
production of proinflammatory cytokines by
activated macrophages. J. Biosci. Biotechnol.
Biochem. 2004;68(1):138-145, doi:
10.1271/bbb.68.138.

Kolayll S, Sahin H, Can Z, Yildiz O, Malkoc M,
Asadov A. Member of complementary
medicinal food: Anatolian royal jellies, their
chemical compositions, and antioxidant
properties. Evid. Based Complementary and
Altern. Med. 2015;21(4):43-48, doi:
10.1177/2156587215618832.

Krell, R. Value-Added Products from Beekeeping,
Fao Agricultural Services Bulletin No. 124,
Food and Agriculture Organization of the
United Nations Rome. 1996.

Liu JR, Yang YC, Shi L, Peng C. Antioxidant
properties of royal jelly associated with larval
age and time of harvest. J. Agric. Food Chem.
2008;56(23):11447-11452, doi:
10.1021/jf802494e.

Melliou E, Chinou I. Chemistry and bioactivities of
royal jelly. Stud. Nat. Prod. Chem., 2014;43:
261-290, https://doi.org/10.1016/B978-0-444-
63430-6.00008-4.

Melliou E, Chinou |. Chemistry and bioactivity of
royal jelly from Greece. J. Agric. Food Chem.

2005;53(23):8987-8992, doi:
10.1021/jf051550p.

Rafael Braga A, Gomes DG, Freitas BM, Cazier JA.
A cluster-classification method for accurate
mining of seasonal honey bee patterns. Ecol.
Inform. 2020;59:101107,
DOI:10.1016/j.ecoinf.2020.101107

Ramadan MF, Al-Ghamdi A. Bioactive compounds
and health-promoting properties of royal jelly:
A Review. J. Funct. Foods. 2012;4(1):39-52,
https://doi.org/10.1016/j.jff.2011.12.007

Robles-Guerrero A, Saucedo-Anaya T, Gonzalez-
Ramérez E, Galvan-Tejada CE. Frequency
Analysis of Honey Bee Buzz for Automatic
Recognition of Health Status: A Preliminary
Study. Res. Comput. Sci. 2017;142:89-98,
DOI:10.13053/RCS-412-1-9.

Salazar-Olivo LA, Paz-Gonzalez V.Screening of
biological activities present in honeybee (Apis
mellifera) royal jelly. Toxicol. In Vitro,
2005;19(5):645-651, doi:
10.1016/j.tiv.2005.03.001.

Schmidt JO. Bee Products: Chemical Composition
and Application, A. Mizrahi&Y. Lensky. (eds.),
Bee Products. Springer Science&Business
Media New York; 1997, p.15-25.

Schug J, Schuller WP, Kappen C, Salbaum JM,
Bucan M, Stoeckert CJ. Promoter features
related to tissue specificity as measured by
Shannon entropy. Genome Biol. 2005;6(4):1-
24,

Shafer J, Agrawal R, Mehta M. SPRINT: A scalable
parallel classifier for data mining. VLDB,
1996;96: 544-555.

Silahtaroglu G. An attribute-center-based decision
tree classification algorithm. World Academy
of Science, J. Eng. Technol. 2009;56:302-
306, https://doi.org/10.5281/zenodo.1084171

Silahtaroglu G. Veri madenciligi: Kavram ve
algoritmalari. Papatya Bilim, 2013, s.300.

Tamura S, Amano S, Kono T, Kondoh J, Yamaguchi
K, Kobayashi S. Molecular characteristics and
physiological functions of major royal jelly
protein 1 oligomer. Proteomics, 2009;9:5534-
5543.

Tamura T, Fuijii A, Kuboyama N. Antitumor effects of
royal jelly (RJ). Nihon Yakurigaku Zasshi,
1987; 89(2):73-80.

Terada Y, Narukawa M, Watanabe T. Specific

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (1): 49-60 59



ARASTIRMA MAKALESI / RESEARCH ARTICLE

hydroxy fatty acids in royal jelly activate
TRPA1. J. Agric. Food Chem.
2011;59(6):2627-2635, DOI:
10.1021/jf1041646

Tokunaga KH, Yoshida C, Suzuki KM, Maruyama H,
Futamura Y, Araki Y, Mishima S.
Antihypertensive effect of peptides from royal
jelly in spontaneously hypertensive rats. Biol.
Pharm. Bull. 2004;27(2):189-192, DOI:
10.1248/bpb.27.189

Vucevic D, Melliou E, Vasilijic S, Gasic S, Ivanovski
P, Chinou I, Colic M. Fatty acids isolated from
royal jelly modulate the dendritic cell-
mediated immune response in vitro. Int.
Immunopharmacol. 2007;7(9):1211-1220,
DOI: 10.1016/j.intimp.2007.05.005

Wytrychowski M, Chenavas S, Daniele G,

U.Arn D. - U.Bee J. 2023, 23 (1): 49-60

Casabianca H, Batteau M, Guibert S, Brion B.
Physicochemical characterization of French
royal jelly: Comparison with commercial royal
jellies and royal jellies produced through
artificial bee-feeding. J. Food Compos. Anal.
2013;29(2):126-133, DOI:
10.1016/j.jfca.2012.12.002

Yavuz |, Girel F. Chemical properties of the royal

jellies in Turkish markets. Mediterr. Agric. Sci.
2017.30(3): 281-285.

Yukunc GO. Royal jelly: Proteins and peptides. J.
Apit. Nat. 2019;2(2):59-70.

Zheng HQ, Hu FL, Dietemann, V. Changes in the
composition of royal jelly harvested at
different times: Consequences for quality
standards. Apidologie, 2010;2(1):39-47.

60



Citation/Atif: Mercan C. Cografi bilgi sistemi ve ahp ile aricilik faaliyet alanlari igin arazi uygunluk degerlendirmesi: Bitlis/Turkiye ornegi
(Land suitability assessment for Apiculture (Beekeeping) activity areas using Geographic Information System and AHP: A Case Study
Bitlis/Turkiye, Extended Abstract in English). U. Ari D. / U. Bee J. 2023,23(1):61-77. DOI: 10.31467/uluaricilik.1245078

ARASTIRMA MAKALESi / RESEARCH ARTICLE
_ COGRAFi BILGI SISTEMi ve AHP ile ARICILIK FAALIYET ALANLARI
IGIN ARAZI UYGUNLUK DEGERLENDIRMESI: BITLIS/TURKIYE ORNEGI

Land Suitability Assessment for Apiculture (Beekeeping) Activity Areas Using
Geographic Information System and AHP: A Case Study Bitlis/Turkiye

Gagn MERCAN

Mardin Artuklu Universitesi, Savur Meslek Yiiksekokulu, Harita ve Kadastro Programi, 47860, Mardin, TURKIYE, ORCID
No: 0000-0003-1694-0024, E-posta: cagrimercan@artuklu.edu.tr

Gelis Tarihi / Received: 31.01.2023 Kabul Tarihi / Accepted: 03.04.2023 DOI: 10.31467/uluaricilik.1245078

oz

Aricilik, biyogesitlilige katki sunarak kirsal kalkinmaya sagladigi destekten o6tiirii 6nemli bir faaliyet
tiradiir. Ariciliktan elde edilen verimin arttirilabilmesi ve siirdiiriilebilirlik igin bu faaliyet tiriiniin
yapilabilecegi uygun yerlerin belirlenmesi gerekmektedir. Yapilan bu calismada, Bitlis ilinde Cografi
Bilgi Sistemi (CBS) ve Cok Kriterli Karar Verme (CKKV) yontemleri kullanilarak aricilik igin bir yer
secimi degerlendirme modeli 6nerilmektedir. Calismanin amaci yerel aricilik faaliyetleri ile ugrasan
kigilerin yani sira literatiir verilerini de dikkate alan ¢ok kriterli degerlendirmeye dayali mekansal bir
karar destek sistemi olusturmaktir. Calisma ile Bitlis ili i¢cin arncihigin yapilabilecegi uygun alanlar
belirlenmistir. Caligmada 11 kriter (84 alt kriter) secilmistir. Aricilik faaliyetlerini olumsuz etkileyecegi
icin 5 alt kriter ise sinirlandirici olarak degerlendirilmistir. Caligmada arazi kullanimi/6rtiisii, akarsulara
mesafe, ortalama sicaklik (mayis-agustos), NDVI, riizgar hizi (mayis-agustos), baki, yiikseklik, yagis
(mayis-agustos), egim, yola uzaklik ve elektrik hatlarina uzaklik kriterleri kullanilmigtir ve bu kriterlere
ait tematik haritalar olugturulmustur. Degerlendirme kriterlerinin agirliklarinin hesaplanmasinda AHP
yontemi kullanilimistir ve CBS ortaminda agirhkh bindirme yontemi ile arazi uygunluk haritasi elde
edilmistir. Arazi uygunluk haritasinda ariciligin yapilabilecegi ¢cok uygun ve uygun alanlarin sirasiyla
1.620,02 km? ve 2.003,81 km?, yiizey alanlarina sahip oldugu belirlenmistir. Olusturulan uygunluk
haritasinda en uygun yerlerin sirasiyla Mutki, Merkez, Hizan, Tatvan, Ahlat, Giiroymak ve Adilcevaz
ilgelerinde oldugu belirlenmistir. Bu c¢alisma, aricilik faaliyetleri ile ugrasan insanlarin haricinde
surdiirilebilir tarnm ve hayvancilik stratejilerinin olugsturulmasinda, karar vericiler i¢in de énemli bir
kilavuz olacaktir.

Anahtar Kelimeler: Analitik Hiyerarsi Yontemi (AHP), Aricilik, Cok Kriterli Karar Verme, Uygunluk
Analizi

ABSTRACT

Apiculture (Beekeeping) is a type of activity that stands out because it supports rural development by
contributing to biodiversity. In order to increase the efficiency and sustainability of beekeeping, it is
necessary to determine the suitable areas where this type of activity can be carried out. This study
proposes a site selection evaluation model for beekeeping using Geographic Information System
(GIS), and Multi-Criteria Decision Making (MCDM) methods in Bitlis province. The study aims to create
a spatial decision support system based on the multi-criteria evaluation that considers the literature
data and experts dealing with local beekeeping activities. The study determined suitable areas where
beekeeping can be done in the province of Bitlis. 11 criteria (84 sub-criteria) were determined in the
study. Five sub-criteria were considered restricted as they would adversely affect beekeeping
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activities. In the study, land use/cover, distance to rivers, average temperature (May to August), NDVI,
wind speed (May to August), aspect, elevation, precipitation (May to August), slope, distance to road,
and distance to power lines were used. Thematic maps belonging to the criteria were created. AHP
was used to calculate the weights of the evaluation criteria, and a land suitability map was obtained
using the weighted overlay method in the GIS environment. In the land suitability map, it has been
determined that very suitable and suitable areas where beekeeping can be done have surface areas of
1.620,02 km? and 2.003,81 km?, respectively. The suitability map created determined that the most
suitable places were in Mutki, Merkez, Hizan, Tatvan, Ahlat, Giiroymak and Adilcevaz districts,
respectively. This study will be an essential guide for decision-makers in creating sustainable
agriculture and livestock strategies, apart from people dealing with beekeeping activities.

Keywords: Analytical Hierarchy Process (AHP), Beekeeping, Multi-Criteria Decision Making, Suitability

Analysis

EXTENDED ABSTRACT

Aim: Apiculture (Beekeeping) is an essential type of
activity due to many reasons, such as low cost and
labor requirements, easy marketing, and helping
pollinate plants. Increasing production efficiency due
to this activity is very important for sustainable rural
development. For this purpose, it is crucial to
determine the suitable beekeeping areas. This study
aims to propose a site selection evaluation model for
beekeeping using Geographic Information System
(GIS), and Multi-Criteria Decision Making (MCDM)
methods. The study aims to create a spatial decision
support system based on the multi-criteria
evaluation that considers the data of the people
dealing with local beekeeping activities and the
literature. This study it is aimed to provide the most
suitable beekeeping places to people who carry out
local beekeeping activities to increase their
productivity and support rural development. This
study will also guide people who plan for the future
in agriculture and animal husbandry.

Material and Method: Many criteria affect the
selection of places where beekeeping activities can
be carried out most appropriately. Evaluating these
criteria and their sub-criteria and producing a result
is a complicated process. Multi-Criteria Decision
Making methods can ease challenges by providing
an analytical decision-making solution. Analytical
Hierarchy Process (AHP) is a Multi-Criteria Decision
Making method widely used in the land suitable
analysis. This study was determined by 11 criteria
(84 sub-criteria) based on local experts and literature
data. Five sub-criteria that may be negative for
beekeeping activities were determined and
evaluated as limiting criteria (restricted). Land
use/cover, distance to rivers, average temperature
(May-August), NDVI, wind speed (May-August),
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aspect, elevation, precipitation (May-August), slope,
distance to road, and distance to power lines were
used in the study. The weights of the evaluation
criteria were made according to the AHP method.
Criteria weights were determined according to local
experts and literature data. The land suitability map
was obtained using the weighted overlay method in
the GIS environment.

Result and Discussion: This study was prepared
according to beekeeping requirements in Bitlis
province. It can be used by being revised for different
ecological regions. In order to evaluate the accuracy
of the created model, spatial data about the places
where beekeeping is carried out are needed. This
evaluation could not be made because the data in
the appropriate format could not be obtained. Honey
production amounts of the districts of Bitlis show that
the current potential of the district of Mutki does not
fully correspond to the production data. Incentives
and studies for developing beekeeping activities in
the Mutki district are essential regarding rural
development and honey production values. Honey
production values of other counties are compatible
with their current potential. The compatibility of
production values and existing potentials is an
essential indicator of the study's accuracy.

Conclusion: This study determined suitable places
for beekeeping in Bitlis, where endemic plant
species are rich. It shows that suitable and very
suitable areas for beekeeping activities are in Mutki,
Merkez, Hizan, Tatvan, Ahlat, Giroymak, and
Adilcevaz districts, respectively. The suitability map
is divided into five suitability classes. Very suitable
areas cover 1.620,02 km?, suitable areas 2.003,81
km?, suitable medium areas 537.60 km?, less
suitable areas 593.63 km?, and significantly less
suitable areas 468.15 km2. The places where
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beekeeping cannot be done legally or technically
and the yield may be low are restricted. These areas
are 3.069,39 km?2.

GiRIiS

Kiresel Isinma, artan nifus ve cevre Kkirliligi
insanlarin beslenme kaynaklarini tehdit etmektedir
(Mercan ve Arpag 2020). Bu sorun tarimsal alanlari
tehdit ederek hayvansal Uretime de zarar
vermektedir (Kutlu vd. 2016). Artan nufusun
beslenme ihtiyacinin giderilebilmesi igin bitkisel
Uretimin yaninda hayvansal Uretimin de verimli bir
sekilde arttirlmasi gerekmektedir. Hayvansal Uretim
kollarindan birisi ise aricilktir. Aricilik faaliyetleri
sonucunda bal, ar1 zehri, propolis, balmumu ve ari
sutt  gibi katma degeri ylksek Urlnler
uretilebilmektedir (Estoque ve Murayama, 2010).
Cogunlukla kirsal kesimde yasamini surdiren
insanlara gelir kazandirmasi, kolay
pazarlanabilmesi, bozulmadan uzun sure
saklanabilmesi, bitkilerdeki tozlagsmaya yardimci
olmasi, az masraf ve isgucu gerektirmesi, kullanim
alanlarinin fazla olmasi gibi pek c¢ok faydali
nedenden o6tlru aricilik, yayginlastiriimasi gereken
6nemli bir hayvansal uretim seklidir (Estoque ve
Murayama 2010, 2011, Sirali, 2010, Cevrimli ve
Sakarya 2019, Fernandez vd. 2016, Sari vd. 2020b,
Elmastas vd. 2022).

Birlesmis Milletler Gida ve Tarim Orgtiniin (FAO),
2021 yili diinya bal Uretim verileri incelendigi zaman
Tarkiye’nin 6nemli bir bal Ureticisi Ulke oldugu
gOrulmektedir (FAO 2023). 2021 yilinda dinyadaki
toplam 2.108.564 ton bal tretiminin %4,57’si (96.344
ton) Turkiye’de gerceklesmistir. Tuarkiye, Cin’den
sonra dinya bal Udretiminde ikinci sirada yer
almaktadir (FAO 2023). Turkiye'nin sahip oldugu
ekolojik gesitlilik, zengin bitki ortlist ve farkl genetik
cesitlilige sahip bal arisi populasyonlarinin olmasi
onu aricihk acisindan potansiyel bir Ulke
yapmaktadir (Sirali 2010). Bu g¢alismanin yapildigi
Bitlis ili de iklimi, topografyasi ve endemik bitki
Ortlistinlin zenginligi ile aricilik agisindan potansiyel
bir havzadir (Cagliyan 2015). Buna kargin, Turkiye
istatistk ~ Kurumunun ~ (TUIK)  bal  Uretim
istatistiklerinde bu zenginlik yeterli dlglide Uretim
verilerine yansimamaktadir. Bitlis, 2022 yili igin,
Tarkiye’nin en ylUksek bal uretimi yapan 25. sehridir
(TUIK, 2023). TUIKin 2022 yili bal dretim

istatistigine gore Bitlis’in toplam bal tretimi 1.210,35
tondur ve bu deger Turkiye’deki toplam dretimin
%1,02'sine tekabll etmektedir (TUIK 2023). Bitlis
gibi Turkiye'deki pek ¢ok sehir, her ne kadar aricilik
icin elverigli sartlara sahip olsa da bu potansiyel tam
olarak  degerlendiriiememektedir (Cevrimli ve
Sakarya 2019, Cagliyan 2015).

illerin dogal kaynaklarinin ve ekolojik ézelliklerinin
rasyonel bir sekilde ortaya konularak arazi uygunluk
analizlerinin yapilmasi bu sorunun ¢ézimine katki
sunabilir.  Arazi  uygunluk  degerlendirmeleri
neticesinde arazinin istenen 6zellik igin en uygun
oldugu yerler tespit edilebilmektedir. Boylelikle,
uretimdeki verim artirarak kirsal kalkinmaya destek
saglanabilmektedir (Estoque ve Murayama 2011,
Sari vd. 2020b). Arazi uygunluk analizleri birgok
degiskenin etkilerini ve agirliklarini kullanarak,
istenilen amag igin en uygun yerlerin bulunmasini
saglamaktadir (Everest ve Gur 2022). Boylelikle
ureticilerin yer segim tercihlerine alternatifler
sunularak potansiyel agidan verimli arazileri tercih
etmeleri saglanabilir. Bu kapsamda Cografi Bilgi
Sistemleri (CBS) ile entegre Cok Kriterli Karar
Verme (CKKV) yontemleri, uygun yerlerin tespit
edilmesi konusunda yaygin bir  sekilde
kullaniimaktadir (Estoque ve Murayama 2010, 2011,
Abou-Shaara 2013, Fernandez vd. 2016,
Widiatmaka vd. 2016, Sari vd. 2020b, Yilmaz vd.
2021, Elmastas vd. 2022). Bu yontemler ile
arastirmacilar hedefleri dogrultusunda en iyi
alternatifi elde edebilirken, karmasik karar verme
surecini ise basite indirgerler (Jankowski 1995).
CKKV yoéntemlerinden birisi ise Analitik Hiyerarsi
Yontemi (AHP: Analytic Hierarchy Process)dir.

Aricilik faaliyetlerinden elde edilen Grunlerin verimi
basta ekolojik sartlar olmak Gizere pek ¢ok unsurdan
etkilenmektedir (Cagliyan 2015, Kutlu vd. 2016, Sari
vd. 2020b). Aricihk igin uygun alanlarin
belirlenmesinde ekolojik gartlar dikkate alarak,
CKKV yoéntemlerini kullanarak uygun yer analizini
yapan birgok galisma bulunmaktadir (Tablo-1). Bu
calismalarda AHP (Estoque ve Murayama 2010,
2011, Abou-Shaara vd. 2013, Ceylan ve Sari 2017,
Yal¢in vd. 2019, Sari vd. 2020a, 2020b), TOPSIS
(Sari vd. 2020a), VIKOR (Sari vd. 2020a), ve
PROMETHEE (Sari vd.2020b) yéntemleri
kullanilmigtir. Yapilan c¢alismalarda kriter olarak,
arazi ortlsl, yagis, yukselti, egim, baki, su, yol ve
yerlesim alanlarina mesafenin  yogun olarak
kullanildigi gérilmektedir (Tablo 1).
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Tablo 1. Aricilik igin uygun yer analizi yapan arastirmacilarin ¢galismalarinda kullanmis olduklari kriterler

Table 1. The criteria used by the researchers who make suitable site analyses for beekeeping in their studies.

IArastirmacilar
Murayama (2010)

(2012)
(2013)

Kriterler

(2013)

(2016)
(2016)
(2017)
(2022)

* Estoque ve
*|Abou-Shaara vd.

Arazi Ortiisi

*| * |Amiri ve Shariff
*| * |Abou-Shaara

* Fernandez vd.
+1Zoccali vd. (2017)

Yagis

+

Yuikselti

*| *| * Widiatmaka vd.

+

Baki

*| +| *| *| *|Ceylan ve Sarl

L+ F| ] *lvalgin vd. (2019)
+| + +| *| *iSar vd. (2020a)
|+ F| | tiSar vd. (2020b)
1+ +| ] *Yiimaz vd. (2021)

*| +| *| *| * [Elmastas vd.

Egim

Sicakhk

Yola uzaklik

+
+
+

[+ [+ +

+

Su kaynaklarina uzaklik

+ +
+| +
+

+[+[+[+
+

Yerlesim alanlarina uzaklik

[+ [+ +

Elektromanyetik alanlara uzaklik

[+ [+ +

Bitkilere uzaklik

Pazara uzaklik

Tren agina uzaklik

Dogal afet

Nem

Glnes Radyasyonu

Bu makalenin temel amaci, Cografi Bilgi Sistemi
(CBS) ve CKKV yontemlerini kullanarak aricilik igin
uygun alanlarin haritalanmasidir. Onerilen kriterler
ve agirhklari benzer ekolojik O6zelliklere sahip
bdlgeler icin de kullanilabilir. Kriterlere ait verilerin
acik erisimli kaynaklardan elde edilebilmesi ise farkli
bdlgeler icin benzer g¢alismalarin yapilabilmesini
olanakl kilmaktadir.

GEREG VE YONTEM
Calisma Alani

Dogu Anadolu bdlgesinde yer alan Bitlis ili, Yukari
Murat-Van boéluma ile, Yukarn Firat bdlumleri
icerisinde yer almaktadir. Bitlis ilinin dogusunda Van,
kuzeyinde Mus ve Agri, gineyinde Siirt ve batisinda
Batman bulunmaktadir (Sekil 1). Bitlis ilinin ilgeleri,
Guroymak, Hizan, Merkez, Mutki, Ahlat, Adilcevaz
ve Tatvan’'dir. Bitlis, ¢codunlukla daglik arazilerden
olusmaktadir. Bu daglik arazilerin yaninda cesitli
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plato ve ovalar da sehirde yer almaktadir. Bitlis ilinde
Nemrut ve Sitphan olmak lzere iki blylk volkanik
dag vardir. Bitlis ili igerisinde Bitlis, Botan ve Garzan
Cayi, Karasu, Oranz deresi, Glizeldere gibi birgok
akarsu yer alir. ilde Van Gélii, Nazik, Nemrut, Arin
ve Aygir Golu bulunmaktadir. Bitlis ilinde sert karasal
iklim sartlan  gérilmektedir (Cagliyan 2015).
Meteoroloji Genel Mudarlagundn (MGM)
istatistiklerine gore, ilin 1991-2020 yillari arasindaki
ortalama yillik sicakligi 9 °C ve ortalama yagisi
1.046,6 mm’dir (MGM, 2023). Bitlis ilinde yasayan
insanlar gecgimlerini cogunlukla tarim ve hayvancilik
ile saglamaktadir. Bunlar arasinda balik¢ilik ve
aricilik énemli gelir kaynaklarindandir. Bitlis ilinde
2021 yilinda 2.056,23 ton, 2022 yilinda ise 1.210,35
ton bal retilmistir (TUIK 2023). ilde sabit ve gezginci
aricihk  faaliyetleri  ylrutilmektedir.  Bunlardan
gezginci aricilarin, bal verimleri sabit olanlara goére
daha yuksektir (Cagliyan 2015). Calisma alaninda,
Bitlis ar yetigtiricileri birligi ve Hizan bal Ureticileri
birligi gibi mesleki 6rgitlenmelerin bulunmasi aricilik
faaliyetleri agisindan 6énemlidir.
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Sekil 1. Calisma alaninin lokasyon haritasi (Bitlis il sinirlari icerisinde, 2022 yilina ait Landsat uydu gortntiisiiniin dogal

renk kombinasyonu kullaniimistir).

Figure 1. Location map of the study area (within the provincial borders of Bitlis, the natural colour combination of the Landsat satellite

image of 2022 was used).

Calismanin Genel Cergevesi

Yapilan bu c¢alismada izlenilen yol S$Sekil 2'te
dzetlenmistir.  Oncelikle bal arilarinin  ekolojik
gereksinimleri literatir ve uzman gorisleri dikkate
alinarak 11 kriter olarak belirlenmistir. Uzman
gorist alinan Kisiler, bolgede aricilik faaliyeti
yuriten 5 arict ve 1 ziraat mihendisinden
olusmaktadir. Calismada belirlenen kriterlere ait
veriler Oncelikle ayni  projeksiyon sistemine
(Universal Transverse Mercator (UTM), WGS 84,
38. dilim) donlstlrilerek  tematik  haritalari
olusturulmustur (Sekil 4). Kullanilan kriterlerin veri
kaynaklarina ait bilgiler Tablo 2’de sunulmustur.
Analiz yapilirken kriterlere ait tim verilerin mekansal

¢6zunurligu 30 metreye yeniden érneklendirilmistir.
Bdylelikle analizi yapilan tim kriterler ayni
projeksiyon sistemine ve mekéansal ¢oézundrlige
sahip olmustur. CBS ortaminda kaydedilen bu
veriler, AHP metodolojisi (Saaty 1977; 1980)
kullanilarak ikili kargilastirmaya tabi tutulmus ve her
bir kriterin agirhgi belirlenmistir (Sekil 3).

Yapilan bu ikili karsilastirmalar sonucunda bazi
dizeylerde tutarsizliklar olusabilecegdi i¢in matrisin
tutarliliginin kontrol edilmesi gerekmektedir. Bundan
Otlrd Saaty (1980) tarafindan 6nerilen tutarlilik orani
(CR) kullanilir (Saaty 1997, 1980, Malczewski, 1999;
Akinci vd. 2013, Orhan, 2021). Elde edilen degerin
0,7’den klglk olmasi matrisin tutarli oldugunu
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gOsterir. Yapilan bu ¢alismadaki tutarlilik orani (CR)
0,0391 olarak hesaplanmistir ve bu deger tutarlidir.
Secilen kriterlerin alt kriterleri ise aricilik agisindan
Onem derecesine goére 1'den 9a kadar olan
rakamlarla puanlandirilmistir. Aricilik igin énemli
olan alt kriterler yiksek puanlandiriirken énemsiz
olanlar ise dusuk puanlandiriimistir. Bazi alt kriterler

Tablo 2. Calismada kullanilan veriler ve kaynaklari

Table 2. Data and data sources used in the study

ise bu asamada sinirlandiriimigtir. Sinirlandirma
yapilan alt kriterler aricilik faaliyetlerini olumsuz
etkilemektedir. Kriterlere ait veriler, belirlenen
agirliklarina ve puanlarina goére ArcGIS v.10.8
programindaki agirlikli bindirme (weigthed overlay)
metodolojisi ile birlestiriimis ve uygunluk haritasi
olusturulmustur (Sekil 5).

Kriterler Veri TUri Kaynak

Arazi . Vektor CORINE-2018 (https://land.copernicus.eu/pan-european/corine-land-cover)

Kullanimi/Ortisu

Akarsulara mesafe | Vektor Copernicus River Data (https://land.copernicus.eu/imagery-in-situ/eu-hydro/eu-
hydro-river-network-database?tab=download)

Sicakhk, Rizgér Raster WorldClim Data (Fick ve Hijmans 2017) (https://www.worldclim.org/)

ve Yagis

NDVI Raster USGS Earth Explorer (https://earthexplorer.usgs.gov/)

Yikselti Raster ALOS PALSAR (https://search.asf.alaska.edu/#/)

Egim ve Baki Raster Yukselti verisinden Uretilmistir

Yol ve Elektrik Vektor Open Street Map (https://www.openstreetmap.org/#map=7/39.031/35.252)

hatlarina uzaklik

Problemin belirlenmesi
(Amacin belirlenmesi)

]—0( (Caligma alaninin segimi J-P

Kcriterlerin belirlenmesi

goriisleri dogrultusunda)

(Literatlir ve uzman

] =>
kargilagtirilip (reclassify) ‘

>
v
‘ Verilerin toplanmasi
. 4
[ Ortal klik
Arazi ortiisii/kullanimi Akarsulara mesafe M ﬁy?ﬁa:éizt Ols)
Riizgar hizi (
N (Mayis - Agustos) Baki
Yagis ) @
el (Mayi1s - Agustost) Egm
Yola uzaklik J [ Elektrik hatlarina uzaklik J
A\ Kriterler
|
AHP ile kriterlerin Verilerin standardizasyonu

(Weighted Overlay)

Agirlikl bindirme l

agirliklarinin tespiti ve
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puanlandirilmasi

¥

Sekil 2. g akis semasi
Figure 2. Work flow chart
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Sekil 3. Arazi uygunluk degerlendirmesi igin kullanilan kriterlerinin/alt-kriterlerin agirliklari ve puanlari

Figure 3. Weights and scores of criteria/sub-criteria used for land suitability assessment
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Kriterlerin Seg¢imi

Arazi Kullanimi/Ortiisii: Arazi értisi (AO) terimi
yerin ylzeyinde (toprak, kaya, bitki ortlisi gibi)
bulunan bilesenleri ifade ederken, arazi kullanimi
(AK) ise insanlarin bu ortliyli yonteme ve kullanma
sekli olarak ifade edilmektedir (Mercan vd. 2022).
Gegmiste bu terimler ayri ayri kullanilsa da
ginimiizde beraber (AKAO) kullaniimaktadir
(Selguk vd. 2021). AKAO aricilik faaliyetlerinde
verim, kalite ve balin ¢esidini etkilediginden énemli
bir kriterdir (Estoque ve Murayama 2010, Elmastas
vd. 2022). Bu kritere ait veri seti 2018 yilina ait
CORINE (Coordination of Information on the
Environment) verisinden olusturulmustur. Arilar
faaliyetlerini surdirebilmek igin cicekli bitkilerden
elde edebildikleri nektara ve polene ihtiya¢ duyarlar.
Bu dogrultuda AKAOQ verilerinde mera, dogal ¢ayirlik
ve calilik bolgeler, orman ve seyrek bitkili alanlar
yiksek puanlandinimigtir. Bolgedeki meralar ile
cayirhk ve callik alanlar yonca, korunga, geven,
kekik ve ballibaba gibi bitkiler agisindan oldukca
zengin oldugundan arilarin beslenmesiigin en uygun
alanlardir (Gagliyan, 2015). Beseri faaliyetlerin
yogun oldugu yapay alanlar hava Kkirliligi ve
evsel/sanayi atiklarinin varligindan 6turi distk
puanlandiriimistir (Yilmaz vd. 2021). Arazinin giplak
oldugu bodlgeler aricilik icin verimsiz oldugundan
disuk puanlandinimistir.  Tarimsal arazilerde
bitkilerin  yetisebilmesi i¢in bir dizi zirai ilag
kullanilabilmektedir. Kullanilan bu ilaglar arilar igin
zararhdir (Cakmak vd. 2003). Bundan 6tirG bu
bdlgeler dustk puanlandiriimistir. Go&l yuzeyleri
Uzerinde aricilik faaliyetinin yapilamasina olanak
saglamadigi icin sinirlandiriimistir.

Akarsuya Uzaklk: Aricilik faaliyetlerindeki dnemli
kriterlerden  birisi ise arilarin su ihtiyacinin
karsilanabilmesidir ~ (Abou-Shaara vd. 2013,
Cagliyan 2015, Elmastas vd. 2022). Bu gereksinim
bazen yapay suluklarin yapilmasiyla karsilanirken,
temiz su kaynagi olan akarsulara yakin alanlar
secilerek de bu ihtiyac giderilebilmektedir. Yapay
suluklarin yapilmasi durumunda da suluklarin strekli
olarak temiz su ile doldurulabilmesi icin bir su
kaynagina ihtiya¢ vardir. Bundan 6turt akarsuya
uzaklik kriteri bu galismada kullaniimistir. Su bal
Uretimi ve bal arilarinin yagayabilmesi i¢in temel bir
ihtiyagtir (Amiri ve Shariff 2012). Arilar bal Gretmek

icin  kovanlarindan  kilometrelerce  uzakliktaki
mesafelere ucabilmektedirler. Ancak
gereksinimlerini kovana yakin alanlardan

karsilamalari daha verimlidir. Bu nedenle aricilik
yapillan yerin suya yakin olmasi istenilen bir
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durumdur (Zoccali vd. 2017, Yiimaz vd. 2021). Bu
baglamda akarsulara yakin olan boélgeler yuksek
puanlandirilirken, uzak alanlar dusuk
puanlandiriimigtir.

Sicaklik: Arlar bulunduklar ortamin sicakhgina
kargi hassas olduklari igin, aricilik igin uygun
alanlarinin belirlenmesinde kullaniimasi gereken
onemli kriterlerden birisi sicakliktir (Abou-Shaara vd.
2013, Zoccali vd. 2017). Sicakhgin 10 °C’nin altina
inmesi veya 37 °C’nin Uzerine g¢gikmasi sonucu
arilarin faaliyetleri durur (Tungel 1992). Bundan
dolay! sicakligin 10 °C’nin altina dastuga alanlar
sinirflandiriimistir. Maksimum sicak dedgerlerinin ise
aricilik faaliyetlerini olumsuz etkileyecek diizeyde
olmamasindan 46tird  herhangi bir sinirlama
yapilmamistir. Bitlis ilinde ariciligin yogun olarak
yapildigi  aylar  mayis-agustos  donemleridir
(Cagliyan 2015). Bu aylara ait sicaklik verileri
WorldClim data setinden elde edilmistir (Fick ve
Hijmans 2017). Doért aya ait sicaklik verilerinin
ortalamasi  alinarak  kullaniimistir.  Puanlama
yapilirken yuksek sicakliklara ylksek puanlar
verilmis, sicaklik azaldik¢a puanlarda azaltiimistir.

NDVI (Normalized Difference Vegetation Index):
NDVI (normalize edilmis fark bitki indeksi) bir
bdlgedeki canli  bitki  ortusinin  tespitini
kolaylastirmaktadir ve uzaktan algilama c¢alismalari
sonucunda uretilen goruntuler ile
hesaplanabilmektedir  (Mercan  2020). NDVI
degerleri bolgedeki canh bitki yogunlugunu ortaya
koysa da bu bitkilerin bal Uretimi icin uygunluk
durumlarini gésterememektedir. Aricilar, yer segimi
konusunda bitkilerin yogun oldugu alanlari, bitkinin
az oldugu veya olmadigi yerlere gore daha ¢ok tercih
ettiklerini belirtmektedir. Bitki miktarinin artmasi,
nektar ve polen miktarini etkileyebilecedi icin bu veri
seti kullaniimistir. NDVI degerlerinin
hesaplanabilmesi icin Amerika Jeoloji Arastirma
Kurumu (USGS) tarafindan sunulan Landsat uydu
goruntuleri kullaniimigtir. Bu verinin hazirlanmasi
icin  30/06/2022 tarihine ait, 30m mekansal
¢6zunarlukla, bulutluluk oraninin %10’un altinda
oldugu Landsat 9 OLI-2 uydu goéruntileri
kullaniimistir. Bu uydu géruntistinden hesaplanan
NDVI degerleri formil 1’e gére yapilmistir (Mercan
2020).

(Bant 5)— (Bant4)
(Bant 5)+ (Bant 4)

NDVI = 1)

Formiilde belirtilen Bant 5 yakin kizilétesi bandi,

Bant 4 ise kirmizi bandi ifade etmektedir. NDVI
degerinin yuksek olmasi bitki yogunlugunun arttigini,
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dismesi ise azaldidini gdstermektedir. Degerlerin
negatif olmasi ise bitkinin hi¢ olmamasi veya su
yuzeyi gibi aricihk icin uygun olmayacak alanlari
ifade etmektedir. Bundan 6tiiri NDVI degerlerinin
yuksek oldugu yerlere yuksek puanlar verilirken,
degerin azaldigi yerlerde puanlar azaltiimigtir. NDVI

degerlerin negatif oldugu yerler ise
sinirlandiriimigtir.
Riizgar: Ruzgéar, arilarin  kovan  digindaki

faaliyetlerini etkileyen &énemli unsurlardan biridir
(Cagliyan 2015, Yalgin vd. 2019). Ruzgéara acik
alanlarda yapilan aricilik faaliyetlerinde bal verimi
dismektedir (Tuncel 1992). Bu nedenle aricihgin
yogun olarak yapildi§i mayis-agustos dénemlerine
ait rizgar verileri, WorldClim data setinden alinmistir
(Fick ve Hijmans 2017). Bu dort aya ait rizgar
verilerinin  ortalamasi  kullaniimistir.  Arilar igin
rizgarin az oldugu yerler daha tercih edilebilir
oldugundan, bu alanlara daha vylksek puanlar
verilmistir. Rizgar hizinin arttigi yerlerde ise puanlar
azaltilmigtir.

Yiikselti: Topografyanin  denizden  yikseklik
degerleri bitkilerin dagilimini ve sicakhgi etkiledigi
icin arilarin bal verimini de etkileyebilmektedir
(Elmastas vd. 2022). Alaska Satellite Facility (ASF
DAAC) tarafindan sunulan 125 m mekansal
¢OzUnarluklh ALOS PALSAR veri seti yukselti
haritasini olusturmak icin kullaniimigtir. Bolgedeki
aricilar mevsimsel olarak bitkilerin ¢icek agma
zamanlarina gore farkli yikselti degerlerinde faaliyet
gOsterebilseler de yikseltinin artmasi ile birlikte
sicaklik degerleri dusmektedir. Bundan dolayi
yukseltinin -~ dlsuk  oldugu alanlar  ylksek
puanlandirilirken, yukseltinin arttigi yerlerde puanlar
azaltilmigtir.

Baki: Baki haritasi 12.5 m mekansal ¢oézunurliklu
sayisal yukselti haritasindan olusturulmustur. Ari
kovanlarinin konuldugu baki yoénleri bal verimini
etkileyebilmektedir (Elmastas vd. 2022). Giney
alanlar aricilik icin daha c¢ok tercih edilebilirken,
kuzey alanlar daha az tercih edilmektedir.
Kovanlarin  konuldugu vyerin doguya bakmasi,
arilarin daha erken saatlerde galismaya baslamasini
saglamaktadir ve bati yonine gdre daha uygun
olmaktadir (Yalgin vd. 2019). Tim bu hususlar
dikkate alinarak baki yoénlerine, giney bakilarda
yiuksek, kuzey bakilarda ise dusik puanlar

verilmistir. Dodu yéni ise batiya gére daha ylksek
puanlandiriimistir.

Yagis: Yagis verileri, bal Uretiminin yogun olarak
yapildi§i mayis-agustos dénemlerine ait verilerden
Uretilmistir. Bu veriler WorldClim data setinden
alinmistir (Fick ve Hijmans 2017). Bal Uretiminin
yogun olarak gergeklestirildigi dort aya ait verilerin
ortalamasi alinarak olusturulmustur. Yagis, bitkilerin
yogunlugunu ve cesitliligini etkileyen bir faktor
oldudu igin yagisin fazla oldugu yerler yiksek, az
oldugu yerler ise distk puanlandiriimigtir.

Egim (%): Egim degerleri yukselti gibi aricilik
faaliyetlerini etkileyen faktorlerdendir (Abou-Shaara
2013, Yiimaz vd. 2021, Elmastas vd. 2022). Egimin
diguk oldugu vyerler yiksek puanlandirilirken,
egimin arttidi alanlar dasik puanlandiriimistir.

Yola Uzaklik: Yol veri seti Open Street Map’ten
vektor formatinda elde edilmistir
(https://www.openstreetmap.org/). Gezginci aricilik
ile ilgili yasal mevzuatta trafigin yogun oldugu
alanlarda, kovanlarin yoldan 200 m, trafigin az
oldugu yerlerde ise en az 30 m uzakta olmasi
gerektigi  belirtilmigtir (Yimaz vd. 2021). Bu
galismada da yasal mevzuat geredi yola 200 m’lik
tampon alanlar aricilik igin sinirlandiriimistir. Bu
sinirlandirma yapilirken yollardaki trafigin yogunluk
durumu dikkate alinmamistir. Aricilikla ugrasan
kisilerin ulagim gereksinimlerini saglamak igin yola
yakin olmak tercih edilebilir bir durum olarak
degerlendirilmistir (Zoccali vd. 2017, Cevrimli ve
Sakarya 2019). Bu amagla sinirlandiriimis alandan
sonra yola yakin kesimler ylksek, uzak kesimler ise
disuk puanlandiriimistir.

Elektrik Hatlarina Uzaklik: Bu veri seti Open Street
Mapten  vektér formatinda elde edilmistir
(https://www.openstreetmap.org/). Yiksek gerilimli
elektrik hatlarinin yaydigi elektromanyetik alanlar
arilari olumsuz etkileyebilmektedir (Sari vd. 2020b).
Elektrik hatlarina cok yakin bdlgelerin
sinirlandiriimasi arilarin  saghgr ve bal verimi
acgisindan 6nemlidir. Bu amagla elektrik hatlarinin
her iki yani boyunca 200 m’lik tampon alanlar aricilik
faaliyetleri agisindan sinirlandiriimigtir. Puanlamada
elektrik hatlarindan uzaklastik¢ca puanlar
arttinlmistir.
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Sekil 4. Kullanilan kriterlerin tematik haritalari. (a); arazi ortusu/kullanimi (b); akarsuya mesafe, (c); ortalama sicaklik
(Mayis-Agustos) (d); NDVI (e); rizgar hizi (f); baki

Figure 4. Thematic maps of the criteria used. (a); land cover/use (b); distance to stream, (c); average temperature (May-August) (d); NDVI
(e); wind speed (f); Aspect
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Figure 4 continuation. (g); height, (h); precipitation (May-August), (i); slope (i); distance to road, (j); distance map to power lines
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BULGULAR

Aricilik igin  uygun yerlerin belirlenebilmesi igin
secilen kriterlere ait haritalar ve bunlarin sinif
araliklar Sekil 4'te sunulmustur. Arazi
kullanimi/6rtisii  haritasinda, zirai ilaglamanin
olabilecegi tarimsal arazilerin ve bitki O6rtlisu
acisindan fakir c¢iplak kaya yuzeylerinin ilin
cogunlukla kuzey kesimlerinde ylzeylendigi
gOrulmektedir. Mera ve gayir alanlari birgok yerde
bulunurken, ormanlik alanlar daha ¢ok guney
bdlgelerde yogunlagsmaktadir (Sekil 4a). Akarsuya
mesafe haritasinda ilin gliney alanlarindaki drenaj
aglarinin kuzey bélgelere gére daha yogun oldugu
gorilmektedir  (Sekil 4b). Ortalama sicaklik
haritasindaki en sicak bdlgeler, ilin giney kesiminde
yer alan yukseltinin digstuk oldugu kisimlardir.
Sicakhgdin en disuk oldugu yer ise Siphan daginin
yiuksek kesimleridir. Bu bdlgelerde yilin blyik bir
kisminda buzul 6rtl bulunabilmektedir ve bu alanlar
aricilik faaliyetleri icin sinirlandirilmistir (Sekil 4c).
NDVI haritasi bitki 6rtisinin daha ¢ok ilin gliney
bdlgelerinde (Mutki, Merkez, Hizan ilgeleri ile Tatvan
ve Guroymak’in guney kesimleri) yogunlastigini ve
Adilcevaz tarafinda ise bitki 6rtisinun daha ciliz
oldugunu gostermektedir (Sekil 4d). Ruzgéar hizi
haritasinda en yiksek hizin, Sidphan daginin
zirvesinde oldugu goériimektedir. Ruzgéar hizinin
yuksek oldugu bu alanlarda ayni zamanda sicaklik
degerleri de dusuktir (Sekil 4e). Yukselti haritasinda
volkanik daglarin  oldugu vyerlerde vyukselti
degerlerinin arttigi gortilmektedir. Daglarin arasinda
bulunan vadilerde ise yukselti degerlerinin disuk
oldugu goérulmektedir. Yukseltinin arttigi yerlerde
sicaklik degerleri duserken, rizgar hizi ise
artmaktadir (Sekil 4g9). Yagis haritasinda, yukseltinin
arttid1 yerlerde yagis degerlerinin de fazlalastig
goOrulmektedir. Yagisin en yuksek oldugu bolgeler
Siphan ve Nemrut volkanlarinin bulundugu yerlerdir
(Sekil 4h). Egim haritasi, ilin gliney alanlarinin
yiksek egim degerlerine, kuzey kesimlerin ise
nispeten daha dusik egim degerlerine sahip

oldugunu  gostermektedir. Nemrut kraterinin
bulundugu kisimda ve  Siphan  daginin
yamaglarinda egimin  yine yiksek oldugu

gOrulmektedir. Egim degerlerinin  disik oldugu
kesimler AKAO haritasinda ¢ogunlukla tarimsal
araziler ve yapay alanlar olarak degerlendirilmistir
(Sekil 41).

Sekil 5’de uretilen uygunluk haritasindaki her sinifin
ilcelere gore hesaplanmis alan degerleri Tablo 3'de
verilmigtir. Tabloya ayrica ilgelerin 2021 ve 2022 yili
bal Uretim istatistikleri de karsilastirma yapilabilmesi
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icin eklenmistir (TUIK 2023). ilin 2021 ve 2022
yillarina ait toplam bal Uretim degerlerinde ciddi
dalgalanmalarin oldugu gbéze c¢arpmaktadir. Bitlis
ilinde aricilik faaliyetleri igin gok uygun ve uygun
olarak siniflandirilan araziler alansal olarak sirasiyla
¢oktan aza dogru Mutki, Merkez, Hizan, Tatvan,
Ahlat, Gliroymak ve Adilcevaz ilgeleridir (Tablo 3).
Bu ilgelerden Hizan, Merkez ve Mutki ilgelerinin gok
bayudk bir kismi aricilik faaliyetleri icin oldukga uygun
gérinmektedir. Bu ilgeler yapay alanlar, ciplak
kayalar, yol ve elektrik hatlarindan &taru
sinirlandiriimis bazi alanlar disinda buyik oranda
uygun ve ¢ok uygun arazi siniflarini icermektedir.
Tatvan ilgesinin giney kesimleri de (Van Golinin
glney tarafinda kalan kisimlar) olduk¢a uygun
araziler bulundurmaktadir.

Tatvan'in kuzeybati kesimleri (Van Goélunin batisi ile
Nemrut volkani arasindaki alanlar) ise aricilik igin
¢ogunlukla uygun olmayan arazileri igermektedir. Bu
bdlgelerde tarimsal araziler bulunmaktadir ve
elektrik ile yol aglari bu kisimlarda yogunlasmistir.
Bundan o6turd  ariciik agisindan  pek uygun
goérilmemektedir.  Glroymak ilgesinin  glney
kesimleri ile Nemrut volkaninin bu ilge sinirinda olan
kesimlerinde yer yer uygun araziler bulunmaktadir
ancak bunlarin miktari fazla degildir. Ahlat ilgesinin
Ozellikle kuzey kesimlerinde uygun ve ¢ok uygun
araziler vardir. Nemrut volkaninin kuzeyinde yer
alan egimin disik oldugu ve tarimsal Uretimin
yapildigi araziler ise aricilik agisindan pek uygun
degildir. Bu durumun nedeni tarimsal arazilerde zirai
ilaglarin  kullanilabilme durumundan dolayidir.
Adilcevaz ilgesi aricilik agisindan en uygun olmayan
ilce olarak gérulmektedir. Bu ilgenin yalnizca Ahlat’a
sinir olan kesimlerinde uygun olabilecek araziler
bulunmaktadir. Adilcevaz ilgesinde akarsu aginin
diger ilcelere gbére azhdi, NDVI degerlerinin
digukligu ve bu arazilerde mevsimsel olarak
tarimsal Uretimin yapiliyor olmasi (zirai ilaglarin
kullaniima ihtimalinden 6tart) bu kisimlari aricilik
agisindan uygun kilmamaktadir (Sekil 5).

Tatvan'in kuzeybati kesimleri (Van Goélunin batisi ile
Nemrut volkani arasindaki alanlar) ise aricilik igin
¢ogunlukla uygun olmayan arazileri igermektedir. Bu
bdlgelerde tarimsal araziler bulunmaktadir ve
elektrik ile yol aglari bu kisimlarda yogunlasmigtir.
Bundan 6tlrt aricilik  agisindan  pek uygun
goérilmemektedir.  Glroymak ilgesinin  glney
kesimleri ile Nemrut volkaninin bu ilge sinirinda olan
kesimlerinde yer yer uygun araziler bulunmaktadir
ancak bunlarin miktari fazla degildir. Ahlat ilgesinin
Ozellikle kuzey kesimlerinde uygun ve ¢ok uygun
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araziler vardir. Nemrut volkaninin kuzeyinde yer
alan egdimin digsik oldugu ve tarmsal Gretimin
yapildigi araziler ise aricilik agisindan pek uygun
degildir. Bu durumun nedeni tarimsal arazilerde zirai
ilaclarin  kullanilabilme durumundan dolayidir.
Adilcevaz ilgesi aricilik agisindan en uygun olmayan
ilce olarak gorulmektedir. Bu ilgenin yalnizca Ahlat'a

sinir olan kesimlerinde uygun olabilecek araziler
bulunmaktadir. Adilcevaz ilgesinde akarsu aginin
diger ilgelere gore azligi, NDVI degerlerinin
disUkligu ve bu arazilerde mevsimsel olarak
tarimsal Uretimin yapiliyor olmasi (zirai ilaglarin
kullaniima ihtimalinden 6turt) bu kisimlari aricilik
acisindan uygun kilmamaktadir (Sekil 5).
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Sekil 5. Bitlis ili aricilik uygunluk haritasi

Figure 5. Bitlis province beekeeping suitability map

TARTISMA

iicelerin bal Uretim degerleri yiiksekten diisiige
dogru Hizan, Merkez, Tatvan, Mutki, Gliroymak ve
Adilcevaz seklinde siralanmaktadir (Tablo 3). Bu
ilcelerden Hizan, Merkez ve Tatvan’da goérilen
yuksek bal uretimi bu boélgelerde goriilen uygun ve
¢ok uygun arazilerin miktarlari ile oldukga
uyumludur. Ahlat ilgesinin kuzey kesimlerindeki

]
280000

I
340000

uygun arazilerin varhdi bal Uretim degerleri ile
paraleldir. Guroymak ve Adilcevaz ilgeleri uygun
arazi varhgi agisindan oldukga fakirdir ve bu durum
bal Uretim degerlerinde de kendini gostermektedir.
Sonug olarak Mutki disindaki ilgelerde aricilik igin
belirlenen uygun alanlarin miktari ile bal Uretim
degerleri arasinda uyum goérilmektedir. Yuksek
oranda ¢ok uygun ve uygun arazi siniflarinin oldugu
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ilceler, bunlarin daha az oldugu ilgelere goére bal
Uretimini daha fazla miktarda yapmaktadir. Bu da
yapilan ¢alismanin dogrulugu acgisindan énemli bir
gOstergedir. Mutki ilcesi ¢cok uygun ve uygun arazi
siniflari bakimindan zengin bir yerdir. Bu ilgede

gorulen dusuk bal Gretimi ise bu bdlgede aricihgin
geligtirilebilmesi icin tesvige ihtiyac oldugunu
gostermektedir. Saglanacak desteklerle bu ilgcedeki
aricilik faaliyetlerinden elde edilen Griin miktarinin
artmasi beklenmektedir.

Tablo 3. Bitlis ili bal Giretim istatistikleri ve arazi uygunluk siniflarinin ilgelere gére alansal degerleri (TUIK 2023)

Table 3. Bitlis honey production statistics and areal values of land suitability classes by districts (TUIK 2023)

Uygunluk Sinifi Mutki Merkez | Hizan | Tatvan Ahlat Guroymak | Adilcevaz | Toplam
Sinirlandirimig (km?) 169,79 | 219,02 | 186,93 | 1.019,11 | 339,26 | 138,61 996,67 3.069,39
Gok Az Uygun (km?) 5,54 3,17 2,37 87,08 89,87 | 6,65 273,47 468,15
Az Uygun (km?) 42,30 | 42,80 55,66 | 43,67 260,30 | 71,02 77,88 593,63
Orta Uygun (km?) 25,55 | 35,71 60,33 | 131,76 118,78 | 52,13 113,34 537,60
Uygun (km?) 374,51 | 348,67 | 377,16 | 442,26 194,45 | 162,05 104,71 2.003,81
Gok Uygun (km?) 451,80 | 414,78 | 337,99 | 161,90 150,24 | 84,96 18,35 1.620,02
2022 Yili Bal Uretimi (ton) | 48,25 | 179,56 | 750,84 | 110,87 58,43 | 35,00 27,40 1.210,35
2021 Yili Bal Uretimi (ton) | 46,53 | 529,00 | 900,00 | 442,00 76,00 | 38,85 23,85 2.056,23

Aricilik faaliyetlerinde yer secimini etkileyen pek ¢ok
unsur  vardir. Bu unsurlarin tamaminin
modellenebilmesi zor bir durum olsa da yerel dlgekli
bazi temel gereksinimlere gbére bu modellerin
olusturulabilmesi mimkindir (Ceylan ve Sar1 2017).
Aricilik icin uygun yerlerin belirlenebilmesi amaciyla,
Suudi Arabistan (Abou-Shaara vd. 2013), Filipinler
(Estonque ve Murayama 2010), iran (Amiri ve Shariff
2012), Misir (Abou-Shaara 2015) ve Turkiye'de
(Ceylan ve Sarn 2017, Sari vd. 2020a, 2020b,
Elmastas vd. 2022) cesitli calismalar yapilmistir.
Tarkiye’'de yapilan galismalar Konya (Ceylan ve Sari
2017, San vd. 2020a, 2020b), Adiyaman (Elmastas
vd. 2022), izmir (Yalgin vd. 2019) ve Artvin (Yiimaz
vd. 2021) yorelerinde gergeklestirilmistir. Yapilan
¢alismalarda kullanilan kriterlerin en 6nemlisi arazi
OrtlisU olarak degerlendirilirken diger kriterler ise
bolgelerin  kendi gereksinimlerine gore segilip
agirhklandirilmigtir. Bu galismada segilen kriterler,
yapilan diger calismalardaki kriterler ile benzerlikler
gostermektedir (Tablo 1). Sicaklik, NDVI ve rlzgar
kriterleri ise Turkiye'de yapilan c¢alismalardan
(Ceylan ve Sari 2017, Yal¢in vd. 2019, Sarn vd.
2020a, 2020b, Yilmaz vd. 2021, Elmastas vd. 2022)
farkli olarak bu calismada kullaniimistir. Uretilen
uygunluk haritalarinin her biri kendi bdlgelerinde

aricihk faaliyetleri igin uygun yerleri ortaya
koymaktadir ve her biri yapildi§i cografyaya
O0zgudir. Bundan dolayi farkh  bdlgelerin

sonuclarinin  kiyaslanmasi ¢ok uygun degildir

U.An D. — U.Bee J. 2023, 23 (1): 61-77

(Yilmaz vd. 2021). Yapilan bu galismada, Bitlis ili
Ozelinde aricilik faaliyetleri icin cesitli kriterler
degerlendirilerek arazi uygunluk haritasi yapilmistir.
Bu haritanin hassasiyeti belirlenen kriterlerin,
istenilen amacin gereksinimlerini karsilamasi ve
dogru bir sekilde agirliklandirilip puanlandiriimasi ile
mumkundur.  Kriterlere ait veri kaynaklarinin
hassasiyeti de uygunluk haritalarinin dogrulugunu
etkilemektedir. Calismada kullanilan kriterler ve
bunlarin agirliklari benzer ekolojik 6zelliklere sahip
alanlarda da kullanilabilir niteliktedir. Farkl ekolojik
Ozelliklere sahip yerlerde, belirlenen kriterler ve
agirhiklar bolgelerin gereksinimlerine gére yenilenip
degerlendirme yapilabilir.

Yapilan ¢alisma icin gerekli olabilecek bazi kriterler
ise verilerin olmayisi veya elde edilememesinden
dolayl olusturulan modele dahil edilememistir.
Bunlardan bazilari biyogesitlilik, flora, ¢iceklenme
dénemlerinin mekéansal ve zamansal degisimidir. Bu
verilerin olmasi, olusturulan haritayr daha hassas
yapacaktir. Bitlis ilinde yapilan gezginci aricilik
faaliyetlerinde, aricilar giceklenme dénemlerine gére
kovanlarinin yerlerini degistirmektedir (Cagliyan
2015). Bolgedeki floranin zamansal ve mekéansal
degisimi ile ilgili bir verisinin olmasi durumunda
olusturulan uygunluk haritasi farkh ciceklenme
doénemleri igin yapilabilir. Yapilan bu galismada elde
edilen uygunluk haritasinin, mevcut aricilik yapilan
yerler ile uyumunun tespit edilmesi calismanin
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gelistiriimesi agisindan énemlidir. Bunun igin mevcut
aricilik yerlerinin mekansal verilerine ihtiya¢ vardir.
Bu amacla mevcut aricilik vyerleri 6grenilmeye
calisiimigtir, ancak kdy, mezra isimleri gibi genis
alanlar kapsayan kayitlara ulasilmistir. Konumsal
dagiimlari hakkinda dogrulanmis bilgi toplamak
mimkin olmadigindan bu ¢alismanin sonucunda
elde edilen aricilik igin uygun alanlarin mevcut
aricilik sistemiyle karsilastirmasi yapilamamistir.

Sonug ve Oneriler

1- Yapillan bu cg¢alismada CBS ve CKKV
yontemlerinden AHP metodu kullanilarak agirlikli
bindirme ydntemi (weighted overlay) ile aricilik igin
uygun alanlar haritalandiniimigtir.

2- Olusturulan uygunluk siniflarinin ilgelere gore
alanlari hesaplanmig ve bu degerler bal uretim
istatistikleri ile kiyaslanmigtir. Bu veriler arasinda
gorilen uyum c¢alismanin dogruluju agisindan
Onemlidir.

3- Basta Mutki ilgesi olmak Uzere ilde yapilacak
tegvikler ile bal Uretim degerlerinin arttirilabilecegi
dusunidlmektedir.

4- Bolgedeki bitkilerin polen ve nektar icerigi
bakimindan siniflandiriimasi, gicek acma
donemlerinin  zamansal ve mekansal olarak
calisiimasi farkli gicek agma dénemleri igin uygunluk
haritalarinin olusturulabilmesini olanakli kilacaktir.

5- Tarimsal Uretimde zirai ilaglarin arilara verdigi
zarardan 6turG bu alanlar disik puanlandiriimigtir.
Bu alanlarda kullanilan ilaglarin kullanilmamasi veya
azaltilmasi durumunda aricilik igin uygun alanlarin
miktarinda artis gorilebilir. Ayrica zirai ilaglarin
kullanim zamanlarinin  kayit altina alinarak
belirlenmesi durumunda yine bu husus dikkate
alinarak dénemsel haritalar olusturulabilir.

6- Aricihlk yapilan yerlerin mekénsal kayitlarinin
olusturulmasi yapilan c¢alismanin dogrulanmasi
acisindan o6nemlidir. Bu veri ayrica gezgin aricilik
faaliyeti  sUrdiren kigilerin  belli  bdlgelerde
yogunlasmasinin online gegerek arazinin uygun

oldugu, koloni sayisinin ise yogun olmadigi
bdlgelere aricilarin yonlendiriimesinde
kullanilabilinir.  Boylelikle ariciik igin  uygun

yerlerdeki birim alana disen koloni sayisi kontrol
altinda tutularak verim kaybi azaltilabilir.

7- Bolgede ariciigin  gelecek yillarda da
surddrulebilirligi icin floranin korunmasi dnemli bir
konudur.

Cikar Gatismasi: Yazarin herhangi bir kigisel veya
finansal ¢ikar ¢catismasi bulunamamaktadir.

Etik Belgesi: Bu calisma icin etik belgesi gerekli
degildir.

Mali Kaynak: Bu calisma icin saglanmis mali
kaynak bulunmamaktadir.

Veri Saglama Durumu: Mevcut ¢calisma sirasinda
analiz edilen veri kimeleri, makul talep tzerine ilgili
yazardan temin edilebilir.
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ABSTRACT

Honey marketing is an important off-farm economic activity for women's livelihood and sustenance.
Despite this, there is scant information in the literature about the economic performance of women
honey marketers. Therefore, this study investigates the economic performance of women marketers,
its drivers, and its challenges. Data collected from 120 women honey marketers were analyzed using
descriptive statistics, gross profit, net profit, benefit-cost ratio, return on capital invested, operating
ratio, marketing margin, and multiple regression. We found that honey marketing was a profitable
venture, as indicated by the high gross profit (USD 262.08), net income (USD 257.03), marketing margin
(56%), benefit-cost ratio (1.72), and return on capital invested (0.72) per 58.14 liters sold. Honey
marketing also had a low operating ratio of 0.57. Thus, women honey marketers performed
economically well. The significant factors that enhanced the profitability of honey marketing were
education, experience in honey marketing, credit, and membership in an association. While age,
purchasing costs, and transportation costs reduced honey marketing profitability. Inadequate capital
and credit, price fluctuations, a poor road network, high transportation costs, adulteration, and poor
marketing information were the major severe constraints faced in honey marketing. These call for the
provision of credit, training, and education to honey marketers by the government to enhance the
profitability of the enterprise.

Keywords: Economic, Honey marketing, Performance, Profitability, Women marketers
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0z

Bal pazarlamasi, kadinlarin geg¢imi ve gegimi i¢in 6nemli bir giftlik digi ekonomik faaliyettir. Buna
ragmen literatirde kadin bal pazarlamacilarinin ekonomik performansi hakkinda ¢ok az bilgi
bulunmaktadir. Bu nedenle, bu ¢galisma kadin pazarlamacilarin ekonomik performansiny, itici glglerini
ve zorluklarini arastinyor. Yiiz yirmi kadin bal pazarlamacisindan toplanan veriler, tanimlayici
istatistikler, briit kar, net kar, fayda-maliyet orani, yatinlan sermaye getirisi, isletme orani, pazarlama
marji ve ¢oklu regresyon kullanilarak analiz edildi. Yiiksek briit kar (262,08 ABD Dolari), net gelir
(257,03 ABD Dolari), pazarlama marji (%56), fayda-maliyet orani (1,72) ve yatirilan sermaye getirisinin
gosterdigi gibi bal pazarlamanin satilan 58,14 litre basina karl bir girisim oldugunu bulduk ( 0,72). Bal
pazarlamasi da 0,57 gibi diisiik bir isletme oranina sahipti. Boylece kadin bal pazarlamacilari ekonomik
olarak iyi performans gosterdi. Bal pazarlamasinin karlihgini artiran 6nemli faktorler egitim, bal
pazarlama deneyimi, kredi ve dernek uyeligi. Yas, satin alma maliyetleri ve nakliye maliyetleri bal
pazarlama karlihgini azaltmaktadir. Yetersiz sermaye ve kredi, fiyat dalgalanmalari, zayif bir yol ag,
yuksek nakliye maliyetleri, tagsis ve yetersiz pazarlama bilgisi, bal pazarlamasinda karsilasilan baslica

ciddi kisitlamalardi. Bunlar, igletmenin

karlihigini

artirmak i¢cin hukumet tarafindan bal

pazarlamacilarina kredi, egitim ve 6gretim saglanmasini gerektirir.

Anahtar kelimeler: Ekonomik, Bal pazarlamasi, Performans, Karlihk, Kadin pazarlamacilar

GENISLETILMiS OZET:

Calismanin  amaglari:  Bal  pazarlamasinin
kadinlarin gec¢iminde oynadigi kilit role ragmen,
literatirde kadin bal pazarlamacilarinin ekonomik
performansina iliskin bilgilerin yetersiz olmasi
nedeniyle, bu calisma (i) kadin bal
pazarlamacilarinin ekonomik performansini
arastirmig, (i) kadinlar arasinda bal pazarlama
karlihgini etkileyen faktorleri incelemis ve (iii)
kadinlarin  bal pazarlamasinda karsilastiklari
kisitlamalari belirlemigtir.

Materyaller ve yontemler: Calisma alani
Nijerya'nin Enugu Eyaletidir. Veriler, rastgele segilen
120 kadin bal pazarlamacisindan yapilandirilmig
anketlerle toplanmistir. Veriler  tanimlayici
istatistikler (ortalama, frekans ve yuzde), karlihk
analizi (brit kar, net giftlik geliri, fayda-maliyet orani,
yatirilan sermaye, igletme orani ve pazarlama mariji),
coklu regresyon modeli ve Likert Olcekli
derecelendirme kullanilarak analiz edilmigtir.

Bulgular: Kadin pazarlamacilar bal satisindan
ortalama 614,95 ABD dolari gelir elde etmistir.
Ortalama 58,14 litre bali 269,69 ABD Dolar
karsiliginda satin almiglardir. Bal pazarlamacilarinin
toplam degisken maliyeti 352,87 ABD Dolari olup, bu
tutar 5,05 ABD Dolar olan toplam sabit maliyetten
daha ylUksektir. Ham bal satin alma maliyeti, isgilik
maliyeti, nakliye maliyeti ve markalama maliyetleri
kadin pazarlamacilar arasinda bal pazarlamasinin
baslica maliyetleridir. Kadin bal pazarlamacilari,
kiiclk olcekli faaliyet diizeyleri dikkate alindiginda

pozitif ve nispeten ylksek brit kar (262,08 ABD
Dolari) ve net kar (257,03 ABD Dolar) elde
etmiglerdir. Ylksek bir fayda-maliyet oranina (1,72),
yatirilan sermayenin getirisine (0,72) ve pazarlama
marjina (%56) sahiptiler. Faaliyet oranlari ise 0,57 ile
disuktar. Tim bu ekonomik performans dl¢utleri, bal
pazarlamasinin kadinlar arasinda karli bir tarimsal
isletme oldugunu gostermektedir.

Bal pazarlamasinin ekonomik performansini
(karlilik) olumlu yonde etkileyen énemli degiskenler
egitim, bal pazarlamasinda deneyim, alinan kredi
miktari ve dernek uyeligidir. Bu durum, bu
degiskenlerdeki artisin kadin bal pazarlamacilarinin
karlihgini artirdigini géstermektedir. Yas, satin alma
maliyeti ve nakliye maliyetleri ise kadin bal
pazarlamacilarinin ekonomik performansini negatif
ve anlamli olarak etkilemektedir. Bu durum, bu
degiskenlerdeki artisin kadin bal pazarlamacilarinin
karliligini azalttigini géstermektedir.

Kadin bal pazarlamacilarinin bal pazarlama
faaliyetlerinde karsilastiklar kisitlarla ilgili olarak,
yetersiz sermaye ve kredi eksikligi, fiyat
dalgalanmalari, balin yiksek maliyeti, zayif yol
altyapisi ve ylksek nakliye maliyetleri sirasiyla
kadinlarin bal pazarlamasinda karsilastiklar birinci,
ikinci, Uglincl, dordlncl ve besinci ciddi kisitlardir.
Bal pazarlamasinda karsilasilan diger ciddi kisitlar,
Onem derecelerine goére, bal pazarlamasi i¢in zayif
isletme gelisimi, bazi dUreticilerin balda tagsis
yapmasi, zaylf pazarlama bilgisi, modern bal
depolama tesislerinin  eksikligi, balin  6nemi
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konusunda tlketici bilincinin zayif olmasi ve kalifiye
isguci azhgi ve yuksek isgict maliyetidir.

Sonug: Bal pazarlamasi, hem kirsal hem de kentli
kadinlarin ekonomik durumlarini ve refahlarini
iyilestirmek icin kullanilabilecek karl, ekonomik ve
uygulanabilir bir tarim digi faaliyettir. Bu ¢alisma,
hikimet organlarina, kalkinma ajanslarina ve finans
kuruluslarina, isletmelerinin karlihgini artirmak igin
kadin pazarlamacilara yardimci olmalari ¢gagrisinda
bulunmaktadir. Bu, mali yardim (hibe ve/veya kredi)
ve kadin bal pazarlamacilarina pazarlama ve igsletme
gelistirme konularinda egitim ve 6gretim saglanmasi
seklinde olabilir.

INTRODUCTION

Honey is a naturally sweet food product, complex in
nature, that has extraordinary flavor and aroma,
sugars, pollen grains, waxes, pigments, flavonoids,
phenols, lipids, vitamins, minerals, enzymes, amino
acids, organic acids, and other phytochemicals
(Belay et al. 2017, Machado et al. 2018, Mulugeta &
Belay 2022). It is made by honeybees from
honeydew or nectar and is widely consumed
worldwide due to its health benefits (Gebeyehu &
Jalata 2023). Globally, honey is known to have
several applications and uses in industry, medicine,
and nutrition (Gela et al. 2021). It plays a critical role
in human health, nutrition, and treatment of diseases
(Asari et al. 2022, Cirik & Aksoy 2020; Demirkaya &
Sagdicoglu Celep 2022 Ranneh et al. 2021). As a
result, it is in high demand locally, is traded globally,
and commands a higher premium (Garcia 2018;
Gela et al. 2021). Honey also plays an important role
in the economic status of both rural and urban
dwellers, and it contributes to the nation’s economy
(Arowolo et al. 2020, Gebeyehu & Jalata 2023;
Mulugeta & Belay 2022, Verma et al. 2018). Honey,
through production and marketing, is also an
important economic activity that can be used to fight
against poverty (Shrestha 2017).

In Nigeria, honey marketing is an important off-farm
agricultural activity among both rural and urban
women, with several benefits and advantages over
other agricultural practices. In comparison to other
agribusiness enterprises that are highly capital
intensive, the honey marketing business, for
example, requires little capital as a start-up. Also, it
does not require the purchase of land, which makes
the women venture into it as most African women
have no access to land. It, therefore, serves as a
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means of livelihood and sustenance for women in
Nigeria and other sub-Saharan African nations.
Women honey marketers play a significant role in
getting honey to consumers through their marketing
functions. Marketing functions such as labeling,
branding, and packaging show the benefits of honey
to consumers, which motivates their decision to
purchase (Madas et al. 2020). Honey marketers,
therefore, directly and indirectly, contribute to honey
producers’ well-being and economic status by
assisting them to get revenue from their production
activities.

Production without an efficient marketing system will
lead to the spoilage of goods and economic losses
in the agricultural enterprise. Therefore, agricultural
marketing is an important agricultural activity as it
deals with all activities that happen from the farm
gate to the final consumer (Mukaila et al. 2021).
Honey farmers’ output will remain on the farm
without agricultural marketers that distribute the
produce to the final consumer who pays for the
product. Despite the critical role agricultural
marketing plays in honey, most attention has been
on the production side.

There exists a large volume of literature on honey
production, productivity, economic value, and
profitability (Adedeji & Omoba 2016, Ajao &
Oladimeji 2015, Akinade 2019, Akinmulewo et al.
2017, Bhatta et al. 2020, Chiemela et al. 2022,
DeGrandi-Hoffman et al. 2019, Elzaki & Tian 2020,
Masuku 2013, Ogunola et al. 2019, Otim et al. 2019,
Onyekuru et al. 2010, Shrestha 2017, Stojanov et al.
2021, Vaziritabar & Esmaeilzade 2016, Verma et al.
2018, Vrabcova & Hajek 2020). These studies have
shown that honey production is profitable.
Meanwhile, there exist limited studies on the
profitability of honey marketing (Arowolo et al. 2020,
Mshelia et al. 2013, Yeserah et al. 2019). Arowolo et
al. (2020) and Yeserah et al. (2019) assessed honey
marketing, structure, and conduct. The analysis of
Mshelia et al. (2013) was based on only gross
margin, which was not enough to show the
profitability or economic performance of honey
marketing. These previous studies did not
extensively investigate the economic performance of
honey marketing and were not focused on women
marketers, creating a gap in the honey marketing
literature that the current study intends to fill. This
study, therefore, contributed to the literature by (i)
investigating the economic performance of women
honey marketers, (ii) determining the factors
influencing honey marketing profitability among
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women, and (iii) identifying the constraints faced by
women in honey marketing.

This study provides detailed empirical literature on
women's honey marketing performance for future
studies to build on. As a result of revealing the
determinants of women marketers’ economic
performance and the barriers they faced in efficient
marketing, it would serve as a policy framework for
interventions. Thus, women marketers would benefit
from the outcome of this work, which would
consequently increase women's participation in
honey marketing, which is needed in light of the
current global health challenges.

MATERIALS AND METHODS
Study area

Enugu State was the study area. Enugu state is
located in southeastern Nigeria on the coordinates
6.5364° N, 7.4356° E. Women entrepreneurs in the
state are engaged in on-farm and off-farm
agricultural activities such as honey marketing and
processing. They also engaged in other
entrepreneurship activities like trading, and
artisanship.

Sampling procedure

Three local government areas (LGAs)—Nsukka,
Uzouwani, and Enugu South—were purposefully
selected from Enugu State, Nigeria, for the study due

to the high concentration of honey marketers. From
the three selected LGAs, four communities were
randomly selected. Finally, ten honey marketers
were randomly selected from each community. This
resulted in a total of 120 honey marketers.

According to Bannor et al. (2022), a sample size of
n = 50+8p is sufficient for regression analysis (p is
the number of independent variables). For this study,
p = 8. Following this formula, the minimum sample
size (n) for this study is 114. This suggests that the
sample size of 120 is adequate for the regression
analysis.

Data collection

The primary data were elicited through the use of a
structured questionnaire. The data collected include
the socio-economic characteristics of women honey
marketers, the cost and returns associated with
honey marketing, and the constraints faced in honey
marketing.

Data analysis

Descriptive statistics: Descriptive statistics such
as mean, frequency, and percentage were used to
describe the socio-economic characteristics of
women honey marketers.

Gross profit: Gross profit is the difference between
the total revenue accrued from the marketing
enterprise and the total variable cost (Falola et al.
2022a). It is stated as follows:

Gross profit = Total revenue — Total variable cost

Total revenue is generated by multiplying the unit
price by the quantity sold by honey marketers. That
is P (price) x Q (quantity).

Net farm income: Net farm income was further
estimated to show the net profit of honey marketing

because gross profit did not include total fixed costs
in its estimation (Falola et al. 2022a). The fixed cost
was estimated using a straight-line method to
depreciate the fixed items used in honey marketing.
The NFl is expressed as:

Net farm income = Gross profit — Total fixed cost or

Net farm income = Total revenue — Total cost

Benefit-cost ratio: The benefit-cost ratio is
estimated by dividing total revenue by total cost
(Falola et al. 2022a; Mukaila et al. 2022). It

measures the viability and strength of the honey
marketing enterprise and its benefits in monetary
terms. It is expressed as:
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Benefit cost ratio =

Return on capital invested: This estimates the

amount received by women honey marketers per

currency invested and measures the efficiency of the

Return on capital invested =

Operating ratio: This is estimated to measure the
proportion of honey marketing revenue used as a
variable cost (operational cost). A low operating ratio
indicates that the marketing enterprise is profitable,

Operating ratio =

Marketing margin: Marketing margin analysis was
used to determine the marketing margins of honey
marketing. It depicts the marketers' share of the
consumer price (Mukaila et al. 2021; Obetta et al.
2020a). Following Mukaila et al. (2021) and Obetta

Total revenue
Total cost

enterprise. It is estimated as "net farm income"
divided by the “total cost” (Falola et al. 2022a;
Mukaila et al. 2022). It is expressed as:

Net farm income

Total cost

and vice versa (Mukaila et al. 2022). Thus, the lower
the operating ratio, the higher the profitability of
honey marketing among women. It is expressed as:

Total variable cost

Total revenue

et al. (2020a), it is determined by finding the
difference between the consumer price and the price
paid by honey marketers to the producers, dividing it
by the consumer price, and taking the result as a
percentage. It is expressed as:

Marketing margin =

Multiple regressions: The multiple regression
model was used to investigate the factors
responsible for honey marketing profitability
(economic performance). This was used because
the dependent variable net income is a continuous
variable and other similar studies have used multiple

Selling price — Purchasing price ¥ 100
Selling price 1

regression in their analysis (Arowolo et al. 2020,
Mshelia et al. 2013). Net farm income was used as
a proxy for profitability because economic
performance depends on the net return from the
business enterprise. The multiple regression model
is specified as:

Y =By + B1A + BLED + B3HS + BLEX + B5C + BcAM + B,PP + BgTC + e

Where Y = net income from honey marketing
(amount in USD); A = age of honey marketers
(years); ED = education level (years spent in school);
HS = Household size (number of persons in the
household); EX = experience in honey marketing
(years); C = credit (the amount borrowed in USD);
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AM = association membership (yes = 1, no = 0); PP
= purchasing price; TC = transportation cost; o =
constant term; pB1.s = coefficients of the regression
model; and e = error term.

Likert rating scale: A four points Likert rating scale
by Likert (1932) was used to identify the severe
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constraints in honey marketing among women. The
severity scales used in this study are extremely
serious (four points), very serious (three),
moderately serious (two), and not at all serious
(one). The mean score of the four points scale was
calculated to be 2.5 [(4+3+2+1)/4]. This was used to
decide if a problem is severe or not. Any Likert score
equal to or greater than 2.5 was considered a severe
problem, while those less than 2.5 were considered
not to be severe constraints faced by women in
honey marketing.

RESULTS

Socio-economic
marketers

characteristics of honey

Table 1 presents the socioeconomic characteristics
of women honey marketers. The majority (97.5%) of
honey marketers were under 51 years old. They had
an average age of 40.3 years, which is an indication
that they were still within their economically active
age where they can market honey efficiently. Most of
the honey marketers had formal education, as only
20% of them had no formal education. This could
influence their marketing and profitability positively
because education paves the way for marketing
information and economic sustainability. The
majority of the marketers were married; 15.83%
were single; and 5.83% were divorced. Fifty-two
percent of the honey marketers had between five
and eight household members, while 48% had
between one and four household members. They
had an average household size of about five people,
which could serve as cheap family labor.

Regarding their major occupation, honey marketing
was the major occupation of most of the
respondents, which is an indication that this study
targeted the right population. Only a few had crop
farming and trading as their major occupation. The
larger proportion had less than or equal to five years
of honey marketing experience, followed by six to ten
years, between eleven and fifteen years, and above
fifteen years. They had an average of 8.75 years of
honey marketing experience; thus, they are

experience honey marketers. Membership in the
association was extremely low among honey
marketers, with only 22% belonging to the
cooperative association. In the same vein, access to
credit was also very low among this group of
marketers, as only 26% could access credit. This
could affect their level of operation by limiting their
activities to a small scale. The honey marketers had
an average monthly income of USD 183.63, which is
higher than the Nigerian minimum wage. This is an
indication that honey marketing serves as a means
of income generation for women.

The economic performance of women honey
marketers

Table 2 shows the profitability of honey marketing
among women, which was used as a proxy for the
economic performance of women in the honey
marketing enterprise. The average quantity
purchased by honey marketers in a month was 58.14
liters at a purchasing price of USD 4.64 per liter.
Thus, the average cost of honey purchased was
USD 269.69. At an average selling price of USD
10.58, the women marketers received an average
revenue of USD 614.95 for the 58.12 liters of honey
sold. The total variable cost incurred in honey
marketing was USD 352.87, and the total fixed cost
incurred was USD 5.05. This gave a total cost of
USD 357.92.

The cost of purchasing honey from the honey
producers or farmers constituted the highest share
of the total cost (Figure 1). The cost of labor which
accounted for 15.21% of the total cost had the
second largest share of the total cost of honey
marketing. The cost of transporting honey from the
apiary to the market accounted for 5.6% of the total
cost, and branding costs accounted for 1.87% of the
total cost. Cost of rent accounted for 0.98%,
packaging costs accounted for 0.56%, and
marketing taxes or levies accounted for 0.32% of the
total cost incurred in honey marketing. In addition,
the cost of a bucket, a jerry can, and the sieve used
in storing and processing (filiration) honey
accounted for 0.32%, 0.03%, and 0.03%,
respectively.
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Table 1: Socio-economic characteristics of women honey marketers

Variable Category Frequency Percentage
Age (years) <30 26 21.67
Mean = 40.3 31-40 48 40
41 -50 43 36
51-60 3 25
Educational level No education 24 20
Primary 29 2417
Secondary 63 52.5
Tertiary 4 3.33
Marital status Married 94 78.33
Single 19 15.83
Divorced 7 5.83
Household size 1-4 58 48.33
Mean = 4.59 5-8 62 51.67
Major occupation Honey marketing 108 90
Crop farming 5 417
Trading 7 5.83
Honey marketing experience <5 49 40.83
Mean = 8.75 6-10 36 30
11-15 23 19.17
>15 12 10
Membership in a cooperative association Yes 27 22.5
No 93 77.5
Access to credit Yes 31 25.83
No 89 74.17
Monthly income (USD) <100 31 25.83
Mean = USD 183.63 101 = 200 51 42.50
201 -300 32 26.67
=301 6 5
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Cost of purchasing honey,
75,34%

Transport cost, 5,60%

lr Branding cost, 1,87%

bour cost, 15,21%

Rent, 0,98%

Marketing tax,
0,32%

\

Bucket , 0,06%

Sieve, 0,03%

Jerry can, 0,03%

Figure 1: The percentage share of each cost item in the total cost of honey marketing

Table 2 further shows that the women honey
marketers made a gross profit of USD 262.08 and a
net profit of USD 257.03, respectively. This shows
that honey marketing among women was a
profitable venture. The women honey marketers had
a benefit-cost ratio of 1.72, a return on capital
invested of 0.72, an operating ratio of 0.57 and a
marketing margin of 56.14%.

Factors
Profitability

Table 3 shows the results of a multiple regression
analysis that was used to investigate the factors
influencing honey marketing profitability. The
significant  variables were age, education,
experience in honey marketing, amount of credit
borrowed, association membership, purchasing
cost, and transportation cost. At the 5% level of
significance, the age coefficient had a negative

Influencing Honey Marketing

impact on the profitability of honey marketing. The
coefficient of education positively influenced the
profitability of honey marketing at a 5% level of
significance. The coefficient of experience in honey
marketing positively influenced the profitability of
honey marketing at a 5% level of significance.

Furthermore, the coefficient of credit positively
influenced the profitability of honey marketing at a
1% level of significance. The coefficient of
association membership positively influenced the
profitability of honey marketing at a 10% level of
significance. The coefficient of purchasing cost
negatively influenced the profitability of honey
marketing at the 1% level of significance. At the 5%
level of significance, the transportation cost
coefficient had a negative impact on the profitability
of honey marketing.
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Table 2: The cost and returns of honey marketing

Items Value (USD)
Quantity purchased (Liters)

Purchasing price 4.64
Selling price 10.58
Revenue 614.95
Variable costs

Cost of purchasing honey 269.69
Transport cost 20.05
Branding cost 6.69
Packaging cost 2.01
Labor cost 54.44
Total variable cost 352.87
Fixed cost

Rent 3.50
Marketing tax/levies 1.15
Bucket 0.20
Jerry can 0.09
Sieve 0.11
Total fixed cost 5.05
Total cost 357.92
Gross profit 262.08
Net profit 257.03

Benefit-cost ratio

Net return on capital invested
Operating ratio

Marketing margin (%)

Table 3: Factors influencing honey marketing profitability

Coefficient Standard Error T P>t

Age -5526.808** 2675.709 -2.07 0.045
Education 8436.018* 3415.392 2.47 0.017
Household size -9470.667 8974.058 -1.06 0.297
Experience in honey marketing 12925.32** 6334.747 2.04 0.048
Credit .0204718*** .0048976 4.18 0.000
Association membership 40307.85* 22307.61 1.81 0.078
Purchasing price -6.162657*** 1.527352 -4.03 0.000
Transportation cost -2.531561** 9517147 -2.66 0.012
Constant 726267.3 171295.2 4.24 0.000
F 5.47

Prob > F 0.0000

R-squared 0.4893

Adj R-squared 0.3992

*kk

means significant at 1% level, ** means significant at 5%
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Constraints faced in honey marketing

Table 4 presents the constraints faced by women
honey marketers in their efficient honey marketing.
The first ranked severe constraints in efficient honey
marketing among women was inadequate capital
and a lack of credit. This was followed by price
fluctuation, the high cost of honey, poor road
infrastructure and high transportation costs, poor

Table 4: Constraints in honey marketing

enterprise development for honey marketing,
adulteration of honey by some producers, and poor
marketing information. Other severe constraints
faced in honey marketing, according to their severity,
were the lack of modern honey storage equipment,
the high cost of labor or lack of skilled labor, and poor
awareness of the importance of honey to
consumers, which inhibits consumers’ willingness to
pay more for honey.

Mean | Std. Dev Rank
Inadequate capital and lack of credit 3.94* | 0.238 1st
Price fluctuation 3.65* | 0.522 2nd
High cost of honey 3.63* | 0.528 3r
Poor road network and high cost of transportation 3.39* | 0.777 4th
Poor enterprise development towards honey marketing 3.37* | 0.720 5t
Adulteration 3.35* | 0.868 6t
Poor marketing information 3.29* | 0.576 7t
Lack of modern honey storage equipment 3.12* | 0.683 8th
High cost of labor/Lack of labor 2.88* | 0.765 oth
Poor awareness of the importance of honey to consumers 2.82* | 0.785 10t

* Means severe

DISCUSSION

Regarding the economic performance of women
honey marketers, the women marketers received an
average revenue of USD 614.95 from the sales of
honey in a month. They purchased an average
quantity of 58.14 liters for USD 269.69. The honey
marketers incurred a total variable cost (USD
352.87) higher than the total fixed cost (USD 5.05).
Therefore, it can be inferred from this finding that the
variable cost accounted for the highest proportion
(98.59%) of the total cost. This supports Mshelia et
al. (2013), who found that variable costs accounted
for the highest share of total costs in honey
marketing. The cost of purchasing honey from the
honey producers or farmers constituted the highest
share of the total cost incurred in honey marketing.
This is in line with Mshelia et al. (2013) that the cost
of purchasing honey had the highest share of the
total cost in the honey marketing enterprise. This
was followed by the cost of labor, the cost of
transporting honey from the apiary to the market,
and branding costs. Mshelia et al. (2013) discovered

that labor and transportation costs accounted for the
second and third largest shares of total costs in the
honey marketing enterprise, respectively. Other
costs incurred in honey marketing among the
women in descending order of their contribution
were the cost of rent, packaging costs, marketing
taxes or levies, the cost of a bucket, the cost of a
jerry can, and the cost of a sieve used in storing and
processing (filtration) honey. Thus, the cost of
purchasing raw honey, the labor cost, and the cost
of transportation were the major costs of honey
marketing among women marketers. This indicates
that any intervention to reduce these costs will go a
long way to enhance the economic performance of
women honey marketers.

After subtracting the total variable cost and fixed cost
from the total revenue, the women honey marketers
made a positive and relatively high gross profit (USD
262.08) and net profit (USD 257.03), respectively
based on their small-scale level of operation. This
shows that honey marketing among women was a
profitable enterprise. This is in line with Arowolo et
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al. (2020) and Mshelia et al. (2013), who opined that
marketing honey was a profitable venture. The
benefit-cost ratio (1.72), which was greater than 1,
further ascertains the profitability of honey marketing
among women. The return on capital invested of
0.72 implies that for every USD 1 invested in honey
marketing, USD 0.72 was realized as profit among
the women marketers. This high return on
investment further shows that honey marketing was
a profitable, viable, and economical venture. The
operating ratio of 0.57 implies that 57% of the total
revenue from honey marketing was used for
operational costs, which is relatively low. This further
shows that honey marketing was a profitable off-
farm agricultural enterprise among women. The
marketing margin of 56.14% implies that the honey
marketers had a 56% share of the consumer price.
This shows that the honey marketers had the larger
share of the consumer price, which also indicates
that the marketing enterprise gives a higher return.

The significant variables that positively influenced
honey marketing economic performance
(profitability) were education, experience in honey
marketing, amount of credit borrowed, and
association membership. While age, purchasing
cost, and transportation costs negatively and
significantly influence women honey marketers’
economic performance. The positive influence of
women honey marketers’ education on their
profitability is an indication that their level of
education increased the profitability (economic
performance) of honey marketing enterprises. Thus,
education is an enhancing factor in honey marketing
profitability. This could be because education paves
the way for the relevant information needed to boost
revenue (Akanbi et al. 2022). A similar finding was
reported by Arowolo et al. (2020), who found that
years spent in school enhanced the marketing
performance of honey. The positive influence of
honey marketers’ years of experience on honey
marketing profitability is an indication that an
increase in honey marketing experience increased
the profitability of honey marketing enterprises. This
is because years spent in an agribusiness enterprise
determine the owner’s skills and understanding of
the business, which are needed to boost income.
Thus, years of experience is an enhancing factor in
honey marketing performance (profitability). This is
in line with the findings of Arowolo et al. (2020) and
Mshelia et al. (2013) that years of experience in
honey marketing positively influenced the marketing
profitability of honey.
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The positive influence of access to credit (the
amount borrowed) on the profitability of honey
marketing implies that the profitability of honey
marketing increases as the amount of credit
borrowed and used in honey marketing increases.
This is because credit serves as a means of capital
used for investment (Falola et al. 2022b), which
consequently increases the revenue generated from
honey marketing. Thus, women honey marketers
who could access credit had a higher net income
than their counterparts who could not access credit
facilities. The positive influence of association
membership on the profitability of honey marketing
is an indication that an increase in the probability of
being a member of an association increases the
profitability of honey marketing agribusiness
enterprises. This could be because of the benefits
derived from an association such as the pooling of
resources to buy in large quantities (Mukaila et al.
2022; Musinguzi et al. 2018). This reduces the
purchasing price and transportation cost which leads
to the enjoyment of economies of scale among
women (Mukaila et al. 2022). Therefore, honey
marketers who belong to the association made a
higher profit than their counterparts who did not.

The negative influence of age on women honey
marketers’ profitability is an indication that their
economic performance (profitability) is reduced with
an increase in their age. As a result, younger honey
marketers profited more than older ones. This is
because younger marketers are more educated,
enlightened, and have access to relevant marketing
information, which is needed for efficient marketing
and consequently will result in an increase in the
profitability of the ventures (Mukaila et al. 2021). The
negative influence of purchasing costs on the
profitability of honey marketing implies that an
increase in purchasing costs will reduce the
profitability of the honey marketing enterprise. This
agrees with the a priori expectation, as purchasing
costs are the most important variable costs (and
have the highest share) in honey marketing. Thus,
the lower the purchasing cost, the higher the
profitability of honey marketing among women as
long as the quality remains the same. The negative
impact of transportation costs on the profitability of
honey marketing implies that transportation costs
reduced the profitability of honey marketing. This is
because transportation and distribution are key
marketing functions and an important variable cost.
In addition, the cost of transportation increases the
variable cost of the agricultural enterprise and
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consequently decreases the profitability of the
enterprise (Mukaila et al. 2022).

Regarding the constraints faced inefficient honey
marketing among women, inadequate capital and a
lack of credit were the most serious constraints faced
by women in honey marketing. The women honey
marketers complained of a lack of access to credit
and low capital. This had an impact on their
operations, limiting them to a small-scale level. This
is because capital is an important aspect of
agribusiness and contributes to farm investments
(Falola et al. 2022b). Arowolo et al. (2020) and
Yeserah et al. (2019) also reported that lack of credit
access was a serious constraint in honey marketing.
The second-most severe constraint was price
fluctuation. Price fluctuation remains a serious
barrier to off-farm agricultural activities among
women as it comes with several uncertainties
(Obetta et al. 2020b). The third-ranked constraint
faced by women honey marketers was the high cost
of honey. They lamented that the producers’ price of
honey has drastically increased in recent times,
which forced them to also increase their price, and
the consumers have not yet gotten used to the
current increased price of honey in the study area.
Yeserah et al. (2019) also reported that high
producers’ price was a severe constraint to honey
marketing. Poor road infrastructure and high
transportation costs were also cited as major
impediments to women's honey marketing. This
added to their variable cost of production and
consequently reduced the net income from the
enterprise. Poor enterprise development for honey
marketing was also a severe constraint, as the
women marketers have not been receiving special
training on enterprise development either from the
government or extension agents. Adulteration of
honey by some producers was also a severe
problem faced by honey marketers. This is in line
with Arowolo et al. (2020), who reported that honey
adulteration was a severe constraint in honey
marketing.

Poor marketing information was another severe
constraint hindering efficient honey marketing
among women marketers. Information plays a
critical role in agricultural marketing; some lamented
that they do not receive information about the
increase in the price of honey, especially from the
producers, which was due to a poor network in the
rural areas. They mostly learn about price increases
when they get to the producers, which limits the
amount they can buy because they have not planned

for it. The lack of modern honey storage facilities
also limits women's marketing activities. There are
some seasons when the price of honey is relatively
low; however, women marketers were unable to
purchase large quantities during these times in order
to store it for an extended period due to concerns
about spoilage or a reduction in the quality of the
honey. Poor consumer awareness of the importance
of honey was also a severe constraint affecting
efficient honey marketing among women. Some
consumers were unaware of honey's numerous
health benefits, such as the recently discovered key
health benefits of honey in boosting the immune
system during COVID-19 and mitigating COVID-19
risks, as reported by Al Naggar et al. (2021) and
Lima et al. (2021). These low levels of awareness
prevent consumers from being willing to pay more
for honey during periods of price inflation. There was
also a scarcity of skilled labor and those who are
available charge women marketers a high premium.
However, this was the least ranked constraint
affecting female honey marketers.

Conclusion

This study reveals that honey marketing is a
profitable venture and women honey marketers
performed economically well. Education, experience
in honey marketing, credit, membership in the
association, age, purchasing costs, and
transportation costs were responsible for their
economic performance. The severe constraints
faced in honey marketing were inadequate capital
and lack of credit, price fluctuation, high cost of
transportation, poor enterprise development,
adulteration, and poor marketing information.

These findings call for financial assistance by
government bodies and financial institutions to boost
women marketers’ capital, which is needed to
expand their marketing businesses. Women
marketers can form cooperative societies to get
financial assistance and enjoy economies of scale.
The provision of marketing and enterprise
development training by extension agents to honey
marketers is needed to boost their profit. Universities
and research centers need to disseminate the
benefits of using honey to treat a variety of ailments
and strengthen body immunity in order to increase
demand for honey. Future studies can focus on other
honey bee hive products, which are also of great
importance.
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ABSTRACT

Honey bees, Apis mellifera are highly beneficial insects that constitute both the livelihood of the
producers and the food source of the consumers. However, there are some diseases that affect the
yield of bees and cause the collapse of almost the entire colony. Most of these diseases are caused
by microbial pathogens originating from viruses, bacteria, and fungi. Beekeeping is an important
source of livelihood both in the center of Amasya and in almost all its districts. In this study, microbial
pathogens that cause mass bee deaths and epidemics in Amasya province were determined using
molecular methods. The results showed that the most common honey bee pathogens in Amasya are
the Deformed wing virus, Chronic bee paralysis virus, and Aspergillus flavus fungus. Thus, the profile
of bee diseases in Amasya province was determined for the first time with this study. In addition, this
study guides other studies planned for the prevention of bee diseases and healthy beekeeping.

Keywords: Honey bee, Apis mellifera, Honey bee pathology, Microbial pathogens, Amasya

0oz

Bal arilari, Apis mellifera, hem ureticilerin gegimini hem de tiiketicilerin besin kaynagini olusturan
oldukca faydali boceklerdir. Ancak arilarin verimini etkileyen ve neredeyse tiim koloninin g6kmesine
neden olan bazi hastaliklar vardir. Bu hastaliklarin goguna viriisler, bakteriler ve mantarlardan
kaynaklanan mikrobiyal patojenler neden olur. Aricilik gerek Amasya merkezde gerekse hemen hemen
tiim ilgelerinde 6nemli bir ge¢im kaynagidir. Bu galismada Amasya ilinde toplu ari 6liimlerine ve salgin
hastaliklara neden olan mikrobiyal patojenler molekiiler yontemler kullanilarak belirlenmistir.
Sonuglar, Amasya'da en yaygin bal arisi patojenlerinin Deforme kanat viriisii, Kronik ari felci viriisii ve
Aspergillus flavus mantar oldugunu gostermistir. Boylece Amasya ilindeki ari hastaliklarinin profili ilk
kez bu galigma ile belirlenmigtir. Ayrica bu ¢aligma, ar1 hastaliklarinin 6nlenmesi ve saghkl aricilik igin
planlanan diger gcaligmalara yol géstermektedir.

Anahtar Kelimeler: Bal arisi, Apis mellifera, Bal arisi patolojisi, Mikrobiyal patojenler, Amasya

GENISLETILMiS OZET Girig: Bal arilari, Apis mellifera (Hymenoptera:
Apidea) tarimsal uriinlerin en 6énemli tozlastiricilari
olup, polinasyonu saglamaktadir. Ozellikle bal arisi
populasyonunun buytk bir gogunlugunu olusturan
isci arilar bal, polen, propolis, ari sutu, ari zehri ve
bal mumu gibi oldukga cesitli ve ekonomik degeri

Amag: Bu calismanin amaci Amasya ilinde gortlen
toplu ari olimlerine sebep olan mikrobiyal
patojenlerin  molekiler ydntemler kullanilarak
arastirimasidir.
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yiksek Urtnler uretmektedir. Ancak bal arilarinda
goOrulen salgin hastaliklar aricilik faaliyetlerinin
gelisimini  ve ilerlemesini olduk¢a olumsuz
etkilemektedir. Arilarda salgin olusturarak ani 6lim
ve koloni kayiplarina yol agcan hastaliklarin buyuk bir
¢ogunlugu mikrobiyal kaynaklidir. Ancak Amasya
ilinde gorilen ari olimlerinin  hangi mikrobiyal
patojenlerden kaynaklandigi simdiye dek
aydinlatiimamistir.

Gereg¢ ve yontem: 2022 yilinda Amasya il merkezi
ve ilgelerinde bulunan ariliklardan hasta, ugamayan
ve kovan o©nudnde 4lu olarak bulunan arilar
toplanmistir. Orneklerde bulunmasi muhtemel olan
viral, fungal ve bakteriyal patojenlerin taranmasi igin
total nikleik asit izolasyonu (DNA/RNA) ekstrakte
edilmis ve spesifik primerlerin kullaniimasiyla
polimeraz zincir reaksiyonu gergeklestiriimistir. DNA
genomuna sahip olan bakteri ve mantar érnekleri
icin direkt polimeraz zincir reaksiyonu kurulurken,
RNA genomuna sahip olan virGsler icin ara bir
basamak daha uygulanarak RNA komplementer
DNA’ya (cDNA) cevrilmistir. Bu asamadan sonra
tim polimeraz zincir reaksiyonlari sonucu elde
edilen Urlnler yatay jel elektroforezinde yurutilerek
sonuglar goézlenmigtir. Dizi sonuglari NCBI veri
tabaninda yer alan niikleotit Blast (Blastn) programi
ile  kiyaslanarak patojenlerin  isimlendiriimesi
yapilmigtir.

Bulgular ve tartisma: Calisma sonucunda Amasya
bdlgesindeki bal arilarinda iki gesit virus (deforme
kanat virisi ve kronik ari felci virasl), ug farkl
bakteri (Pseudomonas putida, Pseudomonas
aeruginosa ve Pseudomonas fluorescens) ve iki
cesit mantar (Aspergillus flavus ve Ascosphaera
apis) tespit edilmistir. Ek olarak bazi 6érneklerin
birden fazla patojen ile enfekte oldugu c¢oklu
enfeksiyonlar belirlenmistir. Mikrobiyal etmenler
kovan iginde hasta bireyden saglikli bireye ¢ok kolay
ve hizli bir sekilde bulagsabilmektedir. Bu nedenle
kovanlarin sik sik kontrol edilerek temizligine dikkat
edilmesi, hasta bireylerin kovandan uzaklastiriimasi
ve hastalik tasiyan vektorler (Nosema ve Varroa) ile
mucadele edilmesi saglanmalidir.

Sonug: Hastalik etmenlerinin prevalansi géz 6nline
alindiginda Amasya ili bal arlarinda en yaygin
goOrulen patojenlerin arilarda kanat yapisinin
bozulmasina ve arilarin ugamamasina sebep olan
deforme kanat virGsU, arilarin bacagdinda felce sebep
olan ve arilarin hareket edememesine neden olan
kronik ari felci virisi ve arilarda tas hastaligina
sebep olan yani arinin vicudundaki batin nemi

U.An D. - U.Bee J. 2023, 23 (1): 93-104

emerek sert bir hal almasini ve ileri agamalarda ari
bireyinin vicudunda mikozlanmanin géruldigu
Aspergillus flavus mantari oldugu belirlenmistir. Elde
edilen veriler bodlgede yaygin olan mikrobiyal
hastaliklarin 6nlne gecilerek ari kayiplarinin
Onlenmesi ve verimin dismemesi igin yapilmasi
planlanan ¢alismalara yol gosterecektir.

INTRODUCTION

Honey bees are important pollinators of agricultural
and horticultural plants (llyasov et al. 2020). For this
reason, bee health has great economic importance
worldwide (Antunez et al. 2006). Although Turkey
has sufficient colonies in honey production, one of
the main reasons for the low honey production
efficiency is the diseases seen in bees (Dogaroglu
1999). In recent years, there has been an increase
in honey bee diseases due to increasing global
warming and changing environmental factors (Le
Conte and Navajas 2008). Due to infections, honey,
and brood production in bees decrease, hive deaths
occur, and beekeeping in the country suffers
significant economic losses. For this reason,
pathogens that cause bee disease should be
diagnosed quickly (Eroglu 2022a, Eroglu 2022b).
Microbial pathogens originating from bacteria,
viruses, and fungi are among the most important
factors that cause disease in honey bees. Bacterial
diseases in honey bees cause rotten odors in bees.
Fungal factors cause stone disease [Aspergillus
flavus, (Af)] and lime disease [Ascosphaera apis
(Aa)] in honey bees (Simsek 2005). The most
common microbial agent in bees is viruses. To date,
it has been determined that there are more than 30
viruses that cause infection in honey bees (Galbraith
et al. 2018, McMenamin and Flenniken 2018,
Schoonvaere et al. 2018). However, it has been
reported that there are seven viruses that cause very
serious diseases and colony collapses and threaten
the world of beekeeping to a great extent. These
viruses are: deformed wing virus (DWV), lIsraeli
acute paralysis virus (IAPV), black queen cell virus
(BQCV), acute bee paralysis virus (ABPV), Kashmir
bee virus (KBV), Sacbrood virus (SBV), and chronic
bee paralysis virus (CBPV) (Bailey et al. 1976, Chen
et al. 2005, Baker and Schroeder 2008). The aim of
this study is to identify microbial honey bee
pathogens in Amasya province by using molecular
methods and determine the distribution of microbial
pathogens that adversely affect honey bee
populations in Amasya province and its districts. As
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a result of the data obtained, we describe the
occurrence of 7 different microbial pathogens in
individual bees, hives, apiaries, and regional scales
by molecular methods.

MATERIAL AND METHODS
Collection of Samples:

In July-September 2022, mass bee deaths were
observed in the vicinity of Amasya, Turkey. 192
worker bees and 16 queen bees that died
spontaneously in front of 23 different hives in the
districts of Amasya (11 worker bees and 4 queen

Suluova

A

Goynticek

Figure 1. Field study location

Besides, 3 worker bees collected from the
Gimishacikdy locality were found to be covered
with fungi to a large extent and were taken into
separate plastic tubes. To isolate this fungus, the
fungus was taken with the help of a sterile round-
tipped loop, and three-point inoculation was made
on potato dextrose agar (PDA) medium. The petri
dish was incubated a 28°C for 14 days and the
growing fungal colonies were photographed.

bees of 4 hives from Gdynuicek, 40 worker bees and
2 queen bees of 3 hives from GiUmushacikdy, 26
worker bees of 2 hives from Tasova, 34 worker bees
and 4 queen bees of 5 hives from Hamamozi, 29
worker bees and 2 queen bees of 3 hives from
Merzifon province and, 52 worker bees and 4 queen
bees of 6 hives from the city center) were collected
(Fig. 1). Honey bee samples could not be obtained
from the Suluova district, where beekeeping is not
carried out intensively. Dead bee individuals
belonging to each hive were placed in separate
falcon tubes and brought to the laboratory on ice.
Samples were stored at -80°C until total nucleic acid
isolation.

Amasya

Afterward, PCR was performed using partial primers
of the B-tubulin2a gene found in fungi, and the
obtained bands were sent for sequence analysis.

Total Nucleic Acid Isolation

The samples to be studied were taken into 2 mi
sterile homogenization tubes and 1 ml of phosphate
buffer solution (PBS) was added. After the steel ball
was added to it, it was disintegrated in the Tissue
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lyser (Qiagen) device at a speed of 50 strokes for 7
minutes. Tissue samples were then centrifuged at
6000 rpm for 3 minutes at 4°C. 200 pl of the
supernatant prepared for total nucleic acid isolation
was transferred to a new 1,5 ml sterile tube. Total
nucleic acid extraction of bee samples was
performed according to the manufacturer's
instructions using the Cador pathogen mini (Qiagen)
kit. Total nucleic acids isolated in pure and clean
form were stored at -20 °C until PCR processes.

Polymerase Chain Reactions:

After total nucleic acid isolation, the isolates were
used directly in PCR reactions for bacterial and
fungal screening. For the screening of RNA viruses,
reverse transcription was performed using
Maxime™ RT PreMix Kit (Random Primer, Intron).
For cDNA synthesis, 4 ul of RNA from each sample
was taken and 16 pl of cDNA Synthesis dissolved in
dH20 was added to the Premix solution. The
samples were taken to the Thermal Cycler device

Table 1. Primer sequences

and incubated for 60 minutes at 45 °C and then at
95 °C for 5 minutes. After this step, a PCR reaction
was performed using the primers indicated in Table
1. For PCR, the reaction was established by adding
25 ul Ecotaq 2x PCR master mix, 2 ul forward primer
(10 uM), 2 ul reverse primer (10 uM), 100 ug
template DNA/cDNA and up to 50 uyl dH20. The
reaction conditions are as follows: 30 seconds at
98°C, 35 cycles of 10 seconds at 94°C, 15 seconds
at 55-65°C, 15 seconds at 72°C, and a final
extension of 1 minute at 72°C. After the PCR
reaction was finished, all samples were run on a 1%
agarose gel containing ethidium bromide at 75 Volts
for 45 minutes and visualized under UV light. The
samples with bands obtained as a result of PCR
were sent to Sentebiolab (Ankara, Turkey) for
sequence analysis. Sequence results obtained were
corrected using the Clustal W multiple alignment
program in Bioedit (7.2.5).

Primer name Sequences Bp and Tm References
Chronic bee Forward: GCAAACTGCCCACCAATAGT 500 bp, 550
paralyses virus Reverse: TGGTACGGAAGGTGTGTCAA
(RdRP)
Sacbrood bee Forward: TATTCAGGGGGACGCTACAC 429 bp, 550
virus (cp gene) Reverse: AGTGCTGCTTGAAACCCTGT
Israeli acute Forward: TTGGCGTGCAACTATGTGTT 402 bp, 558
paralyses virus Reverse: TCTTCTGCCCACTTCCAAAC Rii
Ustemoglu
(cp gene) and Sipahioglu
Black queen cell | Forward: GACAGCGTGCCAAAGAGAG 567 bp, 550 2019
virus Reverse: GCGAACCCGTCCAATACTTA
(cp gene)
Kashmir bee virus | Forward: CACATTCCGAACAATAA 339 bp, 550
(cp gene) Reverse: GCGATAGGAATTTTGCGGTA
Deformed wing Forward: TTGGTATGCTCCGTTGACTG 488 bp, 550
virtis (Non- Reverse: ATTCCTCAGAAGTTGGTTTCG
structural protein)
Acute bee Forward: GTATGGAAGTGGGCTGAGGA 476 bp, 558 Ristemoglu
paralyses virus Reverse: CGCGGTACTAAAAAGCTACGA and Sipahioglu
(cp gene) 2016
Bacteria Universal | Forward: ATTCTAGAGTTTGATCATGGCTCA 1465 bp, 550 Weisburg et al.
(16SrRNA) Reverse: TGGTACCGTGTGACGGGCGGTGTGTA 1991
Ascosphaera apis | Forward: GCACTCCCACCCTTGTCTA 550 bp, 62 James and
(5.8srRNA ITS Reverse: GAWCACGACGCCGTCACT Skinner 2005
region)
Aspergillus flavus | Forward: GGTAACCAAATCGGTGCTGCTTTC 495 bp, 55 Glass and
(B-tubulin2a) Reverse: ACCCTCAGTGTAGTGACCCTTGGC Donaldson
1995
*Bp: base pair, Tm: temperature melting
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Data analysis

The prevalence graph of honey bee pathogens in
Amasya and the pathogen prevalence graph
according to localities were drawn using the
GraphPad Prism 9.5.1 software program. The
results were statistically analyzed in SPSS 24. The
prevalence of pathogens in each locality was
determined using Pearson's chi-square test at
p < 0.05 by the use of the contingency table and two-
way frequency table.

RESULTS
Detection of Microbial Pathogens

Microbial pathogen screening was performed with
the primers specified in Table 1 for all samples. The
band images obtained as a result of PCR are given
in Fig. 2. Accordingly, as a result of the study,
multiple microbial diseases were detected in dead
bee samples taken from 6 different districts and the
city center (Table 2).

A flevus

I

I

165 rRNA

I Bacteria

Figure 2. Agarose gel bands were obtained as a result of pathogen screening (M: Central, G: Gimushacikdy, H:

Hamamoézi, G6: Goynucek, Mz: Merzifon, T: Tasova).

Sequences obtained as a result of analyses using
the first-generation sequencing (Sanger-dideoxy)
method have been sent to us. The nucleotide
megablast application
(https://blast.ncbi.nim.nih.gov) of NCBI (The
National Center for Biotechnology Information),
Genbank in the database was used to identify the
samples after cutting the poorly read parts from the
beginning and end of the nucleotide sequences.

According to the results obtained, it was determined
that DWV was the most common honey bee
pathogen in Amasya province, and CBPV was the
pathogen that caused the most deaths. In addition,
while examining the bees brought to the laboratory
after the fieldwork, it was morphologically observed
that there was a fungal disease in the bodies of three
worker bees collected from the Amasya
Gumusghacikoy district (Fig. 3).
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Figure 3. Aspergillus flavus infection in honey bees in Gimughacikdy. A. Morphological infection of bees with fungi, B.
Top view of the fungus on PDA medium, C. Fungus viewed from below the petri dish.

After the blastn analyses, the samples were named
according to the species with high similarity in the
database. Accordingly, A. flavus, A. apis, and P.
putida in dead honey bees in Amasya city center,
DWYV in dead bees in Tasova district, DWV, A. flavus

U.Ar D. — U.Bee J. 2023, 23 (1): 93-104

and P. aeruginosa in Hamamdzi district, CBPV, A.
flavus, and P. putida, DWV, and P. fluorescens in
Goynicek district, and DWV and A. flavus
pathogens in Merzifon district (Table 2).
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Table 2. Type, and name of infection, database and locality information of infected samples

Locality Sample Sample Infection Pathogen Accession Base
name type type name number pair

M2 Multiple , 0Q473574 | 372bp

M3 Single A. apis 0Q473575 | 372bp

M4 Single 0Q459690 | 495 bp

Central M5 Single A flavus 0Q459691 | 495 bp

M6 Worker Single ’ 0Q459692 | 495 bp

M2 bee Multiple 0Q459693 | 495 bp

M7 Single P. putida 0Q472513 | 1022 bp

H5 Multiple 0Q459694 | 495 bp

H6 Multiple A. flavus 0Q459695 | 495 bp

H8 Single 0Q459696 | 495 bp

Hamamozi H5 Multiple 0Q459684 | 414 bp

H6 Multiple DWV 0Q459685 | 414 bp

H7 Queen bee Single 0Q459686 | 414 bp

H1 Single P.aeruginosa | OQ472491 | 780 bp

Tasova T4 Single DWV 0Q459687 | 414 bp

G1 Worker Multiple 0Q459697 | 495 bp

G3 bee A flavus 0Q459698 | 495 bp

G9 Single ’ 0Q459699 | 495 bp

G10 0Q459700 | 495 bp

G1 Multiple 0Q459671 | 462 bp

G2 Queen bee Single 0Q459672 | 471 bp

Gimiighacikdy G3 Worker Multiple 0Q459673 | 462 bp

bee CBPV

G4 Queen bee 0Q459674 | 471 bp

G6 0Q459675 | 471 bp

G7 Single 0Q459676 | 462 bp

G8 0Q459677 | 462 bp

G11 P putida 0Q472510 | 1025 bp

G12 Worker - put 0Q472512 | 1022 bp

Goyniicek Go62 bee Multiple DWV 0Q459679 | 414 bp

Go63 Single 0Q459680 | 414 bp

Go1 Single P.fluorescens | OQ472508 | 1428 bp

Go62 Multiple A. flavus 0Q459689 | 495 bp

Mz1 Single 0Q459681 | 414 bp

Merzifon Mz2 Single DWV 0Q459682 | 414 bp

Mz3 Queen bee Single 0Q459683 | 414 bp

According to the results obtained, it was determined

GUmuUshacikdy (p-value =

0.002, Chi square=
= 0.002, Chi

that the most common honey bee pathogens in
Amasya were of viral (DWV, CBPV) and fungal (A.
flavus) origin (Fig. 4A). In addition, when the rates of
microbial diseases by districts and city center were
examined, the presence of pathogens was
determined mostly in the samples taken from

50.27), Amasya center (p-value
square= 47.88) and Hamamoézu (p-value = 0.004,
Chi square= 44.07) (Fig.4B). The three most
common pathogens in Amasya were DWV, CBPV,
and A. flavus.
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Figure 4. The prevalence of each of honey bee pathogens in Amasya province (A), the prevalence of all honey bee

pathogens in Amasya center and districts (B)

DISCUSSION

Honey bees, Apis mellifera, usually encounter many
disease factors such as bacteria, fungi, parasites,
and viruses during their developmental period.
Significant economic losses occur in beekeeping
due to the disease of honey bees in the world and in
our country. Knowing, the early diagnosis and
treatment of diseases in honey bees are very
important to prevent economic losses in honey
beekeeping. In studies carried out to date,
pathogens causing disease in honey bees have
been detected by PCR technique using universal or
specific primers.

One of the biggest problems faced by the whole
world is the rapid increase in bee deaths (Antunez et
al. 2006). Among the honey bee pathogens, viruses,
Bacteria, and fungi stand out (Glinski and Buczek
2003; Dolezal and Toth 2018). DWV, which is one of
the most common bee viral pathogens all over the
world, is known to be detected in both mobile and
fixed beekeeping areas and has a high prevalence
worldwide (Tentcheva et al. 2004; Welch et al.
2009). Berenyi et al. (2006), after examining 90
honey bee colonies in Austria, stated that the most
common virus was DWV, which was found in 91% of
the samples. Ghorani et al. (2017) reported that
DWV was the most common pathogen in samples
from 89 apiaries in four regions of Iran (Mazandaran,
Hormozgan, Kurdistan, and Khorasan Razavi).
According to Koziy et al. (2019) examined DWV-
affected and newly hatched bees pathologically and
reported that DWV-affected bees had a 2 times
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slower and 30% higher mortality rate compared to
normal bees. In this study, it was determined that the
most common virus in Amasya was DWV and it was
found in several different localities throughout the
city, not in a single locality like CBPV. Dittes et al.
(2020) detected CBPV in samples from two Apis
mellifera carnica colonies showing signs of paralysis
and hairless black syndrome in 2019. They
explained that the reason why the morphological
symptoms caused by CBPV infection are so intense
is that the weather situation in Germany was colder
than normal in May 2019, and therefore, the duration
of stay of the bees in the hive increased and the
spread of the virus in the hive increased by
increasing their contact with each other. In this study,
CBPV infection was detected during PCR scanning
in samples taken from asymptomatic worker bee
individuals in GuUmushacikdy, the westernmost
district of Amasya. This situation reveals that the
presence of CBPV wusually progresses without
symptoms, but it shows symptomatic findings in the
presence of factors such as bad weather conditions
or nectar deficiency (Ribiere et al. 2010; Dittis et al.
2020). Dias et al. (2023) determined that the most
common pathogens were DWV, ABPV, and CBPV
viruses in their study for the detection of honey bee
pathogens in solitary and social bees in Brazil.
However, while the presence of intense CBPV was
observed in apiary areas, it reported the absence of
CBPV in non-apiary areas. It is known that A. flavus
propagated more than A. apis to produce infective
ascospores and therefore releases higher titers of
infective propagules into the environment but still
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causes much fewer outbreaks than A. apis (Vojvodic
et al. 2011; Foley et al. 2014). In this study, it was
determined that the pathogen A. flavus was both
more cosmopolitan and more prevalent in Amasya
than A. apis.

Some of the studies on the diagnosis of microbial
diseases in honey bees in Turkey are as follows:
Gulmez et al. (2009) detected DWV for the first time
in Turkey as a result of their study on honey bees in
Ordu province. Muz and Muz (2009) identified DWV,
Nosema sp., Malpighamoeba mellificae, and Varroa
destructor as a result of their analysis of honey bees
in Hatay province. Borum and Ulgen (2010)
investigated the prevalence of fungal infections in
beekeeping enterprises in Bursa province and its
surroundings, as a result of their study, A. apis was
found in 23.8% of the hives they examined and
Penicillium sp. isolated fungi. Ristemoglu and
Sipahioglu (2016) defined ABPV from honey bees in
Hakkari province. Muz and Muz (2018) detected
BQCYV in honey bees collected from different cities
in Turkey. Kadirhan et al. (2019) detected P.
aeruginosa, Paenibacillus larvae, and Melisococcus
pluton bacteria in their study on the detection of
bacterial diseases in honey bees in Kars and
Ardahan provinces. Kalayci et al. (2019) detected
SBV in honey bees from Mugla province.
Rustemoglu and Sipahioglu (2019) detected 6
viruses (BQCV, DWV, SBV, CBPV, KBV, IAPV) in
honey bees in Hakkari province. Bog et al. (2020),
as a result of the study they conducted on the
investigation of the entomopathogenic bacterial flora
of honey bees in Ordu province, 18 non-spore
forming (Staphylococcus lentus, Klebsiella oxytoca,
Citrobacter freundii, Leuconostoc mesenteroides
ssp. cremoris, Kocuria rosea, Kocuria kristinae,
Sphingomonas paucimobilis slashline, Burkholderia

cepacia, Leuconostoc  mesenteroides  ssp.
dextranicum, Hafnia alvei, Escherichia coli,
Aeromonas salmonicida, Citrobacter braakii,

Pantoea agglomerans, Streptococcus equi ssp.
zooepidemicus, Staphylococcus pseudintermedius,
Staphylococcus lugdunensis, and Staphylococcus
vitulinus) and 2 spore-forming bacterias (Bacillus
licheniformis and Paenibacillus polymyxa). Kalayci
et al. (2020) reported that the DWV pathogen was
the most common in honey bee samples from
Adana, Aydin, Bursa, lzmir, Kitahya, Mugla, and
Manisa, while the CBPV pathogen was less
common. In addition, Eroglu (2023) determined that
honey bee viruses (BQCV and KBV) were found in
some wasps (Vespula germanica) found collectively

dead in Erzurum. In this study, the molecular
diagnosis of honey bee microbial diseases in
Amasya province, where beekeeping is an important
source of income, was made for the first time, and 2
different viruses (DWV, CBPV), 3 different bacteria
(P. putida, P. aeruginosa, P. fluorescens) and 2
fungi. (A. apis, A. flavus) were detected.

Considering both the results of this study and the
studies conducted in other provinces in the literature,
it has been observed that honey bees in our country
are frequently sickened by microbial pathogens and
these diseases usually result in death. When the
studies in the literature are examined, it has been
determined that DWV is the most common honey
bee pathogen in our country and it is common in
Hakkari, Ordu, Hatay, and, with this study, Amasya.
However, in this study, it was determined that CBPV
and A. flavus pathogens, which are common
pathogens in Amasya, are more limited in Turkey. It
has been observed that these pathogens both cause
the loss of honey bee colonies and the pathogenicity
of A. flavus, especially containing aflatoxin, is
widespread. Considering the risk of aflatoxin
contamination in bee products, it is important for
beekeepers to take the necessary precautions. One
of the precautions to be taken in order to prevent this
is that transported beekeeping should be done very
carefully. Because, in the winter months, healthy
beehives transported from cold provinces to different
regions are infected with disease agents and these
factors spread between cities. With the opening of
the hives in spring, colony collapse is observed in
many hives and pathogens can quickly infect other
hives. Another consideration is the vectors that
cause the spread of microbial pathogens. One of
these vectors is the varroa mite. If the control of
varroa, known as bee lice, is provided correctly
(without stressing the bees and leaving no residue
on bee products), the spread of diseases will also
decrease. In this study, the microbial disease profile
of honey bees in Amasya province was revealed.
Thus, in order to prevent the most common viral
(DWV, CBPV) and fungal (A. flavus) diseases in
Amasya, the beekeepers were informed about the
cleaning of the hive and the Varroa control to be
done without stressing the bees.

Conclusion

In this study, microbial causes of mass mortality of
honey bees in Amasya were investigated. The
results showed that very dangerous and rapidly
spreading microorganisms such as CBPV, DWV,
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and A. flavus are common in honey bees in Amasya
province. Microbial pathogens were detected
relatively densely in honey bee samples taken from
Amasya centre, Hamamozi, and Gumishacikdy
compared to other localities. In this sense, it was
given information about the beekeepers in this
locality to clean the hive frequently, to be more
careful about transported beekeeping in winter, and
to carefully apply traditional methods used for the
control of Varroa mite, which provides pathogen
transfer from sick individuals to healthy individuals.
Thus, it has been revealed that solutions should be
sought against these factors in order to contribute to
the country's economy and public health, especially
in the province of Amasya.
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ABSTRACT

Honeybees are indispensable pollinator insects for vegetative pollination and biodiversity. Moreover,
they serve medicinal importance with products such as honey, propolis, pollen, and royal jelly. Sudden
bee deaths and colony collapse disorder (CCD) threaten the sustainability of colony health. Honeybee
viruses, parasites, and pathogens trigger colony losses and CCD. This study investigated the presence
and prevalence of Israeli acute bee paralysis virus (IAPV) in apiaries with sudden bee deaths, colony
losses, and CCD-like problems in 16 provinces in different eco-geographic regions of Tiirkiye between
2011- 2021. Samples were tested for the coexistence of honeybee pathogens with IAPV. The sampled
apiaries were evaluated for other bee pathogens such as Acute bee paralysis virus, Black queen bee
virus, Chronic bee paralysis virus, Deformed wing virus, Kashmir bee virus, Lake Sinai virus, Sacbrood
virus, Varroa mites, and Nosema sp. analyzed. Pathogen-specific RT-PCR assay was used for bee
viruses. IAPV positivity was found to be 52.5% in apiaries. 97.5% of the sampled apiaries were positive
for at least one pathogen. According to the results of this study, the presence of IAPV in apiaries
suffering from colony loss and CCD-like problems was higher than in previous reports, and viruses of
different species, Nosema sp., and varroa infestation were found to be frequently encountered. The
results suggest that the coexistence of IAPV and multiple pathogens may be effective in colony losses.

Keywords: IAPV, Honeybee Viruses, CCD, Colony Losses, Tiirkiye

oz

Bal arilan bitkisel tozlagma ve biyocesitliligin devaminda vazgec¢ilmez polinatér béceklerdir. Ayrica
bal, propolis, polen arisiitii gibi iiriinleriyle tibbi 6neme sahiptirler. Ani ari 6liimleri ve koloni ¢okiis
bozuklugu (CCD) koloni saghginin surdiriilebilirligini tehdit eder. Bal arisi viriisleri, parazit ve
patojenleri koloni kayiplarini ve CCD-benzeri problemleri tetikler. Bu arastirmada 2011- 2021 yillar
arasinda Tiirkiye’de farkl eko-cografik bolgelerdeki 16 ilde ani ar1 6limleri, koloni kayiplari ve CCD
yasanan ariliklarda Israil akut ari felci viriisiiniin (IAPV) varligi ve yayginhginin tespiti amacglanmistir.
Ornekler patojenlerinin IAPV ile bir arada bulunmasi agisindan test edildi. Orneklenen arliklar ar
patojenlerinden Akut ari felci viriisii, Siyah kralice ari viriisii, Kronik an felci viriisii, Deforme kanat
virtisii, Kasmir ar viriisi, Lake Sinai viriisii, Sakbrood viriis, Varroa akarlari ve Nosema sp. yoniinden
analiz edildi. An viriisleri igin patojen spesifik RT-PCR testleri kullanildi. Orneklenen ariliklarin %97,5’i
en az bir patojen yoniinden pozitif bulunurken, IAPV pozitifligi %52,5 olarak tespit edildi. Aragtirma
sonugclarina gore, koloni kaybi ve CCD-benzeri problemler yaganan ariliklarda IAPV’nin yayginliginin
onceki raporlara kiyasla daha yiiksek oldugu belirlendi. IAPV pozitif ariliklarda farkh tiirlerdeki virusler,
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Nosema sp. ve varroa enfestasyonuna rastlanildigi tespit edildi. Sonuglar IAPV ile birlikte ¢coklu patojen
pozitifliginin koloni kayiplarinda etkili olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: IAPV, Bal Arisi Viriusleri, CCD, Koloni Kaybi, Turkiye

GENISLETILMiS OZET

Amag: Bu arastirma kapsaminda Tirkiye’de 2011-
2021 yillar arasinda koloni kaybi ve koloni ¢okis
bozuklugu sikayetleri olan ariliklarda israil akut ari
felci virisu (IAPV) varligi ve yayginhigini tespit etmek
amagclandi. Ayrica 6rneklenen ariliklarda IAPV ile
birlikte es zamanli bulunan bal arisi patojenleri
arastiridi.

Giris: Bal arilari tarimsal biyogesitliliginin ve Uretimin
devamliiginda kritik rolleri bulunan ekonomik
yonden oOnemli polinatdér bdceklerdir. Cevresel
faktorler, zirai ilaglar, stres faktorleri, patojen ve
parazitler ari saghgi ve koloni saghginin surekliligini
tehdit ederler. 2006 yilindan itibaren basta A.B.D.
basta olmak Uzere llkemiz dahil dinya Ulkelerinde
gorilen ani koloni kayiplari ve koloni ¢okus
bozuklugu (CCD) kiresel bir sorun haline gelmistir.
“lyi aricilik uygulamalari” kapsaminda CCD ve kig
kayiplarinin  nedenlerinin ve risk faktérlerinin
aragtiriimasi koloni sagliginin yoénetiimesine katki
saglayacaktir. Farkh viral enfeksiyonlar ile Varroa
akarlarinin bir arada bulunmasi CCD igin yuksek risk
olarak gosterilmektedir. israil akut ari felci virtisii
(IAPV) ilk olarak 2004 yilinda CCD’li ariliklarda izole
edilmis ve koloni kayiplariyla iligkilendirilmistir.
Yapilan ¢alismalarda, IAPV tek basina CCD nedeni
olarak gosteriimese de koloni kayiplari ve CCD
vakalarinda rol oynayabilecegi ve diger faktorlerin
varliginda koloni saghgini olumsuz etkileyecegi
vurgulanmigtir.

Gereg¢ ve Yontem: Arastirmada 2011-2021 yillari
arasinda Turkiye'nin farkli eko-cografik bdlgesinden
16 ilde koloni kayiplari ve CCD benzeri sikayetleri
olan ariliklardan orneklemeler yapildi. Bu amacla
toplam 120 arihktan canli arn drnekleri ve yavrulu
petek ornekleri toplandi. Bu érnekler basta IAPV
olmak Uzere ari patojenlerinden Akut ari felci viriisii
(ABPV), Siyah kralige ari viriisii (BQCV), Kronik ari
felci virtistii (CBPV), Deforme kanat viriisii (DWV),
Kasmir ari virtistii (KBV), Lake Sinai virtisii (LSV),
Sakbrood viriis (SBV), Varroa akarlari ve Nosema
sp. yénunden analiz edildi. Ari virGsleri patojen
spesifik RT-PCR testleri kullanilarak arastirildi.
Ariliklardaki sikayetler kaydedildi.
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Bulgular ve Sonug: Yapilan RT-PCR sonuglarina
gore APV pozitifligi %52,5 (n=63) olarak tespit
edildi. Test edilen ariliklar %97,5 oraninda en az bir
patojen yoéninden pozitif bulundu. Orneklenen
ariliklarda DWV ve BQCYV sirasiyla %80 (n=96) ve
%57,5 (n=69) oranlariyla en yaygin ari virlsleri
olarak belirlendi. Diger ari virislerinin pozitifligi LSV,
CBPV, ABPV ve SBV, sirasiyla %30 (n=36), %15
(n=18), %10 (n=12) ve %7,5 (n=9) oranlarinda
oldugu tespit edildi. Ornekler KBV yoniinden negatif
bulundu. Ariliklarda Nosema sp. pozitifligi %32,5
(n=39) olarak belirlenirken Varroa enfestasyonu
ariliklarin %91,6'sinda farkli seviyelerde kaydedildi.
Koloni kayiplarinin yasandigi ariliklarin patojen
varligi yoninden birden fazla virls tiri ile enfekte
oldugu tespit edildi. IAPV varligi diger patojenlerle
birlikte miks enfeksiyonlar igerisinde kaydedildi.
Yapilan 10 yilik arastirmada IAPV pozitifligi
Tarkiye’den bildirilen raporlara gore yuksek bulundu.
Ariliklardaki sikayetlere gore ani gelisen koloni
kaybi, yodun kis kaybi yasanan veya CCD
sikayetleri bulunan ariliklardaki 1APV pozitifligi
%44,4- 58,8 degisen oranlarda yiksek bulunurken,
bu ariliklardaki pozitiflikler arasindaki farklilik
istatistiki olarak anlamh degildi. Sonug olarak, ki
kayiplari, koloni kayiplari yasanan ariliklarda ylksek
oranlarda IAPV varligi tespit edildi. Ariliklarda koloni
saghiginin surekliligi saglanmasi yoniinde yapilacak
iyi aricilik uygulamalari kapsaminda patojen
varliginin aragtiriimasi ve micadelesi kapsaminda
stratejilerin gelistiriimesi 6énemli katkilar sunacaktir.

INTRODUCTION

Honeybees are among the most significant
economically colonized pollinator insects, but
various factors threaten the sustainability of honey
bee colonies at ever-increasing levels (Mcmenamin
and Genersch 2015). Colony Collapse Disorder
(CCD) has caused serious significant global
concerns since 2006 on colony health. CCD is a
phenomenon that the disappearance of worker bees
has characterized despite a queen, enough food,
brood cells, and few nurse bees exist in a colony
(VanEngelsdorp et al. 2007). Matching of variables
like multiple pathogens, agricultural chemicals, and
stress factors trigger colony losses and CCD.
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Scientific results have reported that synergizing two
or more factors may contribute to colony population
declines (Cox-Foster et al. 2007). Within the scope
of “good beekeeping practices,” it has been
accepted that investigating and revealing the causes
of colony collapses and winter losses will contribute
to easier management of colony health (Williams et
al. 2010). Varroa mite is one of the majority factors
causing the deterioration of bee health and they act
as biological and mechanical vectors of many
viruses. The coexistence of different viral infections
and Varroa mites in colonies is considered a high
risk for CCD (Muz 2008; De Miranda et al. 2011).

Honeybee viruses are known most common bee
pathogens by their effects on colony health
(Mcmenamin and Genersch 2015). They can show
the covert infections specified with asymptomatic
bees and overt infection with symptomatic bees in
the colony (Hails et al. 2008). Some reports highlight
the evidence that some bee viruses can trigger CCD
(Cox-Foster et al.2007; Genersch et al. 2010;
Corman et al. 2012). Many viruses have been
reported from apiaries to date worldwide (Corman et
al. 2012; Muz and Muz 2021). Israeli acute paralysis
virus (IAPV) was first identified in CCD-affected
colonies in 2004 (Maori et al. 2007). Since then, the
association and interaction of IAPV with single or
multiple variables remain an interesting research
priority. Horizontal and vertical transmission routes
were approved in IAPV transmission in honeybee
colonies. IAPV can infect honeybees during
separate biological stages, primarily in the digestive,
nervous systems, and hypopharyngeal glands (De
Miranda et al. 2010; Chen et al. 2014). Thus IAPV-
infected colonies have asymptomatic or
symptomatic bees suffering from trembling wings,
paralysis, darkened body, and death (Maori et al.
2007). IAPV is an RNA virus classified in the
Dicistroviridae subgroup in the Picornaviridae family.

Tuarkiye's suitable geographical location is so
reasonable for beekeeping. Tirkiye is remarkable in
global ranking with its hive number and the produced
honey amount. But colony losses seriously cause
product losses to inconvenience beekeepers in most
countries such as Turkiye (Cakmak 2012; 2016).
Honeybee viruses have been reported in colony-
lossed apiaries in Turkiye (Gulmez et al. 2009, Muz
and Muz 2009; 2018, Kalayci et al. 2020). Although
the record of IAPV existence has been reported
previously in Turkiye, its role and the inter-pathogen
interrelationship on colony losses are not clear
(Ozkirm and Schiesser 2013; Ristemoglu and

Sipahioglu 2019; Cagirgan et al. 2020; Kalayci et al.
2020; Gagirgan and Yazici 2021). In this study, the
share of IAPV in pathogen distribution was
investigated according to beekeeper complaints
based on colony loss between 2011-2021, and some
other pathogens were also tested.

MATERIAL AND METHODS
Sampling Area and Sample Collection:

The samples represent 16 provinces of different eco-
geographic regions in Turkiye. The source points are
Afyonkarahisar, Agri, Antalya, Balikesir, Bursa,
Diizce, Edirne, Erzurum, Giresun, Hatay, istanbul,
Mersin, Mugla, Sivas and Tekirdag. The sampling
period was between April and September of 2011-
2021. In the study, the sample numbers were
determined by considering the existence of colony
loss and CCD-like complaints, the amount of hives
in the sampled provinces. The sampling covered 120
apiaries with sudden bee deaths, brood deaths,
unexpected high winter losses, severe colony
losses, or CCD-like complaints. There were different
symptoms in the sampled apiaries. The specimen
from each colony per apiary included at least 20 alive
nurser bees and brood comb (15 cm x 15 cm in size).
Each apiary's worker bee, larva, and pupa samples
were transferred to sterile tubes for molecular
analysis. Bee samples for molecular tests were
stored at -80 °C until analysis.

Homogenization, Nucleic Acid Extraction, and
PCR Method

RNA was isolated from bee samples for use in
molecular analyses. Briefly, sample pools with five
bees were homogenized in 5 ml of PBS. Then, the
obtained supernatant after centrifugation at 3000
rom for 5 minutes was used in the extraction
protocols. According to the kit's protocol, a
commercial kit (GeneJET RNA Purification Kit,
Thermo) was used for RNA extraction. The cDNA
synthesis reaction was performed using the
commercial kit (RevertAid First Strand cDNA
Synthesis Kit) according to its protocol for cDNA
synthesis. Acute bee paralysis virus (ABPV), Black
queen cell virus (BQCV), Chronic bee paralysis virus
(CBPV), Deformed wing virus (DWV), IAPV,
Kashmir bee virus (KBV), Lake Sinai virus (LSV),
Sacbrood virus (SBV) were analyzed in PCR tests.
The PCR mixture was prepared as 5u Taq
polymerase (Dream Taq polymerase, Thermo), 10x
Taq buffer, 3mM MgCI2, 300 pmol dNTP mix, and
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sterile water, in total 30 pl. ABPV, BQCV, CBPV,
DWV, IAPV, KBV, LSV, SBV specific forward and
reverse primers previously reported in the literature
for each pathogen were added to the mixture (Stoltz
et al., 1995; Chen et al., 2004; Berenyi et al., 2006;
Palacious et al 2008) (Table 1). PCR reaction
conditions included 5 min first denaturation at 95 °C,
followed by 40 cycles of 30" denaturation at 95 °C,
30" annealing step between 48-60 ° C, and 30"
elongation step at 72 °C. The amplified DNA
products were run on a 1% ethidium bromide gel
using the agarose electrophoresis method. Positive
samples were detected using a UV transmitter under
UV light.

The nurse bees and sealed broods from each colony
were used for varroa detection. The colonies
infested more than seven mites were considered
high, with 4-6 mites considered moderately, and

Table 1 The primer pairs used in RT-PCR protocols.

those infested with 1-3 were considered mildly
infested. To diagnose Nosema sp spores; the
abdomen of ten nurse bees were crushed in a mortar
with 10 ml of distilled water, and a drop of
homogenate was examined under the light
microscope between the lamellae.

To determine the colony losses, the answers given
by the beekeepers were analyzed and the colonies
were divided into three groups accordingly. It is the
first group in which winter losses are at the lowest
level, but symptomatic bees appear quickly at the
beginning of spring. The symptoms of this group
were recorded as trembling on the wings of the adult
bees, deformity of the wings, paralysis, blackening,
and brown/black spots in the larva and pupa
samples. The second group had both high winter
losses and severe colony losses. In the third group,
there were only CCD-like complaints.

Virus Amplified Region Primer Sequence (5’-3’) Expected Reference
Length
(bp)
ABPV Capsid protein F: GTGCTATCTTGGAATACTAC 618 Berenyi et al. 2006
R: AAGGYTTAGGTTCTACTACT
BQCV Nonstructural F: AGTAGTTGCGATGTACTTCC 472 Berenyi et al. 2006
polyprotein R: CTTAGTCTTACTCGCCACTT
CBPV RdRp F: TGTCGAACTGAGGATCTTAC 315 Berenyi et al. 2006
R: GACCTGATTAACGACGTTAG
DWV Helicase F: ATCAGCGCTTAGTGGAGGAA 702 Chen et al. 2004
R: TCGACAATTTTCGGACATCA
IAPV IGR F:GGTTGGCTGTGTGTCATCAT 767 Palacious et al.
R:CGATGAACAACGGAAGGTTT 2008
KBV Nonstructural F: GATGAACGTCGACCTATTGA 415 Stoltz et al. 1995
polyprotein R: TGTGGGTTGGCTATGAGTCA
SBV Structural protein F: ACCAACCGATTCCTCAGTAG 487 Berenyi et al. 2006

R: CCTTGGAACTCTGCTGTGTA

Statistical Evaluation

The distribution of pathogen positivity in apiaries and
the statistical evaluation of the relationship between
this distribution were evaluated using the SPSS IBM
(Version 25) program. For this purpose, independent
Sample T-test, and correlation analysis were used.
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The apiaries were divided into three groups. Apiaries
from which symptomatic bees were sampled
constituted the first group. The second group
sampled asymptomatic bees with colony losses and
unexpectedly high winter losses. And apiaries with
CCD-like complaints constituted the third group.
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RESULTS

Sampling was performed in 16 provinces with a total
of 120 apiaries in different years. Sampling was also
repeated in additional times in provinces where
colony loss complaints and beekeeping activities are
intense (Figure 1). ABPV, BQCV, CBPV, DWV,
IAPV, KBV, LSV, and Nosema sp. were analyzed in
this research. Sampling was performed in 16
provinces of 120 apiaries over different years.
Sampling was repeated in areas with intense colony
loss complaints and beekeeping activities (Figure 1).
The results showed 97.5 % positivity (n=117) of at
least one pathogen in the apiaries. In terms of the
bee virus’s positivity, DWV was the prevalent
pathogen with an 80% (n=96) rate, followed by
BQCV and IAPV positivity with 57.5% (n=69) and
52.5% (n=63) rates, respectively (Figure 2). The
LSV, CBPV, ABPV, and SBV positivity were
detected at 30% (n=36), 15% (n=18), 10% (n=12),
and 7.5% (n=9), respectively (Figure 2A). The
samples were negative for KBV. Nosema sp.
positivity was found to be 32.5% (n=39). Varroa
infestation was determined at different levels at
91.6% of apiaries (n=110). IAPV-positive apiaries
were all Varroa-positive. Varroa levels were at low,
medium, and high levels determined in IAPV-

Table 2. Correlations between tested variables

Mn. Sd. 1 2

1 IAPV 0,5250 0,50147 1

2 DWV 0,8000 0,40168 0,150 1
3 BQCV 0,5750 0,49642 -0,008 -0,177
4 ABPV 0,1000 0,30126 0,150 -0,042
5 SBV 0,0750 0,26450 -0,109 0,142
6 LSV 0,3000 0,46018 -0,033 ,191°
7 CBPV 0,1500 0,35857 -0,021 -,315"
8 Nosema sp 0,3250 0,47034 0,126 -,320"
9 Apiary status 1,8750 0,75105 -0,092 0,084

*

: p<0.05, **: p<0.01

According to colony losses complaints, three groups
was the first group consisted of 51 apiaries, the
second group was 42 apiaries and the third included
27 apiaries. IAPV positivity was found as 58.8 %
(n=30), 50 % (n=21), and 44.4 % (n=12) rates in the
first, second, and third groups, respectively. Among
groups, the positivity of IAPV was statistically

-0,139

-0,051

positive apiaries (n=63) with 57.1 %, 28.6%, and
14.3 %, respectively. Compared to IAPV existence,
the Varroa levels were statistically insignificant
(p<0.05).

Only three apiaries were free of tested pathogens.
The DWV has often been detected all years in the
apiaries, although DWV occurrence is statistically
(p<0.05) insignificant with the IAPV positivity over
the years. Regarding the coexistence of the most
prevalent pathogens in IAPV-positive apiaries were
IAPV+DWV (n=51), IAPV+ BQCV (n=33) and IAPV+
Nosema sp. (n=24) combinations followed (Figure
2B). The coexistence of IAPV with SBV was not
found. IAPV and other investigated pathogens were
statistically insignificant (p<0.001, p<0.05) (Table 2).
The existence of BQCV, LSV, CBPV, and Nosema
sp. was found to be low-significant statistically in
apiaries (p<0.05). Single pathogen positivity was in
nine apiaries while multiple pathogens' existence
was noted with dual (n=27, 23.1%), triple (n=45,
38.5%), and tetrad (n=36, 30.8%) in pathogen
positive apiaries (Figure 2C). At least one pathogen
positivity was also detected in all |IAPV-positive
apiaries. IAPV positivity was seen in 12 provinces
and all sampled years (2011-2021).

3 4 5 6 7 8 9
1
0,118 1
-0,095 1
0,011 -218 -,186 1
,220° 0,093 0,146 -0,122 1
-0,053 0,005 -221° -0,142 1
-0,008 0,056 -206" ,2557 -0,023 -0,098 1

insignificant (p<0,05). In the first group, darkened
bees and brown/black spotted were noted in larvae
and pupae brood samples in 27 (52.9%) apiaries.
Fifteen (55.6%, 15/27) of these apiaries were
positive for IAPV. IAPV tested positive in 36 (85.7%)
of 42 apiaries in paralyzed bees were recorded.
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Ay Wy

Figure 1: Sample area and sampling years are shown with different color circles. The orange circle: 1-3 years sampled,
the green circle; 4-5 years sampled, blue circle; 6-8 years sampled. The IAPV-positive apiaries are marked with a red
triangle in the sampled provinces.
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Figure 2: The results of pathogens' positivity of apiaries in this research. A. The distribution of pathogen positivity in

sampled apiaries. B. The coexistence of pathogens and IAPV in positive apiaries. C.The distribution of single and multiple
pathogens in positive apiaries.
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DISCUSSION

Honeybee viruses may induce covert infections in
worker and queen bees of healthy-looking colonies.
As sick and clinically symptomatic bees may suffer
from more severe problems depending on different
factors. (Chen et al. 2005). Stress factors like
increased mite loads and elongated overwintering
periods trigger the viral multiply resulting in colony
declines and collapse (Chen et al. 2014). Deformed
wing virus (DWV) load increased significantly after
Varroa infestation and caused colony collapses
reported (Martin et al. 2012). IAPV, one of the
Varroa-born viruses, can be transmitted through
trophallaxis, fecal-oral route, robbing, and horizontal
and vertical transmission (Amiri et al. 2019). All of
these pose increased risks and severe threats to
colony health. IAPV has been reported globally since
it was first detected in symptomatic colonies with
losses in Israel apiaries (Maori et al. 2007; Chen et
al. 2014). Although initial results pointed to IAPV
infection effects in CCD-like symptoms (Cox-Foster
et al. 2007), the subsequent reports could not verify
this relevance (Vanengelsdorp et al. 2009;
McMenamin and Genersch 2015). Instead, IAPV
infection in the colony is an effective factor in colony
productivity and bee health (Hou et al. 2014). The
IAPV, common in asymptomatic colonies, risks
colony health and production. (De Miranda et al.
2010).

This study investigated some honeybee pathogens
in 120 colonies in 16 provinces of five ecogeographic
regions, where colony loss and CCD-like complaints
were reported during 2011-2021. At least one
pathogen was detected in 117 (97.5 %) of 120
problematic colonies with loss reported, while IAPV
was detected in 63 (52.5%). Previously reported two
IAPV records ranged from 6.5 to 21,12% in the
Turkiye (Ozkirnm and Schiesser 2013; Kalayci et al.
2020). The IAPV prevalence was higher than the
results of previous reports spread over 10-year
sampling. Results indicated that IAPV exists in
different developmental stages of honeybees. IAPV
was detected higher, especially in symptomatic adult
bees with paralysis and brown/black darkened brood
samples. The IAPV infection rate was also higher in
larvae and pupae samples than in adult bees
compared to previous reports (Maori et al. 2007;
Chen et al. 2014). The rate of IAPV infection was
reported to increase in weak colonies (Chen et al.
2014); IAPV does not restrict to cause only CCD but
also an increase in bee deaths.

Experimental studies show that IAPV is also spread
by close contact and virus particles are easily
transmitted to bees topically (Amiri et al. 2019). It
emphasized a positive association between IAPV
infection, virus load, and mite infestation (Di Prisco
et al. 2011). In this study, mite infestation was
determined in all IAPV-positive apiaries. Although
mite levels do not appear statistically significant for
IAPV positivity, to possibly have negative effects on
colony health. The mite-infested colonies under the
effects of various stress factors, the virus multiplies
rapidly, and the viral load increases, leading to
possible bee death and colony collapse (Chen et al.
2004). High IAPV titer is highly lethal in worker bees
and pupae, and may present with typical symptoms
of trembling wings, progressive paralysis, and nerve
dysfunction similar to experimental infections (Hou
et al. 2014). In this study, the IAPV load was not
analyzed but, high rates (85.7%) of IAPV positivity
were noted in paralyzed bees sampled. It suggests
that symptomatic overt viral infections would be an
increasing risk for bee health and colony decline.

DWV has been reported to be linked to global
honeybee colony losses. DWV and BQCV are two of
the most prevalent viruses in apiaries in Turkiye and
the world (Kalayci et al 2020; Muz and Muz 2009;
2018; 2022). Although the prevalence of ABPV,
CBPV, and SBV is mostly lower, it has also been
reported from apiaries in different geographic
regions in Turkiye (Guimusova-Okursoy et al. 2010;
Kalayci et al. 2020; Cagirgan and Yazici 2021;
Glller and Kurt 2022; Muz and Muz 2022). Current
results revealed that multiple honeybee virus
infections are common in colony losses and may
play a critical role in colony health. Compatible with
previous studies, DWV was determined the most
prevalent virus followed by BQCV positivity in the
second and IAPV in the third in sampled apiaries in
this study. IAPV was described as the most common
viral agent after DWV and BQCV in bee colonies
worldwide. The status of IAPV infections is directly
related to colony survival (Chen et al 2014). IAPV
positivity in all three groups sampled (according to
colony complaints) in the current study ranged from
44 .4 to 58.8%. IAPV may be an influencing factor in
intense winter losses, colony declines, and CCD
cases.

Nosema ceranae prevalence was highly reported in
local colony losses (Muz et al 2010; Ostroverkhova
et al 2020). The threat posed by unexpected colony
losses is compounded by the fact that bee colonies
often suffer from several pathogens simultaneously
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which negatively affect colony health (Martin-
Hernandez et al 2007; Berthoud et al 2010; Muz et
al 2010; Botias et al 2013). Numerous studies have
shown a correlation between N.ceranae infections
and colony declines, but some do not confirm this
relationship (William et al 2010; Ostroverkhova et al
2020). While the Nosema sp positivity is defined as
32.5% in our research results, it is similar to the
previous epidemiological studies in Turkiye (lvgin-
Tunca et al .2016; Tosun and Yaman 2016; Utik et
al 2016; Muz and Muz 2022), while some local
reports where beekeeping is intense (Muz et al 2010;
Kartal et al. 2021) were reported at a lower rate. The
results suggest that multiple pathogen positivity may
be effective in colony losses. In conclusion,
implementing the necessary control and treatment
strategies to combat pathogens in colony losses is
regularly essential. Complete and timely
maintenance of the colonies in spring and winter can
also contribute to the fight against pathogens.

Conclusion

In this study, IAPV investigated in apiaries with
colony loss and CCD complaints in different eco-
geographic regions in Turkiye by 10-year fieldwork.
The IAPV positivity was determined at higher rates
than other reports from Tirkiye. The worker bee and
brood samples were positive for IAPV, and more
than one pathogen coexisted. Multiple viral
infections, Varroa mite and Nosema sp. exist
prevalent in apiaries. The results suggest that
multiple pathogen positivity may be effective in
colony losses. The presence of high varroa mites
can trigger many viral infections to threaten colony
health. The fight against pathogens must be carried
out periodically to protect colony health.
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ABSTRACT

A phenetic analysis of the honey bee population of the Toratau Geopark (Russia) was performed. Over
1,000 worker and drone bee samples were collected from 250 colonies in 59 apiaries on the territory
of the Toratau Geopark (Gafuriysky, Ishimbaysky, Meleuzovsky, and Sterlitamaksky districts of the
Republic of Bashkortostan). Six phenes in worker bees and four phenes in drone bees were
recognized. The phenes E, 1R, 2R, and 3R in workers and Is, |, and O-gray in drones were predominant
in the honey bee population of the Toratau Geopark, which were associated with subspecies of the C-
lineage. These phenes can be used as indicators of introgressive hybridization in the local dark
European honey bee population. The phenes allow for quick evaluation of certain honey bee colonies
hybridization states.

Keywords: Honey bee, phenes, Dark European bee, The Republic of Bashkortostan, Toratau Geopark

0z
Toratau Jeoparki'ndaki (Rusya) bal arisi popiilasyonunun fenetik analizi yapilmistir. Toratau Jeoparki

topraklarindaki (Baskurdistan Cumbhuriyeti'nin Gafuriysky, Ishimbaysky, Meleuzovsky ve
Sterlitamaksky bolgeleri) 59 arihiktaki 250 koloniden 1.000'den fazla ig¢i ve erkek ari ornegi
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toplanmistir. iggi arilarda alti fen ve erkek arilarda dért tergit rengi tespit edilmistir. isgilerde E, 1R, 2R
ve 3R ve erkek arilarda Is, | ve O-gri fenleri Toratau Jeoparki'ndaki bal arisi popiilasyonunda baskindi
ve bunlar C soyunun alt turleriyle iligkiliydi. Bu tergit rengi, yerel koyu Avrupa bal arisi
populasyonunda i¢sel melezlesmenin gostergeleri olarak kullanilabilir. Bu tergit renkleri, belirli bal
arisi kolonilerinin melezlesme durumlarinin hizh bir sekilde degerlendirilmesine olanak saglamaktadir.

Anahtar Kelimeler: Bal arisi, tergit renkleri, Kara Avrupa arisi, Bagkurdistan Cumhuriyeti, Toratau

Jeoparki

GENISLETILMiS OZET

Calismanin amaci: Baskurdistan Cumbhuriyeti
Toratau Jeoparki'ndaki is¢i ve erkek arilarin
dagiliminin degerlendiriimesidir.

Giris: Bati Avrupa Ulkelerinin topraklarinda yasayan
bal arnlari arasinda en yaygin alt tir koyu Avrupa,
koyu orman veya Orta Rus arisidir (Apis mellifera
mellifera). Su anda, bu alt tir esas olarak Giiney
Urallar, Bati Sibirya ve orta Rusya'da hayatta kalmis
ve vyerel populasyonlar olusturmustur. Tarihsel
olarak, Urallar ve Baskurdistan Cumhuriyeti'nin
(Rusya) dogal ve iklimsel bdlgesi, siddetli kiglar, bal
bitkilerinin  zengin  bir tar bilesimi, 1hlamur
ormanlarinin bollugu ile ayirt edildi ve bununla
baglantili olarak cumhuriyetin arilari, koyu Avrupa
arisinin  6zel bir Baskurt populasyonu olarak
tanimlandi.

Gere¢ ve yontem: 2018 vyilinda, Baskurdistan
topraklarinda, bdlgesel olarak 4 belediye bdlgesini
kapsayan Toratau Jeoparki olusturuldu: Gafuriysky,
Ishimbaysky, Meleuzovsky ve Sterlitamaksky.
Jeoparkin gelismis dlzenleyici cergevesi, rezerv
bolgesinin yakin konumu ve dogal ve iklimsel
kosullar, Baskurt niUfusunun arilarina dayal
aricihgin  gelistiriimesi  igcin  ideal  kosullari
olusturmustur. Bal arisi popullasyonunun fenetik
analizi gergeklestiriimisti. Toplam 2.000 ari
toplanmistir (1.000 is¢i ari ve 1.000 erkek ari). Her
bdlgede 250 koloniden se¢im yapimistir. Bu
calismada Ruttner yontemi kullaniimistir.

Bulgular: Oda isleme, M. Akmulla'nin adini tagiyan
Baskurt Devlet Pedagoji Universitesi Biyoekoloji ve
Biyolojik Egitim Bolimd temelinde
gergeklestiriimistir. Yizde ve oranlarin
hesaplanmasi, grafik ¢izimi Statistica 12.0 (StatSoft
Power Solutions, Inc. USA) programinda yapilmistir.
isci arilarda alti tergit rengi, erkek arilarda ise dort
tergit rengi bulunmustur. iscilerde E, 1R, 2R ve 3R
ve erkek arilarda Is, | ve O-gri tergit renkleri Toratau
Jeoparki bal arisi popllasyonunda baskindir ve
bunlar C-soyunun alt turleriyle iligkilidir.

U.Arn D. — U.Bee J. 2023, 23 (1): 115-127

Tartisma ve sonug: Bu tergit renkleri, yerel koyu
Avrupa bal arisi poptulasyonunda icsel
melezlesmenin gostergeleri olarak kullanilabilir. Bu
tergit renkleri, belirli bal arisi kolonilerinin
melezlesme  durumunu hizli bir  sekilde
degerlendirmenizi saglar. Safkan arilarin varhgi,
koyu Avrupa arisinin Baskurt popullasyonunun
korunmasi ve cogaltiimasina yodnelik dnlemlerin
uygulanmasi igin firsatlar sunmaktadir. Yerel koyu
Avrupa arilarini melezlesmeden korumak acildir.
Cunkl insan yardimi olmadan yerel koyu orman
arisi gen havuzunun safligini geri kazanilamaz.

INTRODUCTION

In the process of the evolution, about 30 subspecies
of the honey bee (Apis mellifera) were formed in the
Old World, extended in a wide range of climatic
conditions (llyasov et al. 2020). The ability of honey
bees to adapt well, the human consumption of bee
products and the use of honey bees in plant
pollination contributed to the wide anthropogenic
spread of honey bee colonies to almost all around
the world. However, despite the high adaptability
and the large distribution area, the number of honey
bee populations in the world is decreasing annually,
which leads to a decrease of a genetic diversity, the
adaptability of the populations and the biodiversity of
biomes (Rua et al. 2009).

Among the honey bees inhabiting the territory of
Western European countries, the dark European
bee Apis mellifera mellifera is common. The dark
forest, Central Russian, or dark European bee is an
indigenous subspecies of the honey bee of the
western and northern regions of Europe and Russia,
evolutionarily formed in forest conditions. Currently,
this honey bee subspecies has been preserved
mainly in the Southern Urals, Western Siberia and
the central part of Russia, forming local populations
named by territorial affiliation: Altai, Arkhangelsk,
Vladimir, Bashkir (llyasov et al. 2021; Petrov 1980;
Petrov 2004). Historically, the natural and climatic
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zone of the Ural and Bashkortostan has been
distinguished by severe winters, a rich species
composition of honey plants, and an abundance of
linden forests, in connection with which the bees of
the republic were singled out as a special Bashkir
population of the dark European bee (Shafikov and
Avetisyan 1976; Shafikov 1978; Abdulov and
Shafikov 2004; Shafikov and Baimuratov 2002).
Kozhevnikov (1931) wrote: “In the forests of
Bashkiria and the Urals, we found the remains of a
primal dark European bee, which currently is the
greatest treasure in terms of genetics. It must be
protected in every possible way from hybridization,
and on its basis mass breeding of the basic dark
European bee should be based, which, over
thousands of years of natural selection in the harsh
mountain climate, has developed endurance and
vitality" (Kozhevnikov 1931). The Bashkir population
of the dark European bee is characterized by the
dark color of the body of individuals, only 1-2
phenes, the tergites of which do not have signs of
yellowness, the sternites are colored from dark gray
to dark brown without yellowness; the end of the
abdomen in working individuals is more blunt than in
bees of other breeds; the body shape of a sitting bee
is squat (Krivtsov 1995; Krivtsov and Grankin 2004).

The Republic of Bashkortostan is located in the east
of the European part of Russia, in the basin of the
Belaya and Ural rivers, extends from north 56°31'N
54°31'E to south 51°34'N 57°12'E and from west
55°07'N 53°08'E to east 54°52'N 60°00'E. Apart from
that the republic occupies a wide strip of the western
Urals stretching from the north to the south (Figure
1). The Perm and Sverdlovsk regions are adjacent
to the republic from the north, the Chelyabinsk
Region from the east, the Orenburg Region from the
south, the Republic of Tatarstan and the Udmurt
Republic from the west.

Due to the presence of many natural areas (forest,
mountain forest, forest-steppe, steppe), the Republic
of Bashkortostan is a unique territory with a rich
species composition of flora and fauna. In this
regard, there are many conservation areas located
here, for instance: The National Park «Bashkiria»,
the Nature Reserve «Altyn Solok», and the State
Natural Biosphere Reserve «Shulgan-Tash». The
latter was created for the purpose of preserving and
breeding the Burzyan wild living honey bee (Bashkir
honey bee ecotype), which is listed in all editions of
the Red Book of the Republic of Bashkortostan
(2004, 2014) and has the status of category 4
(population not defined by status). In addition, in

2018, not far from the Shulgan-Tash Nature
Reserve, the Toratau Geopark was created,
geographically covering 4 municipal districts:
Gafuriysky, Ishimbaysky, = Meleuzovsky and
Sterlitamaksky. The main function of the Geopark is
the preservation of the geological, biological,
historical, and cultural heritage of the republic. At the
same time, the developed regulatory framework of
the Geopark, the close location of the reserve
territory and natural and climatic conditions have
created ideal conditions for honey bees breeding of
the Bashkir population. However, at the beginning of
the XXI century, due to the increase of the import of
honey bees of the unknown origin into the Republic
of Bashkortostan, the genetic pressure of other
subspecies of honey bees began to pose a serious
threat to both Bashkir and Burzyan populations.
Therefore, if in the 80s of the last century the influx
of other genetic material in the reserve did not
exceed - 1% and 2-3% of the total number of honey
bee colonies, then in recent years this marker is 10-
12% (Abramova 2014; Koroleva et al. 2019;
Mannapov et al. 2019; Ruttner 2006; Sabirdzhonova
and Sattarov 2021). The result of these processes is
that at present moment, the Burzyan bee population
is surrounded by hybrid honey bee colonies and the
structure of the Bashkir bee population is gradually
and irrevocably being lost. In this case, of course, it
is necessary to monitor the diversity of the honey
bees’ breed in the buffer zone near the locality of
honey bees kept in the conservation area.

When the honey bee breeds are being
characterized, a different number of exterior
indicators are used. Some of them are associated
with the linear morphometric measurements, others
express the ratio of some quantities to others, the
third are characterized by area, the fourth proceed
from the topographic incompatibility of the individual
points and lines, the fifth are determined by mass,
color, pubescence. Speaking of breed-defining
features, the color of honey bees should be taken
into account. Despite the fact that it plays an
important role in determining the breeds of honey
bees, scientists do not always pay attention to this
feature. Only in some studies, the assessment of
honey bees is given together with the honey bee
coloring, although it has been proved long ago that
the appearance of yellow coloration on the chitinous
covers of the abdomen of the European dark bee
indicates the processes of hybridization (Abramova
et al. 2014; Koroleva et al. 2019; Mannapov et al.
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2019; Ruttner 2006; Sabirdzhonova and Sattarov
2021; Sagitov et al. 2022a; Sagitov et al. 2022b).

Previously reported, the color variations of the
cuticle of the insects are exclusively diverse and that
this feature serves as a reliable sign for determining
the species and various geographical forms of the
studied animals (Chashchukhin and Lapteva 2011;
Chashchukhin and Lapteva 2009). They also noted
that the presence of yellow coloring on the tergites
of the abdomen is a peculiarity differential of honey
bees of many southern subspecies. The appearance
of this colouring in the European dark bee indicates,
first, the processes of hybridization. Taking into
account the importance of maintaining the purity of
the gene pool of honey bee subspecies populations
(Sabirdzhonova and Sattarov 2021; Sagitov et al.
2022a; Sagitov et al. 2022b; Chashchukhin and
Lapteva 2011), it was noted that the system of
creating the areas of "pure" breeding should be
based on principles that consider the contribution of

drones and queens in maintaining the plasticity and
stability of population structures. As it is known, the
selection at the apiary must be carried out both on
the maternal and paternal lines (Sagitov et al. 2022a;
Chashchukhin and Lapteva 2011; Cherevko and
Avetisyan 2007; Chibilev 2011; Sharygin and
Krivtsova 2018). The purpose of the study is
evaluation of worker and drone bee phenes
distribution in the Toratau Geopark of the Republic
of Bashkortostan.

MATERIALS AND METHODS

The collection of 2000 worker bees and drones from
59 apiaries that are part of the Gafuriysky
(53°53'41"N. 56°28'07"E), Ishimbaysky (53°28'37"N.
56°30'43" E.), Meleuzovsky (52°57'00"N. 55°55'59"
E) and Sterlitamak (53°37'59" N 55°57'00" E)
districts, was used as the material for this study
(Figure 1).
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Figure 1. Geographical location of the Toratau Geopark in the Republic of Bashkortostan.

In total, 2,000 bees were collected (1,000 worker
bees and 1,000 drones). In each district, the
selection was carried out from 250 colonies. The

Ruttner's method (Ruttner 2006) used in this work.
The cameral treatment was carried out based on the
department of Bioecology and Biological Education
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of the Bashkir State Pedagogical University named
after M. Akmulla. The calculation of percentages and
proportions, and construction of graphs were
performed with Statistica 12.0 (StatSoft Power
Solutions, Inc. USA).

RESULTS

In the course of researches, 6 phenes of worker
bees were identified: O, e, E, 1R, 2R and 3R (Figure
2). As we can see, the phenetic structure of the
honey bees on this territory is characterized by high
heterogeneity, since the aboriginal population would
differ in the presence of only one (O) or two (O and
e) phenes.

1R 2R 3R

Figure 2. The detected phenes of the worker bees in the Toratau Geopark.

According to the obtained results, it can be seen that
the honey bee colonies with phenes 2R and 3R
predominate in almost all apiaries. At the same time,
the occurrence (%) was: in the Gafuriysky district
from 4.8 to 100 (2R) and from 50 to 100 (3R), in the

Meleuzovsky district from 50 to 100 (2R) and from
14.3 to 100 (3R); in the Ishimbaysky district from 9.1
to 100 (2R) and from 6.7 to 100 (3R) and in
Sterlitamaksky district from 5 to 92.3 (2R) and from

12.5 to 95 (3R) (Table 1).

Table 1. The phenes of worker bees in the Toratau Geopark

No. of Worker bee phenes (pcs. / %)
Locality, apiary cols)cnsies, o o E 1R 2R 3R
Gafuriysky district

Kutluguza 15 - - - - 2(13.3) 13 (86.7)
Krasnousolsky 8 - - - - 8 (100)
Uzbjakovo 16 - - - - - 16 (100)
Tolparovo 11 - - - - - 11 (100)
Tashly

apiary 1 26 - - - - 13 (50) 13 (50)

apiary 2 18 (914?4) ; ] ; 1(5.6) ;
Tolparovo:

apiary 1 17 - - - - 3(17.6) 14 (82.4)

apiary 2 11 - - - - 11 (100) -
Mendim:

apiary 1 24 - - - - 24 (100) -

apiary 2 26 - - - - 10 (38.5) | 16 (61.5)
Tabynsk 21 (925(_’2) ; ; ] 1(4.8) -
Cowardy:

apiary 1 17 - - - - 1(5.9) 16 (94.1)
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apiary 2 12 - - - - 12 (100) -
Ibragimovo 13 - - - - - -
Kyzyl Yar 15 - - - - 4 (26.7) -
Total 250 (1::’178) 0 0 24 (9.6) 82 (32.8) | 107 (42.8)

Meleuzovsky district

Araslanovo 18 - - - - - 18 (100)
Alexandrovka:

apiary 1 22 - - - - 13 (59.1) 9 (40.9)

apiary 2 19 - - - - 12 (63.2) 7 (36.8)
Meleuz:

apiary 1 28 - - - 8 (28.6) 16 (57.1) 4 (14.3)

apiary 2 4 - - - - 4 (100) -
Aptrakovo 15 - - - - 11 (73.3) 4 (26.7)
Pokrovka 15 - - - - 10 (66.7) 5(33.3)
Nugush 10 - - - - 5 (50) 5 (50)
Zirikovo 30 - - - 10 (33.3) | 20 (66.7) -
Abitovo 30 - - - - 20 (66.7) | 10(33.3)
Klenovaya 23 . . - | 11@78) | 12(522) .
gora
Kutlubulatovo 8 - - - 2 (25) - 6 (75)
Smak 5 - - - - 3 (60) 2 (40)
ﬁugar Factory ) ) ) ) 5 (100) )

ursery
;/oskresensko 18 ) ) ) ) 9 (50) 9 (50)
Total 250 0 0 0 31(12.4) | 140 (56) 79 (31.6)
Ishimbaysky district

Makarovo: -

apiary 1 5 - 3 (60) - - 2 (40)

apiary 2 19 - - - - 5(26.3) 14 (73.7)

apiary 3 10 - - - - 3 (30) 7 (70)
Gumerovo:

apiary 1 8 - - - - 1(12.5) 7 (87.5)

apiary 2 8 - - - - 8(100) -
Sargaevo:

apiary 1 17 - - - - 4 (23.5) 13 (76.5)

apiary 2 5 - - - - 5 (100)
Isyakaevo:

apiary 1 35 ; ; (2;96) 18(514) | 4(114) | 3(86)

apiary 2 22 - - - - 10 (45.5) | 12 (54.5)
Asiyalanovo 30 (51:3‘_33) 1240) | - i ; 2(6.7)
Verkhneitkulov
0

apiary 1 10 - 1(10) - - 9 (90) -

apiary 2 11 - 1(9.1) - - 8 (72.7) 2(18.2)
Armetovo 14 - - - - 7 (50) 7 (50)
Asiyalan 11 - - - - 1(9.1) 10 (90.9)
Urazbaevo 14 - - - - 7 (50) 7 (50)
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Podgornaya 17 - - - - 13 (76.5) 4 (23.5)
Kinzebulatovo 14 - - - 5(35.7) | 2(14.3) | 7(50)
Total 250 (15_ " (167 g |10@) |23(2) |84(336) | 100(40)
Sterlitamaksky district
Pokrovka 28 - - - 6 (21.4) | 12 (42.9) | 10 (35.7)
Berezovka 28 : : : : 15 (53.6) | 13 (46.4)
Karmaskaly 23 - - - - 7 (30.4) 16 (69.6)
Spasskaya 26 - - - - 12 (46.2) | 14 (53.8)
Burikazganovo 25 - - - - 16 (64) 9 (36)
Talachevo 15 3 : : 3 5(33.3) | 10(66.7)
Pokrovka 8 - - - - 7(87.5) | 1(12.5)
Aigulevo 15 (4;7) - - 16.7) | 5(333) | 2(13.3)
Spasskaya 26 2(7.7) - - - 24 (92.3) -
Kuganak 20 - - - - 1(5) 19 (95)
Kosyakovka 9 - - - - 1(11.1) 8 (88.9)
Strelkovka 27 ; : ; : 9(33.3) | 18(66.7)
Total 250 9(36) | 0 0 7(2.8) | 114 (45.6) | 120 (48)
Total 1000 (2_22) (11_77) 10(1) | 85(8.5) | 420 (42) | 406 (40.6)

Honey bee colonies with the Dark European bee
phenes - O and e were identified in all districts
except Meleuzovsky. At the same time, only in the
Ishimbaysky district there were honey bee colonies
with both phenes. In the apiaries of the Gafuriysky
and Sterlitamaksky districts, honey bees were found
only with a phene - O: about: 14.8% and 3.6%,
respectively. Purebred colonies were found in the
apiaries of settlements: Tashly (94.4% or 17
colonies out of 18) and Tabynsk (95.2% or 20 out of
21 colonies) in the Gafuriysky district. Honey bee
colonies with European dark bee phenes were noted
in 4 apiaries: Makarovo (apiary 1) — 60% or 3 out of
5 colonies studied; Asiyalanovo — 28 colonies
(93.3%) out of 30; Verkhneitkulovo (apiary 1 and 2)
- 1 colonies out of 10 (10%) and 11 (9.1%) colonies
in the Ishimbaysky district. In Sterlitamaksky district
honey bees with a purebred phenes are registered
in two localities: Aigulevo (colonies or 46.7% of 15
colonies) and Spasskaya (2 colonies — 7.7% of 27).

Honey bees with phenes E were found in apiaries of
only 2 districts (%): Ishimbaysky - 4 and

Sterlitamaksky district - 1. The situation with the
phenes 1R was similar to honey bees with phenes
2R and 3R, i.e. 1R was noted in apiaries of all
districts, but in minimal numbers compared to 2R
and 3R: Gafuriysky — 9.6%, Meleuzovsky — 12.4%,
Ishimbaysky — 9.2% and Sterlitamaksky — 2.8%. The
occurrence of honey bee colonies with different
phenes in apiaries is shown in Figure 3.

In quantitative terms, honey bee colonies with
phenes 2R and 3R prevailed both: by districts and
by the explored territory: Gafuriysky - 2R (32.8%) 3R
(42.8%), Meleuzovsky - 2R (56%) 3R (31.6%),
Ishimbaysky - 2R (33.6%), 3R (40%), Sterlitamaksky
- 2R (45.6%), 3R (48%) and in the whole examined
territory - 2R (42%), 3R (40.6%). The occurrence of
phenes (O and e) related to the Dark European bee
was 7.9%, which is significantly lower than the
quantitative composition of colonies with phenes 1R
(8.5%), 2R (42%), 3R (40.6%). The occurrence of
colonies with phenes E was the lowest — 1% (10
colonies out of 1000).
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Figure 3. Distribution of the worker bee phenes in the Toratau Geopark.

The phenes of the drones that are found in the honey
bee colonies in the apiaries of the Gafuriysky,
Ishimbaysky, Meleuzovsky and Sterlitamaksky
districts, which are part of the Toratau Geopark, are
shown in Figure 4. As we can see, the phenetic

L I

structure of drones is also characterized by high
heterogeneity (Is, I, O — dark and O- grey), as well
as worker bees, because the purebred population of
the Dark European bee is characterized only by the
O-dark phene.

O (dark)

O (grey)

Figure 4. The detected phenes of the drone bees in the Toratau Geopark.

Drones with phenes Is and | prevailed in almost all
apiaries, %: in the Gafuriysky district from 28.6 to
100 (Is) and from 12.5 to 100 (I); in Meleuzovsky —
from 33.3 to 100 (ls) and from 28.6 to 60 (I); in

U.Ar D. — U.Bee J. 2023, 23 (1): 115-127

Ishimbaysky — from 20 to 100 (Is), 25 to 50 (I) and in
the Sterlitamaksky district - from 37.1 to 100 (Is) and
from 40 to 57.1 (I) (Table 2).
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Table 2. The phenes of the drone bees in the Toratau Geopark

Locality. apia No. of Drone bee phenes (pcs. / %)
y. aplary colonies, pcs ls | [ | O-dark | O-grey
Gafuriysky district

Kutluguza 15 5(33.3) 10 (66.7) - -
Krasnousolsky 8 - 8 (100) - -
Uzbjakovo 16 12 (75) 2(12.5) - 2(12.5)
Tolparovo 11 11 (100) - - -
Tashly

apiary 1 26 13 (50) 13 (50) - -

apiary 2 18 - - 16 (88.9) 2(11.1)
Tolparovo:

apiary 1 17 8 (47.1) 9 (52.9) - -

apiary 2 11 11 (100) - - -
Mendim:

apiary 1 24 12 (50) 10 (41.7) - 2 (8.3)

apiary 2 26 10 (38.4) 8 (30.8) - 8 (30.8)
Tabynsk 21 6 (28.6) 5(23.8) 10 (47.6)
Kowardy:

apiary 1 17 5(29.4) - 6 (35.3) 6 (35.3)

apiary 2 12 12 (100) - - -
Ibragimovo 13 6 (46.2) 7 (53.8) - -
Kyzyl Yar 15 5(33.3) 10 (66.7) - -
Total 250 116 (46.4) 82 (32.8) 32 (12.8) 20 (8)

Meleuzovsky district

Araslanovo 18 9 (50) 9 (50) - -
Alexandrovka:

apiary 1 22 10 (45.5) 12 (54.5) -

apiary 2 19 11 (57.9) 8 (42.1) - -
Meleuz:

apiary 1 28 12 (42.8) 8 (28.6) - 8 (28.6)

apiary 2 4 4 (100) - - -
Aptrakovo 15 5 (33.3) 7 (46.7) - 3(20)
Pokrovka 15 10 (66.7) 5(33.3) - -
Nugush 10 5 (50) 5 (50) - -
Zirikovo 30 10 (33.3) 15 (50) - 5(16.7)
Abitovo 30 12 (40) 18 (60) - -
Klenovaya gora 23 10 (43.5) 11 (47.8) - 2(8.7)
Kutlubulatovo 8 8 (100) - - -
Smak 5 5 (100) - - -
ﬁugar Factory 5 5 (100) ) ) )

ursery
Voskresenskoe 18 9 (50) 9 (50) - -
Total 250 125 (50) 107 (42.8) 0 18 (7.2)
Ishimbaysky district

Makarovo:

apiary 1 5 - - 5 (100) -

apiary 2 19 6 (31.6) 6 (31.6) 6 (31.6) 1(5.2)

apiary 3 10 2 (20) - 7(70) 1(10)
Gumerovo:
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apiary 1 8 - - 7 (87,5) 1(12.5)

apiary 2 8 3(37.5) 2 (25) 2 (25) 1(12.5)
Sargaevo:

apiary 1 17 12 (70.6) 5(29.4) - -

apiary 2 5 5 (100) - - -
Isyakaevo:

apiary 1 35 15 (42.8) 10 (28.6) 5(14.3) 5(14.3)

apiary 2 22 11 (50) 11 (50) - -
Asiyalanovo 30 8 (26.6) 8 (26.6) 6 (20.2) 8 (26.6)
Verkhneitkulovo

apiary 1 10 5 (50) - 5 (50) -

apiary 2 11 11 (100) - - -
Armetovo 14 10 (71.4) 4 (28.6) - -
Asiyalan 11 11 (100) - - -
Urazbaevo 14 7 (50) 5(35.7) 2 (14.3) -
Podgornaya 17 8 (47.1) 8 (47.1) 1(5.8) -
Kinzebulatovo 14 5(35.7) 6 (42.9) 2 (14.3) 1(7.1)
Total 250 119 (47.6) 65 (26) 48 (19.2) 18 (7.2)

Sterlitamaksky district

Pokrovka 28 12 (42.9) 16 (57.1) - -
Berezovka 28 14 (50) 14 (50) -
Karmaskaly 23 11 (47.8) 10 (43.5) - 2(8.7)
Spasskaya 26 12 (46.2) 14 (53.8) - -
Burikazganovo 25 13 (52) 12 (48) - -
Talachevo 15 7 (46.7) 6 (40) - 2(13.3)
Pokrovka 8 8 (100) - - -
Aigulevo 15 6 (40) 6 (40) 3 (20) -
Spasskaya 26 10 (38.5) 12 (46.2) 4 (15.3) -
Kuganak 20 10 (50) 10 (50) - -
Kosyakovka 9 5 (55.6) 4 (44.4) - -
Strelkovka 27 10 (37.1) 12 (44.4) - 5(18.5)
Total 250 118 (47.2) 116 (46.4) 7(2.8) 9(3.6)
Total 1000 478 (47.8) 370 (37) 87 (8.7) 65 (6.5)

Honey bee colonies with drone phenes of the
European dark bees (O — dark) were found in all
districts except Meleuzovsky. Similar situation was
observed while evaluating worker bees in these
areas. In Ishimbaysky district, drones with phenes O
— dark were detected in the largest number of honey
bee colonies, compared to other districts, %: 19.2
(Gafuriysky — 12.8; Sterlitamaksky — 2.8).

In the Gafuriysky district, purebred drones were
registered in three apiaries: Tashly (apiary 2) —
88.9%, Tabynsk — 47.6% and Kowardy (apiary 2) —
35.3%. In Ishimbaysky district, drones with a phenes
O - dark were found in 11 apiaries, %: Makarovo
(three apiaries) — from 31.6 to 100; Gumerovo (2
apiaries) — from 25 to 87.5; Isyakaevo (1 apiary) —
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14.4; Asiyalanovo — 20.2; Verkhneitkulovo (1 apiary)
— 50; Urazbaevo and Kinzebulatovo by 14.3;
Podgornaya — 5.8. Honey bees with a phene O - grey
were found in apiaries of all districts, %: Gafuriysky -
from 8.3 to 35.3; Meleuzovsky — from 8.7 to 28.6;
Ishimbaysky — from 5.2 to 26.6, Sterlitamaksky —
from 8.8 to 18.5.

In general, honey bee colonies with |s phenes
prevailed in the Meleuzovsky district — 50%, and
honey bee colonies with | drones dominated in the
Sterlitamaksky district — 46.4%. In the minimum
number, the occurrence of Is drones was 46.4% in
the Gafuriysky district, and phene 1 in the
Ishimbaysky district was 26% (Figure 5).
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Figure 5. Distribution of the drone bee phenes in the Toratau Geopark.

According to the occurrence of colonies with drones
O - grey, the Sterlitamaksky district was different,
where they were represented at a minimum — 3.6%.
In the Gafuriysky district, this indicator was the
maximum compared to other districts — 8%. In the
remaining two districts, the honey bee colonies with
drones O — grey were represented in the same
number — 7.2%.

DISCUSSION

The Bashkir dark European bees originally is
characterized by the dark color of the body of
individuals, only 1-2 phenes, the tergites of which do
not have signs of yellowness, the sternites are
colored from dark gray to dark brown without
yellowness (Krivtsov 1995; Krivtsov and Grankin
2004). The conducted studies revealed a high
phenetic heterogeneity of apiaries in the territory of
the Toratau Geopark for worker bees (6 phenes) and
drones (4 phenes). At the same time, the dominant
content of worker bees’ colouring-forming phenes
(E, 1R, 2R, 3R) that do not meet the standards of the
Dark European bee (A. mellifera mellifera) has been
established, which, of course, indicates the
processes of hybridization. Some occurrence of
honey bee colonies with a European bark bee's
phene in three districts (Gafuriysky — 14.8%,
Ishimbaysky — 13.2%, Sterlitamaksky — 7.9%) is an
indicator of the presence of a certain proportion of
the gene pool of the local Bashkir bee population.

However, maintaining the rate of hybridization in the
near future may lead to a complete loss of the gene
pool of purebred honey bees in this area. The honey
bee colonies purebredness were checked using 9
microsatellite markers by llyasov R. A. in spring 2023
(unpublished yet).

The high occurrence of drones with phenes (Is, I, O
— gray) that do not meet the requirements of the
standard of the Dark European bee characterizes
the processes of changing the structure of the
population of native honey bees. It should also be
noted that the results obtained in this research reveal
the presence of southern subspecies in the colonies
of queen bees. Unfortunately, purebred drones were
not registered from the studied areas in
Meleuzovsky district, however in Sterlitamaksky
district their occurrence was only 8.7%. Of course,
the presented facts require further analysis and
annual monitoring of breed in apiaries. Though, in
general, the occurrence of purebred drones on the
explored territory shows the preservation of the
biopotential of the Bashkir population of the
European dark bees, which opens up opportunities
for the implementation of measures aimed at the
conservation and breeding of this population
(Chashchukhin and Lapteva 2011; Chashchukhin
and Lapteva 2009; Cherevko and Avetisyan 2007;
Chibilev 2011; Sharygin and Krivtsova 2018). Taking
into account the fact that the Toratau Geopark was
created to preserve the geological, biological,
historical, and cultural heritage of the republic, it is
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necessary to create a network of breeding
reproducers for breeding the European dark bee in
the explored areas, as well as to provide state
support to those apiaries where colonies of this
subspecies are kept. It should also be mentioned
that the most important areas of the sustainable
ecosystem development strategy include the
conservation of biodiversity in the context of control
and management of the resources. At the same
time, experts note that in order to implement
scientific-based programs for the conservation of the
biodiversity, it is necessary to apply various methods
of its assessment both for the entire population of
plants and animals, and for individual rare and
vulnerable biological species. The assessment of
biodiversity with geographical reference makes it
possible to assess the uniqueness of regional
biomes and ecosystems, their role and place, the
conservation status, the boundaries of habitats and
factors negatively affecting populations. Such
assessments make it possible to plan optimal
conservation strategies and develop necessary
measures for the protection and restoration of
endangered species of flora and fauna (Koroleva et
al. 2019).

Conclusions

In the modern world, the most important direction of
the strategy for sustainable development of
ecosystems is the conservation of biodiversity in
terms of control and management of resources. At
the same time, experts note that in order to
implement  scientifically  based biodiversity
conservation programs, it is necessary to apply a set
of assessment methods at different spatial scales.
Biodiversity assessment makes it possible to
determine the value and uniqueness of regional
biomes and ecosystems, the role and place of
conservation status, the boundaries of habitats, and
factors that negatively affect their population. Such
an assessment makes it possible to optimally plan
environmental strategies and develop the necessary
measures for the protection and restoration of
endangered species of flora and fauna.

The results of the assessment of honeybee phenes
on the territory of the Geopark Toratau (Republic of
Bashkortostan, Russian Federation) indicate that the
predominant content in the color of worker bees that
form phenes (E, 1R, 2R, and 3R) that do not meet
the standards of the dark European bees (A. m.
mellifera) indicates hybridization processes. The
presence of colonies with the Dark European bee
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phenotypes in the Toratau Geopark are an indicator
of the presence of a certain proportion of the gene
pool of the Bashkir bee population. The presence of
purebred bees opens up opportunities for the
implementation of measures aimed at the
conservation and reproduction of the Bashkir
population of the dark European bee. There is an
urgent need to protect local dark European bees
from hybridization, as without human help, the local
dark forest bee cannot restore the purity of its gene
pool.
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ABSTRACT

The goal of this study was to determine whether colonies with clinical signs of foulbrood in apiaries
and hive tools, smokers, gloves, feeders and beekeeper's veils used in the same colonies were a
reservoir source for microbial infections. For this purpose, samples were taken from colonies with
clinical signs of foulbrood and collected from 29 different apiaries in the Southern Marmara region of
Tiirkiye. The samples were brought to the laboratory under appropriate conditions, and agent isolation
and identification were performed. Different microorganisms were isolated from the feeder, hive tool,
beekeeper smoker, gloves and beekeeper suit samples collected from each apiary. Bacteria isolated
from the samples taken from the hives with clinical signs of foulbrood and from the samples taken
from the tools and equipment were isolated as the same species or as a mixture. As a result, an intense
presence of microorganisms was detected in the hive tool, beekeeper suit, gloves, feeder, and
beekeeper’'s smoker, used by beekeepers, and it was determined that these materials used in
beekeeping were a source of microbial reservoirs.

Keywords: Apis mellifera, Microorganisms, Foulbrood, Contamination, Beekeeping equipments

oz

Calismada, ariliklarda yavru ¢iiriikliigii klinik bulgular bulunan koloniler ile ayni kolonilerde kullanilan
el demiri, koriik, eldiven, serbetlik ve arici kiyafetlerinin mikrobiyal infeksiyonlar yoniinden bir
rezervuar kaynagi olup olmadiklarinin belirlenmesi amag¢lanmigtir. Bu amacgla Giiney Marmara
bolgesinde bulunan 29 farkh ariliktan o6rnekler toplanmigtir. Alinan o6rnekler uygun kosullarda
laboratuvara getirilerek izolasyon ve identifikasyon yapilmistir. Her ariliktan toplanan yemlik, el demiri,
koruk, eldiven ve arici kiyafetlerinde farkli mikroorganizmalar izole edilmistir. Yavru ¢lrukligi klinik
bulgulan goriilen kovanlardan alinan 6rnekler ile alet ve ekipmandan alinan 6rneklerden izole edilen
bakteriler ayni tiir ya da karisik olarak izole edilmistir. Sonug olarak aricilarin kullandiklan yemlik, el
demiri, koriik, eldiven ve arici maske ve tulumlarinda zengin bir mikroorganizma varligi saptanmis ve
aricilikta kullanilan bu malzemelerin mikrobiyal bir rezervuar kaynagi oldugu belirlenmistir.

Anahtar Kelimeler: Apis mellifera, Mikroroganizma, Yavru ciriikligii, Kontaminasyon, Aricilik
malzemeleri
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GENISLETILMiS OZET

Amag: Bu calismanin amaci, cesitli anliklardaki
yavru ¢urdaklugu klinik bulgulari olan koloniler ile ayni
ariliklarda kullanilan el demiri, korik, eldiven ve arici
kiyafetlerinden etken izolasyon ve identifikasyonu
yapilarak infeksiyon yoniinden bir rezervuar kaynagi
olup olmadiklarinin tespit edilmesidir.

Gereg-Yontem: Bu calismada Giney Marmara
bdlgesinde (Bursa, Balikesir, Bilecik, Yalova ve
Canakkale) yavru ¢urdkligu klinik bulgulari olan
ariliklardaki kolonilerden 6lu ve slipheli larva ve ayni
ariliklarda kullanilan serbetlik, el demiri, koruk,
eldiven ve arici kiyafetlerinden svap 6rnekleri
alinarak mikroorganizma izolasyon ve
identifikasyonu yapilmistir.  Yirmi dokuz farkli
arihktaki yavru ¢urdklugu klinik bulgulari bulunan 43
koloniden yavrulu petek, 43 serbetlik, 32 el demiri,
29 korik, 30 eldiven ve 29 arici kiyafetinden drnekler
alinmistir. Toplanan o&rnekler uygun kosullarda
laboratuvara getirilerek etken izolasyon ve
identifikasyonu yapilmistir. Dizensiz petek gdzleri,
kapali yavru goézlerinde delik gibi yavru g¢urikligu
infeksiyon bulgulari olan Kkolonilerden yavrulu
petekler alinmistir.

Svap ve larva érnekleri 10 ml. NaCl %0,9 (w/v) icinde
stspanse edilmistir. Suspansiyon ikiye ayriimigtir.
Orneklerin ilk kismi vejetatif bakterileri dldiirmek igin
80 °C'de 10 dakika i1sitilmistir. Stispansiyonun ikinci
kismina ise herhangi bir islem uygulanmamistir.
Herbir besiyerine siispansiyondan 200 pl inokile
edilmistir. %5 koyun kanli Columbia agar (Oxoid
CMO0331), thiaminli brain heart inflizyon agar (Oxoid
CM1136), XLD agar (Oxoid CM0469), MacConkey
agar (Oxoid CMO0115) ve Nutrient agar (Oxoid
CMO0003) kullaniimistir. Paenibacillus larvae ve
Melissococcus plutonius izolasyonu igin; MYPGP
agara (maya 6zutl, Mueller-Hinton broth, glucose,
K2HPO4, sodium pyruvate ve agar) ekimler
yapilmistir. Tum besiyerleri 37 °C'de aerobik ve
mikroaerofilik kosullarda 48-72 saat inklibe edilmistir
(Nordstréom ve Fries 1995, Kopcakova vd. 2022).
Batin besiyerlerinde glnlik bakteriyel Greme
kontrolleri yapilmigtir. izolatlar, gram boyama ile
mikroskopta incelenmig, katalaz testi yapiimis BBL
crystal system ile identifiye edilmigtir.

Bulgular ve Sonug: Yavru ¢uruklagu klinik bulgular
gorulen koloniler ve aricilik malzemelerinden alinan
orneklerden 69 mikroorganizma ve 28 farkli tur izole
edilmistir. Bacillus subtilis (%11,5) en fazla izole
edilen tur olarak belirlenmigtir. Klinik bulgu gdrulen
kolonilerden ise 43 yemlik, 32 el demiri, 29 koruk, 30

eldiven ve 29 arici kiyafetinden svap ile drnekler
alinmigtir.  Eldiven ve arici  kiyafetlerinden
mikroorganizma izolasyon orani %100’dir. En az
mikroorganizma  izolasyonu yapilan  aricilik
malzemesi ise korik (%34,38) olmustur. Ornek
alinan kovanlardan ve malzemelerden ayni tir
bakteriler izole edilmigtir. Kullanilan aricilik
malzemelerin yavru c¢Urikligl gorilen kovanlar
arasi infeksiyonun yayilmasina sebep oldugu
bilinmektedir. Arastirmamizda kullanilan aricilik
malzemelerinden birgok mikroorganizma tirli de
izole edilmistir. Sonu¢ olarak aricilik malzemeleri
hem koloniler arasinda etkenlerin yayllmasina
sebep olurken hem de mikrobiyal bir rezervuar
kaynag! olabilmektedir. Bu nedenle aricilar, ari
hastaliklarinin  koloniler arasinda yayilmasini
engellemek icin alet ve ekipmanin
dezenfeksiyonuna 6nem vermelidir.

INTRODUCTION

Honey bee colonies, Apis mellifera produces honey,
pollen, bee bread, apilarnil, propolis, royal jelly and
bee venom and also has ecological importance in
the reproduction of plants. Honey bee products are
considered healthy food that provide benefits for
people. Honey is known as antimicrobial and can be
stored for long years. They also play an important
role in the pollination of many economically
cultivated plants for food and the economic value of
pollination is about 153 billion dollars worldwide
(Graham 1991, Gallai et al. 2009, Staveley et al.
2014).

Bees live in close-knit societies where each
individual is responsible for the development and
survival of the colony. The organization of a bee
colony bears many similarities to a multicellular
organism often referred to as a "superorganism"
(Tautz 2008).

Microorganisms are a factor that negatively affects
the health of the entire colony. Microorganisms that
affect bees are bacteria, protists and fungi, which are
important bee pathogens. Microorganisms generally
spread rapidly by beekeeping activities. If left
untreated, it causes serious bee deaths and colony
losses. Controlling some microorganisms is
economically very costly. Sometimes it may be
necessary to destroy hives and entire colonies
(Cunningham et al. 2022, Leska et al. 2021).

The aim of every beekeeper is to obtain quality and
healthy products while avoiding colony losses and
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infection problems. There are many different types
of microorganisms in the environment. These
microorganisms can be found everywhere in
apiculture and beekeeping. It is also quite large in
number. There are microorganisms that can cause
infections under certain conditions, aggravate the
course of another infection, cause deterioration in
bee products and are harmful to consumer health
(Bogdanov et al. 2003).

Sources of contamination can be environmental and
beekeeping. Environmental resources can be
divided into agricultural and non-agricultural
resources (Devillers and Pham-Delégue 2002,
Bogdanov et al. 2003). Bees usually fly in a range of
3 km. Therefore, bees and bee products can serve
as biomarkers for contamination in this fly area.
Contaminants in the flying area can be transmitted
to the bee by air and water and carried to the colony
with it. They can also be passed to plants through
air, water and soil. From here, the plant can pass
these contaminants to the bee with nectar and
honeydew (Bogdanov et al. 2003).

The larvae are initially sterile, then fed nectar and
pollen by worker bees. In this feeding process, their
own microbiota is formed with nectar, pollen and
worker microflora, or infectious agents are
transmitted before the pupal stage (Snowdon and
Cliver 1996).

Many microorganisms originate from certain foods or
components of the ecosystem. Actinetobacter,
Bacillus, Clostridium, Corynebacterium,
Pseudomonas, Psychrobacter and Vagococcus are
bacteria commonly found in soil. The most important
sources of Bacillus, Clostridium and Micrococcus
species are air and dust. Bacillus and Clostridium
species are also bacterial pollutants of sugarcane
and beet. Saccharomyces and Torula have been
found in high humidity sugars and Leuconostoc
mesenteroides sugar refineries. In plants and herbal
products, Brochothrix, Citrobacter, Enterobacter,
Erwinia, Flavobacterium, Lactobacillus,
Luctococcus, Leuconostoc, Listeria and
Pediococcus species are found. In bee intestines:
1% vyeast, 29% gram-positive bacteria species
(Bacillus, Bifidobacterium, Streptococcus and
Clostridium) and 70% gram-negative bacteria
(Achromobacter, Citrobacter, Enterobacter, Erwinia,
Escherichia coli, Flavobacterium, Klebsiella, Proteus
and Pseudomonas) found (Snowdon and Cliver
1996).

U.Arn D. — U.Bee J. 2023, 23 (1): 128-137

Honeybee diseases and pests, which cause colony
losses in the beekeeping sector, cause the
destruction of thousands of colonies every year.
Especially American foulbrood (AFB) and European
foulbrood (EFB) are common, important and
dangerous bacterial diseases all over the world.
Beekeeping equipment also plays an important role
in the transmission of these infections between
apiaries and colonies (vanEngelsdorp et al. 2013).

Paenibacillus  larvae  (American  foulbrood),
Melissococcus plutonius (European foulbrood),
Serratia marcescens, Aspergillus spp. (Stonebrood),
Ascosphaera apis (Chalkbrood) are important
bacterial and fungal infections frequently seen in
bees (Leska et al. 2021). However, apart from these
infections, there is a common minor foulbrood
infection, which is quite common and is confused
with AFB and EFB by beekeepers. This disease
shows the same clinical findings as AFB and EFB
and causes concern in beekeepers. The causative
agents of this infection are very diverse. Bacillus
spp., Corynebacterium spp., Staphylococcus spp.
and Streptococcus spp. are one of the most common
factors. These factors are; human, animal and
environmental origin. Beekeeping tools and
equipments that are not sterilized and disinfected
can infect the colonies and cause significant losses.

The aim of this study was to determine whether
colonies with clinical signs of foulbrood in various
apiaries with hive tools, smoker, glove and
beekeeper suits-veils used in the same apiaries
were a reservoir source in terms of infection by
isolating and identifying the agents.

MATERIALS AND METHODS

In this study, microorganisms were isolated and
identified by taking dead and suspicious larvae from
colonies in apiaries with clinical signs of foulbrood
and swab samples from the feeder, hive tool,
beekeeper smoker, gloves and beekeeper suits
used in the same apiaries. Samples of honeycomb
with brood, 43 feeders, 32 hive tools, 29 beekeeper
smokers, 30 gloves and 29 beekeeper suits were
taken from 43 colonies with clinical signs of
foulbrood in 29 different apiaries in Southern
Marmara region of Turkiye. The collected samples
were brought to the laboratory under appropriate
conditions and agent isolation and identification
were made. Honeycombs with brood were taken
from colonies with irregular comb eyes, holes in

130



ARASTIRMA MAKALESI / RESEARCH ARTICLE

closed brood cells, and signs of foulbrood infection
(Beekeeping equipments, Picture-1).
- -

Picture 1. Hive tool, feeder, gloves, smoker and bee suit

Swab and larval samples were suspended in 10 ml
of NaCl 0.9% (w/v). The suspension was divided into
two. The first portion of the samples was heated at
80 °C for 10 minutes to kill vegetative bacteria. No
treatment was applied to the second part of the
suspension. 200 ul of the suspension was inoculated
into each medium. 5% sheep blood Columbia agar
(Oxoid CMO0331), brain heart infusion agar with
thiamine (Oxoid CM1136), XLD agar (Oxoid

CMO0469), MacConkey agar (Oxoid CM0115) and
Nutrient agar (Oxoid CMO0003) were used. For
isolation of Paenibacillus larvae and Melissococcus
plutonius; Inoculations were made on MYPGP agar
(which contains yeast extract, Mueller-Hinton broth,
glucose, K2HPO4, sodium pyruvate, and agar). All
media were incubated at 37 °C under aerobic and
microaerophilic  conditions for 48-72 hours
(Nordstréom and Fries 1995, Kopcakova et al. 2022).
Bacterial growth controls of all plates were
performed daily. The isolates were examined with
light microscopy after gram staining and catalase
test and were identified with the BBL crystal system
(BBL Crystal Enteric/Nonfermenter ID and Gram
Positive ID Kits -Becton Dickinson and Company,
USA) (Ozakin et al. 2003, Forsgren et al. 2013, De
Graaf et al. 2013).

RESULTS

Samples were collected from 29 different apiaries in
the Southern Marmara region. In the study, bacterial
and fungal agents were isolated and identified by
taking samples from feeders, hive tools, beekeeper
smokers, gloves and beekeeper suits used in
colonies with clinical signs of foulbrood in apiaries.
Species isolated and identified from honeycomb and
material samples collected from 29 different apiaries
are given in Table 1.

Honeycomb samples with brood were taken from 43
colonies with clinical signs of foulbrood in 29 different
apiaries in the study. The agents isolated from
honeycomb samples are shown in Table 2. A total of
69 isolates were obtained from all samples. Twenty-
eight different species were isolated from samples
taken from colonies and beekeeping materials with
clinical signs of foulbrood. Bacillus subtilis (11.5%) is
the most isolated species.
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Table 1. Samples isolated from different tool and equipment samples used in apiaries and from honeycomb samples in
hives with clinical findings

Tablo 1. Ariliklarda kullanilan farkl alet ve ekipman 6rneklerinden ve kovanlardaki petek 6rneklerinden izole edilen érnekler

Sampled beekeeping equipment and isolated microorganism species Microorganism species
Apiary Feeder Hive tool Beekeeper Gloves Beekeeper suit isolated from hive
No smoker samples
1 1 (-) Enterococcus Enterococcus 1 Enterococcus Bacillus 1 Bacillus brevis
faecalis faecalis faecalis licheniformis
2 Bacillus subtilis Bacillus brevis 2 Enterococcus faecalis
2 () Bacillus subtilis
2 1(-) Enterococcus (-) Corynebacteriu Corynebacteriu 1 Corynebacterium
faecalis m jeikum m jeikum Jeikeium
2 Bacillus subtilis
2 Bacillus subtilis
Enterococcus faecalis
3 Bacillus subtilis Staphylococcus (-) Staphylococcus Bacillus Staphylococcus aureus
epidermidis aureus circulans Staphylococcus
epidermidis
Bacillus subtilis
4 1 Bacillus pumilus Staphylococcus (-) Staphylococcus Corynebacteriu 1 Bacillus pumilus
epidermidis aureus m jeikum Corynebacterium
2 Bacillus subtilis Acinetobacter Jjeikum
Iwoffi
3 Bacillus 2 Acinetobacter Iwoffi
licheniformis
3 Bacillus licheniformis
5 1 Bacillus subtilis 1 Staphylococcus Bacillus brevis Bacillus brevis Bacillus subtilis Corynebacterium
epidermidis Bacillus subtilis aquaticum
Bacillus brevis
2 Bacillus subtilis Bacillus subtilis
6 1() Corynebacterium Bacillus brevis Corynebacteriu Corynebacteriu 1 Corynebacterium
Jjeikum m aquaticum m jeikum pseudodiphteriticum
2 Bacillus subtilis Corynebacteriu Corynebacterium
m jeikum Jjeikum
3 Bacillus subtilis
2 Corynebacterium
pseudodiphteriticum
Corynebacterium
Jeikum
3 Corynebacterium
aquaticum
Aerococcus urinae
7 1 (-) Staphylococcus (-) Corynebacteriu Corynebacteriu 1 Corynebacterium
2 Bacillus brevis epidermidis m aquaticum m aquaticum aquaticum
Bacillus pumilus Bacillus subtilis Bacillus pumilus
2
Lactococcus lactis ssp.
Cremoris
Micrococcus luteus
8 ) Bacillus brevis () Bacillus brevis Staphylococcus Bacillus licheniformis
Staphylococcus aureus Bacillus brevis
aureus
9 Enterococcus Staphylococcus Staphylococcus Enterococcus Staphylococcus Staphylococcus
faecalis saprophyticus saprophyticus faecalis saprophyticus saprophyticus
Enterococcus Enterococcus faecalis
faecalis
10 ) Bacillus cereus (-) Corynebacteriu Bacillus subtilis Corynebacterium bovis
m bovis Bacillus cereus
Bacillus subtilis
1 Bacillus subtilis 1 Bacillus cereus Bacillus subtilis Staphylococcus Bacillus subtilis Staphylococcus
Staphylococcus epidermidis epidermidis
epidermidis Bacillus subtilis
2 Staphylococcus
epidermidis
12 1() Corynebacterium Corynebacteriu Corynebacteriu Corynebacteriu 1 Corynebacterium
pseudotuberculosi m m m pseudotuberculosis
2(-) s
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pseudotuberculo | pseudotuberculo | pseudotuberculo 2 Corynebacterium
sis sis sis pseudotuberculosis
13 1 Bacillus subtilis Corynebacterium (-) Corynebacteriu Bacillus subtilis 1 Rhodococcus equis
renale m renale Corynebacterium
2(-) renale
2 Bacillus subtilis
14 1 Bacillus subtilis Staphylococcus (-) Staphylococcus Staphylococcus Staphylococcus aureus
aureus aureus epidermidis Staphylococcus
Staphylococcus Bacillus subtilis epidermidis
epidermidis Bacillus subtilis
15 1() Staphylococcus (-) E.coli Staphylococcus E.coli
aureus aureus Morganella morgani
E.coli E.coli
16 ) Corynebacterium Staphylococcus Corynebacteriu Corynebacteriu Corynebacterium
Jeikum epidermidis m jeikum m jeikum Jeikum
Staphylococcus
epidermidis
17 1 Bacillus subtilis Bacillus subtilis Corynebacteriu Corynebacteriu Bacillus subtilis 1 Corynebacterium
m bovis m bovis bovis
2 Bacillus subtilis Bacillus subtilis Bacillus subtilis
2 Corynebacterium
bovis
18 1 Staphylococcus Staphylococcus (-) Staphylococcus Staphylococcus 1 Staphylococcus
simulans simulans simulans warneri simulans
Staphlococcus Bacillus subtilis Staphylococcus warneri
2 Bacillus subtilis warneri
2 Providencia stuartii
19 Bacillus subtilis Bacillus cereus Bacillus cereus Staphylococcus Bacillus cereus Bacillus cereus
epidermidis
Bacillus cereus
20 (-) Escherichia coli (-) Enterococcus Escherichia coli Enterococcus faecalis
Enterococcus faecalis
faecalis
21 1(-) Bacillus pumilus Bacillus Enterococcus Escherichia coli 1 Bacillus licheniformis
2(-) licheniformis faecalis Bacillus pumilus
2 Bacillus pumilus
22 1(-) Bacillus brevis (-) Enterococcus Enterococcus 1 Bacillus brevis
Enterococcus faecalis faecalis 2 Enterococcus faecalis
2 Bacillus brevis faecalis
23 -) Bacillus brevis (-) Klebiella oxytoca | Klebiella oxytoca Bacillus brevis
Bacillus cereus Klebiella oxytoca
24 -) 1 Staphylococcus (-) Staphylococcus Staphylococcus Staphylococcus
epidermidis epidermidis epidermidis epidermidis
Bacillus cereus Sphingomonas
paucimobilis
2 Staphylococcus
epidermidis
25 (-) Corynebacterium (-) Corynebacteriu Bacillus cereus Corynebacterium bovis
bovis m bovis
Bacillus cereus
26 Bacillus subtilis Corynebacterium (-) Corynebacteriu Corynebacteriu Corynebacterium
striatum m striatum m striatum striatum
Bacillus cereus
27 1() Corynebacterium (-) Corynebacteriu Corynebacteriu 1 Corynebacterium
pseudodiphteriticu m jeikum m jeikum pseudodiphteriticum
2(-) m Enterococcus
faecalis 2 Corynebacterium
Jeikum
28 Bacillus pumilus Staphylococcus (-) Staphylococcus Staphylococcus Bacillus pumilus
saprophticus saprophticus saprophticus Staphylococcus
saprophyticus
29 (-) Staphylococcus (-) Staphylococcus Staphylococcus Staphylococcus
epidermidis epidermidis epidermidis epidermidis
Staphylococcus
saprophticus
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Table 2. Bacterial species isolated from honeycomb samples taken from hives with foulbrood clinical signs

Tablo 2. Yavru ¢lrtkligu klinik bulgulari gérilen kovanlardan alinan petek érneklerinden izole edilen bakteri turleri

Isolated microorganisms

Positivity rate

Bacillus subtilis

Bacillus brevis

Bacillus pumilus

Bacillus cereus

Bacillus licheniformis
Staphlococcus aureus
Staphylococcus epidermidis
Staphylococcus saprophyticus
Staphylococcus simulans
Staphylococcus warneri
Corynebacterium jeikum
Corynebacterium aquaticum
Corynebacterium pseudodiphteriticum
Corynebacterium striatum
Corynebacterium bovis
Corynebacterium renale
Corynebacterium pseudotuberculosis
Klebiella oxytoca

Sphingomonas paucimobilis
Enterococcus faecalis
Escherichia coli

Acinetobacter Iwoffi

Morganella morgani

Providencia stuartii
Rhodococcus equi

Lactococcus lactis ssp. Cremoris
Micrococcus luteus

Aerococcus urinae

8 (11.5%)
5 (7.24%)
5 (7.24%)
2 (2.89%)
3 (4.34%)
2 (2.89%)
5 (7.24%)
2 (2.89%)
1(1.44%)
1(1.44%)
6 (8.69%)
3 (4.34%)
3 (4.34%)
1 (1.44%)
4 (5.79%)
1 (1.44%)
2 (2.89%)
1 (1.44%)
1 (1.44%)
5 (7.24%)
1(1.44%)
1 (1.44%)
1 (1.44%)
1(1.44%)
1(1.44%)
1 (1.44%)
1 (1.44%)
1 (1.44%)

Total

69 (100%)

From the colonies with clinical signs, samples were
taken from 43 feeders, 32 hand irons, 29 smokers,
30 gloves and 29 beekeeper suits by swab.
Microorganism isolation rates from equipment used
by beekeepers are shown in Table 3. The
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microorganism isolation rate from gloves and
beekeeper suits was 100%. Beekeeper smoker was
determined as the beekeeping material with the
lowest microorganism isolated. (34.38%).
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Table 3. Beekeeping equipment and microorganism isolation rates

Tablo 3. Aricilik ekipmanlari ve mikroorganizma izole edilme oranlari

Beekeeping Equipments

Number of samples

Microorganism isolation rates

Feeder 43 22 (51.16%)
Hive tool 30 30 (100%)
Beekeeper smoker 29 10 (34.48%)
Gloves 30 29 (96.66%)
Beekeeper suit 29 29 (100%)
DISCUSSION microorganisms particularly bacteria underlines the

Microorganisms were investigated predominantly on
honey bees, and partly on nectar, pollen and have
been reported in research and review studies.
Particulary  pathogenic  microorganisms  were
intensively studied and reported in a number of
research papers around the world since they cause
colony losses in honey bees (Snowdon and Cliver
1996, Gillliam 1997).

In a recent study by Bayrakal et al. (2020) honey,
bee and bee larva were examined from 900 samples
in 300 colonies by molecular method for bacterial,
fungal, viral and parasitic factors. They reported a
number of bacterial, fungal and parasitic agents from
those samples. Another study by Cunninham et al.
(2022) reports bees as bioindicators of the
environment and analyzed plant pathogens carried
by honey bees in the environment.

On the other side, contamination of microorganisms
in beekeeping pieces of equipment has not been
studied and it is difficult to compare these data to
other studies and assess the rate of contamination
by those materials used in beekeeping activities.
Hive tools, beekeeper suits, gloves, feeders, and
beekeeper smoker were determined as the source
of microorganisms in this study as 100%, 100%,
96%, 51% and 34% respectively. This explains the
reason for the fast and high rate of microorganism
contamination in apiaries. These results also provide
a good dataset to demonstrate the source of
microbial reservoirs of apiaries in beekeeping.

In this study, a total of 69 microorganisms and 28
different bacterial species were isolated from
samples taken from colonies and beekeeping
materials showing clinical signs of foulbrood as a
result of isolation and identification. The same
species of bacteria were isolated from the sampled
hives and materials. THe high number of

importance of hive materials for the source of
contamination and this should be considered in
beekeeping practices.

Honeybees can be affected by a variety of bacteria,
fungi, viruses and parasites and disease
management is an important part of beekeeping
activities. Good beekeeping and biosecurity
practices are very important to control bee
pathogens (Arbia and Babbay 2011, Al-Waili et al.
2012, Borum 2022, Rasovic 2021). Pathogenic
microorganisms often spread rapidly due to
beekeeping activities and some of them can be fatal
to bees if left untreated. In addition, some infections
such as American foulbrood are very hard to treat or
expensive to treat. Sometimes, it may require the
destruction of infected hives or even entire colonies
(Leska et al. 2021). Some practices by beekeepers
can be a source of pathogen contamination.
Especially foulbrood agents can be transmitted by
beekeeping tools and pieces of equipments (Fries
and Camazine 2001, CFIA 2013).

The bacterial species isolated from the materials
were the same as the agents isolated from the brood
combs taken from the hives with clinical signs of
foulbrood and bacteria grew at different rates at
samples taken from the feeders, hive tools, gloves,
beekeeper smokers and beekeeper suits. This gives
an idea of the route of contamination in apiaries. The
continuous use of these materials without
disinfection will cause contamination and this should
be avoided in apiaries (Locke et al. 2019,
Tomljanovi¢ et al. 2020). Hygiene is of great
importance for maintaining the health of bees and
bee products (vanEngelsdorp et al. 2013, Rasovic
2021). In particular foulbrood diseases such as
American foulbrood (no effective treatment
available) and European foulbrood cases will
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increase among colonies and apiaries without
disinfection and this will cause economic losses.

In conclusion, the data provided here may help to
improve disease management and hygienic
applications to avoid pathogenic infections in honey
bee colonies or apiaries. Beekeepers should be
informed about contamination routes of pieces of
beekeeping equipments and apply disinfection
procedures during beekeeping applications to avoid
pathogenic infections. Since beekeeper smoker has
less infection compared to other beekeeping
equipments due to high temperature in burning
smoker beekeepers are advised to disinfect the hive
tool with smoker before the beekeeping practices in
the field to reduce infection rates of other colonies.
More research is needed in this area to reduce or
avoid contamination of bee colonies with
equipments and use less medications in
beekeeping.
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oz

isci bal arnilarinin hipofaringeal ve mandibular bezlerinden salgilanan ari siitii beyazimsi renkte,
kendine 6zgii kokuda, eksimsi tath bir tatta ve viskoz yapida olan dogal bir aricilik tGriiniidiir. Yapisinda
cesitli karbonhidratlar, proteinler, esansiyel aminoasitler, lipitler, yag asitleri, B grubu vitaminleri ile A,
C, D ve E vitaminleri, potasyum, kalsiyum, sodyum, magnezyum gibi mineraller ve fenolik bilesikler
bulunmasi nedeniyle ari sutinin besin degeri yiiksektir. Ari sitiiniin sahip oldugu bu zengin biyoaktif
bilegik icerigi sayesinde antimikrobiyal, antioksidan, antiinflamatuar, antidiyabetik, antikanser ve
antihipertansif etkiler ile bagisiklik, sinir ve sindirim sistemleri lzerine bircok olumlu etkileri
bulunmaktadir. Bu nedenle toplumun farkl kesimleri tarafindan dogrudan an siitii seklinde veya bal,
polen veya propolis karisimlari halinde takviye gida olarak tiiketimi tercih edilmektedir. Bu ¢alisma ari
siitliniin bazi fiziksel, duyusal ve kimyasal 6zellikleri, saglik lGizerine etkileri ve gida olarak tiiketimi ile
ilgili bilgilerin derlenmesi amaciyla gercgeklestirilmisgtir.

Anahtar kelimeler: An siitii, royalisin, 10-HDA, antimikrobiyal, antidiyabetik

ABSTRACT

Royal jelly, secreted from the hypopharyngeal and mandibular glands of worker honeybees, is a
natural beekeeping product with a whitish colour, distinctive odour, sour-sweet taste, and viscous
structure. It has a high nutritional value because it contains various carbohydrates, proteins, essential
amino acids, lipids, fatty acids, B group vitamins, vitamins A, C, D, and E, and minerals such as
potassium, calcium, sodium, magnesium, and phenolic compounds. It has antimicrobial, antioxidant,
antiinflammatory, antidiabetic, anticancer, and antihypertensive effects and many positive effects on
the immune, nervous, and digestive systems because of its rich bioactive contents. For this reason,
its consumption is preferred by society as a supplementary food and can be consumed directly in the
form of royal jelly or honey, pollen, or propolis mixtures. This study was carried out to review
information about some physical, sensorial, and chemical properties of royal jelly, its effects on health,
and its consumption as a food.

Keywords: Royal jelly, royalisin, 10-HDA, antimicrobial, antidiabetic
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EXTENDED ABSTRACT

Purpose: Royal jelly, produced in the
hypopharyngeal and mandibular glands of worker
honeybees, is the only food source of queen bees
throughout their lives, and the bee larvae are also
fed with royal jelly in the first few days of
development. It is a nutritious beekeeping product
for humans same as for honeybees. Additionally,
since the economic value of royal jelly is higher than
other beekeeping products such as honey, pollen,
and propolis, its commercial production has gained
importance and become an important source of
income for beekeepers around the world. Therefore,
it was aimed to summarise the production, some
physical and chemical properties, health effects,
usage as food, and some side effects of
consumption of this valuable product based on the
literature.

Discussion: Royal jelly has a whitish colour, a
distinctive strong odour, a sourish-sweet taste, and
gelatinous consistency. It includes carbohydrates
such as fructose, glucose, sucrose, trehalose,
maltose, erlose, melibiose, ribose, gentiobiose,
isomaltose, and raffinose; main royal jelly proteins,
royalicin, jelleines, apisimin, royalactin and essential
amino acids such as arginine, histidine, isoleucine,
leucine, lysine,  methionine,  phenylalanine,
threonine, tryptophan; waxes, steroids,
phospholipids and fatty acids such as 8-
hydroxyoctanoic, 3-hydroxydecanoic, 9-
hydroxydecanoic, 9-hydroxy-2-decanoic, 10-
hydroxydecanoic, 10-hydroxy-2-decenoic, 3,10-
dihydroxydecanoic, 2-octene-1,8-dioic and 2-
decene-1,10-dioic acid; B group vitamins such as
thiamine, riboflavin, niacin, pantothenic acid,
pyridoxine, biotin, folic acid and cobalamin, and
vitamins A, C, D and E; minerals such as potassium,
calcium, sodium, magnesium, zinc, iron, copper and
manganese; phenolic compounds such as p-
coumaric acid, benzoic acid, rosmarinic acid,
kaempferol, gallic acid, p-hydroxybenzoic acid,
ferulic acid, quercetin, myricetin, pyrogallol, syringic
acid, ellagic acid and cinnamic acid. It has
antimicrobial, antioxidant, antiinflammatory,
antidiabetic, anticancer, and antihypertensive effects
and many positive effects on the immune, nervous,
and digestive systems due to these compounds.

Conclusion: Royal jelly is an important food source
for honeybees due to its rich bioactive compounds,
but it is also a potential natural nutritive product for
humans. Royal jelly is commercially available in

natural form or found as a mixture of other products
such as honey, pollen, and propolis. It can be
consumed daily in different amounts by babies,
children, and adults according to their physiological
status. However, royal jelly may cause allergic
symptoms in some people, and it is recommended
that people who are sensitive to allergic reactions,
pregnant and lactating women, and young children
should be careful in the consumption of royal jelly
therefore allergy tests should be done before the
consumption of royal jelly.

GiRIiS

Fonksiyonel gidalar, besleyici de@erlerinin yani sira
bireyler Uzerinde fizyolojik veya psikolojik bir etkiyi
olumlu ve 6zel olarak tesvik edecek sekilde saghgin
korunmasina katkida bulunan gidalar olarak
nitelendirilmektedir. Bal, propolis ve ari sutd gibi
aricilik Grtnlerinin fonksiyonel gida o6zelligi tasiyan

artnler olduklari belirtimektedir (Viuda-Martos vd.
2008).

Arl sutt is¢i bal arilarinin hipofaringeal ve
mandibular bezlerinden salgilanmaktadir (Ozkok vd.
2021). An sutd kralice arilarin tim yagamlar
boyunca tek besin kaynagidir ve ayni zamanda
larvalarin gelisiminin ilk birka¢ gununde larvalar ari
sutl ile beslenmektedir (Damico vd. 2021). Ari situ
yapisinda su, proteinler, aminoasitler,
karbonhidratlar, yag asitleri, lipitler, mineraller,
vitaminler ve ugucu bilegikler bulunan karmasik
bilesime sahip bir Grindir (Collazo vd. 2021).
icerdigi dogal biyoaktif bilegsenler sayesinde
antikanser, antioksidan, antimikrobiyal,
antiinflamatuar etkiler gibi farmakolojik 6zellikler
gostermekte ve bu Ozellikler ari situnu saghg:
koruyucu ve geligtirici kriterlere sahip bir besin
takviyesi haline getirmektedir. Geleneksel tipta
Ozellikle Asya ve Eski Misirda uzun suredir
kullanilan ari sutl son yillarda dogal drunlere olan
ilginin buylk Ol¢ide artmasinin bir sonucu olarak
ilag, gida ve kozmetik endustrileri gibi birgok farkli
alanda degerlendiriimektedir (Salama vd. 2022). Ari
sutt ile ilgili gergeklestirilen arastirmalardan
hareketle bu c¢alismada ari sitinin bazi fiziksel,
duyusal ve kimyasal 6zellikleri, saglik Uzerine etkileri
ve gida olarak kullanimi ile ilgili bilgilerin derlenmesi
amaclanmigtir.

Arni Siitii Uretimi

Ari sGtindn ekonomik degeri bal, polen ve propolis
gibi diger ar1 Urtnlerinden daha yuksek oldugu icin
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ticari olarak Uretimi énem kazanmistir ve dinya
capinda aricilarin énemli bir gelir kaynagdi haline
gelmistir. Cin yilda yaklasik 4000 ton ari sutd Gretimi
ile dunyadaki toplam Uretimin %90 kadarini
gerceklestirmektedir. Ayrica Vietnam, Tayvan, Kore,
Japonya, Yunanistan, ispanya, Fransa, italya ve
Meksika gibi Ulkelerde de ar sGta Gretimi
yapillmaktadir (Khan vd. 2021). Ari sutd Gretim
asamalari Sekil 1°de gosterilmistir.

isci bal arilarinin hipofaringeal ve mandibular
bezlerinden salgilanan ari sttiinin yuksek verimde
Uretimi igin GUretim sezonu boyunca iyi bir kralige art,
biydk ve gugli bir koloni, yeterli besin kaynagi,
uygun sicaklik (20-30 °C), etkin ve uygun Uretim
malzemeleri ve deneyimli aricilar gerekmektedir.
Tdm bu gerekliliklerin arasinda en 6nemli faktor ise
arl sutd udretim performansini 6nemli diizeyde
etkilemesi bakimindan iyi bir kralige arinin varhgidir
(Altaye vd. 2019). Ari sutlinin standart Gretimi yapay
larvalarin asilanmasi ile yapilmaktadir. isci ar
larvalari yumurtadan ¢iktiktan 12-18 saat sonra

(D Dogal bir kaynak olarak
ari kovani

Hipofaringeal
bezler

" M 1
Kovan rll’m‘,

Petek

Sekil 1. An siitii tretim agamalari

Ari Siitiiniin Fiziksel ve Duyusal Ozellikleri

Ari sutl beyazimsi bir renk ile karakterize edilmekte
olup bu renk depolama sirasinda sariya dénme
egilimi gostermektedir (Miguel ve EI-Guendouz

U.An D. - U.Bee J. 2023, 23 (1): 138-152

@ Ari sitd Gretimi ve petek
hiicrelerinde depolanmasi

X A

asilama kalemi ile yapay kralice ari hicrelerine
asilanir ve koloni, is¢i arilari larvalarini beslemek igin
ar sUth Uretmeye tesvik edilir. Larvalar 68-72 saat
sonra cimbizla agilandiklari yerden cikarilarak
Uretilen ari sutd toplanir. Larva agilama ve ari sutu
uretimi zaman alici, ¢cok emek isteyen, larvalarin
varligina ve Ureticinin yeteneklerine bagli bir islem
oldugundan, ari sutli Uretiminde larva asilamasi
gerektirmeyen yeni bir ydntem gelistirilmistir (Hu vd.
2019, Altaye vd. 2019). Bu yeni yontemde, asilama
gerektirmediginden verimli oldugu kadar kullanisli da
olan bir cihaz kullaniimaktadir. Kullanilan cihaz;
dizenli delikleri olan bir plastik temelden, delikleri
doldurmak icin petege sokulabilen bir gubuga monte
edilmis plastik hiicre tabanlarindan ve ari stl Uretim
gubuklari  Uzerindeki dipsiz  plastik  kralice
kaplarindan olugsmaktadir. Ayrica ari sitlini toplama
makineleri gelistiriimesiyle ari siti Gretiminde isgilik
ihtiyaci azalmis ve hasat verimliligi artmistir. Cin’de
geligtirilen bir ar sutl toplama makinasi ile 40
dakikada 12 kg kadar ari sOtunun toplanabildigi
bildirilmistir (Altaye vd. 2019).

@ Arn satinin ana bilesenleri
ve saglik etkileri
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2017, Kausar ve More 2019, EI-Guendouz vd.
2020a). Chen vd. (2023) tarafindan yapilan bir
calismada bir hafta depolanmis farkli ar sutu
orneklerinin L*, a* ve b* renk degerlerinin sirasiyla
48.99, -3.70 ve 16.19 olarak tespit edildigi
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bildirilmistir. Ayrica liyofilizasyon ile kurutulmusg ari
sutl 6érneginin L*, a* ve b* renk degerlerinin de
sirasiyla 89.80, -0.53 ve 20.54 oldudu rapor
edilmistir (Li vd. 2022).

Ari suti ayirt edilebilir keskin bir kokuda, eksimsi tath
bir tatta ve ylksek asitlige sahip (pH 3,4-4,5) bir
Urindir. Ayrica suda kismen ¢ozunir 6zellik
gOsteren ari sttliniin yogunlugunun 1,1 g/mL oldugu
bildirilmistir  (Sabatini 2009, EI-Guendouz vd.
2020a).

Ar sutu jelatinimsi kivami ile karakteristik bir
yapidadir ve viskozitesi su igerigine ve tazeligine
bagli olarak degisiklik gostermektedir. Ayrica ari
sutiintn yapisinin depolama kogullarina baglh olarak
da etkilendigi ve ari sutunin oda sicakliginda
depolanmasinin renk ve viskozite gibi organoleptik
Ozelliklerini degistirdigi rapor edilmistir (Ramanathan
vd. 2018). Uygun olmayan kosullarda depolanan ari
sutlinlin viskozitesinin arttigi, renginin koyulastigi ve
ari sitinde ransit tat olustugu bildirilmis olup,
kalitesinin korunmasi igin donmus halde saklanmasi
Onerilmektedir (Kausar ve More 2019, Ramanathan

vd. 2018). Yapilan bir calismada oda sicakhdinda bir
hafta depolanan ari sitl drneklerinin viskozite
degerinin 7.05 Pa.s oldugu ve bu degerin 30 gunluk
depolama sonunda 8.74 Pa.s degerine ylkseldigi
bildirilmistir (Chen vd. 2023).

ARI SUTUNUN KiMYASAL KOMPOZiISYONU

Su igerigi

Ari st yuksek miktarda (>%60) su icerigine sahiptir
ve su igerigi arl sutiinln kalitesi Uzerinde etkilidir
(Kausar ve More 2019). ISO 12824 an sutl
standardina goére saf ari sitinin su igeriginin
%62,00-68,50 araliginda (Anonymous 2016) ve TS
6666 ari suti standardina gére ise %60,00-70,00
araliginda olmasi gerekmektedir (Anonim 2010). Ari
sutinin su igerigi Uretim mevsimi, dretim gsekli ve
saklama kosullarina bagli olarak degisiklik
gOsterebilmektedir (Kanelis vd. 2015, Bagameri vd.
2022). 1SO 12824 Standardrna goére ari sutinin
tasimasi gereken kimyasal bilesim 6zellikleri Tablo
1’de verilmistir.

Tablo 1. ISO 12824 Standardi’na goére an siitiinin tagimasi gereken kimyasal bilegsim ozellikleri

(Anonymous 2016)
Ozellikler Tisptinda“ DegerT'ﬁ)”z
Nem icerigi En az %62,00 %62,00
En cok %68,50 %68,50
10-hidroksi-2-dekenoik asit (10-HDA) Enaz %1,40 %1,40
Protein En az %11,00 %11,00
En cok %18,00 %18,00
Toplam seker En az %7,00 %7,00
En ¢ok %18,00 %18,00
Fruktoz %2,00-9,00 %2,00-9,00
Glikoz %2,00-9,00 %2,00-9,00
Sakkaroz <%3,00 -
Erloz <%0,50 -
Maltoz <%1,50 -
Maltotrioz <%0,50 -
. En az 30,00 30,00
Toplam asitlik [(1 mol/L NaOH) mL/100 g] En gok 53,00 53,00
Toplam lipit %2,00-8,00 %2,00-8,00
C13/C12 orani (d %o) -29ila -20 -29ila-14
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Bazeyad vd. (2022) tarafindan vyapilan bir
calismada, Suudi Arabistan’da toplanan 12 farkl
taze arn sutl 6rneginin nem igeriklerinin %61,70-
76,80 araliklarinda oldugu bildirilmistir. Tirkiye'de
yapilan calismalarda ari sutd o6rneklerinin nem
iceriklerinin %62,50-68,50 (Kanelis vd. 2015) ve
%61,60-73,00 (Kolayli vd. 2016) degerlerinde
oldugu rapor edilmistir. Yunanistan’dan toplanan ari
sutl érnekleri ile gergeklestirilen bir arastirmada ise
ari suti orneklerinin nem igeriklerinin %46,70-73,20
araliginda bulundugu bildirilmistir (Kanelis vd. 2015).

Karbonhidrat icerigi

Ari sati  bilesiminin  %7,50-15,00 kadarini
karbonhidratlar olusturmaktadir. ISO 12824 ar sutiu
standardina goére saf ar sitinin toplam seker
iceriginin %7,00-18,00 araliginda olmasi
gerekmektedir (Anonymous 2016). Ari sitinin
karbonhidrat iceriginin mevsime, cografik bolgeye,
botanik kaynagina, ari tiriine ve ulretim metoduna
gore degisiklik gosterebildigi rapor edilmistir (Kunugi
ve Mohammed Ali 2019). Ancak major
karbonhidratlarin tirlerinin ¢ogunlukla ayni oldugu,
sadece miktarlarinda farklilik olabildigi belirtilmistir
(Maghsoudlou vd. 2019).

Ari sOtinun karbonhidrat igeriginin %90 kadari
fruktoz ve glikozdur ve bu karbonhidratlar ari
sutiinde ortalama %2,30-8,10 oraninda
bulunmaktadir (Collazo vd. 2021). Ayrica ari
sutinun yapisinda %0,80-3,60 oranda sakkaroz da
bulunmaktadir (Kunugi ve Mohammed Ali 2019).
ISO 12824 ari siitl standardina gore saf ari sttliniin
fruktoz ve glikoz igeriklerinin %2,00-9,00 araliginda
ve sakkaroz igeriginin ise %3,00 degerinin altinda
olmasi gerekmektedir (Anonymous 2016). Bu
karbonhidratlarin yani sira az miktarda trehaloz,
maltoz, erloz, melibiyoz, riboz, gentiobiyoz,
izomaltoz, rafinoz ve melezitozun da ari sttinin
yapisinda bulundugu ve bu bilesenlerin Urdndn
safliginin kontroliinde énemli oldugu rapor edilmistir
(Bagameri vd. 2022).

Protein ve aminoasit igerigi

Ari sutunin protein icerigi %9,00-18,00 degerleri
arasinda degismektedir (EI-Guendouz vd. 2020a).
ISO 12824 ari siitl standardina gore saf ari stitiiniin
toplam protein igeriginin %11,00-18,00 aralidinda
(Anonymous 2016) ve TS 6666 ari sutu standardina
gore ise  %9,00-18,00 aralhidinda olmasi
gerekmektedir (Anonim 2010). Farkh Ulkelerde
uretilen ari sitleri ile yapilan calismalarda ise ari
sutl orneklerinin protein igeriklerinin %10,20-19,60
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oldugu rapor edilmistir (EI-Guendouz vd. 2020a).
Protein igeriginin %80 kadarini ise molekul agirliklari
49-87 kDa arasinda degisen ar sutunun ana
proteinleri (MRJP) olusturmaktadir (Maghsoudlou
vd. 2019, Melliou ve Chinou 2014). Bu proteinler
birgok esansiyel aminoasidi yapisinda bulundurdugu
icin kralice arilarin  gelisiminde 6nemli rol
oynamaktadir (Maghsoudlou vd. 2019). Ari sitinin
ana proteinlerinde bulunan esansiyel aminoasitlerin
arginin, histidin, izoldsin, 18sin, lisin, metiyonin,
fenilalanin, treonin, triptofan ve valin oldugu ve ana
proteinlerin  MRJP1, MRJP2, MRJP3, MRJP4,
MRJP5, MRJP6, MRJP7, MRJP8 ve MRJP9 olmak
Uzere dokuz farkh alt Gyesinin bulundugu rapor
edilmistir (Ramanathan vd. 2018). Ancak son
yillarda filogenetik olarak eski bir bal arisi tiri olan
Apis florae kaynakli ve MRJP10 olarak adlandirilan
yeni bir Gyenin de oldugu belirtiimistir (Helbing vd.
2017). MRJP1, 2 ve 4 Ulyelerinde 16sin ve valin;
MRJP3 Uyesinde arginin ve lisin; MRJP5 Uyesinde
arginin ve metiyonin; MRJPG6, 7 ve 8 Uyelerinde 16sin
ve MRJP9 lyesinde ise izoldsin aminoasitlerinin
miktarlarinin  daha yuksek oldugu bildirilmistir
(Ramanathan vd. 2018).

MRJP1, ari sitl ana proteinlerinin yaklasik %45
kadarini olusturan ve molekuler agirligi 350-420 kDa
arasinda olan zayif asidik bir glikoproteindir
(Maghsoudlou vd. 2019). Bu proteinin degradasyonu
ari stinin depolama sicakhdi ve siresi ile pozitif
korelasyon gosterdiginden MRJP1 proteini ari sutu
kalitesi ve tazeligini degerlendirmede &6nemli bir
indikator olarak kabul edilmektedir (Guo vd. 2021).
MRJP2, 3, 4 ve 5 proteinleri sirasiyla 49,60-70,60 ve
80 kDa molekller agirliklara sahip bazik 6zellik
gbsteren glikoproteinlerdir (Maghsoudlou vd. 2019).
MRJP6 ve MRJP7 arilarin hipofaringeal bezlerinden
salgilanan proteinlerdir. Ayrica MRJP7’nin bakici
arilarin beyinlerinde de bulundugu belirtilmistir.
MRJP 8 ve 9 proteinleri ar1 sttt ana protein ailesinin
en eski Uyeleri olarak ifade edilmektedir ve MRJP8
proteini diger proteinlere gore ar sutlinde daha az
miktarlarda bulunmaktadir (Ramanathan vd. 2018).

Ari sutu ana proteinlerinden daha dusuk miktarda
bulunan diger ar siti proteinleri ise royalisin,
jelleinler, apisimin ve royalaktindir. Royalisinin
kokeni bilinmemekle beraber dogrudan bal arisi
kaynakli olabilecedi varsayiimaktadir. Royalisin 51
aminoasit kalintisindan olusan amfifilik bir proteindir
ve yapisinda bulunan disulfit baglar sayesinde
yuksek sicaklik ve dusuk pH degerlerinde oldukca
stabildir. Jelleinler, MRJP1 proteinlerinin spesifik
proteazlar ile parcalanmasi sonucu olusan ve
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hidrofobik kalintilar igeren bir protein fraksiyonudur
(Fratini vd. 2016). Apisimin proteininin bal arisinin
kafasinda yiksek oranda var oldugu ve MRJP 1
proteinini gucla bir sekilde baglama kapasitesine
sahip oldugu rapor edilmistir. Ari sutd proteininde
bulunan ve 54 aminoasit kalintisindan olusan bir
polipeptit olan apisiminin valin (%18,5) ve serin
(%16,7) aminoasitleri bakimindan zengin oldugu,
yapisinda  sistein  icermedigi ve  aromatik
aminoasitlerden sadece fenilalanini bulundurdugu
rapor edilmigtir. Ayrica igerdidi 54 aminoasit
kalintisinda metiyonin, prolin, arginin, histidin, tirozin
ve triptofan da bulunmadigi bildirilmistir (Barnutiu vd.
2011). Royalaktin proteininin ise kralige arinin
farkhlagsmasinda rol oynadigi rapor edilmistir (Fratini
vd. 2016).

Lipit ve yag asidi icerigi

Ari sttindeki lipit fraksiyonu %3,00-6,00 kadar olup
lipit iceriginin koloninin gelismesi igin 6nemli biyolojik
aktivitelerden sorumlu oldugu belirtiimistir (Collazo
vd. 2021). Arl sutuindeki lipitlerin 6zellikle kolesterol
seviyelerinin diglrulmesinde ve saglikli ndronlar
kaplayan miyelinin  yalitimini  saglayan glial
hicrelerinin uyariimasinda rol oynadiklar
belirtilmigtir (Barnutiu vd. 2011).

Ar sltiinde bulunan lipitlerin %80-90 kadarini ise
serbest yag asitleri olusturmaktadir (Collazo vd.
2021). An sutinde ayrica mumlar (%5,0-6,0),
steroidler (%3,0-4,0) ve fosfolipitlerin (%0,4-0,8) de
bulundugu rapor edilmistir (Ahmad vd. 2020, Li vd.
2013).

Yag asidi fraksiyonunun yaklasik %80-90 kadari
zincirde 8 ve 10 karbon atomu igceren mono- ve
dihidroksi asitler ve dikarboksilik asitlerden
olugsmaktadir (Kocot vd. 2018, Collazo vd. 2021). Ari
sutinde 8-hidroksioktanoik, 3-hidroksidekanoik, 9-
hidroksidekanoik, 9-hidroksi-2-dekenoik, 10-
hidroksidekanoik, 10-hidroksi-2-dekenoik (10-HDA),
3,10-dihidroksidekanoik, 2-okten-1,8-dioik ve 2-
deken-1,10-dioik asitlerin bulundugu rapor edilmistir
(Kolayli vd. 2016). Ari sttliniin ana yag asidi ise 10-
HDA olarak bildirilmis olup bu yag asidinin varligi
baska bir aricilik Uriininde veya dogal ham bir
kaynakta rapor edilmediginden ari sutinin kalitesi
ve dogaligi hakkinda bilgi vermektedir (El-
Guendouz vd. 2020a). Arn sutindeki 10-HDA
miktarinin %0,75-3,39  araliginda  degistigi
bildirilmistir (Kocot vd. 2018). Ayrica 10-HDA
bilesigi, 10-hidroksidekanoik asit ve sebasik asit ile
birlikte ari sGtinidn toplam organik asit iceriginin
%80,00-90,00 kadarindan fazlasini olusturmaktadir

(Celik vd. 2022). Yapilan bir calismada, 18 farkl ari
sutld 6rneginin toplam yag asidi igeriginin %2,30-
7,30 ve 10-HDA igeriginin ise %1,00-3,90 araliginda
oldugu rapor edilmistir (Kolayli vd. 2016).

Vitamin igerigi

Ari sutliintin vitamin icerigi ar suttindeki vitaminlerin
temel kaynagi olan gicek polenlerini etkileyen
mevsimsel degisimlere bagl olarak farklilik
gostermekle birlikte, ar1 sitinde B grubu vitaminlerin

ve Ozellikle de pantotenik asit miktarinin yiksek
oldugu belirtilmistir (Fratini vd. 2016).

Ari sutinin yapisinda tiamin (B1), riboflavin (B2),
niasin (B3), pantotenik asit (BS), piridoksin (B6),
biyotin (B7), folik asit (B9) ve kobalamin (B12)
bulundugu rapor edilmistir (Collazo vd. 2021, Guo
vd. 2021). Ayrica bu vitaminlerin yani sira ari
sutiinde A, C, D ve E vitaminlerinin de oldugu
bildirilmistir (Collazo vd. 2021). Ari sitiinde bulunan
A, C, D, E, B1, B2, B3, B5, B6, B9 ve B12
vitaminlerinin miktarlarinin sirasiyla 1,10; 2,00; 0,20;
5,00; 2,06; 2,77; 42,42; 52,80; 11,90; 0,40 ve 0,15
mg/100 g oldugu rapor edilmistir (Barnutiu vd. 2011,
Xue vd. 2017).

Mineral igerigi

Ar1 satiinin mineral igeriginin kuru maddede %2,00-
5,00 araliginda oldugu rapor edilmistir (Collazo vd.
2021). TS 6666 ari siti standardina goére saf ari
sutliniin kal igeriginin %0,80-3,00 araliginda olmasi
gerekmektedir (Anonim 2010). Ari sitlinde bulunan
temel mineraller bulunma miktarlarina gore sirasiyla
potasyum, kalsiyum, sodyum, magnezyum, ¢inko,
demir, bakir ve mangan olarak bildirilmistir. Ayrica
ari sutiinde iz miktarda kobalt, baryum, tungsten,
krom, nikel, vanadyum, kursun ve molibden gibi
minerallerin de oldugu rapor edilmistir (Balan vd.
2020). Yapilan bir calismada, 30 farkli ari sutu
orneginin potasyum, fosfor, magnezyum, kalsiyum,
sodyum, c¢inko ve demir icerikleri ortalamalarinin
sirasiyla 2031, 2009, 259, 153, 95, 21 ve 17 mg/kg
oldugu; bakir, aliminyum, mangan, baryum, krom,
selenyum, nikel, vanadyum ve molibden gibi
minerallerin miktarinin ise 5 mg/kg degerinin altinda
bulundugu rapor edilmistir (Balkanska vd. 2017).

Bal ve polen gibi diger ari uUrdnlerinin mineral
icerikleri botanik kaynagina ve dretildigi boélgenin
toprak ozelliklerine gdre genis bir aralikta farklilik
g0sterirken, ari sutlerinin mineral madde iceriklerinin
farkli botanik kaynaklardan veya cografi bolgelerde
uretilseler dahi  6nemli  derecede farkhlk
gOstermedikleri raporlanmigtir. Bu durumun anne
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sutine benzer olarak bakici arilar tarafindan ari
sutindeki temel ve iz mineral maddelerin
homeostatik olarak ayarlanmasi ile iligkili oldugu
bildirilmistir (Collazo vd. 2021).

Fenolik bilesik miktari ve kompozisyonu

Fenolik bilesikler sahip olduklari ¢esitli terapotik ve
biyolojik 6zelliklerinden dolayr en énemli kimyasal
bilesik siniflarindan birisi olarak kabul edilmektedir.
Fenolik bilesikler, biyoaktif yag asitleri ve proteinler
ile birlikte ar sGtintn biyolojik dzelliklerinin
kaynagini olusturmaktadir (EI-Guendouz vd. 2020a).
Ari sutl geng isci arlar tarafindan salgilandidi ve
sinirl miktarlarda diger ar Urdnleri ile karngtirildigi
icin bal, polen ve propolis gibi diger aricilik Grtinlerine
gore daha dusiuk miktarlarda fenolik madde
icermektedir (Kolayli vd. 2016).

Tarkiye’de bes farkh art st o6rnegi ile
gerceklestiriien bir galismada oOrneklerin ortalama
toplam fenolik madde miktarinin 59,16 mg GAE/100
g oldugu rapor edilmistir (Ozkok ve Silici 2017). Bir
diger arastirmada ise farkli Uretim zamanlarinda
temin edilen ari suti o6rneklerinin toplam fenolik
madde miktarlarinin 27,09-36,48 mg GAE/100 g
oldugu ve fenolik bilesik miktarlarinda érnekler ve
toplanma zamanlari agisindan farkllik goézlendigi
bildirilmistir (Emir 2020). Ari sitinin fenolik bilesik
kompozisyonunun incelendigi bir arastirmada ise ari
sutinde p-kumarik asit, benzoik asit, rozmarinik asit,
kaempferol, gallik asit, p-hidroksi benzoik asit, ferulik
asit, o-kumarik asit, resveratrol, kuersetin, mirisetin,
pirogallol, siringik asit, ellajik asit ve sinamik asidin
bulundugu rapor edilmistir (Hassan vd. 2022). Ayrica
ari suttinde gesitli flavonlarin (apigenin ve glikozitleri,
luteolin, krizin ve akasetin), flavanonlarin
(naringenin,  hesperetin  ve izosakuranetin),
flavonollerin (kaempferol ve izoramnetin glikozitleri)
ve izoflovonoidlerin (genistein ve formononetin)
bulundugu da bildirilmistir (Ahmad vd. 2020).

ARI SUTUNUN SAGLIK UZERINE ETKILERI
Antimikrobiyal etki

Ar sitl eski c¢aglardan beri antimikrobiyal ajan
olarak kullaniimaktadir (Khazaei vd. 2018, Civelek
2022). An sutinin gram pozitif ve gram negatif
bakterilere karsi antimikrobiyal 6zellige sahip oldugu
ilk kez 1939 yilinda McCleskey ve Melampy
tarafindan kesfedilmis ve daha sonra yapilan gesitli
arastirmalarda ar1 sitinin Bacillus cereus, B.
subtilis, Enterococcus faecium, E. faecalis,
Escherichia coli, Klebsiella pneumoniae, Salmonella
infantis, S. typhi, Staphylococcus aureus ve S.
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epidermidis gibi mikroorganizmalar Gzerinde inhibe
edici etkisinin oldugu rapor edilmistir (Fratini vd.
2016).

Ari sitinin bilesimindeki 8-9 aminoasit kalintisi
iceren peptitler, apalbumin, royalisin, jelleinler,
royalaktin, apisimin ve 10-HDA gibi biyoaktif
bilesenlerin antimikrobiyal aktivite Uzerinde etkili
oldugu belirtilmistir (Sediva vd. 2018, Nader vd.
2021, Collazo vd. 2021). Antimikrobiyal peptitlerin
pozitif yikd, negatif ylklu hicre zarlariyla etkilesime
girerek bakteri hicrelerini denatire etmekte ve
bdylelikle bakterilerin geligimlerini inhibe etmektedir
(Collazo vd. 2021).

Yapilan bir gcalisma ile ari sitl proteinlerinden
apalbumin2’nin Paenibacillus larvae, B. subtilis ve E.
coli uzerinde antimikrobiyal etkisinin oldugu ve bu
etkinin apalbumin2 bilesiginin yapisinda bulunan
yiksek mannoz igeriginden kaynaklanabilecegi
rapor edilmistir (Bilikova vd. 2009). Arn sitinin
protein bilesenlerinden biri olan royalisinin toplam 51
aminoasit ve bunlar arasinda ise 6 sistein kalintisi
icerdigi ve mantarlara ve bakterilere karsi
antimikrobiyal etki gosterdigi bildirilmistir.
Rekombinant olarak dretilen royalisinin de gram
pozitif bakterilerin hicre duvarlari ve zarlarini
parcalayarak islev bozukluguna neden oldugu rapor
edilmistir (Kim vd. 2019). Yapilan bir galismada,
uretilen rekombinant royalisinin gram pozitif
bakteriler olan B. subtilis, Micrococcus flavus ve S.
aureus mikroorganizmalarinin hiicre zarlari ve
duvarlarina zarar vererek inhibe ettigi, ancak gram
negatif bakteriler olan E. coli, S. typhimurium ve
Proteus vulgaris ile Aspergillus oryzae, Penicillium
viridicatum  ve Pichia  pastoris  Uzerinde
antimikrobiyal bir etki gdstermedigi bildiriimistir
(Shen vd. 2012). Ari sutiinde jelleinler olarak bilinen
antimikrobiyal peptitlerin ise B. subtilis, E. coli, K.
pneumoniae, Listeria monocytogenes ve S. aureus
mikroorganizmalari  Uzerine inhibe edici etki
gOsterdigi belirtilmistir (Fratini vd. 2016).

Antimikrobiyal peptitler diginda ar  sitindn
bilesiminde bulunan 10-HDA bilesiginin de bal arisi
larvalarinda Amerikan yavru c¢uUrukligine neden
olan Paenibacillus larvae mikroorganizmasinin farkli
suslari tGzerinde antimikrobiyal etki gosterdigi rapor
edilmistir (Sediva vd. 2018).

Antioksidan etki

Ar1 sitindn antioksidan 06zellige sahip olmasini
saglayan maddelerin bilesiminde bulunan proteinler
(MRJP1-9) ve peptitler oldugu belirtiimistir (Collazo
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vd. 2021, Civelek 2022). Yapilan bir ¢alisma ile ari
sutiinde antioksidan etki igeren 29 peptit izole
edilmis olup bu peptitler arasindan 2-4 aminoasit
kalintisi  olan  (alanin-I6sin,  fenilalanin-lisin,
fenilalanin-arginin, izolésin-arginin, lisin-16sin, I8sin-
aspartik asit-arginin, lisin-asparajin-tirozin-prolin) ve
Ozellikle tirozin kalintilar iceren kiglk peptitlerin
antioksidan o0zellik tasidigi bildirilmistir (Guo vd.
2009). Ayrica protein ve peptitlerin yani sira ari
sutlinde bulunan fenolik bilesiklerin de antioksidan
aktiviteye katki sagladigi rapor edilmistir (Ecem
Bayram vd. 2021). Fas, Portekiz ve ispanya’dan
temin edilen farkli ar sttt érnekleri ile yapilan bir
arastirmada 6rneklerin ABTS, DPPH, sliperoksit ve
nitrik oksit radikalleri ile hidrojen peroksit Uzerine
antioksidan aktivite go6sterdigi bildirilmistir. Bu
c¢alismada an sitindeki fenolik bilesiklerin tim
radikaller ve hidrojen peroksit tizerinde etkili oldugu,
ancak proteinlerin ise sadece DPPH radikali ile
hidrojen peroksit Gzerinde antioksidan etki gosterdigi
belirtiimigtir (EI-Guendouz vd. 2020b). Fareler
Uzerinde yapilan bir g¢alismada ise kisitlama ve
soguk stres uygulanan farelere ari sutl takviye
edilerek ari sutinin farelerin glisemi, plazma
enzimleri, kortikosteron seviyesi ve hepatik
antioksidan sistemi Uzerine etkisi incelenmistir.
Deney sonucunda ari sutl takviyesinin kortikosteron
seviyesini digurdugu, toplam antioksidan kapasiteyi
iyilestirdigi ve stres ortaminda glisemi kontroliine
yardimci oldugu rapor edilmistir (Caixeta vd. 2018).

Antiinflamatuar etki

inflamasyon fiziksel, kimyasal veya mikrobiyal etkiler
ile olusan lokal tahribe karsi viicudun goésterdigi tepki
olup kizarikhk, 1sinma, aci ve sisme seklinde
gostergeleri bulunmaktadir. Ari sttt antiinflamatuar
etkisi nedeniyle ilaclara karsi alternatif dogal bir Grin
olarak onerilmektedir (EI-Guendouz vd. 2020a). Ari
sutindeki antiinflamatuar etkiye sahip ©6nemli
bilesenlerden birisinin 10-HDA oldugu belirtilmigtir
(Yang vd. 2018). Ayrica yapilan arastirmalarda
MRJP1, MRJP2 ve MRJP3 proteinlerinin de
antiinflamatuar aktivite gosterdigi rapor edilmistir
(Muresan vd. 2022).

Yapilan bir arastirmada ar sutinidn farelerde
proinflamatuar sitokinlerin (TNF-a, IL-6 ve IL-1)
sekresyonunu baskilamasi nedeniyle
antiinflamatuar aktivite gésterdigi bildirilmis olup ari
sutindn inflamatuar bagirsak hastaliklari  gibi
otoimmun hastaliklarda yasam kalitesinin
iyilestirilmesi icin etkili bir besin takviyesi olabilecegi
belirtiimistir (Kohno vd. 2004). Yapilan bir diger

arastirmada ar1 sitinden izole edilen 10-HDA
bilesiginin proinflamatuar sitokinler olan TNF-a, IL-
18 ve IL-8'in Uretimini inhibe ettigi ve bu nedenle ari
sutindeki 10-HDA  bilesiginin  antiinflamatuar
aktivitesi yoluyla gastrointestinal sisteme fayda
saglayabilecegi degerlendirilimistir (Yang vd. 2018).
Fareler lzerinde yapilan bir arastirmada ise 2,4,6-
trinitrobenzensilfonik asit ile indliklenen kolitte ari
sutl ile agizdan uygulanan tedavi sonucunda ari
sutiinin bagirsak mukozasini  korumada etkili
oldugdu bildirilmigtir (Manzo vd. 2015).

Bagisiklik diizenleyici etki

Ari sGtiindn vicuttaki hicrelerin yenilenmesi, Uretimi
ve  metabolizmasi Uzerinde  etkili  olarak
organizmanin tim dokularinda canlilik, saglik, enerji
ve yuksek bagisiklik sagladigi bildiriimektedir. Ari
sutlinde bulunan Y-globidilin, enfeksiyonu
engellemekte ve bagisiklik sistemini
glclendirmektedir (Strant vd. 2019). Ayrica yapilan
in vivo ve in vitro ¢alismalarda MJRP3 proteininin
glgli bagisikhk dizenleyici aktiviteye sahip oldugu
rapor edilmistir. Ari sitiinde bulunan 10-HDA ve
3,10-DDA (3,10-dihidroksidekanoik asit) gibi yag
asitlerinin de allojenik T-hicre proliferasyonunu ve
IL-2 Uretimini azaltarak gugli immuinomodulator
aktivite gosterdikleri belirtiimistir (Ahmad vd. 2020).

Cocuklarda sistemik lupus eritematozus ile ilgili
yapillan bir c¢alismada, u¢ ayhk arn sdtd
uygulamasindan  sonra iyilesme  goruldigu
bildiriimistir (Zahran vd. 2016). Yapilan bir diger
calismada [-laktoglobuline (B-Lg) alerjisi olan
farelere ari st uygulamasi ile serumdaki anti 3-Lg,
IgE, 19G ve plazmadaki histamin seviyelerinin
dastugu, alerjik semptomlarin hafifledigi ve bagdirsak
disfonksiyonunun &énemli 6l¢clide azaldigi rapor
edilmistir (Guendouz vd. 2017). Fareler Uzerinde
yapilan bagka bir arastirmada ise siklofosfamid ile
indUklenen farelerde vicut, timus ve dalak
agirhginin 10-HDA etkisi ile geri kazanildii ve
buradan hareketle 10-HDA bilesiginin immuno-
organ korumada potansiyel rolinin bulundugu
bildiriimis  olup, arn  stinin  hipoimmdinite
tedavisinde dogal bir Griin olarak kullanilabilecegi
belirtilmigtir (Fan vd. 2020).

Sinir sistemi lizerine etki

Ari sutindn hafizayr geligtirme, yasliligi 6nleme,
enerjiyi artirma, kayglyl azaltma ve hiperaktif
bireyleri sakinlestirme gibi etkilerinin  oldugu
bildirilmistir (Pavel vd. 2011). Yapilan arastirmalarda
ari sttinin bal arilarinin 6grenmelerini ve hafiza

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (1): 138-152 145



DERLEME / REVIEW

yeteneklerini geligtirdidi (Shi vd. 2018) ve farelerde
ise biligsel eksiklikleri iyilestirdidi (You vd. 2018)
belirtiimigtir.

Ari sut hem periferik hem de merkezi sinir
sistemlerinde bir ndrotransmitter ve somatik sinir
sisteminin  motor boéliminde kullanilan  tek
néromodulator olan asetilkolini icermektedir (Pavel
vd. 2011). An sutiinde bulunan 10-HDA bilesiginin
de noéronlarin olusumunu artirdigi ifade edilmistir
(Mohamed vd. 2015). Yapilan bir ¢alismada ari
sutlintn beyin hicresi farklilagsmasinda énemli bir rol
oynadigi, oral olarak uygulanan ari sutu tedavisinin
bilissel surecte kritik rol oynayan hipokampal granil
hicrelerinin - yenilenmesi nedeniyle ndral iglevi
iyilestirdigi ve ayrica beyni oksidatif hasardan
korudugu bildirilmistir (Ahmad vd. 2020). Bu etkilerin
yani sira ari st aliminin menopoza bagl norolojik
bozukluklarin hafifletimesinde etkili oldugu ve
kolesterol ve beta-amiloid seviyelerinin dusirilmesi,
Ostrojen seviyelerinin ylkseltiimesi ve kan-beyin
bariyerinin iyilestirilmesi  etkileri ar1  sitinin
noroprotektif rolini gdsteren mekanizmalar olarak
rapor edilmektedir (Bélan vd. 2020).

Sindirim sistemi lizerine etki

Ari sutiinde bulunan 10-HDA bilesiginin S. aureus,
Streptococcus alactolyticus, S. intermedius B, S.
xylosus, Salmonella cholearasuis, Vibro
parahaemolyticus ve E. coli gibi mikroorganizmalara
karsi antimikrobiyal etkisi ve kolon adenokarsinomu
olan WiDr hdcrelerine karsi gosterdigi sitotoksik
aktivite nedeniyle insan gastrointestinal sistemi
Uzerine olumlu etki saglama potansiyelinin
bulundugu rapor edilmistir (Yang vd. 2018). Yapilan
bir arastrmada asetik asitle indlklenen Kkolit
farelerde oral takviye ile ari sUtd uygulamasinin
daha 6nce bozulmus olan bagdisikhk fonksiyonunu
eski haline getirmede yararli olabilecegi belirtilmistir
(Karaca vd. 2012). Bir diger calismada ise ari
sutinun, diklofenakin neden oldugu gastrointestinal
hasara karsi koruma sagladigi ve inflamatuar yanit
azalttigi rapor edilmistir (Mostafa vd. 2020). Ayrica
arl sutinin farelerden izole edilen ileum Uzerinde
gastrointestinal motilite etkisinin incelendigi bir
aragstirmada ise ari sutd tdketiminin bagirsak
hareketliligini artirmadigi ve normal sartlar altinda
ishal gibi ciddi semptomlara neden olmayacagi
degerlendirilmistir (Miyauchi-Wakuda vd. 2019).

Antidiyabetik etki

Diyabet gunumuzde insan saghgdi icin tehlike
olusturan énemli bir sorundur ve dinyada diyabetli
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kisi sayisinin 2030 yilina kadar 439 milyon kisiye
ulasacag! tahmin edilmektedir. Bu nedenle diyabeti
Onlemek icin cesitli arastirmalar yapilmaktadir. Ari
sutiinde bulunan proteinlerin ve 10-HDA bilesiginin
de diyabete karsi olumlu etkilerinin bulundugu
bildirilmistir (Maleki vd. 2019).

Yapilan bir arastirmada ari sitinin streptozotosin
ile indlklenen diyabeti 6nemli dlglide azalttigi ve
karacigerdeki malondialdehit seviyesi, glutatyon
icerigi, sUperoksit dismutaz, katalaz ve glutatyon
peroksidaz aktivitelerinde dnemli artiglar sagladig
bildiriimistir (Abdelsalam vd. 2023). Bir diger
calismada ise bal ve ar sutu karisimi (%98:2) ile
yapilan uygulamanin streptozotosin kaynakh Tip 1
diyabetli sicanlarin kan gekerini etkili bir sekilde
kontrol edebildigi, cok diguk yogunluklu lipoprotein
kolesteroliini ve trigliseritleri azalttigi ve boylece bu
karisimin  umut verici bir alternatif antidiyabetik
takviye olabileceg@i rapor edilmistir (Nohair 2021).
Ayrica yapilan bir calismada da 60 erkek bireyde
yogun egzersiz ile birlikte ar sitl takviyesinin
kardiyovaskiler hastaliga ve gesitli diyabet tirlerine
egilimli obez veya asiri kilolu bireylerde kan sekeri
ve insulin seviyelerini iyilestirdigi ve insilin direng
indeksini azalttig1 rapor edilmistir (Gohari vd. 2022).
Bir diger arastirmada ise Tip 2 diyabetli 50 kadin ile
yapilan 8 hafta boyunca gunliik 1000 mg ari siti
uygulamasinin aglik kan sekerini 163,05 mg/dL
seviyesinden 149,68 mg/dL seviyesine azalttigi,
ayrica eritrosit siperoksidaz dismutaz ve glutatyon
peroksidaz aktivitelerini dnemli 6lgtide artirdidi ve ari
sutl takviyesinin diyabetin etkilerini kontrol etmede
faydali olabilecegi bildirilmistir (Pourmoradian vd.
2014).

Antikanser etki

Ari  sutinin antikanser etki go6steren dogal
maddelerden biri oldugu ve antioksidan aktivitesi
sayesinde kanser tedavisinde kemoterapi ve diger
tedaviler ile birlikte kullanim icin alternatif bir Grln
olabilecegi bildirilmistir (Shakib Khoob vd. 2022). Ari
sutiiniin antikanser ozellikleri yapisinda bulunan
hesperetin, naringenin, izosakuranetin, krizin,
akasetin, luteolin, apigenin, kaempferol ve
izoramnetin glikozitleri ve c¢esitli proteinler ile
iliskilendiriimektedir (Salama vd. 2022). Polifenol
bilesiklerin kanser 6nleyici aktivitelerini sinyal yolu
degisikligi ile hlcreleri ortadan kaldirmasi, hicre
doéngusind baskilamasi, apoptozu indiklemesi ve
reaktif oksijen tiirlerini temizleyici enzim aktivitelerini
kontrol etmesi gibi mekanizmalar araciligiyla
gosterdigi  belirtilmistir (Alnomasy ve Al Shehri
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2022). Ayrica yapilan galismalar dogrultusunda ari
sutinde bulunan MRJP2 proteininin, 10-HDA, HPO-
DAEE, (10-HDA'nin tiirevi), AMP-N1 oksit bilesikleri
ve analoglarinin da antikanser etki gdsteren
bilesikler oldugu rapor edilmistir (Guo vd. 2021).

Yapilan bir ¢calismada ari sitinden izole edilen
MRJP2 ve onun izoformu oldugu tahmin edilen X1
proteinlerinin  karbon tetrakloriir ile indiklenen
hepatotoksisite ve Hep-G2 hicrelerinin gelisimine
karsi 6nemli dizeyde inhibe edici etkisinin oldugu
bildirilmistir (Abu-Serie ve Habashy 2019). Bir diger
calismada ise ari sitlinde bulunan 10-HDA
bilesiginin tirozinaz enzimi ile tirozinaz ile iligkili TRP-
1 ve TRP-2 melanojenik enzim ekspresyonlarini
inhibe etmesine bagl olarak melanomaya karsi etkili
potansiyel bir bilesik olabilecedi rapor edilmigtir
(Peng vd. 2017). An sitinin PC-3 prostat
(Abandansari vd. 2018), MCF-7 meme (Nakaya vd.
2007) ve HT-29 kolon (Ayna vd. 2021) kanseri
hicrelerinin inhibisyonu UGzerinde de etkili oldugu
bildirilmistir.

Antihipertansif aktivite

Hipertansiyonun yagli bireylerde en yaygin rastlanan
kardiyovaskuler risk faktorlerinden biri oldugu
bilinmektedir (Balan vd. 2020). Arn sG(tdnin
bilesimindeki MRJP1 proteinlerinin antihipertansif
etkisinin oldugu bildirilmistir (Collazo vd. 2021).
Ayrica ari sitinde bulunan triptofan-valin-l6sin,
tirozin-tirozin-serin-prolin,  izolGsin-tirozin,  valin-
tirozin, izolésin-valin-tirozin, tirozin-tirozin, izolosin-
fenilalanin, lisin-serin, aspartik asit-glisin-I6sin ve
I6sin-tirozin-fenilalanin  biyoaktif peptitlerinin de
antihipertansif etkiye sahip olduklari rapor edilmistir
(Escamilla vd. 2022).

Yapilan bir c¢alisma dogrultusunda ari sitinde
bulunan U¢ peptidin (izolésin-valin-tirozin, valin-
tirozin ve izolbsin-tirozin), sadece 28 gunlik
tedaviden sonra hipertansif sicanlarda sistolik kan
basincini normallestirdigi rapor edilmistir (Balan vd.
2020). Ari sutinln fareler Gzerindeki antihipertansif
etkisinin arastirildigi bir diger calismada ise surekli
arl  sUtd tdketiminin  kan basinci degerlerinde
yukselmeyi engelledigi rapor edilmistir (Escamilla
vd. 2022). Pan vd. (2019) tarafindan yapilan bir
¢alismada ise ari sttlindn, nitrik oksidin azalmasi ve
serbest oksijen radikallerinin artmasiyla baglantili
olan hipertansiyonu, nitrik oksit Uretimini artirarak
engelleyebilecegi ve bu nedenle antihipertansif
Ozelliklere sahip oldugu bildiriimigtir.

An Sutii Tuketimi

Genel olarak ari Urunleri, vicudumuzu saglkli
tutmak icin tuketilen besin kaynaklari arasindadir.
Cevre Kkirliligi ve kimyasallarin asirni  kullanimi
sonucunda ortamin toksik yuku arttikga sagligimizi
korumamiz zorlasmakta olup hem besin kaynaklari
hem de diyetler cogu zaman beslenme agisindan
yetersiz kalmaktadir. Bal, taze ari poleni, ari sttd, ari
ekmegi, kralice ari larvasi, apilarnil ve propolis gibi
ari arnleri  saghgimizi  desteklemek  ve
glclendirmek icin gunluk beslenmemizde
kullanabilecegimiz fonksiyonel Grunlerdir (Strant vd.
2019).

Ari sutd beslenmemiz agisindan ¢ok dnemli olan
fonksiyonel bir gidadir. Ar sitl igerisinde bol
miktarda bulunan 10-HDA, B grubu vitaminler ve
folat gibi bilesenler sayesinde yiksek dizeyde
beslenme saglamaktadir (Strant vd. 2019). Ar
sutlintin vicuttaki en 6nemli iglevleri detoksifikasyon
ve yenilenmeye dayali hiicre iglevlerini dengelemek
ve normallestirmektir (Menkovska 2013). Ayrica ari
sutlintn hipotansif aktivite, buyime hizinda artis,
yaslanma  karsiti etki, dezenfektan etki,
antiinflamatuar ve antitimor etki dahil olmak Gzere
bircok farmakolojik aktiviteye sahip oldugu
bildiriimistir (Ramadan ve Al-Ghamdi 2012). An st
kendisine atfedilen bu biyolojik 6zellikleri nedeniyle
ilag, gida ve kozmetik sektdrlerine kadar birgok
alanda kullaniimaktadir (Strant vd. 2019).

Arl sUty ticari olarak saf halde veya bal, polen ve
propolis gibi diger Urinlerle karisim halinde satisa
sunulmaktadir (Gen¢ ve Aslan 1999). Ari sutindn
dogrudan tuketiminde sivi, toz kapsul veya tablet
seklinde formlarinin oldugu rapor edilmistir (Collazo
vd. 2021). Ayrica yapilan farkh c¢alismalarda inek
sutln ari situ ile zenginlestirildigi ve bdylece elde
edilen Urunlerde antioksidan aktivitede artis oldugu,
biyoaktif peptitlerin birikimi ile antihipertansif etki
gozlendigi ve bazi gram-pozitif ve gram-negatif
bakterin gelisimlerinin  engellendigi  bildirilmigtir
(Alu'datt vd. 2015; Collazo vd. 2021). Bir diger
arastirmada ise ari situ, bal, propolis, ekinezya ve
givanpercemi karigimi hazirlanarak elde edilen
fonksiyonel uriintin antioksidan aktivitesinin, prolin
aminoasidi igeriginin,  vitamin ve  mineral
miktarlarinin ylksek oldugu rapor edilmigtir (Soylu
ve Bayram 2020).

Bebekler, gocuklar ve yetiskinler tarafindan fizyolojik
durumlarina goére farkh miktarlarda giinlik olarak
tiketilebilen ari sOtintn hastalara Onerilmesi
sirasinda hastalarin 6zel ihtiyaglari, saglik durumlari
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ve vyaglar kadar arastirmacilarin laboratuvarda
go6zlemledigi sonuclar  da g6z éndnde
bulundurulmalidir. Bazi durumlarda c¢ok duslk
dozlar bireyler Uzerinde ¢ok etkili olabilirken bazen
ise daha yuksek dozlar gerekebilmektedir (Strant vd.
2019).

An Siitiiniin Tiiketimi ile ilgili Potansiyel Yan
Etkiler

Alerjik reaksiyonlar ari sitiinin en sik gorulen yan
etkisi olmakla birlikte olugsum sikliklari ¢ok
bilinmemektedir. Ari sitl alerjisinin olugum riski,
bagka alerjileri olan veya diger aricilik trlinlerine de
alerjisi bulunan bireylerde daha yuksektir (Pavel vd.
2011).

Ari  sutunun  tiketimi  alerjik  reaksiyonlar,
gastrointestinal problemler, oral alerji sendromu ve
atopi gibi bazi kigik yan etkiler ile anafilaktik sok,
akut astim, bagirsak kanamasi ve hatta 6lim gibi
ciddi etkilere de neden olabilmektedir (Torrijos vd.
2016, Ahmad vd. 2020). Ar satinidn merhemler
halinde veya saf olarak topikal uygulamalarinin ise
deri dokuntllerine ve egzamaya yol acabilecegdi
bildirilmistir (Pavel vd. 2011).

Arl sokmasi ve bal alerjisi veya astim sorunlari olan
kisiler ile hamile ve emziren kadinlar ve kuguk
cocuklarin ar1 sUtu tuketiminde dikkatli olmalari ve
bu nedenle ari sGtu tuketiminden 6nce in vivo deri
delme ve histamin salinimi gibi alerji testlerinin
yapilmasi énerilmektedir (Ahmad vd. 2020).

Sonug

Fonksiyonel bir gida 6zelligi tasiyan ari sutlnin
yapisinda bulunan farkli  biyoaktif bilesikleri
sayesinde antimikrobiyal, antioksidan,
antiinflamatuar,  antidiyabetik, antikanser ve
antihipertansif etkiler géstermesi nedeniyle saghgi
koruyucu ve geligtirici bir gida takviyesi olarak
insanlar tarafindan tiketimi tercih edilmektedir.
Toplumda fonksiyonel gidalara ve saglikli
beslenmeye kargsi artan ilgiye bagl olarak ari sutiine
olan ilgi de giderek artmaktadir. Bu bakimdan ari
sutiinlin hem gida bilimi hem de endustrisi
bakimindan &énemli bir potansiyelinin oldugu
degerlendirilmistir.

Cikar Catismasi: Yazarlarin ¢calisma ile ilgili olarak
bir ¢cikar gatismasi yoktur.

Etik Belgesi: Bu calisma igin
gerekmemektedir.

etik belgesi
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Mali Kaynak: Bu calismada herhangi bir mali
kaynak kullaniimamistir.

Veri Saglama Durumu: Calismada bulunan bilgi ve
veriler akademik etik kurallarina uygun bir sekilde
verilmigtir. Derleme bir ¢alisma oldugu icin kullanilan
veriler literatlire atif yapilarak kullaniimistir.

Yazar Katkilari: Bu ¢alismanin gergeklestiriimesine
yazarlar esit olarak katki saglamistir.
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