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ABSTRACT

Propolis is a natural product, and it is of a great interest due to the possible uses of non-synthetic
supplements in improving metabolic disorders. To support this claim, the current study was designed
and presented. In this study, six propolis extracts obtained from different location of Turkey were
investigated to prove the beneficial therapeutic properties such as inhibition potent against some
enzymes and levels of antioxidant. ICso results of a-glucosidase (0.208-0.426 mg/mL) and a-amylase
(0.487-0.938 mg/mL) were found the variable range. Moreover, antioxidant results of them were given
to support the inhibition degrees. According to the total phenolic (TPC) and antioxidant data, S4 was
noted as the most efficient sample. Future studies are needed to investigate the biological effects of
propolis, but the ultimate evaluating showed that it could be a significant source thanks to its
nutritional and clinical potential.

Keywords: a-glucosidase, a-amylase, Enzyme inhibition, Antioxidant, Propolis

oz

Metabolik bozukluklarin iyilestiriimesinde sentetik olmayan takviyelerin olasi kullanimi nedeniyle,
dogal bir iiriin olan propolis biiyiik ilgi gormektedir. Bu iddiay1 desteklemek igin mevcut calisma
planlandi ve ortaya kondu. Bu g¢aligmada, Tiirkiye'nin farkli bolgelerinden elde edilen alti propolis
ekstratinin tedavi amaciyla kullanilabilmesi adina faydali 6zelliklerini ortaya koymak igin bazi enzimlere
karsi inhibisyon etkileri ve antioksidan seviyeleri arastinldi. a-glukozidaz ICs0 sonuglari 0,208-0,426
mg/mL ve a-amilaz ICso sonuglar 0,487-0,938 mg / mL arahiginda bulundu. Ayrica, inhibisyon etki
derecelerini desteklemek icin antioksidan aktivite sonuglari da verildi. Toplam fenolik (TPC) ve
antioksidan verilerine gore, S4 en verimli 6rnek olarak kaydedildi. Propolisin biyolojik etkilerini
arastirmak igin ileride yapilacak yeni galigmalara ihtiya¢ vardir, ancak sonug¢ olarak, propolisin
beslenme ve klinik potansiyeli olarak dikkate deger bir kaynak olabilecegini gostermektedir.

Anahtar Kelimeler: a-glukozidaz; a-amilaz; Enzim inhibisyonu; Antioksidan; Propolis

GENISLETILMiS OZET arl  GrGnidar. Kovani enfeksiyonlardan koruma
amacli arilarin Urettigi propolisin rengi reginenin
kaynagina baglh olarak agik saridan koyu
kahverengiye kadar degdisebilir. Propolisin ¢ok ¢esitli
fenolik ve flavanoid maddeler icermesi sebebiyle
eski yillardan beri geleneksel tipta birgok hastaligin
tedavisinde kullanildigi bilinmektedir. Yapilan birgok

Amag: Propolis bal arilari tarafindan agaglardan, ve
bitkilerin tomurcuk, yaprak, gévde ve salgilarindan
toplanan maddelerin basglarinda bulunan salgi
bezlerinden salgiladiklari  enzimlerle igleyerek
urettigi cesitli miktarlarda esansiyel ve aromatik
yaglar, balmumu ve regine karisimi igeren dogal bir

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 1-7 1



bilimsel calismada propolisin antibakteriyel, antiviral,
antioksidan, antienflamatuar, antifungal, antitimor
ve antillser gibi birgok biyolojik aktivitelere sahip
oldugu gosterilmistir. Bilinen birgok hastalgin
tedavisi hastalik ile iligkili enzimlerin inhibisyonu
yada tam olarak aktivitesinin durdurulmasiyla
mimkan olmaktadir. Bu ¢alismada, propolisin sahip
oldugu farmakolojik 6zelliklerinden yola ¢ikarak Tip-
2 diyabet ile yakindan iligkili olan a-amilaz ve a-
glukozidaz enzimleri Uzerine inhibisyon etkisi ve
antioksidan aktiviteleri in-vitro olarak incelendi.

Gereg-Yontem: Adustos 2019 yilinda Turkiye’ nin 6
farkh ilindeki (Ankara, Kars, Giresun, Erzurum,
Dlizce, Zonguldak) An Yetigtiricileri Birligi'nden
propolis érnekleri temin edildi. Propolis drneklerinin
%70’lik etanol icerisinde ekstraktlari hazirlandi.
Hazirlanan propolis 6neklerinin diabetes mellitus ile
yakindan iligkili olan, &zellikle adiz ve midede
nisastanin sindiriminden sorumlu a-amilaz enzimine
ve  bagirsaklarda  disakkaritlerin sindirimini
gerceklestiren a-glukozidaz enzimine karsi inhibitor
etkisi incelendi. Her iki enzim icgin 1Cso degerleri
(ortamda var olan enzim aktivitesini yariya diisiiren
propolis konsantrasyonu) belirlendi. Pozitif kontrol
(standart ilag) olarak akarboz kullanildi. Ayrica,
ekstraktalarin toplam fenolik madde miktari Folin—
Ciocalteu metodu kullanilarak gallik asit esdegeri
cinsinden belirlendi. Propolis 6rneklerinin serbest
radikal temizleme aktiviteleri ABTS [2,2 -azino-bis
(3-etilbenzotiyazolin-6-siilfonik asit)] ve DPPH (2,2
difenil1-pikrilhidrazil) yontemleri kullanilarak
belirlendi ve 6rneklerin bu radikaller varliginda SCso
(ortamda var olan radikal miktarinin yarisini
temizlemek igin gerekli olan propolis miktar)
degerleri tayin edildi

Bulgular: Etanolik propolis ektraktlarinin  o-
glukozidaz ve a-amilaz enzimi varliginda ICso
degerleri sirasiyla 0,208-0,426 mg/mL ve 0,487-
0,938 mg/mL araliginda bulundu. Propolis 6rneginin
ICs0 degeri ne kadar diislik ise enzim inhibisyonunda
daha etkili oldugu anlamina gelmektedir. Propolis
ekstraktlarinin toplam fenolik madde miktar1 123,210
ile 258,815 mg GAE/g 6rnek araliginda bulundu.
Orneklerin etkin derecede ABTS ve DPPH
radikallerini temizledigi g6zlendi. ABTS metodunda
en aktif érnek olan S4’lin SCso degeri 0,078+0,001
mg/mL olarak bulundu. DPPH radikal temizleme
yonteminde ise  Orneklerin  SCso  degerleri
0,412+0,005 ile 0,876+0,005 mg/mL araliginda
hesaplandi.

Sonug: Bu galismada, Tirkiye’nin farkli illerinden
temin edilen propolis  o6rneklerinin  yiksek
antioksidan aktiviteye sahip oldugu, a-amilazin ve o-
glukozidazin enzimatik aktivitesini engelledigi
go6zlendi. Onemi her gegen gin daha da iyi
anlasilmakta olan ve ender bulunan genig
spektrumlu bir antibiyotik sinifinda adindan séz
ettiren propolisin, antidiyabetik dogdal bir Grun
olabilecegi sdylenebilir.

INTRODUCTION

Propolis is a resinous substance produced by
honeybees (Apis mellifera) from various leaf buds
and plant exudates, which is used to seal and repair
unwanted open spaces in the hive. Also, it is superior
to other bee products because of its crucial
bioactivity content such as antioxidant, antimicrobial,
anticarcinogenic, antimutagenic etc. (Baltas et al.
2016, Miguel et al. 2014).

Nowadays and from ancient times, people have
used complementary therapies to protect and cope
with different diseases. Diabetes mellitus (DM) is a
metabolic disorder containing multiple etiologies can
be characterized by chronic postprandial
hyperglycemia with disturbances of carbohydrate,
fat, and protein metabolism. The results of this
metabolic disorder defects general imbalance
between blood sugar absorption, insulin secretion,
and insulin action. Two types are described, Type 2
diabetes (TD2) is much more common than Type 1
(TD1). According to the World Health Organization
(WHO) and the International Diabetes Federation
estimating, the number of total diabetic patients will
reach approximately 440 million in 2030 (Mekonnen
Abebe and Alemu Balcha 2012, Telagari and Hullatti
2015).

When we examine the reason for the diseases given
such as two types, generally it is seen because of
the abnormal activity of the relevant enzyme activity
in metabolic pathways. These activities should be
kept at a reasonable and desirable level.
Furthermore, if it is possible, there should be a need
to search for new sources from natural compounds.

The previous studies on propolis have mainly
focused on bioactivity. Besides the current
bioactivity effects of ethanolic extract of some
propolis samples; the manuscript at hand is
prepared to show the capacity of inhibition degree of
a-glucosidase and a-amylase.



MATERIAL AND METHODS
Samples

Propolis samples were supplied from the
experienced Beekeepers Association Union in
different geographical zones (Ankara, Kars, Giresun,
Erzurum, Duizce, Zonguldak) of Turkey. For
extraction, 5 g of the powdered propolis was placed
with 50 mL 70% ethanol in a glass flask and stirred
on a shaker (Heidolph Promax 2020, Schwabach,
Germany) at room temperature for 24 h. The
suspension was centrifuged at 10.000 g for 15 min,
and then supernatants were evaporated. The
residue was resolved in minimal volumes of 70%
ethanol.

In vitro a-Glucosidase inhibition study

a-Glucosidase from Saccharomyces cerevisiae
inhibition assay was determined
spectrophotometrically (Ozil et al. 2018). The
enzyme solution 20 U/mL was prepared in
phosphate buffer (pH 6.8, 50 mM). In test tubes, 200
ML of test sample, 5 L of the enzyme (20 U/mL) and
1245 pL of buffer were added and incubated for 15
min at 37°C. After incubation period, 250 uL of p-
nitrophenyl-a-D-glucopyranoside (2 mM) was added
and change in absorbance was monitored for 20 min
at 400 nm in the UV/VIS spectrophotometer
(1601UV-Shimadzu, Australia). Acarbose was used
as a standard inhibitor. The ICso value was
determined as the concentration of compound that
give 50% inhibition of maximal activity.

In vitro a-amylase inhibition study

The inhibition of a-amylase activity was performed
according to a previously described method
(Unnikrishnan et al. 2015). Briefly, 250 pL of
ethanolic  propolis  extracts  with  varying
concentrations (20-0.625 mg/mL) and 250 pL of
0.02 M sodium phosphate buffer (pH 6.9) containing
alpha-amylase (porcine pancreatic alpha-amylase)
solution (0.5 mg/mL) were incubated for 10 min at
25°C. After pre-incubation, 250 pL of 1% starch
solution in 0.02 M sodium phosphate buffer (pH 6.9
with 0.006 M sodium chloride) was added to each
tube at 5s intervals. The reaction mixtures were then
incubated at 25°C for 10 min. The reaction was
stopped with 500 pL dinitrosalicylic acid color
reagent. The tubes were then incubated in a boiling
water bath for 5 min and cooled to room
temperature. The reaction mixture was then diluted
by adding 2 mL of distilled water, and absorbance

was measured at 540 nm in the UV/VIS
spectrophotometer (1601UV-Shimadzu, Australia).

Total phenolic contents (TPC)

Total phenolic contents of the ethanolic extracts of
propolis samples were determined following the
Folin—Ciocalteu method using gallic acid as standard
(Singleton and Rossi 1965). TPC was shown as mg
of gallic acid equivalents per g samples (mg GAE/ g
sample).

ABTS assay

The ABTS radical scavenging activity of the propolis
extracts was measured using the actual method in
the literature (Re et al., 1999). ABTS [2,2 -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)] was
dissolved in water to a 7 mM concentration. To
perform the radical cation (ABTS™), this stock
solution reacted with 2.45 mM potassium persulfate
and incubated in the dark for 16-18 h at room
temperature. Before using this chemical, the ABTS
solution was diluted to get an absorbance of 0.700 +
0.020 at 734 nm with phosphate-buffered at pH 7.4.
Briefly, 1.8 mL of adjusting solution was mixed 0.2
mL of the sample extract at different concentrations.
Test samples were allowed to react with stable free
radicals, in the dark, at room temperature for 5 min.
After the incubation period, the decrease in optical
density (OD) at 734 nm was measured, using a UV—
Visible spectrophotometer (1601UV-Shimadzu,
Australia).

DPPH-free radical scavenging assay

For DPPH assay, the procedure followed the method
of Brand-Wiliams et al. (1995) with minor
modifications. Different concentration ranges of
propolis extracts were used for calculation of 50%
scavenging of DPPH radical (SCso — mg of sample
per mL). Furthermore, the equal milliliter of propolis
extracts and fresh DPPH solution was mixed, and its
optical density (OD) was taken at 517 nm after 50
min using a spectrophotometer (1601UV-Shimadzu,
Australia). The scavenging activity was calculated by
the showing equation in DPPH assay.

RESULTS

In the current study at hand, the results of a-
Glucosidase and a-Amylase inhibitory activities of
the tested samples were shown as ICso (mg/mL).
The ICso values of these enzyme activities of
analyzed propolis show the efficient different
concentration ranges as 0.208-0.426 mg/mL and
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0.542-0.938 mg/mL, respectively (Table 1).
Although it was even worse than the a-glucosidase
inhibition value of acarbose (8.504+0.086 pg/mL)
known as a standard drug, S4 sample showed a
significant a-glucosidase inhibition activity as shown
in Table 1. Furthermore, nearly the same situation
with a-glucosidase was seen in a-Amylase results,

even though S2 was the best. This a-Amylase
inhibition results could be seen as exciting for
delaying the degradation of polysaccharides
because its inhibition would decrease the absorption
of glucose thus the postprandial blood sugar level
would be reduced (Ramnath and
Venkataramegowda 2017).

Table 1. ICso values of the ethanolic propolis extracts for the analyzed enzymes*

Tablo 1. Analiz edilen enzimler igin etanolik propolis ekstraktlarinin ICsq degerleri *

Samples Inhibition of a-glucosidase Inhibition of a-amylase

ICs0 (mg/mL) ICs0 (mg/mL)

S1 0.334+0.002 0.542+0.008

S2 0.214+0.005 0.487+0.006

S3 0.292+0.001 0.696+0.010

S4 0.208%0.009 0.635+0.008

S5 0.328+0.002 0.754+0.010

S6 0.426+0.002 0.938+0.007
Min-Max. (Min.-Mak.) 0.208-0.426 0.487-0.938
Acarbose 8.504+0.086 8.504+0.086

*The assays were done in triplicate. Means tstandard deviations. ICso value of acarbose was given in terms of pg/mL.

According to the obtained antioxidant activity results,
the total phenolic content of studied propolis
samples ranged from 123.210 to 258.815 mg GAE/g
sample. Socha et al. (2015) evaluated the
antioxidant activity of ethanol extracts of propolis
from different regions of Poland. They reported slight
differences in their total phenolic content ranged
from 150.05 to 197.14 mg GAE/g.

The ABTS and DPPH are the synthetic compounds
that involve a proton free radical with a characteristic
absorption that decreases significantly upon
exposure to radical scavengers (Lee et al. 2015).
Although their application, which is based on the
reduction of free radicals by an antioxidant
resembles each other for the determination of

antioxidant capacity, each of them has different
advantages. While the ABTS assay is more sensitive
to identifying the antioxidant activity since it has
faster reaction kinetics and a heightened response
to antioxidants, DPPH may be applied in polar and
nonpolar organic solvents, thus hydrophilic and
lipophilic antioxidants can be examined (Kedare and
Singh 2011, Lee et al. 2015). After shed light on this
reality, Table 2 was summarized as 0.078-0.524
mg/mL and 0.412-0.876 mg/mL for the ethanolic
propolis extraction results of the half maximal
scavenging concentration (SCso), respectively, in the
ABTS and DPPH methods. The SCso value of S4
propolis was nearly twice lower than that of the
nearest values of the other propolis ethanol extracts.

Table 2. Antioxidant properties of the ethanolic propolis extracts*

Tablo 2. Etanolik propolis ekstraktlarinin antioksidan 6zellikleri *

Samples Total Phenolic Contents ABTS Method DPPH Method
(mg GAE/g) SCso (mg/mL) SCso (mg/mL)

S1 156.548+2.392 0.288+0.001 0.512+0.004

S2 184.278+1.086 0.347+0.004 0.689+0.002

S3 147.763+1.540 0.315+0.002 0.582+0.003

S4 258.815+6.122 0.078+0.001 0.412+0.005

S5 146.214+4.016 0.314+0.002 0.589+0.006

S6 123.210+0.895 0.524+0.001 0.876+0.005

* The assays were done in triplicate. Means + standard deviations.



DISCUSSION

Nowadays, sometimes, the drugs could badly be
mentioned due to some reasons such as biological
side effects or drug resistance. Especially, drug
resistance can be seen in the order: unconscious
drug consumption or inadequate resistance against
to form-changing diseases. But natural compounds
could come to the help of these belligerent effects as
drug potentials. For example, the drug potentials of
propolis extracts for Type 2 diabetes disease could
be controlled with their inhibition effects against a-
glucosidase and a-amylase enzymes (Mekonnen
Abebe & Alemu Balcha, 2012; Telagari & Hullatti,
2015).

The enzyme inhibition results were in agreement
with the study on a-glucosidase and a-amylase
inhibitory activities of previous propolis studies.
Three of them mentioned that different types of
propolis extracts acted as a significant enzyme
inhibitor agent (Ramnath and Venkataramegowda
2017, Salah et al. 2017, Vongsak et al. 2015, ).

Propolis variably contains some constituents such
as flavonoids, coumarins, simple phenols (e.g.,
thymol and eugenol), and their derivatives (Izuta et
al. 2009, Popova et al. 2015). This variation in
propolis content is due to direct and/or indirect
different conditions such as the collection region,
climate, floral origin, processing techniques, storage
conditions, seasonal variations, and collection
methods (Souza et al. 2016, Popova et al. 2015,
Vongsak et al. 2015). It has been demonstrated that
the efficiency of the studied enzyme inhibitions
related to the amount of polyphenolic constitutent
which was extracted from the source material.

So that, this prevailing idea could be elaborated,
enzyme inhibition effects of phenolic compounds
were supported by previous studies. Gynura medica
leaf was studied for the purpose of isolation and
characterization of phenolic compounds which were
thought to be an a-glucosidase inhibitory agent.
Kaempferol, quercetin, kaempferol-3-O-f3-d-
glucopyranoside, kaempferol-3-O-rutinoside, rutin,
chlorogenic acid, and 3,5-dicaffeoylquinic acid
methyl ester were isolated from the leaf of G.
medica. All the compounds were showed the o-
glucosidase inhibitory activity (Tan et al., 2013).
Rasouli et al. (2017) evaluated the a-amylase and a-
glucosidase inhibitory activity of 26 polyphenols
using molecular docking and virtual screening
studies. They speculated that caffeic acid, curcumin,
cyanidin, daidzein, epicatechin, eridyctiol, ferulic

acid, hesperetin, narenginin, pinoresinol, quercetin,
resveratrol, and syringic acid were the potent o-
glucosidase inhibitors, while catechin, hesperetin,
kaempferol, silibinin and pelargonidin were dominant
for a-amylase inhibition (Rasouli et al. 2017).

After giving a general opinion about phenolics, the
next section where was reported the findings of our
study based upon the actual methodologies it was
detailed to gather information, was about the
antioxidant characterization of ethanolic propolis
samples.

Antioxidant activity results could be correlated when
the previous researches are considered (lzuta et al.
2009, Ramnath and Venkataramegowda 2016,
Popova et al. 2015). Ramnath  and
Venkataramegowda (2016) employed to assess the
ABTS and DPPH radical scavenging potential of
ethanol extract of propolis collected from 10 different
locations of India successfully and they presented
the ABTS and DPPH data in the range of 0.298-
0.860 mg/mL and 0.333-0.600 mg/mL, respectively.

CONCLUSION

Complementary medicine, the study of natural
products, is one of the major fields of therapeutic
approaches, together with phototherapy,
aromatherapy, apitherapy, and has been around for
an exceptionally long time. We wanted to touch upon
the reality of apitherapy because it is known as a
virgin  scientific area of these therapeutic
approaches. Moreover, Turkey has one of the
richest sources of apitherapy products in the world.

The current propolis samples demonstrated the
ability of antioxidant activity, which were correlated
with the assessment of some enzyme inhibition
degrees like a-glucosidase, and a-amylase.
Obtained results emphasize that this natural
compound has massive potential in nutrition and
complementary medicine. Further investigations are
needed to increase the scientific value of the current
results. Namely, potentially phytoactive compounds
from propolis can be purified to chemical
homogeneity. Then, these potential natural
substances can be compared with well-known
standard drugs. But the most important way to verify
the current reports of in vitro inhibitory activities is
preclinical studies, particularly using animal models.
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ABSTRACT

Beekeeping, performed in many parts of the world, has a very large place in the world trade market
with bee products such as wax, bee venom, propolis and royal jelly, especially honey production.
However, honey bee diseases are quite common and restricted the production of bee products. One
of the most important of these diseases, Nosema, is caused by spores in intestinal epithelium cells of
the honeybee. Nosema apis and Nosema ceranae are the factors of this disease and also common in
our country. These two species can be distinguished from each other by molecular diagnostic
methods. In this study, materials collected from 152 apiaries located in 13 districts of Mugla province
and 62 water sources close to these apiaries. The spores were counted using Thoma lame under light
microscope. DNA isolation was carried out from spore positive samples. 218MITOC FOR-REV and
321APIS FOR-REV primers were used to figure out the N. apis and N. ceranae species. After DNA
sequence analysis of the obtained amplifications, it was determined that all samples formed 3
haplotypes according to studied sequences for the first time. In Mugla region, the presence of only N.
ceranae as a disease agent was determined and the prevalence of the disease was detected at a rate
of 71.53+6.02%. Moreover, blast analysis showed that the N. ceranae sequence detected high similarity
(94-100 %) with the previously reported in Lebanon, France, Morocco and Thailand samples.

Keywords: N. apis, N. ceranae, molecular detection, Haplotype, Mugla, Turkey

OZET

Diinya’nin pek ¢ok yerinde hayvansal iiretim faaliyeti olarak yapilan aricilik, basta bal iiretimi olmak
lizere bal mumu, an zehri, propolis, an siitii gibi an uriinleri ile de diinya ticaret pazarinda oldukca
genig bir yere sahiptir. Ancak, ariciliktan elde edilecek verimi kisitlayan bal arisi hastaliklari oldukca
yayginlagsmis durumdadir. Bu hastaliklarin en 6nemlilerinden biri olan Nosema, bal arisinin bagirsak



epitelyum hiicrelerinde sporlarin neden oldugu hastaliktir. Ulkemizde de yaygin bulunan bu hastaligin
etmeni olarak Nosema apis ve Nosema ceranae gosterilmektedir. Bu iki tiir birbirlerinden en iyi sekilde
molekiiler tani yontemleri ile ayirt edilebilmektedir. Bu galismada, Mugla ilinin 13 farklh lokasyonunda
bulunan 152 arihiktan ve bu ariliklara yakin 62 su kaynagindan alinan érneklerde Nosema sporlari isik
mikroskobu altinda Thoma lami kullanilarak spor sayimi yapilmistir. Nosema sporu gézlemlenen
orneklerden DNA izolasyonlar gergeklestirilmistir. Nosema tiir taramasi i¢in 218MITOC FOR- REV ve
321APIS FOR-REYV primerleri kullanilarak ilgili gen bolgeleri cogaltilmigtir. Yapilan network analizinde
bu gen bolgelerine gore ilk kez 3 haplotipi belirlenmistir. Mugla yoresinde Nosema hastaligi yayginhgi
%71,53+6,02 oraninda tespit edilmis ve hastallk etmeni olarak sadece N. ceranae’nin varhgi
belirlenmistir. Ayrica, blast analizi, daha 6nce Liibnan, Fransa, Fas ve Tayland iilkelerinden bildirilen
N. ceranae 6rnekleri ile yiiksek benzerlik (%94-100) tespit edilmistir.

Anahtar kelimeler: N. apis, N. ceranae molekiiler tespit, Haplotip, Mugla, Turkiye

GENISLETILMiS$ OZET

Amag: Bal arilari ekonomik ve biyolojik ydnden
oldukg¢a énemlidir. Bal arilari bal, propolis, ar1 sitd,
polen, bal mumu, ar zehri gibi ari Grtnleri sayesinde
dinya pazarinda 6énemli yer almaktadir. Aricilik,
Dunya’nin hemen hemen her yerinde yapilan
tarimsal  bir faaliyettir.  Arncilik faaliyetlerini
engelleyen en énemli nedenlerden biri de ari zararli
ve hastaliklaridir. Nosemosis, ergin balarilarinda
oldukga yaygin goérilen Nosema apis (Zander,
1909) ve Nosema ceranae (Fries et al., 1996) adli
mikrosporidialarin neden oldudu bir hastaliktir.
Hastallk  kolonilerde  genel olarak  koloni
performansini etkiler ve populasyon sayisinin
dismesine neden olarak koloninin yok olmasina
sebebiyet vermektedir. Farkh turdeki Nosema
sporlarinin birbirlerinden ayirt etmede en etkili yolu
molekuler tani ydntemleridir. Bu ¢galismada Mugdla ili
genelinden toplanan bal arisi 6rnekleri ve kovanlara
yakin su kaynaklarindan alinan su numunelerinde
Nosema hastaliginin mikroskobik ve molekdler
teshisi yapilarak Dinya genelinde ciddi koloni
kayiplarina neden olan bu hastaigin Mugla
yoresindeki varligi ve yayginhdinin belirlenmesi
hedeflenmistir.

Yontem: Bal arisi 6rnekleri, Mugla ilini temsilen 13
ilceden belirlenen 152 ariliktan, her ariliktan tesadfi
olarak belirlenmis ortalama 20 kovanin girisinden
yaklagik 100 adet olacak sekilde ar1 Ornegi
toplanmistir. Su 6rnekleri ari kovanlarina yakin 62 su
kaynagindan (Bunlardan 12 tanesi ariliklarin igindeki
aricilar tarafindan yerlestiriimis olan suluklar, geri
kalanlari ise ariliklara yakin olan akarsular, su yollari
ve gesmelerdir) en az 50 ml olacak sekilde su
numuneleri alinmistir. Arazi calismalari ilkbahar

Nisan-Mayis ve sonbahar Ekim-Kasim aylarinda
2017 yilinda tamamlandi. Laboratuvara getirilen ari
drneklerinden Dinya Hayvan Saghg: Orgiitii (OIE)
uygulama kilavuzun gére homojenatlar hazirlandi.
Sporlarin tespiti, sayimi ve hesaplanmasi 400x
bayatmeli mikroskop altinda thoma lami kullanilarak
yapilmigtir. 13 ilgeden ortalama en yuksek spor
sayisina sahip 3 ariliktan alinan &érneklerde ticari
izolasyon kiti (PureLinkGenomic DNA Mini Kit)
kullanilarak DNA izolasyonlari yapildi. 218MITOC
For-Rev ve 321APIS For-Rev primerleri, ilgili gen
bélgeleri Polimeraz Zincir Reaksiyonu (PZR) ile
gogaltildi. Sekans analizine toplam 35 PCR sonucu
génderildi ancak 30 tanesinin sekans sonucu
degerlendirilebilir bulundu. Degerlendirilen
sonuglarin MEGA 6.0 programinda sekans dizileri,
SplitsTree programi kullanilarak filogenetik agag
goruntusu ve Network programi kullanilarak haplotip
belirlemesi yapildi. BLAST veri tabani Uzerinden
sekans benzerlikleri analizi yapildi.

Sonug: Mugla vyoéresinde Nosema hastaligi
yayginligi %71,53+6.02 oraninda tespit edilmis ve
toplanan 62 su o6rnedinden sadece 5 tanesinde
Nosema sporlarina rastlanmistir. Hastalik etmeni
olarak sadece N. ceranae’nin varligi belirlenmistir.
PZR sonrasinda DNA dizisine gdnderilen 35 6rnegin
yalnizca 30'unun dizi sonucu degerlendirilebildi.
BLAST analizi sonucunda ornekler Liibnan, Fransa,
Fas ve Tayland érneklerinde belirlenen N. ceranae
dizileri ile%94-100 benzerlik géstermistir. Hit dizileri
MEGA 6 programinda hizalandi. Yapilan network
analizinde bu gen bdlgelerine goére 3 haplotipi
belirlenmigtir. Filogenetik agaca gore Ula ve out grup
farkh dal Gzerinde yer alirken, Mugla’dan alinan
diger ornekler Mugla'dan gelen diger gruplar ise
diger ana dal Uzerinde yer almaktadir.
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INTRODUCTION

Honeybees (Apis mellifera L.) provide not only bee
products such as honey, propolis, royal jelly, pollen,
bee wax, bee venom to be placed in the market by
ensuring the production of World trade (Ozbek 2002)
but also pollinating the wild flora and industrial crops
(Van Engelsdorf and Meixner 2010). However, bee
diseases and pests affect beekeeping activities and
the quality of the products obtained from
beekeeping. Bee diseases and pests spread all over
the world in a short time because of the trading of
the bees, bee products and beekeeping materials
between countries (Oztirk 2001). Also, migratory
beekeeping activities are an important factor in the
rapid spread of honey bee diseases and pests within
the country (Gulpinar 2005). Because of these
reasons, honey bee diseases and pests are one of
the most important factors that slowing the progress
of beekeeping in our country and decrease the
efficiency of production (Dogaroglu 1999).
Nosemosis is a disease caused by microsporidia
called Nosema apis and Nosema ceranae, which are
quite common in adult honeybees. N. apis was first
described by Zander (1909) and has a worldwide
distribution (Matheson1996). N. ceranae was
reported in 1996 in the Asian honey bee, Apis cerana
(Fries et al.1996). Later, Higes et al. (2006)
mentioned that A. mellifera in Europe was infected
by N. ceranae.

Shortly after, the existence of N. ceranae has been
confirmed in the America and Asia (Chauzat et al.
2007, Cox-Foster et al. 2007, Klee et al. 2007,
Huang et al. 2007, Paxton et al. 2007, Chen et al.
2008, Sarlo et al. 2008, Wiliams et al. 2008).
Scientists has also been suggested that N. ceranae
may replace with N. apis at the same time period
(Klee et al. 2007, Martin-Hernandez et al. 2007,
Paxton et al. 2007, Higes et al. 2009, Yoshiyama and
Kimura 2011). It has been reported by scientists in
many countries that N. ceranae has spread all over
the world. (Klee et al. 2007, Fries 2010, Higes et al.
2010, Ivgin Tunca et al. 2016, Mohammadian et al.
2019, Shumkova et al. 2020). It was reported that
N. apis cause infection in the middle intestinal
epithelium of adult bees (Fries et al. 2006, Huang et
al. 2007), while N. ceranae infects other tissues and
impairs intestinal tissue integrity (Chen et al. 2009,
Gisder et al. 2010, Dussaubat et al. 2012).

Nosema spores depend on their hosts to meet the
ATP requirement and use transporters to draw
energy from the host cell (Paldi et al. 2010). It has
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been shown that the routine regeneration in the
intestines is not possible because of the suppression
of the genes that sustain homeostasis in colonies
infected with N. ceranae and early death occurs
(Dussaubat et al. 2012). Latest, Higes et. al. (2020)
examined tissue tropism of N. apis and N. ceranae
in worker honey bees as well. It has been shown that
the expression of the gene encoding vitellogenin
(Vg), a glycolipoprotein produced and stored in the
honey bees' fat body, is significantly reduced in bees
infected with N. ceranae (Antunez et al. 2009,
Goblirsch et al. 2013, Garrido et al. 2016, Badaoui et
al. 2017). Recent studies have shown that N.
ceranae C-type nosemosis has been reported to be
the most common bee pathogen and has a major
impact on global colony losses (Higes et al. 2007,
2010, 2013, Paxton et al. 2007, Cox-Foster et al.
2007, Fries 2010).

The first detection of Nosema disease in Turkey
were reported in 1952 (Uygur and Girisgin 2008) and
the presence and effects of Nosema disease were
first identified by Kutlu (1988) in the Eastern
Mediterranean (Adana) and the southwestern
Aegean (Mugla). In the following years, molecular
studies were carried out the existence of N. apis and
N. ceranae by 3 different researchers in the same
year. (Utuk et al. 2010, Muz et al. 2010, Whitaker et
al. 2010). Later studies, N. ceranae has shown to be
more common in our country (lvgin Tunca et al.
2016, Saribiyik and Ozkirim 2018).

In 2020, Tokarev et al (2020) informed that “the
family Nosematidae is redefined and includes the
genera Nosema and Vairimorpha comprising a
monophyletic lineage of Microsporidia” However,
Grupe and Quandt, (2020) also informed this new
classification but they used as Nosema in their article
in order to evaluate their study with previous
literatures. In the current study, it is mentioned as
Nosema in order to make a healthy comparison with
the existing literatures.

The aim of this study is to determine the presence of
Nosema in Mugla province in South West Anatolia.
According to Beekeeping Registration System
(ACS), there are 80.675 registered beekeepers and
bee hives 8.12836 million in 2019 inTurkey. The
registered local bee colonies in Mugla are around 1.2
million. During the pine honey production season,
the number of bee hives reaches 3-3.5 million
colonies with migratory beekeepers from other
provinces. 90% of Turkey's pine honey is produced
in Mugla. Therefore, Mugla is a very crowded and



important area for beekeeping activities. Microscopic
and molecular diagnosis of Nosema spores were
done from worker bee samples collected in different
apiaries in 13 districts of Mugla and water samples
taken from water sources which were close to
apiaries. Thus, the presence and condition of
Nosemosis in Mugla, which is one of the important
centers for the honey bee sector, was determined by
this study.

MATERIAL AND METHODS

Honey bee samples were collected from 152
different apiaries located in 13 districts of Mugla
province in the spring and autumn period separately
from the local and migratory beekeeping. An
average of twenty hives were determined randomly
from each apiary. Average five bees were taken from
each hive and a total of one hundred bee samples
were put into alcoholic tubes from the entrance of
these selected hives from in each apiary (Table 1).
At least 50 ml of water samples were taken from the
62 water sources (12 of them stable water resources
inside the apiaries, rest of them water channels,
streams and fountains) used by the bees near the
apiaries (Table 2). Field studies were completed in
May, April (Spring period) and in October-November
(Autumn period) in 2017. Homogenates from honey
bee samples were prepared according to the World
Organization for Animal Health (OIE) application
manual (2008). Detection, counting and calculation
of the spores were done with thoma lame under 400x
magnified light microscope using OIE terrestrial
manual (2008).

Kruskal-Wallis test (SPSS 24IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp.) and ANOM analysis
(MINITAB 18) were applied in order to determine the
differences between sampling locations according to
spor numbers.

DNA isolations were made in samples having
highest number of spores taken from an average of
3 apiaries with from 13 districts. Commercial
isolation kit (PureLinkGenomic DNA Mini Kit) was
used for the isolation study. 218MITOC For-Rev and
321APIS For-Rev primers were used replicate the
relevant gene regions.

Each PCR reaction mixture contained 10 ng DNA,
0.5 U Tag DNA polymerase, 10XPCR buffer, 2.5 M
MgClz, 0.4 uM 218MITOC F/R, 0.5 pM 321APIS F/R
primers and deonized water. Final concentration

volume was 20 pl. PCR conditions included initial
denaturation at 95°C for 2 min and 35 cycles were
performed in 45 seconds at 95°C, 45 seconds at
59.3°C, and 1 minute at 72°C and finally 7 minutes
at 72°C. PCR products were controlled in 2%
agarose gel (Fries et al. 2013, Martin-Hernandez et
al. 2007). A total of 35 PCR products were sent to
sequencing but 30 of them gave evaluating results.
30 sequence results were analyzed using MEGA 6.0
(Tamura et al. 2013), phylogenetic tree image
obtained in SplitsTree (Huson and Bryant, 2006),
and Network (Bandelt et al. 1999), haplotype
determination was made using the program and
sequence similarity analysis was performed via
BLAST database.

RESULTS

The different densities of the spores were found in
almost all of the samples from different apiaries
(Figure 1).
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Figure 1. Nosema spores from bee samples at 400x
microscope

In general, Nosema spores were found in all
samples (100%) from Dalaman. This was followed
by Yatagan with 92%, Milas with 90%, Ula with 84%,
Ortaca with 83%, Marmaris with 80%, Kdycegiz with
75%, Bodrum with 70%, Mentese with 69%, Fethiye
with 54%, Seydikemer with 30% and Kavaklidere
with 29% (Table 1). As a result, Nosema spores
caused Nosema disease by 71.5316.02% were
found throughout Mugla. The highest number of
spores was observed from Yatagan samples and the
lowest one was observed for samples from
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Seydikemer honeybee samples (Table 1). A total of
62 water samples were examined and an average of
5.16 £ 0.64 water samples were analyzed at each
location. Nosema spores were not found in the water
samples taken from Mentese, Marmaris, Datca,

Bodrum, Seydikemer, Ortaca, Kdycegiz and Fethiye
(Table 1). However, the spores were determined in
one sample from Kavaklidere, Dalaman and
Yatagan, and in 2 samples taken from Milas and
there were no water samples from Ula.

Table 1. The number of apiaries where bee samples were collected, Nosema positive apiary number, the rate of the
positive apiaries, and Nosema spore numbers, the number of water samples, spore positive water samples, and ratio of

positives.
Number Number
Cocaton %,y BN Ratop) SIUE | Mmbersofwater P g
Apiaries  apiaries
Mentese 13 9 69.23 2.1X10° 3 0 0%
Marmaris 10 8 80.00 0.7 X108 4 0 0%
Milas 10 9 90.00 0.8X10° 7 2 28.57%
Datca 12 7 58.33 1X10° 7 0 0%
Dalaman 13 13 100.00  2.2X10° 5 1 20%
Bodrum 10 7 70.00 1X10° 8 0 0%
Seydikemer 13 4 30.77 0.3X108 9 0 0%
Ortaca 6 5 83.33 1.9X10° 6 0 0%
Koycegiz 4 3 75.00 1.3X10° 2 0 0%
Ula 19 16 84.21 1X108 No sample
Fethiye 22 15 68.18 0.5X10° 3 0 0%
Yatagan 13 12 92.31 9.3X108 5 1 20%
Kavaklidere 7 2 28.57 2.6X10° 3 1 33.33%

Normal distribution tests (Kolmogorov-Smirnov and
Shapiro-Wilk) were applied to decide which tests can
be performed before starting the statistical analysis
of the data obtained from the spore numbers. When
all data were evaluated together, it was determined
that the data did not show normal distribution (P
<0.05; 0.01). The same results were found when
normal distribution tests were performed for the
measurements made on the basis of the districts
where samples were collected. Since the data sets
do not show normal distribution, the nonparametric
alternative of ANOVA, Kruskal-Wallis Test (SPSS

12

24) was applied. According to the result of Kruskal-
Wallis analysis, there are statistical differences
between districts in terms of the number of spores (P
<0.01) (Figure 2).

One-Way ANOM test was performed using Minitab
18 program to determine which districts differ in
terms of the number of spore (Figure 3). In the graph,
the number of spores obtained from Yatagan
location (red box) is higher than other districts and
have created a statistically significant difference.
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Figure 2: Box-plot for the distribution of spores’ value in the samples collected areas. Circle and asterix indicated samples
having extreme number of spores. The numbers above the circles and asterix are the sample order. The vertical axis
shows the spore numbers and the names of locations where samples were collected on the horizontal axis are given.
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Figure 3: One-Way ANOM Test (1: Dalaman, 2: Fethiye, 3: Yatagan, 4: Mentese, 5: Kavaklidere, 6: Datca, 7: Ula, 8:
Seydikemer, 9: Marmaris, 10: Koycegiz, 11: Ortaca, 12: Bodrum, 13: Milas) Red lines indicate upper and lower
boundaries. The blue dots indicate the locations that do not differ, and the red box indicates the location that differs from

the general average in terms of the number of spores.
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Molecular Analysis Results

Molecular analysis has shown that the observed
spores belong to N. ceranae and N. apis spores
were not found in this study. The sequence result of
only 30 of the 35 samples, which sent to the DNA
sequence, could be evaluated. As a result of the
BLAST analysis, the samples showed 94-100%
similarity with the Nosema ceranae sequences
determined in Lebanon, France, Thailand and
Morocco samples.

Hit sequence sequences were aligned on the MEGA
6 (Tamura et al. 2013) program. As a result of the
Network (Bandelt et al. 1999) analysis, it was
determined that all samples formed by 3 haplotypes
according to studied sequences for the first time in
Turkey. Haplotype analysis was performed to
determine common genomic sequences shared by
all individuals in the studied populations. The widest
frequency was obtained in haplotype 1. The out

OQUTGROUP

DALAMAN
MARMARIS
FETHIYE

BEODRUM

[ ORTACA ©

MENTESE

SEYDIKEMER

DATGA

kOYCEGiz

YATAGAN

KAVAKLIDERE

IMiLAS

group was in haplotype 1 and the out group referans
sequence was from NCBI gene data bank
(GenBank: Accession LC510254.1). According to
the data obtained from the sequence results,
haplotype 1 was detected from 21 sequenced
samples from 13 location in Mugla and one
sequence data from out group. Haplotype 2 was
detected only in 8 samples belonging to Datca,
Yatagan, Ula, Ortaca, Milas and Mentese locations.
Haplotype 3 was detected in only one sample
belonging to the Ula location (Figure 4). A philogram
constracted in SplitsTree (Huson and Bryant, 2006)
was drawn to visualize the genetic similarities or
differences identified in the populations studied
(Figure 4). According to the phylogenetic tree, the
Ula and out group (GenBank: Accession
LC510254.1) were in different branch, the other
groups from Mugla were located in other main
branch.

ULA 0.1

Milas ) Bodrum
Marmaris Bl Out group

@ Ortaca

Figure 4: Dendogram from sequenced data for N. ceranae and the haplotypes obtained as a result of Network analysis of

genes belonging to N. ceranae
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DISCUSSION

Molecular detection of the animal and human
pathogens is known to be more sensitive than
microscopic analysis (Fayer et al. 2003, Giersch et
al. 2009, Kahler and Thurston-Enriquez 2007,
Valencakova et al. 2011). The most reliable way to
distinguish and diagnose the N. ceranae and N. apis
is using molecular methods (Gatehouse and Malone
1998, Sagastume et al. 2010, Tay et al. 2005).
Nosema disease is effective all over the world as
well as in our country. From time-to-time
Nosematosis cause significant colony losses. In our
country, the first findings of Nosema disease were
reported in 1952 and other studies on Nosema
disease continued in later years (Uygur and Girisgin
2008, Blylk et al. 2014). The prensent study,
Nosema spores detected from worker honeybees
and water sources found in or near the apiaries.
Statistical differences between Nosema spores were
found to be significant among the sampled locations
in Mugla. In the study, it is thought that number of
Nosema spores increase in the hive due to heavy
rainfall and humidity in the spring. Previous studies
have also reported that the linear relationship
between Nosema spore density and humidity is
statistically significant (Buyiuk 2016, Tosun 2012,
Gisder et al. 2010, Martin-Hernandez et al. 2009).
Traver and Fell (2012,) also mentioned that N.
ceranae spores have been reported to occur at high
levels in spring and low levels in fall and winter. In
the study, a very small proportion of the collected
water samples were contaminated by nosema
spores according to the water analysis. Water
samples were collected from apiaries (the bee
samples were taken in the same apiaries) or near
the apiaries. The few number of spores were found
in the water samples due to the fact that the water
sources were mostly them are flowing water (stream,
water channel, fountain, etc.). But nematodes and
protozoa species have been observed rather than
the spores. In addition, the pollution was observed in
the water containers placed in the apiaries in order
to meet the water supply fro the bees. Because the
water containers were not cleaned and changed
frequently enough. At this point, it should be taken
into account that bees benefiting from stable water
resources may be exposed to other diseases due to
dirty containers and water. In the current study, N.
apis were not found both molecular and microscopic
analyses in worker bees and water samples. N.
ceranea spores were the only spores in both sample

types.

The distribution and effects of Nosema disease in
Adana and Mugla provinces was carried out by Kutlu
(1988) and 15600 worker honey bee samples
collected from 312 apiaries were studied as a result
of microscopic analyses. Their results showed that
the disease level was determined as 31.3% in
Mugla, 29.8% in Adana, 29.6% in Dalaman, 28.6%
in Aydin, 25.7% in Datga, 25.0% in Milas, 23.8% in
Fethiye, 23.3% in Kdycegiz and 20.5% in Marmaris.
In present study, the ratio of disease in all Mugla
region is 71.53%. A 2.5-fold increase in the
percentage of disease is observed from Kutlu's study
in 1988 to 2017 in which our study was conducted.
N. ceranae has a more severe effect than N. apis.
The study was conducted in 1988 on the basis of
Nosema apis, whereas today N. ceranae has an
impact on the whole region. This situation shows that
the effects of Nosema disease in Mugla region are
more serious.

In other study for Mugla region, Nosema was
effective in winter and spring periods, and also the
disease was the most intense in the Thrace region
and Mugla (Basar 1990). Another study investigated
the density of N. apis on 7820 honeybees between
in August 1988-June 1989, they found that Nosema
infection pevalance was highest in April-November
(Keskin et al. 1996). At different time periods,
Nosema spores were determined by microscopic
method in Mugla (Simsek 2007, Simsek et al. 2010).
According to different studies, N. ceranae was found
from the bee samples in Mugla (Whitaker et al.,2010;
Utuk et al. 2016; Ivgin Tunca et al. 2016) Saribiyik
and Ozkinm (2018) collected 51 samples from
Mugla province in 2 periods including spring and
August in Mugla province. In 102, they found N.
ceranae in 20, N. apis in 13, and both spores in 69
samples.

Since molecular techniques were not so widespread
in the past, Nosema disease was shown as N. apis.
On the other hand, N. ceranae was thought to infect
only Apis ceranae until twenty years ago. The later
studies revealed that N. ceranae also infects
western European honey bees. In a recent study in
Thailand to understand the biology of N. ceranae,
the genetic diversity in different hosts (A. mellifera,
A. ceranae) was investigated using both PCR and
genome-based methods, and that N. ceranae
populations shared many SNPs with other global
populations and it was observed to be clonal.
However, on the contrary of previous studies, it has
been determined that these populations carry many
SNPs that are not found elsewhere, and these
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populations have evolved in their current geographic
location for some time (Peters et. al. 2019).

In current study, Nosema spores have not been
detected in flowing water resources as a result of
water analysis but it does not mean that there are no
spores. This study shows that N. ceranae is
widespread in Mugla province. At the same time, the
molecular haplotype of N. ceranae gene regions
from mediterrenean samples were determined for
the first time in Turkey. It will be possible to examine
the determining role of haplotypes on the wintering
ability and reproductive performance of bees with
current data.

As a result, beekeeping contributes the economy of
the countries directly and indirectly. Bee diseases
play effective role in the quality of bee products and
the sustainability of colonies. Therefore, periodic
monitoring of bee diseases and investigation of their
effects is important in terms of sustainable
beekeeping activity.

Contribution of authors as; Serengul Kartal,
Rahsan ivgin Tunca, Hasan Kog, Okan Ozgiil for
sample collection, Serengiil Kartal, Rahsan ivgin
Tunca for lab. analysis, Serengll Kartal, Kemal
Karabag for statistical anlysis, Serengil Kartal,
Rahsan Ivgin Tunca, Kemal Karabag, Hasan Kog,
Okan Ozgiil for ms writing.

Conflict of interest: The authors declare that here
is no conflict of interest regarding the publication of
this article

Financial Aid: The study was supported by Mugla
Sitki  Kogman University Scientific Research
Projects Coordinator with project number 17/010.

Acknowledgement

The authors declare thatthere is no conflict of
interest regarding the publication of this article. In
addition, we would like to thank Mugla Provincial
Directorate of Agriculture, Mugla Bee Keeping
Association who provided to supply of the samples,
MSKU Scientific Research Projects Coordinator and
Research Assistant Emel TUTEN SEVIM for helps.
This article was created from Serengul KARTAL's
Master Thesis.

16

REFERENCES

Antunez, K., Martin-Hernandez, R., Prieto, L.,
Meana, A., Zunino, P., Higes, M., (2009).
Immune Suppression in the Honey Bee (Apis
mellifera) Following Infection by Nosema
ceranae (Microsporidia), Environ. Microbiol.,
doi:10.1111/j.1462- 2920.2009.01953x.

Badaoui F., Amar A., Hassou L., Zoglat A., Okou
CG. (2017). Dimensionality Reduction And
Class Prediction Algorithm With Application
To Microarray Big Data, Journal of Big Data,
4: 32. https://doi.org/10.1186/s40537-017-
0093-4.

Bandelt, HJ., Forster, P., Rohl, A., (1999). Median-
Joining Networks For Inferring Intraspecific
Phylogenies,  Molecular  Biology and
Evolution, 16:37-48.

Basar, E. (1990). Ulkemizdeki Bal Arilarinda (Apis
mellifera) Acarapis woodi ve Nosema apis
Parazitlerinin Arastiriimasi, Yuksek Lisans
Tezi, Hacettepe Universitesi, Fen Bilimleri
Enstitisa.

Biiyiik, M., (2016). Kirsehir ilindeki Arilarda Nosema
Hastaliginin Belirlenmesi, Yiksek lisans Tezi
Kirsehir Ahi Evran Universitesi, Fen Bilimleri
Enstitisl, Zootekni Anabilim Dall.

Biyiik, M., Tunca, RI., Tagkin, A. (2014). ‘Tirkiye'de
Nosema spp. Varligina Yoénelik Yapilmis
Calismalar’, Tirk Tarim ve Doga Bilimleri
Dergisi, 1(2), 234-238.

Chauzat, MP., Higes, M., Martin-Hernandez, R.,
Meana, A., Cougoule, N., Faucon, JP. (2007).
Presence of Nosema ceranae in French
Honey Bee Colonies, J. Apic. Res. 46, 127—-
128.

Chen, Y., Evans, JD., Smith, IB., Pettis, JS. (2008).
Nosema ceranae is a Long-Present And
Wide-Spread Microsporidian Infection of the
European Honey Bee (Apis mellifera) in the
United States, J. Invertebr. Pathol. 97, 186—
188.

Chen YP, Evans JD, Murphy C, Gutell R, Zuker M,
Gundensen- Rindal D, Pettis JS (2009).
Morphological, Molecular, And Phylogenetic
Characterization of Nosema ceranae, a
Microsporidian Parasite Isolated From The
European Honey Bee, Apis mellifera, J
Eukaryot Microbiol 56:142—-147.

Cox-Foster, DL., Conlan, S., Holmes, EC., Palacios,
G., Evans, JD., Moran, NA., Lipkin, WI.



(2007). A Metagenomic Survey of Microbes in
Honey Bee Colony Collapse Disorder,
Science, 318, 283-287.

Dogaroglu, M. (1999). Modern Aricilik Teknikleri,
Anadolu Matbaa ve Ambalaj San. Tic. Ltd.
Sti., Istanbul.

Dussaubat, C., Brunet, JL., Higes, M., Colbourne,
JK., Lopez, J., Choi, JH., Martin-Hernandez,
R., Botias, C., Moritz, RF., Le Conte, Y.,
Alaux, C, (2012). Gut Pathology And
Responses To The Microsporidium, Nosema
ceranae in the Honey Bee Apis mellifera,
PLoS One, 7(5): e37017.

Fayer, R., Santin, M., Trout, JM., (2003). First
Detection Of Microsporidia in Dairy Calves in
North America, Parasitol Res 90:383-386.

Fries, I. (2010). Nosema ceranae in European
Honey Bees, Journal of Invertebrate
Pathology 103, 73-79.

Fries, I., Chauzat, MP., Chen, YP., Doublet, V.,
Genersch, E., Gisder, S., Higes, M,
Mcmahon, DP., Martinhernandez, R.,
Natsopoulou, M., Paxton, RJ., Tanner, G,,
Webster, TC., Williams, GR. (2013). Standard
Methods for Nosema research. In: The
COLOSS BEEBOOK: Volume IlI: Standard
methods for Apis mellifera Pest and Pathogen
Research, Dietemann V, Elis J.D. &
Neumann P, eds. Journal of Apicultural
Research, 52
(1):http://dx.doi.org/10.3896/IBRA.1.52.1.14

Fries, I., Feng. F., Da Silva, A., Slemenda, SB.,
Pieniazek, NJ. (1996). Nosema ceranae
(Microspora, Nosematidae), Morphological
And Molecular Characterization Of A
Microsporidian Parasite Of The Asian
Honeybee Apis cerana (Hymenoptera,
Apidae), European Journal of Protistology 32,
356-365.

Fries, I., Martin, R., Meana, A., Garcia-Palencia, P.,
Higes, M. (2006). Natural Infections of
Nosema ceranae in European Honeybees,
Journal of Apicultural Research 45, 230-233.

Garrido, PM., Porrini, MP., Antunez, K.,
Branchiccela, B., Martinez-Noel, GMA.,
Zunino, P., Salerno, G., Eguaras, MJ., Leno,
E., (2016). Sublethal Effects Of Acaricides
and Nosema ceranae Infection On Immune
Related Gene Expression in honeybees,
Garrido et al. Vet Res 47:51DOI
10.1186/s13567-016-0335-z

Gatehouse, HS., Malone LA., (1998). The
Ribosomal RNA Gene Region of Nosema apis
(Microspora): DNA Sequence for Small and
Large Subunit rRNA Genes and Evidence of
a Large Tandem Repeat Unit Size, J Invertebr
Pathol. Mar;71(2):97-105.

GenBank: ACCESSION No LC510254.1 AUTHORS
Takashima, S., Ohari, Y. and Itagaki, T. TITLE
The prevalence of newly found Nosema
species and Nosema ceranae from
honeybees, Apis cerana japonica and Apis
mellifera in Tohoku region of Japan.

Giersch, T., Berg, T., Galea, F., Hornitzky, M. (2009).
Nosema ceranae Infects Honeybees (Apis
mellifera) and Contaminates Honey in
Australia, Apidologie 40, 117-123.

Gisder, S., Hedtke, K., Mockel, N., Frielitz, MC.,
Linde, A., Genersch, E. (2010). Five Year
Cohort Study Of Nosema spp. in Germany:
Does Climates Hape Virulence And As
Sertiveness Of Nosema ceranae?, Applied
and Environmental Microbiology76,3032—
3038.

Grupe, A.C. I, Quandt, C.A. (2020) A growing
pandemic: A review of Nosema parasites in
globally distributed domesticated and native
bees. PLOS Pathogens 16(6): e€1008580.
https://doi.org/10.1371/journal.ppat.1008580

Goblirsch, M., Huang, ZY., Spivak, M., (2013).
Physiological and Behavioral Changes in
Honey Bees (Apis mellifera) Induced by
Nosema ceranae Infection,
https://doi.org/10.1371/journal.pone.0058165

Gllpinar, V. (2005). Bal Arisi Hastalik ve Zararlilari,
Teknik Aricilik. 87: 2-7.

Higes M, Garcia-Palencia P, Martin-Hernandez R,
Aranzazu M. (2007). Experimental Infection of
Apis mellifera Honey Bees with Nosema
ceranae (Microsporidia), J Invertebr Pathol,
94(3): 211-217.

Higes, M., Martin-Hernandez, R., Garrido-Bailén, E.,
Gonzalez-Porto, AV., Garcia-Palencia, P.,
Meana, A., et al. (2009). Honeybee Colony
Collapse due to Nosema ceranae in
Professional Apiaries, Environmental
Microbiology Reports1,110-113.

Higes, M., Martin-Hernandez, R., Meana, A. (2006).
Nosema ceranae, A New Microsporidian

Parasite in HoneyBees in Europe, Journal of
Invertebrate Pathology 92, 93-95.

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 8-20 17



Higes, M., Martin-Hernandez, R., Meana, A. (2010),
Nosema ceranae in Europe: An Emergent
Type C nosemosis, Apidologie 41,375-392.

Higes, M., Meana, A., Bartolomé, C., Botias, C.,
Martin-Hernandez, R. (2013). Nosema
ceranae (Microsporida), a Controversial 21st
Century Honeybee Pathogen, Environmental
Microbiology Reports 5,17-29.
doi:10.1111/1758-2229.12024.

Mariano Higes, Pilar Garcia-Palencia, Almudena
Urbieta, Antonio Nanetti, Raquel Martin-
Hernandez (2020). Nosema apis and Nosema
ceranae Tissue Tropism in Worker Honey
Bees (Apis mellifera) Veterinary Pathology
57(1) 132-138.
https://doi.org/10.1177/0300985819864 302

Huang, WF., Jiang, JH., Chen, YW., Wang, CH.
(2007). A Nosema ceranae lsolate from The
Honeybees Apis mellifera, Apidologie 38, 30-
37.

Huson, DH., Bryant H., (2006) Application of
Phylogenetic Networks in  Evolutionary
Studies, Mol. Biol. Evol., 23(2):254-267.

ivgin Tunca, R., Oskay, D., Gésterit, A., Tekin, K.,
(2016). Does Nosema ceranae Wipe Out
Nosema apis in Turkey? (Short
Communication), I[ranian  Journal  of
Parasitology, 11(2):259-264.

Kahler, AM., Thurston-Enriquez, JA., (2007). Human
Pathogenic  Microsporidia  Detection in
Agricultural Samples: Method Development
And Assessment, Parasitol Res 100:529-538.

Keskin, N., Basar, E., Saragbasi, T., (1996).
Tarkiye’nin Bazi Yorelerindeki Bal Arilarinda
(Apis mellifera L.) Nosema Hastalgi,
Hacettepe Fen ve Miuhendislik Bilimleri
Dergisi, 17, 25-35.

Klee J, Besana A, Genersch E, Gisder S, Nanetti A,
Tam DQ, et al. (2007). Wide Spread Dispersal
Of The Microsporidium Nosema ceranae, An
Emergent Pathogen Of The Western
Honeybee, Apis mellifera, Journal of
Invertebrate Pathology, 96,1-10.

Kutlu, MA. (1988). Ergin Balarisi (Apis mellifera L.)
Hastaligi Nosema apis'in  Dagilmi ve
Enfeksiyon Orani Uzerine Bir Arastirma,
Yiksek Lisans Tezi, Cukurova Universitesi,
Fen Bilimleri Enstitisu, Adana, 45 s.

Martin-Hernandez, R., Meana, A., Garcia-Palencia,
P., Marin, P., Botias, C., Garrido-Bailon, E., et

18

al. (2009). Effect of Temperature on The
Biotic Potential of Honeybee Microsporidia,
Applied and Environmental Microbiology, 75,
2554-2557.

Martin-Hernandez, R., Meana, A., Prieto, L.,
Martinez- Salvador, A., Garrido- Bailon, E.,
Higez, M. (2007). Outcome of Colonization of
Apis mellifera by Nosema ceranae, Applied
and Environmental Microbiology, 73, 6331-
6338.

Matheson, A. (1996). World Bee Health Update, Bee
World, 77: 45-51.

Mohammadian, B., Bokaie, S., Moharrami, M.,
Nabian, S., Forsi, M. (2019). Prevalence of
Honeybee Colony Collapse Disorder and its
Relation To Nosema spp. and Climate In
Apiaries Of Ira’, Journal of Veterinary
Research, 74(1):11-18
10.22059/JVR.2017.235690.2649

Muz, MN., Girisgin, AO., Muz, D., Aydin, L. (2010).
Molecular Detection Of Nosema ceranae and
Nosema apis Infections in Turkish Apiaries
With  Collapsed Colonies, Journal of
Apicultural Research, Vol. 49 (4), 342.

Ozbek, H., (2002). Arilar ve Doga, Uludag Aricilik
Dergisi, 2 (3): 22-25.

Oztiirk, Al. (2001). Balarisi Hastaliklari, Mugla'da
Tarim, 1(5): 57-59.

Paldi N., Glick, E., Oliva, M., Zilberberg, Y., Aubin,
L., Pettis, J., Chen, Y., Evans, JD., (2010).
Effective Gene Silencing in a Microsporidian
Parasite Associated with Honeybee (Apis
mellifera) Colony Declines, Appied and
Environmental Microbiology, 76(17): 5960-
5964.

Paxton, RJ. (2010). Does Infection by Nosema
ceranae Cause “Colony Collapse Disorder” in
Honeybees (Apis mellifera), Journal of
Apicultural Research 49, 80-84.

Paxton, RJ., Klee, J., Korpela, S., Fries, I. (2007).
Nosema ceranae Has Infected Apis mellifera
in Europe Since At Least 1998 and May Be
More Virulent Than Nosema apis. Apidologie,
38,558-565.

Peters, M.J, Suwannapong, G., Pelin, A., Corradi,
N., (2019). Genetic and Genome Analyses
Reveal Genetically Distinct Populations of the
Bee Pathogen Nosema ceranae from
Thailand. Microbial Ecology 77(4):877-889.
doi: 10.1007/s00248-018-1268-z.



Sagastume, S., del Aguila, C., Martin-Hernandez,
R., Higes, M., Henriques-Gil, N., (2010).
Polymorphism And Recombination For rDNA
In The Putatively Asexual Microsporidian
Nosema ceranae, A Pathogen Of Honey
Bees, Environmental Microbiology, 13(1): 84-
95. http://dx.doi.org/10.1111/j.1462-
2920.2010.02311.x.

Saribiyik, C., Ozkinm, A. (2018), The Transition
Ratio of Nosema spp. Spores From Colonies
to Honey Versus Honey to Colonies, Journal
of Agricultural Science; Vol. 11, No. 1; 2019,
72-80.

Sarlo, E., Medici, SK., Braunstein, M., Eguaras, M.,
(2008). Presencia Y Distribucion De Nosema
ceranae En La Region Sudeste De La
Provincia De Buenos Aires, In: Actas del
Segundo Congreso Argentino de Apicultura,
Mar del Plata, Argentina, Agosto 2008, p. 26.

Shumkova, R., Neov, BS., Georgieva, A.,
Teofanova, D., Radoslavov, G., Hristov, P.
(2020). Resistance of Native Honey Bees
from Rhodope Mountains and Lowland
Regions of Bulgaria to Nosema ceranae and
Viral Pathogens, Bulgarian Journal of
Veterinary Medicine, 2020, 23, No 2, 206-217
DOI: 10.15547/bjvm.2201.

Simsek D., (2007). Mugla ili Balarilarinin (Apis
mellifera L.) Mikrobiyal ve Paraziter
Hastaliklar Yoniinden incelenmesi, Hacettepe
Universitesi Fen Bilimleri Entitiisii, Yiiksek
Lisans Tezi, Ankara.

Simsek, D., Keskin, N., Aktas, S., (2009) Turkiye,
Aricilik Endustrisinde Onemli Bir Yere Sahip
Olan Mugla'da Nosemosis Uzerine Bir
Arastirma, Mellifera, 9, 2-8.7.

Tamura, K., Stechr, G., Peterson, D., Filipski, A.,
Kumar, S., (2013). MEGA 6: Molecular
Evolutionay Genetics Analysis Version 6.0.
Molecular Biology and Evolution: 30 2725-
2729.

Tay, WT., O’'mahoney, EM., Paxton, RJ., (2005).
Complete rRNA Gene Sequences Reveal
That The Microsporidium Nosema bombi
Infects Diverse Bumble Bee (Bombus spp.)
Hosts and Contains Multiple Polymorphic
Sites, Journal of Eukaryotic Microbiology,
52(6): 505-513.
http://dx.doi.org/10.1111/j.550-
7408.2005.00057 .x.

Tokarev, Y.S., Huang, W. F., Solter, L.F., Malysh, J.
M., Becnel, J. J., Vossbrinck, C. R., (2020) A
formal redefinition of the genera Nosema and
Vairimorpha (Microsporidia: Nosematidae)
and reassignment of species based on
molecular  phylogenetics, Journal  of
Invertebrate  Pathology  169:  107279.
doi.org/10.1016/j.jip.2019.107279

Tosun, O. (2012). Bal Arilarinda (Apis mellifera L.,
1758) Nosemosis (Nosematosis) Hastaliginin
Dodu Karadeniz Bodlgesinde Bulunan Ari
Kolonilerindeki Varligi, Dagilimi ve Hastalik
Etkenlerinin Karakterizasyonu, Doktora Tezi,
Karadeniz Teknik Universitesi, Fen Bilimleri
Enstitlsu, Biyoloji Anabilim Dali, Trabzon, 112
S.

Traver, BE., Fell, RD. (2012). Prevalence and
Infection Intensity of Nosema in Honey Bee
(Apis mellifera L.) Colonies In Virginia, J.
Invertebr. Pathol., 107, 43—49.

Uygur, SO., Giriggin, AO. (2008). Bal Arisi Hastalik
ve Zararhlari, Uludag Ariciik Dergisi, 8,
4,130-142.

Utlk, A.E., Piskin, F.C., Kurt, M. 2010. Turkiye'de
Nosema ceranae’nin ilk molekller tanisi.
Ankara Universitesi Veterinerlik Fakiiltesi
Dergisi, 57: 275-278.

Utlk, AE., Piskin, FC., Giriggin, AO., Ozgir, S.,
Aydin, L., (2016). Microscopic and Moleculer
Detection of Nosema spp. In Honeybees of
Turkey, Apidologie 47: 267-271.

Van Engelsdorp, D., Meixner, MD., (2010). A
Historical Review of Managed Honey Bee
Populations in Europe and the United States
and the Factors that May Affect Them, Journal
of Invertebrate Pathology, 580-595.

Valencakova, A., Balent, P., Ravaszova, P., Horak,
A., Obornik, M., Halanova, M., Malcekova, B.,
Novotny, F., Goldova, M., (2011). Molecular
Identification and Genotyping Of
Microsporidia in Selected Hosts, Parasitol
Res. doi:10.1007/s00436-011-2543-9.

Whitaker, J., Szalanski, AL., Kence, M. (2010).
Molecular Detection of Nosema ceranae and
N. apis from Turkish Honey Bees, Apidologie
doi:10.1051/apido/2010045.

Williams, GR., Shafer, ABA., Rogers, REL., Shutler,
D., Stewart, DT. (2008). First detection of
Nosema ceranae, a Microsporidian Parasite
of European Honeybees (Apismellifera), in

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 8-20 13



Canada and Central USA., Journal of
Invertebrate Patholology, 97,189—-192.

Yoshiyama, M., Kimura, K. (2011). Distribution of

20

Nosema ceranae in the European Honey Bee,

Apis mellifera in Japan, Journal of
Invertebrate Pathology, 106, 263—267.

Zander, E. (1909). Tierische Parasiten als
Krankenheitserreger bei der Biene.
Munchener Bienenztg, 31, 196-204.



Citation/Atif: llyasov RA, Lim, S, Lyeol ML, Lee, Kwon, HW, Nikolenko, AG, 2021. Effect of Miticides Amitraz And
Fluvalinate On Reproduction and Productivity of Honey Bee Apis Mellifera (Akarisit Amitraz ve Fluvalinat'in Bal Arisi Apis
mellifera'nin Ureme ve Verimliligine Etkisi). U. Ari D./U. Bee J. 21:21-30, DOI: 10.31467/uluaricilik.883775

EFFECT OF MITICIDES AMITRAZ AND FLUVALINATE ON
REPRODUCTION AND PRODUCTIVITY OF HONEY BEE APIS
MELLIFERA

Akarisit Amitraz ve Fluvalinat'in Bal Arisi Apis mellifera'nin Ureme ve Verimliligine
Etkisi

Rustem A. ILYASOV'?, Sooho LIM', Myeong Lyeol LEE", Hyung Wook KWON", Alexey G.
NIKOLENKO?!

""Department of Life Sciences and Convergence Research Center for Insect Vectors, Incheon National University, 119
Academy-ro, Yeonsu-gu, Incheon 22012, REPUBLIC OF KOREA, ORCID No: 0000-0003-2445-4739, Corresponding
Author: E-posta: apismell@hotmail.com, ORCID No: 0000-0002-6724-3715 E-posta: 93sooho@gmail.com, ORCID No:
0000-0000-0000-0000, E-posta: be9020@hanmail.net, ORCID No: 0000-0001-9340-7974, E-posta: hwkwon@inu.ac.kr,

?Institute of Biochemistry and Genetics, Ufa Federal Research Centre, Russian Academy of Sciences, Ufa, Prospekt
Oktyabrya 71, 450054, RUSSIA, ORCID 0000-0002-9235-680X, E-posta: a-nikolenko@yandex.ru

Gelis Tarihi / Received: 23.02.2021 Kabul Tarihi / Accepted: 30.03.2021 DOI: 10.31467/uluaricilik.883775

ABSTRACT

Varroa destructor is a well-known ectoparasite of the honey bee Apis mellifera. Amitraz and fluvalinate
are highly effective miticides used against V. destructor infestation in colonies of honey bee A.
mellifera. Though honey bees more resistant to miticides, there are side effects of these chemicals on
the reproduction, olfaction, and honey production of honey bees. We showed a negative impact of
miticides amitraz and fluvalinate on honey production and reproduction of honey bee colonies. Also,
we assumed the reduction of olfaction of honey bees by fluvalinate due to changes of expression of
olfactory related neuropeptide genes short neuropeptide F sNPF, tachykinin TK, short neuropeptide F
receptor sNPFR. The external treatment of honey bee colonies by miticides amitraz and fluvalinate
along with a positive effect of pest control harms reproductivity, honey productivity, and, probably,
can reduce learning and memory, gustation and olfaction of honey bees. When used for a short time
and with care, miticides can be less harmful to honey bees. Breeding varroa-resistant honey bees
allow to reduce the use of miticides and produce organic honey. Therefore, the further development
of beekeeping should be in the direction of selection for disease and Varroa resistance and adaptation
to the environment.

Keywords: Amitraz, Fluvalinate, Honey Production, Reproduction, A. mellifera, V. destructor, Short
Neuropeptide F sNPF, Tachykinin TK, Short neuropeptide F receptor sNPFR, RT-PCR, Gene
expression.

oz

Varroa, bal arisi Apis mellifera'nin iyi bilinen bir ektoparazitidir. Amitraz ve fluvalinat, bal ansi A.
mellifera kolonilerinde V. destructor istilasina karsi kullanilan oldukga yiiksek etkili akarisitlerdir. Bal
arilari, akarisitlere kargi daha direngli olsalar da, bu kimyasallarin bal arilarinin iireme, koku alma ve
bal iiretimi lizerinde yan etkileri vardir. Bu ¢galigma ile Akarisitler olan amitraz ve fluvalinatin bal tiretimi
ve bal arisi kolonilerinin Giremesi lizerinde olumsuz bir etkisi oldugu belirlenmistir. Ayrica, bal arilarinin
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Fluvalinat’a bagl olarak koku alma duyusunun azalmasi durumunu ilgili néropeptid genlerinin kisa
noropeptid F sNPF, tasikinin TK, kisa néropeptid F reseptorii sNPFR ifadesindeki degisiklik oldugunu
varsaydik. Bal arisi kolonilerinin akarisitler olan amitraz ve fluvalinate ile kontrol edilmesi, hasere
kontroliiniin olumlu etkisiyle birlikte liremeye, bal verimliligine zarar verir ve muhtemelen bal arilarinin
ogrenmesini ve hafizasini, lezzetini ve kokusunu muhtemelen azaltabilir. Kisa bir siire ve 6zenle
kullanildiginda, akarisit kullanimi bal arilarina daha az zarar verebilir. Varroaya direngli bal arilarinin
yetistiriimesi, akarisit kullanimini azaltmaya ve organik bal Giretmeye izin verir. Bu nedenle, aricihgin
daha da gelistirilmesi i¢in secim; hastaliklara, Varroa’ya direngli ve gevreye uyum yoniinde olmalidir.

Anahtar Kelimeler: Amitraz, fluvalinat, bal liretimi, Gireme, A. mellifera, V. destructor, kisa néropeptid
F sNPF, takikinin TK, kisa noropeptid F reseptorii sSNPFR, RT-PCR, gen ifadesi.

GENISLETILMIS OZET

Calismanin amaci: Bu makalede, amitraz ve
fluvalinat gibi akarisitlerin bal arisi kolonileri
Uzerindeki etkisi yumurtlama, bal dretimi ve koku
alma &zelliklerinin gézlemlenerek tahmin edilecektir.

Gereg ve Yontemler: Bu calismada 46 bal arisi A.
mellifera kolonisi (Rusya'dan 40 koloni ve Kore'den
alti koloni) deney grubu olarak kullaniimistir. Kontrol
grubu olarak yirmi alti bal arisi A. mellifera kolonisi
(Rusya'dan yirmi koloni ve Kore'den alti koloni)
kullanildi. isgi arilar 2019 vyilinda kovanlarin
girisinden toplanmistir.

Rusya'dan 20 bal arisi A. mellifera kolonisi ve
Kore'den 6 koloniye haricen ortalama 2 pg/ari
fluvalinat dozu uygulanmistir. Rusya'dan gelen diger
20 bal arisi A. mellifera kolonisine harici olarak
ortalama 20 pg/ari amitraz dozu uygulanmistir.
Kontrol deneylerinde, Rusya'dan 20 bal arisi A.
mellifera kolonisi ve Kore'den 6 kolonide her hargi bir
uygulama yapilmamistir. Rusya’daki A. mellifera
kolonilerinde haricen amitraz ve fluvalinate
uygulamalarinin ortalama yumurtlama ve bal tretimi
Uzerindeki etkisi degerlendirilmistir. Kore bal arisi A.
mellifera kolonileri, fluvalinat uygulamasinin koku
alma ile ilgili néropeptit genleri kisa néropeptit F
sNPF, tasikinin TK, kisa noéropeptit F reseptori
sNPFR  ekspresyonu Uzerine olan  etkisi
degerlendirilmigtir. Ortalama yumurtlama ve bal
Uretiminin degerlendiriimesi, Biyokimya ve Genetik
Enstitlisl, Ufa Federal Arastirma Merkezi, Rusya
Bilimler Akademisi'nde (Rusya) gergeklestiriimistir.

RT-PCR, Incheon Ulusal Universitesinde (Kore)
gerceklestirildi. Her bal arisi kolonisinden on bes isci
aridan izole edilmis antenler alindi. Qiagen RNeasy
Mini Kit dreticinin (Qiagen, Almanya) talimatlarina
gore kullanilarak antenlerden toplam RNA'lar izole
edilmistir. cDNA, toplam 500 ng RNA'dan oligo-dT
ve Superscript Il enzimi (Invitrogen, Yeni Zelanda)
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ile sentezlenmis ve RT-PCR, Brilliant Il Ultra-hizli
SYBR Green gPCR Master Mix (Agilent
Technologies, ABD) kullanilarak AriaMx Real-Time
PCR Systemi lzerinde gergeklestiriimistir. RT-PCR
primerleri, (ribosomal protein 49 gene, TK, sNPF ve
SNPFR) Macrogen firmasi tarafindan
sentezlenmigtir. RT-PCR: 95°C-1 dakika, 95°C-5
sn'lik 40 dongl, 55-60°C-10 sn, 72°C-10 sn
kosullarinda gergeklestirilmistir. Her bir RT-PCR, Ug
tekrar halinde gergeklestirildi. Genlerin ekspresyon

seviyesi delta-delta Ct yontemi kullanilarak
degerlendirilmistir.
Bal arisi  kolonisinde, anaarinin  ortalama

yumurtlama orani, EP = E/D olarak bulunur; burada
E- kolonideki ana ari tarafindan yumurtlanan toplam
yumurta sayisl, EP-kraligelerin ortalama
yumurtlama,  D-yumurtlama  glnlerin  sayisi
gostermektedir. Kolonilerdeki ortalama Uretkenlik
HP = H/M olarak tahmin edildi, burada H-kolonide
toplam bal Uretimi, HP-ortalama bal Uretimini, M-
balin Uretildigi ay sayisini gosterir. Varyans
(ANOVA) analizi, standart sapma SS, standart hata
SE, given araligi Cl, Student t-testi ve olasilik P
analizi JMP 13 (SAS, ABD) paket programi
kullanilarak hesaplanmistir.

Sonug: Deneysel bal arisi A. mellifera kolonileri,
kontrol grubu ile Kkarsilastirmasinda dliumcul
olmayan dozlarda akarisit amitraz ve fluvalinat ile
muamele edildi. Kontrol grubunda yumurtlama
ortalama 1650 adet, bal verimi ortalama 31.1 kg elde
edilirken, Fluvalinat uygulamasi yapilan bal arilari
grubunda yumurtlama kontrole gére %9,7 oraninda
azalmistir  (t-testi=2,55, p<0,05). Amitraz ile
muamele edilen bal arisi grubunda yumurtlama,
kontrole gbre %7,9 oraninda azalmistir (t-testi =
2,20, p £ 0,05) (Sekil 1, Tablo 1).

Fluvalinat ile muamele edilen bal arisi grubunda bal
retimi kontrole goére %21,9 oraninda azalmistir (t-
testi = 2,89, p < 0,05). Amitraz ile muamele edilen



bal arisi grubunda, bal verimi kontrole gére %12.1
oraninda azalmistir (t-testi = 2.80, p < 0.05) (Sekil 1,
Tablo 2).

Amitraz ve fluvalinat uygulamasi yapilan bal arisi
kolonilerindeki varyans ANOVA analizi, p
degerlerine ve 0.05 anlamlilik seviyesine gore, bal
arisi kolonilerinde fluvalinat ve amitrazin yumurtlama
ve bal Uretimi (zerindeki etkilesim etkisinin
istatistiksel olarak anlamh oldugunu goéstermistir
(Tablo 3). Ayrica, bal arisi kolonilerinde fluvalinat ve
amitrazin yumurtlama ve bal Uretimi Uzerindeki
etkileri arasindaki farklar istatistiksel olarak 6nemli
degildir, bu da her iki akarisitin bal arisi kolonileri
Uzerinde neredeyse benzer olumsuz etkilere sahip
oldugu anlamina gelmektedir.

Fluvalinata maruz kalan bal arilarinda sNPF
ekspresyonu 6nemli dlglide artmistir (t-testi = 4.41,
p = 0.01). Fluvalinata maruz kalan bal arilarinda TK
ekspresyonu 6nemli dlglide degismedi (t-testi = 0.80,
p = 0.46). Fluvalinata maruz kalan bal arilarinda
sNPFR ekspresyonu énemli 6l¢iide azalmistir (t-test
= 3.49, p = 0.01). Muhtemelen, sNPF'nin spesifik
membran reseptori sNPFR ile etkilesim yoluyla
hedef hiicrelere etki etmesinden dolayi artan sNPF
ekspresyonu. Bu nedenle, fluvalinat muamelesinden

sonra sNPFR ekspresyonundaki degisiklikler
onemlidir (Sekil 2).
Tdm olasiliklar degerlendirildiginde, mitisitlerin

dezavantajlardan daha fazla avantaja sahip oldugu
varsayllabilir. Ektoparazitik akarlarin bal arilar
Uzerindeki olumsuz etkisi, sayilarinin artmasi
nedeniyle her gegen gun artarken, mitisitlerin bal
arillari Gzerindeki olumsuz etkisi detoksifikasyon
surecleri nedeniyle azalma egilimindedir. Bu
nedenle aricilikta mitisitlerin kullaniimasi ekonomik
olarak faydahdir. Bal arilarina kiyasla, ektoparazitik
akarlar, daha kuaguk boyutlari ve daha az etkili
detoksifikasyon sistemleri nedeniyle bu mitisitlere
karsi daha hassastir. Bu nedenle bal arilari,
ektoparazitik akarlara gore mitisitlerden daha az
muzdariptir. Bununla birlikte, mitisitler arilar icin
glvenli degildir. Amitraz ve fluvalinat gibi akar
oldirlcilerin bal arilarina, A. mellifera benzer,
olumsuz etkileri dnceki gcaligmalarda da gdzlenmistir.

Amitraz ve fluvalinat gibi akarisitlerin bal arilar
Uzerindeki olumsuz etkisi deneysel olarak bu
calismada gosterilmistir. Bunun yani sira, Varroa
akarlarinin amitraz ve fluvalinat akarisitlerine karsi
artan direng s6z konusudur. Bununla birlikte, strekli
secimle Varroa akarlarina direncli bal arisi
populasyonlart elde etmenin muimkin oldugu

gosterilmigtir.  Varroaya direngli  bal arilarinin
yetigtiriimesi, akarisit kullanimini azaltmaya ve
organik bal Uretilmesine izin verir. Bu nedenle,
ariciligin daha da gelistiriimesi, hastalik ve Varroa
direnci se¢imi ve ¢gevreye uyum ydnunde olmalidir.

INTRODUCTION

The honey bee, Apis mellifera, is an essential
pollinator that provides ecological services and
economic values in agriculture (Klein et al. 2007,
Southwick and Southwick 1992). Varroosis caused
by Varroa destructor mite leads to losses of honey
bee colonies and reduces their adaptation (Zhang
2000, Anderson and Trueman 2000).

To prevent damages from ectoparasitic mites,
beekeepers commonly use the miticides amitraz and
fluvalinate. Fluvalinate is a synthetic pyrethroid that
act as a neurotoxin inducing sustained membrane
depolarization. Fluvalinate is highly effective against
mites and ticks (Wallace 2002, Gupta and Crissman
2013, Gosselin-Badaroudine and Chahine 2017).
Amitraz is a synthetic amidine, a derivative of an
oxoacid belonging to the group of triazopentadiene.
It acts as a neurotoxin with a target of octopamine
receptor. Fluvalinate and amitraz are highly effective
against mites and are commonly used to control
ectoparasitic mites in honey bee colonies (Gregorc
et al. 2012, Gracia et al. 2017). In comparison with
ectoparasitic mites, honey bees are more resistant
to these miticides due to their bigger size and more
effective system of detoxification, but despite this,
there are various side effects of amitraz and
fluvalinate on mortality, productivity, reproduction,
and olfaction (Berry et al. 2013, Frost et al. 2013,
llyasov et al. 2014, Rangel and Tarpy 2015, Dai et
al. 2017, Lim et al. 2020). Olfaction is a basic
regulation mechanism for honey bees, which
important in different aspects of their social life
organization (Nassel, 2002; Taghert and Veenstra,
2003; Hauser et al., 2006; Johnson, 2006; Marciniak
et al., 2011) and nectar foraging behavior (Menzel
1999, Hewes and Taghert 2001, Johnson 2006,
Hummon et al. 2006, Giurfa 2007, Altstein and
Nassel 2010, Xu et al. 2016, Schoofs et al. 2017).

The neuropeptides short neuropeptide F sNPF,
tachykinin TK, and short neuropeptide F receptor
sNPFR are peptidergic regulators in the olfactory
systems of insects (Jung et al. 2013, Jiang et al.
2017). Thus, the reduction of olfaction in honey bees
caused by miticide fluvalinate must be accompanied
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by changes in gene expression of olfactory-related
neuropeptide genes and their receptors.

In this paper, the effect of miticides amitraz and
fluvalinate on honey bee colonies will be estimated
by observation the ovipositioning, honey production,
and olfaction.

MATERIALS AND METHODS
Honey bee sampling and experimental groups

Forty-six colonies of honey bee A. mellifera (forty
colonies from the Republic of Bashkortostan, Russia
Federation (54,46N 56,01E), and six colonies from
Incheon, the Republic of Korea (37,22N 126,38E))
were used as an experimental group. Twenty-six
colonies of honey bee A. mellifera (twenty colonies
from the Republic of Bashkortostan, Russia
Federation, and six colonies from Incheon, the
Republic of Korea) were used as a control group.
Worker bees were collected from the entrance of
hives in 2019.

Twenty colonies of honey bee A. mellifera from
Russia and six colonies from Korea were externally
treated with an average dose of 2 pg/bee fluvalinate.
Another twenty colonies of honey bee A. mellifera
from Russia were externally treated with an average
dose of 20 pg/bee amitraz. In control, twenty
colonies of honey bee A. mellifera from Russia and
six colonies from Korea remain untreated. Russian
colonies of A. mellifera were evaluated for the effect
of amitraz and fluvalinate external treatment on
average oviposition and honey production. Korean
colonies of A. mellifera were evaluated for the effect
of fluvalinate external treatment on expression of
olfactory related neuropeptide genes short
neuropeptide F sNPF, tachykinin TK, short
neuropeptide F receptor sNPFR. Evaluation of
average oviposition and honey production was
performed in Institute of Biochemistry and Genetics,
Ufa Federal Research Centre, Russian Academy of
Sciences (Russia). The experiment with honey bees
was carried out for three months (June, July, August)
in 2019.

Real-Time Polymerase Chain Reaction (RT-PCR)

RT-PCR was performed at Incheon National
University (Korea). From each honey bee colony
were isolated antennae from fifteen worker bees.
Total RNAs were extracted from the antenna using
a Qiagen RNeasy Mini Kit according to the
instructions of the manufacturer (Qiagen, Germany).
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The cDNA was synthesized with oligo-dT and
Superscript 1l enzyme (Invitrogen, New Zealand)
from 500 ng of total RNA. The RT-PCR was
performed on the AriaMx Real-Time PCR System
using Brilliant Il Ultra-fast SYBR Green gPCR
Master Mix (Agilent Technologies, USA).

The RT-PCR primers were synthesized in company
Macrogen Inc. (Seoul, Korea): the ribosomal protein
49 gene (AF441189) RP49 primers RP49-F: 5'-
GGGACAATATTTGATGCCCAAT-3' and RP49-R
5-CTTGACATTATGTACCAAAACTTTTCT-3,
product size is 100 bp (housekeeping gene); the
neuropeptide gene tachykinin (XM_026441578) TK
primers TK-F 5-GGCGGGGATTTACGGATCAA-3’
and TK-R 5-CCCTCGAAATTCCCATCGTG-3,
product size is 166 bp; the neuropeptide gene short
neuropeptide F (XM_003250107) sNPF primers
sNPF-F 5-ATAGATTACTCAGATGAAATACCAG-3’
and sNPF-R 5-
GCACTCATTGGTTTTGATAGAATAG-3’, product
size is 218 bp; the short neuropeptide F receptor
gene (XM_006561685) sNPFR primers sNPFR-F 5'-
GCATTTTGTTACATCTGCGTC-3 and sNPFR-R
5-TCGTTCGCTTCTTCCTCTC-3’, product size is
112 bp (Mao et al. 2011, Lim et al. 2020). The RT-
PCR was performed in the following conditions:
95°C-1 min, 40 cycles of 95°C-5 s, 55-60°C-10 s,
72°C-10 s. Each RT-PCR was performed in three
replicates. The expression level of genes was
evaluated using the delta-delta Ct method (Livak and
Schmittgen, 2001).

Statistical analysis

The average oviposition of queen in each honey bee
colony was estimated as EP = E/D, where H- total
number of laid eggs by queens in the colony, OP-
average oviposition of queens, D-number of
oviposition days.

The average productivity in each honey bee colony
was estimated as HP = H / M, where H-total
produced honey in the colony, HP-average honey
production of honey bee colonies, M-number of
months when honey was produced.

The analysis of variance ANOVA, standard deviation
SD, standard error SE, confidence interval Cl,
Student's t-test, and probability P (P < 0.05 means
statistical significance at 95% reliability) was
estimated using JMP 13 (SAS, USA).



RESULTS

The experimental honey bee A. mellifera colonies
were treated by sublethal doses of miticides amitraz
and fluvalinate in comparing control. In the control
group, oviposition was an average of 1650 pcs,
honey productivity was average 31.1 kg. In the group

of honey bees, treated with fluvalinate, oviposition
was decreased relative to the control by 9.7% (t-test
= 2.55, p<0.05). In the group of honey bees, treated
with amitraz, oviposition was decreased relative to
the control by 7.9% (t-test = 2.20, p < 0.05) (Figure
1, Table 1).

Table 1. Average oviposition OP of queen bees in honey bee colonies treated with amitraz and fluvalinate

Group OP * SE, pcs. Cl, pcs. SD t-test

Fluvalinate 1490 + 11.5 1410 - 1510 51.3 2.55
Amitraz 1520 + 24 .1 1380 - 1590 53.7 2.20
Control 1650 + 20.6 1440 - 1700 65.3

OP-average oviposition of queen bees, SE-standard error, Cl-confidence interval, CD-standard deviation, t-test — Student’s

t-test. Each group N = 20.

In the group of honey bees, treated with fluvalinate,
honey production was decreased relative to the
control on 21.9% (t-test = 2.89, p < 0.05). In the
group of honey bees, treated with amitraz, honey

productivity was decreased relative to the control
on 12.1% (t-test = 2.80, p < 0.05) (Figure 1, Table
2).

Table 2. Average honey production HP in honey bee colonies treated with amitraz and fluvalinate

Group HP + SE, kg Cl, kg SD t-test

Fluvalinate 246121 20.3-26.4 3.1 2.89
Amitraz 27.7+1.2 25.2-31.6 4.1 2.80
Control 31.1+£21 26.6 - 34.7 1.7

HP-average honey production of honey bee colonies, SE-standard error, Cl-confidence interval, CD-standard deviation, t-

test — Student’s t-test. Each group N = 20.

Fluvalinate Amitraze Control
1750 45
1700 * % a0
W 50 = ——135 5
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Figure 1. Average oviposition and honey production in honey bee colonies treated with amitraz and fluvalinate. *
Statistically significant differences, p < 0.05. Each group N = 20.

The analysis of variance ANOVA in honey bee
colonies treated with amitraz and fluvalinate based

on the p-values and a significance level of 0.05
showed that the interaction effect of fluvalinate and
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amitraz on oviposition and honey production in
honey bee colonies are statistically significant (Table
3). Moreover, the differences between the effects of
fluvalinate and amitraz on oviposition and honey

production in honey bee colonies are not statistically
significant, which means that both miticides have
almost similar negative effects on honey bee
colonies.

Table 3. Analysis of variance ANOVA the effect of the miticides amitraz and fluvalinate on useful traits of honey bee
colonies

Useful traits

Comparison DF SS SE F-value P-value

Honey FIuva_Iinate / Control 2 11.208 0.221 3.655 0.049*
productivity Amlt_raz / Contl_'ol 2 43.745 0.199 14.265 0.001*
Fluvalinate / Amitraz 2 6.476 0.232 2.112 0.164

Fluvalinate / Control 2 119544.450 0.233 30.735 0.001*

Oviposition Amitraz / Control 2 2446.021 0.228 0.629 0.044*
Fluvalinate / Amitraz 2 6043.601 0.005 1.554 0.230

DF - degrees of freedom, SS - a sum of squares, SE-standard error, F-value - Fisher's exact test value, P-value — a

value of probability, * - statistically significant differences.

Effects of fluvalinate on the expression of
olfactory-related neuropeptide genes sNPF, TK,
sNPFR.

The expression of SNPF was significantly increased
in fluvalinate exposed honey bees (t-test =4.41, p =
0.01). The expression of TK was not significantly
changed in fluvalinate exposed honey bees (t-test =

2.0
(= 4
o 1.5
7
D 1.0 —eeeeoe
[l
o
X
L 0.5
Control
0.0

0.80, p = 0.46). The expression of sNPFR was
significantly decreased in fluvalinate exposed honey
bees (t-test = 3.49, p = 0.01). Probably, the

increased expression of sNPF due to that sSNPF acts
on target cells, through interaction with specific
membrane receptor sSNPFR. Therefore, the changes
of sSNPFR expression after fluvalinate treatment are
important (Figure 2).

Figure 2. The patterns of sNPF, TK, and SNPFR neuropeptide genes expression. Relative expression levels of sSNPF,
TK, and sNPFR in antenna from control (light grey) and fluvalinate treated (dark grey) honey bees. Data points represent
values from biological replicates. * Statistically significant differences, p < 0.05. Each group N = 6.

DISCUSSION
Evaluating all the options, it can be assumed that
miticides have more advantages than
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disadvantages. The negative impact of ectoparasitic
mites on honey bees is increasing every day due to
the increase in their numbers, while the negative



impact of the miticides on honey bees tends to
decrease due to detoxification processes. Therefore,
the use of miticides in beekeeping is economically
beneficial. In comparison with honey bees,
ectoparasitic mites are more sensitive to these
miticides due to their smaller size and less effective
system of detoxification. Therefore, honey bees
suffer less from miticides than ectoparasitic mites.
However, miticides are not safe for bees. The
analogous, negative effects of miticides amitraz and
fluvalinate on honey bees A. mellifera were
observed in previous studies (llyasov et al. 2014, Lim
et al. 2020).

After external treatment, the honey bee colonies with
miticides amitraz and fluvalinate their economically
useful treats such as honey production, olfaction,
and oviposition can be reduced. The expression of
TK was not statistically significantly changed by
fluvalinate treatment of honey bees, whereas the
expression of sSNPF was significantly increased and
the expression of sNPFR was significantly
decreased by fluvalinate treatment of honey bees.
Fluvalinate did not affect the TK signaling pathway,
but can significantly affect the sNPF signaling
pathway, which can decrease learning and memory,
gustation and olfaction of honey bees. Olfaction is a
basic regulation tool for honey bees' social life
organization (Nassel 2002, Taghert and Veenstra
2003, Hauser et al. 2006, Johnson 2006, Marciniak
et al. 2011), foraging behavior, and honey
production (Menzel 1999, Hewes and Taghert 2001,
Johnson 2006, Hummon et al. 2006, Giurfa 2007,
Altstein and Néassel 2010, Xu et al. 2016, Schoofs et
al. 2017).

When used for a short time and with care, miticides
can be less harmful to honey bees. We assumed,
the short time treatment of honey bee colonies
against V. destructor with miticides amitraz and
fluvalinate can help honey bees to control pests in
the colony and will have more benefits if the
treatment will provide by schedule before honey
harvesting in spring and after honey harvesting in
autumn.

There is the global problem of the growing resistance
of V. destructor mites to miticides amitraz and
fluvalinate, which leads to increasing their dosages,
which leads to increased toxicity to honey bees and
contamination of beekeeping products (Rinkevich
2020). Fortunately, nine resistant to mite V.
destructor populations of honey bee A. mellifera is
obtained by constant selection: 1. Ireland North

County Dublin honey bee population, 2. The
population of A. m. scutellata in Brazil and South
Africa, 3. Toulouse honey bee population, 4. Island
of Fernando de Noronha honey bee population, 5.
Primorsky, Russia honey bee population, 6. Gotland,
Sweden honey bee population, 7. Avignon, France
honey bee population, 8. Honey bee population of
Arnot Forest, Ithaca, NY, USA, 9. Marmara island
honey bee population in Turkey (Mondragon et al.
2005; Allsopp 2006; Locke and Fries 2011; Cakmak,
Fuchs, 2013; Locke, 2016; Conlon et al., 2018;
McMullan, 2018; van Alphen and Fernhout 2020).
Thus, the constant selection of honey bee colonies
for hygienic behavior and resistance to mite V.
destructor is more preferable to using increasing
amounts of miticides. Moreover, it is assumed,
environmental factors may play a big role in reducing
the population of Varroa mites, not only the genetics
of honey bees (Cakmak, Fuchs, 2013).

CONCLUSION

The negative effect of miticides amitraz and
fluvalinate on honey bees have been shown here
experimentally. Besides, there is increasing
resistance of Varroa mites to the miticides amitraz
and fluvalinate. However, it has been shown that it is
possible to obtain populations of honey bees
resistant to Varroa mites by constant selection.
Breeding varroa-resistant honey bees allow to
reduce the use of miticides and produce organic
honey. Thus, the further development of beekeeping
should be in the direction of selection for disease and
Varroa resistance and adaptation to the
environment.
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ABSTRACT

The wax moth is one of the honeybee pests that cause a lot of damage and loss for the beekeepers in
Tunisia. The use of insecticides is more and more used although they are known to contaminate wax
and honey. This study aims to test the essential oils of two North African common plants Thymbra
capitata L. and Mentha pulegium L. efficacy as alternative method by fumigation on instars of Galleria
mellonela L. We also determined the duration of the development stages of the great wax moth (GWM)
presented in Tunisia. Results showed that under a temperature ranged between 30 and 33°C, the total
duration from eggs to adults of GWM lasted 51 days. The fumigant test showed the toxicity of both oils
on larvae instars tested. The second larvae instar was more susceptible than the 4th instar. Moreover,
M. pulegium was more toxic against the 2nd larvae instar than T. capitata with an LC50 at 48h of 41.82
and 456.27 pl/L air, respectively. The essential oils present a good alternative to the insecticides to
control wax moths.

Keywords: Galleria mellonella, Thymbra capitata, Mentha pulegium, fumigation, development stages,
LCso.

oz

Balmumu giivesi, Tunus'taki aricilar igin ¢cok fazla zarara ve kayba neden olan bal arisi zararlilarindan
biridir. Balmumu ve bal kirlettikleri bilinmesine ragmen boécek oldiriicilerin kullanimi giderek daha
fazla kullaniimaktadir. Bu galismada, iki Kuzey Afrika ortak bitkisi Thymbra capitata L. ve Mentha
pulegium L.'nin buyik mum givesi (GWM) G. mellonella iizerine etkisinin arastirilmasi amaglanmistir.
Ayrica biiyiik balmumu giivesinin gelisme asamalarinin siirelerini de belirlenmistir. Sonuglar, 30 ila
33°C arasinda degisen bir sicakhk altinda, yumurtalardan GWM'li yetigkinlere kadar olan toplam
siirenin 51 giin siirdiiglinii gostermistir. Fumigant testi, test edilen larva donemlerinde her iki yagin da
toksisitesini géstermistir. ikinci larva donemi, 4. evreye gore daha hassastir. Dahasi, M. pulegium, 2.
larva donemine karsi, sirasiyla, 48. saatte 41.829 ve 456.276 pl / Lair'de bir LC50 ile T. capitata’dan daha
toksik oldugu belirlenmistir. Bu bulgulara gére ugucu yaglar, mum giivelerini kontrol altina almak igin
bocek ilaglarina iyi bir alternatif sunmaktadir.

Anahtar Kelimeler: Galleria mellonella, Thymbra capitata, Mentha pulegium, tiitsiileme, gelisme
evreleri, LCso.
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GENiSLETILMiS OZET

Amag: Balmumu guvesi, Tunus'taki aricilar igin ¢ok
fazla zarara ve kayba neden olan bal arisi
zararhlarindan biridir. Balmumu ve bali kirlettikleri
bilinmesine ragmen boécek oldurtculerin kullanimi
giderek daha fazla kullaniimaktadir. Bu galisma, iki
Kuzey Afrika ortak bitkisi Thymbra capitata L. ve
Mentha pulegium L.'nin ugucu yaglarinin alternatif
bir yontem olarak Galleria mellonela L. Tunus'ta
sunulan giive (GWM).

Materyal ve Metot: G. mellonella'nin larvalari, istila
edilmis bal arisi kolonilerinden elde edildi ve
laboratuvarda yetigtirildi. Blylk mum guvesinin
(GWM) gelisme asamalarinin siresi belirlendi.
Ugucu vyagdlar, bir Clevenger tipi kullanilarak
Thymbra capitata L. ve Mentha pulegium'dan
cikarildi. Ugucu yaglarin toksisitesi, flimigasyon
yoluyla degerlendirildi. Bunun igin c¢ap filtre
kagitlarina (Whatman No.1) 4, 8, 12, 14, 16, 20, 25,
30 ve 50 pl'lik farkh yag dozlari emprenye edilmis ve
10 larva iceren pleksiglas siselerin vidali kapaklarina
takilmistir. Ikinci ve dérdiincii ddnem olmak tizere iki
evre test edildi. Mortalite 2, 4, 6, 8, 12, 24 ve 48 saat
sonra  degerlendirildi. 48  saatte  6lumcll
konsantrasyon LC50 de degerlendirildi.

Sonug ve Tartigsma: Sonuglar, 30 ila 33°C arasinda
degisen bir sicaklik altinda, yumurtalardan GWM'li
yetiskinlere kadar olan toplam surenin 51 gln
surdiguni gosterdi. Fumigant testi, test edilen larva
donemlerinde her iki yagin da toksisitesini
gostermistir. Ikinci larva dénemi, 4. evreye goére
daha hassastir. Dahasi, M. pulegium, 2. larva
dénemine karsi, sirasiyla, 48. saatte 41.829 ve
456.276 pl / Lair'de bir LC50 ile T. capitata'dan daha
toksikti. Ugucu yaglar, mum guvelerini kontrol altina
almak igin bdcek ilaglarina iyi bir alternatif sunar.

INTRODUCTION

The wax moth is one of the most serious threats of
honeybee colonies and stored combs. (Ritter and
Akratanakul 2006). This pest is found throughout the
world. Achroia grisella Fabricius 1794 called the
lesser wax moth (Lepidoptera: Pyralidae) and G.
mellonella L., 1758 (Lepidoptera: Pyralidae) called
the greater wax moth (GWM) are both common in
Tunisia but Galleria mellonella is more widespread
and causing more damage (Pirk et al. 2016).

The damage of wax moths is caused only during
their larval stage.The larvae attack stored combs
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and those inside the honeybee colonies, burrow into
the combs and feed on skins of pupae, on pollen, on
wax and other debris found in the beewax (Jindra
and Sehnal 1989). If the colonies are strong the
honey bees defend themselves and the chance of
infestation is low. However, larvae of GWM can
destroy the weak colonies (Shimanuki 1981) The
larvae when digging into the combs, make silken
tunnels in the middle of the comb that become
covered with a mass of webbing, a condition
described as “Galleriasis” (Ritter and Akratanakul
20086).

Several chemicals and non-chemical have been
used to control the wax moth on stored beeswax
combs (Williams 1997, Ritter and Akratanakul 2006).
Para-dichlorobenzene (1,4-dichlorobenzene,
PDCB) is a fumigant insecticide used to control the
wax moth during the storage of beeswax combs. Its
toxicity was reported by the US Department of Labor:
NIOSH/OSHA/DOE (Bogdanov et al. 2004). In
Germany for example 36 to 50% of German honey
contained from 3 to 50 ug PDCB /kg (Wallner 1992).

Alternative methods such as the essential oils
supposedly do not present the same risks as
synthetic insecticides (Jemaa et al. 2012, Isman
2016, Ncibi et al. 2020). Plants may present potential
alternatives to control insects because they are
composed of many bioactive chemicals (Wink 1993).
Oils are a mixture of several molecules, and their
biological activities have been shown to act as potent
acute or chronic insecticides (Owayss and Abd-
Elgayed 2007, Elbehery et al. 2016, Bisht et al. 2017,
Almadani and Hiware 2020).

In our study, we attempted to study for the first time
the duration of development stages of the GWM in
TUNISIA under laboratory conditions on one hand
and on another hand to evaluate the toxicity of
essentials oils extracted from two local plants
(Thymbra capitata L and Mentha pulegium) on the
second and the fourth larvae instars. The choice of
these instars was made after survival analyses on all
the instars. The larvae of the first instar were too
small to handele and the larvae of the last insars
were too bigs and cause already a lot of damage.
For this reason we choosed the second and the
fourth instars.



MATERIALS AND METHODS
Wax moth rearing

Larvae of G. mellonella were obtained from infested
honey bee colonies collected from the National
Agronomic Institute of Tunisia apiary (36.84536,
10.19184). The wax moths were reared based on the
methods described by Ellis et al. (2013). Briefly,
around 50 to 60 larvae were placed into containers
with artificial diets (Marilleau 1978) and fed until the
pupal stage. Once the adult moths emerged, the
males and females were transferred together into
other plastic containers to mate. Once the females
laid eggs, the eggs were collected and transferred to
artificial diets used as food by the newly emerged
larvae.

Essential oils extraction

Fresh aerial parts of the two spontaneous plants T.
capitata L and M. pulegium. L were collected from
two regions Ras Jbal (37, 1254; 10,0726) Menzel
Abdrahmen 37.1413; 9.5146) respectiveley, situated
in the Bizerte Govornate in Northen Tunisia, and
Essential oils (thyme and mint oils respectively) were
obtained from 1 kg of fresh aerial parts by steam
distillation for 3 hours using a Clevenger-type
apparatus. Brievely, the vessel of apparatus is
heated and temperature is controlled with a
thermometer. Evaporation under atmospheric
pressure occurs at 100°C, and the vapors charged
in essential oils flow through the distillation column,
enrich the concentration of essential oil, and flow
further into the condenser where both the water and
essantial oil drop into the Clevenger apparatus
(Périno et al. 2019).

Fumigant activity bioassay

To assess fumigant toxicity of two plants, 4 cm
diameter filter papers (Whatman No.1) were
impregnated with the different oil doses of 4, 8, 12,
14, 16, 20, 25, 30 and 50 pl. Control received water.
The impregnated filter papers were then attached to
the screw caps of 115 ml plexiglas bottles. The
calculated fumigant concentrations were
respectively 34.78; 69.56; 104.34; 121.73;139.13;
260. 86; 434.78; 869.56 and 1304.34 pl/l air. Each
bottle contained 10 larvae. Two instars were tested,

the second and the fourth instars of GWM. Each
concentration and control were replicated four times.
Mortality was recorded after 2, 4, 6, 8, 12, 24 et 48
hours. Bioassays were designed to assess
respectively median lethal concentration LCso (dose
that kills 50% of the exposed insects) at 48h.

Statistical Analysis

Probit analysis (Finney 1971) was conducted to
estimate lethal concentrations (LCso) and with its
95% fiducial limits using SPSS version 23 (IBM
Corporation, USA).

RESULTS
Development stages of Galleria mellonella

The rearing of GWX under laboratory conditions
revealed that at a temperature ranging from 30 to
33°C and a 40 to 45% RH, the egg stage lasts 10
days while the larvae stage lasts 30.5 days almost
(Table 1). The color of the eggs is white close to light
pink (Fig.1a). Upon hatching, the larvae are creamy
and white, and their length is variable (Fig. 1B). In
this study, we did not follow the number of molting
stages. But we noted that the increase in growth and
size of larvae happens during the final instars where
the length reached approximately 20.5+0.26 mm.
This last instar ceases feeding and starts the
formation of the cocoon and finally became a pupa
(Fig.1c). From pupae to adult moth took 10.5 days.
The mean life span of adults was around 11 days
(Table 1).

The entire life cycle from eggs to adult emergence
took approximately 51 days.

Table 1: Duration of development stages of G.mellonella

Stage Duration (days)
Egg 10+£0.33
Larvae 30.5+£2.38
Pupae 10.5%0.57
Adult (female) 11 £0.81

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 31-38 33



Figure 1. Different developmental stages of Galleria mellonella: eggs (a), larval (b), pupae (c), adult moths (d)

Fumigant test

The effect of thyme oil on wax moth larvae is variable
depending on the stage exposed. The mortality of
second instar larva exposed to thyme oil started after
2h at the highest concentration (1304.34pl/l air) to
reach 100% at 24h (Fig. 2A). As the concentration

gradually decreases, the time to record a larva
mortality increases. At the lowest concentration
(34.78 pl/l air), the mortality of larvae was only 2.5 %
only after 48 hours. However, with the fourth instar
larvae, we started to record the mortality after 24h
(Fig. 2B). Moreover, with the highest concentration,
we reached only 50% of mortality after 48h.
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Figure 2. Percentage of mortality of L2 (A) and L4 (B) instar over time exposed to Thymbra capitata L oil.

Concerning the mint oil, the mortality of L2 instar
at1304.34 pl/l air after 4h of exposure was 17% and
reached 100% after 48h. And at the lowest
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concentration, 20% of mortality was recorded at 12h
and more than 60% was recorded after 48h for all
the concentrations (Fig. 3A).



However, when L4 instar was exposed to the same
concentrations, only 7.5% of mortality was recorded

after 48h. The six first concentrations did not induce
mortalities with the L4 instar (Fig. 3B)
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Figure.3. Percentage of mortality of L2 (A) and L4 (B) instar over time exposed to Mentha pulegium oil

When calculated in terms of concentration (LCso),
probit analysis showed that the 2" larvae instar is
more susceptible to both oils than the 4th larvae
instar (Table 2). Moreover, mint oil seems to be more

toxic than thyme oil when applied on larvae of the
second instar. While thyme oil is more toxic than mint
oil when applied on the 4th instar larvae.

Table 2. The LC 50 (ul /ml) for essential oils of Mentha.pulegium and Thymbra.capitala against the 2nd and the 4th larval

instars of GWM
Larvae instar plant Lethal concentrgtion Model fithess
LC50 (pl/L air) (X?)@ df p
L2 M. pulegium L. 41.8 (-27.92 — 75.92) 12.79 9 0.119
T. capitata L 456.2 (334,49- 637.23) 8.63 8 0.374
L4 M. pulegium L. 1677 (695.70 — 43.35) 0.34 7 1.000
T. capitata L 957.7 (678.57-1701.15) 5.58 8 0.664

Units LCso = pl/l air, applied for 48 h
df; degree of freedom
p; significance

95% lower and upper confidence limits are shown in parenthesis.

aChi-square value

DISCUSSION

Various investigators have noted the biological
behavior of G. mellionella all around the world
(Paddock 1918, Jindra and Sehnal 1989, Williams
1997, Ellis et al. 2013, Kwadha et al. 2017) but no
information has been published for Tunisia.

Paddock (1918) reported the egg stage ranged from
an average of 7.2 to 21.8 days while Shimanuki
(1981) and Charriere and Imdorf (1999) reported a
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period between 3and 30 days before eggs hatching
into larvae. In this study, the eggs stage lasts 10
days at a temperature ranging from 30 to 33°C.
According to Williams (1997), the duration of egg
development is faster at warm temperatures (29°C-
35°C) and more slowly at cold temperatures
reaching 30 days at 18°C.

Larval development also depends on temperature
and humidity. It could last 24-28 days at 29-32°C and
high humidity (Ellis et al. 2013). In this study, larvae
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development lasts 30.5 days while from pupae to
adults, it tooks 10.5 days. This result is close to those
found by Warren and Huddleston (1962) who
reported a duration of 32.9 and 8 days for larvae and
pupal development, respectively.

Moreover, the total duration of 51 days from eggs to
adults of G. mellonella did not differ from some
previous studies (Paddock 1928, Warren and
Huddleston 1962). The cycle can last from 6 weeks
to 6 months depending on temperature and food
available (Charriere and Imdorf 1999).

The wax moth is highly destructive and can cause
important losses to combs and hive materials. Many
essential oils and their components were tested for
control wax moth larvae such as clove and eugenol
(Williams 1997).

Elbehery et al. (2016) found that the treatment of
beeswax with neem oil at different concentrations
caused the mortality of larvae all stages of G.
mellonella and that the mortality was concentration
dependent. These results agree with our findings.
Indeed, the fumigant test showed that the mortality
of GWM larvae is increasing with the increase of the
concentrations and exposure time.

Comparing the LC50 values of the present
investigation with different studies indicated different
results. The LC50 of thyme recorded for the 5" instar
larvae was 4.5384 ml/Lair in the study of Almadani
and Hiware (2020) which was much higher than the
LCso of the 4™ instar recorder in this study. The LCso
of peppermint 0il-1% in acetone of 5th instar larvae
of GWM was 2920 pl/ml (Bisht et al. 2017) while the
LCso of the 4th larvae instar of mint oil in this study
was 1677 pl/ml air.

Results of this research illustrated that larvae varied
in their susceptibility to the two essential oils. This
variability might be explained by the insecticidal
ability of the active constituents of oils but also to the
age of exposed larvae (Owayss and Abd-Elgayed
2007). The essential oils of M. pulegium and T.
capitata were widely used to control stored grain
insects in Tunisia (Salem et al. 2017, Ncibi et al.
2020).

Also the Thymus. algeriensis oil from two sites in
Tunisia was found to possess strong insecticidal
activity after 24 hours with LCso ranged from 44.25
to 112.75 pl/l air) against Spodoptera littoralis Boisd.
(Lepidoptera: Noctuidae) larvae third instar (Ben El
Hadj Ali et al. 2015). The lethal concentration (LCso)
value of M. pulegium was 0.3 pL/L on some
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Lepidopteran species adults was demonstrated
(Chaaban et al. 2019). Other studies showed that
larvicidal activity of M. pulegium was more efficient
on the 3rd instar fourth and fifth instars larvae of
Orgyia trigotephras (Lepidoptera) (Ezzine et al.
2018).

This work is an attempt to study the biological cycle
of the wax moth and its control using a North African
endemic species. T. capitata L. and M. pulegium L.
have an insecticide activity against the larvae of
G.mellonella and they are more toxic to the second
instar than the fourth instar.

CONCLUSION

G. mellonella has a large geographic distribution and
causes serious problems for the apicultural industry.
Botanical insecticides particularly essential oils
supposedly do not pose the same risks on human
health and environment, as synthetic insecticides,
the interest in and utilization of such control tools
have become increasingly relevant in the control of
insect pests (Almadani and Hiware 2020). Essential
oils seem to be a safe alternative to control the wax
moth, but further studies should be carried out using
different plants in Tunisia.
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oz

Yapilan ¢alismada, Tunceli ilinden toplanan ballarda melissopalinojik ve kimyasal analizler ile Tunceli
ballarinin karakterizasyonu cikartilmis olup bolgenin cografik isaret calismasina katki saglanmasi
amacglanmistir. Calismanin ilk agsamasi olan melissopalinolojik analizler kapsaminda, yore ballarinin
bitkisel kaynagi olabilecek 31 familyaya ait 80 takson tespit edilmistir. Analiz edilen 32 balin 7 tanesinin
monofloral (bir adet; Berberis crataegina- T13, bir adet Hypericum scabrum- T14, bes adet Paracaryum
cristatum bali-T18,21,24,27,28), digerlerinin ise multifloral oldugu tespit edilmistir. Kimyasal analizin
bir agsamasi olan, balda friiktoz ve glikoz degerlerinin tesbiti analizi, Yiiksek Performansh Sivi
Kromatografisi (HPLC) cihazi ile gerceklestiriimis olup; friiktoz degerlerinin 25,97-43,44 g/100g
araliginda (ortalama: 32,28+3,32 g/100g), glikoz degerlerinin; 21,84-45,6 g/100g araliginda (ortalama:
33,04+5,22 g/100g) oldugu tespit edilmistir. Friiktoz/Glikoz oraninin ise 0,83-1,13 araliginda olup
ortalama degerin 0,97+0,07 oldugu tespit edilmistir. Kimyasal analizler kapsaminda UV-Vis
Spektometre cihazi ile tespit edilen toplam fenolik madde miktarlar 98,96+0,02 mgGAE/kg 330,96+0,02
mgGAE/kg (ortalama 143,46+0,21 mgGAE/kg) degerleri araliginda bulunmustur. Tunceli ili ballarinin,
ucucu bilesenlerinin tayini Gaz Kromatografisi-Kiitle Spektrometresi (GC-MS) cihazi ile
gerceklestirilmis olup yapilan analiz sonucunda ballarda; aldehidler, alifatik asit ve esterleri, alkoller,
hidrokarbonlar, karboksilik asit ve esterleri, ketonlar, terpenler, yag asidi ve esterleri bilesik gruplarina
ait bilesikler tespit edilmistir. Bu gruplardan karboksilik asit ve esterleri ile yag asidi ve esterleri
gruplarina ait bilesiklere yiiksek oranlarda rastlaniimigtir.

Anahtar Kelimeler: Bal, Cografi isaret, Melissopalinoloji, Kimyasal analiz, Tunceli

ABSTRACT

In this study, characterization of Tunceli honeys was made by melissopalynogical and chemical
analyzes in honey collected from Tunceli province and contribution was aimed to the geographical
indication study of the region. Within the scope of the melissopalynological analysis, which is the first
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stage of the study, 80 taxa belonging to 31 families that can be the plant source of the local honeys
were determined. Seven of the 32 honeys analyzed were monofloral (one; Berberis crataegina-T13, one
Hypericum scabrum-T14, five Paracaryum cristatum honey-T18,21,24,27,28), and the others were
multifloral. The analysis of determination of fructose and glucose values in honey, which is a step of
chemical analysis, was carried out with High Performance Liquid Chromatography (HPLC) device. It
was found that fructose values in the range of 25.97-43.44 g/ 100g (average: 32.28 + 3.32 g / 100g) and
glucose values in the range of 21.84-45.6 g / 100g (average: 33.04 * 5.22 g / 100g). Fructose / Glucose
ratio was determined between 0.83-1.13 and the average value was found 0.97 * 0.07. Within the scope
of chemical analyzes, the total phenolic substance amounts were detected by the UV-Vis Spectometer.
It has been found in the range values were 98.96 + 0.02 mgGAE / kg - 330.96 + 0.02 mgGAE / kg (average
143.46 £ 0.21 mgGAE / kg). The determination of the volatile components of Tunceli province honeys
was carried out by Gas Chromatography-Mass Spectrometry (GC-MS) device and as a result of the
analysis; compounds belonging to the compound groups of aldehydes, aliphatic acid and esters,
alcohols, hydrocarbons, carboxylic acids and esters, ketones, terpenes, fatty acids and esters have
been identified. Among these groups, compounds belonging to the groups of carboxylic acids and

esters, fatty acids and esters have been found in high rates.

Keywords: Honey, Geographical indication, Melissopalynology, Chemical analysis, Tunceli

EXTENDED ABSTRACT

Aim: Names or signs indicating a product identified
with a locality, area, region or country of origin in
terms of a distinct quality, reputation or other
characteristics are defined as "geographical
indication". The determination of the plant origin,
which can also be defined as the origin name of
honey, is traditionally based on the microscopic
evaluation of honey. The basic principle here is to
determine the origin of honey indirectly. The plant
pollens in the honey are defined in order to
determine the plants visited by the bees during the
production of honey. With chemical analysis, it is
possible to determine both the quality of honey and
various compounds originating from sources specific
to the region of production. Our aim in this study is
to reveal the characteristics of honey produced in
Tunceli province and contribute to Tunceli honey to
obtain geographical indications. Within the scope of
this purpose, 32 honey samples harvested in 2018
were collected from beekeepers registered in the
association with the contribution of the Tunceli
Province Beekeepers Association.
Melissopalynological and chemical analyzes of the
collected honey samples were made.

Materials and Methods: Within the scope of the
geographical indication study of Tunceli honey, 32
samples of honey harvested in 2018 were collected
from the beekeepers registered in the association
with the contribution of the Tunceli Province
Beekeepers Association. In addition, during the field
studies, apiaries in different regions were visited
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considering the blooming season in the region, and
plants that could be a source of nectar and pollen for
bees were collected from plants that naturally spread
in the province. Collected samples were evaluated
taxonomically. Melissopalynological and chemical
analyzes (moisture, sugar, total phenolic and GC-
MS) of the collected honey samples were made.

Results: As a result of the melissopalynological
analysis, which is the first stage of the study, 80 taxa
belonging to 31 families that can be the plant source
of the local honeys were determined. Seven of the
32 honey samples analyzed were monofloral (one;
Berberis crataegina-T13, one Hypericum scabrum-
T14, five  Paracarium  cristatum  honey-
T18,21,24,27,28), and the others were multifloral. As
a result of melissopalynological analyzes, pollens of
Berberis crataegina, Hypericum scabrum and
Paracaryum cristatum taxa were found in dominant
proportions in some honeys, while Anthemis
tricornis, Astragalus sp., Berberis crataegina,
Coronilla varia, Epilobium hirsutum, Helianthemum
ledifum, Lotus Plantago Ilanceolata, Potentilla
argentea, Tanacetum parthenium, Teucrium sp.,
Trifolium repens, Onobrychis oxyodonta, Verbascun
sp. the secondary rates of pollen belonging to taxa
were found. Total pollen count (TPS10) values in 10
grams of honey calculated within the scope of
melissopalynological analysis were determined in
the range of 3662-845775. Moisture values that
provide information about the harvesting and
storage conditions of honey. It has been determined
as minimum 12.8%, maximum 16.8% and average
15.51 = 0.84%, and it has been observed that



moisture of honey samples are distributed within
normal values within the framework of standards.
The analysis of determination of fructose and
glucose values in honey, which is a step of chemical
analysis, was carried out with High Performance
Liquid Chromatography (HPLC) device. It was found
that fructose values in the range of 25.97-43.44 g /
100g (average: 32.28 + 3.32 g / 100g) and glucose
values in the range of 21.84-45.6 g/ 100g (average:
33.04 £ 5.22 g/ 100g). Fructose / Glucose ratio was
determined between 0.83-1.13 and the average
value was found 0.97 £ 0.07. Within the scope of
chemical analyzes, the total phenolic substance
amounts were detected by the UV-Vis Spectometer.
It has been found in the range values were 98.96 +
0.02 mgGAE / kg - 330.96 + 0.02 mgGAE / kg
(average 143.46 + 0.21 mgGAE / kg). The
determination of the volatile components of Tunceli
province honey samples were carried out by Gas
Chromatography-Mass  Spectrometry  (GC-MS)
device. As a result of the analysis; compounds
belonging to the compound groups of aldehydes,
aliphatic acid and esters, alcohols, hydrocarbons,
carboxylic acids and esters, ketones, terpenes, fatty
acids and esters have been identified. Among these
groups, compounds belonging to the groups of
carboxylic acids and esters, fatty acids and esters
have been found in high rates.

Conclusion: This study has contributed to the
scientific evaluation of honey produced in Tunceli
province from a scientific point of view, and
contribute to the planned geographical indication
study regarding both the regional beekeeping and
the country's economy and local honey.

GIRIS
Bal, bal arilarin gesitli ciceklerden topladigi nektarin,
fiziksel ve kimyasal degisime ugratiimasindan sonra
petek gozlerine depoladiklari tath, koyu kivaml bir
besin maddesidir (Kaftanoglu 2010). Balin fiziksel ve
kimyasal ozellikleri, bitkisel kokenindeki
farkliliklardan, iklim kosullari ve ¢evresel faktorler ile
aricilik yontemlerinden etkilenebilmektedir (Sorkun
2008). Balin bilesenlerini su, protein,
karbonhidratlar, mineral maddeler, aminoasitler,
cesitli vitaminler, organik asitler ve enzimler
olusturmaktadir (White ve Winters 1989).

Bitki kaynagina, Uretim ve pazarlama metotlarina
gore degisik sekil ve gérinuste olan ballarin kaliteleri
arasinda da farklar mevcuttur. Bal kalitesinin

belirlenmesi yalnizca tek bir parametre ile dedgil,
birgok parametrenin incelenmesi ile
gerceklesmektedir (Balci 1978).

Balda yapilan mikroskobik analiz ile o bali olusturan
bitkilerin cografik ve botanik kékeni, polen yogunlugu
ve vyabanci maddelerin bulunup bulunmadigi
saptanmaktadir. Balin kalitesinin belirlenmesinde
onemli bir parametre olan polen analizi, balin,
fermantasyonu (Russmann 1998), tagsisi (Kerkvliet
v.d. 1995), nisasta tanesi igerip icermedigi (Sorkun
2002) ve mineral tozlar gibi kontaminasyonla bala
bulasan ve balda bulunmamasi gereken mikroskobik
partiktller hakkinda o6nemli bilgiler vermektedir
(Louveaux v.d. 1978). Mikroskobik analiz sonucu
belirlenen, bal igerisindeki polenlerin yogunlugu
%16-44 arasinda ise sekonder, %3-15 arasinda ise
minér ve %3ten kiglk ise eser olarak
bildiriimektedir. Hangi bitki poleni ylzdesi 45’den ¢ok
ise bal o bitkinin ismi ile anilmaktadir (Sorkun 2008).

Belirgin bir nitelidi, Gnu veya diger 6zellikleri itibariyle
kékenin bulundugu bir yore, alan, bdlge veya Ulke ile
O6zdeslesmis bir arind gobsteren ad veya isaretler
“cografi igsaret” olarak nitelendirilmektedir (Turk
Patent ve Marka Kurumu, 2021). Son yillarda gida
dranlerinin kalitesini ortaya ¢ikarmak ve bdlgelere
6zgl Urlnleri koruma altina almak amaciyla “cografi
isaret” calismalarina dnem verilmistir. Ozellikle,
icerigi bolgeden bodlgeye dedisen bir gida olan balin
“cografi isaret’inin alinmasi balin kalitesinin ortaya
clkmasi ve sahtecilikten korunmasi agisindan
oldukga faydalidir. Balin “cografi isaret’inin
alinmasinda bitkisel ve kimyasal 6zelliklerinin tespiti
gereklidir. Ballarin bitkisel orijinlerinin tayininde
mikroskobik olarak icerisinde bulunan polenlerinin
incelenmesine dayanan melissopalinolojik analiz
o6nem arz etmektedir. Buradaki temel prensip balin
kokenini dolayli yoldan tespit etmektir. Ballarin
Uretimi sirasinda arilarin  ziyaret ettidi bitkileri
belirlemek icin bal icindeki bitki polenlerinin
tanimlanmasi  yapilmaktadir ~ (Sorkun  2008).
Kimyasal analizler ile de hem balin kalitesi hem de
Uretim yapilan bodlgeye 6zgu kaynaklardan koken
alan cesitli bilesiklerin tespiti yapilabilmektedir.
Gundmizde bal ile ilgili en dGnemli problemlerden biri
bu alanda vyapilan hilelerdir. Yapilan vyanlis
uygulamalarin baginda arinin seker surubu ile
beslenmesi veya bala invert seker surubu, yluksek
friktozlu misir surubu, glikoz surubu, sakkaroz
surubu gibi cesitli seker suruplarinin ilave edilmesi
gelmektedir. Sekerli ballar arilarin seker surubuyla
beslenmeleri neticesinde elde edilen ballar olup ari
gicegin nektari yerine hemen kovanin 06nlne
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konmus olan seker surubundan katkili bal imal
etmektedir. Bu sekilde Uretilen ballar dogada var
olan cigeklerin 6zinu ve gicekten gelen dogal
kimyasal 6zellikleri tasimamaktadir (Sunay 2010).
Bu nedenle, tuketilen balin dogal olup olmadiginin
bilinmesi adina balin safliginin tespiti oldukga 6nem
tasimaktadir ve bu amagla balda “cografi isaret”
alinmasi talebi ginden gune artmaktadir.

Tunceli ili Tirkiye'nin  dogusunda, iran-Turan
fitocografik bdlgesinde, Anadolu diyagonalinin
Uzerinde ve Davis'in (Davis 1965) kare sistemine
gore B7 karesinde yer almaktadir (Yice Babacan
v.d. 2017). Cografik ozellikleri, iklim farkhliklari ve
zengin su kaynaklarindan dolayi gok zengin biyolojik
cesitlilik gbéstermektedir. Bolgede c¢ok sayida dag
(Sultanbaba, Munzur, Hel-Yel-Zel, Buyerbaba, ve
Diizgunbaba), irmak (Munzur, Palimar, Mercan,
Tahar, ve Perisuyuve) ve vadi (Munzur, PGlGmdir,
Rabat, Tahar, ve Mercan) bulunmaktadir. Bélgenin
en yuksek dagi, Munzur Daglar’nin dogusunda
bulunan ve 3463 metre ylkseklikteki Akbaba
Tepesi'dir. Glneyden kuzeye ve batidan doguya
yikselen il topraklarinin %70'ini daglar, %25'ini
platolar, %5'ini ovalar ve dizlikler olusturmaktadir
(Tunceli ili cografyasi 2016).

Dogu Anadolu Orman Kusagi icinde kalan bolgeler
genelde mese ormanlarindan olusur. Gilney
yamaglarin daha algak kesimlerde yer yer mese ve
ardic topluluklarina rastlanmaktadir. Vadilerde ve
akarsu kenarlarinda mese ormanlarinin yani sira
ardi¢, gurgen, disbudak, akaga¢, karaagac,
kizilagag, hus, ceviz, sogut, kavak ve cinar
agaglarindan olusan zengin bir bitki 6rtlsu
bulunmaktadir. Platolarda ise bitki 6rtist genellikle
tek veya cok yillik, gayir bitkilerinden olusmaktadir
(Tunceli ili cografyasi 2016).

Tunceli ilinin zengin florasinin en 6nemli bolgesi
Munzur vadisidir (Yildirnmli 1995). Munzur Vadisi,
Tunceli-Ovacik arasinda, 42.000 hektarlik bir alan
1971 yilinda Milli Park olarak ilan edilmigtir. Bitki
ortisu bakimindan ¢ok zengin olan Munzur Vadisi
Milli Parki florasinda, 1000°den fazla bitki tirt kayitli
olup bunlardan 45 tar Munzur Daglarina, 228 tur
Tarkiye'ye endemik tirlerden olusmaktadir (Davis
1965, 1967, 1970, 1972, 1975, 1978, 1982, 1984,
1985, Davis v.d.1988, Guner v.d. 2012, Yildirimh
1995, Yiice Babacan ve Eker 2017).

Yice Babacan v.d. (2017) gore Tunceli ilinde 55
familyaya ait, 203 cins ve 336 takson tespit edilmistir.
Tunceli’nin sahip oldugu zengin bitki ¢esitligi, aricilik
ve bal Uretimine deger saglayacak ¢ok dederli bir
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kaynak niteligindedir. Zengin bitki ortisu sayesinde
Tunceli ilindeki kovan bagina bal veriminin Turkiye
ortalamasinin Uzerinde oldugu bildirilmistir (Isik
2012).

Aricilik, bitki értisindn elverigli olmasi ve ekonomik
giderinin ¢ok fazla olmamasi nedeniyle kirsal
kalkinmada en 6nemli gelir kaynaklarindan birisidir.
Yapilan bu ¢caligma ile tlke aricilidi igin Gnemli bir yer
teskil eden Tunceli ilinde dretilen ballarin
karakterizasyonu gerceklestiriimis olup, hem bdlge
aricithgina, hem de buna bagh olarak Ulke
ekonomisine ve yore bali ile ilgili olarak yapilmasi
planlanan cografik isaret c¢alismasina katkida
bulunacagi dusunulmektedir.

GEREG VE YONTEM
Bal 6rneklerinin toplanmasi ve arazi galismasi

Calismada kullanilan 32 adet sizme bal 6rnegi,
Tunceli Arn Yetigtiricileri Birligi'nin yardimlariyla
Cemisgezek, Hozat, Merkez, Nazimiye, Ovacik,
Pertek ve Pulimdr ilgelerinde bulunan sabit
aricilardan toplanmistir (Sekil 1).

Bolgedeki ciceklenme sezonu g6z &nidnde
bulundurularak yapilan arazi galismalariyla, farkl
yorelerdeki ariliklar ziyaret edilmis, il icerisinde dogal
olarak yayilis gdsteren bitkilerden arilar i¢cin nektar
velya polen kaynagi olabilecek olanlar toplanmistir.
Toplanilan ornekler taksonomik olarak
degerlendiriimis ve melissopalinolojik analizlerde
faydalanmak (zere, toplanilan bitkilerden referans
polen preparatlari hazirlanmistir.

Referans Bitki Preparatlarinin Hazirlanmasi

Balda yapilan polen analizlerinde bahsi gecen
bitkiler ile bal icerisinde tespit edilen polenlerin
kiyaslanabilmesi adina toplanan bitkilerden referans
polen preparatlari Wodehouse (1935) metoduna
gore yapilmigtir. Lam Uzerine gigcegin anterlerinden
bir miktar polen konularak birka¢ damla alkol ile fikze
edilmistir. Steril diseksiyon ignesi ucuna alinan bir
miktar (1-2 mm3) bazik fuksinli gliserin-jelatin lam
Uzerindeki polen Gzerine konulmus ve lam, 1sitma
tablasinda 30-40°C’de isitilarak bazik fuksinli
gliserin-jelatinin erimesi saglanmistir. Uzerine 18x18
mm?Zlik lamel kapatilarak preparat ters ¢evrilmistir.
Preparatlar yaklasik 12 saat sonra incelenmeye
hazir hale gelmistir.



Melissopalinolojik Analizler

Ballarin bitkisel kdkeninin tespiti icin ve baldaki
toplam polen sayisi (TPS) icin preparatlar
hazirlanmistir (Moar 1985, Sorkun 2008). Ballarin
bitkisel orijini i¢in stok baldan 10 gr alinarak Uzerine
20 ml distile su ilave edilmigtir. 45°C’lik su
banyosunda bekletilerek balin  su igerisinde
¢O6zUnmesi saglanmistir. Cozelti 3500 rpm’de 45 dk
santriflj edilmis ve santrifij edilen tlplerin
supernatant kismi  dokdlmuistir. Dipte kalan
kisimdan bazik fuksinli gliserin-jelatin ile preparat
hazirlanmistir. Baldaki toplam polen sayisi igin ise
stok baldan 10 g alinarak Uzerine 20 ml distile su
ilave edilmistir. Igerisine sahit olarak bir tanesinde
9666 adet Lycopodium sp. sporu bulunan tablet
atilmis ve 45C°lik su banyosunda bekletilmigtir.
Tablet iyice eridikten sonra polenlerin ve sporlarin

boyanmasini saglayan birkag¢ damla bazik fuksin
ilave edilerek 3500 rpm’de 45 dk santriflij edilmigtir.
Santrifij edilen tdplerin  slpernatant  kismi
dokulmustar. Dip kismi kalan tipUn igerisine 0,1 ml
kadar %50’lik gliserin ilave edilerek dipteki ¢okeltinin
gliserin ile homojen bir bicimde karismasi
saglanmistir. Bu karigsimdan pipetle 0,01 ml alinarak,
0,09 ml %50’lik gliserin konulmus baska bir tiipe
aktariimistir. Bu tUpteki ¢ozeltiden 0,01 ml alinarak,
lam Uzerine konulmus ve Uzerine lamel kapatilarak,
mikroskopta incelenmeye hazir hale getirilmigtir.
Hazirlanan preparatlar, Nikon Eclipse E400 marka
mikroskopta incelenmis olup 18x18 mm’lik alan
tamamen taranmigtir. Bu alanda bulunan tim
polenler ve Lycopodium sp. sporlari nicelik olarak
tespit edilmigtir. Sayilan spor ve polenlerden Toplam
Polen Sayisi (TPS) bulunmustur.

) Setinama,
TUNCELI w7
. PULUMUR /
4-”—... s 4
@ — — ;
./
g
-
!0
Co&ln
CEMISGEZEK
)&:’
Kebauxn
Baraj
'\\_’ GSI
\ N
U
Sekil 1. Tunceli il haritasi (http://www.resimle.net/resim4363.html)
Figure 1. Tunceli city map (http://www.resimle.net/resim4363.html)
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Nem Analizi

Ballarin nem miktari, Bogdanov (1997) ve Devillers
v.d.  (2004)nin  uyguladigi  metoda  gbre
refraktometre cihazi ile Olgllmuistir. Yaklasik 1 gr
bal, refraktometrenin cam bdlmesine konulmus ve
nemin miktari mercekli kisimdan bakilarak % olarak
ifade edilmistir.

Yiiksek Performanslhi Sivi Kromatografi (HPLC)
Cihazi ile Seker Analizi

Yuksek oranlardaki seker igeriginden dolayr balin
seker profili, farkl tirdeki ballarin ayriminda uygun
kalite kriterlerinden biridir. Buna bagli olarak baldaki
seker igeriginin ve oranlarinin tespiti Uluslararasi Bal
Komisyonu’'nun (Bogdanov, 2002) belirledigi yontem
dahilinde Yiksek Performansh Sivi Kromatografisi
(HPLC) kullanilarak yapilmigtir. Buna goére 5 gram
bal 6rnegdi, 40 ml damitik suda ¢ozilmustir. Cozelti
icine 25 ml metanol konularak ¢dzelti damitik su ile
100 ml'ye tamamlanmistir. TUm 6rnekler 0,45 pm’lik
filtrelerden slzllerek akis hizi 1,3 ml/min, kolon
sicakhgi 30°C, enjeksiyon hacmi 50 ul ve
asetonitril/su orani 80 ml/20 ml olan hareketli fazdaki
HPLC (Agilent 1200 Series- RID Dedektoér ve
parcacik buyUkligu 5um olan karbonhidrat cgelik
kolon) cihazina enjekte edilerek sonuglar
bulunmustur.

UV-Vis Spektrofotometre Cihazi ile Toplam
Fenolik Madde Miktarinin Tayin Edilmesi

Aromatik karbonik asitler olarak da bilinen fenolik
asitler balda temel antioksidant etki gdsteren
fitokimyasallardir. Ballarda Total Fenolik Asit
miktarini bulabilmek igin izlenen yéntem Hoerudin
2004 ve Ozkdk v.d. 2010 metotlarina gére
yapilmistir. Buna gére, 25 mg Gallik asit 100 ml
%70’lik metanolde ¢ozilerek stok hazirlanmistir. Bu
stoktan 0, 25, 50, 75 ve 100 mg/L konsantrasyonlar
hazirlanmis ve 10 ml'lik hazirlanan konsantrasyonlar
%70lik  metanolle  seyreltilerek  standartlar
hazirlanmistir. Her bal 6rneginden 5 g alinarak 50 ml
%70’lik metanolde  ¢Ozllmistir. Hem  bal
orneklerinden hem de hazirlanan standartlardan 1’er
ml alinarak test tipiine konulmustur. Uzerine 5 ml
%10’luk Folin Ciocalteu ayiraci konularak, vorteks ile
karistirimistir. Ug dakika sonra, 8 dakika iginde 4 ml
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75 g/l Na2COs c¢ozeltisi ilave edilmistir. Karigim 1
dakika kanigtirlmis ve 45°C’deki su banyosu
icerisinde 15 dakika bekletilerek inkibe edilmistir.
Ornekler, standartlar ve referanslar 765 nm'de UV
Spektrofotometrede okunmus ve standartlarin
grafikleri gizilmistir. Buradaki degerden GAE (Gallik
asit) degeri bulunmustur.

Gaz Kromatografi-Kiitle Spektrometresi (GC-MS)
Cihazi ile Kimyasal Bilegen Tayini

Bal 6rneklerinin GC-MS ile kimyasal madde analizi,
Barcarola v.d. (1998); Radovic v.d. (2001); Soria v.d.
(2003); Cuevas-Glory v.d. (2007)'nin uyguladig
metotlarda degisiklik yapilarak uygulanmistir. Buna
gore; cam bir tipe 5 g bal érnegi tartilmis ve Uzerine
25 ml metanol ilave edilmigtir. Bu karisim bir sure
bekletildikten sonra 3500 rpm de 45 dakika santrif(j
edilmistir. Daha sonra Ustteki sipernatant kismindan
1 ¥] cekilerek GC-MS’e enjeksiyon
gercgeklestiriimistir. Agilent marka 5973N Segimli
Kitle Dedektorli, 6890N Network GC Sistemi
(GCMS) kullanilarak analiz yapilmis olup DB 5MS
Kolon (30 m x 25 mm ve 0,25 pm film kalinlidr)
kullaniimistir. Gaz kromatografisi kisminda sicaklik
1 dakika 50°C’de tutulup sonra 10°C/dak. artis hizi
ile 150°C’ye yukseltiimis ve bu periyottan sonra
150°C'de 2 dakika tutulmustur. En son olarak
sicaklik dakikada 20°C/dak. artis hizi ile 280°C’ye
yukseltilmistir. Enjeksiyon sicakiigi 280°C ve siire
49,5 dakika olarak belirlenmigtir.

BULGULAR
Melissopalinolojik Analiz Sonuglar

Her ilgeden gelen 32 bal érnedinin, 10 gr'daki toplam
polen sayilari (TPS10) ve polen iceriklerinin ortalama
degerleri ayri ayri hesaplanmis ve sonuglar ilgeler
bazinda Tablo 1, 2 ve 3’te verilmigtir.

Tunceli ballarinda TPS1o orani minimum 3662 (859-
T8), maksimum 845775 (858-T7) ve ortalama
87126.91 olarak tespit edilmistir (Tablo 1).
Calismada ayrica ballarin botanik orijinleri ve polen
spektrumlari belirlenmis olup Tablo 2 ve 3'te
gosterilmigti.  Bu analizler kapsaminda, yoére
ballarinin bitkisel kaynagi olabilecek 31 familyaya ait
80 takson tespit edilmistir.



Tablo 1. Tunceli bal érneklerinin TPS1o degerleri
Table 1. TPN1o values of Tunceli honey samples

f TPS10
iLCE BAL NO TPS10 Bal Kalitesi*

KIRKMESE KOYU/PULUMUR 852 (T1) 15661 Disiik
CEMISGEZEK 853 (T2) 77328 Normal
KARACA/HOZAT 854 (T3) 28300 Normal
HOZAT-MERKEZ 855 (T4) 107852 Zengin
MERKEZ 856 (T5) 7609 Duisiik
EGRIYAMAG KOYU/MERKEZ 857 (T6) 5087 Duisiik

MERKEZ 858 (T7) 845775 Gok zengin
BURMAGEGIT KOYU/MERKEZ 859 (T8) 3662 Digiik
MERKEZ 860 (T9) 84763 Normal
MERKEZ 861 (T10) 93080 Normal
MERKEZ 862 (T11) 200150 Zengin
CILGA KOYU/MERKEZ 863 (T12) 95160 Normal
YAYIKOL KOYU/NAZIMIYE 864 (T13) 112857 Zengin
NAZIMIYE 865 (T14) 139980 Zengin
NAZIMIYE 866 (T15) 33754 Normal
OVACIK 867 (T16) 97433 Normal
OVACIK 868 (T17) 41218 Normal
OVACIK 869 (T18) 17349 Digiik
OVACIK 870 (T19) 49046 Normal
OVACIK 871 (T20) 8234 Disiik
OVACIK 872 (T21) 37996 Normal
OVACIK 873 (T22) 230327 Zengin
OVACIK 874 (123) 22540 Normal
OVACIK 875 (T24) 254830 Zengin
OVACIK 876 (T25) 5091 Duisiik
OVACIK 877 (126) 12261 Disiik
OVACIK 878 (127) 101052 Zengin
PERTEK 879 (128) 18588 Disiik
PULUMUR 880 (T29) 7249 Disiik
PULUMUR 881 (T30) 7444 Duisiik
PULUMUR 882 (T31) 18754 Diisiik
PULUMUR 883 (132) 7631 Digiik

Ortalama Sonug - 87126.91 -

*< 20000: Disuk kalitede ballar, 20 bin-100 bin: Normal ballar, 100 bin-500 bin: Zengin ballar, 500 bin- 1 milyon: Cok zengin ballar, > 1
milyon: Katkili ballar (Louveaux v.d. 1978, Feller-Demalsy v.d. 1989)

Tablo 2. 1-16 nolu Tunceli bal érneklerinin botanik orijinleri ve polen spektrumlari

Table 2. Botanical origin and pollen spectra of Tunceli honey samples between 1 and 16.

TaksonNo

Bitki familyasi

Bitki taksonu

T4 TS5

T7

Bal No

T8 T9

T10 T11  T12 T13

T14

T15

T16

1

© oNoOOAWN

1"
12
13
14

15

16
17
18
19

Acanthaceae

Apiaceae

Asteraceae

Berberidaceae

Boraginaceae

Acanthus dioscoridis L.

Eryngium L. sp.
Turgenia Hoffm. sp.
Anthemis tricornis Eig.
AsterL. sp.

Carduus L. sp.
Cichorium intybus L.
Cirsium pubigerum
(DESF.) DC.
Centaurea aggregata
Fisch. et Mey. ex DC.
Centaurea urvillei DC.
Centaurea L. sp.
Helianthus annuus L.

Inula montbretiana DC.

Senecio vernalis
Waldst. et Kit.

Berberis crataegina DC.

Anchusa azurea Miller
Echium italicum L.
Myosotis L. sp.

E

E
S

m mm
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Bal No

TaksonNo Bitki familyasi Bitki taksonu T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16
Paracaryum cristatum
20 (Schreber) Boiss. E E E E
21 Brassicaceae E E E
22 Campanula glomerata M E
Campanulaceae .
23 Campanula latifolia L. M E E E E
24 Caryophyllaceae E E E
25 Chenopodiaceae E
26 Cistaceae M
Cephalaria procera
2z . Fisch. et Lall. E E
Dipsacaceae Scabiosa calocephala
28 - E E M
Boiss.
29 M
30 Astragalus L. sp. M M S M S S M S M M M M M
Coronilla orientalis
31 - M
Miller
32 Coronilla varia L. M M E M M E S M M M E M M
33 Ebgnus laguroides E M E
Boiss
34 Fabaceae HHodysarum varium E E M E E M E M
35 Onpbrychis oxyodonta E E M E E E E
Boiss.
36 Lotus corniculatus L. M E E E M E E
37 Medicago sativa L. M E M E
38 Melilotus alba Desr. M E
39 Trifolium pratense L. M E M M M E E M M
40 Trifolium repens L. S E E M E
41 Geraniaceae E E E
42 Hypericaceae Hypericum scabrum L. E S E M M M M M S M D M S
43 Phlomis pungens Willd. E
44 Prunella vulgaris L. M E
45 Salvia L. sp. E E E
46 ) Teucrium chamaedrys E E M E E
Lamiaceae L.
47 Teucrium polium L. E M E
48 Teucrium L. sp. S
49 Th_ymus kotschyanus E M M E E E M E
Boiss. et Hohen.
50 Liliaceae Allium L. sp. E E E E
51 Onagraceae Epilobium hirsutum L. E S M E M E E
52 Plantaginaceae Plantago lanceolata L. M S S S M E S S E M
53 Poaceae E E E E E E E
54 Polygonaceae Rumex L. sp. E
55 Rhamnaceae P‘laliurus spina-christi E
Miller
56 M
57 Malus Miller sp. E
58 Rosaceae Potentilla argentea L. E E S E M M M M E E E E
59 Potentilla inclinata Vill. M M E E E E
60 Sanguisorba minor E E M E M M E E E E
Scop.
61 Rubiaceae Galium verum L. E E E E E
62 Salicaceae Salix L. sp. E E E M E E E M E
63 Verbascum L. sp. S E E
64 Scrophulariaceae Veronica anagalloides E E
Guss.
65 Taxaceae Taxus baccata L. E
66 Tiliaceae Tilia L. sp.

*2%45 Dominant (D), (%16-44) Sekonder (S), (%3-15) Minér (M), (
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Tablo 3. 17-32 nolu Tunceli bal 6rneklerinin botanik orijinleri ve polen spektrumlar
Table 3. Botanical origin and pollen spectra of Tunceli honey samples between 17 and 32

Bal No
Takson Bitki familyas Bitki T1 T1 T1 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T3 T3 T3
fikitamilyast  taksonu 7 8 9 o0 1 2 3 4 5 6 71 8 9 0 1 2
1 M M E
2 ) Eryngium L. E E E
Apiaceae sp.
3 Turgenia
Hoffm sp.
S E
5 Anthemis L. E M M
sp.
6 g:r duus L. E M M E E M M
7 Carthamus E
L. sp.
Cichorium
8 intybus L. M E E E
Centaurea
9 Asteraceae grandifolia M
Gand.
10 Centaurea E E E
L. sp.
1 Helianthus M
annuus L.
Tanacetum
parthenium
12 (L)Schutz S
Bip.
13 Ta_raxacum E
Wiggers. sp.
Berberis
14 Berberidaceae  crataegina S M D D E M M M E M
DC.
15 Betulaceae E E E
16 M
18 Cgrlnthe E
minor L.
19 ) Heliotropiu E E E E E E
Boraginaceae mL.sp.
Paracaryum
cristatum
20 (Schreber) S D S S D S D M S D D E S M
Boiss.
21 Brassicaceae SBgaSS'CE L. E E E
22 Campanula M E E M
Campanulacea glomerata L.
23 e Campanula E M
L. sp.
2 Saryophyllacea E E M
25 ghenopodlacea E
26 Cistaceae E E M M
Helianthem
um
27 - S E E E M E E M M E M
ledifolium
(L.) Miller
Carex ovalis
28 Cyperaceae Good. E
29 E E M
30 fsgs‘ga’”s E E E E E E E M E M E
31 Cicer L. sp. M M E M
Hedysarum
32 Fabaceae varium M M
Willd.
Onobrychis
33 oxyodonta M E E M E S E M
Boiss.
Onobrychis
34 Adans. sp. E E
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Bal No

Takson Bitki familyasi Bitki T1 T1 T1 T2 T2 T2 T2 T2 T2 T2 T2 T2 T3 T3 T3
No Y taksonu 7 8 9 0 2 3 4 5 6 7 8 9 0 1 2
Lotus
35 corniculatus E E M E S
L.
36 Mefilcago E
sativa L.
Trifolium
37 campestre E
schreb.
38 Trifolium M E M M M E M M E M S M M
repens L.
39 Trifolium L. E M
sp.
40 Salvia L. sp. E E M
Salvia
4| tomentosa M
Miller
42 Stachys L. E
sp.
Teucrium
43 Lamiaceae chamaedrys E M M E M
e
44 Tgucrlum E E M
orientale
45 Teucrium E E E M E E
polium
46 Thymus M E E E E M M M
kotschyanus
a7 Liliaceae M E E
48 Allium L. sp. E E E M E
49 Myrtaceae E E
Plantago
50 Plantaginaceae lanceolata E S M S M M M M E E E
L.
51 Poaceae E E E E M M
52 Rumex L. E E E
sp.
Polygonaceae Rumex
53 acetosella E
L.
54 E
55 Ranunculaceae  Ranunculus E E
L. sp.
56 Rhamnaceae E E
57 E M E E E M E M M
Malus sp.
58 Miller.
Potentilla
59 Rosaceae argentea L. E
60 Rosa L. sp. E E
Sanguisorb
61 a minor E M E E
Scop.
62  Rubiaceae g;””’" L E E E E
63 Salicaceae Salix L. sp. M E M E M

*2%45 Dominant (D), (%16-44) Sekonder (S), (%3-15) Minér (M), (<%3) Eser (E)

Kimyasal Analiz Sonuglari

Her ilceden gelen 32 bal &rneginin, nem,
Friktoz/Glikoz ve toplam fenolik madde miktari
degerleri Tablo 4’de verilmistir. 32 adet bal 6rneginin
GC-MS ile kimyasal bilesen sonuglari ise Tablo 5 ve
6'da gosterilmistir.
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Tunceli ballarinda fiziksel analiz olarak % nem
oranina bakilmistir. Calismada 32 bal 6rneginde
minimum nem orani %12,8, maksimum %16,8 ve
ortalama %15,51 olarak tespit edilmistir (Tablo 4).
Tunceli ballarinda kimyasal analiz olarak seker
(friiktoz ve glikoz) ve total fenolik oranina bakilmistir.
Calismada, friktoz degerleri 25,97-43,44 g/100g
araliginda (ortalama: 32,28+3,32 g/100g), glikoz



degerleri; 21,84-45,6 g/100g araliginda (ortalama: ballarinda toplam fenolik igerigi ise minimum
33,0415,22 g/100g) oldugu tespit edilmistir. F/G 98,96+0,02 mgGAE/kg, maksimum 330,96+0,02
orani minimum 0,83, maksimum 1,13 ve ortalama mgGAE/kg ve ortalama 143,46+0,21 mgGAE/kg
0,97 olarak bulunmustur (Tablo 4). Tunceli olarak tespit edilmistir (Tablo 4).

Tablo 4. Tunceli bal érneklerinin kimyasal analiz sonuglari
Table 4. Chemical analysis results of Tunceli honey samples

Toplam Fenolik

f o Friiktoz Glikoz Friiktoz/ -
552 BALNO  Nem (%)  (1100g) (gi100g)  Glikoz "’(':f:gAME'/"I::)’ '
KIRKMESE
KOYU/PULE?MUR 852 (T1) 15.6 31.38 33.35 0.94 149.02+0.03
CEMISGEZEK 853 (T2) 14.6 43.44 45.6 0.93 120.06+0.12
KARACA/HOZAT 854 (T3) 14.9 39.742 42.70 0.9 106.19£0.02
HOZAT-MERKEZ 855 (T4) 15.1 33.29 39.16 0.85 123.80£0.15
MERKEZ 856 (T5) 14.9 33.14 34.34 0.96 174.00£0.03
EGRIYAMA
KOYD /MERKEZ 857 (T6) 16.0 32.68 33.59 0.97 125.79+0.03
MERKEZ 858 (T7) 14.9 35.47 42.50 0.83 99.630.01
BURMAGEGIT
KSYD /MEREEZ 859 (T8) 16.4 34.51 36.77 0.93 330.96+0.02
MERKEZ 860 (T9) 16.4 35.28 37.21 0.94 132.03£0.04
MERKEZ 861 (T10) 16.8 32.33 34.12 0.94 134.34£0.02
MERKEZ 862 (T11) 14.8 33.93 38.22 0.88 98.9610.02
ILGA
KOYS/MERKEZ 863 (T12) 12.8 35.44 36.61 0.96 183.65£0.06
YAYIKOL
KOYUINAZIMIYE 864 (T13) 16.8 31.39 33.22 0.94 130.18+0.07
NAZIMIYE 865 (T14) 15.2 34.21 35.73 0.95 141.72+0.05
NAZIMIYE 866 (T15) 15.6 33.49 35.06 0.95 154.39+0.03
OVACIK 867 (T16) 15.4 30.40 33.42 0.90 103.88+0.04
OVACIK 868 (T17) 16.7 31.37 29.44 1.0 128.57+0.04
OVACIK 869 (T18) 15.8 31.94 30.14 1.0 157.99+4.67
OVACIK 870 (T19) 14.6 31.37 29.44 1.0 127.61£0.03
OVACIK 871 (T20) 15.8 31.07 31.69 0.98 113.59+0.05
OVACIK 872 (T21) 15.3 30.28 31.09 0.97 102.19£0.02
OVACIK 873 (T22) 16.6 30.84 30.00 1.02 131.20£0.09
OVACIK 874 (T23) 15.3 30.70 28.35 1.08 127.43£0.03
OVACIK 875 (T24) 16.6 29.81 29.80 1.00 101.53£0.09
OVACIK 876 (T25) 15.4 30.84 29.01 1.06 118.13£0.03
OVACIK 877 (T26) 14.9 32.29 37.25 0.86 135.5120.01
OVACIK 878 (T27) 15.4 31.13 28.38 1.09 131.66+0.04
PERTEK 879 (T28) 15.2 30.50 29.17 1.04 210.67+0.02
PULUMUR 880 (T29) 15.8 25.97 24.84 1.04 124.47+0.01
PULUMUR 881 (T30) 14.8 28.37 25.57 1.10 262.52:+0.91
PULUMUR 882 (T31) 16.6 27.67 24.35 1.13 137.88+0.04
PULUMUR 883 (T32) 15.4 28.80 27.33 1.05 171.17£0.05
Ortalama Sonug - 15.51+0.84  32.28+3.32 33.0445.22  0.97+0.07 143.460.21
Tunceli ballarinda ugucu bilesenlerin tayinine Gaz hidrokarbonlar, karbolik asit ve esterleri, ketonlar,
Kromatografisi-Kitle ~ Spektrometresi  (GC-MS) terpenler, yag asidi ve esterleri bilesik gruplarina ait
cihazi ile bakilmigtir. Yapilan analiz sonucunda bilesikler tespit edilmistir (Tablo 5,6).

ballarda aldehidler, alifatik asit ve esterleri, alkoller,
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Tablo 5. 1-16 nolu Tunceli bal 6rneklerinin GC-MS kimyasal bilesen sonuglari

Table 5. GC-MS chemical compound results of Tunceli honey samples between 1 and 16

Bilesikler 852 853 854 855 856 857 858 859 860 861 862 863 864 865 866 867
s (1) (T2) (T3) (T4) (T5) (T6) (T7) (T8) (T9) (T10)  (T11) (T12) (T13) (T14) (T15) (T16)
Aldehidler 183 106 004 013 000 032 000 003 439 025 056 0.21 000 068 437 649
A"fe"stt"e‘f;':i"e 13,83  6.09  6.04 3.2 432 551 979 979 482 429 3.66 3.55 16.5 6.93 475  13.74
Alkoller 200 356 288 155 488 289 28 015 355 119  0.31 229 298  0.00 24 3.04
Hidrokarbonlar ~ 0.00 000 000 000 000 000 000 000 033 000  0.00 000 000 044 000  0.15
Karboksilik
asit ve 2627 2385 4985 4161 3746 6228 5143 3591 4768 4884 3841 3344 1827 1912  50.85  38.97
esterleri
Ketonlar 2310 191 116 888 1277 292 921 658 288 177 2277 2435 1374 7.3 522  13.84
Terpenler 1145 74 077 726 629 614 643 1062 1033 795  7.64 803 491 8.22 592  6.88
Yai:tse'::::: Ve 1473 1846 1218 2072 1995 14.03 1806 2472 17.85 1378 136 917 3338 2279  7.83 8.93
Tablo 6. 17-32 nolu Tunceli bal 6rneklerinin GC-MS kimyasal bilesen sonuglari
Table 6. GC-MS chemical compound results of Tunceli honey samples between 17 and 32
—— 868 869 870 871 872 873 874 875 876 877 878 879 880 881 882 883
s (T17)  (T18)  (T19)  (T20)  (T21)  (T22)  (T23) (T24) (T25) (T26)  (T27)  (T28)  (T29)  (T30)  (T31)  (T32)
Aldehidler 092 438 198 163 1020 273 227 305 265 753 427 535 250 1503 769  0.12
Alifatkasitve 970 161 122 255 533 1810 893 501 692 073 000 4224 346 000 000  0.00
Alkoller 168 073 231 389 1068 446 105 855 503 568 000 360 468 000 000 21.69
Hidrokarbonlar 012 222 277 000 142 000 000 056 454 000 000 623 299 000 000 283
Karboksilikasit 5247 1277 4448 4934 1829 3495 4577 2528 4108 4170 233 980 3147 000 000  7.67
Ketonlar 179 4773 910 577 1476 1753 507 1121 547 195 115 000 000 000 000 0.0
Terpenler 4.07 55 938 619 000 295 806 636 388 493 000 000 420 000 000 0.0
Yagasitlerive 1395 1443 2037 1658 948 960 2360 1194 2347 3005 79.04 000 1558 6422 6675 518

esterleri

TARTISMA

Tarkiye, cografik konumu ve sahip oldugu dogal bitki
tard cesitliligi nedeniyle Dunya Ulkelerine kiyasla
aricihk konusunda olduk¢a avantajli durumdadir.
Fakat yapilan c¢alismalar ve istatistiksel veriler
Ulkemizin bal verimi konusunda yeteri kadar iyi
olmadigini ortaya c¢ikarmaktadir. Bu c¢alismada
uluslararasi bal standartlari dahilinde gecerli
teknikler kullaniimis olup Tunceli ballarinin botanik
haritasi, bilesimi, kalite ve safliginin ortaya
cikarilmasi saglanmistir.

Uluslararasi bal tebliginde de belirtildigi gibi bala
digardan bir madde eklenemez ve icerigindeki bir
madde de disariya gikartilamaz (Codex Alimentarius
2001). Bu madde g6z oninde bulundurularak
ballarin igeriginde bulunan polenlerin filtrasyon
islemi sirasinda bertaraf olmasi balin kalitesini
etkilemektedir. Uluslararasi kaynaklarda 10 gram
balda bulunmasi gereken Toplam Polen Sayisi
(TPS10) belirtilmistir. Louveaux v.d. (1978) ve Feller-
Demalsy v.d. (1989)’ye gore 10 gram balda bulunan
toplam polen sayisina goére ballar su sekilde
kategorize edilmistir: <20000: Duguk kalitede ballar,
20 bin-100 bin: Normal ballar, 100 bin-500 bin:
Zengin ballar, 500 bin-1 milyon: Cok zengin ballar,
>1 milyon: Katkili ballar. Buna goére Tunceli
ballarinda 10 gramda bulunan toplam polen sayisi
ortalama 87126.91 olarak bulunmus olup 20 bin ila
100 bin arasinda yer alan normal ballar kategorisine
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girmektedir (Louveaux v.d. 1978, Feller-Demalsy
v.d. 1989). Ballardan 13 tanesi disik, 11 tanesi
normal, 7 tanesi zengin ve 1 tanesi de ¢ok zengin
polen kalitesine sahip ballar olarak tespit edilmistir
(Tablo 1). Ballarin igerisindeki polen kalitesinin
olusumunda gevrenin florasi, arinin polen toplama
kabiliyeti ve aricinin bah filtre etmesi eftkili
olmaktadir. Filtrasyonda 6zellikle 0.2 mm’den kiguk
ag goOzlu suzgeg tercih edilmemesi polenlerin
bertaraf edilmesinin énlenmesi agisindan dnemlidir
(Bogdanov 2007). Kaplan ve Inceoglu (2002)
tarafindan Konya ballari ile yapilan galismada 15
tanesi dusuk, 7 tanesi normal ve 2 tanesi ¢ok zengin
olarak bulunmustur. Ardahan ballari ile yapilan bir
tez calismasinda da 10 gramdaki toplam polen
sayisl ortalama 21428 olarak normal bal sinirlari
arasinda bulunmustur (Glzel 2014). Ayni sekilde
Tarkiye’nin  farkh illerinden toplanan 44 bal
orneginde de 10 gramdaki toplam polen sayisi
ortalama 47859 olarak bulunmus olup bu deger ile
de ballar normal kalite sinir degerler arasinda yer
almaktadir (Bolikbasi 2007). Analiz edilen 32 balin
7 tanesinin monofloral (bir adet; Berberis crataegina
DC.- T13, bir adet Hypericum scabrum L.- T14, bes
adet Paracaryum cristatum (Schreber) Boiss. bali-
T18,21,24,27,28), digerlerinin ise multifloral oldugu
tespit edilmistir (Tablo 2,3). Melisopalinoljik analizler
sonucunda, Berberis crataegina, Hypericum
scabrum ve Paracaryum cristatum taksonlarinin



polenlerine, bazi ballarda dominant oranlarda
rastlanilirken, Anthemis tricornis Eig., Astragalus L.
sp., Berberis crataegina, Coronilla varia L.,
Epilobium hirsutum L., Helianthemum ledifolium (L.)
Miller, Hypericum scabrum, Lotus corniculatus L.,
Paracaryum cristatum, Plantago lanceolata L.,
Potentilla argentea L., Tanacetum parthenium (L.)
Schultz Bip., Teucrium L. sp., Trifolium repens L.,
Onobrychis oxyodonta Boiss., Verbascum L. sp.
taksonlarina ait polenlere sekonder oranlarda
rastlanmistir. Bu sonuglarda da gorulduagu gibi
Tunceli ballarinda dominant polen grubu oldukca az
olup monofloral kaynakli bal orani fazla degildir.
Sadece Berberis crataegina, Hypericum scabrum ve
Paracaryum cristatum turlerinin, bazi ballarda
dominant olarak bulundugu tespit edilmistir. Ballarin
biylk cogunlugunun sekonder, minér ve eser
oranlarda polen bulundurdugu bu nedenle de
multifloral kaynakli oldugu belirlenmisgtir.

Uluslararasi Bal Kodeksi (Codex Alimentarius,
2001) ve Tirk Gida Kodeksi Bal Tebligi (2020)'ne
gore ballarda nem orani en fazla %20 olmahdir. Batu
v.d. (2013)'nin yapmis oldugu bir galismada Tunceli
ilinin Ovacik ve Hozat ilgelerinden temin edilmis
ballarin nem degerleri sirasiyla %15,55 ve %15,49
olarak tespit edilmistir. Yapilan ¢alismada da tim
ballardaki nem degerleri standartlara uygun olarak
bulunmustur. Uluslararasi Bal Kodeksi (Codex
Alimentarius, 2001) ve Turk Gida Kodeksi Bal
Tebligi (2020)'ne gore gicek ballarinda friktoz/glikoz
orani 0,9 ile 1,4 arasinda olmaldir. Batu v.d.
(2013)'nin  Tunceli ballari ile yapmis oldugu
galismada, friktoz igerigi %39,63 ve %36,21; glikoz
icerigi %29,97 ve %30,54; F/G orani ise 1,32 ve 1,19
olarak belirlenmis olup ¢alismamiz ile benzer
sonuglara sahiptir. Ozglven v.d. (2020) tarafindan
Tunceli ballari ile yapilan bir galisma ise balin nem
icerigi %13,9; F/G orani ise 1,43 olarak belirlenmis
olup F/G orani galismamiza gore daha yiiksek tespit
edilmigtir. Can v.d. (2015) Tirk ballari yapmis
oldugu bir calismada ise toplam fenolik madde
icerigini  160,2 ile 1200,4 mgGAE/kg arasinda
bulmus olup calisma degerlerimiz ile benzerlik
gOstermektedir.

Bal, farkli giceklerden gelen nektarlardaki aromalar
nedeniyle ¢ok sayida ugucu bilesene sahiptir. Bu
durum, ballarin botanik ile cografik orijin tayininde
kullaniimaktadir (Dekebo v.d. 2018). Tunceli
ballarinda GC-MS analizi sonucunda aldehidler,
alifatik asit ve esterleri, alkoller, hidrokarbonlar,
karbolik asit ve esterleri, ketonlar, terpenler, yag
asidi ve esterleri bilesik gruplarina ait bilesikler tespit

edilmistir (Tablo 5,6). il genelinde, analiz edilen
orneklerde ylUksek oranda karboksilik asit ve
esterleri ile yad asidi ve esterleri gruplarina ait

bilegikler tespit edilmistir. Ozkok v.d. (2016)
tarafindan ¢am ballarinda yapillan GC-MS
calismasinda calismamizdakine benzer ugucu

bilesenler tespit edilmistir. Bu bilesenler aldehitler,
alkoller, flavanonlar, hidrokarbonlar, aromatik asitler
ve esterleridir. Malezya ballar ile yapilan bir
calismada da calismamiza benzer hidrokarbonlar,
aldehitler, alkoller, ketonlar, terpenler ve furanlar
tespit edilmistir (Syazana Nurul v.d. 2013).

SONUG

Yapilan bu ¢aligma ile bir ildeki ballarin ilge bazinda
bile bitkisel ve kimyasal igeridinin oldukca
degiskenlik gosterdidi ve yildan yila bu degisikliklerin
“cografi isaret” caligmalar igin takip edilmesi
gerektigi gosterilmistir. Bu c¢alisma, Tunceli ilinde
Uretilen balin bilimsel acidan degderlendiriimesine
katkida bulunmus olup hem bdlge ariciligi hem de
Ulke ekonomisi ve yerel bal ile ilgili planlanan “cografi
isaret” calismasina katki saglayacaktir.

Mali Kaynak: Bu calismanin maddi olarak
desteklenmesini Tunceli Ar Yetistiricileri Birligi
saglamistir.

Yazar Katkilari: Bu calismada, AO, OGC, NM
ballarin melissopalinolojik ve kimyasal analizlerini,
KS, GZ, CO arazi galismalarini, GZ bitkilerin
teshisini, AO makalenin yazimini ve KS cgalismanin
organizasyonunu yapmigtir.

Catisma Durumu: Yazarlar arasinda anlasmazlk
yoktur.

Etik Belgesi: Bu calisma igin etik belgesi gerekli
degildir.
Tesekkiir

Bu c¢alismanin maddi ve manevi olarak
desteklenmesini saglayan Tunceli Ar Yetistiricileri
Birligi'ne ve bolge aricilarimiza tesekkir ederiz.
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oz

Bu calismada, Tiirkiye’nin Zonguldak ilinin farkli lokasyonlarindan toplanan bal 6rneklerinin (n=9)
botanik orijinlerinin palinolojik analizle tespit edilmesi ve toplam polen sayilarinin saptanmasi
amaclanmigtir. Ek olarak toplanan bal 6rneklerinin Tiirk Gida Kodeksi Bal Tebligi (No:2020/7)'nde
kestane bali numuneleri i¢in verilen polen igerigi kriteri ile uyumlulugu tartisiimigtir. Melissopalinolojik
analizler neticesinde bal 6rnekleri kestane bali (n=7), karigik ¢igcek bali (n=2) ve geven bali (n=1) olarak
etiketlenmistir. Kestane bali olarak tespit edilen 6rneklerin 10 gr baldaki toplam polen sayisi (TPS-10)
41722-647312 arasinda saptanmis olup bu bal 6rneklerinin ¢ok iyi, iyi ve normal kalitede bal 6rnekleri
oldugu belirlenmistir. Ayrica elde edilen sonuclar kestane bali olarak toplanan bal 6rneklerinin
%33’liniin ulusal gida kodeksinde kestane botanik orijinine sahip unifloral bal tipleri igin rapor edilen
minimum polen igerigine sahip olmadigini gostermistir. Bu sonugclar 6zellikle lilkemizde diger polifloral
cicek ballarina kiyasla daha yiiksek fiyata satilan kestane gibi unifloral bal tipleri icin botanik orijin
tespit analizinin zorunlu hale getirilmesinin haksiz rekabetin 6nlenmesi agisindan ne denli 6nemli
oldugunu gostermistir. Bu nedenle, lilkemizde tiretilen fakat minimum polen igerigi Tiirk Gida Kodeksi
Bal Tebligi (No:2020/7)’'nde belirtiimeyen lavanta ve ¢orekotu gibi farkl tipte unifloral gigek ballari igin
de melissopalinolojik ¢aligmalarin yiiriitiillerek polen icerigi degerlerinin belirlenmesi 6nemli
gorilmektedir.

Anahtar kelimeler: Bal, Polen analizi, Kestane bali, Toplam polen sayisi, TPS-10

ABSTRACT

In this study, it was aimed to detect the botanical origins by palynological analysis and to determine
the total pollen numbers of honey samples collected from different locations of Zonguldak, Turkey. In
addition, the compatibility of the collected honey samples with the pollen content criterion given for
the chestnut honey samples by the Turkish Food Codex Communiqué on Honey (No: 2020/7) has been
discussed. As a result of melissopalynological analyzes, honey samples were labeled as chestnut
honey (n = 7), mixed flower honey (n = 2) and astragalus honey (n = 1). Total pollen number in 10 g of
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honey the samples (TPS-10) identified as chestnut honey was detected to be between 41722 - 647312,
and it was determined that these honey samples were very good, good, and normal quality honey
samples. In addition, the results obtained showed that 33% of honey samples collected as chestnut
honey did not provide the minimum pollen content reported for unifloral honey types with chestnut
floral origin in the national food codex. These results showed how important it is to make floral origin
determination mandatory for unifloral honey types such as chestnut, which is sold at a higher price
compared to other polyfloral flower honeys in our country, in terms of preventing unfair competition.
For this reason, it is important to determine the pollen content values by conducting
melissopalynological studies for different types of unifloral flower honey such as lavender and black
seed, which are produced in our country but whose minimum pollen content is not specified in the

Turkish Food Codex Communiqué on Honey (No: 2020/7).

Keywords: Honey, Pollen analysis, Chestnut honey, Total pollen number, TPN-10

EXTENDED ABSTRACT

Aim: In this study, the compatibility of honey
samples collected from Zonguldak, Turkey with the
minimum pollen content determined by the Turkish
Food Codex Communiqué on Honey (No:2020/7) for
unifloral chestnut honey and its quality based on total
pollen count were evaluated.

Materials and Methods: 9 honey samples used in
the study were obtained from beekeepers in
Zonguldak province through Zonguldak Beekeepers
Association (ZAYBIR) in 2020. Pollen analysis in
honey was carried out according to Sorkun (2008)
and Louveaux et al. (1978). The slide preparation for
calculating the total pollen number in 10 g honey
(TPS-10) was carried out according to Moar (1985)
and Sorkun (2008).

Results and Discussion: Since honey is a natural
nutrient that has been consumed by human beings
for centuries, it is very important to determine the
quality criteria  of honey. At this point,
melissopalynological analyses are performed, which
are among the parameters that provide an idea
about the quality of honey and enable the pollen
grains in honey to be defined based on
morphological data. Revised in 2020, in the Turkish
Food Codex Communiqué on Honey (No: 2020/7), it
was reported that in addition to many
physicochemical and chemical criteria, floral origins
of some unifloral honeys, including chestnut honey,
should be verified through pollen analysis. This
change has once again revealed the importance of
pollen analysis in floral origin determination studies
of honey. The results obtained from this study
showed that the Castaneae sativa pollen count

varied between 40.98-94.78% in other honey
samples except for one sample. However, in a
sample in which Castanea sativa pollen was not
found, Astragalus spp. pollen was determined as
dominant at 58.82%, as the floral origin of this honey
sample was marked as astragalus (Astragalus spp.)
honey. Besides, two samples were labeled as mixed
flower honey rather than chestnut honey, as it
contains less than 70% Castanea sativa pollen. Our
results confirmed that the floral origin of 67% (n = 6)
of the honey samples is unifloral chestnut honey,
supporting the Turkish Food Codex Communiqué on
Honey (No: 2020/7). Based on the TPS-10 value of
honey samples, according to Louveaux et al. (1978)
and Jose et al. (1989), honey samples are examined
in five different groups which are: Group | (<20000),
Group Il (20000- 100000), Group Il (100000--
500000), Group IV (500000--1000000) and group V
( > 1000000). Accordingly, the TPS-10 value of the
honey sample number 2 with the highest chestnut
pollen content (94.78%) was determined to be
higher than the other honey samples (647 312) and
was included in the Group IV category. Honey
produced from plant sources with high pollen
production is classified in this category (Paredes and
Bryant 2020); and chestnut is among the plants with
high pollen production (Ozkirim 2018). However, the
other three honey samples (3, 6 and 7) determined
to be in the Group Ill category are the samples with
the highest total pollen count following sample
number 2. This indicates that the varieties and
counts of plant species that contribute to honey as a
source of pollen have a significant effect on the total
pollen number. As a result, making pollen analysis
mandatory by the relevant institutions for honey
types to be labeled as unifloral honey in our country
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is considered an important step. However, it is
thought that it is important to consider the pollen
density not only for the verification of unifloral honey
types but also for the standardization of honey
regarding the regions and the processes of obtaining
geographical indications.

GIRIS
Turkiye, degisken cografik Ozellikleri, zengin bitki
cesitliligi ve ekonomik agidan 6neme sahip bal arisi
irklari nedeni ile aricilik potansiyelinin yiksek oldugu
Ulkelerin baginda gelmektedir (Guller ve Demir
2005). Ulkemizde 6zellikle kirsal kesimlerde
geleneksel bir tarimsal aktivite olarak yurutilen
aricilik faaliyetleri sonucunda bal, polen, ar ekmegi,
propolis, ar1 sutd, ari zehri, apilarnil ve bal mumu gibi
urinler elde edilmesine ragmen bu drlnlerin en
bilineni ve dolayisiyla en ¢ok Uretimi yapilip tiketime
sunulani baldir. Tirk Gida Kodeksi Bal Tebligi
(No:2020/7)ne gore bal; “Bitki nektarlarinin,
bitkilerin canli kisimlarinin salgilarinin veya bitkilerin
canli  kisimlari Uzerinde vyagayan bitki emici
boéceklerin  salgilarinin, bal arisi  tarafindan
toplandiktan sonra kendine 6zglu maddelerle
birlestirerek  degisiklide ugrattigi, su igerigini
dislrdigu ve petekte depolayarak olgunlastirdigi,
dogasi geregi kristallenebilen dogal trGnd” olarak
tanimlanmaktadir. Bitki kaynagina goére bal, salgi
bali ve gicek bali olmak Uzere ikiye ayriimaktadir
(Pita-Calvo ve Vazquez 2017). Salgi bali “bitkilerin
canh kisimlarinin salgilarindan veya bitkilerin canli
kisimlarl Uzerinde yasayan bitki emici boceklerin
salgilarindan elde edilen ballari” ifade eder (Turk
Gida Kodeksi Bal Tebligi No:2020/7). Diger yandan
cicek balinin ham maddesini ise daima cicekli
bitkilerin nektari olusturmaktadir (Nicolson v.d.
2007). Balin kaynagindaki degisiklikler (nektar veya
salgl bali olup olmadidi) balin kokusunu, tadini ve
rengini o6nemli Odlclide etkilemekle birlikte bu
degisiklikler temelde arilar tarafindan bal Uretmek
icin kullanilan bitki kaynagi ile iligkilidir. Bununla
birlikte, balin diger fiziksel Ozellikleri ve kimyasal
icerigi toplanan nektarin bitki kaynagdi disinda,
toplandigi cografik bdlgenin iklimsel 6zelliklerine ve
balin hasat mevsimine bagl olarak da oldukca
degisiklik gostermektedir (Biluca v.d. 2016, Bayram
v.d. 2020, Machado v.d. 2020).
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Bal uretiminde Dinya’da oldukga iyi bir siralamada
yer alan Ulkemizde multifloral (polifloral) ve unifloral
(monofloral) bal cgesitleri bulunmaktadir. Multifloral
ballar genellikle Uretildigi bdlgenin (Anzer bal,
Bayburt bali, Kars bali, Ardahan bali vb.) adi ile
anilirken unifloral ballar ise dominant olarak kaynak
aldig1 bitkinin adi (kestane, lavanta, kekik vb.) ile
aniimaktadir. Ulkemizin farkli cografik bélgelerinde
arillarin nektar kaynagi olarak kullandigi narenciye,
funda, pamuk, aygicegi, kestane ve thlamur gibi bitki
kaynaklarindan gesitli unifloral ¢icek ballan
Uretilmektedir. Turkiye’de Uretimi yapilan bazi
unifloral bal tiplerinin ilgili bitkinin ismi ile
etiketlenebilmesi icin bu bitkinin polen tanesi ile
minimum hangi oranda temsil edilmesi gerektigi T.C.
Tarim ve Orman Bakanlidi tarafindan 2020 yilinda
revize edilen Turk Gida Kodeksi Bal Tebligi
(No:2020/7)'ne eklenmistir. Bu teblig kapsaminda
unifloral bal tipleri normal, yogun ve az olan unifloral
bal cesitleri olmak Uzere Ug¢ farkli grup altinda
siniflandinimigtir. ~ Geven  (Astragalus  spp.),
piren/puren (Calluna vulgaris, Erica spp.), kanola
(Brassica napus), yonca (Medicago sativa), aygicegi
(Helianthus annus), UGggul (Trifolium spp.), hayit
(Vitex spp.) ve fazelya (Phacelia tanacetifolia)
bitkileri normal unifloral (unifloral) tirler olarak
belirlenmis olup bal érneklerinin bu bitkilerin adiyla
anilabilmesi igin en az %45 oraninda ilgili bitkinin
polenini icermesi gerektigi rapor edilmistir (Turk
Gida Kodeksi Bal Tebligi No:2020/7). Benzer sekilde
kestane (Castanea sativa) ve okaliptls (Eucalyptus
spp.) yogun olan unifloral tirler olup bu tip ballar en
az %70 adiyla anildigi bitkinin polenini igermelidir
(Turk Gida Kodeksi Bal Tebligi No:2020/7). Son
olarak ise akasya (Robinia pseudoacacia),
narenciye (Citrus spp.), biberiye (Rosmarinus
officinalis), kekik (Thymus spp., Origanum spp.,
Tymbra spp., Coridathymus spp.) ve thlamur (Tilia
spp.) poleni az olan unifloral ballar sinifinda
siniflandinimis olup akasya igin %15, thlamur igin
%5 digerleri icin ise %10 oraninda ilgili bitkinin polen
tanesiyle temsil edilmesi gerektigi rapor edilmistir
(Turk Gida Kodeksi Bal Tebligi No:2020/7). Bu
noktada, 2020 yilinda revize edilen Tirk Gida
Kodeksi Bal Tebligi (No:2020/7)'nde, ballarin bitkisel
kaynaginin belirlenmesi i¢in yapilan c¢alismalarin
onemi bir kez daha vurgulanmigtir. Balin bitkisel
kaynaginin tespiti igin ginimuzde farkli teknikler
kullanilmaya ve denenmeye baslansa da baldaki
polen tiplerinin 1sik mikroskobu araciligiyla teghisine
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dayanan melissopalinolojik analiz yaygin olarak
kullaniimaktadir (Corvucci v.d. 2015, Hailu ve Belay,
2020). Melissopalinolojik analiz sayesinde bala
polen saglayan bitkiler dolayisiyla balin bitkisel
kaynagi belirlenmis olur. Bununla birlikte polen
analizi ballarin kristalizasyon hizlar hakkinda fikir
sunabilir (Escuredo v.d. 2014). Ayrica, polen analizi
toksik etki olusturabilecek bazi bal tiplerinin gida
guvenligi acisindan degerlendiriimesinde de dnemli
bir rol oynar. Ornegin Tirkiye'de dzellikle Karadeniz
bdlgesinde Uretimi yapilan tiketilmesi durumunda
toksik etki yapabilen ormangilli (Rhododendron
spp.) ballarinin tanimlanmasinda polen analizinden
faydalaniimaktadir (Cagli v.d. 2009). Bununla
birlikte, sekerle tadsis yapilan ballarda toplam polen
sayisi dusUk olarak tespit edilir ki bu da ballara
uygulanan melissopalinolojik analizin faydalari
arasinda sayilabilir. Bu degerlendirmelerden de
anlagilacadl Uzere, ballarda palinolojik analiz
ballarin kalitesinin farkl acilardan
degerlendiriimesine  katki  saglamaktadir. Bu

Sekil 1. Bal 6rneklerinin toplandidi lokasyonlar

nedenle, bu galismada Turkiye’nin Zonguldak ilinden
kestane ball olarak toplanan &rneklerin polen
analizleri yapilarak Tirk Gida Kodeksi Bal Tebligi
(N0:2020/7)'nde verilen minimum polen igerigi ile
uyumlulugu ve toplam polen sayilarina dayali olarak
kalitesi degerlendirilmistir.

MATERYAL VE METOT
Bal 6rneklerinin toplanmasi ve saklanmasi

Calismada kullanilan ve kestane bali olarak
toplanan 9 adet bal 6érnedi 2020 yilinda Zonguldak
Ari Yetigtiricileri  Birligi (ZAYBIR) vasitasi ile
Zonguldak ilinde bulunan aricilardan temin
edilmistir.  Cam sgiselerde slizme bal seklinde
Hacettepe Universitesi Ari ve Ar Urlinleri Merkezi
(HARUM)ne génderilen bal 6rnekleri analizlere
kadar oda sicakhginda bekletilmigtir. Bal 6rneklerinin
toplandigi noktalari temsil eden 6rneklem haritasi
Sekil 1°’de sunulmustur.

Figure1. Map of the locations where honey samples are collected
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*1: Devrek, Zonguldak; 2: Alapli, Zonguldak; 3:Caycuma, Zonguldak; 4: Merkez, Zonguldak; 5:Caycuma Zonguldak; 6: Eregli,
Zonguldak; 7: Kilimli, Zonguldak; 8:Kozlu, Zonguldak; 9:Kozlu Zonguldak

Baldan polen ekstraksiyonu

Balda polen analizi Sorkun (2008) ve Louveaux
v.d.(1978)'nin onerdigi yonteme gore
gerceklestiriimistir. Buna gére bir cam baget yardimi
ile iyice karistirilan bal 6rneginden 10 g alinarak cam

deney tupune aktariimig ve Uzerine 20 mL distile su
ilave edilerek 45°C’lik su banyosunda 10-15 dk
bekletilerek balin su icerisinde ¢dzinerek homojen
hale gelmesi saglanmistir. Daha sonra homojen hale
gelen bu c¢ozelti 3500 rpm’de 45 dk santrifijj
edildikten sonra supernatant kismi uzaklastiriimigtir.
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Ardindan tupln dibinde kalan bir miktar c¢okelti
bazik-fuksinli gliserin-jelatin ile muamele edilerek
alinan lam Uzerine aktariimistir. Son olarak, lam,
Isitma tablasinda 30-40°C’de isitilarak bazik fuksinli
gliserin-jelatinin erimesi saglanmistir. igne ile lam
Uzerine erimis bazik-fuksinli gliserin-jelatin ile
polenler Kkaristinlarak polen igeriginin  homojen
sekilde dagiimasi saglandiktan sonra lam Gzerine
18x18 mm?lik lamel kapatiimigtir. Ters gevrilen
preparat yaklasik 12 saat sonra incelemeye hazir
hale gelmistir.

Bal orneklerindeki polen tanelerinin teshis
edilmesi

Bagslik 2.1.1de anlatildigi sekilde hazirlanan
preparatlarda farkli bitki kaynaklarindan gelen polen
taneleri Leica DM500 marka 1s1k mikroskobu altinda
immersiyon objektif (X100) kullanilarak teghis
edilmistir. Polenlerin teshis edilmesi asamasinda

farkh  referans  kaynaklarla  (Sorkun 2008,
http://www.paldat.org/) birlikte arastirmanin
yaratdldiga  laboratuvarda  bulunan  bitkisel
referanslardan hazirlanan polen preparati

kGtuphanelerinden yararlaniimistir. Polen tanelerinin
sayimi sirasinda ise kiguk boyuttaki polen tanelerini
rahat ayirt edebilmek igin X40lik objektif
kullaniimigtir.  Preparatin  sol Ust kdsesinden
baslayarak toplamda 200 adet bitki poleninin sayimi
ve beraberinde teshisi gerceklestiriimistir. Polen
tanelerinin sayimi bittikten sonra ilgili polen
tanelerinin bulunma sikligina gére dominant polen
(2%45), sekonder polen (%16-44), 6nemli minor
polen (%3-15) ve mindr polen (<3%) olarak
siniflandirma yapilmistir (Louveaux v.d.1978).

Balda toplam polen sayisinin belirlenmesi

10 g baldaki toplam polen sayisi (TPS-10)nin
hesaplanmasi i¢in preparat hazirlama islemi Moar
(1985) ve Sorkun (2008) onerdigi yonteme gore
gergeklestiriimigtir. Bu metoda gore, 10 g bal 6rnegi
cam deney tipune aktarildiktan sonra Uzerine 20 mL
distile su ile birlikte bir tanesinde 12542 adet
Lycopodium spp. sporu bulunan tablet eklenmistir.
Daha sonra elde edilen bu karisim 45°C’lik su
banyosunda 10-15 dk homojen hale gelinceye kadar
bekletilmigtir. Tablet iyice eridikten sonra polenlerin
ve sporlarin boyanmasini saglayan birkag damla
bazik fuksin ilave edildikten sonra 3500 rpm’de 45 dk
santrifij islemi gergeklestirilmigtir. Santrif(j islemi
bittikten  sonra  tdplerin  sUpernatant  kismi
uzaklastirilmis ve tapler ters ¢evrilerek suyunun iyice
stzulmesi saglanmistir. Daha sonra tupUn igerisine
0,1 mL kadar %50’lik gliserin ilave edilerek dipteki
¢cOkeltinin gliserin ile homojen bir bicimde karismasi
saglanmistir. Bu karisimdan pipetle 0,01 mL
alinarak baska bir cam tlpe aktariimis ve Uzerine
0,09 mL %50’lik gliserin eklenmistir. Son olarak elde
edilen bu karisimdan 0,01 mL lam Uzerine transfer
edilmis ve lzerine 18x18mm?lik lamel kapatilarak,
IStk mikroskobu altinda incelenmeye hazir hale
getirilmigtir. Her preparat sol Ust kdseden baglayarak
mikroskopta taranmis bu alanda bulunan tim
polenler tir ayrimi yapmadan sayilmistir. Daha
sonra ayni preparatta tekrar sol Ust koéseden
baslanarak Lycopodium spp. sporlarinin sayisi
hesaplanmis ve 10 gram baldaki toplam polen sayisi
asagidaki baglantiya gbre hesaplanmigtir;

Sayilan polen x Bir Lycopodium tabletinde bulunan spor sayisi

TPS—-10 =

Sayilan Lycopodium sporu sayisi

TPS-10 degeri baz alinarak Louveaux v.d. (1978) ve
Jose v.d. (1989)a gore bal ornekleri Grup |
(<20000), Grup 1l (20000- 100000), Grup |l
(100000-500000), Grup IV (500000-1000000) ve
grup V (>1000000) olmak Uizere bes farkh grupta
incelenmistir.

istatistik analiz

Bal oOrneklerini icermis olduklari taksonlara goére
ayirmak ve siniflandirmak igin hiyerarsik kiimeleme
analizi Minitab 19 istatistik yazilimi kullanilarak
gerceklestiriimistir.
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BULGULAR

Bal orneklerinde polenleri tespit edilen bitki
taksonlar

Zonguldak ilinin farkli lokasyonlarindan elde edilen 9
adet bal érneginde polen analizi yapilarak, her bala
ait sonuglar ayri ayri tespit edilmigtir. Tablo 1'de
farkli bal o6rneklerinde tespit edilen 200 polen
tanesinin dagilimi ylizde (%) olarak gdsterilmistir.
Elde edilen sonuglara gbére bal 6rneklerinde
Castanea sativa (%40,9-94,78), Trifolium spp.
(%0,47-26,22),  Astragalus  spp. (%58,82),



Onobrychis spp. (%4,16), Hedysarum spp. (%3,27),
Apiaceae (%2,94-11,47), Rosaceae (%0,47-21,42),
Asteraceae (%0,94-3,27), Centaurea spp. (%1,63-
2,94), Salix spp. (%2,94-3,27), Thymus spp.
(%2,94), Lamiaceae (%1,63), Teucrium spp.
(%4,16), Liliaceae (%1,63-4,16), Cistaceae (%0,94-
5,88), Ericaceae (%1,63-4,16), Campanula spp.
(%2,94), Plantago spp. (%2,94-4,16), Cephalaria
spp. (%2,85), Epilobium spp. (%2,85) ve Geranium
spp. (%2,85) taksonlarina ait olan bitkilerin
polenlerine farkli oranlarda rastlanmigtir.

Zonguldak yoresinde Uretilen bal 6rneklerinde Tablo
2'de verilen taksonlarin  gérilme  oranlari

degerlendirildiginde bal o6rneklerinde sirasiyla en
yuksek oranda %100 (n=9) ve %88,9 (n=8) oraninda
Rosaceae ve Castanea sativa taksonlarina ait
bitkilerin polenleri belirlenmistir. Bal o6rneklerinde
Castanea sativa poleni bir 6rnek hari¢ diger bal
orneklerinde %40,98-94,78 arasinda polen orani ile
temsil edilmistir. Bununla birlikte Castanea sativa
polenin tespit edilmedigi 5 nolu numunede
Astragalus spp. poleni %58,82 oraninda dominant
olarak belirlendigi icin bu bal 6rnegdinin botanik orijini
geven ball olarak isaretlenmistir. Ek olarak, 1 ve 9
nolu bal érnekleri Castanea sativa polenini %70’ten
az icerdidi icin kestane bali olarak degil de karigik
cicek bali olarak isaretlenmigtir.

Tablo 1. Zonguldak ballarinda tespit edilen taksonlarin polen spektrumu (%)

Table 1. Pollen spectrum of taxa identified in honey samples from Zonguldak province (%)

Dominant polen Sekonder polen

Minor polen (%3-15)

Eser polen (<%3)

Botanik Orijin

(2%45) (%16-44) (Botanical
Origin)
1 Castanea sativa Hedysarum spp. Centaurea spp. Multifloral
Trifolium spp. Apiaceae Lamiaceae Cicek bal
Rosacaeae Liliaceae
Asteraceae Cistaceae
Salix spp. Ericaceae
2 Castanea sativa Trifolium spp. Unifloral
Rosaceae Kestane Bali
Asteraceae
Cistaceae
Ericaceae
3 Castanea sativa Trifolium spp. Unifloral
Rosaceae Kestane Bali
Ericaceae
Cistaceae
4 Castanea sativa Rosaceae Trifolium spp. Unifloral
Kestane Bali
5 Astragalus spp. Rosaceae Cistaceae Apiaceae Unifloral Geven
Centaurea spp. Thymus Bali
spp. Campanula spp.
Plantago spp.
Salix spp.
6 Castanea sativa Rosacaeae Teucrium Unifloral
spp. Cistaceae Kestane Bali
Ericaceae
Plantago spp.
7 Castanea sativa Trifolium spp. Asteraceae Unifloral
Rosaceae Cistaceae Kestane Bali
Cephalaria spp.
Epilobium spp.
Geranium spp.
8 Castanea sativa Trifolium spp. Unifloral
Rosaceae Kestane Bali
9 Castanea sativa Trifolium spp. Multifloral
Onobrychis spp. Cicek Bal
Hedysarum spp.
Rosaceae
Thymus spp.
Liliaceae
Cistaceae
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Tablo 2. Zonguldak bolgesi ballarinda tespit edilen taksonlara rastlanma sikhgi

Table 2. Frequency of occurrence of the taxa identified in the Zonguldak honey samples.

Takson/Taxon Familya/Family Taksonun rastlanma sikhgi/
Frequency of occurrence of the taxa (%)
Castanea sativa Fagaceae 88,9
Trifolium spp. Fabaceae 77,8
Astragalus spp. Fabaceae 11,1
Onobrychis spp. Fabaceae 11,1
Hedysarum spp. Fabaceae 22,2
Apiaceae Apiaceae 22,2
Rosaceae Rosacaeae 100
Asteraceae Asteraceae 33,3
Centaurea spp. Asteraceae 22,2
Salix spp. Salicaceae 22,2
Thymus spp. Lamiaceae 22,2
Lamiaceae Lamiaceae 11,1
Teucrium spp. Lamiaceae 11,1
Liliaceae Liliaceae 22,2
Cistaceae Cistaceae 77,8
Ericaceae Ericaceae 44.4
Campanula spp. Campanulacaea 111
Plantago spp. Plantaginaceae 22,2
Cephalaria spp. Dipsacaceae 11,1
Epilobium spp. Onagraceae 11,1
Geranium spp. Geraniaceae 11,1
3.2. Bal érneklerinin toplam polen sayisi (TPS) I’'de (polen igerigi normal) , 3 adet bal 6rneginin
Bal 6rneklerin TPS-10 degerleri 22827- 647312 grup lIl'de (polen igerigi yiksek) ve 1 adet bal
arasinda tespit edilmistir (Tablo 3). Bu ¢alismada orneginin ise Grup IV (polen igeridi ¢ok yiiksek)de
Zonguldak ilinden toplanan bal érneklerinin TPS-10 yer aldigi belirlenmistir. TPS-10’unun ballara goére
degerleri incelendiginde 5 adet bal 6rneginin Grup dagilimi ise Tablo 3'de verilmigtir.

Tablo 3. Zonguldak ilinden toplanan bal érneklerinin TPS-10 degerleri

Table 3. TPS-10 value of honey samples from Zonguldak province

Ornek Kodu Sayilan polen Markir olarak TPS-10 Gruplama Degerlendirme
(Sample Code) tanesi sayilan spor sayisi (TPN-10) (Category) (Evaluation)
(Counted (Marker counted)
pollen grain)

1 62 100 22827 I Normal Kalitede Bal*
2 211 12 647312 [\V*** Cok iyi kalitede bal***
3 37 8 170264 1] lyi Kalitede Bal**
4 14 7 73628 I Normal Kalitede Bal*
5 39 50 28714 I Normal Kalitede Bal*
6 24 5 146707 1] iyi Kalitede Bal**
7 35 4 322122 1] lyi Kalitede Bal**
8 34 30 41722 I Normal Kalitede Bal*
9 24 10 88353 I Normal Kalitede Bal*

* TPS-10: 20000-100000 (Normal kalitede bal); ** TPS-10: 100000 500000 (lyi kalitede bal); ***TPS-10; 500000-
1000000 (Gok iyi kalitede bal) (Sorkun 2008, Jose v.d. 1989)
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TARTISMA

Glnumuzde yiksek kalitede ve Ozellikleri iyi
tanimlanmig gida Urtnlerine duyulan gereksinimin
artmasi nedeniyle, balin da dahil oldugu tim gida
drlnleri ticarilesmeden 6nce ¢ok sayida sertifika ve
kalite kriterlerini kargilamak zorundadir (Devillers
v.d. 2004). Bal besleyici degeri yuksek olmasi
nedeniyle geleneksel bir gida olarak kullanilmasinin
yani sira ¢esitli hastaliklara karsi destekleyici
tedavide de kullanilmaktadir. Bu nedenle de
insanlarin  tlketimine sunulan ballarin  kalite
parametrelerine uygun olmasi 6nemlidir (Hermanns
v.d. 2020). Bu agidan degerlendirildiginde, 6zellikle
Ulkemizin belli bolgelerinde Uretilen kestane gibi tibbi
Ozellikleri yiksek olan (Gines v.d. 2017) bazi bal
tiplerinin kalite kriterlerini kargilamasi olduk¢a dnem
arz etmektedir. Turkiye'nin Bolu, Bursa, Canakkale,
Balikesir, Giresun, Samsun, Rize ve Zonguldak gibi
farkh illerinin florasinda yodun olarak dagilis
gOsteren kestane bitkisi ylksek nektar verimi
nedeniyle bal Uretiminde arilar tarafindan yogun
sekilde tercih edilmektedir. Bununla birlikte nektar
verimine ek olarak Tirkiye genelinde Castanea
sativa bitkisinin polen verimi de oldukga yuksektir
(Ozkirim 2018). Bu nedenle kestane ball Turk Gida
Kodeksi Bal Tebligi (No:2020/7)'nde yodun unifloral
tirler yani ylUksek oranda polen tanesiyle temsil
edilen bal ornekleri arasinda siniflandiriimistir. Bu
siniflandirmanin yapilmasi Ulkemizde Uretilen ve
kestane bali olarak etiketlenen bal 6rneklerinin
botanik orijininin dogrulanmasinda polen
yogunlugunun artik dikkate deder bir parametre
oldugunun bir gdstergesidir. Bu nedenle bu
calismada Turkiye’nin Zonguldak ilinden toplanan
kestane bali 6rneklerinin botanik kdkenlerini ne
oranda temsil ettikleri polen analizine dayal olarak
belirlenmis ve oOrneklerin kestane bali olarak
etiketlenebilmesi igin Turk Gida Kodeksi Bal Tebligi
(No:2020/7)'nde belirtilen limit degere (en az %70)
olan uygunlugu arastiriimigtir. Elde ettigimiz
sonuglar Tirk Gida Kodeksi Bal Tebligi
(No:2020/7)'ni destekler sekilde bal o6rneklerinin
%67’sinin (n=6) botanik orijininin unifloral kestane
bali oldugunu dogrulamistir. Bunlarin diginda kalan
3 ornekten 1’inde (5 nolu 6rnek) Castanea sativa
polenine rastlanmazken diger iki 6rnekte (1 ve 9 nolu
ornekler) ise sirasiyla %40,98 ve %62,5 oraninda bu
bitkinin poleni teshis edilmigstir. Bu nedenle 70’in
altinda kestane poleni ile temsil edildigi belirlenen bu
iki bal 6rnedi kestane bali yerine karisik cicek bal
olarak degerlendirilmigtir. Nitekim yapilan literatlr
taramasinda her iki bitkinin de bdlge florasinda yer

aldigi rapor edilmesine ragmen (TUBIVES, 2021;
Saribag, 2008) 5 nolu bal 6rneginde Castanea sativa
poleninin tespit  edilememesinin muhtemel
sebebinin, kestane bitkisinin ¢iceklenme peryodu
geven bitkisine gbre daha kisa bir zamanda
tamamlandidi i¢cin bu bal 6rneginin ilgili bdlgeye
kestane bitkisinin giceklenme sezonu bittikten sonra
getirilen ari kovanlarindan uretildigi
dusuniUlmektedir. Elde edilen bu sonuglar, polen
analizinin tuketici magduriyeti acisindan da 6énemli
oldugunu isaret etmektedir. Clnku kestane bali
antimikrobiyal ve antioksidan gibi farkli farmakolojik
Ozellikleri (Glines v.d. 2017) sebebiyle Ulkemizde
oldukga yogun talep goren bir unifloral bal tipidir ve
bu nedenle de diger karisik gigek ballarina kiyasla
daha ylksek fiyatlara satilmaktadir. Nitekim
minimum polen igerigi kriterini (en az %70)
saglamadigi halde sadece beyana dayali olarak
kestane bali etiketiyle satisa sunulan unifloral bal
ornekleri  tuketicilerin  maddi olarak magdur
olmalarina sebep olabilir. Bu sebepten dolayl da
bireysel olarak satisa sunulan bal érneklerinin de
palinolojik analizinin yapilmasi ve botanik orijinlerinin
dogrulanmasi  6nemlidir. Bu c¢alismada, bal
orneklerine katki saglayan bitki taksonlarinin
oranlari baz alinarak yapilan kimeleme analizinde
kestane poleni igeriginin oldukca etkili oldugu
gdzlemlenmistir  (Sekil 1). llgili dendrogram
incelendiginde 6zellikle kestane poleni icermeyen 5
nolu érnek ile kestane polenini en dislk oranda
iceren 1 nolu 6rnegin diger numunelerden farkhlik
goOsterdigi  acikga  gorllmektedir.  Tarkiye'nin
Adapazari ve Sinop llerinde Uretilen bal
orneklerinde yuratulen ¢galismalarda da ¢calismamiza
benzer sekilde Castanea sativa poleni dominant
olarak tespit edilmistir (Erdogan 2006 Ozler 2015).
Farkh bir arastirmada ise bal 6rneklerinde kestane
polenin %92-97 arasinda degisen bir dominantlik
gosterdigi ve bunun disinda Apiaceae, Trifolium
spp., Medicago spp. ve Xanthium spp. taksonlarina
ait olan bitki polenlerinin teshis edildigi belirtiimistir
(Temizer v.d. 2018). Ozkok v.d. (2018) tarafindan
yapilan bir calismada ise Turkiye’'nin Artvin, Bartin,
Kastamonu ve Istanbul illerinden toplanan kestane
ballarinda kestane poleni orani %77,2 ila %98,5
arasinda bulunmustur. Bu ¢alismalardan elde edilen
sonuglar tipki bizim galismamizla benzer sekilde
Turk Gida Kodeksi Bal Tebligi (No:2020/7)nde
sunulan kriterleri karsilar sekilde kestane balinin
yogun unifloral bir  bal tipi oldugunu
desteklemektedir. Fakat bazi ¢calismalarda, kestane
bali olarak isimlendirilen bal 6rnekleri yogun unifloral
(alt limit olarak en az %70 kestane poleni iceren bal)
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yerine normal unifloral bal olarak (alt limit olarak en
az %45 kestane poleni igeren bal) siniflandiriimigtir
ki (Erkan Alkan, 2020) bu bal érneklerinin yeni revize
edilen Tlrk Gida Kodeksi Bal Tebligi (No:2020/7)'ne
gore kestane bali olarak etiketlenmesi uygun
degildir. Ek olarak Hirvatistan (Sabo v.d. 2011),
ispanya (Rodriguez-Flores v.d. 2016) ve Sicilya (De
Leonardis v.d. 2000) gibi farkl Ulkelerde uretilen
kestane ballarinda kestane poleninin bulunma
sikliginin sirasiyla %21-97, %70,4-90,2 ve >%50
arasinda degigkenlik gosterdigi belirlenmigtir. Bizim
calismamiza benzer sekilde Silici ve Ulgen (2019)
Bursa bdlgesinden topladiklari bal &rneklerinin

Castanea sativa poleni ile temsil edilme oranini
%92,10 olarak belirlemislerdir. Ayni arastiricilar
ayrica Zonguldak bdlgesinden elde ettikleri bal
orneginin botanik orijinin Tilia platyphyllos poleniyle
%41,43 oraninda temsil edildigini rapor etmiglerdir
(Silici ve Ulgen 2019). Yukarida bahsi gegen farkli
calismalarin sonugclariyla da desteklendigi gibi bizim
calismamizda da ayni ilden elde edilmesine ragmen
farkli lokasyonlarda Uretilen kestane bali olarak
tanimlanan o6rneklerin Castanea sativa poleni
oraninin (%71,42-94,78) oldukga farklihk gdsterdigi
gorulmastar.

30514
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Sekil 1. Zonguldak ilinden elde edilen bal 6rnekleri arasindaki benzerligin dendogrami

Figure 1. Dendogram of similarity among the honey samples from Zonguldak province

Bal orneklerinin mikroskobik olarak
degerlendirmesinde ballarin kalitesi ve kaynagi
hakkinda fikir veren bir diger parametre bal
orneklerinin toplam polen sayilaridir. Toplam polen
sayisi bakimindan bal &rnekleri Uretildigi cicek
kaynaklarina iligkin 5 farkli kategoride (Grup I, Grup
II, Grup Ill, Grup IV, Grup V) siniflandiriimaktadir
(Paredes ve Bryant 2020, Jose v.d. 1989, Louveaux
v.d. 1978). Paredes ve Bryant (2020)’'a gore toplam
polen sayilari bakiminda bal érnekleri incelendiginde
genel olarak 10 g balda 20000'nin altinda polen
tanesi iceren bal 6rnekleri Grup | de yer alir. Grup
I’de yer alan bal érnekleri genellikle az polen Ureten
bitki kaynaklarindan Uretilen ballari, filtrelenmis bal
orneklerini, friktoz surubuyla tagsis edilmis bal
orneklerini veya salgi ballarini; Grup II' deki bal
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ornekleri genel olarak normal dizeyde polen
Uretimine sahip olan farkli gigcek kaynaklarindan
uretilen ballari; Grup Il yiksek polen Gretimine sahip
olan bitki kaynaklarindan duretilen bal 6rneklerini
isaret edebilecedi gibi petek gbzlerinde saf polen
tanelerinin bala karistigi numuneleri; Grup IV ve V
ise polen agisindan son derece zengin olan birkag
cicek kaynagindan (6rnegin Mpyosotis sylvatica,
Cynoglossum officinale vb.) Uretilen ballar gosterir
(Paredes and Bryant 2020). Ayrica, Grup IV'te yer
alan bal dérnekleri icin tagsisten suphelenilebilecegi
ve bu nedenle bu bal 6rneklerinde ek kimyasal
analizlerin yapilmasi gerektigi de rapor edilmigstir
(Jose v.d. 1989, Sorkun 2008). Bizim ¢alismamizin
sonuglari  degerlendirildiginde Castanea sativa
poleni igerigi en yiksek oranda (%94,78) tespit



edilen 2 nolu bal 6rneginin bu sonuca paralel olarak
TPS-10 degeri de diger bal 6rneklerinden daha
yuksek (647312) olarak belirlenmis olup Grup IV
kategorisine eklenmistir. YUksek polen Uretimine
sahip bitki kaynaklarindan Uretilen ballar bu
kategoride siniflandiriimaktadir (Paredes ve Bryant
2020) ki kestanede yliksek polen Uretimine sahip
bitkiler arasindadir (Ozkirim 2018). Bununla birlikte
Grup lIl'te siniflandirilan diger g bal 6rnegi (3, 6 ve
7 nolu bal érnekleri) ise 2 nolu 6rnegi takiben en
yiuksek TPS-10 degerine sahip numunelerdi. Bu
durum, bala polen kaynagi olarak katki saglayan
bitki tlru c¢esitlerinin ve oranlarinin toplam polen
sayisi Uzerine dnemli derecede etkili oldugunu isaret
etmektedir. Benzer sekilde, %45'in (zerinde
dominantlik gbsteren bal 6rneklerinin kestane bali
olarak siniflandirididi bir calismada, bal érneklerinin
TPS-10 degerleri 17380- 167772 arasinda
degiskenlik gostermistir (Erkan Alkan, 2020). Ek
olarak, Sakarya ilinin farkl lokasyonlarda Uretilen 22
bal 6rneginin TPS-10 degerleri 34472 -528061
olarak (Erdogan v.d. 2006) ve Ankara'da Uretilen
Castane sativa poleninin dominant olarak
go6zlemledigini bal 6rneginin TPS-10 degeri 18848
olarak bizim calismamizdan daha disik olarak
rapor edilmistir (Silici 2004). Ballardaki TPS-10
degerlerinin farkhlik gdstermesinin sebebi, farkh
bolgelerin florasinda yer alan bitki kaynaklarinin
farkhhgi ile bu bitkilerin bala sagladigi katkinin
dominant, sekonder, mindr ve eser oranlarda
degisiklik gobstermesi, arilarin polen toplama
becerisi, aricilarin bali isleme kosullari vb. nedenler
gOsterilebilir.

SONUG

Yuzyillardir insanoglu tarafindan tiketilen dogal bir
besin maddesi olmasi nedeniyle, ballarin kalite
kriterlerinin ~ belirlenmesi  oldukca ©6nem arz
etmektedir. Bu noktada Turkiye’de piyasaya arzi
saglanan ballarin bazi fizikokimyasal ve kimyasal
parametreler agisindan kalite kriterlerini saglamasi
gerektigi ilgili kuruluslar tarafindan belirlenmistir.
Bununla birlikte, 2020 yilinda revize edilen Turk
Gida Kodeksi Bal Tebligi (No:2020/7)'ne yukarida
sayllan kriterlere ek olarak kestane balinin da dahil
oldugu bazi unifloral bal tipleri igin polen analizi
parametresi eklenmistir. Yapilan bu degisiklik
ballarda botanik orijin dogrulama c¢alismalarinda
polen analizinin 6nemini bir kez daha ortaya
ctkarmistir. Bazi unifloral bal tipleri igin Tirk Gida
Kodeksi Bal Tebligi (No:2020/7)'ne ballarin kalite

kriterleri arasina polen analizinin eklenmesinin dogru
bir adim oldugu dasundlmekle birlikte, kapsaminin
genigletiimesine ihtiyag vardir. Clnkld yapmis
oldugumuz bu c¢alismanin sonuglarinda da
gorulecedi Uzere, ayni bolgede uretilse bile, temelde
arinin tercih ettigi bitkisel kaynagin yodunlugunun
farkhhgi nedeniyle higbir bal 6rnegi bir digeri ile ayni
polen profiline dolayisiyla ayni igerige sahip degildir.
Bu durum, zengin bitki cesitlilidine sahip Turkiye'de
oldukga farkh 6zellikleri olan unifloral bal tiplerinin
uretildiginin de bir gostergesidir. Bu nedenle,
Ulkemizde Uretilen ve piyasada satilan lavanta,
¢orek otu, maydanoz, karagali ve karahindiba gibi
farkli tipte unifloral bal tipleri igin de polen profilleme
calismalarinin yapilmasi ve bu bal tipleri icin de Tark
Gida Kodeksi Bal Tebligi (No:2020/7)ne limit
degerler eklenmesi, haksiz rekabetin énlenmesi ve
tuketici haklarinin korunmasi icin gereklidir. Bu
sekilde Ulkemizde Uretilen farkli unifloral bal tiplerinin
bireysel &zellikleri ortaya cikarilarak daha yuksek
katma degerli Urlnler olarak satigina imkan
taninabilir. Clnkd unifloral bal tipleri sahip olduklari
farkli aroma, renk ve birgok farkh biyoaktif 6zellikleri
sebebiyle tiketiciler tarafindan yogun ilgi gérmekte
ve karisik cicek ballarina kiyasla daha ylksek
fiyatlara satilmaktadir.
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oz

Bu calismanin amaci Bati Karadeniz’ de yer alan orman giilii, kestane florasi ve Yigilca ekotipi ile
aricilikta 6ne gikan Diizce ili bal arisi biyolojik gesitliliginin mevcut durumunu ortaya koymaktir. Bu
kapsamda Diizce iline ait ilgelerde yerel iireticiler tarafindan kurulmus anliklardan toplanan 1440 isgi
an 6rnegi geometrik morfometrik yontemle incelendi. BAB BsPro200 programi kullanilarak, 6rneklerin
sag on kanatlarina 19 landmark yerlestirildi. Landmarklarin koordinatlarina gore ag¢i, uzunluk ve indeks
degerlerini iceren toplamda 31 morfometrik karakterin Olgiimii otomatik olarak elde edildi. Bu
morfometrik karakterlerin bireysel verileri ve koloni ortalamalari Diskriminant Fonksiyon Analizi (DFA)
ile degerlendirilerek gruplar arasi varyasyonlar belirlendi. Diskriminant Fonksiyon Analizi (DFA)’ne
gore Merkez, Akcakoca ve Cumayeri ilgeleri koordinat diizlemi iizerinde birbirlerinden ve diger
ilcelerden belirgin olarak ayrildi. Gimiigsova-Cilimli ve Kaynasli-Yigilca ilgelerine ait grup merkezlerinin
ikili gruplar seklinde iist iiste cakistigi ve Golyaka ilgesi ile yakin kiimelendikleri gézlendi. Koloni
ortalamalan baz alinarak popilasyonlar arasindaki mahalanobis uzakliklarina goére olusturulan
UPGMA dendrograminda; Akgakoca, Yigilca, Merkez, Cilimli ve Giimiigova birlikte gruplanirken,
Cumayeri, Golyaka ve Kaynasli ise birlikte ayri bir grup olusturdu. Bu ¢alisma sonuglari Diizce merkez
ve ilgelerinin ana ar ticareti ve goger aricilik faaliyetlerinden etkilendigini gostermektedir.

Anahtar kelimeler: Apis mellifera L, Biyogesitlilik, Morfometri, Diizce

ABSTRACT

The aim of this study is to reveal the current situation of honey bee biological diversity in Diizce
province, which stands out in beekeeping with Rhododendron flora, chestnut flora and Yigilca ecotype
in the Western Black Sea. In this context, geometric morphometric analyzes were carried out on 1440
worker honey bee samples collected from apiaries established by local producers in the districts of
Diizce Province. By using the BAB BsPro200 program, landmark markings were made on the right
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front wings of the prefixes, and datasets were obtained from 31 morphological character measures,
including angle, length and index values of 19 different wing veining regions. Discriminant function
analysis (DFA) was applied on individual data and colony averages, intra and intergroup variations
were determined. According to the discriminant function analysis (DFA), Merkez, Akgakoca and
Cumayeri districts differed significantly from each other and from other districts on the coordinate
plane. It was observed that the group centers of Giimiisova-Cilimli and Kaynash-Yigilca districts
overlapped in two groups and clustered close to Golyaka district. According to the UPGMA dendogram
created based on the colony averages of the districts; while Akgakoca, Yigilca, Merkez, Cilimli and
Giimiisova were grouped together, Cumayeri, Golyaka and Kaynash formed a different group together.
The results of this study showed that the center and districts of Diizce were affected by queen bee

trade and migratory beekeeping activities.

Key words: Apis mellifera, Biodiversity, Morphometry, Diizce

EXTENDED ABSTRACT

Aim: Dlzce is one of the prominent provinces of
Turkey with its plant flora, mainly of chestnut and
rhododendrons, and the Yigilca ecotype which has
adapted to this flora. In many studies since 2007, the
difference of Diizce / Yigilca honeybee ecotype has
been mentioned. However, previous studies do not
cover all districts of Dizce province. In this study, it
was aimed to compare the Yigilca honeybee with
Duzce in general by making a detailed sampling
covering all districts of Dlizce province, and to reveal
whether the honeybee biodiversity of Dizce
province has been affected morphometrically by
uncontrolled beekeeping activities in recent days.

Material-method: A total of 1440 worker bee
samples were studied from 24 apiaries and 72
colonies, covering 7 districts and the center of
Duzce. By making landmark marking on the right
front wings of the prefixes, a total of 31
morphological characters including angle, length
and index values of 19 different wing veining regions
were automatically measured with the BAB
BsPro200 program. According to the obtained
colony averages and individual data, data files were
prepared and the relations of the populations with
each other were evaluated using Discriminant
Function Analysis (DFA) in the SPSS.15 package
program. In addition, univariate analysis of variance
(ANOVA) was performed in the SPSS package
program to determine which characters are
important in separating the populations. In addition,
the UPGMA dendogram was drawn by based on
mahalanobis distance (D2).

Results: Discriminant function analysis was
performed in terms of measured characters, taking
into account colony averages and individual data. In
the scatter plot drawn according to colony averages,

the first two functions explain 68.0% of the total
variation, while in the scatter plot drawn according to
individual data, the first two discriminant functions
explain 79.8% of the total variation. The DA and PDK
characters, which constitute the first two functions
according to the colony averages, were found to be
important characters in separating the populations.
According to individual data, DA, PDK, K19, B4
characters were determined as important characters
in separating populations. When 31 morphological
characters were compared with ANOVA considering
the colony averages, it was found that all districts
differ from each other in terms of at least one
character (P <0.05). In terms of M17 and L13
characters, Cumayeri, RI, C, and DIU are Yigilca in
terms of characters, and Akcakoca by DA and PDK
characters.

Due to the discriminant function analysis, the centers
of Golyaka, Cilimli and Kaynash districts are closer
to each other than other districts and group members
are intertwined. The group centers of Yidilca and
Golyaka districts are separate from each other and
the group members are partially intertwined. The
group centers of the Merkez, Akgakoca, Giimusova
and Cumayeri districts are separated from each
other and from other districts and clustered around
the group centers. In the scatter plot drawn,
according to the individual data, group centers of
Gimusova-Cilimli, Kaynash-Yigilca districts were
overlapped, while Gdélyaka clustered close to them.
Individuals separated from the group center of
Cumayeri district from other districts partially mixed
with other provinces. The group centers of Merkez
and Akcakoca districts separated from other
provinces and individuals partially mixed with other
districts and with each other. On the other hand,
according to the UPGMA dendogram, Akgakoca,
Yigilca, Merkez, Cilimli and Gumisova were
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grouped together, while Cumayeri, Goélyaka and
Kaynasl formed another group.

Conclusion: As clearly demonstrated in the scatter
plot drawn according to individual data and colony
averages, there were districts in honey bee
populations in Diizce. The results of this study show
that the center and districts of Diizce were affected
by queen bee trade and migratory beekeeping
activities. In order to prevent this situation, it is
necessary to arrange legal measures urgently, to
carry out migratory beekeeping activities in a
controlled manner, and to expand the use of
indigenous queen bees, especially within the
geographical boundaries where there are different
subspecies.

GiRiS
Bal arilari ilk kez Linnaeus (1758) tarafindan Apis
mellifera olarak tir duzeyinde siniflandiriimistir.
Ruttner (1988) morfometrik verilere dayanarak 27
alttir tanimlamistir. Ginimuzde ise; morfometri ve
mtDNA verilerine dayanarak yapilan calismalar
sonucu alttiir sayisi 29'a gikariimistir (Ruttner 1988,
1992, Sheppard v.d. 1997, Sheppard ve Meixner
2003, Arias ve Sheppard 2005, Meixner v.d. 2011,
Rahimi v.d. 2017, Rahimi v.d. 2018). Bugin igin
tanimlanan 29 altturiin yaklasik %20 si Anadolu’'da
bulunmaktadir. Anadolu’nun Asya, Avrupa ve Afrika
kitalar arasinda kavsak teskil etmesi, cografik yapisi
ve zengin bitki gesitliligi bal arisi biyolojik ¢esitliliginin
de zengin olmasini saglayan nedenlerdendir.

Anadolu bal arisi biyolojik gesitliligi ile ilgili ik bilimsel
galismalar  standart  morfometrik  ydntemler
kullanilarak gerceklestiriimis olup, Bodenheimer
(1941) tarafindan baslatiimistir. Bodenheimer
(1941) Tuarkiye'de 7 farkh bal arisi ekotipi
oldugundan bahsetmis, Maa (1953) ise 4 farkl irkin
dogal olarak yayilis gosterdigini ileri surmugtar.
Settar (1983) tarafindan Ege bdlgesi icin yapilan
ayrintili caligma sonuglarina gore; Ege ve Marmara
Bdlgeleri'ne ait bal arisi populasyonlarinin bazi
morfometrik karakterler bakimindan Anadolu arisina
yakin 6zellikler tagimasina ragmen, kismen Anadolu
arisindan ayrildid1 bildirilmigtir. Ruttner (1988)
tarafindan az sayida isgi ari Ornegine dayali
morfometrik ¢alismalarda Kuzeydogu Anadolu’da A.
m. caucasica, Glneydogu Anadolu'da A. m. meda,
Gilineyde Hatay (Antakya) yoresinde A. m. syriaca,
Anadolu’'nun geri kalan kisminda ise A. m.
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anatoliaca’nin yayilis gosterdigi ortaya konmusgtur.
Anadolu’da yayilis gobsteren bu alt tdrlerin
tanimlanmasina iligkin ilk calismalar bacak, kanat ve
dil uzunluklari ve tergit genigligi gibi klasik
morfometrik karakterlerin 6lgimiine dayanmaktadir
(Settar 1983, Ruttner 1988, Karacaoglu ve Firatli
1998, Genger ve Firath 1999, Giler ve Kaftanoglu
1999a, b, ¢, Kandemir v.d. 2000, 2005, Guler 2000,
Giiler v.d. 2002, Giiler ve Bek 2002, Kekegoglu v.d.
2007, Giler ve Toy 2008, Kekegoglu v.d. 2009,
Kekecgoglu ve Soysal 2010, Giler 2010, Gdler v.d.
2013, Koca ve Kandemir 2013). Son yillarda ise
kanat Uzerindeki damarlarin kesisim noktalarina
yerlestirilen landmark tabanl geometrik morfometrik
Olcimler zaman ve isguciu bakimindan avantajlari
nedeniyle daha fazla tercih edilir hale gelmistir
(Kekegoglu v.d. 2007, Kekegoglu 2018, Kambur ve
Kekecoglu 2018a, b). Ginimizde morfometrik
yontemlere ek olarak mtDNA analizlerine ydnelik
genetik calismalar Trakya’da A. m carnica’nin yayilis
gosterdigine isaret etmektedir (Smith 1997, Palmer
v.d. 2000, Kandemir v.d. 2000, 2005, Unal ve Ozdil
2018).

Turkiye'nin zengin bitki florasi bolgelere bagh olarak
degisen farkh klimatik yapisi nedeniyle belirtilen bes
irkin yani sira, morfolojik ve genetik 6zellikleri
bakimindan 6zellesmis lokal ekotipler de ortaya
ctkmistir. Mugla, Dizce/Yidilca, Trakya ve Efe
ekotipleri bunlardan bazilandir (Kekegoglu 2010).
Morfolojik ve genetik Ozellesmelerin yani sira bal
arisi itk ve ekotipleri bazi fizyolojik ve davranis
uyumlari da gostermektedirler (Faria ve Gongalves
2013). Bu uyumlar arasinda en gbze carpani bal
verimidir.  Yapilan g¢alismalarda Dizce/Yigilca
ekotipinin Anadolu ve Kafkas arisindan daha ylksek
bal verimine sahip oldugu, erken ilkbahar geligsiminin
Anadolu ve Kafkas arisindan daha iyi oldugu ortaya
konmustur (Gosterit v.d. 2012, 2016). Trakya
ekotipinin Turkiye’de bulunan diger ari irklarina gére
daha sakin oldudu; ¢cam sezonuna uyum saglamig
olan Mugla ekotipinin ise Anadolu arisinin bir ekotipi
oldugu bildirilmistir (Guler ve Kaftanoglu 1999c). S6z
konusu bu farkli 6zellikler bal arisi ve surdurulebilir
cevre acisindan gelecedin glvencesidir ve
korunmalidir.

Son yillarda yapilan galismalar Ulkemiz bal arisi
biyogesitliliginin goger aricilik faaliyetleri, ticari ana
ari temini ve kontrolsiz aricihik uygulamalarindan
onemli dlgide etkilendigini gdstermektedir (Kambur
ve Kekegoglu 2018a, b, Kekegoglu 2018). Ozellikle
farkh irk ve ekotiplerin bulundugu lokasyonlarda



aricilik faaliyetlerinin daha kontrolli yapilmasi,
koruma alanlarina yabanci irklarin sokulmamasi
gerekmektedir. Duzce kestane ve orman guld
agirhkh bitki florasi ve bu floraya uyum saglamis
Yigilca ekotipi ile 6ne gikan illerimizden biridir. Son
yillarda yapilan ¢alismalarda Dizce/Yigilca arisinin
davranis Ozellikleri bakimindan farkhliklar tasiyan ve
kiguk bir alan icerisinde Iokalize olmus bir
popllasyon oldugu ifade edilmektedir (Kekegoglu
2007, 2009, Tozkar 2020, Karabag 2020). Mevcut
calismalarin ~ ¢ogunlugu, Duzce'nin  Yigilca
ilcesinden toplanmig az sayida O6rnede dayall
analizlerden ibarettir. Bu galismada Duizce ilinin tim
ilcelerini kapsayacak sekilde ayrintili bir érnekleme
yapilimig, Dizce/Yigilca arisi ile diger ilgelerdeki bal
arisi populasyonlari arasindaki farkhlklar ve Diizce
bal arisi biyogesitliliginin  kontrolsiz aricilik

faaliyetlerinden ne odlglide etkilendiginin morfometrik
veriler 1s1ginda ortaya konmasi1 amaglanmigtir.

GEREG VE YONTEM
Orneklerin Toplanmasi

Dizce il merkezi ve ilgelerine ait (Akgakoca,
Gimdisova, Yigilca, Golyaka, Cilimli, Kaynash ve
Cumayeri) toplamda 24 arilik belirlendi. Her bir
arihktan 3’er koloni olacak sekilde toplam 72
koloniden, kovan 6ninden 20 érnek toplandi ve
toplanan  ornekler  %96’lik  alkol igerisinde
laboratuvara getirildi. Laboratuvara getirilen drnekler
+4 derecede muhafaza edildi. Orneklerin toplandigi
lokasayonlara ait koordinatlar, koloni ve birey
sayilari tablo 1'de verilmigtir.

Tablo 1. Orneklerin toplandidi lokalitelere ait koordinatlar, koloni ve birey sayilari.

ilge Lokalite X Y Koloni sayisi | Analiz edilecek iggi an sayisi
Gumisova Derekoy N40.80964 E30.92073 3 3x20
Gumisova Yesilyayla N40.79773 E30.87136 3 3x20
Gumisova Yongalik N40.82239 E30.92320 3 3x20
Akgakoca Haci Yusuflar N41.0502 E31.0534 3 3x20
Akgakoca GCayagzi N41.09576 E31.21917 3 3x20
Akgakoca Akkaya N41.09979 E31.25345 3 3x20
Cilimli Dikmeli koy N40.85380 E31.08308 3 3x20
Cilimli Esenli N40.87066 E31.10318 3 3x20
Cilimli Yenivakif N40.89919 E31.09790 3 3x20
Golyaka Gamlibel N40.74606 E31.02555 3 3x20
Golyaka Gaykoyi N40.75654 E30.93483 3 3x20
Golyaka Esenmahalle N40.78412 E30.99457 3 3x20
Kaynash Dariyeri N40.74993 E31.33587 3 3x20
Kaynash Cele Yakinlari N40.77360 E31.29051 3 3x20
Kaynash Eskikdy N40.4605 E31.1946 3 3x20
Merkez Kutlu Koy N40.77173 E31.15909 3 3x20
Merkez Tokuglar N40.87954 E31.19171 3 3x20
Merkez Orhangazi N40.5438 E31.1009 3 3x20
Cumayeri Tepekoyi N40.88360 E31.01536 3 3x20
Cumayeri Yukariavliyan N40.89713 E30.94878 3 3x20
Cumayeri Tashk koyu N40.5246 E30.5414 3 3x20
Yigilca Hosafoglu koyl N40.5638 E31.2337 3 3x20
Yigilca Merkez N40.5738 E31.2631 3 3x20
Yigilca Kirik kdyi N40.5445 E31.2300 3 3x20
Toplam 72 1440
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Morfometrik Analizler

Toplanan 6rneklerin sag 6n kanat preparatlari her
koloniden 20 drnek, 72 koloniden toplam 1440 6rnek
olacak sekilde hazirlandi (72x20=1440).
Preparatlarin mikroskop altinda resimleri ¢ekildikten
sonra bilgisayar ortaminda bir klasor olusturuldu.
Daha sonra BAB BsPro200 Gériintii isleme Ve
Analiz programinda her bir kanat Uzerinde sekil 1’de
gosterildigi gibi 19 landmark isaretlemesi yapildi.

Referans kanat isaretlemesi yapildiktan sonra diger
kanatlarin landmark isaretlemesi program tarafindan
otomatik olarak yapilmaktadir. Program uzunluk,
indeks ve aci olgimlerine iligkin veri dosyalarini
landmark isaretlemesine dayali olarak otomatik
olarak olusturmaktadir. Landmarklarin
koordinatlarina goére program tarafindan otomatik
olarak olgimi yapilan 31 morfometrik karakterin
kanat Uzerindeki yerleri sekil 2, 3 ve 4’te verilmistir.

B uzunlugu
[152]

i¢ Kanat Uzunlugu
[1;14]

Sekil 2. Standart morfometri kapsaminda deg@erlendirilen uzunluk karakterlerinin kanat sekli Gzerinde gosteriimesi (Kambur

2017).
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[4:9)/[8;10]

Kiibital indeks Prekiibital Indeks
[A)/[B]

Dumb-bell indeks Radial indeks
[1:4)/[5:6] 22— [aR]/[bR]

Sekil 3. Standart morfometri kapsaminda degerlendirilen indeks karakterlerinin kanat sekli Gzerinde gdsterilmesi (Kambur
2017).

J10 Agist J16 Agist K19 Aqisi
(8:9;18) - (12;11;14)

N23 Aqist
(9:18;17)

026 Agisi Q21 Agist Di
151416 " > (11;16;17)

scoidal Agi
A’a-.
q X
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Al Aqist
(:1:4)

G7 Aqist
(3:13:9) e (12:13;14)

G18 Agist

(6:5:10)

H12 Agist
(11;10;12)

Sekil 4. Standart morfometri kapsaminda degerlendirilen agi karakterlerinin kanat sekli Uzerinde gosteriimesi (Kambur

2017).

istatistiki Analizler

Her bir kanat Uzerindeki landmark isaretlemelerine
dayali program tarafindan otomatik olarak
olusturulan 31 morfometrik karakter igin bireysel
veriler ve koloni ortalamalari bazinda iki ayri excel
dosyasi hazirlandi. SPSS-15.0 (SPSS Inc., Chicago,
IL, USA) paket programinda Diskriminant Fonksiyon
Analizi (DFA) ile populasyonlarin birbirlerinden
farkliliklari gerek bireysel veriler gerekse koloni
ortalamalari bazinda degerlendirildi. Ayni zamanda
SPSS paket programinda tek yonll varyans analizi
(ANOVA)/Tukey testi yapilarak populasyonlar
ayirmada hangi karakterlerin  6nemli  oldugu
belirlendi. Ayrica mahalanobis uzakligi (D2)
hesaplanarak UPGMA (Sneath ve Sokal 1973)
dendrogrami gizildi.
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BULGULAR

Duzce ilinin merkez ve 7 ilgesine ait bal arisi
popllasyonlari 31 morfometrik karaktere gore
degerlendirilmis olup, tanimlayici istatistikleri (genel
ortalamalari, standart hatalari, minimum ve
maksimum degerleri) agi (Tablo 2), uzunluk (Tablo
3), indeks (Tablo 4) igin olmak Uzere 3 ayri
kategoride verilmistir.

On kanatta belirlenen 18 agI karakterleri
incelendiginde, A1 (26,07) ve G18 (93,37) icin en
yuksek degerler Gimisova; A4 (35,66), N23 (96,17)
ve 026 (43,10) icin en ylksek degerler Akgakoca;
B3(78,52), B4(102,18), D7(101,38), L13(15,78) ve
M17(43,97) igin en yiksek degerler Golyaka;
E9(20,37), G7(29,51) ve DA(16,59) icin en yuksek
degerler Merkez’ de; H12 (18,36) ve J16 (96,97) icin



en ylksek degerler Cilimli; J10 (59,09) ve
Q21(37,91) icin en ylksek degerler Yidilca ve
K19(81,60) icin en ylksek deger Cumayeri'nde
tespit edildi (Tablo 2).

On kanada ait uzunluk degerleri incelendiginde;
Discoidal uzunluk (DiU) icin en yilksek deger Yigilca
(1,73), en disiuk deger Akgakoca (1,62); radial
uzunluk (RU) igin en yiksek deger Yigilca (3,53), en
dusuk deger Gumisova (3,41); A uzunlugu (A) igin
en yiksek deger Cilimli (0,58), en disik deger
Golyaka (0,52); B uzunlugu (B) igin en yiiksek deger
Yigilca (0,28), en dusik deger Akgakoca, Cilimli ve
Gimdisova (0,25); C uzunlugu (C) igin en ylksek
deger Yigilca (0,96), en dusik deger Akgakoca
(0,88); D uzunlugu (D) igin en yiksek deger Kaynasli
(1,99), en dusik deger Gimusova (1,92); i¢c kanat
uzunlugu (IKU) igin en yiiksek deger Yigilca (4,54),
en dislUk deger Gimusova (4,42); i¢c kanat genisligi
(IKG) igin en yilksek deger Yigilca (2,13), en diisiik
deger Akgakoca (2,01) ilgeleri igin belirlendi (Tablo
3).

Her ilge icin en yUksek ve en duslk indeks degerleri
incelendiginde; Kiibital indeks (Ki) igin en yiiksek
deger Cilimli (2,39), en dusik deger Gdlyaka (2,02);
prekibital indeks (PKi) igin en yiiksek deger Cilimli
ve Goélyaka (2,76), en duslk deger Yigdilca (2,65);
dumb-bell indeks (DBI) igin en yiiksek deger
Glimusova (1,03), en dusik deger Akgakoca ve
Merkez (0,91); radial indeks (RI) igin en yiiksek
deger Yigilca (1,77), en dusik deger Akgakoca
(1,67); pozitif ydnde disccoidal kayma (PDK) igin en
yuksek deger Merkez (0,49), en dislk deger Cilimli
(0,34) ilgelerinde bulundu (Tablo 4).

Dizce ilini temsilen, 31 standart morfometrik
karakterin ortalama degerleri hesaplandi. Buna gore
karakterlerin; A1; 24,28, A4; 33,75, B3; 77,31, B4;
99,55, D7; 99,21, E9; 19,73, G7; 25,40, G18; 89,32,
H12; 17,08, J10; 55,26, J16; 94,04, K19; 77,63, L13;
14,64, M17; 41,14, N23; 92,26, 026; 40,72, Q21;
37,34, DA; 12,98, Ki: 2,17, PKi; 2,73, DBI; 0,95, Ri;
1,71, PDK; 0,39, DiU; 1,67, RU; 3,46, A; 0,55, B;
0,26, C; 0,91, D; 1,96, IKU; 4,47, IKG; 2,07
degerlerini aldiklar tespit edildi.
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Tablo 2. On kanat agilarinin ilgeler bazinda ortalama, standart hata, minimum ve maksimum degerleri

7 A1 A4 B3 B4 D7 E9 G7 G18 H12
iL Koloni Birey sayisi X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx

sayisl (N) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)

Akgakoca 9 180 23,67+0,30 35,66 0,48 78,08 +0,33 95,98 +0,77 98,33 0,45 19,28 +0,24 24,28 +0,14 87,84 0,60 17,31 +0,33
(22,24-24,81) (33,88-37,66) (76,72-7996) (93,02-100,77) (96,95-101,33) (17,61-20,12) (23,43-24,84) (85,28-90,54) (16,31-19,14)

Cumayeri 9 180 22,77 +0,50 34,74 £0,50 77,76 £0,70 97,32 0,87 99,86 +0,49 20,34 0,14 25,45 1,49 87,62 +0,54 16,81 0,19
(20,57-25,32) (32,73-37,16) (73,91-79,94) (94,00-100,68) (98,19-102,03) (19,43-20,82) (23,24-37,32) (85,17-90,09) (15,98-17,62)

Gilimli 9 180 24,10 0,37 33,26 0,27 76,10 £0,39 99,17 0,61 97,96 0,45 19,93 +0,31 24,84 +0,14 91,23 0,52 18,36 0,19
(22,36-25,49) (32,51-34,95) (74,77-77,95) (97,18-102,97) (96,13-99,64) (18,71-21,48) (24,22-25,58) (88,42-92,78) (16,99-18-94)

Gblyaka 9 180 23,21 £0,56 34,05 0,35 78,52 +0,75 102,18 +0,80 101,38 +0,49 18,36 0,17 24,02 +0,18 86,46 +0,34 15,50 +0,29
(20,07-25,37) (32,10-35,60) (75,72-82,02) (98,65-104,35) (99,65-103,70) (17,58-19,07) (23,23-24,68) (84,49-87,52) (14,52-17,26)

Giimiigova 9 180 26,07 +0,30 32,74 £0,36 76,56 0,58 102,14 +0,74 97,45 10,61 19,92 +0,41 25,08 0,89 93,37 £1,02 17,18 +0,31
(24,87-27,83) (30,78-34,10) (74,51-79,21) (98,98-104,78) (94,86-100,09) (18,55-22,21) (23,69-32,11) (88,22-97,06) (15,76-18,37)

Kaynash 9 180 24,83 10,40 32,73-0,27 78,32 +0,64 101,63 +0,69 101,03 +0,56 19,78 0,12 24,67 +0,77 90,87 0,29 18,35 +0,34
(22,92-26,43) (31,34-33,77) (76,35-81,54) (97,98-104,98) (99,30-104,40) (19,22-20,29) (23,40-30,80) (89,74-92,45) (16,72-19,88)

Merkez 9 180 24,92 +1,35 34,74 £0,21 76,83 £0,38 96,63 0,46 99,04 +0,47 20,37 +0,18 29,51 +2,10 89,46 0,51 17,02 0,10
(18,50-29,16) (33,90-35,91) (74,82-78,32) (93,75-99,10) (96,39-100,82) (19,62-21,44) (23,75-37,79) (87,48-92,59) (16,46-17,51)

Yigilca 9 180 24,66 +0,33 32,10 £0,33 76,30 0,36 101,35 +0,80 98,67 0,36 19,83 0,16 25,38 +0,15 87,62 0,58 16,09 +0,36
(23,47-26,81) (30,59-37,66) (74,78-77,77) (97,69-105,19) (97,40-100,42) (18,94-20,57) (24,40-25,90) (85,54-91,25) (14,47-18,16)

Ortalama 72 1440 24,28 +0,24 33,75 10,18 77,31 £0,21 99,55 +0,38 99,21 0,23 19,73 0,11 25,40 0,39 89,32 +0,33 17,08 0,14
(18,50-29,16) (30,59-37,66) (73,91-82,02) (93,02-105,19) (94,86-104,40) (17,58-22,21) (23,23-37,79) (84,49-97,06) (14,47-19,88)

J10 J16 K19 L13 M17 N23 026 Q21 DA
iL Koloni Birey sayisi X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx

sayisi (N) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)

Akgakoca 9 180 57,45+0,87 95,59+0,49 74,54+0,70 15,06+0,30 42,41+0,69 96,17+1,01 43,10+0,69 36,55+0,20 13,89+0,28
(52,41-61,98 (93,12-97,50) (71,76-77,71) (13,51-16,44) (40,02-45,88) (92,86-100,97) (39,06-45,75) (35,57-37,42) (12,43-15,43)

Cumayeri 9 180 51,88+0,48 93,46+0,51 81,60+0,41 12,35+0,14 37,26+0,42 90,73+0,42 42,26+0,86 37,67+0,32 13,42+0,19
(49,64-54,14) (91,82-96,03) (78,93-82,69) (11,73-12,89) (35,30-39,26) (88,34-92,03) (37,01-44,51) (36,59-39,62) (12,65-14,25)

. 53,00£0,59 96,97+0,61 78,96+0,36 14,91+0,14 40,91+0,46 92,43+0,69 40,52+0,27 37,42+0,36 11,54+0,18
Gilimli ° 180 (49,51-56,28) (94,40-98,58) (77,06-80,52) (14,23-15,53) (38,02-43,35) (90,39-96,57) (39,16-41,65) (35,69-39,37) (10,04-12,64)
Gélyaka 9 180 54,11+0,35 92,51+0,57 76,34+0,60 15,78+0,16 43,97+0,24 91,49+0,35 42,99+0,39 37,29+0,29 13,38+0,15
(52,66-56,04) (90,33-95,21) (74,36-80,34) (15,35-16,93) (42,94-45,06) (89,87-93,17) (41,67-45,36) (36,35-38,65) (12,62-14,05)

Giimiisova 9 180 53,00£0,59 93,27+0,45 77,77+0,58 14,25+0,13 41,47+0,57 89,62+0,38 38,73+0,42 37,46+0,24 10,85+0,27
(49,51-56,28) (21,02-95,49) (74,98-79,88) (13,68-14,98) (39,11-44,44) (87,42-91,34) (35,98-40,36) (36,37-38,21) (9,63-13,28)

Kaynash 9 180 55,21+0,49 96,34+0,34 79,52+0,53 14,31x0,21 39,63+0,41 92,08+0,29 39,47+0,38 37,02+0,21 11,89+0,29
(52,79-57,24) (94,35-97,66) (78,15-82,81) (13,10-15,05) (37,83-41,22) (91,08-93,59) (38,20-41,37) (36,26-38,18) (11,71-13,19)

Merkez 9 180 57,71+0,69 91,09+0,70 75,96+0,26 15,06+0,15 43,57+0,47 90,92+0,71 39,91+0,41 37,37+0,25 16,59+0,17
(54,03-60,37) (87,10-94,12) (75,01-77,49) (14,50-15,88) (41,56-45,91) (87,06-93,66) (37,78-42,41) (36,31-38,52) (15,66-17,11)

Yigilca 9 180 59,09+0,62 93,09+0,13 76,39+0,63 15,40+0,17 39,92+0,48 94,15-0,60 38,73+0,68 37,91+0,38 12,28+0,28
(56,35-61,79) (92,33-93,54) (74,45-80,98) (14,61-16,00) (38,08-41,88) (90,10-95,62) (34,93-41,45) (36,45-40,31) (15,62-13,50)

Ortalama 72 1440 55,26+0,36 94,04+0,28 77,63+0,31 14,64+0,13 41,14+0,29 92,26+0,31 40,72+0,27 37,34+0,10 12,9810,21
(48,90-61,98) (87,10-99,58) (71,76-82,81) (11,73-16,93) (35,30-45,91) (87,06-100,97) (34,93-45,75) (35,57-40,31) (9,63-17,11)
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Tablo 1. On kanat uzunluklarinin ilgeler bazinda ortalama, standart hata, minimum ve maksimum degerleri (mm).

Diu RU A B c D iKU IKG
iL Koloni sBal;?gl )((hlﬁr?)-( X % Sx X % Sx X % Sx X % Sx X % Sx X % Sx X % Sx

sayisl (N) Max:) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)

Akgakoca 9 180 1,6240,01 3,46+0,01 0,56 +0,0 0,25 +0,00 0,88 +0,00 1,97 £0,01 4,44 £0,01 2,01 +£0,01
(1,60-1,64) (3,34-3,52) (0,53-0,58) (0,24-0,27) (0,86-0,90) (1,89-2,02) (4,37-4,49) (1,97-2,04)

Cumayeri 9 180 1,65+0,01 3,44+0,02 0,55 0,01 0,27 +0,00 0,89 +0,00 1,96 +0,01 4,44 £0,02 2,07 0,01
(1,61-1,68) (3,33-3,50) (0,53-0,58) (0,26-0,28) (0,86-0,90) (1,87-1,99) (4,31-4,57) (2,01-2,11)

Gilimli 9 180 1,67+0,00 3,44+0,02 0,58 +0,01 0,25 +0,00 0,91 +0,00 1,96 £1,01 4,47 £0,02 2,06 +0,00
(1,66-1,68) (3,33-3,51) (0,55-0,62) (0,23-0,26) (0,89-0,92) (1,86-2,00) (4,33-4,52) (2,04-2,08)

Gélyaka 9 180 1,66+0,01 3,44+0,01 0,52 +0,01 0,26 +0,00 0,89 +0,01 1,97 £0,01 4,43 0,02 2,06 +0,01
(1,63-1,70) (3,40-3,49) (0,48-0,54) (0,25-0,27) (0,87-0,92) (1,97-2,00) (4,37-4,57) (2,02-2,10)

Giimiisova 9 180 1,68+0,01 3,41+0,01 0,56 +0,01 0,25 +0,00 0,90 +0,01 1,92 +0,01 4,42 +0,02 2,06 +0,01
(1,63-1,78) (3,37-3,46) (0,53-0,64) (0,24-0,26) (0,88-0,96) (1,89-1,95) (4,35-4,54) (2,03-2,13)

Kaynash 9 180 1,69+0,01 3,51+0,02 0,55 0,01 0,26 +0,00 0,91 +0,01 1,99 +0,01 4,53 +0,01 2,10 0,01
(1,67-1,73) (3,41-3,56) (0,52-0,58) (0,25-0,28) (0,89-0,93) (1,94-2,02) (4,48-4,58) (2,08-2,15)

Merkez 9 180 1,63£0,00 3,45+0,01 0,55 0,01 0,27 +0,00 0,90 +0,00 1,97 £0,01 4,46 +0,01 2,07 +£0,00
(1,61-1,66) (3,40-3,52) (0,50-0,58) (0,25-0,28) (0,88-0,92) (1,92-2,02) (4,48 -4,59) (2,05-2,08)

Yigilca 9 180 1,73+0,00 3,53+0,01 0,57 0,01 0,28 +0,00 0,96 +0,01 1,98 +0,01 4,54 +0,01 2,13 0,00
(1,71-1,75) (3,48-3,59) (0,55-0,60) (0,23-0,29) (0,93-0,98) (1,94-2,01) (4,48-4,59) (2,12-2,14)

Ortalama 1440 1,6740,00 3,46+0,01 0,55 +0,00 0,26 +0,00 0,91 +0,00 1,96 0,00 4,47 £0,01 2,07 0,00
2 (1,60-1,78) (3,33-3,59) (0,48-0,64) (0,23-0,29) (0,86-0,98) (1,86-2,02) (4,31-4,59) (1,97-2,15)
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Tablo 2; On kanat indekslerinin ilgeler bazinda ortalama, standart hata, minimum ve maksimum degerleri.

76

Ki PKi DBI Ri PDK
iL Koloni sBaI;?gl X * Sx X * Sx X * Sx X * Sx X * Sx

sayisl (N) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)

Akgakoca 9 180 2,30 +0,04 2,72 +0,03 0,91 +0,01 1,6740,01 0,40+0,01
(2,06-2,44) (2,64-2,91) (0,87-0,95) (1,64-1,69) (0,36-0,45)

Cumayeri 9 180 2,05 +0,02 2,75 +0,01 0,97 +0,01 1,7040,01 0,40+0,01
(1,96-2,15) (2,68-2,80) (0,93-1,03) (1,66-1,73) (0,37-0,42)

Gilimli 9 180 2,39 +0,05 2,76 +0,03 0,98 +0,01 1,7040,00 0,34+0,01
(2,24-2,63) (2,68-2,89) (0,94-1,02) (1,69-1,71) (0,32-0,38)

Golyaka 9 180 2,02 £0,03 2,76 +0,02 0,92 +0,01 1,7110,01 0,40+0,01
(1,86-2,13) (2,70-2,83) (0,87-0,96) (1,66-1,74) (0,37-0,41)

Giimiisova 9 180 2,29 +0,05 2,74 +0,02 1,03 £0,02 1,7040,01 0,32+0,01
(2,10-2,47) (2,64-2,84) (0,93-1,17) (1,66-1,80) (0,28-0,36)

Kaynasli 9 180 2,13 +0,04 2,70 +0,02 0,94 +0,01 1,7340,01 0,36+0,01
(1,94-2,37) (2,70-2,90) (0,93-0,98) (1,71-1,77) (0,33-0,40)

Merkez 9 180 2,09 +0,04 2,70 +0,01 0,91 +0,01 1,7240,00 0,49+0,01
(1,91-2,31) (2,67-2,77) (0,83-0,94) (1,70-1,74) (0,46-0,51)

Yigilca 9 180 2,10 £0,04 2,65 +0,01 0,96 +0,01 1,7740,01 0,38+0,01
(1,98-2,27) (2,58-2,72) (0,94-0,98) (1,74-1,79) (0,33-0,42)

72 1440 2,17 +£0,02 2,73 0,02 0,95 +0,01 1,7140,00 0,39+0,01

(1,86,2,63) (2,58-2,91) (0,83-1,17) (1,64-1,80) (0,28-0,51)




Olgimii yapilan karakterler bakimindan koloni
ortalamalari ve bireysel veriler dikkate alinarak
diskriminant fonksiyon analizi yapilmistir. Koloni
ortalamalarina goére cizilen iki boyutlu serpilme
diyagraminda ilk iki diskriminant fonksiyonu toplam
varyasyonun %68,0’ini acgiklarken bireysel verilere
gore cizilen iki boyutlu serpilme diyagraminda ilk iki
diskriminant  fonksiyonu toplam varyasyonun
%79,8'sini aciklamaktadir. Koloni ortalamalarina
gore ilk iki fonksiyonu olusturan DA ve PDK
karakterleri  populasyonlari ayirmada  énemli
karakterler olarak bulunmustur. Bireysel verilere
gére ise DA, PDK, K19, B4 karakterleri
populasyonlari ayirmada énemli karakterler olarak
belirlenmistir (Tablo 5). Bal arisi drneklerinin koloni
ortalamalari dikkate alinarak iki boyutlu ortamda
dagihmini  incelemek amaciyla varyasyonun
%68,0’ini agiklayan ilk iki diskriminant fonksiyonuna
gére iki boyutlu serpilme diyagrami cizildi.
Diyagrama gdre tum ilgelerin grup merkezleri
birbirinden aynimistir  (Sekil 5/A). Sekil 5/A
incelendiginde Golyaka, Cilimli ve Kaynash
ilgelerinin merkezleri dider ilgelere gore birbirlerine

daha yakin konumlanmis olup grup uUyeleri i¢ ice
gecmistir.  Yigilca ve Golyaka ilgelerinin  grup
merkezleri birbirinden ayri ve grup Uyeleri kismen i¢
ice gecmistir. Merkez, Akgakoca, Gimisova ve
Cumayeri ilgelerinin grup merkezleri birbirlerinden ve
diger ilgelerden ayrilmis ve grup merkezleri etrafinda
kimelenmigtir. Bireysel verilere gore cizilen iKi
boyutlu serpilme diyagraminda ise Gimisova-
Cilimli, Kaynasli-Yigilca ilgelerinin grup merkezleri
cakismig, Golyaka ise onlara yakin kiimelenmistir.
Cumayeri ilgesinin grup merkezi diger ilgelerinden
ayrilmis bireyler kismen dider illerle karigmigtir.
Merkez ve Akgakoca ilgelerinin grup merkezleri diger
illerden ve birbirlerinden ayrilmis bireyleri kismen
diger ilgelerle ve birbirleriyle karismistir (Sekil 5/B).

Koloni ortalamalari baz alinarak populasyonlar
arasindaki  mahalanobis  uzakliklarina  gore
olusturulan UPGMA dendrograminda ise; Akgakoca,
Yigilca, Merkez, Cilimli ve Gimisova birlikte
gruplanirken, Cumayeri, Golyaka ve Kaynasl ise
birlikte bir grup olusturdu (Sekil 6).

Tablo 3. Geometrik morfometrik karakterlerin il popiilasyonlar diizeyinde koloni ortalamalari(a) ve bireylere(b)
gore belirlenen fonksiyon sayilarn ve bu fonksiyonlan ifade eden degerler.

Fonksiyon | . o Varyasyon Kiimiilatif Kanonikal Wilks’ . Onem
saylgl Ozdeger delg:;yeri )(,%) degeri (%) | korelasyon | Lambda Ki-kare df diizeyi (P)
1a 60,983 51,9 51,9 ,992 ,000 874,781 217 ,000
1b 8,441 70,8 70,8 ,946 ,008 6901,365 231 ,000
2a 18,947 16,1 68,0 ,975 ,000 662,248 180 ,000
2b 1,072 9,0 79,8 ,719 ,073 3716,773 192 ,000
3a 15,032 12,8 80,8 ,968 ,000 508,106 145 ,000
3b 1, 872 7,3 87,1 ,683 ,151 2683,368 155 ,000
4a 9,541 8,1 88,9 ,951 ,001 365,214 112 ,000
4b 0,631 5,3 92,4 ,622 ,282 1793,951 120 ,000
5a 7,398 6,3 95,2 ,939 ,009 243,918 81 ,000
5b 0,481 4,0 96,4 ,570 ,460 1100,329 87 ,000
6a 3,945 3,4 98,5 ,893 ,074 134,329 52 ,000
6b 0,256 2,1 98,6 ,452 ,682 543,048 56 ,000
7a 1,745 1,5 100,0 7197 ,364 52,009 25 ,001
7b 0,167 1,4 100,0 ,379 ,857 219,590 27 ,000
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Tablo 5’te koloni ortalamalari incelendiginde 7
fonksiyondan 7’si de 6énemli bulunmustur (p< 0,05).
7 diskriminant fonksiyondan birincisi toplam
varyasyonun %51,9’unu, ikinci fonksiyon %16,1’ini
aciklamaktadir. Birinci fonksiyonda discodial agi ve
pozitif yonde discodial kayma, Gglincl fonksiyonda
J16 ve B4 agilari, dérdiinct fonksiyonda C ve D
uzunluklari, i¢ kanat genisligi ve uzunlugu, radial
indeks, radial uzunluk, discodial uzunluk, besinci
fonksiyonda dumb-bell indeks, L13, M17, 026, E9,
K19, A4 ve A1, altinci fonksiyonda B uzunlugu,
prekibital indeks, N23, G18, J10 ve H12 aglilari,
yedinci fonksiyonda kuibital indeks, A uzunlugu, D7,
Q21ve G7 agllan ayirt edici karakterler olarak
belirlendi.

31 morfometrik karakter, koloni ortalamalar dikkate
alinarak ANOVA ile karsilastiriidiginda en az bir
karakter bakimindan tum ilgelerin birbirinden
farkhihgr 6nemli (P<0,05) bulunmusgtur. M17 ve L13
karakterleri bakimindan Cumayeri, Ri, C, ve DiU
karakterleri bakimindan Yigilca, IKG Karakteri
bakimindan Akgakoca, DA ve PDK karakterleri
bakimindan Merkez diger ilcelerden ayriimigtir.

TARTISMA

Bu calismada ANOVA'ya gbre en az bir karakter
bakimindan populasyonlar birbirinden  6nemli
duzeyde farkl bulunmustur (P<0,05). M17 ve L13
karakterleri bakimindan Cumayeri, Ri, C ve DiU
karakterleri bakimindan Yigilca, IKG Kkarakteri
bakimindan Akgakoca, DA ve PDK karakterleri
bakimindan Merkez diger ilgelerden ayriimistir.
Yapilan Onceki calismalarda bazi karakterler
(scutellum rengi; A4, B4 ve AREAG6) Turkiye'de
dogal olarak bulunan irk ve ekotipleri ayirt etmede
onemli morfometrik belirtegler olarak belirlenmistir
(Guler v.d. 2012, Gur v.d. 2018). Kekegoglu (2007)
ise kubital indeks (Cl) ve 6n kanat uzunlugu
karakterlerinin ~ 6nemli belirtegler  oldugunu
bildirmistir. Kekegoglu (2007)'nun Diizce/Yigilca igin
kibital indeks (2,282) degeri bu galismada bulunan
kiibital indeks degerinden (2,10) daha ylksek
bulunmustur. Gir v.d. (2018) ile uyumlu olarak, bu
calismada B4 acisinin popilasyonlari ayirmada
onemli bir karakter oldugu belirlenmistir. Guler v.d.
(2010), B4 damar agisinin énemine deginmis, B4
acisinin 105 ve Uzerinde de@er almasi durumunda
populasyonun A. m. carnica irkina ait olacagini
vurgulamigtir. Bu calisma kapsaminda aricilarla
yapilan  gorismelerde  Gumisova ilgesinde
faaliyetlerini stirdiiren iki aricinin yurt disindan A. m.

carnica’ya ait ticari ana ari getirdikleri bilgisine
ulasiimigtir. Gumdisova ilgesi igin B4 karakterinin
102,14 acgi degeri tasimasi, Guler v.d. (2010)’nin
bildirdigi deger ile uyusmamaktadir. Giler v.d.
(2010) ayni calismada A4 degerine de vurgu
yapmig, A4 degeri “33 ve Uzeri ise A. m. caucasica,
altinda ise degildir’ degerlendirmesini yapmistir.
Duzce ili ilgeleri icin bu degeri karsilastirdigimizda
Gumdisova, Kaynasl ve Yigilca 33'Un altinda, diger
ilceler ise 33’'Un Uzerinde A4 dederi tagsimaktadir.

Gir v.d. (2018) Trakya ve Yigilca bal arisi
populasyonlarini 19 landmarka goére karsilastirdigi
calismasinda, A4, B4 ve AREAG6 karakterlerinin
Trakya bal arisi populasyonlari ile Yidilca bal arisi
populasyonunu ayirt etmede gugli karakterler
oldugunu bildirmistir. Yigilca i¢in bildirilen A4 degeri
(33,90) bu galismada bulunan A4 deg@erinden buylk
bulunurken, B4 degeri (100,10) daha kiguktdir.

Kambur ve Kekegoglu (2018b) calismasinda
Tarkiye’nin farkh irk ve ekotiplerini temsil edecek
sekilde 32 lokasyondan aldiklar bal arisi érneklerini
31 morfometrik karaktere gore karsilastirmislardir.
iki  boyutlu serpilme diyagraminda  diger
populasyonlardan belirgin bicimde ayrilan Ardahan
iline ait oOrneklerde DA ve PDK karakterleri
bakimindan en yiksek degerlere sahip oldugunu,
Gaziantep’ten alinan ari érneklerinin IKU ve DIU
karakterlerinin en disuk ortalamaya sahip oldugunu
bildirmistir. Kambur ve Kekegoglu (2018b) DA ve
PDK karakterlerinin populasyonlari ayirmada en
onemli belirtecler olabilecegini bildirmiglerdir. Bu
galismada birinci fonksiyonu olusturan DA ve PDK
karakterlerinin en yiksek Dizce/Merkez’ de
bulunmus ve iki boyutlu serpilme diyagraminda
merkez diger ilgelerden uzakta kimelenmistir. Bu
bulgular Kambur ve Kekegoglu (2010)'nun
bulgularini  destekler niteliktedir. DA ve PDK
karakterleri populasyonlari ayirt etmede guclu
karakterler olarak degerlendirebilir.

SONUG VE ONERILER

Bireysel verilere ve koloni ortalamalarina gore gizilen
iki boyutlu serpilme diyagraminda Duzce ilinin
Merkez, Akgakoca, Cumayeri ve Gulmisova
ilcelerinin bal arisi populasyonlari diger ilgelerden
ayri gruplar olusturdu. Ornek toplama esnasinda
aricilarla yapilan bireysel goérismelerde bdlgeye
uyum saglamis yerel irk ve ekotipler haricinde
digaridan ana ari temin edildigi bildirilmigtir. Yerel
aricilardan alinan bilgiler ile uyumlu olarak morfolojik
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analiz sonuglarinda da Duzce'nin Yidilca, Kaynasli,
Golyaka, Cilimli ilgeleri harig diger ilgelerine farkli ar
irklarina ait ana ar1 sokuldugunu goésteren bulgulara
ulasiimistir. Bu sonuglar dogal populasyonlarda
gorllen farklilasmalardan ziyade ekonomik kaygi
temelli “verimli ana ari/verimli koloni” eldesine
yonelik olarak farkli kaynaklardan ana ari temininden
kaynaklanan farkliliklardir. Farkh ik ve ekotipleri ile
zengin bal arisi biyogesitliligine sahip olan
Ulkemizde, genetik cesitligin bozulmamasi ve
korunmasi icin acilen yasal 6nlemlerin alinmasi,
gocer aricilik faaliyetlerinin  kontrolli  olarak
yapilmasi, ozellikle de farkl alttirlerin bulundugu
cografik sinirlar igerisinde ybreye 6zgi ana ari
kullaniminin zorunlu hale getiriimesi gerekmektedir.

Mali Kaynak: Bu calisma birinci yazara ait yluksek
lisans tez calismasinin bir pargasi olup, Duzce
Universitesi BAP- 2020.05.01.1071 numarall
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Yazar Katkilari: SB, arastirma calismalarinin
yapiimasi, referanslarin okunmasi, makalenin
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ABSTRACT

Honey is used as food and for the treatment of indigenous medicines worldwide, also in Sri Lanka for
a long time. Siddha Medicine is one of the four indigenous medicines currently practiced in Sri Lanka
and is generally practiced in the Eastern and Northern Provinces of Sri Lanka. This study aims to
explore and highlight the use of honey in pediatric treatments in Sri Lankan Siddha Medicine.
Preparations used to treat pediatric disorders were obtained from standard Sri Lankan textbooks used
in Siddha Medicine degree programs at universities in Sri Lanka [Pararasaseharam (Part Two) and
Seharasasehara Treatment]. A total of 30 preparations were identified using honey as an ingredient or
adjuvant. Honey is generally used to treat indigestion and disorders associated with the digestive
system. This is the first study on the role of honey in pediatric treatments in Sri Lankan Siddha
Medicine. This work identified, analyzed, and documented the use of honey in pediatric treatments in
Sri Lankan Siddha Medicine.

Keywords: Sri Lanka, Siddha Medicine, honey, pediatric treatments

oz

Bal, gida olarak ve diinya ¢apinda yerli ilaglarin tedavisinde ve ayrica Sri Lanka'da uzun siiredir
kullaniimaktadir. Siddha Medicine su anda Sri Lanka'da uygulanmakta olan dort yerli ilagtan biridir ve
genellikle Sri Lanka'nin Dogu ve Kuzey illerinde uygulanmaktadir. Bu galisma, Sri Lanka Siddha
Medicine'de pediatrik tedavilerde balin kullanimini arastirmayi ve vurgulamayi amacglamaktadir.
Pediyatrik bozukluklari tedavi etmek igin kullanilan hazirliklar, Sri Lanka'daki [Pararasaseharam (ikinci
Kisim) ve Seharasasehara Tedavisi] iiniversitelerindeki Siddha Tip derecesi programlarinda kullanilan
standart Sri Lanka ders kitaplarindan elde edildi. Bir bilesen veya yardimci madde olarak bal
kullanilarak toplam 30 preparat tanimlandi. Bal genellikle hazimsizlik ve sindirim sistemi ile ilgili
rahatsizliklan tedavi etmek igin kullanihr. Bu, Sri Lanka Siddha Medicine'de balin pediatrik
tedavilerdeki rolii lizerine yapilan ilk galismadir. Bu ¢galismada, Sri Lanka Siddha Medicine'de pediatrik
tedavilerde balin kullanimini belirlendi, analiz edildi ve belgelendi.

Anahtar Kelimeler: Sri Lanka, Siddha Medicine, bal, pediatrik tedaviler
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GENISLETILMIS OZET

Amaglar ve Hedefler: Bu ¢alisma, Sri Lanka Siddha
Medicine'de pediatrik tedavilerde balin kullanimini
aragtirmay! ve vurgulamayi1 amaclamaktadir. Ayrica,
bu sistematik inceleme, Sri Lanka balyla ilgili
gelecekteki farmakolojik arastirmalar igin faydali
olacaktir.

Balin tedavideki rolii: Sri Lankan Siddha Medicine
pediatrik tedavilerinde balin mistahzar adi, tedavisi,
ilacin turd, yardimci ve referansi dahil bilgiler Tablo
1'de listelenmistir. Cesitli pediatrik bozukluklar igin
toplam 72 preparat iki kaynakta da listelenmigtir:
(Ponniahpilai 2016, Ponniahpilai 2000). Ancak bal,
72 preparatin 30'unda bir bilesen veya yardimci
madde olarak kullaniimaktadir. Ayrica, bal belirli bir
preparatta bir bilesen olarak kullanilirsa, bu
preparasyonda bir adjuvan olarak kullaniimaz ve
bunun tersi de gecerlidir. Dolayisiyla bu,
mistahzarlarda  kullanilan  diger maddelerle
karsilastinldiginda, balin temel olarak pediatrik
tedavilerde kullanilan tek madde oldugunu
gostermektedir. Bu nedenle, bu bilgiler balin Sri
Lanka Siddha Medicine'de pediatrik tedavilerde yer
alan en 6nemli madde oldugunu ortaya koymaktadir.
Tedavilerin ¢ogu (16 preparat ve adjuvan)
Ponniahpillai'de (2016), ardindan Ponniahpillai'de
(2000) tanimlanmustir.

Ayrica bal, c¢ogunlukla pediyatrik tedavilerde
yardimci madde olarak kullaniimaktadir. Oncelikle
toz preparatlarla bir adjuvan olarak ve ardindan
haplar olarak kullanilir. Buna ek olarak, bal genellikle
tonik ve kaynatmada bir bilesen olarak kullanilr,
ardindan pediatrik tedavilerde haplar ve tozlar gelir.
Bal genellikle pediatrik bozukluklarda hazimsizlik,
ishal, kizariklk, ates ve dksurigu tedavi etmek icin
kullanihr. Insan viicudu sistemleri acisindan,
genellikle sindirim, solunum, deri, iskelet, kas, sinir
ve kardiyovaskuler sistemlerle iligkili bozukluklari
tedavi etmek icin kullanilir. Yukarida bahsedildigi
gibi, balin anti-enflamatuar, antibakteriyel, yara
iyilestirme ve antifungal aktivite ¢alismalari, eklem
hastaligi, kizarikhk ve 6kslriik dahil olmak Uzere Sri
Lanka Siddha Tibbinda pediatrik tedavilerde
kullanimina dair bilimsel kanit saglar. Modern tipta
pediatrik tedavide balin kullanildigi birgok klinik
arastirma mevcuttur. Bu calismalar, balin Siddha
tibbi da dahil olmak Uzere geleneksel ilaglar
Uzerindeki iyilestirici etkilerinin bilimsel kanitlarini
saglar. Ornegin, pediyatrik klinik galigmalar dksurik,
yaralar, solunum yolu enfeksiyonlari, bacaklarda
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kronik vendz ulserler, iltihapli, hasarli cilt, herpes,
gastroenterit, yetersiz beslenme, yaniklar, mukozit,
dehidratasyon ve dis c¢ekimi yaralarinin iyilestirici
etkilerini gostermistir (Abdel-Naby Awad ve Hamad,
2018, Abdulrhman v.d. 2011, Abdulrhman v.d. 2010,
Aly v.d. 2017, Haffejee ve Moosa, 1985, Konuk
Sener ve digerleri 2019, Mokhtari v.d. 2019, Paul,
2012, Shaaban v.d. 2010, Shadkam v.d. 2010,
Simon v.d. 2006).

Sonug: Bu, Sri Lanka Siddha Medicine'de balin
pediatrik tedavilerdeki roli Uzerine yapilan ilk
galismadir. Bal, Sri Lanka Siddha Medicine'de
pediatrik tedavilerde hayati bir rol oynar. Ancak bu
preparatlarla bilimsel kanit saglamak i¢in herhangi
bir calisma yapilmamistir. Bu nedenle, bilimsel
kanitlarin yani sira guvenlik ve etkililik amaglari
saglamak icin daha fazla in vitro, in vivo ve klinik
deneyler yapilmalidir. Bu calismada, Sri Lanka
Siddha Medicine'de pediatrik tedavilerde balin
kullanimini belirlendi, analiz edildi ve belgelendi. Ek
olarak, bu calisma, Sri Lanka Siddha Tibbinda
pediatrik tedavilerde bal iceren preparatlar ve
yardimcilarin daha ileri farmakolojik galismalari igin
temel saglar.

INTRODUCTION

In Sri Lanka, 132 bee species belonging to four
families (Apidae, Megachilidae, Halictidae, and
Colletidae) were documented (Wijesekara 2001). Sri
Lanka hosts three species of bees: Apis dorsata
Fabricius (sourced in the district of Matale), Apis
florea Fabricius (sourced in the districts of Kandy,
Puttalam, Matale, Matara, and Trincomalee), and
Apis cerana Fabricius (sourced in the districts of
Badulla and Galle) (Punchihewa 1994, Wijesekara
2001). Honey is used as food and medicine in
indigenous medicines globally also, in Sri Lanka for
a long time. The taste of honey varies depending on
the types of flowers from which nectar is collected.
Plants of families such as Asteraceae, Fabaceae
(Mimosa pudica L.; Vachellia leucophloea (Roxb.)
Maslin, Seigler & Ebinger; Tephrosia purpurea (L.)
Pers.; Gliricidia sepium (Jacq.) Steud.; Acacia
auriculiformis A.Cunn. ex Benth.; and Cassia fistula
L.), Asteraceae (Tithonia diversifolia (Hemsl.)
A.Gray; Wollastonia biflora (L.) DC.; and
Sphagneticola trilobata (L.) Pruski), Myrtaceae
(Eucalyptus camaldulensis Dehnh.), Acanthaceae
(Strobilanthes lupulina Nees), Malvaceae, and



Poaceae are the primary sources of pollen and
nectar for honeybees in Sri Lanka (Silva et al., 2018).

Honey consists mainly of water and sugars such as
fructose, glucose, and sucrose. It also contains
folate, niacin, pantothenic acid, riboflavin, vitamin C,
pyridoxine, proteins, minerals, pinocembrin,
hesperetin, quercetin, chrysin, apigenin, galangin,
kaempferol, ellagic acid, ferulic acid, p-coumaric
acid, and caffeic acid (Allsop and Miller 1996, Eteraf-
Oskouei and Najafi 2013, Zumla and Lulat 1989).
Scientific studies have revealed that honey includes
anti-inflammatory, antioxidant, wound healing,
antidiabetic, antibacterial, and antifungal activities
(Aljadi and Kamaruddin 2004, Al-Mamary et al.
2002, Al-Waili 2005, 2004, 2003, Al-Waili and Boni
2003, Asadi-Pooya et al. 2003, Bansal et al. 2005,
Beretta et al. 2005, Bilsel et al. 2002, Blasa et al.
2006, Brady et al. 1996, Chepulis 2007, Chua et al.
2013, Efem 1988, Frankel et al. 1998, Gheldof and
Engeseth 2002, Jeffrey and Echazarreta 1996,
Meda et al. 2004, Molan 1999, Obaseiki-Ebor and
Afonya 1984, Olaitan et al. 2007, Schramm et al.
2003, Shimazawa et al. 2005, Yaghoobi et al. 2008).

Siddha Medicine is one of the four indigenous
medicines currently practiced in Sri Lanka and is
commonly practiced in the Eastern and Northern
Provinces of Sri Lanka (Weragoda 1980). Siddha
Medicine originated in South India in the time from
10,000 to 4,000 B.C. (Siddha National Institute,
2016). A total of 4,448 diseases have been listed in
Siddha Medicine (Government of Kerala, 2011). The
treatments offered in Siddha Medicine are individual
and are based on age, sex, physical state, diet,
lifestyle, environment, habitat, habits, patient,
physiological structure, weather, mental state, and
appetite  (Ministry of Ayurveda, Yoga, and
Naturopathy, Unani, Siddha, and Homoeopathy,
2017). The raw materials used for Siddha medicinal
preparations come from plants, animals, metals,
minerals, and marine organisms. In addition to these
types of raw materials, honey is also widely used in
a variety of preparations in Siddha Medicine (Siddha
National Institute, 2016). Seven types of honey are

used in Siddha medicinal preparations, including hill
honey, tree branch honey, tree hole honey, anthill
honey, domestic honey, fresh honey, and old honey
(Parasuraman and Perumal, 2020).

This study aims to explore and highlight the use of
honey in pediatric treatments in Sri Lankan Siddha
Medicine. Furthermore, this systematic review would
be useful for future pharmacological research on Sri
Lankan honey.

Preparations used for the treatment of pediatric
disorders obtained from the Sri Lankan standard
university textbooks used in Siddha Medicine degree
programs in Sri Lanka: Pararasaseharam (Part Two)

[Pararaasasharam (Irendaam Paaham)]
(Ponniahpilai  2016) and Seharaasashahara
Treatment  [Seharaasashahara  Vaithththiyam]

(Ponniahpilai 2000). Only preparations involving
honey as an ingredient or adjuvant taken into
account in this study.

The role of honey in treatments

The information, including the name of the
preparation, treatment for, type of medication,
preparation/adjuvant, and reference of the use of
honey in Sri Lankan Siddha Medicine pediatric
treatments are listed in Table 1. A total of 72
preparations for various pediatric disorders are listed
in both sources: Ponniahpilai (2016) and
Ponniahpilai (2000). However, honey is used as an
ingredient or adjuvant in 30 of the 72 preparations.
Also, if honey is used as an ingredient in a particular
preparation, then it is not used as an adjuvant with
that preparation, and vice versa. Hence, this shows
that honey is the only substance mainly used in
pediatric treatments, compared to other substances
used in the preparations. Therefore, this information
reveals that honey is the most important substance
involved in pediatric treatments in Sri Lankan Siddha
Medicine. Most of the treatments (16 preparations
and adjuvants) were identified in Ponniahpillai
(2016), followed by Ponniahpillai (2000).
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Table 1: Use of honey in pediatric treatments

Tablo 1: Pediatrik tedavilerde bal kullanimi

diarrhea

Name of preparation Treatment for Type of | Preparation / | Reference
medication | adjuvant

Akkarahaara Sanjeevi Maaththirai | Fever Pill Adjuvant P
Akkarahaara Kulihai Diarrhea, fever, coma Pill Adjuvant P
Athisaara Piththath Thool Dysentery Powder Adjuvant S
Iraththa Piththam Blood disorders Powder Adjuvant S
Uraththa Piththa Vaathath Thool Indigestion, joint disorders Powder Adjuvant S
Elaathi Maaththirai Fever, indigestion Pill Adjuvant P
Ongaalaththuk Kasaayam Nausea, vomiting Decoction Preparation P
Karappaan Patrpam Skin rashes Powder Adjuvant S
Karappaan Piththath Thool Skin lesion Powder Adjuvant S
Kasththoorimiruththiyaathi Cough Pill Adjuvant P
Maaththirai

Kiranthi Vaathath Thool Joint diseases, skin rashes Powder Adjuvant S
Kumaran Velkanda llehiyam Cough, vomit Tonic Preparation S
Koolppaada llehiyam Cough Tonic Preparation S
Sayapiththath Thool Tuberculosis, indigestion Powder Adjuvant S
Sittramattik Kulihai Indigestion Pill Adjuvant P
Suravikkatrool Fever, hiccough Powder Adjuvant S
Suwarkkakkorosanai Maaththirai Fever, indigestion, diarrhea Pill Adjuvant P
Suwasa Piththath Thool Respiratory disorders Powder Adjuvant S
Suwasaththitrku Enaathik Kulihai Asthma Pill Preparation S
Neermaanthath Thool Indigestion Powder Preparation P
Paravaichchsuraththitrkuk Fever Decoction Preparation P
Kasaayam

Perungaayak kulihai 1 Indigestion, diarrhea, fever, cough Pill Adjuvant P
Perungaayak kulihai 2 Indigestion, diarrhea Pill Adjuvant P
Paanthasannikkuk kulihai Indigestion, coma Pill Adjuvant P
Miruththiyaathik Kulihai Indigestion, fever Pill Adjuvant P
Vaathapatrpath Thool Joint diseases Powder Adjuvant S
Vaayvu Vikkatrool Hiccough Powder Adjuvant S
Vikkat Silettumath Thool Hiccough Powder Adjuvant S
Virana Piththath Thool Wounds Powder Adjuvant S
Venkaayak Kulihai Abdominal distension, indigestion, | Pill Adjuvant P

Abbreviations: P: (Ponniahpillai, 2016); S: (Ponniahpillai, 2000)
Kisaltmalar: P: (Ponniahpillai, 2016); S: (Ponniahpillai, 2000)
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In addition, honey is mainly used as an adjuvant in
pediatric treatments. It is used primarily as an
adjuvant with powdered preparations followed by
pills. In addition, honey is often used as an ingredient
in tonic and decoction, followed by pills and powders
in pediatric treatments. Honey is usually used to treat
indigestion, diarrheic, rash, fever, and cough in
pediatric disorders. In terms of human body
systems, it is generally used to treat digestive,
respiratory, integumentary, skeletal, muscular,
nervous, and cardiovascular systems-associated
disorders. As mentioned above, anti-inflammatory,
antibacterial, wound healing, and antifungal activity
studies of honey provide scientific evidence of its use
in pediatric treatments in Sri Lankan Siddha
Medicine, including joint disease, rash, and cough.
There are several clinical trials available using honey
in pediatric treatment in modern medicine. These
studies provide scientific evidence of the healing
effects of honey on traditional medicines, including
Siddha medicine. For example, pediatric clinical
studies have shown healing effects of cough,
wounds, respiratory infections, chronic venous
ulcers of the legs, inflammatory, damaged skin,
herpes, gastroenteritis, malnutrition, burns,
mucositis, dehydration, and tooth extraction wounds
(Abdel-Naby Awad and Hamad, 2018, Abdulrhman
etal. 2011, 2010, Aly et al. 201, Haffejee and Moosa,
1985, Konuk Sener et al. 2019, Mokhtari et al. 2019,
Paul, 2012, Shaaban et al. 2010, Shadkam et al.,
2010, 2010, Simon et al. 2006).

This is the first study on the role of honey in pediatric
treatments in Sri Lankan Siddha Medicine. Honey
plays a vital role in pediatric treatments in Sri Lankan
Siddha Medicine. However, no study has been
conducted to provide scientific evidence with these
preparations. Therefore, further in vitro, in vivo, and
clinical trials should be conducted to provide
scientific evidence as well as safety and efficacy
purposes. This work identified, analyzed, and
documented the use of honey in pediatric treatments
in Sri Lankan Siddha Medicine. In addition, this work
provides the basis for further pharmacological
studies of preparations and adjuvants that involve
honey in pediatric treatments in Sri Lankan Siddha
Medicine.
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ABSTRACT

Bee stings are one of the most common insect bites. In some insects, including bees, the sting, along
with the venom gland, is separates from the bees’ body after the bite and remains at the site of the
bite. Bee stings are associated with symptoms such as redness of the skin, itching, allergic reactions
causing infection, headache, dizziness, nausea, chest pain, suffocation, breathing difficulty, and
paralysis of the bite area. This review study was conducted to identify Iranian medicinal plants for the
treatment of bee stings. It was used to review articles in Iranian ethnobotanical sources and articles.
Keywords such as bee sting, bee sting, medicinal plants, ethnobotany, identification of medicinal
plants and Iran were used. Databases such as ISI Web of Science, PubMed, Scopus, ISC, ISID, Magiran
and Google Scholar were used to review articles and resources. Medicinal plants such as Aloe vera,
Calendula officinalis, Ruta graveolens L., Allium sativum, Heliotropium ramosissimum, Allium cepa L.,
Taraxacum officinale L., Rosa canina L., Petroselinum crispum, Verbascum songaricum Schrenk.,
Vitex pseudonegundo, Ment eriophora DC., Peganum harmala L, Citrullus colocynthis, Ocimum
basilicum, Curcuma longa were among the most important medicinal plants used in Iranian
ethnobotanical sources to treat bee stings. The most common plant families used for bee stings
include Asteraceae and Lamiaceae. Also, the most plant organs used in bee stings included leaves
(37%), shoots (20%) and flowers (14%). This study lists a number of plants that have been introduced
in different parts of Iran as a treatment and antidote against bee stings and bee stings. This study
introduces a number of herbs that are used in different parts of Iran as a treatment against bee stings.
We believe that the plants can be used as herbal remedies and antidotes against bee stings. Lack of
natural, useful and effective drugs for the treatment of bites leads to the expansion of research on
effective and natural drugs for patients with bites.

Keywords: Bee sting, Medicinal plants, Folk remedy, Traditional medicine, Honey bee
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Arn sokmalari en yaygin bocek isiriklarindan biridir. Arilar da dahil olmak lizere bazi béceklerde, zehir
beziyle birlikte sokma, iIsirmadan sonra arilarin viicudundan ayrilir ve isirik yerinde kalir. Ari sokmalari
ciltte kizariklik, kasinti, enfeksiyona neden olan alerjik reaksiyonlar, bas agrisi, bags donmesi, mide
bulantisi, goglis agrisi, bogulma, nefes almada zorluk ve isirik bolgesinde felg gibi semptomlarla
iligkilidir. Bu inceleme galigmasi, ari sokmalarinin tedavisi igin iran sifal bitkilerini belirlemek amaciyla
yapilmistir. iran etnobotanik kaynaklarinda ve makalelerinde yer alan makaleleri gozden gegirmek igin
kullanildi. An sokmasi, ari sokmasi, sifal bitkiler, etnobotanik, gifali bitkilerin tanimlanmasi ve iran gibi
anahtar kelimeler kullanilmigtir. Makaleleri ve kaynaklari gozden gecirmek igin 1SI Web of Science,
PubMed, Scopus, ISC, ISID, Magiran ve Google Scholar gibi veritabanlari kullanildi. Aloe vera,
Calendula officinalis, Ruta graveolens L., Allium sativum, Heliotropium ramosissimum, Allium cepa L.,
Taraxacum officinale L., Rosa canina L., Petroselinum crispum, Verbascum songaricum Schrenk.,
Vitex pseudonegundoora, Ment a., Peganum harmala L, Citrullus colocynthis, Ocimum basilicum,
Curcuma longa, iran etnobotanik kaynaklarinda ari sokmalarini tedavi etmek igin kullanilan en 6nemli
sifali bitkiler arasindadir. Ari sokmalarinda kullanilan en yaygin bitki aileleri arasinda Asteraceae ve
Lamiaceae bulunur. Ayrica ari sokmalarinda en ¢ok kullanilan bitki organlar yapraklar (%37), suirglinler
(%20) ve gigeklerdir (%14). Bu galisma, iran'in farkli bélgelerinde ari sokmalarina ve ari sokmalarina
kargi bir tedavi ve panzehir olarak tanitilan bir dizi bitkiyi listeliyor. Bu galigma, iran'in farkl
bolgelerinde ari sokmalarina karsi bir tedavi olarak kullanilan bir dizi bitkiyi tanitmaktadir. Bitkilerin
bitkisel ilag ve ari sokmalarina karsi panzehir olarak kullanilabilecegine inaniyoruz. Isiriklarin tedavisi
icin dogal, yararh ve etkili ilaglarin bulunmamasi, isiriklari olan hastalar igin etkili ve dogal ilaglar
lizerine aragtirmalarin geniglemesine yol agmaktadir.

Anahtar Kelimeler: An sokmasi, Sifali bitkiler, Halk ilaglari, Geleneksel tip, Bal arisi

GENISLETILMIS TURKGE OZET

Girig: Ari sokmalari en yaygin bocek isiriklarindan

daha az yan etkiye sahip dogal bir ila¢c kaynagi
kullanmak ¢ok énemli olabilir.

biridir. Arilar da dahil olmak Uzere bazi boceklerde,
zehir beziyle birlikte sokma, 1sirmadan sonra arilarin
vicudundan ayrilir ve isirik yerinde kalir. Ari
sokmalari ciltte kizariklik, kasinti, enfeksiyona
neden olan alerjik reaksiyonlar, bas agrisi, bas
dénmesi, mide bulantisi, gégus agrisi, boguima,
nefes almada zorluk ve isirik bolgesinde felg gibi
semptomlarla iligkilidir. Ari sokmalari ¢ok aci verici
ve can sikicidir. Ancak acinin yani sira kisinin
saghgini da tehlikeye atabilir. Sokmanin yeri gok
onemlidir. Ornegin ari sokmalari gdézlerde gok
tehlikelidir. Ari sokmalarina verilen tepkiler ayrica
zehir miktarina ve bagisiklik tepkisine baglidir. Giren
zehirin miktari ¢oklu 1siriklardan kaynaklaniyorsa,
vicuda ¢ok fazla zehir girmigse ve ar isiran Kkisi,
solunum problemleri veya isirik bdlgesinde siddetli
ve hizli siglikle karsilasacak ve bu komplikasyonu
tedavi etmek icin derhal harekete gegmesi
gerekecek ve digerleri, 1995; King ve digerleri,
1993). Ari sokmalarinin ylksek insidansi nedeniyle
ve ari sokmalarini tedavi etmek icin 6zel bir ilag
bulunmadigindan veya kullanilan ilaglarin birgok yan
etkisi oldugundan, ari sokmalarinda kullanilabilecek

92

Metodoloji: Bu inceleme, iran'in kaynaklarinda ve
makalelerindeki makaleleri gbézden gecirmek igin
yazilmistir. Bu ¢alismada ari sokmasi, ari sokmasi,
sifali  bitkiler, etno-botanik, sifali  bitkilerin
tanimlanmasi ve iran gibi anahtar kelimeler
kullaniimigtir. Makaleleri ve kaynaklari gbézden
gecirmek icin ISI Web of Science, PubMed, Scopus,
ISC, ISID, Magiran ve Google Scholar gibi
veritabanlari  kullanildi. Makale girme kriteri,
bahsedilen anahtar kelimelerdi ve makaleleri
calismanin disinda tutma kriteri, her makalenin
metninde ari sokmasini Onleyici etkiye sahip
bitkilerin olmamasiydi.

Bulgular: Buna gore 47 makale arandi ve bulundu
ve Ug makalenin tam metin versiyonu bulunamadi.
Kaldirilan iki yinelenen makale vardi. Son olarak, 44
makale literatir taramasi igin gbézden gegirildi. 44
makaleden sadece 12'si ari sokmalarinin tedavisi
icin etnobotanik bilgi igeriyordu. Aloe vera,
Calendula officinalis, Ruta graveolens L., Allium
sativum, Heliotropium ramosissimum, Allium cepa
L., Taraxacum officinale L., Rosa canina L.,
Petroselinum crispum, Verbascum songaricum
Schrenk gibi sifall bitkiler, Vitex pseudonegundoora



DC, Ment., Peganum harmala L, Citrullus
colocynthis, Ocimum basilicum, Curcuma longa, iran
etnobotanik kaynaklarinda ari sokmalarini tedavi
etmek icin kullanilan en o6nemli sifali bitkiler
arasindadir. Ari sokmalarinda kullanilan en yaygin
bitki aileleri arasinda Asteraceae ve Lamiaceae
bulunur. Ayrica ari sokmalarinda en ¢ok kullanilan
bitki organlari yapraklar (%37), sirglnler (%20) ve
giceklerdir (%14). Ari zehri viicuda zarar verir. Bu
yaralanma genellikle 1singin yakinindaki alanla
sinirlidir ve bazi durumlarda hayati tehdit edebilecek
sistemik ve tehlikeli komplikasyonlara neden olur.
Alerjik reaksiyonlar bunlari icerir. En tehlikeli ve
olumcul alerjik reaksiyonlarin yani sira olumlerin
cogu, 1sirmadan sonraki ilk saat iginde meydana
gelir.Bunu gidermek ve tedavi etmek icin 6nce ari
sokmasi ¢ikariimali ve iltihabi gidermek icin bir buz
torbasi kullaniimahdir. Ayrica kasinti ve alerijileri
Onlemek igin antihistaminikler alin. Agriy1 hafifletmek
icin agri kesiciler tavsiye edilir. Bununla birlikte,
kimyasal tedavilerin yan etkileri vardir, bu nedenle
uygun bir ¢6zUm olarak dogal ilaglar kullanilabilir.

Sonug: Bu calisma, iran'in farkli bélgelerinde ari
sokmalarina ve ari sokmalarina kargi bir tedavi ve
panzehir olarak tanitilan bazi bitkileri listeliyor. Bu
galisma, iran'in farkl bélgelerinde ari sokmalarina
karsi bir tedavi olarak kullanilan bir dizi bitkiyi
tanitmaktadir.  Bitkilerin  bitkisel ilag ve ar
sokmalarina karsi panzehir olarak
kullanilabilecegine inaniyoruz. Isiriklarin tedavisi icin
dogal, vyararli ve etkili ilaglarin bulunmamasi,
Isiriklari olan hastalar icin etkili ve dogal ilaglar
Uzerine aragtirmalarin genislemesine yol
acmaktadir.

INTRODUCTION

Although many insects cause problems with human
bites, the insects that are most likely to cause
medical problems include bees, common bees, and
ants (Oliveira et al., 2007). Among all the insect
bites, bee stings should be avoided. Bee stings by
themselves may not be a problem, but multiple
stings, such as when a beehive falls on a person,
can be fatal (Oliveira et al., 2007). Many people are
also allergic to bee venom. When bees or wild bees
bite, they inject their venom under the surface of the
skin. In this case, severe pain, local swelling and
redness occur. The pain caused by a bee sting may
last for hours or even a day or two (Schumacher et
al., 1995; King et al., 1993). Complications of bee
stings are red, swollen, itchy, and sometimes painful

(Whitfield et al., 2006; Harpur et al., 2012; Oxley et
al., 2020). Bee stings can sometimes cause allergic
reactions in some people. Bee stings can also be
infected by scratching. Headache, dizziness,
nausea, chest pain, suffocation, and difficulty
breathing are other symptoms of a bee sting. Also, if
the bite is in the ear area, it can cause the toxin to
enter the facial nerve, which is located just below the
surface of the skin, and cause paralysis of that area
of the face (Whitfield et al., 2006; Harpur et al., 2012;
Oxley et al, 2020; Bloch et al., 2010). In the
treatment of bee stings, it is necessary to pay
attention to the fact that there is no specific antidote
for bee venom and the treatment depends on the
severity of the patient's symptoms. In many cases,
they are able to control these allergic reactions
(Hoover et al., 2018). Chemical treatments for bee
stings include the use of antibiotics, painkillers, and
antihistamines, including promethazine,
hydroxyzine, loratadine, cetirizine, fexofenadine, or
diphenhydramine to prevent allergies and pain
(Chen et al., 2016). Among these, one of the
treatments used in the treatment of bee stings is the
use of complementary medicine (Chen et al., 2016).
Indigenous knowledge and traditional medicine can
be considered as a part of the unique culture of each
land culture (Moayeri et al., 2016; Bahmani et al.,
2019; Asfaw and Fentahun, 2020). That knowledge
is the findings that have been obtained through
experience to adapt to the specific environmental
conditions of the ecosystem and have gradually
become part of the social and productive systems.
Numerous studies have shown that medicinal plants
contain antioxidants and effective substances that
have many beneficial effects on health and are used
for a variety of diseases (Moayeri et al., 2016;
Bahmani et al., 2019; Abbasi et al., 2016; Eftekhari,
2020; Zangeneh et al., 2019; Mahdavi et al., 2019;
Valadi et al., 2010; Baharvand-Ahmadi et al., 2015).

Bee stings are very painful and annoying. But apart
from the pain, it can also endanger a person's health.
The location of the sting is very important. For
example, bee stings are very dangerous in the eyes.
Reactions to bee stings also depend on the amount
of venom and the immune response. If the amount
of venom entering is due to multiple bites, a lot of
venom has entered the body and the bee bite person
will face respiratory problems or severe and rapid
swelling at the site of the bite and needs immediate
action to treat this complication (Schumacher et al.,
1995; King et al., 1993). Due to the high incidence of
bee stings and since there is no specialized drug to
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treat bee stings or the drugs used have many side
effects, so using a natural source of medicine with
fewer side effects that can be used in bee stings can
be very important.

METHOD FOR REVIEW

The present review is written to review articles in the
sources and articles of the racial people of Iran. In
this study, keywords such as bee sting, bee sting,
medicinal plants, ethnobotany, identification of
medicinal plants and Iran were used. Databases
such as ISI Web of Science, PubMed, Scopus, ISC,

Figure 1. The criteria and the number of entry and exit articles

ISID, Magiran and Google Scholar were used to
review articles and resources. The criterion for
entering articles was the mentioned keywords and
the criterion for excluding articles from the study was
the absence of plants with anti-bee sting effect in the
text of each articles. Accordingly, 47 articles were
searched and found. Three articles also lacked full
text. There were two duplicate articles that were
removed. Finally, 44 articles were reviewed for
literature review. Out of 44 articles, only 12 articles
contained ethnobotanical information for the
treatment of bee stings. The flow chart of the search
strategy and the inclusion and exit criteria of the
articles are specified in Figure. 1.
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RESULTS

In different regions of Iran, such as northern Iran
(northeast Persian Gulf), southern of Iran
(Khuzestan, Behbahan, Fasa, Kazerun, Abadeh),
eastern Iran (Sistan, Mashhad, Khash), western Iran
(Dehloran and Abdanan) and central Iran (regions
Central Iran, Jandagh) A group of plants used to
treat bee stings. A review of Iranian ethnobotanical
sources showed that medicinal plants such as Aloe
vera, Calendula officinalis, Ruta graveolens L.,
Allium sativum, Heliotropium ramosissimum, Allium

cepa L., Taraxacum officinale L., Rosa canina L.,
Petroselinum crispum, Verbascum songaricum
Schrenk, Vitex pseudonegundo, Mentha piperit,
Achillea eriophora DC., Peganum harmala L,
Citrullus colocynthis, Ocimum basilicum, Curcuma
longa and also some other plants are among the
most important medicinal plants used in lranian
ethnobotanical sources to treat bee stings. The list
of plants, families, organs used, and the respective
city is given in Table 1 and bioactive compounds,
chemical/Molecular formula and figure of medicinal
plants affecting bite on Table 2.

Table 1. Medicinal plants affecting bite and additional information about the organ used, Persian name, region used

Scientific Ffamily Persian name Organ Region used Bioactive Chemical
names used compounds formula
Aloe vera Asphodelaceae Alovera Leaves Behaman (Razmjoue | Aloesin C19H2209
et al,, 2017)
Calendula Asteraceae Pot | Pot marigold flowers Behaman (Razmjoue | a-cadinol C15H260
officinalis marigold et al,, 2017)
Ruta graveolens | Rutaceae Common rue Aerial Behaman (Razmjoue | Rutin Ca27H30016
L. organs et al., 2017
Allium sativum Amaryllidaceae Garlic Onion Jandagh (Ghasemi | Alliin CsH11NOsS
Dehkordi et al., 2012)
Heliotropium Boraginaceae Aftabparaste Leaves Jandagh (Ghasemi | B-amyrin C30Hs500
ramosissimum porshkhe Dehkordi et al., 2012)
Allium cepa L. Amaryllidaceae Piaz Onion Khuzestan Phenol CsHsOH
(Khodayari et al,
2012)
Taraxacum Asteraceae Dandelion flowers Khuzestan Phenol CsHsOH
officinale L. (Khodayari et al,
2012)
Rosa canina L. Rosaceae Dog rose Fruits Khuzestan Oleanolic acid C30Ha4803
(Khodayari et al,
2012)
Petroselinum Apiaceae Parsley Leaves Khuzestan Coumarin CoHsO2
crispum (Khodayari et al,
2012)
Verbascum Scrophulariaceae | Benje mari Aerial Khuzestan Butanoic acid CH3CH2CH2CO2H
songaricum organs (Khodayari et al,
Schrenk. 2012)
Vitex Verbenaceae Bangrou Leaves Khuzestan 1,8-Cineole C1oH180
pseudonegundo and (Khodayari et al,
flowers 2012)
Mentha piperita Lamiaceae Mentha Leaves Northeast Persian | Menthol Ci1oH200
longifolia  var. Gulf (Rajaei et al.,
asiatica 2012)
Achillea Asteraceae Yarrow Leaves Northeast Persian | Camphor C1oH160
eriophora DC. and Gulf (Rajaei et al.,
flowers 2012)
Heliotropium Boraginaceae Aftabparast Leaves Fasa (Ramezanian et | Phytol C20H400
europaeu al., 2016)
Peganum Zygophyllaceae Peganum Fruits and | Dehloran and | Harmaline C13H1aN20
harmala L. harmala Leaves Abdanan (Ghasemi
Pirbalouti et al., 2013)
Citrullus Curcubitaceae Squash Fruits Sistan and | Anthrano C14H100
colocynthis Baluchestan
(Dolatkhahi et al.,
2012)
Heliotropium Boraginaceae Aftabparast Aerial Kazeroun Kaempferol C15H1006
europaeum L. organs (Iranmanesh et al,,
2010)
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Calotropis Apocynaceae Calotropis Leaves Khash (Mirshekar et | Quercetin C15H1006
procera procera and al., 2019)
branches
Hyssopus Lamiaceae Hyssop Leaves Central Regions of | Isopinocamphone | C1oH160
officinalis Iran (Mirshekar et al.,
2019)
Ocimum Lamiaceae Basil Leaves Khuzestan Methyl eugenol C11H1402
basilicum (Khodayari et al,
2015)
Dracocephalum Lamiaceae Dracocephalum Aerial Khuzestan Eucalyptol C10H180
spp. organs (Khodayari et al,
2015)
Curcuma longa Zingiberaceae Turmeric Aerial Northeast Persian | Curcumin C21H2006
organs Gulf (Rajaei et al.,
2012)
Artemisia aucheri | Asteraceae Mugworts Seeds and | Fasa (Ramezanian et | Camphene CioH1e
flowering al., 2016)
branches
Thymus vulgaris Lamiaceae Thymes Aerial Dehloran and | Thymol C1oH140
organs Abdanan (Ghasemi
Pirbalouti et al., 2013)
Doronicum Asteraceae Darvaj Root Sistan and | Germacrene D CisH2s
pardalianches L. Baluchestan
(Dolatkhahi et al.,
2012)

Table 2. Bioactive compounds, chemical/Molecular formula and figure of medicinal plants affecting bite

Bioactive compounds

Chemical formula

Figure of molecular formula

Aloesin

C19H2209

(o}

C15H260

a-cadinol

/5\ ¥

96




Rutin C27H3001

Alliin CeH11NO3S
B-amyrin C3oHs00 s
Phenol CsHsOH
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Oleanolic acid C30H4803
Coumarin CoHsO2
Butanoic acid CHsCH2CH2CO2H WOH
(0]
1,8-Cineole C1oH180
(0
Menthol C1oH200




Camphor C1o0H160
Phytol C20H400
Harmaline C13H14N20
Anthranol C14H100 OH

As shown in figure 1, the most common plant
families used for bee stings are Asteraceae and
Lamiaceae. Also, most of the plant organs used

bee stings included leaves (37%), shoots (20%)

and flowers with 14%. Other additional information

in in this regard is shown in figure 1.
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m Leaf = Flower = Aerial parts

Bulb = Fruit = Root = Seed m Plantbranch = Flowering branch

Figure 1. Percentage of use of plant organs for bee stings in this study

DISCUSSION

Bee venom causes damage to the body. This injury
is usually limited to the area near the bite and in
some cases causes systemic and dangerous
complications that can even be life threatening.
Allergic reactions include these. Most dangerous
and deadly allergic reactions, as well as most
deaths, occur within the first hour after the bite
(Hoover and Ovinge, 2018; Chen et al., 2016). In
cases of bee stings, symptoms such as swelling of
the lips, tingling in the hands, hypotension and
dizziness, severe shortness of breath and
anesthesia should occur, the person should go to the
emergency room and be treated. In this case, the so-
called medical person suffers from anaphylactic
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shock. If a person suffers from this shock, the next
time the bee stings, they should inject 0.1 cc
ampoule of epinephrine, which is a subcutaneous
ampule, before going to the emergency room. In the
absence of the above symptoms, the sting is
accompanied by severe swelling and pain. To
relieve and treat it, the bee sting must first be
removed and an ice pack must be used to relieve the
inflammation. Also take antihistamines to prevent
itching and allergies. Painkillers are recommended
to relieve pain. However, chemical treatments have
side effects, so natural remedies can be used as a
suitable solution (Shakib et al., 2020; Karimian,
2019).
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Traditional medicine and ethnobotanical knowledge
for most diseases have herbal prescriptions. In this
study, it was found that in Iran, medicinal plants such
as Aloe vera, Calendula officinalis, Ruta graveolens
L., Allium sativum, Heliotropium ramosissimum,
Allium cepa L., Taraxacum officinale L., Rosa canina
L., Petroselinum crispum, Verbascum songaricum
Schrenk, Vitex pseudonegundo, Mentha piperita,
Achillea eriophora DC., Peganum harmala L,
Citrullus colocynthis, Ocimum basilicum, Curcuma
longa and also some other plants are among the
most important medicinal plants used in lranian
ethnobotanical sources to treat bee stings. In the
knowledge of traditional Indian medicine Medicinal
plants such as Acanthus licifolius Linn.,
Achyranthes aspera Linn., Aconitum balfourii (Bruhl)
Muk. Adiantum lunulatum Linn., Aegle marmelos
(Linn.) Correa, Aerva lanata (L.) Juss. Ex Schult,
Allium cepa Linn., Citrullus colocynthis (Linn)
Schrad., Allium sativum Linn, Butea monosperma
(Lamk.) Taub are used in cases of venomous bites
(snakes) (Khan er al., 2014; Singh et al., 2012;
Ayyanar et al., 2011; Alagesaboopathi et al., 2013).

Another study found that Mimosa pudica, Soymida
febrifuga, and Tephrosia purpurea were used in
cases of bites (Kunjam et al., 2013). In Iranian
medicine, medicinal plants such as Ruta graveolens
L., Allium cepa L., Vitex pseudonegundo, Artemisia
aucheri and Doronicum pardalianches L. are used to
treat scorpion bites and snake bites (Astaraki et al.,
2019). The results of studies showed that the native
medicinal plants of each region are diverse and
different in the discussion of bites, and the reason is
the medicinal cultures and experimental knowledge
of different regions, which are different. It can be said
that medicinal plants are used not in raw form in the
form of plants but as effective herbal medicines in
the treatment of diseases (Alizadeh et al., 2018;
Abbaszadeh et al., 2018; Sedighi et al., 2019; Nouri
et al, 2019; Gholami-Ahangaran et al., 2020;
Salahvarzi et al.,, 2020; Baharvand-Ahmadi et al.,
2015).

This article lists a number of plants that have been
introduced in different parts of Iran as a treatment
and antidote against bee stings and bee stings .
Based on the knowledge of traditional and ethno-
herbal medicine of Iran, we believe that they can be
used as medicine and herbal antidotes against bites,
especially bee stings .Existence of interest and
knowledge in this science in different Iranian ethnic
groups has led to the use of valuable methods for
finding new medicinal plants and herbal remedies

against bee stings. Lack of natural, useful and
effective drugs for the treatment of bites leads to the
expansion of research on effective and natural drugs
for patients with bites.
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oz

Probiyotikler, yeterli miktarda uygulandiklarinda konakglya saglk yararlari saglayan canli
mikroorganizmalardir. Probiyotikler bagirsak florasini diizenler, bakteriyel toksinlere kargi hidrolitik
enzimler salgilar, toksin reseptorlerini inaktive eder, immun sistemi diizenler, patojenlerin viriilensini
azaltir, olumsuz metabolitleri azaltir, yararli metabolitleri arttirir, infeksiyonlarda ve inflamatuvar
hastaliklarda tedavi ve korunmada rol oynar. Lactobacillus, Streptococcus, Lactococcus ve
Bifidobacterium cinslerine ait gesitli tiirler, bugiine kadarki en popiiler probiyotik etkenlerdir. Son
yillarda probiyotikler, hem insanlarda hem de hayvanlarda tedavi edici ve koruyucu amaclarla
kullaniimaya baglanmistir. Son yillarda bal arisi saghginda da oldukga sik kullanilmaya baslanmistir.

Anahtar Kelimeler: Bal Arisi, Probiyotik, Tedavi, Koruyucu

ABSTRACT

Probiotics provide health benefits to the host when not administered adequately. Probiotics regulate
the intestinal flora, secrete hydrolytic enzymes against bacterial toxins, inactivate toxin receptors,
regulate the immune system, reduce the virulence of pathogens, reduce negative metabolites, increase
their metabolites, play a role in infections and inflammatory diseases and protection. Various species
belonging to the Lactobacillus, Streptococcus, Lactococcus and Bifidobacterium genera are by far the
most popular probiotic agents. Recent probiotics are being used for therapeutic and preventive
purposes in both humans and animals. The latest news has started to be used quite frequently in the
honey bee right.

Keywords: Honey Bee, Probiotic, Treatment, Preservative

EXTENDED ABSTRACT pathogens, reduce negative metabolites, increase
beneficial metabolites, play a role in the treatment
and prevention of infections and inflammatory
diseases. In recent years, probiotics have been used
both prophylactically and therapeutically in both
humans and livestock due to their ability to regulate
the gut microbiota and immunological systems.
Especially intestinal bacteria are widely used as
probiotics. These probiotics are added to foods and
diets.

Goal: Probiotics are live microorganisms that, when
administered in sufficient quantity, provide health
benefits to the host. Various species belonging to the
Lactobacillus, Streptococcus, Lactococcus and
Bifidobacterium genera are the most popular
probiotic agents to date. Probiotics regulate the
intestinal flora, secrete hydrolytic enzymes against
bacterial toxins, inactivate toxin receptors, regulate
the immune system, reduce the virulence of
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Discussion: Among probiotic bacteria, especially
lactic acid and acetic acid bacteria, they tolerate
acidic pH, are effective in the metabolism of various
sugars and have interesting properties such as
organic acid production. These unique properties
play a role in preventing the colonization of the
sugar-rich digestive tract of honey bees and the
spread and growth of acid-sensitive pathogenic
bacteria. Among probiotic bacteria, especially lactic
acid and acetic acid bacteria, they tolerate acidic pH,
are effective in the metabolism of various sugars and
have interesting properties such as organic acid
production. These unique properties play a role in
preventing the colonization of the sugar-rich
digestive tract of honey bees and the spread and
growth of acid-sensitive pathogenic bacteria. The
development of the hypopharyngeal glands is
stimulated with the structure known as "fat bodies",
which is important in energy and metabolism in
honey bees where probiotic bacteria are added to
their food, and the rate of protein utilization has also
increased. Lactic acid bacteria (LAB), the natural
inhabitants of the honey bee gastrointestinal tract,
play an important role in maintaining the intestinal
microbial ecosystem. Honey bee LABs are very
important in food digestion, high stimulation of the
bees' immune system, elimination of pathogens, and
maintenance of microflora homeostasis in the honey
bee intestine. Lactic acid bacteria are known to
produce antimicrobial agents (antimicrobial peptide-
AMP) that eliminate pathogenic microorganisms.
Thirty species of lactobacillus were used in honey
bee research where lactic acid bacteria were used
as probiotics. These bacteria P.larvae (American
foulbrood-AFB), Melissococcus plutonius (European
foulbrood-EFB), Nosema apis and Nosema cerena.
It has been determined that there are many benefits
such as protection, treatment, survival rate,
reduction of pathogen burden in honey bee
pathogens and the infections they cause. Most of the
research on Bifidobacterium supplementation in
honey bees has focused on stimulating brood
production, increasing colony production, and their
use in the treatment of fungal diseases such as
nosemosis and chalkbrood disease.

Conclusion: The high density of honey bees in the
colony, trophallaxis among the members of the
colony and feeding of the offspring by caregivers are
important in spreading diseases among the
individuals in the colony. For these reasons, the use
of probiotics as an alternative to antibiotics is of
particular importance in preventing and combating

diseases in honey bees. Probiotics are defined as
living, safe microorganisms that positively affect
health and support the prolongation of their host's
lifespan.

GIRIS
Probiyotikler, yeterli miktarda uygulandiklarinda
konakgclya saghk vyararlan  saglayan canl
mikroorganizmalardir. Lactobacillus, Streptococcus,
Lactococcus ve Bifidobacterium cinslerine ait gesitli
turler, buglne kadarki en populer probiyotik
etkenlerdir (Oliveira v.d. 2017). Probiyotikler
bagirsak florasini dizenler, bakteriyel toksinlere
karsi hidrolitik enzimler salgilar, toksin reseptorlerini
inaktive eder, immun sistemi dizenler, patojenlerin
virllensini azaltir, olumsuz metabolitleri azaltir,
yararli metabolitleri arttinr, infeksiyonlarda ve
inflamatuvar hastaliklarda tedavi ve korunmada rol
oynar (Chen v.d. 2017, Diaz-Vergara v.d. 2017,
Hossain v.d. 2017). Son yillarda probiyotikler,
insanlarda ve birgok giftlik hayvaninda bagirsak
mikrobiyotasini ve immunolojik sistemleri
diizenleme yetenekleri nedeniyle hem profilaktif hem
de tedavi edici olarak kullaniimaya baglamistir
(Celiberto v.d. 2017, Chen v.d. 2017). Ozellikie
bagirsak kokenli bakteriler probiyotik olarak yaygin
olarak kullaniimaktadir. Bu probiyotikler genelde
gida ve diyetlere ilave edilerek kullanilir (Gourbeyre
v.d. 2011).

Probiyotiklerin saglk icin kullanimi, insan ve hayvan
beslenmesinin yani sira g¢esitli omurgasizlarin
gidalarinda da kullaniimaya baglanmistir (Patterson
ve Burkholder 2003, Talpur v.d. 2012). Probiyotik
bakteriler, izole edildikleri tdrlerin  diyetine
eklendiginde daha faydalidir (Ptaszynska v.d. 2016).
Probiyotik bakterilerden 6zellikle laktik asit ve asetik
asit bakterileri, asidik pH'ye tolerans gdosterir, cesitli
sekerlerin metabolizmasinda etkilidir ve organik asit
uretimi gibi ilgi c¢ekici Ozelliklere sahiptir. Bu
Ozellikleri sayesinde, bal arilarinin seker agisindan
zengin sindirim kanalinin kolonizasyonunu ve aside
duyarli patojenik bakterilerin  yayilmasini ve
gelismesinin engellenmesinde rol oynar (Hamdi v.d.
2011).

Gidalarina probiyotik bakteri ilave edilen bal
arilarinda enerji ve metabolizmada 6nemli olan, “fat
bodies” (yad doku) olarak bilinen vyapi ile
hypopharyngeal bezlerin gelisimi uyariimis, ayrica
proteinden yararlanma oranlari da artmistir
(Kazimierczak-Baryczko ve Szymas 2006).
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Bagirsak mikrobiyotasi ari saghdinda énemli bir rol
oynadigindan, antibiyotik kullanimina bagli olarak
art  bagirsagi  mikrobiyotasinin  dengesi de
bozulabilmektedir (Martinson v.d. 2012). Avrupa’da
bal arisi Urunlerinde antibiyotik kalintilarinin
bulunmasi bal arisinin yagsam suresi ve canllig
Uzerinde olumsuz etkilere neden oldugu igin
antibiyotik kullanimi yasaklanmigtir, bu nedenle
dogal alternatif arayiglar artmistir (Genersch 2010).
Bal arisinin bagirsak sistemi, sayl ve c¢esit olarak
insan ve dider hayvanlara gére daha az sayida
bakteri igerir. Arka bagirsakta yogunlagan sekiz ana
bakteri grubundan olusur. ki Alfa, bir Beta -, iki
Gammaproteobacteria, iki yakindan iligkili
Lactobacillus grubu (Firm 4, 5) ve bir Bifidobacterium
(Bifidobacterium asteroidetes) (Moran 2015).
Bazilari tim bal arlarinda (Lactobacilli, Beta- ve
Gammaproteobacteria) bulunur, ancak diger bakteri
gruplari bazi bireylerde tamamen bulunmayabilir
(Moran v.d. 2012). Bagirsak mikrobiyatasinda
bulunan en 6nemli Gram-negatif Uyeleri olan;
Snodgrassella alvi (S. alvi) ve Gilliamella apicola (G.
apicola), Apis mellifera (bal arisi) ve Bombus spp.
(bombus arisi) ari ailelerinin ortak simbiyontlardir.
Frischella perrara (F. perrrara) ve Bartonella apis (B.
apis) ise yalnizca Apis spp'de bulunan ve konakgiya
daha spesifik olan etkenlerdir (Moran v.d. 2012,
Kwong v.d. 2017b). Antimikrobiyal kimyasallara
maruz kalma, oO6nemli mikrobiyota Uyelerinde
azalmaya sebep olabilir (Raymann v.d. 2018).

Antibiyotikler gibi kimyasal maddelere maruz kalarak
dengesi bozulmug mikrobiyotanin, saglikli dondr
kovanlarindan alinan veya karakterize edilmis bir
mikrobiyal konsorsiyumdan gelen diski maddesi
kullanilarak yeniden duzenlenmesi, mikrobiyota
fonksiyonlarini  yenilemektedir. Hastaliga direngli
fenotiplerin, bombus arilarinda mikrobiyota nakli
yoluyla aktarilabilir oldugu gosterilmistir (Napflin ve
Schmid-Hempel 2016).

Bagirsak  bakterileri, bal arisi larvalarinin
bagisikligini uyarir ve patojenlere karsi bagisiklik
tepkilerinin artmasini saglar. Larvalari, probiyotik
bakteriler ile desteklenen bir diyetle beslemek,
bagisiklikta gorev alan genlerin transkripsiyonunu
uyarir. Bdylece patojenlere karsi immun yaniti arttirir
(Evans ve Lopez 2004).
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Bombus arilarinda yapilan deneysel bir ¢alismada,
bagirsak mikrobiyotasinin tripanozomatid parazit
Crithidia bombi'ye (C. bombi) direng sagladigini
gOstermigtir.  Yeni arilara, direngli bombus
arillarindan elde edilen fekal mikrobiyota nakli
yapilmasinin  onlari infeksiyonlardan korudugu
bildirilmigtir. Ayrica, vahsi bombus arilarinda,
betaproteobakteriyel bagirsak simbiyontu S. alvi
yogunlugu ile Crithidia varligi arasinda negatif bir
iliski gbzlenmistir (Koch ve Schmid-Hempel 2011).

Aricilik alaninda diyet takviyeleri iceren ticari
probiyotikler bulunmaktadir. Bal arilarinda ilk
probiyotik uygulamasi 1997'de yapilmistir (Machova
v.d.1997). Probiyotik kullaniminin yararli oldugunu
gOsteren arastirmalar oldugu gibi yanlis probiyotik
kullaniminin ari saghgi dzerinde olumsuz durumlara
sebep olabilecegdini bildiren galismalar da vardir. Bu
nedenle arilara probiyotik uygulamasi yapilacak
bakteri tirl oldukga 6nemlidir. Daha 6nce yapilan
bazi ¢alismalar bal arnsi badirsak mikrobiyomunun
kommensal olmayan bakterilere nadiren dost
oldugunu gosterdiginden, probiyotik bakteriler icin
secenekler sinirlidir. Genel olarak, bal arilarina
yararh bakteriler cogunlukla laktik asit bakterilerinin
uygulanmasini icerir. Arilarda Amerikan yavru
gurikligine (AYC) karsl bir besin karisimi ve Ug
farkh lactobacillus turi olan besin takviyesi
uygulanmis, infeksiyon etkeni Paenibacillus larvae
(P. larvae)'ye karsl kullanilan g bakteri tiri ile
yapilan énceki in vitro ¢alismalarda, inhibitor aktivite
go6ralmastir. Ayrica dogal bir AFB salginindan énce
bu bakterilerin karigimi takviye ile arilar beslenmis
ve tedavi edilen arilar daha iyi hayatta kalmistir.
Bununla birlikte, Lactobacillus sp. ¢ogunlukla 6n
bagirsak mikroflorasinda bulunur. P. Jlarvae ise
cogunlukla orta bagirsakta kolonize olup geligir. Bu
nedenle indirekt etki gosterir. Ayrica hastalik dncesi
birden fazla Eylem Modu (MOA-Modes of Action)
yolu infeksiyona duyarlihdi arttirir. Yine dysbiosis
dedigimiz bagdirsak mikroflorasindaki dengesizlik de
duyarlihgi etkileyebilir (Daisley v.d. 2020a). Bal
arilarina probiyotik ilavesi ile ilgili birgcok galisma
yapilmigtir. Bazi calismalarda kullanilan
probiyotikler ve belirlenen yararlari Tablo 1'de
Ozetlenmigtir.



Tablo1: Probiyotik olarak ilave edilen bazi bakteri suglari ve etkileri

Table 1: Some strains of bacteria added as probiotics and their effects

Kullanilan Probiyotik ilavesinin Etkili oldugu Kaynaklar
probiyotikler etkisi diisiiniilen
mekanizmalar

Lactobacillus brevis Firsatgl Imd ve Toll immun sinyal Maruscakova v.d.

Enterobacteriaceae yollarinin 2020

azalma modilasyonuyla  konak

Mikrobiyatada gelisme antimikrobiyal

peptidlerde (AMP) artis

*Yaklasik olarak kovan Ana arinin  Audisio ve Benitez-
Lactobacillus popllasyonunda %36, bal yumurtlamasinin Ahrendts 2011
johnsonii veriminde % 21artis uyariimasi

**4 haftalik takviyeden Cekirdek besin  Alberoni v.d. 2018

sonra yaklagik destekleyici turlerin laktat

yumurta veriminde % 46, aracili gapraz beslenmesi

polen % 53 ve

bal Uretiminde % 59 artma
Lactobacillus *Nosema spp.'’nin  spor - Tejerina v.d. 2020
salivarius yukunde yetigkinlerde

azalma,

**2 yilhk bir dénemde

Varroa destructor

enfestasyonunda ~%50-80

azalma
Lactobacillus *Paenibacillus larvae  P. larvae vegetatif Daisley v.d. 2020a
plantarum BMR43-81 (ERIC alt tipi I) formuna karsi dogrudan

neden oldugu aktif sitotoksisite

Amerikan yavru ¢Uruklagu

salgini sirasinda larvalarda

patojen yikunde yaklasik

%90 azalma

**4 haftalik takviyeden Cekirdek besin  Alberoni v.d. 2018

sonra yumurta veriminde destekleyici turlerin laktat

yaklasik %46, polen %53 aracili gapraz beslenmesi

ve bal (retiminde %59

artma
Lactobacillus *Paenibacillus larvae  P. larvae vegetatif Dailey v.d. 2020a
rhamnosus BMR43-81 (ERIC alt tipi I) formuna karsi dogrudan

neden oldugu aktif sitotoksisite

Amerikan yavru ¢Uruklagu
salgini sirasinda larvalarda
patojen yikunde yaklasik
~%90 azalma

Lactobacillus kunkeei

*P. larvae BMR43-81 ile
oral enfeksiyonu takiben
larvalarda hayatta kalma
oraninda artma, artan ve
patojen yukinde azalma

** 8 gunlik deneysel
infeksiyondan sonra
Nosema ceranae spor
sayisinda ~%90 oraninda
azalma

Konagin anti-P.larvae

AMP defensin-
yukselmesi
Bagirsak pH'sini

dusurerek spor gelisminin
engellenmesi

Dailey v.d. 2020a

Baffoni v.d. 2016

Bifidobacterium
asteroides

*4 haftalik takviyeden
sonra yaklagik

Cekirdek besin
destekleyici turlerin laktat
aracili capraz beslenmesi

Alberoni v.d. 2018
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yumurta veriminde %46,
polen % 53 ve

bal tretiminde %59 artma
*Diyet kaynakli
hemisellilozun
parcalanmasi yoluyla
yetiskin bagirsaginda
arabinoz, galaktoz ve
ksiloz Gretimi

Genomda genis glikozit
hidrolaz repertuvari

Zheng v.d. 2019

Bifidobacterium 4 haftalik takviyeden Cekirdek besin  Alberoni v.d. 2018
coryneforme sonra yaklasik destekleyici turlerin laktat

yumurta veriminde %46, aracili capraz beslenmesi

polen %53 ve

bal Uretiminde %59 artma
Bifidobacterium 4 haftalik takviyeden sonra  Cekirdek besin  Alberoni v.d. 2018
indicium yaklasik destekleyici turlerin laktat

yumurta veriminde %46, aracili gapraz beslenmesi

polen %53 ve

bal Uretiminde %59 artma
Parasaccharibacter 10.000 spor Dogmasal bagisikligin  Corby-Harris
apium inokulasyonunu  takiben hazirlanmasi ve v.d.2016

erigkin  Nosema spp.'nin antifungal organik

temizlenmesinde

asitlerin tretimi

~%>55 artma
Bacillus subtilis Bal Uretiminde ~%17 - Sabaté v.d. 2012
artma, 8 ay boyunca

nosemosis ve varroosis

insidansinin dusuk

seviyede slrmesi
Pediococcus *N. ceranae infeksiyonu Konakg¢i aracii  AMP Peghaire v.d. 2020
acidilactici sirasinda yetiskinlerde Uretimi ve infeksiyondan

spor  yukinde ~%80 kaynaklanan beslenme

azalma ve canli kalma stresinin azaltiimasi

oraninda ~%35 artma

** Bir tiakloprid-boskalid Oksidatif strese tepki

karisimina letal dizeyde genleri katalaz ve

maruz kalan erigkinlerin

glutatyon peroksidaz like-

tamamina yakinin sag 2 modilasyonu
kalmasi
Gilliamella apicola Yetigkinlerde diyet Fonksiyonel polisakkarit Zhengv.d. 2019
kaynakh pektinin lyase ve karbonhidrat
badirsakta parcalanmasi esteraz kodlayan genler

yoluyla D-galacturonik asit
Gretimi

Snodgrassella alvi

*Escherichia coli ATCC
25922 ile septik
infeksiyonu takiben

yetiskin  sagkallm orani
artmasi

* Deforme kanat virlisiine
kargl yetiskin sagkalim
oraninin ~%15 artmasi ve
10 glin sonra V. destructor
yukinin ~%25 azalmasi

Konak¢l aracii  AMP

uretimi

Okaryotik RNAi bagigiklik

tepkisini  indUkleyebilen
Gift sarmalli (ds) RNA
Uretimini saglayan

genetik donisim

Leonard v.d. 2020

Tablo dizenlenirken Daisley v.d. 2020b yararlaniimigtir.
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Bal arilarinda en fazla kullanilan probiyotik
mikroorganizmalar  ve kullanim alanlan
Lactobacillus (Laktik asit bakterileri-LAB):

Bagirsak mikrobiyal ekosisteminin korunmasinda
bal arisi gastrointestinal sistemin dogdal sakinleri olan
laktik asit bakterilerinin (LAB) 6énemli bir roli vardir
(Forsgren v.d. 2010, Endo ve Salminen 2013.
Pachla v.d. 2018).

Bal arisi LAB’lari, besin sindiriminde, arilarin immun
sisteminin  yUksek derecede uyariimasinda,
patojenlerin ortadan kaldiriimasinda ve bal arisi
bagirsagindaki mikroflora homeostazinin
surdirdimesinde oldukga Onemlidir. Laktik asit
bakterilerinin, patojenik mikroorganizmalari ortadan
kaldiran antimikrobiyal maddeler (antimikrobiyal
peptid-AMP) Urettigi bilinmektedir (Evans ve Lopez
2004, Crotti, v.d. 2013, Asama v.d. 2015, Raymann
ve Moran 2018). Bal arilarindaki LAB’larin meydana
getirdigi AMP’ler; helveticin  J, bacteriolysin,
alivaricin, enterolysin A ve thermophilin A’dir. Bu
AMP’ler bagisiklik sisteminin gok 6nemli parcalaridir
ve ayni zamanda gunumuizdeki antibiyotik
tedavisine veya mikrobiyal infeksiyonun
Onlenmesine umut verici bir alternatiftir (llyasov v.d.
2012, Danihlik v.d. 2016). Ayrica laktozu ve diger
sekerleri fermente ederler, son urlin olarak laktik ve
asetik asitler Ureterek gastrointestinal sistemi
asitlestirerek, bazi zararli bakterilerin buyumesini
engellerler (Forsgren v.d. 2010, Carina Audisio v.d.
2011, Pachla v.d. 2017, Pachla v.d. 2018).

Bal arilarinin sindirim kanalindaki LAB
kolonizasyonu, hastaliklarin 6nlenmesinde 6nem
tasimaktadir (Vasquez ve Olofsson 2009, Raymann
ve Moran 2018). Saglkli ve konakgiya uygun bir
bagirsak mikrobiyatasi sekillendirmek ve ari
sagligini gelistirmek i¢in, bal arisi kolonilerine
verilecek  polen  takviyesinin  gastrointestinal
sistemde kolonize olan, arilar Gzerinde yararl etkileri
bulunan ve bal arisina 6zgu laktik asit bakterileri ile
yapilmasi onerilmektedir (Kazimierczak-Baryczko
ve Szymas 2006, Szymas v.d. 2012, Patruica v.d.
2013). Seker surubu takviyesi olarak kullanilan laktik
asit bakterileri, patojenleri sadece laktik ve asetik
asitlerin  Uretiimesi  ve  badisiklik  yanitinin
modulasyonu ile degil, ayni zamanda hidrojen
peroksit ve bakteriyosinlerin senteziyle de yok
edebilmektedir (Butler v.d. 2013, Olofsson v.d. 2016,
Janashia ve Alaux 2016, Pachla v.d. 2018).

Laktik asit bakterilerinin probiyotik olarak kullanildigi
bal arisi arastirmalarinda 30 tdr /actobacillus
kullaniimistir. Bu bakterilerin P. larvae (AYQ),

Melissococcus plutonius (Avrupa yavru ¢Urikligu-
AvYC), Nosema apis (N. apis) ve Nosema cerenae
(N. cerenae) vb. bal arisi patojenleri ile olusturdugu
infeksiyonlarda degisen oranlarda korunma, tedavi,
hayatta kalma orani, patojen yuki azalmasi gibi
birgok yarari oldugu belirlenmistir (Alberoni v.d.
2018, Ramos v.d. 2019). A. mellifera'dan izole
edilen Lactobacillus turleri (L. fructivorans, L.
amylovorus, L. gasseri, L. kunkeej) arasinda P.
larvae Uzerine en iyi antimikrobiyal etkiyi L. gasseri
ve L. amylovorus, en disuk etkiyi ise L. fructivorans
gostermistir (Kacaniova v.d. 2018). LAB'lar, Serratia
marcescens, Escherichia coli, Salmonella typhi,
Salmonella  paratyphi A, Bacillus  subtilis,
Staphylococcus aureus, Methicillin-resistant
Staphylococcus aureus (MRSA), Pseudomonas
spp., Klebsiella spp. ve Proteus spp.,gibi cesitli
patojenlere kargi genis spektrumlu antibakteriyel
bilesikler Uretebilirler. LAB’lar ayni zamanda
antioksidan etki de goOstermektedir (Keerthi v.d.
2013, Sandi ve Salasia 2016). Tablo 2'de bal
arilarindan izole edilen LAB tlrleri ve invitro
calismalarda etkili oldugu saptanan patojen turleri
Ozetlenmigtir.

Yapilan bir arastirmada ise, ¢evre dostu L. kunkeei
HD1 preparatlarinin, probiyotik 6zellikleri sayesinde
aricihk  sektérinde ari bagigiklik  sistemini
desteklemek ve antibiyotik tedavisine bagvurmadan
direngli arillar dretmek icin  kullanilabilecegi
onerilmistir. HD1'in M. plutonius'a kars! inhibe edici
aktivitesi gelecekteki arastirmalar icin  6nemli
bulunmustur (Ugras 2017).

Bir arastirmada kullanilan L. kunkeii'nin 9 susunun
biyofilm olusturma yetenegi, yiksek oto-agregasyon
ve hidrofobiklik gibi probiyotik olarak kullanim
adayligi igin gerekli 6n kosullar sagladidi ve kireg
hastaliginin etkeni Ascosphaera apis’i (A. apis)
inhibe ettigi bildiriimistir. LAB antifungal aktivitesi,
mantar ylzey genislemesinin sinirlandiriimasini,
sporllasyonun  kontrolinii, hif  biyokutlesinin
azalmasini ve metabolik biyosentetaz aktivitesinin
bastiriimasini igerir (Schniirer ve Magnusson 2005,
Dalié v.d. 2010). Ayrica, L. kunkeei suslari,
mikrobiyal  disbiyoz =~ durumunda bal arisi
bagirsaklarindaki simbiyotik topluluklari eski haline
getirmek veya guglendirmek igin seker suruplari ile
probiyotiklerin birlikte kullaniminda énemli bir 6zellik
olan yuksek ozmotik tolerans gosterdigi bildiriimistir
(lorizzo v.d. 2020).

Ayrica insektlerde organofosfat toksisitesi ve
neonicotinoid kaynakli dogal immuin sistemin
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baskilandigi durumlarda probiyotik olarak uygulanan
bazi Lactobacillus suglarinin bu durumu azalttig
tespit edilmistir (Chmiel v.d. 2019. Daisley v.d.
2017). Lactobacillus suslarinin polen ile birlikte
verilmesinin 6zellikle de AYC salginlarinda, sikroz

solusyonu ile verilmesinden daha etkili oldugu
gortlmustir (Daisley v.d. 2017, Stephan v.d. 2019).

Tablo 2: Bal arilarindan izole edilen LAB tirlerinin in vitro ¢alismalarda antimikrobiyal etkili oldugu mikroorganizmalar

Table 2: Microorganisms with antimicrobial effect of LAB species isolated from honey bees in invitro studies

LAB Turleri Etkili oldugu mikroorganizma Kaynaklar
tarleri
Lactobacillus johnsonii Staphylococcus aureus, Audisio v.d. 2011

Escherichia coli,
Bacillus cereus,

Enterococcus faecium
L. kunkeei Fhon2, L. kunkeei
Yubipro, L. kunkeei Lahm

Lactobacillus spp.

L. apis sp. nov

L. gasseri, L. kunkeei,
L. amylovorus, L. fructivorans
F. fructosus

Paenibacillus larvae,
Listeria monocytogenes

L. monocytogenes

Serratia marcescens, E.coli,
Klebsiella aerogenes, P.
aeruginosa,

S. aureus, MRSA

Methicillin-resistant
Staphylococcus
(MRSA),

Pseudomonas  aeruginosa,
vancomycin-resistant
Enterococcus

(VRE)

Paenibacillus larvae subsp.
larvae, Melissococcus
plutonius

Paenibacillus spp.

aureus

Methicillin-resistant
Staphylococcus
(MRSA),

Pseudomonas aeruginosa

aureus

Audisio vd. 2011

Sandi ve Salasia
2016

Olofsson v.d.
2016

Killer v.d. 2014

Kacaniova 2018

Salman ve Saleh
2018

Tablo hazirlanirken Nurdjannah v.d. 2019 yaralanilmistir.

Batun bu veriler, terapdtik ve antibakteriyel aktivite
sergileyen bal arisi LAB simbiyotlarinin infeksiyon
hastaliklariyla micadelede antibiyotiklere dogal ve
alternatif bir olarak dasUnulebilecegini
gOstermektedir.
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Bifidobacterium:

Bal arilarinda Bifidobacterium takviyesi ile ilgili
arastirmalarin ¢gogu, yavru Uretimi uyarimina, koloni
Uretimini arttirmaya, nosemosis ve kire¢ hastaligi
gibi mantar hastaliklarinin tedavisinde
kullanimlarina odaklanmigtir (Patruica ve Mot 2012,
Baffoni v.d. 2016, Alberoni v.d. 2018). Laktik asit



ureten Bifidobacterium ve Lactobacillus turleri
birlikte kullanildidinda Bifidobacterium tlrlerinin
etkileri ayrilamayabilir. Her iki mikroorganizmanin
kire¢ hastaliginin etkeni A. apis’i inhibe etme 6zelligi
incelendiginde Lactobacillus turlerinin tGmandn in
vitro olarak inhibe ettigi, Bifidobacterium suslarinin
ise higbirinin etkili olmadigi belirlenmistir (Moradi ve
Ownagh 2019). Bifidobacterium’un yogun olarak
bulundugu kolonilerde N. ceranae’de yodun olarak
bulunmasi Bifidobacterium’un probiyotik olarak
kullanilmasinin  glvenilirligi  hakkinda sUpheler
olusturmaktadir (Zhang v.d. 2019). Bu durumun
oncelikle, diskilamayi geciktirebilen ve bagirsak ve
kovanda N. ceranae sporlarinin artmasina yol
acabilen Bifidobacterium'un besleyici-tesvik edici
etkilerinden kaynaklandigi disiinilmektedir (Milani
v.d. 2015).

Proteobacteriae:

Proteobacteria'nin bal arilarinda bir 'probiyotik’
olarak mevcut kullanimi, bu bulyik gram-negatif
bakteri grubunun, hayvanlarda bir takimi enfeksiyon,
metabolik bozukluk ve inflamatuar hastaliklara
neden olmaktadir. Bu problemler dikkate
alindigindan bal arilarinda probiyotik olarak
kullanimi erken olabilir (Rizzatti v.d. 2017). Az
miktarda Proteobacteria bulunmasi suphesiz bal
arilarina, susa 6zgu niche olarak avantajl sunar.

Cekirdek Betaproteobacter grubundan olan biyofilm
Ureten Snodgrassella alvi (S. alvi) kullanarak
Lotmaria  passim (L. passim)  protozoan
kolonizasyonunu engelleme girisimleri basarisiz
olmus ve beklenmedik bir sekilde, S. alvi takviyesi
verilen bireylerin, tedavi edilmeyen bireylere gére
daha yuksek oranda protozoan yuklerine, yuksek
stres belirteclerine sahip oldugu ve detoksifikasyon
anahtar genlerinin ekspresyonunun azaldigi tespit
edilmistir (Schwarz v.d. 2016). Yine ari paraziti olan
Crithidia spp. de L. passimde oldugu gibi
Gammaproteobacteria yogunlugunda muhtemelen
protozoon etkenleri tarafindan bu bakterilerin besin
olarak tlketilmesi sonucu protozoon artisina sebep
olmaktadir (Renn v.d. 2002, Koch ve Schmid-
Hempel 2011). Ancak paraziter olmayan durumlarda
S. alvi etkili bir probiyotik olarak belirlenmistir.
Esherichia coli (E.coli) ve Serratia marcescens
(S.marcescens) tarafindan meydana getirilen firsatgi
infeksiyonlarda dogal bagisikligi ve infeksiyonda
hayatta kalmayi arttirdigi belirlenmistir (Kwong v.d.
2017a,Raymann v.d. 2017). Genetik olarak
dizenlenen

S. alvinin deforme kanat virisini baskiladigi, V.
destructor'un yasam suresini kisalttigi belirlenmistir
(Leonard v.d. 2020). Herhangi bir genetik
dizenleme yapilmamis Bacillus subtilis, Bacillus
thuringiensis ve Lactobacillus salivarius suslar
kullanilarak ar1 kolonisinin V. destructor akar
yuklerinde 2 yillik bir dénemde %50-80 azalma
g6stermesi probiyotiklerin aricilik alaninda kullanimi
konusunda oldukga umut vericidir (Sabaté v.d. 2012,
Alquisira-Ramirez v.d. 2014, Tejerina v.d. 2020).

Bacillus spp.:

Potansiyel probiyotik bakteriler olarak Bacillus spp.
ile yapilan calismalar daha sinirlidir. Bu tar
bakteriler, fizyolojisine bagl olarak, bal arilarinda ve
gevrelerinde yaygin olarak bulunur (Corby-Harris
v.d. 2015). Bu bakteri tlrtnin probiyotik olarak
kullanimi konusunda yapilan bir arastirmada hem
baldan hem de bal arisi bagirsagindan izole edilen
Bacillus subtilis'in in vitro olarak P. larvae ve A.
apis'e karsi antagonistik etki gosterdigi bildirilmistir
(Sabaté v.d. 2009). Baska bir arastirmada ise B.
subtilis subsp. subtilis Mori'nin ari kolonileri Gzerinde
kulugka oraninda artis, kontrol kovanlari ile
karsilastinldiginda daha fazla bal tretimi ve Varroa
ve Nosema oranlarinin azalmasi sonucu daha
saglikh bir kovan gibi olumlu etkileri tespit edilmigstir
(Sabaté v.d. 2012).

Bacillus cinsindeki bakterilerin godu, B. cereus ve B.
anthracis hari¢, memeliler igin patojen degildir.
Bacillus turleri antimikrobiyal bilesikler olarak da
bilinen iturin, surfactin, fengycins, bakteriyosinler ve
bakteriyosin benzeri inhibitor maddeler (BLIS'ler)
gibi ¢ok cesitli fonksiyonel ikincil metabolit benzeri
antibiyotikler, biyoinsektisitler, enzimler  ve
lipopeptitler Uretir. Bu biyolojik ve ticari olarak énemli
Ozellikler, onlar probiyotik bakteri olarak kullanim
icin uygun bir aday yapar (Desai ve Banat 1997,
Sabaté v.d. 2009).

Bal arilarinin infeksiyonlarinda
probiyotikler Tablo 3’te gdsterilmistir.

kullanilan

Ozellikle Lactobacillus ve Bifidobacterium tirlerinin
bal arilarinin immun sistemini guglu bir sekilde aktive
ettigi, patojenleri inhibe eden antimikrobiyal bilesikler
Urettigi, patojen bakterilerin  kolonizasyonunu
engelledigi bildirimistir (Evans ve Lopez 2004,
Forsgren v.d. 2010, Patruica ve Mot 2012, Sabaté
v.d. 2012, Maggi v.d. 2013).

Kolonideki bal arisi yogunlugunun ylksek olmasi,
koloni Uyeleri arasinda trophallaxis ve yavrularin
bakici arilar tarafindan beslenmesi, kolonideki
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bireyler arasinda hastaliklarin yayilmasinda 6nem
tasir (Chen v.d. 2006. Forfert v.d. 2015). Bu
nedenlerden dolayi, bal arilarinda hastaliklarin
onlenmesinde ve bunlarla mucadelede
antibiyotiklere alternatif olarak probiyotik kullanimi
Ozel bir énem tasimaktadir. Probiyotikler, saghgi
olumlu ybénde etkileyen ve konakgilarinin yasam
suresinin uzamasini destekleyen canli, guvenli
mikroorganizmalar olarak tanimlanir (Fuller 1989,
FAO/WHO 2002). Bal arilarinda besin takviyesi ile
verilen probiyotik bakterilerin ari gastrointestinal
sisteminde canli kalabilme yetenekleri énemli bir

Ozelliktir (Kumar ve Kumar 2015, Zuo v.d. 2016,
Gaggia v.d. 2018). Probiyotik bakterilerin genellikle
probiyotik uygulamasinin kesilmesinden sonraki
birkag hafta iginde bagirsak kanalindan kayboldugu
ve bagirsakta kalici kolonizasyonun nadiren
meydana geldidi belirlenmistir (Alander v.d. 1999,
Duncan 2013). Gastrointestinal kanalda patojenlere
karsi  antagonist etki  olusturmadan  6nce
probiyotiklerin Uretim ve depolama sirasinda da
canhligini stridirebilmesi oldukga 6nemlidir (lorizzo
v.d. 2020). Bu ¢zellikler de dikkate alinarak en uygun
ve en guvenilir probiyotikler segilmelidir.

Tablo 3: Bal arilarindaki bazi infeksiyonlarinin tedavisi igin kullanilan probiyotikler

Table1 3: Probiotics used for the treatment of some honey bee infections

Bal arisi hastaliklar1 | Kullanilan probiyotik | Probiyotiklerin elde | Probiyotigin Kaynaklar
mikroorganizmalar edildigi yerler hastaliktaki
etkileri
P. larvae - AYC L. kunkeei, L. mellis, L. | Bal Larva o6lum | Forsgren v.d.
kimbladii, oraninda 2010
L. kullabergensis, azalma
L. helsinborgensis,
L. melliventris,
L. apis, L. mellifer,
B. asteroides,
B. coryneforme
B. thuringiensis HD110, | Bal arisi bagirsagi Larva o6lum
B. laterosporus oraninda Hamdi ve
azalma Daffonchio
2011
M. plutonius - AvYC | L. kunkeei, L. mellis, L. | Bal Larva o6lum | Vasquez v.d.
kimbladii, oraninda 2012
L. kullabergensis, azalma
L. helsinborgensis,
L. melliventris,
L. apis, L. mellifer,
B. asteroides,
B. coryneforme
N. ceranae L. kunkeei Dan39, Bal arisi bagirsagi Tespit edilen | Baffoni v.d.
L. plantarum Dan91 spor 2016
L. johnsonii Dan92, B. miktarinda
asteroides azalma
DSM 20431,
B. coryneforme C155,
B. indicum C449.
Nosema spp. P. apium C6 2. evre larva Tespit edilen | Corby-Harris
L. johnsonii CRL1647 Bal arisi bagirsagi spor v.d. 2014
Bacillus subtilis miktarinda Audisio v.d.
Mori2 spolari Bal azalma 2015
Sabaté v.d.
2012

Tablo hazirlanirken Alberoni v.d. 2016’dan yararlaniimistir.
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Bircok arastirma, bal arilarina probiyotiklerin
verilmesinin ar1 sagligini tehdit eden birgok durumda
basarili bir sekilde kullanilabilecegini
goOstermektedir. Lactobacillus suglari, iyi guvenlik
profilleri, patojenlere karsi gigli koruma, pestisit
azaltici ozellikleri ve beslenmeyi tegvik edici
Ozellikleri nedeniyle en vyararli probiyotik olarak
gorulmektedir (Alander v.d.1999, Audisio v.d. 2011,
Gaggia v.d. 2018). Lactobacillus'un
immunostimualatér suslari, saglikli bir mikrobiyotayi
sekillendirmede kritik roller oynadigi bilinen bazi
konakgi antimikrobiyal peptitlerini ylksek derecede
reglle ederek disbiyotik mikrobiyota fenotiplerini de
yok edebilir. Bal arilarinda gergek anlamda steril bir
ortam olusturamama, probiyotik arastirmalari igin
deneysel bir zorluk teskil etmektedir. Ayrica, arilarda
tek tir ve miks probiyotik takviyenin etkisini
degerlendirirken, tir dizeyindeki islevlerin aksine tur
dlzeyine ve Kkolonizasyon potansiyeline dikkat
edilerek uygulanmalidir (Daisley v.d. 2020b).

Ari saghidi icin dogru probiyotiklerin segimi 6zellikle
bagirsak mikrobiyota bilesimini modile edilmesinin
yani sira bagisiklik tepkisi Gzerinde olumlu bir etkiye
sahiptir. Bal arilarinda énemli ekonomik kayiplara
neden olan bircok infeksiyondan korunma ve
tedavide dogru probiyotigin uygun yolla ve uygun
dozlarda verilmesi olduk¢a vyararlidir. Bu
probiyotiklerin bal arilarindan izole edilen tdrler
olmasi da korunma ve tedaviyi kolaylastirarak,
bagirsak mikrobiyomunda dengeyi bozmayacak ve
kolonizasyonu kolaylagtirilacaktir. Ayrica
probiyotiklerin polen, ari ekmegdi ve serbet gibi ari
tiketimine uygun gidalarla verilmesi basariyi
arttiracaktir.

Mali kaynak bulunmamaktadir.
Yazarlar arasi ¢ikar catismasi yoktur.

Etik izin belgesi gerekli degildir.
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ABSTRACT

Bee pollen is a honey bee product containing over 250 biologically active substances such as phenolic
bases, amino acids, carbohydrates, lipids, enzymes and coenzymes, vitamins and bio-elements. The
composition of bee pollen may vary due to plant sources and its botanical and geographical origin.
Bee pollen has been used since ancient times in traditional medicine for its therapeutic effects such
as wound healing and hepatoprotective. Bee pollen has been reported to possess antioxidant and
radical scavenging activities usually attributed to the presence of phenolic acids and flavonoids which
are plant-derived polyphenolic substances. The antioxidant capacity of bee pollen depends on the
content of total polyphenolic substances. This review presents an overview of chemical composition
and antioxidant activity of bee pollen.

Keywords: Antioxidant activity, Bee pollen, Oxidative stress

OZET

Ari poleni fenolik bazlar, amino asitler, karbonhidratlar, lipitler, enzimler ve koenzimler, vitaminler ve
biyo-elementler gibi 250'den fazla biyolojik olarak aktif madde igeren bir an iiriiniidiir. Polen bilegimi
polenin bitkisel kaynagina, botanik ve cografi kokenine gore degisebilir. Ari poleni, yara iyilestirici ve
karaciger koruyucu gibi etkileri nedeniyle geleneksel tipta eski gaglardan beri kullaniimaktadir. A
poleninin, genellikle bitkilerden elde edilen polifenolik maddeler olan fenolik asitlerin ve flavonoidlerin
varligina atfedilen antioksidan ve radikal temizleme aktivitelerine sahip oldugu bildirilmistir.
Antioksidan kapasitesi, toplam polifenolik maddelerin igerigine baghdir. Bu derleme ari poleninin
kimyasal bilegimi ve antioksidan aktivitesine genel bir bakis sunmaktadir.

Anahtar Kelimeler: Antioksidan aktivite, Ari poleni, Oksidatif stres

GENISLETILMiS OZET

Amag: Bal, arn sitd, propolis ve polen gibi ari
artnleri saglik tzerine yararli oldugu bilinen birgok
biyoaktif maddeyi yapilarinda bulundurmaktadiriar.
Ozellikle flavonoidler, karotenoidler ve fenolik
bilesikler gibi maddeler sebebiyle antioksidan

aktivite gosterdigi bildirilmigtir. Ari Grdnleri icerisinde
ar1 poleni, sahip oldugu biyoaktif bilesiklerin gugcli
antioksidan etkilerinin yani sira pek cok terapdtik
etkilere de sahiptir. Bu derlemede ari poleninin
Ozellikleri ve antioksidan etkili bilesiklerinden
bahsedilecektir.
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Tartisma: Ari poleni, nektar, cicek poleni ve ari
salgisinin bir karigimidir. Yapilan calismalarla 6n
plana ¢ikan bu dogal ari Grinu, gida takviyesi ve
potansiyel bir terapétik olarak kabul gérmektedir. Ari
poleninin yapisi ve kimyasal bilesimi cografi
bdlgeye, ekolojik yapiya ve mevsime bagh olarak
degisiklik gosterebilir. Bunun yaninda, ari poleninin
isleme sirecleri, saklanma suresi ve kosullari da ari
poleninin  kimyasal igerigini etkilemektedir. Bu
faktorlere bagli olarak degisen igerik, ari poleninin
antioksidan etkisini degistirmektedir. Ayrica, ari
poleni ekstraktlarinin antioksidan etkileri kullanilan
solusyona gore degismektedir. En gugli antioksidan
etkiyi etanol ekstraksiyonunda gostermigtir. Ari
poleninin antioksidan kapasitesinin  dlgiminde
DPPH, ABTS*, FRAP, ORAC gibi birgcok ydntem
kullanmakta birlikte, tek bir metodun uygulanmasi
gercek aktiviteyi gdstermeye yetmemektedir.
Antioksidan kapasitesinin belirlenmesinde reaksiyon
mekanizmasi, izolasyon prosedirleri, biyoaktif
bilesenlerin safligi ve kullanilan substrat gibi gesitli
parametreler dikkate alinmalidir.

Superoksit radikalleri (O2"), hidrojen peroksit (H202),
hidroksil radikalleri (*OH) ve singlet oksijen ('02)
genel olarak tanimlanan reaktif oksijen tirleri (ROS)
olup biyolojik sistemler tarafindan metabolik yan
drinler olarak dretilirler. Canli  organizmalar,
genellikle ROS'un zararl etkilerini bloke etmede
etkili olan enzimatk ve enzimatik olmayan
antioksidanlari  iceren antioksidan sistemlere
sahiptir. Ancak, patolojik durumlarda antioksidan
sistemler yetersiz kalabilir. Serbest radikaller ve
oksidantlar fazla miktarda uUretildiklerinde, oksidatif
stres olarak bilinen bir fenomeni ortaya gikarirlar; bu,
zarlar, lipitler, proteinler, lipoproteinler ve
deoksiriboniikleik asit (DNA) gibi cesitli hiicresel
yapilari olumsuz etkileyebilecek zararli bir suregtir.

Ari polenlerinin antioksidan aktiviteleri esas olarak p-
kumarik asit, ferulik asit, gallik asit, klorojenik asit,
vanilik asit ve kafeik asit gibi fenolik asitlere,
epikatesin, rutin, kuersetin, luteolin, apigenin ve
kristin gibi flavonoidlere, resveratrol gibi fitoaleksin
ve E ve C vitamini gibi vitaminlere atfedilir. Bu
biyoaktif maddeler elektofilleri etkisiz hale getirerek,
serbest radikalleri ve reaktif oksijen tirlerin
temizleyerek antioksidan aktivite gdsterirler. Ayrica
metal iyonlarini baglayarak toksik metallerin
uzaklastiriimasini saglarlar.

Sonug: Ar poleni gida takviyesi ve farmasotik Griin
gelistirmek icin  kullanilan en o6nemli dogal
drinlerden biridir. Yapilan ¢ok sayida c¢alisma,
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oksidasyonun zararli etkilerine kargi koyabilen dogal
bir ajan olarak ari poleninin buyuk potansiyelini
dogrular niteliktedir. Gida endustrisi, bilesiminde
bulunan antioksidan bilegikler nedeniyle son yillarda
ari polenine buyuk 6nem vermistir. Ari poleni, zengin
biyoaktif bilesikleri nedeniyle birgok gida takviyesi ve
farmasotik Grinun geligtiriimesi icin 6nemli bir aday
olabilir.

INTRODUCTION

Bee pollen produced by worker honey bees is
composed of proteins, sugar, fibre, mineral salts,
phenolic compounds and vitamins and used as a
food source for all stages of the development of the
bees (Campos et al. 2008). It contains known
essential nutrients required for the body to make
health maintenance and possess a wide range of
therapeutic effects including antioxidant, anti-
inflammatory, anticarcinogenic, antifungal,
hepatoprotective, wound healing and immune-
regulating (Denisow and Denisow-Pietrzyk 2016,
Guiné 2015, LeBlanc et al. 2009, Olczyk et al. 2016,
Thakur and Nanda 2020). Oxidative stress is
imbalance between free radical-generating and
radical scavenging systems in the body, which may
contribute to many disorders including cancer,
atherosclerosis, cerebral and cardiac ischemia,
Parkinson's disease, gastrointestinal disturbances,
and aging (Rao et al. 2011). An excess of free
radicals formed by oxidative stress attacks vital
cellular  components including coenzymes,
neurotransmitters and macromolecules such as
nucleic acids, proteins, lipids and carbohydrates.
The cellular radical scavenging system, consisting of
antioxidant enzymes, neutralizes the free radicals
and prevents free radical damage. However, the
living cell has limited capacity on neutralizing the
oxidative free radicals formed (Campos et al. 2003).
The deficit can be compensated by exogenous
antioxidants obtained from the diet and they can
increase protection of the body. Additionally, the
endogenous antioxidant system performs its
functions with exogenous antioxidant systems in a
synergistic way (Warraich et al. 2020). Bee pollen
has been reported to exhibit antioxidant and radical
scavenging activities. Its antioxidant ability has
usually been attributed to the presence of phenolic
acids and flavonoids (LeBlanc et al. 2009, Leja et al.
2007, Sari¢ et al. 2009). The composition of bee
pollen may vary depending on the species
composition of the pollen, catchment areas, weather



conditions, seasons, and actions of the beekeeper
(Campos et al. 2008, Guiné 2015). Thus, the
antioxidant activities may vary due to the differences
in active ingredients of bee pollen. This chapter will
focus on chemical composition and antioxidant
activity of bee pollen.

Oxidative stress

Oxidative stress has been defined as an imbalance
between production and accumulation of reactive
oxygen species (ROS) due to the disturbance of
balance between their production and removal by
antioxidant enzymes in cells and tissues (Pizzino et
al. 2017). ROS are generated via several oxidative
processes, including aerobic metabolism,
arachidonic acid metabolism and the activity of
NADPH oxidases and xanthine oxidases, during
both physiological and pathological conditions (Cho
et al. 2011, Pizzino et al. 2017). ROS include free
radicals such as superoxide radicals (Oz¢—), hydroxyl
radicals (*OH) and nonradical molecules such as
hydrogen peroxide (H202) and singlet oxygen ('02)
(Sharma et al. 2012). Oxidative stress occurs as a
result of the deterioration in biological systems'
ability to detoxify these reactive products (Pizzino et
al. 2017). Free radicals are molecules with unpaired
electrons and having an odd number of electrons
make them unstable, short lived and highly reactive.
Due to their high reactivity, free radicals can capture
electrons from other compounds to gain stability.
Thus, the affected molecule loses its electrons and
becomes a free radical itself. The free radical
molecules formed initiate the reactions that damage
living cells (Phaniendra et al. 2015). Excessive ROS
can damage cellular proteins, lipids and DNA,
leading to cell death. Mitochondria have their own
DNA (called mitochondrial DNA) and their own
machinery for synthesizing RNA and proteins.
Mitochondrial DNA is considered to be susceptible
to ROS attack resulting from oxidative stress. As a
result of mitochondrial DNA damage, mutations
occur in the mitochondrial genomes, which leads to
the development of diseases and an increase in the
severity of the diseases (Guo et al. 2013).

Antioxidants

Antioxidant is used to define the molecules that
donate an electron to a rampaging free radical to
stabilize it, thus preventing oxidative damage (Lobo
et al. 2010). Antioxidants combat free radicals in
various ways, including by sequestering metal ions
that are the source of free radicals, by suppressing
the production of active species, by scavenging and

quenching of ROS, by terminating the chain
reaction, and by repairing radical's damages of the
cell (Rao et al. 2011, Aguilar et al. 2016). Based on
their activity, antioxidant defence mechanisms are
classified into two types, enzymatic and non-
enzymatic. They can be also classified according to
their source including endogenous antioxidants that
are produced in the body and exogenous
antioxidants that are supplied with the diet (Masella
et al. 2005, He et al. 2017). Endogenous antioxidant
system includes enzymatic antioxidants such as
superoxide dismutase (SOD), catalase (CAT),
glutathione  peroxidase  (GTPx), thioredoxin
reductase, peroxiredoxin, glutathione-S-transferase
(GST) and glutathione reductase (GTRx), and non-
enzymatic antioxidants such as albumin, bilirubin,
glutathione, uric acid, melatonin, polyamines, and
metal binding proteins (ceruloplasmin, transferrin)
(Aguilar et al. 2016, Birben et al. 2012, Kuciel-
Lewandowska et al. 2020, Masella et al. 2005, Rao
et al. 2011).

Exogenous antioxidants can be obtained from the
diet; however, these antioxidants may not be
sufficient to maintain optimal body function. Even
though it is best to get the antioxidants from a diet
rich in fruits and vegetables, taking antioxidant
supplements has become an increasingly popular
practice (Pham-Huy et al. 2008). Intake of
exogenous antioxidants can play an important role in
supporting endogenous antioxidants by combating
oxidative stress and increasing protection of the
body (Romero et al. 2013). Exogenous antioxidant
systems include nonenzymatic antioxidants such as
vitamin C (Ascorbic acid), vitamin A (B-carotene),
vitamin E (a-tocopherol), Lycopene (Carotenoid),
trace elements (Selenium, zinc, manganese),
flavonoids and other compounds (Hydroxycinnamic
acids, allicin, curcumin) (Rao et al. 2011, Romero et
al. 2013).

Antioxidant activity of bee pollen

Bee pollen, a honey bee derivative product, is used
for its nutritious and physiological properties and
beneficial effects on human health. It contains many
components which are important in the healthy and
normal development of the organism, therefore it
can be used as a food supplement. Bee pollens have
rich phenolic compounds, flavonoids, phytosterols
and other chemicals including vitamins and minerals
with health protective potential (Denisow and
Denisow-Pietrzyk 2016). Numerous studies have
demonstrated that bee pollen has potential bioactive
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and therapeutic properties due to its healthy
ingredients and these ingredients varies widely
according to its botanical and geographical origin
hence its therapeutic effects also vary (Oliveira et al.
2019, Adaskeviciuté et al. 2019, Komosinska-
Vassev et al. 2015).

Bee pollen has been considered to be a potential
natural source of antioxidants due to high antioxidant
properties of its active ingredients, especially
phenolic compounds. These antioxidant ingredients
comprise two main groups of compounds, phenolic
compounds (flavonoids and phenolic acids) and
carotenoids. Phenolic compounds prevent oxidative
stress-mediated DNA and tissue damage from a
variety of endogenous and exogenous factors.
Flavonoids having subgroups including flavanonols,
flavanols (catechins), anthocyanins, chalones,
isoflavones and neoflavanoids play a variety of
biological activities in plants, animals and bacteria.
Flavonoids are secondary metabolites contributing
to the colourful pigments of plants and have
important roles in the growth, development and
defence of plants (Kocot et al. 2018, Panche et al.
2016). They can have effects on antioxidant activity,
gene expression, cell signalling or drug metabolizing
enzymes and have a phytoestrogenic potential, and
show a protective effect against the toxicity of
environmental pollutant dioxin (Ali¢i¢ et al. 2014).
The antioxidant activities of flavonoid compounds
are related to a group of natural compounds with
variable phenolic structures (Cornara et al. 2017,
Kocot et al. 2018, Karkar et al. 2020). Flavonoids act
as antioxidants by direct elimination of the radicals,
interaction with enzymes or chelatically binding the
metal cations. Phenolic compounds also enable free
radicals to be neutralized mainly by quenching
oxygen or decomposing peroxides. Bee pollen also
contains carotenoids that have antioxidant activity.
Carotenoids are naturally occurring pigments
responsible for yellow, orange, and red in plants,
algae and photosynthetic bacteria and can scavenge
the radicals with different ways such as electron
transfer, addition reactions and elimination of
hydrogen (Ali¢i¢ et al. 2014, Fatrcova-Sramkova et
al. 2016).

Bee pollen has been reported to exert free radical-
scavenging activity and inhibitory effect on lipid
peroxidation. Antioxidant ability of bee pollen has
been attributed to its contents with antioxidant
properties/activities (Leja et al. 2007). The measure
of its antioxidant activities has been expressed by
antioxidant capacity. Many factors may be important
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in accurately defining antioxidant activity. Many
assays used to determine the antioxidant capacity of
bee pollen are based on different mechanisms of
antioxidant defence systems such as the removal or
inhibition of free radicals or chelation of metal ions
(Alicic et al. 2014). It has been reported that
antioxidant activity of bee pollen may vary
depending on its content. Therefore, different
findings have been obtained in studies with bee
pollen samples collected from different areas (Kocot
et al. 2018, Leja et al. 2007, Saral et al. 2019).

Various methods including direct and indirect assays
are available to evaluate the antioxidant capacity of
bee pollen. Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) equivalent
antioxidant capacity (TEAC) and oxygen radical
absorbance capacity (ORAC) assays are the most
commonly used direct assays for determining the
capacity. The most frequently used indirect methods
are 2,2-diphenyl-1-picrylhydrazyl (DPPH+), ABTS
(2,2-azino-bis-3-.  ethylbenzothiazoline-6-sulfonic
acid), ferric reducing ability of plasma (FRAP).
These assays provide useful data but are not
sufficient to evaluate the overall antioxidant capacity
of the content (Ali¢i¢ et al. 2014, Okan et al. 2013,
Marghitaschedilla et al. 2009, Fatiha and Abdelkader
2019, Pisoschi and Negulescu 2011, Moniruzzaman
et al. 2011).

Antioxidant compounds of bee pollen

Bee pollen has a rich chemical structure such as
proteins, free amino acids, carbohydrates, lipids,
fatty acids, phenolic compounds, vitamins (including
B-complex and folic acid) and minerals. The high
content of carbohydrates (13% to 55%), crude fibres
(0.3% to 20%), proteins (10% to 40%) and lipids (1%
to 10%) highlights bee pollen as a good nutritional
supplement (Villanueva et al. 2002). Other minor
components are minerals, vitamins, carotenoids,
phenolic compounds, flavonoids, sterols and
terpenes (Feas et al. 2012). Bee pollen contains
provitamin A (B-carotene) and vitamin E, D, B1, B2,
B6 and C, and acids like pantothenic, nicotinic, folic,
biotin, rutin and inositol (Komosinska-Vassev et al.
2015).

Honey bees use a variety of flowering plants for bee
pollen production. When the bees start foraging to
gather pollen, they visit the same species of flowers,
and that pollen is mainly monofloral origin with minor
additions of other species (Ali¢i¢ et al. 2014). The
composition of bee pollen depends mainly on
botanical sources, together with other factors



including soil type, climatic conditions and
anthropogenic activities (Pascoal et al. 2014), thus
strongly affecting antioxidant properties. A high
number of in vitro studies using DPPH, ABTS",
FRAP, ORAC methods have confirmed the
antioxidant potentials of bee pollens (Sari¢ et al.
2009, Ulusoy and Kolayli 2014, KaSkoniené et al.
2015, Mohdaly et al. 2015, Kocot et al. 2018, Ozcan
et al. 2019). The antioxidant activities of the bee
pollens seem to be mainly due to phenolic acids like

p-coumaric acid, ferulic acid, gallic acid, chlorogenic
acid, vanillic acid, caffeic acid and syringic acid,
flavonoids like epicatechin, rutin, quercetin, luteolin,
apigenin, kaempferol, pinocembrin and chrysin,
phytoalexin like resveratrol and vitamins like vitamin
E and C. Compounds with antioxidant activity in bee
pollen are given in Table 1. Antioxidant capacity of
bee pollen and methods used to determine
antioxidant capacity are given in Table 2.

Table 1. Compounds with antioxidant properties in honey bee pollens.

Compounds

Pollen origin

Range

Reference

p-coumaric acid

Egypt

2.48 + 0.25 mg/mL

Mohdaly et al. 2015

Brazil

0.24 + 0.02 mg/g

de Florio Almeida et al. 2017

Anzer pollen from Turkey

34.16-127.85 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Turkey and
Russia

1.39+0.10-10.46 £+ 0.18
mg/100g

Ozcan et al. 2019

Rape bee pollen from China

32.63 £ 2.19 pglg FPE
11.22 + 0.10 pg/g BPE

Sun et al. 2017

Gallic acid

Anzer pollen from Turkey

9.15-18.59 pg/100 g

Ulusoy and Kolayli 2014

Bee pollen from Egypt

5.9 + 0.05 mg/mL

Mohdaly et al. 2015

Bee pollen from Latvia,

Lithuania, Spain and China 3.0-32.3 ug/g Kaskoniené et al. 2015
Bee pollen from Turkey and 6.17 + 0.08-32.89 + 0.62 Ozcan et al. 2019
Russia mg/100g

Protocatechuic acid
(3,4-
dihydroxybenzoic
acid)

Anzer pollen from Turkey

8.31-19.77 pg/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

119.38 + 4.82 pglg FPE

Sun et al. 2017

Bee pollen from Turkey and
Russia

17.09 £ 0.56-94.74 + 2.99
mg/100g

Ozcan et al. 2019

p-OH benzoic acid

Anzer pollen from Turkey

2.74-122.68 ug/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

84.28 * 5.29 pglg FPE
11.08 + 0.13 pg/g BPE

Sun et al. 2017

Abscisic acid

Anzer pollen from Turkey

21.04-288.70 pg/100 g

Ulusoy and Kolayli 2014

Benzoic acid Anzer pollen from Turkey 46.87-1,077.64 pug/100 g Ulusoy and Kolayli 2014
. 314.16 £ 11.87ug/g FPE
Rape bee pollen from China 3.46 + 0.14 uglg BPE Sun et al. 2017
1,2- Bee pollen from Turkey and 8.34 + 0.48-114.97 £ 0.03 4
dihydroxybenzene Russia mg/100g Ozcan etal. 2019
Apigenin-7- Bee pollen from Turkey and 4.24 +0.17-24.31 £ 0.41 Azcan et al. 2019
glucoside Russia mg/100g )

Chlorogenic acid

Anzer pollen from Turkey

14.64-75.08 pg/100 g

Ulusoy and Kolayli 2014

Chlorogenic acid/
Caffeic acid

Bee pollen from Central Chile

11.29 £ 0.45-258.92 + 10.36
mg/kg

Velasquez et al. 2017

Trans-cinnamic
acid

Bee pollen from Brazil

0.27 £ 0.01 mg/g

de Florio Almeida et al. 2017

Rape bee pollen from China

102.65 * 3.79 pglg FPE
2.30 + 0.17 pglg BPE

Sun et al. 2017

Vanillic acid Anzer pollen from Turkey 22.96-87.02 ug/100g Ulusoy and Kolayli 2014
Bee pollen from Egypt 0.35 + 0.15 mg/mL Mohdaly et al. 2015

Vanillin Rape bee pollen from China 58.41 + 1.22 ug/g FPE Sun et al. 2017

Caffeic acid Anzer pollen from Turkey 10.88-98.03 ug/100g Ulusoy and Kolayli 2014
Bee pollen from Egypt 4.21 £0.22 mg/mL Mohdaly et al. 2015
Bee pollen from Latvia, « L
Lithuania, Spain and China 8.5-20.6 pg/g Kaskoniené et al. 2015
Bee pollen from Turkey and 5.84 £ 0.35-23.86 + 0.63 Azcan et al. 2019
Russia mg/100g

Syringic acid Anzer pollen from Turkey 10.55-259.53 ug/100g Ulusoy and Kolayli 2014
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Compounds

Pollen origin

Range

Reference

Bee pollen from Egypt

0.59 + 0.08 mg/mL

Mohdaly et al. 2015

Bee pollen from Turkey and

5.56 + 0.01-23.77 £ 0.01

Ozcan et al. 2019

Russia mg/100g
Sinapic acid Bee pollen from Central Chile 21;/2kgi 0.36-89.67 £ 3.59 Velasquez et al. 2017
Ferulic acid Anzer pollen from Turkey 36.83-230.55 pg/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt

4.2 £0.18 mg/mL

Mohdaly et al. 2015

Bee pollen from Latvia,
Lithuania, Spain and China

14.6-68.6 ug /g

Kaskoniené et al. 2015

Bee pollen from Central Chile

5.48 £ 0.22-26.33 + 1.05
mg/kg

Velasquez et al. 2017

Bee pollen from Brazil

0.01 £ 0.01 mg/g

de Florio Almeida et al. 2017

o-coumaric acid
(2-
Hydroxycinnamic
acid)

Anzer pollen from Turkey

2.63-42.23 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Latvia,
Lithuania, Spain and China

43.4-179.9 ug/g

Kaskoniené et al. 2015

Bee pollen from Central Chile

4.02 +0.16-630.92 + 25.24
mg/kg

Velasquez et al. 2017

Tert-cinnamic acid

Anzer pollen from Turkey

6.82-56.38 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Turkey and
Russia

1.57 £ 0.18-181.33 £ 0.25
mg/100g

Ozcan et al. 2019

Bee pollen from Central Chile

6.49 + 0.26-8.93 + 0.36 mg/kg

Velasquez et al. 2017

Rutin Anzer pollen from Turkey 25.59-692.85 ug/100 g Ulusoy and Kolayli 2014

Bee pollen from Egypt 3.46 + 0.14 mg/mL Mohdaly et al. 2015

Bee pollen from Latvia, « L

Lithuania, Spain and China 156.2-955.7 ug/g Kaskoniené et al. 2015

Bee pollen from Turkey and 9.82 + 0.62-80.47 + 0.46 Ozcan et al. 2019

Russia mg/100g

. 774.87 £ 8.77 ug/g FPE

Rape bee pollen from China 6.45 + 0.40 ug/g BPE Sun et al. 2017

Bee pollen from Brazil 0.02 + 0.01 mg/g de Florio Almeida et al. 2017
Quercetin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 10.19-14.30 mglkg 2016

Cystus incanus L: rich bee 3.25 pmol/g (hydrolyzed Sari¢ et al. 2009

pollen from Croatia extracts)

Anzer pollens from Turkey 55.94-499.20 ug/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt 6.4 £ 0.30 mg/mL Mohdaly et al. 2015

Bee pollen from Latvia, . L

Lithuania, Spain and China 24.0-529.8 ug/g Kaskoniené et al. 2015

Rape bee pollen from China 196.38 + 3.14 ug/g FPE Sun et al.2017

Bee pollen from Turkey and 61.23 £ 0.76-685.36 + 0.60 Azcan et al. 2019

Russia mg/100g

Bee pollen from Brazil 0.32 + 0.02 mg/g de Florio Almeida et al. 2017
Luteolin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 46.96-66.39 mg/kg 2016
Apigenin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 23.99-34.40 mg/kg 2016

Bee pollen from Egypt 2.4 £0.25 mg/mL Mohdaly et al. 2015
Kaempferol Bee pollen from Egypt 1.65 £ 0.24 mg/mL Mohdaly et al. 2015

Cystus incanus L. rich bes 1.563 pmol/g Sari¢ et al. 2009

pollen from Croatia

Bee pollen from Turkey and 1.91 £ 0.10-39.37 £ 0.14 Azcan et al. 2019

Russia mg/100g

Bee pollen from Central Chile igﬁ(; 021-344.20 £ 13.76 Velasquez et al. 2017

. 9.26 + 6.21 pg/g FPE

Rape bee pollen from China 0.17 + 0.18 pg/g BPE Sun et al. 2017

Bee pollen from Brazil 0.68 + 0.02 mg/g de Florio Almeida et al. 2017
Pinocembrin Cystus incanus L. rich bee 1.418 pmol/g (nonhydrolyzed

pollen from Croatia

extracts)

Sarié et al. 2009
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Compounds Pollen origin Range Reference
Chrysin . . 1.351 pmol/g (nonhydrolyzed
Cystus incanus LZ rich bee extracts) and 0.786 pmol/g Sari¢ et al. 2009
pollen from Croatia
(hydrolyzed extracts)
Galangin Cystus incanus L. rich bee 0.859 pmol/g (nonhydrolyzed

pollen from Croatia

extracts)

Sarié et al. 2009

Isorhamnetin

Cystus incanus L. rich bee
pollen from Croatia

6.705 pmol/g (hydrolyzed
extracts)

Sarié et al. 2009

Protocatechuic acid

Anzer pollen from Turkey

8.31-19.77 pg/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

119.38 + 4.82 pglg FPE

Sun et al. 2017

Myricetin Bee pollen from Brazil 0.04 + 0.07 mg/g de Florio Aimeida et al. 2017
Catechin Bee pollen from Egypt 4.8 £0.18 mg/mL Mohdaly et al. 2015

Bee pollen from Turkey and 73.88 + 5.35-337.40 + 0.87 Azcan et al. 2019

Russia mg/100g
a-Catechin Bee pollen from Egypt 0.58 + 0.05 mg/mL Mohdaly et al. 2015

3,4-dimethoxy
cinnamic acid

Bee pollen from Egypt

45.8 £ 0.16 mg/mL

Mohdaly et al. 2015

Naringenin Bee pollen from Egypt 3.34 £ 0.12 mg/mL Mohdaly et al. 2015

Eee.po”e” from the Baltic 3.1-118.0 ug/g Kagkoniené et al. 2015
egion

Bee pollen from Turkey and 4.43 +0.21-501.13 £ 2.38 Azcan et al. 2019
Russia mg/100g

Luteolin Bee pollen from Egypt 2.8 £0.10 mg/mL Mohdaly et al. 2015
Bee pollen from Central Chile 316.00 + 2.64 mg/kg Velasquez et al. 2017

Epicatechin Anzer pollen from Turkey 39.15-520.02 pg/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt

2.1 £0.08 mg/mL

Mohdaly et al. 2015

Isorhamnetin

Bee pollen from Turkey and

2.21£0.08-71.23 £ 0.40

Ozcan et al. 2019

Russia mg/100g
Anthocyanins 77.37 £2.25-57.19 + 5.84 .
Tuscan bee pollen from ltaly mgC3GE/L Gabriele et al. 2015
Resveratrol Bee pollen from Turkey and 3.83 £0.09-82.02 + 0.04 Ozcan et al. 2019
Russia mg/100g
. 242.88 + 6.32 pg/g FPE
Rape bee pollen from China 439 £ 0.13 pglg BPE Sun et al. 2017
Vitamin B1 Rose bee pollen from Hubei 261.28 £ 4.09-1043.99 + 0.22
: . . Yang et al. 2019
Province in China ug/g
Vitamin E Bee pollen from Brazil 13.5-42.5 ug/g Oliveira et al. 2009
#"{:‘:ﬁ(‘g;ra' fresh bee pollen from 145 35 4 5.07 ug/g dry pollen  Kanar and Mazi 2019
Vitamin C Bee pollen from Brazil 273.9-560.3 ug/g Oliveira et al. 2009
#"{:‘r'f('g}‘/’ra' fresh bee pollen from 54 504 6.36 uglg dry pollen  Kanar and Mazi 2019
Rose bee pollen from China ;5/22 *1.38-262.74 £3.30 Yang et al. 2019
B-carotene Bee pollen from Brazil 56.3-198.9 ug/g Oliveira et al. 2009

Total carotenoid
content

Bee pollen from Central Chile

2.8-50.2 mg/kg

Velasquez et al. 2017

Bee pollen from Brazil

0.49-242.6 uglg

Oliveira et al. 2009

Bee pollen from Turkey and
Russia

12.78 £ 0.01-98.62 + 0.02
mg/g

Ozcan et al. 2019

Sunflower bee pollen from
Western Slovakia

223.10 + 1.24-261.33 £ 1.36
mg/kg

Fatrcova-Sramkova et al.
2016

Total flavonoid
content

Sunflower bee pollen from
Western Slovakia

93.40-105.82 mglkg

Fatrcova-Sramkova et al.
2016

Trigona apicalis bee pollen
Trigona thoracica bee pollen
Trigona itama bee pollen

25.72 £ 0.17 mg QE/g
31.80 £ 0.13 mg QE/g
15.28 + 0.04 mg QE/g

Harif Fadzilah et al. 2017

Honeybee pollen from the Baltic

Region

6.1-11.6 RE (mg/g)
2.7-5.2 QE (mg/g)

Kaskoniené et al. 2015

Bee pollen from Europe
Countries

10.68-48.31 mg RUE/10 g

Adaskeviciateé et al. 2019
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Compounds

Pollen origin

Range

Reference

Monofloral bee pollen from
Brazil

0.3+0.0- 9.0+ 0.6 mg GAE/g

De-Melo et al. 2018

Bee pollen from Brazil

5.95 mg quercetin/g

Soares de Arruda et al. 2020

Bee pollen from Greece

6.0 £ 0.3-57.6 £ 2.0 mg QE/g

Atsalakis et al. 2017

Bee pollen from Portugal 4.5-7.1 GAE/g Feas et al. 2012
Rose bee pollen from China ;%24 *1.20-27.96 £ 0.03 Yang et al. 2019

Bee pollen from Turkey

2.62 +0.047-4.44+0.125 mg
QE/g

Mayda et al. 2020

Rape bee pollen from China

19.24 £ 0.06 mg RE/g FPE
3.65 + 0.03 mg RE/g BPE

Sun et al. 2017

Total phenolic
content

Bee pollen from Istanbul/Turkey.

147.10-462.02 mg GAE/g

Dulger Altiner et al. 2020

Trigona apicalis bee pollen
Trigona thoracica bee pollen
Trigona itama bee pollen

135.93 £ 0.02 mg GAE/g
103.62 % 0.04 mg GAE/g
33.46 £ 0.02 mg GAE/g

Harif Fadzilah et al. 2017

Anzer pollen from Turkey

44.07-124.10 mglg

Ulusoy and Kolayli 2014

Rape bee pollen from China

11.76 £ 0.04 mg GAE/g FPE
0.81 1 0.01 mg GAE/g BPE

Sun et al. 2017

Bee pollen from Latvia,
Lithuania, Spain and China

24.1-45.5 RE (mg/g)
17.7-26.8 GAE (mg/g)
13.4-25.2 QE (mg/g)

Kaskoniené et al. 2015

Bee pollen from Europe
Countries

33.14-55.04 mg RUE/10 g

Adaskeviciateé et al. 2019

Monofloral bee pollen from
Brazil

5.6 +0.0-29.7 0.3 mg GAE/g

De-Melo et al. 2018

Bee pollen from Brazil

27.94 mg GAE/g

Soares de Arruda et al. 2020

Bee pollen from Greece

15.2+0.4-60.2 + 2.0 mg
GAE/g

Atsalakis et al. 2017

Bee pollen from Portugal

12.9-19.8 GAE/g

Feas et al. 2012

Sunflower bee pollen from
Western Slovakia

691.67 + 7.76-803.33 + 3.30
mg/kg

Fatrcova-Sramkova et al.
2016

Bee pollen from Korea

7.4-20.4 ug GAE/mg extract

Kim et al. 2015

Unifloral bee pollen from Turkey

2340.07  199.32 mg
GAE/100 g

Ozkék and Silici 2017

Bee pollen from Venezuela

396.7-1286.7 GAE/100 g

Pérez-Pérez et al. 2012

Bee pollen from Italy

42 +0.4-29.6 + 0.9 mg GAE/g
DW

Rocchetti et al. 2019

Bee pollen from Central Chile

22.8-918.4 mglkg

Velasquez et al. 2017

Multifloral fresh bee pollen from
Turkey

14.42 £ 0.60 mg GAE/g

Kanar and Mazi 2019

Bee pollen from Turkey

26.69 + 0.595-43.42 + 0.779
mg GAE/g

Mayda et al. 2020

Rutin (RE), gallic acid (GAE), quercetin (QE), free phenolic extracts (FPE), and bound phenolic extracts (BPE)
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Table 2. Antioxidant capacities of bee pollens and methods used to determine antioxidant capacity.

Bee pollen origin Method Antioxidant capacity Reference
Monofloral bee pollen from DPPH 10.0 £ 0.3-110.8 + 1.3 ymol TE/g
Brazil ORAC __ 133.7 £ 7.3-542.0 % 20.7 ymol TE/g De-Melo et al. 2018
pee pollen from Turkeyand  pppy 60,35 £ 0.03-81.41 £ 0.0% Ozcan et al. 2019
Multifloral fresh bee pollen
from Turkey DPPH 0.29+0.01 ICs0 (mg dry pollen/ml) Kanar and Mazi 2019
Bee pollens from Europe Adaskevicité et al.
Countries ORP 16.27-39.40 mg RUE/10 g 2019
Bee pollen from Korea DPPH 13.0-50.1% Kim et al. 2015
Bee pollens from ltaly ABTS 49.9 £ 6.2-216.3 £ 4.6 ymol TE/g DW
DPPH 11.9 £ 6.4-134.7 + 4.3 ymol TE/g DW Rocchetti et al. 2019
ORAC  105.0 £ 19.4-916.1 + 27.7 ymolTE/g DW
Tuscan bee pollen from Italy DPPH 37.95+0.19-94.45 £ 0.01% Gabriele et al. 2015
ORAC  519.45 + 15.07-677.70 £ 12.92 ymol TE/g )
Bee pollen from Portugal DPPH 2.0 mg/mL-4.3 mg/mL .
BCB __ 3.1-5.9% 0.9 mg/mL Feas et al. 2012
Sunflower bee pollen from o Fatrcova-Sramkova et
Western Slovakia DPPH 47.97 £ 0.29-50.46 + 0.43% al. 2016
Anzer pollen from Turkey FRAP 11.77-105.06 pmol Trolox/g ul d Kolavii
CUPRAC _ 33.1-86.8 mmol/g 20”15403’ and Rolayl
DPPH 0.65-8.20 mg/mL
Bee pollen from Poland TAA 6.8-86.4%
DPPH 8.6-91.3% Leja et al. 2007
HRSA 10.5-92.7%
Bee pollen from Egypt DPPH 15%
ABTS 76.51% Mohdaly et al. 2015
Bee pollen from Brazil ORAC  228.02-411.39 mmol eq.Trolox /g pollen
DPPH __ 1.68-7.77 mg pollen/mL extract ggg‘{)es de Arruda et al.
BCB 72.38-90.27%
Bee pollen from Turkey CUPRAC 6.25-257.27 ymol TE/g .
ABTS _ 6.20-111.40 pmol TE/g ggé%er Altiner et al.
DPPH 0.44-83.84 ymol TE/g
(B;ﬁﬁepo"e” from Central FRAP  6.86-52.99 g GAE/kg Velasquez et al. 2017
Bee pollen from Venezuela TEAC 0.5-1.84 pmoles Trolox equivalents Pérez-Pérez et al.
TEAC/100 g 2012
Unifloral bee pollen samples 42.37 + 3.81 mg AAE/g 5 o
from Turkey DPPH 89.66 + 0.39% Ozkok and Silici 2017
Bee pollen from Brazil DPPH 810-4690 pg/mL Carpes et al. 2009
Bee pollen from Turkey DPPH 3.08 + 0.056-3.85 + 0.030 mg TE/g
ABTS _ 1.80 £0.052-5.980 £ 0.100 mg TEAC/g ___ayda etal. 2020

ORP: oxidation-reduction potential, BCB: B-Carotene bleaching, DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2'-azino-
bis 3-ethylbenzothiazoline-6-sulfonic acid, ORAC: oxygen radical absorbance capacity, ORP: oxidation reduction potential,
FRAP: ferric reducing ability of plasma, CUPRAC: cupric reducing antioxidant capacity, TEAC: trolox equal antioxidant
capacity, TAA: total antioxidant activity, HRSA: hydroxyl radical-scavenging activity.

Conclusion

The previously mentioned studies seem to confirm
the great potential of bee pollen as a natural agent
capable of counteracting the damaging effects of
oxidation. In recent years, the food industry has paid
great attention to bee pollen due to its antioxidant

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 119-131

compounds. Bee pollen may be an important
candidate for developing many food supplements
and pharmaceutical products due to its rich bioactive
compounds.
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oz

Bal arisi zehri (BAZ) diger adi ile apitoksin, bal arisi (Apis mellifera L.)’nin koloni savunmasinda
kullanmak lizere lirettigi protein ve peptid agirhkh bir dig salg Uriinidiir. Apitoksin zengin kimyasal
icerigi nedeniyle kozmetik ve saglik alaninda 6zellikle apiterapide oldukga yaygin kullanima sahiptir.
Apiterapide amaglanan basarinin elde edilmesi kullanilan iiriinlerin nitelik ve niceligiyle dogrudan
iligkilidir. Bu sebeple apiterapi amacgl kullanim s6z konusu oldugunda ham madde iiretiminden son
iirtine kadarki siirecin kontrollii ve kalite standartlarina uygun yapilmasi biiyiikk 6nem tagimaktadir.
Tiirkiye’de bal arisi zehrinin ticari liretimi son giinlerde giindeme gelen bir konudur. Bu nedenle gerek
zehir lretim miktari gerekse zehrin igerik bakimindan kalitesini etkileyen faktorler konusunda
tartismalar mevcuttur. Bu derlemede bal arisi zehrinin igerigini ve iiretim miktarini etkileyen faktorleri
belirlemek icin yapilan onceki galigmalar taranarak bu tartigsmalara ¢6ziim onerileri olugturulmasi
amaclanmistir. Calismalarda bal arisi zehrinin iiretiminde kullanilan cihazlarin, zehir toplama cihazinin
kovandaki konumunun, hasat periyodu ve hasat saatinin, mevsimsel degisimin, bal arisi irki ve
davraniglarinin, an yasinin ve depolama kosullarinin zehir miktar ve kalitesi lizerine etkisi ayrintil
olarak ele alinmistir. Ayrica zehir toplamanin koloni performansi ve davranisi lizerine etkisi de
arastinlarak detayl bilgi verilmeye caligiimigtir.

Anahtar Kelime: Apitoksin, bal arisi zehri, dogru iiretim, teknik, kalite

ABSTRACT

Honey bee venom (BAZ), also known as apitoxin, is a protein and peptide-rich external secretion
produced by the honey bee (Apis mellifera L.) for use in colony defense. Due to its rich chemical
content, apitoxin has widespread use in cosmetics and health, especially in apitherapy. Achieving the
intended success in apitherapy is directly related to the quality and quantity of the products used. For
this reason, when it uses for apitherapy treat, it is crucial that the process from raw material production
to the end product is controlled and in accordance with quality standards. The honey bee venom
production is a newly emerged product for commercial production in Turkey. For this reason, there
are debates about the factors affecting the quality of the venom in terms of both the amount of
production and the composition of the venom. In this review, it is aimed to create solutions to these
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discussions by searching the previous studies conducted to determine the content of honey bee
venom and the factors affecting the production amount. In the studies, the effects of the devices used
in the production of honey bee venom, the site of the venom collection device in the hive, the collection
period and collection time, seasonal change, honey bee race and behavior, bee age, and storage
conditions on the amount and quality of the venom were discussed in detail. In addition, detailed
information was aimed to be given by investigating the effect of venom collection on colony

performance and behavior.

Key Word: Apitoxin, honey bee venom, good production, technique, quality

EXTENDED ABSTRACT

Goal: Honey bee venom (HBV), also known as
apitoxin, is secreted from the venom gland in the
abdominal cavity of the bees and injected into the
target with a needle apparatus. Bees are use their
venom to protect their colonies against their
enemies. They sacrifice their lives by leaving their
needles and venom glands in the target to be able to
inject more venom. The composition of honey bee
venom contains special components that attack the
cell wall structure or affect the nervous system in
order to cause inflammation in the target organism.
The most important of these ingredients are
phospholipase A2 (12-20%), which are important
allergens of venom components, apamin (2-3%) and
melittin  (40-50%) which specific to honey bee
venom. Besides these well-known components
honey bee venom also contains; hyaluronidase (1-
2%), MCD peptide (2-3%), adolapin (0.5-1%),
histamine (0.5-2%), dopamine (0.2-1%). %) and
noradrenaline (0.1-0.5%) and more. The production
of honey bee venom, which usage area in health and
cosmetics is growing rapidly and gaining
importance, has therefore become particularly
important. Honey bee venom high purity and quality
is critical for therapeutic purposes use. High quality
and purity are possible with the application of good
production techniques and storage conditions.
Considering the studies conducted so far, it has
been determined that machinery equipment used in
honey bee venom production as well as in the
production of other bee products, conscious colony
maintenance and management, feeding, the season
of production and storage conditions are the main
factors affecting the production amount and quality
of venom. With this review, it is aimed to eliminate
the confusion about the factors affecting the correct
production and quality of honey bee venom and to
bring together the basic information that can be used
in production standardization.

The aim of this study is to compile the studies done
so far to reveal the production factors affecting the
quality of bee venom; To determine the deficiencies
and to ensure that new studies are planned to
determine the factors affecting production.

Discussion: Considering the studies in the
literature, the content and amount of the collected
honey bee venom may vary according to the region,
harvest season, honey bee race and supplementary
feeding factors. Given the influence of regional and
racial factors, it is regrettable that there is limited
information on Apis mellifera anatoliaca and is an
important literature gap.

Conclusion: Honey bee venom has been used for
centuries for its therapeutic effect and is considered
an important bee product with the pharmacological
potential to transform in to a medicinal product.
There are scientific recommendations regarding the
use of honey bee venom and specific components in
its content, as well as many honey bee products
regarding the SARS CoV-2 virus, and its potential
use continues to be investigated. Honey bee venom
has recently been used in many different forms, both
in cosmetics and healthcare. Depending on these
areas of use and products, there is a need for quality
honey bee venom in the Cosmetics and Health
sector.

Good honey bee venom production; can be done
with standardized bee venom collection device,
correct application techniques, correct colony
management and maintenance, production under
hygienic conditions and correct storage methods.
The most important part for beekeepers is to apply
the correct production techniques by participating in
the training prepared jointly by ministries and
universities. Based on the Honey Bee Venom
Standards presented by the Turkish Standards
Institute and in the light of the researchers, Anatolian
honey bee venom production, content, analysis, and
storage conditions should be standardized, and a
quality categorization based on venom quality
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should be established. For this reason, the rules and
requirements regarding production should be
studied with the commissions composed of ministry
officials and academicians, and the Turkish Honey
Bee Venom Production Notification should be
published as soon as possible. In addition to all
these, detailed studies need to be made regarding
the production and content analysis of honey bee
venom produced in Anatolia and Anatolian bee
venom standards should be established.

GIRIS
Apitoksin olarak da bilinen bal arisi zehri, arilarin
karin  boslugunda bulunan zehir bezlerinden
salgilanan bir dis salgi Granudir. Zehir bezleri asit
bez (zehir bezi) ve alkalin bez (Dufour bezi) adi
verilen dis salgi bezlerinden olusur. Arilarin
kolonilerini savunmak i¢in kullandigi protein ve
peptid agirhkli bu dis salgi arind igne aparati ile
hedefe enjekte edilir. Zehir bezinden zehir kesesine
ari zehri salgilayan spesifik salgi hicreleri bulunur.
Zehir kesesinde toplanan bal arisi zehri igneleme
esnasinda igne icerisinde bulunan zehir kanalina ve
bu sayede hedef canliya iletilir. Dufour bezi ise
ignenin dip kisminda bulunan, ignenin lansetleri
arasina agllan, alkalin yapida 6zel bir dig salgi
bezidir. Dufour bezi igneleme esnasinda zehir
kanalina iletilen salgisi ile ignenin kayganlasmasini
ve noétralize olmasini saglar ayni zamanda zehir
icerisine ilettigi alarm feromonlari ile koloniyi
tehlikeye karsi uyarir (Geng ve Cengiz 2019). isci bal
arilarinda bulunan zehir miktarinin 3-4, pl arasinda
oldugu tahmin edilmektedir. Zehir kesesinde
bulunan tim zehri elde etmek zordur ve ortalama
0,5-1,0 ul zehir elde edilebilir. BAZ %88’ i sudur ve
bu nedenle her aridan yalnizca 0,1 pg kuru zehir
elde edilebilir. Bu bilgilere gore 1 gr kurutulmus zehir
dretmek icin 10.000 ari sokmasi gerekir (Hider
1988).

Arilar zehrini digmanlarina karsi kolonilerini koruma
amaci ile kullanilirlar. Hatta daha fazla zehri enjekte
edebilmek amaci ile ignelerini ve zehir bezlerini
hedef canlida birakarak hayatlarini feda ederler.
Hedef canlida enflamasyon olusturabilmek amaci ile
zehir kompozisyonunda hlcre ¢eper yapisina
saldiran ya da sinir sistemini etkileyen &zel
bilesenler  bulunmaktadir  (Bogdanov 2015,
Kokuludag, 2015). Bu bilesenlerden en bilinenleri
zehir bilesenlerinin ana alerjenlerinden olan
fosfolipaz Az ve bal arisi zehrine has olan apamin ile
melittindir (Bogdanov, 2015).
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Bal arisi zehri (BAZ) yuzyillardir terapétik etkisi
sebebiyle kullaniimaktadir. BAZ farmakolojik olarak
ilag olma potansiyeline sahip énemli bir ari GrinG
olarak degerlendiriimektedir (Bogdanov 2015,
Abdela ve Jilo 2016). Ginimizde oldukga
popularite kazanan geleneksel ve tamamlayici tip
dallarindan biri olan “Apiterapi”de de bal arisi zehri;
romatoid artrit, osteoartrit, kronik agri gibi otoimmun
ve/veya enflamatuar hastaliklarin tamamlayici
tedavisinde kullaniimaktadir (Bogdanov 2015).
Ayrica multipl skleroz (MS), amyotrofik lateral
skleroz (ALS), parkinson ve alzheimer hastaligi gibi
ndrolojik hastaliklarin tedavisinde de kullaniimistir
(Hwang vd., 2015). Bal arisi zehrinin akne, alopesi,
atopik dermatit, melanom, morfea, fotoyaslanma,
sedef hastaligi, yaralar, kirisikliklar ve vitiligo dahil
olmak uzere cilt hastaliklarinda da terapdtik
uygulamalari bulunmaktadir (Kim vd., 2019). Ek
olarak, bal arisi zehrinin antimutajenik,
radyoprotektif, antinosiseptif, antiinflamatuar ve
antikanser etkileri de bilimsel calismalarla
gOsterilmistir (Varanda ve Tavares 1998, Lee vd.,
2004, Son vd., 2007, Gajski ve Garaj -Vrhovac
2009). SARS CoV-2 virtsu ile ilgili de birgok bal arisi
arindndn yaninda bal arisi zehri ve igerigindeki
spesifik bilesenlerin kullanimina dair bilimsel 6neriler
bulunmakta, potansiyel kullanimi arastiriimaya
devam edilmektedir (Kasozi, vd., 2020, Lima vd.,
2020, Shaldam vd., 2020, Oluwaseyi, Alebiosu
2020).

Saglikta ve kozmetikte kullanim alani hizla
biylyerek 6nem kazanan BAZ'In Uretimi de bu
sebeple oldukca dnem kazanmistir. Ozellikle tedavi
amaci ile kullanilacak olan bal arisi zehrinin yuksek
saflikta ve kalitede olmasi kritk ©nem arz
etmektedir. Bu da dogru Uretim tekniklerinin
uygulanmasiyla mimkindir. Simdiye kadar yapilan
calismalara bakildidinda, diger ari Urunlerinin
Uretiminde oldugu gibi zehir Gretiminde de kullanilan
makine, techizat, bilingli koloni bakim ve yonetimi,
besleme, Uretimin yapildi§i sezon ve depolama
kosullarinin bal arisi zehri Gretim miktari ve kalitesini
etkileyen faktorlerin baginda geldigi belirlenmistir
(Krell 1996, Ferreira Junior vd., 2010, Sanad ve
Mohanny 2013, Bogdanov 2016, Serrinha vd.,
2019). Bu ¢alismanin amaci, simdiye kadar yapilan
calismalari derlemek, bal arisi zehrinin kalitesini
etkileyen Uretim faktorlerinin ortaya konmasi ve yeni
calismalara i1sik tutmaktir.



Bal arisi zehri kompozisyonu ve kullanilan analiz
yontemleri

Bal arisi zehrinin icerigi, zehrin kalitesini ve
apiterapotik  degerini  belirlediginden igeriginin
belirlenmesi ve dogru analiz yéntemlerinin dogru ve
standardize metotlar ile yapiimasi da énemlidir. Bal
arisi zehri igeriginde peptid (%40-50 melittin, %2-3
apamin, %2-3 MCD peptid, %0.5-2 secapin, %1-3
pamin, %2 minimin, %0.5-1 adolapin, %1-2
procamin A,B, %0.1-0.8 proteaz inhibitori, %1-2
tertiapin, kardiaopep, melittin F), protein (%10-12
fosfolipaz A2, %1 fosfolipaz B, %1-2 hiyaluronidaz,
%1 fosfataz, %0.6 o— Glukozidaz), biyojenik aminler
( %0.5-2 histamin, %0.2-1 dopamin, %0.1-0.5
noradrenalin), fosfolipitler (%1-3), aminoasitler ( %1
aminobdtirik asit, a-amino asitler), sekerler ( %2-4
glikoz, friktoz), feromonlar (%4-8 kompleks eterler)
ve mineraller (%3-4 P, Ca, Mg) bulunmaktadir (Hider
1988; Bogdanov, 2015).

Bal arisi zehri igerigini belirleme amaci ile HPLC, LC-
MS/MS, MALDI-TOF gibi ileri analiz yontemleri
kullaniimistir (Pacakova ve vd., 1995; Kokot ve
Matysiak, 2009; Rybak-Chmielewska ve Szczésna,
2004, Ferreira Junior vd., 2010, Samanci 2019;
Zhang, 2019). Tim yoéntemler arasinda en yaygin
kullanilan analiz yontemi HPLC-UV (YUksek Basingli
Sivi  Kromatografisi- Ultraviyole) ile uygulanan
yontemdir. HPLC-UV analizi ile BAZ’ in kalitesi igin
belirte¢ olarak 6ne surllen apamin, melittin,
fosfolipaz A2 maddeleri kalitatif ve kantitatif olarak
analiz edilebilmektedir.

Bal arisi zehri ile ilgili 6zel firmalarin kendi urin
talepleri dogrultusunda olusturduklari standartlar
disinda literatirde Bogdanov (2016) tarafindan
Onerilen genel bir standart bulunmaktadir. Bu
standart bal arisi zehrinin organoleptik 6zelliklerinin
tipik karakterde (sarimsi-kahverengimsi renkte, toz
kristalize yapida) olmasi gerektigi, su igeriginin
%2'den yiksek olmamasi, suda ¢o6zinmeyen
madde miktarinin %0,8’den, seker igeriginin ise
%6,5'ten dusik olmasi, hiyaluronidaz, fosfolipaz,
melittin ve proteaz inhibitdrlerin biyolojik aktivitesinin
yeterli seviyede bulunmasi, toksik doz olan LDso
dozunun 3,7+0,6 mg/kg olmasi 6nerilmektedir. Ayni
calismada, Rus standardi olarak ©6ne sdirllen
standartlarda bal arisi  zehrinin  organoleptik
Ozelliklerinin tipik karakterde, su igeriginin %12'den
dislk, suda ¢6zinmeyen madde miktarinin
%10’dan dislk, hemoliz siresinin 480 saniyeden
az, fosfolipaz aktivite Unitesinin 100’den az ve
hiyaluronidaz aktivitesinin 70’ten ylUksek olmasi

gerektigi  belirtilmigtir. Bunlarin  disinda, Turk
Standartlar Enstitisi (TSE) 2005 yilinda igerik,
analiz yontemi ve cihaz ile ilgili ayrintili bir standart
olusturmustur. TSE standardina goére; kuru bal arisi
zehri numunelerinin igeridi melittin, kuru maddede
%40-50 (m/m), apamin, kuru maddede %1-3 (m/m),
fosfolipaz A2, kuru maddede %10-12 (m/m), MCD
peptid 401, kuru maddede %2-3 (m/m),
glikoz+friktoz, kuru maddede %2-6 (m/m), 4,5-5,5
pH olmasi gerektigi belirtiimistir. Samanci (2019),
apamin, melittin ve fosfolipaz A: igerigi disinda nem
ve seker karakterizasyonunu incelemis, glikoz icerigi
yuksek bulunan ticari bir drnegdin iceriginde tagsis
olabilecegini ifade etmiglerdir. Bu sebeple,
standardizasyonda melittin, apamin, fosfolipaz Ao,
nem ve seker analizi yapilmasi, bunun yaninda
organoleptik 6zellikler igin de standartlasmaya
gidilmesi 6nerilmektedir.

Bal Arisi Zehri l':'!retimin_qe Kullanilan Cihazlarin
Koloni ve Zehir Uretimi Uzerine Etkisi

Bal arisi zehrinin tip ve kozmetik alanlarinda
kullanimina bagli olarak Uretimine yonelik talepler
gittikce artmaktadir. Bu nedenle bilim insanlari ve
aricilar ylksek verim ve Kkaliteli drin dretimine
yonelik bircok yontem ve cihaz gelistirmektedirler.
Bal arisi zehrinin dogrudan arinin kendisinin istenen
bdlgeyi sokturulmasi yolu ile tedavide kullanimi
yuzyillar 6ncesinden beri bilinmektedir. Ginimuizde
bu kullanim sekli halen devam etmektedir
(Bogdanov 2015). Daha sonra arilarin zehir keseleri
diseksiyon yolu ile alinarak igerisindeki zehir elde
edilme yoéntemi kullanilmistir (Krell 1996). Daha
sonralari surdarilebilir koloni saghgi, ar yasami,
arin miktart ve 0Urin Kkalitesine Oncelikli olarak
odaklanilmis ve ari yasamina zarar vermeden hasat
yapillacak bal arisi zehri hasat cihazlari
geligtiriimistir. ik kez 1954 yiinda Alman
arastirmacilar Markovic ve Molnar bal arisi zehrini
toplamak amaci ile elektrogok  ydntemini
kullanmiglardir. Urettikleri cihaz; kovan giris deligi
o6nlne konulan, Uzerinde elektrik iletecek olan telleri
bulunduran iki adet silindirden ibaret ve tellerin altina
deneme amaci ile konulan plastik ve filtre k&gidi gibi
materyallerden olusmaktadir (Benton vd., 1963). Bu
yontem arilarin sert yapida olan plastik ve filtre
kagidinda ignelerini birakarak Olmeleri ayrica
kullanilan materyallerin purizlu yUzeylerinden dolayi
zehrin toplanmasini zorlagtirmasi sebebiyle uygun
bulunmamistir. Fakat su anda kullanilan ari zehri
toplama cihazlarinin temel tasi olan elektik soku-
uyarisini literatire kazandirmistir. Bu asamadan
sonra elektrik uyarisi ile ari zehri toplama temeline
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dayanan birgok farkli cihaz gelistiriimigtir. Ornegin
Fuji'de Miao (1983), Portekiz’de Nobre (1990),
ABD'de, Brandeburgo (1992) bu amagla benzer
modifikasyonlarda cihazlar tanimlamislardir. Benton
(1963) tarafindan gelistirilen cihaz en fazla modifiye
edilen ve kullanilan cihaz olma 6zelligi tagimaktadir.
Cihazlar, Uzerinde arilar maruz kaldiginda onlari
oldirmeyecek nitelikte, elektrik iletkenligi ylUksek
teller bulunan ve arilarin soktugu zaman ignelerini
kaybetmeyecekleri ve zehirlerini Uzerine
akitabilecekleri cam plakadan olusmaktadir.
Polonya’da Rybak vd., (1995), kovan katina
yerlestiriimis ve gercevesinde her 5 mm'de bir monte
edilmis olan elektrotlardan gecen bir elektro
uyaricidan (jeneratdr) olusan ari zehri toplama
aparati tarif etmislerdir. Cerceveler Gzerinde zehrin
toplanacagi cam plakalar bulunur. Cam plakalar
arilarin ignesini kaybederek 6lmelerine engel olmasi
ve kazima sirasinda-kalinti birakmamasi nedeniyle
en az kayipla zehir hasadina imkan saglamaktadir.
Mohanny (2015), Misirda gerceklestirdigi
galismasinda UG¢ farkh cihaz modifikasyonu
kullanimistir; 1) 0,5 cm aralikli paralel bakir teller (52
cm uzunluk*42 cm genislik*1,5 cm siklik) altina
seffaf cam tabla (45 cm uzunluk*25 cm genislik)
yerlestiriimis, 2) Langstroth cerceve (45,5 cm
uzunluk*23 cm genislik*5 cm siklk) iki taraftan teller
ile desteklenmistir. Tel 1zgaralarin iki yizindn altina
seffaf cam plakalar (33 cm uzunluk*17 cm genislik)
konulmus, 3) Ahsap gergeve (56 cm uzunluk*36cm
genislik*1,5cm siklik) tellerin altinda yine seffaf cam
tabla (45 cm uzunluk*25 cm genisglik) tercih
edilmistir. Bu Ug¢ farkh cihazda tablalar seffaf cam,
mavi cam ve ayna olarak i¢ gruplara ayrilmistir.
Calisma sonucunda 3. gruptan elde edilen zehir
miktarinin diger gruplara gére daha yiksek oldugu,
en yuksek verimin aynada, en dusuk verimin ise
mavi cam tablada elde edildigi bildirilmigtir. Fakat 6l
ar1 sayisi incelendiginde, en yuksek 6lim orani ayna
tablada gdzlemlenirken en dusuk 6lum orani mavi
cam tablada gozlemlenmistir. Uyaran frekansi ve
etkisi Uzerine yapilan bir galismada, arilarin farkli
frekanslara verdigi tepkinin degistigi, en etkin
frekansin 112 Hz. oldugu tespit edilmistir (Maulana
vd., 2018). Son doénemlerde kablosuz, pilli ya da
glnes enerjisi ile c¢alisan ve arilarin koloni igi
iletisimde kullandiklar frekans (Hz) araliklarini hedef
alan cihazlar da gindeme gelmektedir. Ayrica zehrin
kalitesini ve safligini arttirabilmek amaci ile
kullanilan cam tablanin Uzerini streg film, plastik
polietilen vb. materyallerle sarma da s6z konusudur
(Fakhim 1998, Bahreini vd., 2000, Sanad ve
Mohanny 2013). Genel olarak literatiirde bal arisi
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zehri toplama cihazlar igin tavsiye edilen degerler;
50-1000 Hz. uyari frekansinda, uyar siresi 3-6 sn.,
voltaj aralidi 12-30V ve 1 Amper olan paslanmaz
teller arasi mesafe 5 mm olmasidir (Rybak vd., 1995,
Bogdanov 2016; Maulana vd., 2018). Online
mecrada aricilarin kendi deneyimleri ile olusturdugu
bilimsel temellere dayanmayan metotlar da
bulunmaktadir. Zehir toplama islemi esnasinda
kovan Uzerini plastik seffaf kubbeler ile 6rtmek ya da
arilara farkli mizikler dinletmek basvurulan bu tarz
yontemlere 6rneklerdir.

Dogru ve kaliteli BAZ uretimi igin oncelikle dogru
zehir toplama cihazi tercih edilmelidir. Glinimuzde
bircok internet sitesinden ar1 zehri toplama cihazi
satin alinabilmektedir. Fakat tilkemizde maalesef bu
konuda bir standartlasmaya ve  kontrole
gidilmemigtir. Koloni saghgdinin korunmasi ve verilen
emeklerin bosa gitmemesi i¢in acilen bu konuda
standartlar getirilmeli, cihaz Ureticileri sertifikall,
denetli Granler ile sektore girmelidir.

Uygulama Teknikleri

Bal arisi zehrini koloniye zarar vermeden, yuksek
miktarda ve yuksek kalitede elde edebilmek
amaciyla asagidaki alt baslklarda ayrintili olarak
verildigi Uzere birgok farkli ydontem bilimsel olarak
arastiriimistir.

Cihazin kovandaki konumu

Ari kovaninin icine yerlestirilen toplayicilar, kovanin
icinde veya kovanin Uzerini Ortecek sekilde
kullanilabilir (Robson 1988, Bogdanov 2015). Bu tir
cihazlar, faaliyetlerini surdirtrken daha fazla sayida
ari ile temas halinde olabileceginden, kovan disi
toplayicilardan daha yuksek miktarda zehir toplama
kapasitesine sahiptir. Kovanda tabana yerlestirilen
toplayicilar arilarin atiklariyla kirlenmeye maruz
kaldiklarindan dolay! tavsiye ediimemektedirler (Han
vd., 2007). Ote yandan, ballik tizerine yerlestirilen ya
da cerceve seklinde olanlar, daha dlsUk
kontaminasyon riskine sahiptir (Robson 1988,
Serrinha vd., 2019). Kovan digi Uretimde tarlacilik
faaliyetlerinden doénen bal midesi ve polen kesesi
urinle dolu arinin elektrik ile uyariimasinin arida
kusmaya sebep olama ve polenin cam tablaya
doklilme ihtimali sebebiyle kontaminasyon riski
artabilmektedir. Fakat kovan igi Uretimde bu risk
kovan disina goére daha dusuktar. Ayrica, kovan
disinda tek tabla ile Uretim yapilabilirken kovan igi
Uretimde birden fazla tabla kullanilabiimekte, bu da
ariin miktarinda artisa neden olmaktadir.



Uygulama periyodu

Rybak vd., (1995), cihazin aktif periyodunu 1 saat
tutarak 14 gunde bir hasat yaparken, Bahreini vd.,
(2000) ise 3 sn aktif/ 7 sn pasif olarak totalde bu 10
saniyelik donglyu 5 dk boyunca surduren bir cihaz
ile 15 glnde bir uygulama yaparak calismiglardir.
Galuszka (1972), en verimli toplama déngusuniin 2-
3 haftada bir 15 dakikalik tg¢ stimilasyon olmasini
onermigtir (Bellik 2015). Genel olarak, zehrin
kalitesini korumak ve koloniyi olabildigince az
yormak amaci ile cihazin 15-20 dk kovan igerisinde
birakildigi ve 10-15 gun ara ile hasat igleminin
tekrarlandigi ydntem gogunlukla tercih edilmektedir.

Uretim saati

Bal arisi zehri Uretiminde farkli saatlerde yapilan
uygulamalara yoénelik ¢alismalar, elde edilen drin
miktarlarinda ciddi  farkhiliklar  olabilecegini
gOstermigtir. Misirda yapilan bir c¢alismada en
yuksek miktarda zehrin 16:00-18:00 arasinda elde
edildigi (0,166 g/giin), bunu sirasiyla 04:00-06:00
(0,118 g/giin), 09:00-11:00 (0,099 g/glin) ve 13:00-
15:00 (0,080 g/giin) saat araliklarinin takip ettigi
bildirilmistir (Sanad ve Mohanny 2013). Calismada,
cihaz Gzerinde 6lu olarak bulunan isci arl sayilari da
incelenmis, en ¢ok 6limin 04:00-06:00 (51,24 oli
ari/giin) ve 16:00-18:00 (49,32 6lG ari/gln) saatleri
arasinda oldugu ortaya konmustur. Misir'da italyan
arisi (A. m. ligustica) ile gergeklestirilen bir baska
calismada, en yuksek miktarda zehrin 19:00-21:00
saatleri arasinda toplandidi tespit edilirken, bunu
10:00-12:00 ve 15:00-17:00 saatleri sirasiyla takip
etmigtir. Oli ari sayilar incelendiginde ise; en
yuksek o6limun 19:00-21:00 (70 olu ari/koloni)
saatleri arasinda oldugu ve bunu takiben sirasiyla
10:00-12:00 (65 ©6lu an/koloni) ve 15:00-17:00 (62
Ol ari/koloni) saatlerinin geldigini belirlenmisgtir.
Arastirmacilar aksam saatlerindeki 6lim ve hasat
miktarindaki artigin tarlaci arilarin kovana dénmesi
ile kovandaki populasyon yodunlugunda artisin bir
sonucu olabilecegini vurgulamislardir (Nowar 2016).
Mevcut bilgiler 1s1ginda, koloninin tamaminin kovan
icerisinde bulundugu aksam saatlerinde zehir
toplama islemi yapildiginda daha fazla miktarda
zehir elde edilebilecedi anlasiimaktadir. Ancak
arastirmacilarin eksik biraktigi nokta, zehrin farkli
saatlerin kalitesi Uzerindeki etkisini belirlememis
olmalaridir. Kekegoglu vd., (2021) Dlzce sartlarinda
Dizce/Y1gilca ekotipi (Apis mellifera anatoliaca)
Uzerine yaptiklar ¢calismada, zehir toplama saatine
gbre zehir iceriginde bulunan apamin, melittin ve

fosfolipaz A: iceriklerinin istatistiki bakimdan énemli
dizeyde degismedigini bildirmiglerdir.

Zehir Toplanan Kolonilerde Besleme Etkisi

Bal arisi zehri, bal arilarinin kendilerini dismanlarina
karsi koruyabilmek igin kullandiklari bir dig salgi
arinadar. Bal, polen ve propolis gibi Grtnler hem
ariya hem de bitki florasina dogudan bagli iken zehir,
arl sutl ve bal mumu gibi dis salgi bezi Urunleri
floraya dolayli yoldan yani beslenme Uzerinden
baghdir. Ari sitinde oldugu gibi (Li, 2000), zehirde
de beslenmeye bagl degisimler
go6zlemlenebilmektedir; Misirda Karniyol (Apis
mellifera carnica) hibrit kolonileri Gzerinde elektrosok
yéntemi ile yapilan bir galismada, zehir hasadindan
10 giin 6nce bira mayasi, soya fasulyesi veya dogal
polen ile beslemeler yapilmis, bdylece farkh protein
kaynaklarinin BAZ’ in hasat miktar1 Gzerine etkisini
arastiriimistir. iki yil boyunca her iki sezonda da ari
zehrinde en yuksek verimin 1,661 mg/koloni ile
polen yem uygulamasinin sagladidi tespit edilmigtir.
Buna gore; dogal polenin en yuksek verimi saglayan
besleme ydntemi oldugunu, bunun sebebinin ise
esas olarak kaslarin, bezlerin ve dider dokularin
yapisal elemanlarini saglamasi oldugu belirtiimistir
(Badawy vd., 2016). Misir'da italyan bal arisi (Apis
mellifera ligustica) kolonileri Uzerinde elektriksel
uyari cihazi ile ydratilen bir bagka calismada
kolonilere seker surubu ve polen ikamesi (Soya
fasulyesi unu, toz maya ve pudra sekeri (0,5: 0,5: 2))
karisimi olmak lzere ki farkli  besleme
uygulanmistir. Calisma sonucunda polen ikamesi ile
beslenen kolonilerde zehir bezi ve kesesinin olumlu
etkilendigi ve daha ylksek miktarda zehir Urettigi
tespit edilmistir. Ayrica toplanan ari zehrinin HPLC
analizinden elde edilen sonuglar, bal arisi
kolonilerinin polen ikamesi ile beslenmesi sonucu
ana bilesenlerinin (melittin, fosfolipaz Az ve apamin)
ylzdelerinin arttigini géstermistir (Nowar, 2016). A.
cerana' nin zehir kalitesi tzerine farkli karbonhidrat
kaynakli, protein takviyeli diyetlerin
karsilastirmasinin yapildigi ¢calismada farkli seker
kaynaklari (maltoz, friiktoz, glikoz), seker (suda 1:1
sakkaroz), protein karisimi (3:1:1 oraninda soya
fasulyesi unu, kuru maya ve kuru yagsiz sut) ve
kontrol olarak dogal c¢igcek nektari beslemesi
uygulamalari yapiimistir. Bu galismada, tamamlayici
karbonhidrat diyeti ve protein bakimindan zengin
alternatif ar1 diyetinin ari zehrinin kalitesi Uzerinde
onemli etkileri oldugu tespit edilmistir. Glikoz ve
frlktozla beslenen arilarin zehrindeki melittin,
fosfolipaz A2 ve apamin konsantrasyonu daha diisik
bulunurken, maltozla beslenen arilarin zehrinin
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kalitesi dogal beslenen bal arilarindan toplanan
zehre yakin bulunmustur. Protein agisindan zengin
diyetle beslenen arilardan elde edilen zehrin melittin,
fosfolipaz Az ve apamin konsantrasyonlarinin, dogal
beslenen ve slkroz igerikli diyetle beslenen
arilarinkine gére daha yuksek oldugu tespit edilmistir
(Abusabbah vd., 2016). Tdm bu g¢alismalarin
sonucunda, dogru ek beslemenin bal arisi zehrinin
icerigini ve miktarini dogrudan etkileyebildigi agik¢a
anlasiimaktadir. Bu sebeple, zehir hasadi yapilacak
olan kolonilerden polen toplanmamali ve gerekli ise
dogru igerikli ©6n beslemeler duzenli olarak
yapilmahdir.

Zehrin igerigi ve Miktarni Uzerinde Mevsimsel
Degisim Etkisi

Mevsimsel degisimler; arilarin  kendi yasam
donguleri, ulagilabilir besin kaynaklarinin degisimi ve
ortam 1sI ve nem degerlerinin degisiminden dolayi
bal arisi zehrinin igerigini ve miktarini etkileme
potansiyeline sahip 6nemli parametrelerden biridir.

Sanad ve Mohanny (2013) tarafindan Misirda
yapilan arastirmada en yuksek zehir miktarinin
(0,0185 g/gin) agustos ayinda elde edildigi
bildirilmistir. Misirda italyan ari irki (A. m. ligustica)
kullanilarak yapilan bir diger ¢alismada elde edilen
zehir miktarinin mevsimsel faktorlere gére degistigi,
en verimli ayin misir polenine ulagsimin artis
gosterdigi temmuz ayi oldugu bildirilmistir (Nowar
2016). Hussein vd., (2019), Misir'da Karniyol (A. m.
carnica) ve ltalyan irklarini (A. m. ligustica)
kullanarak iki farkh bolgede yaptigi galismada Nasr
Bolgesinde en yliksek miktarin (99,9 mg/koloni) ile
mayis ayinda ve en az miktarin (11,1 mg/koloni) ile
ekim ayinda; Motobes bdlgesi kosullarinda ise en
yiksek zehir hasadini (102,5 mg/koloni) haziran
ayinda ve en az miktarda zehir hasadini ise (60,2
mg/koloni) ile kasim ayi sonunda elde ettiklerini
bildirmislerdir. Ayrica El-Bassiony vd., (2016)nin
Misir'da yaptiklari ¢galismada elde ettikleri sonuglar,
Bachmayer vd., (1972) ve Mohanny (2005)nin
galismalari ile uyumlu olarak koloninin aktif oldugu
zaman periyodu olan ilkbahar ve yaz mevsimlerinin
bal arisi zehri toplamak icin en iyi aralik oldugunu
ortaya koymustur. Sonug olarak arastirmacilar bu
durumun koloninin besin ihtiyacini karsiladigi nektar
ve polen durumu ile bir iligkisi oldugunu
belirtmiglerdir.

Bal arisi zehrinin kompozisyonu Uzerine mevsimsel
parametrelerin etkisi arastiran c¢alismalar da
mevcuttur. Owen ve Sloley (1988) tarafindan italyan
arisi (A. m. ligustica) kullanilarak ve diseksiyon
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yontemi ile zehir hasadi yapilan ¢alismada, zehir
icerigindeki serotonin (5-hydroxytryptamine)
miktarinin temmuz ortasinda en yiksek degerlere
ulastigi  belirlenmigtir. Owen ve Praff (1995),
diseksiyon yontemi ile elde edilen zehir i¢eriginde
melittin oraninin yaz boyunca degisim gosterdigini
ve yedi ginden buyUk herhangi bir yastaki bir arida
melittin  seviyesinin haziran baginda agustos
ortasina gore daha yiksek oldugunu tespit
etmislerdir. Rybak-Chmielewska ve Szczensna
(2004) galismalarinda farkli mevsimlerde elektrosok
yontemi ile hasat edilen BAZ 6rneklerinde melittin
bileseni icin 6nemli dlgide farklihk tespit ederken,
fosfolipaz A2 ve apamin igin fark bildirmemislerdir.
Ferreira Junior vd., (2010), belirgin bir iklim
parametresiyle belirli bir baglanti olmaksizin melittin
ve fosfolipaz A2nin mevsimsel degisimlerden
etkilendigini tespit etmislerdir. Kekegoglu vd., (2021)
Anadolu bal arisi ile haziran-agustos aylari arasinda
Duzce'de  yaptiklari  galismada, mevsimsel
degisimlerin apamin, melittin ve fosfolipaz A2
Uzerinde istatiki olarak 6nemli bir etkisi olmadigini
tespit etmiglerdir. Onceki galismalar ve son yapilan
calismalar birlikte degerlendirildiginde, dogru bakim
ile aktif sezon igerisinde herhangi bir dénemde
kaliteli zehir Gretebilmek mumkuin gézukmektedir.

Bal Arisi Irki ve Davraniglarinin Zehir Kalitesi ve
Uretim Miktar1 Uzerine Etkisi

Bocek zehirlerinin  farmakolojik  benzerliklerinin
aksine, biyokimyasal yapilari farkli taksonlar
arasinda 6nemli ol¢ide farklihk gosterir. Bal arilari,
yaban arilari ve karincalar gibi farkli familyalara ait
zar kanathlardan (Hymentoptera) elde edilen
fosfolipazlar ¢ok farkli molekiler agirliklara sahiptir
ve spesifik aktiviteleri de farklilik gésterebilmektedir.
Tim zar kanathlarin (Hymentoptera) zehri kiguk,
oldukca temel ve agdriya neden olan peptitler icerir.
Bu algojenik peptitler, farkli tirlerin zehirleri arasinda
neredeyse hicbir yapi benzerligi gostermez (Ali
2012). Bu peptitler arasinda apamin ve melittin bal
arisi zehrinin ayirt edici bilesenlerindendir.

Apis tlrlerinden elde edilen zehirler igerik
bakimindan farkliliklar gostermektedir. Benton ve
Morse (1968) tarafindan bildirildigi Uzere, Apis
cerana zehrinin toksisitesi, Apis mellifera'dan iki kat
daha yuksektir (Ali 2012). Kumar ve Devi (2014) ve
Kumar vd., (2014), farkl turlerde zehir bezi ve zehir
kesesi salgisinin bilesiminde o6nemli farkhliklar
oldugunu gézlemlemiglerdir. En ylksek oranda lipit,
protein, asit fosfataz aktivitesi, glikoz, serbest amino
asitler ve alkalin fosfataz aktivitesinin sirasi ile A.



dorsata, A. cerana, A. mellifera ve A. florea'da
bulundugunu  belirtmiglerdir.  Apis  turlerinin
karsilastinldig bir bagka ¢calismada; melittin, tim bal
arisi zehirlerinin ana bileseni olarak tespit edilmistir.
A. dorsata, A. mellifera, A. florea ve A. cerena'daki
melittin igeriginin sirasiyla %95,8 + 3,2, %76,5 + 1,9,
%66,3 + 8,6 ve %56,8 + 1,8 oldugu belirlenmis, A.
dorsata zehrinin en ylksek antioksidan aktiviteye
sahip oldugu tespit edilmistir. En ylksek tahrisi A.
mellifera zehri sergilerken bunu sirasiyla; A. cerena,
A. dorsata ve A. florea takip etmistir (Somwongin vd.,
2018).

Apis mellifera irklan arasinda zehir igeriginin
tespitine yonelik calismalar da bulunmaktadir. A. m.
lamarckii ve A. m. carnica 1irklar ile yapilan
calismada melittin hemolitik testi, hiyaluronidaz
aktivitesi, fosfolipaz Az aktivitesi ve LDso degerleri
belirlenmistir. Calisma sonucunda A. m. lamarckii
zehrinin biyolojik aktivitesi daha yuksek bulunmugtur
(Zidan vd., 2018). Alti farkl Apis mellifera rklarina
ait zehirlerin biyolojik amin profilinin karsilastirildigi
calismada, A. m. ligustica ve A. m. ligustica’dan ari
sutu verimini arttirmak igin 1slah edilmis olan bal arisi
kolonilerinden elde edilen zehir 6rneklerindeki
histamin ve adrenalin oraninin A. m. anatoliaca, A.
m. caucasica, A. m. carnica ve A. m. carpatica
zehirlerine gore daha ylUksek oldugu tespit edilmistir.
En yuksek serotonin icerigi A. m. carnica ve A. m.
ligustica’dan islah edilen arilarda tespit edilmistir.
Zehir numunelerinin noradrenalin miktari da irklar
arasinda farkhlik géstermistir (Zhang vd., 2019).

Toplanan bal arisi zehri miktari agisindan irklar
Uzerine yapilan galismalarda Hussein vd., (2019), A.
m. carnica ve A. m. ligustica melezlerinin ve cografi
bolgelerin  bal arisi  zehri  Uretimine farkl
mevsimlerde etkisini arastirmiglar. Arastirmacilar
karniyol (A. m. carnica) ve Italyan (A. m. ligustica)
kolonilerinden toplanan zehir miktarinin sirasiyla
51,3 ve 44,8 mg/koloni oldudunu, iki bal arisi

hibritinden toplanan kuru ari zehri miktarlari
arasinda 6nemli  bir fark  gbzlenmedigini
bildirmislerdir.

Arilardan elde edilebilecek zehir miktari ve arilarin
agresyonu (sokma davranigl) arasinda bir iligki
oldugu dusunulmektedir. Arilarin sokma davranisi
ve elde edilen zehir miktari arasindaki iligkiyi
inceleyen calismada, dusunulenin aksine sokma
davranigl ile elde edilen ari zehri miktari arasinda
negatif korelasyon tespit edilmistir (Omar 2020).
Arastirmacilar bu sonuglari saldirgan kolonilerin
zehir toplama esnasinda tabla Uzerinden

uzaklasmasina baglamislardir. Bu konu ile ilgili daha
fazla calisma yapilmasi ve detayll bir sekilde
sebeplerin incelenmesi gerekmektedir.

An Yasinin Zehir Uretimi ve Kalitesi Uzerine
Etkisi

Bal arilarinda kovan igi gérev dagihmi temel olarak
yasa gobre degismektedir. Bu degisim aslinda
arillardaki  fizyolojik  degisim ve gelisimlere
dayanmaktadir. Bir gunlik isci arilarda daha az
miktarda zehir bulunmaktadir (Gengay Celemli
2018) fakat genel olarak bal arilarinda zehir bezinin
gelisimini tamamlamadigi ve en aktif oldugu evrenin
12-21 gunlik olarak ifade edilir. Bunun sebebi ise
zehir bezlerinin gelisimi ve olgunluk surecidir. 22-45
gunlik arilarda ise fizyolojik olarak hypofaringeal ve
mandibular bezlerde salgi degisimi gerceklesirken,
zehir bezi de aktifligini kaybetmemekle birlikte tretim
potansiyelini disirmektedir (Geng ve Cengiz 2019).

Bal arisi zehri igerigi Uzerine ari yasinin etkisi birgok
faktor ele alinarak incelenmigtir. Bachmayer vd.,
(1972), farkh yastaki is¢i ve ana arilarda zehir
bezinde melittin ve onun 6nclli olan pro-melittin
sentezini arastirmiglardir. Pro-melittin sentezinde ve
bunun melittine dontgiim hizinda yas ile baglantili
belirgin degisiklikler oldugu tespit edilirken, ana
arilarda ilk gunden itibaren tam kapasiteye yakin
isledigini belirlemiglerdir. Is¢i arilarda pro-melittin
Uretiminin yavas yavas artarak 8. ile 10. gunlerde
maksimuma ulastidini ve sonraki ginlerde azaldig
belirlemiglerdir. isci arilarda ilk iki giin boyunca
sadece pro-melittin sentezi gdzlenirken, melittine
donusuml daha sonraki gunlerde ortaya
cikmaktadir. TUm bu veriler degerlendirildiginde ana
arida ilk gunden itibaren melittin ve pro-melittin
sentezinin aktif olmasinin dider ana arilar ile
micadelede zehrin kullanilacak olmasi ve isGi
arilardaki degisimlerin ise fizyolojik gelisimleri ve
gorev dagilimlar ile iligki tagiyabilecedi ayni
calismada vurgulanmigtir.

Zehir icerisindeki histamin miktari Uzerine yapilan
arastirmada ise 5 haftallk arilarda maksimum
seviyeye ulastigi tespit edilmistir (Owen ve
Braidwood 1974, Owen vd., 1977). Bir diger
calismada yasa bagl hiyaluronidaz aktivitesi
incelenmis ve arinin tUm yasami boyunca sabit
konsantrasyonda bulundugu tespit edilmistir (Owen
1979). Histaminin ise en yiiksek konsantrasyonuna
is¢gi arinin  hayatinin  sonuna dogru ulastig
belirlenmigtir (Owen vd., 1977). Zehir igerigindeki
dopamin ve noradrenalin (norepinefrin) miktari da ari
hayatinin erken evresinde az miktarda bulunurken
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yas aldikga artmakta ve 40 gunlik yastan sonra
dusus gOstermektedir (Owen ve Bridges 1982).
Serotonin miktarinda da yas ve mevsimsel iligkili
varyasyonlar belirlenmistir (Owen ve Sloley 1988).
Bal arisi zehrindeki fosfolipaz A2 aktivitesi
incelendiginde ise yetigkin yasaminin ilk haftasinda
istikrarli  bir sekilde arttidi ve petek gdbzinden
cikistan bir hafta ile 10 giin sonra maksimum enzim
aktivite seviyelerine ulasildigi belirlenmistir (Owen
vd., 1990). Tim bu galismalar incelendiginde, zehir
bilesenlerinin yagsa bagll olarak degistidi ve Uretim
asamasinda bu faktoérin g6z ardi edilmemesi
gerektigi acikga goriulmektedir.

Zehir Toplamanin Koloni Uzerindeki Etkisi

Skubida vd., (1995), Polonya'da, farkli ar zehri
toplama yoéntemlerinin, toplanan zehir miktari ve

bunlarin  kolonilerinin  durumu  ve  kislama
performansi ve Uretkenliklerine (bal, polen,
balmumu) etkisini arastirmistir. Bu c¢alismada

sonucunda arastirmacilar zehir toplamanin koloni
glcu, yavru yetistirme, bal, polen ve balmumu
Uretkenligi Uzerinde  higbir  olumsuz  etki
olusturmadigini  saptamistir. Zhou vd., (2003),
Cin'de arn zehri toplanmasinin ¢ glinde bir
yapildiginda, larva kabul orani, bal verimi ve ar sitd
veriminin énemli lglide dustigunu tespit etmislerdir.
Bununla birlikte zehir toplama, tek bir ar sdtu
gbzinin ortalama c¢iktisi Uzerine ve ana arinin
ovipozisyonu ve seker tuketimi Uzerinde 6nemli bir
etkisi belirlenmemistir. Haggag vd., (2015) A. m.
ligustica ve A. m. carnica irklarinda zehir toplamanin
bal depolama alanina etkisini arastirmistir.
Calismada, A. m. carnica kolonilerinden uygulama
grubunda ortalama bal depolama alani 435,8 ing?
iken kontrol grubunda 460,2 ing? olarak
belirlenmigtir. A. m. ligusticada ise uygulama
grubunda 317,9, kontrol grubunda ise 318,72 ing?
olarak belirlenen bal depolama alanlari arasinda
onemli diizeyde bir farklilik tespit edilmemistir. Onari
vd., (2016) ise zehir hasadinin nisan, mayis ve
haziran aylarinda kolonilerin acik larva alani,
temmuz ayinda ise kapall larva alanini olumsuz
etkiledigini, fakat kolonilerin hijyenik davraniginin
zehir hasadindan etkilenmedigini tespit etmislerdir.
Ayrica, ¢alisma yili boyunca zehir hasadi yapilan
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kolonilerden dokuzunun kovani terk ettigini
g6zlemlemiglerdir. Bu ¢alismanin kosullari altinda,
zehir hasadinin, kolonilerin hijyenik davranigini
etkilemeksizin, yilin belirli zamanlarinda koloni
populasyonunun gelisimini olumsuz etkileyebilecegi
sonucuna varmislardir. Krivtsov ve Lebedev (1995),
zehir hasadinin kulugka Uretiminde ve bal veriminde
yaklasik %10-15'lik bir dislse sebep oldugunu
tespit etmiglerdir. Bunun yaninda, zehir toplama
sezon bagsina 3-4 kez olacak sekilde daha seyrek
yapilirsa ari performansinin etkilenmeyecegi de
bildirilmistir (Bogdanov 2016).

Depolama Kosullari

Zehir bilesenlerinin bozunmasi proteazlarin varligina
bagl olarak otoliz yoluyla gergeklesir. Bozunma hizi
disik sicaklikta vakumlu dondurarak kurutma
(liyofilizasyon) yontemi kullanilarak dusurdlebilir
(Graaf vd., 2020). Liyoflizasyon yéntemi Krell (1996)
ve Ali (2012) tarafindan bal arisi zehrini
depolamanin en glvenli yolu olarak o&nerilmistir.
Liyofiize arn zehri, igerisindeki oksidasyona
sebebiyet verebilecek maddeler uzaklastirildigi igin,
daha kararhdir. Liyofilize ari zehrinde safsizliklarin
tespit edilmesi daha kolaydir ve tagsis olasiligi daha
azdir. Graaf vd., (2020) depolama siresini ay
bazinda uzatmak amaci ile kuru zehir ve zehir
ekstraktini gok iyi kapatilmis amber siselerde -80°C'
de depolama kosullarini 6nermis, liyoflize zehir
numunelerinin alti aya kadar -20°C'de veya bir yil -
80°C'de dondurularak depolanabilecegini 06ne
surmustar.

SONUG VE ONERILER

Yapilan o6nceki arastirmalar degerlendiginde bal
arisi zehri igerigi ve kalitesinin birgok farkli fakttre
bagl olarak degisebilecedi gorilmustir. Dogru bal
arisi zehri Uretimi; standardize edilmis ari zehri
toplama cihazi, dodru uygulama teknikleri, dogru
koloni yonetimi ve bakimi, hijyenik sartlarda Uretim
ve dogru depolama ydntemleri ile yapilabilir (Sekil

1).



Sekil 1. Bal arisi zehri hasadi; 1: Bal arisi zehri toplama cihazinin kovana yerlestiriimesi, 2: Cihazin uygulama sonrasi
arilar tarafindan sariimig aktif hali, 3: Uzeri zehir kapll cam tablanin kovandan alinmasi, 4: Zehrin kazinmasi, 5: Zehrin
amber renkli cam siseye aktarilmasi, 6: Zehrin ana depolama hattina aktariminda kullanilan soguk zincir kutusuna
konulmasi. (Fotograflar Diizce Universitesi iletisim Birimi tarafindan gekilmistir)

Figure 1. Honey bee venom harvesting and materials used; 1: Placing the honey bee venom collector in the hive, 2: The active state of
the device wrapped by the honey bees after the application, 3: Collecting the venom covered glass plate from the hive, 4: Scraping the
venom, 5: Transferring the venom to the amber colored glass bottle, 6: Placing the amber glass bottle into the cold chain box which will

be used for transferring the venom to the main storage line (Photos were taken by Diizce University Public Relation Unit).

En 6nemli olan kisim ise aricilarimizin bakanliklar ve
Universitelerin ortaklasa hazirladiklar egitimlere
katilarak dogru Uretim tekniklerini uygulamaya
gecmeleridir.  Turk Standartlari  Enstitisinin
sundugu Bal Arisi Zehri Standartlari baz alinarak
yapilan arastirmalar is1ginda Anadolu bal arisi zehri
Uretimi, igerigi, analizi ve depolama Kkosullari
standardize edilmeli, ayrica zehir kalitesine bagli
kalite kategorizasyonu olusturulmalidir. Bu sebeple
bakanlik yetkilileri ve akademisyenlerden olugan
komisyonlar ile Uretim hususundaki kurallar ve
gereklilikler Gzerine c¢alisiimall ve en kisa zamanda
Bal Arisi Zehri Uretimi Tebligi yayinlanmalidir. Tim
bunlarin yani sira Anadolu’ da Uretilen bal arisi zehri
ile ilgili gerek Uretim gerekse icerik analizleri
acisindan ayrintili galismalar yapilarak Anadolu ari
zehri standartlari olusturulmahdir.

Yazar Katkilar: Tugce CAPRAZLI: Literatir tarama
ve yazim, Meral KEKECOGLU: Metnin
dizenlenmesi ve kontrolu.
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