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ABSTRACT

This study investigates pesticide, antibiotic, and heavy metal levels in Bayburt and the Upper Coruh
Valley honey. Thirteen honey samples were collected from different apiaries managed by stationary
and migratory beekeepers. These samples were analysed for heavy metals (Fe, Cu, Zn, Cd, Pb),
antibiotics, pesticides, and chemical residues such as naphthalene. The results revealed that lead (Pb)
levels exceeded international food safety standards in 2 honey samples, while pesticide residues were
detected in 5 samples. Additionally, antibiotic residues were found in 6 samples, including
sulfamethazine, tetracycline, and streptomycin. However, no naphthalene was detected in any of the
samples. These findings highlight the importance of stricter regulations and monitoring systems to
control chemical use in beekeeping practices. Enhancing awareness among beekeepers regarding the
risks associated with pesticide and antibiotic use is crucial for improving honey quality and ensuring
the health of beekeepers and consumers. The adoption of safer practices and adherence to guidelines
are necessary to mitigate these health hazards.
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oz

Bu caligma, Bayburt ve Yukari Coruh Vadisi’nde iiretilen ballarda pestisit, antibiyotik ve agir metal
seviyelerini arastirmaktadir. Sabit ve gezgin aricilarin islettigi 13 farkh ariliktan toplanan bal
orneklerinde agir metaller (Fe, Cu, Zn, Cd, Pb), antibiyotikler, pestisitler ve naftalin gibi kimyasal
kalintilar analiz edilmistir. Analiz sonug¢larina gore, 2 bal 6rneginde kursun (Pb) seviyeleri uluslararasi
gida giivenligi standartlarinin ilizerinde bulunmus, 5 6rnekte ise pestisit kalintisina rastlanmistir.
Ayrica, 6 bal orneginde sulfamethazin, tetracycline ve streptomycin gibi antibiyotik kalintilar tespit
edilmistir; ancak higbir 6rnekte naftalin kalintisina rastlanmamistir. Bu bulgular, aricilik faaliyetlerinde
kimyasal kullaniminin kontrol edilmesi ve siki denetimlerin uygulanmasinin 6nemini vurgulamaktadir.
Aricilarin pestisit ve antibiyotik kullanimi konusunda bilinglendirilmesi, bal kalitesinin artiriimasi ve
tiiketici saglhiginin korunmasi igin kritik 6neme sahiptir. Giivenli uygulamalarin tesvik edilmesi ve
standartlara uygunluk, bu risklerin azaltiimasina katki saglayacaktir.

Anahtar kelimeler: Aricilik, Balda kalintilar, Agir metaller, Pestisitler
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GENISLETILMiS OZET

Amag: Bu calisma, Bayburt ve Yukari Coruh
Vadisi'nde faaliyet gosteren aricilarin Urettigi bal
Orneklerinde pestisit, antibiyotik ve agir metal
kalintilarini belirlemeyi ve bu kalintilarin aricilar ile
tiketiciler Uzerindeki potansiyel saglik etkilerini
degerlendirmeyi amaglamaktadir. Ozellikle sabit ve
gezgin aricilarin islettigi 13 farkh arihktan toplanan
bal  drneklerinde  yaygin  olarak  kullanilan
kimyasallarin kalinti dizeyleri incelenmis ve elde
edilen bulgular ulusal ve uluslararasi gida guvenligi
standartlariyla karsilastiriimistir. Calisma, kimyasal
kalintilarin bal Uretimi Gzerindeki etkilerini ve bu
kalintilarin  potansiyel risklerini ortaya koymayi
hedeflemektedir.

Gereg-Yontem: Arastirma, kesitsel bir calisma
olarak planlanmis ve Agustos-Eylil 2020 déneminde
Bayburt ve Yukari Coruh Vadisi'nde faaliyet
gOsteren 13 ariliktan bal 6rnekleri toplanmistir. Her
ariliktan birer adet bal 6rnegi alinarak, bu érneklerde
agir metaller (Fe, Cu, Zn, Cd, Pb), antibiyotikler
(sulfamethazin, tetracycline ve streptomycin),
pestisitler ve naftalin gibi kimyasal kalintilar analiz
edilmistir. Agir metal tayinleri ICP-AES cihaz ile
pestisit ve antibiyotik kalinti tayinleri ise HPLC-DAD
ve floresan dedektorleri kullanilarak Bayburt
Universitesi Merkezi Laboratuvari'nda
gerceklestiriimistir. Elde edilen sonuglar, Tirk Gida
Kodeksi ve Avrupa Birligi gida standartlar ile
kiyaslanarak degerlendiriimis ve her 06rnegin
uygunluk durumu detayli olarak analiz edilmigtir.

Bulgular: Analizler sonucunda, 13 bal drneginden 2
tanesinde kursun (Pb) seviyelerinin hem Tirk Gida
Kodeksi hem de Avrupa Birligi standartlarinin
Uzerinde oldugu belirlenmistir. Kursun kalintilari,
Ozellikle balin Uretildigi boélgede bulunan cevresel
faktorler ve arlarin bu alanlarda temas ettigi
kirleticiler nedeniyle yukselmistir. Pestisit kalintilari
acisindan, 5 bal 6rneginde bu kalintilarin sinir
degerlerinin asildigi tespit edilmistir ve bu 6érnekler
hem Tirk Gida Kodeksi hem de Avrupa Birligi
standartlarina uygun bulunmamistir. Antibiyotik
kalintilarinda ise, 6 bal 6rneginde sulfamethazin,
tetracycline ve streptomycin kalintilarina
rastlanmistir. Bu antibiyotik kalintilarina sahip
Orneklerin  4'G  Turk Gida Kodeksi’ne uygun
bulunurken, 2’si kodekse uygunluk gdstermemistir.
Avrupa Birligi standartlarina  goére yapilan
degerlendirmede ise, 8 bal 6érneginin bu standartlara
uymadigi, sadece 5 bal 6rneginin uygunluk
gOsterdigi tespit edilmistir. Buna ek olarak, analiz
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edilen bal drneklerinin hi¢birindenaftalin kalintisina
rastlanmamis olup, bu durum aricilarin bilinglenme
dizeyinin arttigini ve bu kimyasalin kullaniminin
azaldigini géstermektedir.

Sonug: Calisma sonuglari, Bayburt ve Yukari Coruh
Vadisi’'nde Uretilen bal 6rneklerinde bazi adir metal
ve kimyasal kalintilarin bulundugunu ve bunlarin bal
kalitesi ile tuketici saglig1 Uzerinde potansiyel riskler
tasidigini  ortaya koymaktadir. Ozellikle 2 bal
orneginde kursun seviyelerinin yiksek olmasi ve 5
ornekte pestisit kalintilarinin  sinirlarin - Gzerinde
¢ikmasi, aricilarin kimyasal kullanimi konusunda
daha fazla bilinglendirilmesi gerektigini
gOstermektedir. Ayni sekilde, 6 drnekte tespit edilen
antibiyotik kalintilari, aricilarin ilaclama
uygulamalarinda daha dikkatli ve kontrolli olmalari
gerektigini ortaya koymaktadir. Egitim
programlarinin artirllmasi ve siki denetimlerin
yapilmasi, aricilarin bilin¢g dizeyini yikselterek bal
kalitesini artiracak ve tiketici saghgdini koruyacaktir.
Sonug olarak, bu c¢alisma, kimyasal kalintilarin
kontrol altina alinmasi, gavenli aricilik
uygulamalarinin tesvik edilmesi ve ulusal ve
uluslararasi standartlara uygun bal Gretiminin
saglanmasi gerektigini vurgulamaktadir. Ozellikle
bolgedeki aricilik faaliyetlerinin sdrdirilebilirligini
artirmak ve bal dretiminde kaliteyi korumak adina
denetimlerin siklastirilmasi ve aricilara yonelik
egitimlerin  yayginlastirimasi buyldk o6nem arz
etmektedir. Aricilarin pestisit ve antibiyotik kullanimi
konusunda bilinglendiriimesi, tiketici saghgi ve Grtn
kalitesinin  korunmasi  acgisindan  6nemli  rol
oynayacaktir.

INTRODUCTION

Beekeeping is an activity that combines the use of
plant resources, bees, and labour to produce
products such as honey, royal jelly, bee venom,
pollen, and propolis, which humans have utilised for
nutrition, health protection, and treatment purposes
since ancient times. In addition to these products,
beekeeping also includes activities such as the
production of queen bees, swarms, and package
bees, which are significant sources of income. The
vital role of bees in pollination is also of great
importance for the agricultural sector. Beekeeping is
the most nature-dependent livestock activity
because the life cycle of honeybees and the raw
material sources of the products obtained are
directly tied to nature (Firath et al. 2000).
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Beekeeping is a globally widespread agricultural
activity, with approximately 100.996 hives and
1.830,768 tons of honey produced, according to the
2022 FAO (Food and Agriculture Organization)
statistics. The reasons for choosing beekeeping
include low capital requirements, high return rates,
low costs, relatively low labour needs, long shelf life
of products, and opportunity for a hobby and
additional income. Additionally, the fact that
beekeeping does not require land makes it an
attractive option for landless farmers (Gdsterit and
Gurel 2004).

Tarkiye has highly favourable natural conditions for
beekeeping. Utilising these natural advantages more
consciously can contribute to the increased
production of honey, an excellent food in every
aspect, and other bee products (Glrcan and Soysal
2005).The antibiotics such as oxytetracycline and
tylosin, widely used in beekeeping to manage
bacterial brood diseases, have been shown to leave
harmful residues in honey, raising health concerns
for both beekeepers and consumers. For instance,
residues of tylosin in honey have been detected at
levels that can persist for months, potentially leading
to antimicrobial resistance and contamination risks
(Caldow et al. 2005).

Oxytetracycline, another commonly used antibiotic,
has been found to degrade slowly in honey and
brood nest areas, leading to long-term residue
persistence, which could disrupt microbial flora in
humans and potentially contribute to resistance
development (Matsuka and Nakamura
1990).Similarly, pesticides such as amitraz and
fluvalinate, used to control Varroa mites, can also
leave residues in honey. Amitraz has been shown to
have toxic effects on hormonal systems in humans
when consumed over time (Kochansky 2004).
Fluvalinate residues, detected in honey, have been
associated with risks of chronic diseases due to their
neurotoxic properties (Gilliam and Argauer 1981).

Pesticide residues are a significant factor in honey
contamination. They occur through the direct contact
of bees with pesticides or the indirect transfer of
pesticides applied to plants in agricultural areas into
the hives. It is known that even at low doses,
pesticides can have harmful effects, accumulate in
fat tissues, and cause carcinogenic and organ
damage (Aygun 2020). In contrast, some types can
damage nerve cells and cause cognitive disorders.
This situation necessitates the conscious use of
pesticides. = Honeybees, as indicators of

environmental pollution, are essential in detecting
pesticide residues, as these residues can lead to
harmful residues in bee products when medicines
used against the varroa parasite are applied (Cakar
2019). Commonly used licensed drugs in Tirkiye
include active ingredients such as flumethrin,
amitraz, and malathion. Chemical methods are often
preferred for treating honeybee diseases, and
antibiotics are widely used. Some antibiotics, such
as chloramphenicol, have been banned in many
countries (Sunay 2006).

Honey contamination with PAHs (Polycyclic
Aromatic Hydrocarbons) can result from using
naphthalene and sources like industrial facilities,
while heavy metal contamination arises due to
industrial pollution and improper beekeeping
practices. Bees and bee products are considered
effective bioindicators for detecting environmental
pollution (Bogdanov et al. 2003, Gil et al. 2005,
Lambert 2012, Morzycka 2002). The purpose of this
study is to determine the pesticide, antibiotic heavy
metal analyses of 13 different honey samples
produced in Bayburt and Upper Coruh Valley
Regions of Turkiye and to study the honeys contents
comprehensively. It is thought that determining the
contents of the honeys in these regions will be a
precursor for future studies.

MATERIALS AND METHODS
Study Region

This study, planned as a cross-sectional research,
involved the collection of thirteen honey samples
from stationary and migratory beekeepers operating
in the Coruh Valley and Bayburt province. The aim
was to detect commonly used chemicals and
pesticides in the sector. The samples were collected
from thirteen different apiaries in the same region,
and the analysis for heavy metals (Fe, Cu, Zn, Cd,
and Pb), as well as chemical residues (antibiotics,
pesticides, and naphthalene residue tests), was
conducted through a service obtained from the
Central Laboratory of Bayburt University. The
objective was to assess the potential health effects
of these chemical residues, whether they enter the
food chain affecting all consumers or pose risks to
the beekeepers themselves, and to propose
measures to mitigate these risks. Approximately
550-600 beekeepers are active in the region.
Information regarding the locations where the honey
samples were collected is presented in Figure 1 and
Table 1.
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Table-1. Location information of examined apiaries

Apiary Reglor_1 of the Coordinates Date of examination

number apiary
1 Mulk 40°17’ 28°N - 40° 55’ 14° E August - September 2020
2 Yildiztepe 40° 39 20° N - 41° 03’ 46° E August - September 2020
3 Degirmenli 1 40°30° 12° N -41°01’45°E August - September 2020
4 Degirmenli 2 40°30° 18° N -41°05’ 01°E August - September 2020
5 Moryayla 40° 36’ 36° N - 40°54’ 49° E August - September 2020
6 Aktas 40° 26’ 17° N - 41° 03’ 56° E August - September 2020
7 Numanpasa 40° 32' 56° N - 41° 07’ 05° E August - September 2020
8 Karayasmak 40°09 41° N - 39° 54’ 47° E August - September 2020
9 Kokmuslar 40°11° 22° N - 39° 50’ 23° E August - September 2020
10 Baraj 40° 07’ 53° N - 39° 53’ 23° E August - September 2020
11 Bogaz 40° 13 42° N - 40° 04’ 31° E August - September 2020
12 ispinlik 40°11° 19° N - 39° 54’ 44° E August - September 2020
13 Hoga 40°20° 12° N - 40° 55’ 07° E August - September 2020

The Coruh Valley is known for its rich biodiversity
due to its natural features. The valley is located in
the Caucasus Ecological Region, one of the world's
200 most ecologically significant areas identified by
the WWF (World Wildlife Fund), and it is one of nine
essential plant areas on the Turkish side of this
region. The basin, with an area of 19.748 km?, lies
between 39° 40’ and 42° 35’ longitude and 39° 52’
and 41° 32’ latitude, bordered by the Eastern Black
Sea Mountains to the north, the Giresun Mountains
to the west, Otlukbeli, Dumlu, Kargapazar, Gulld,
and Allahiiekber Mountains to the south, and the
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Yanlizgam Mountains and Georgia to the east. As
one moves inland from the Black Sea coast, the
climate transitions from temperate to continental.
The mountains surrounding the Coruh River rise to
3.000 meters within 15 km, while the valley floor
descends to 75 meters near the Georgian border
(Erdogan et al. 2014, Erdogan and Erdogan 2014).
Bayburt, located within the study area, is situated in
the Eastern Black Sea region of the Black Sea
Region, between 40° 37’ north latitude and 40° 45’
east longitude, 39° 52’ south latitude and 39° 37’
west longitude. Bayburt, located along the Coruh
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River at an elevation of 1.550 meters above sea
level, covers an area of 3.739 km?. Geographically,
it consists of a basin extending between mountain
ranges to the north and south, and its topography
includes mountains, plains, and valleys (Birinci
2013). Bayburt is a newly developing region in terms
of beekeeping, with 72.266 hives recorded in 2018
and 408 tons of honey produced in the same year,
according to Turkish Statistical Institute (TUIK) data.
Recently, migratory beekeeping activities have
increased significantly in the region (Koday and
Karadag 2020).

Residue Analysis Method in Honey

Element Analysis Method: During element
analysis, approximately 1 g of each honey sample
was weighed into Teflon containers, and 10 mL of
nitric acid was added. After tightly sealing the
containers, they were placed in a microwave
digestion unit. The honey samples were then
digested using microwave radiation and cooled. The
extracts obtained were filtered through blue band
filter paper into 25 mL volumetric flasks and diluted
to 25 mL with ultra-pure water (Demirezen and
Aksoy 2005). An ICP-AES (Varian Model-Liberty
Series ) device was used to determine metal
concentrations. The results were calculated as
mg/kg based on wet weight by measuring each
element individually. When selecting each
component of the honey samples, calibration curves
obtained using ICP standards of known
concentration (High-Purity standards) were utilised
(Gl 2008).

Analysis Method for Medications Used by
Beekeepers for Bee Diseases: In the honey
samples collected in this study, residue analysis was
conducted for sulfonamide, tetracycline, and
streptomycin, medications commonly used by
beekeepers for bee diseases. Screening analysis
was performed using the Charm Il 6600/7600
system, and the residue quantities were determined
using HPLC-DAD (Diode Array Detector) and
fluorescence detectors along with columns. To
identify positive honey samples, all honey samples
were first subjected to screening analysis using the
Charm |l device, and standard solutions were
processed through the Charm Il to establish control

points. The presence of these medication residues
in the honey samples was determined based on the
defined control point. Honey samples found to
contain residues were prepared for HPLC analysis.
Further analysis in HPLC was performed to quantify
the residue levels, considering the retention times
and peak areas of standard solutions (Gl 2008).

Pesticide Residue Analysis Method: In the honey
samples collected during the study, residues of
organophosphate pesticides such as amitraz and
coumaphos, which are used by some beekeepers
against bee diseases, were analysed. To prepare
the standard solutions, 10 mg of amitraz and
coumaphos standards were separately dissolved in
hexane in 10 mL volumetric flasks, resulting in a
primary stock solution of 1,000 yl/mL (mg/kg). A
separate 1/1 dilution (1 yL/mL) was then prepared
from the primary stock solution. From the prepared
primary stock solution, 100 yL was taken and diluted
with acetonitrile in a 10 mL volumetric flask to obtain
an intermediate stock solution of 10 pyL/mL (1
mg/kg). Sequential dilutions of 5, 10, 25, 50, 100,
and 200 pL/L (ppb) were prepared from the
intermediate stock solution, and the peak areas were
determined using a GC-MS (HP 6890 Series / 5972
A- GC-MS (Gas Chromatography-Mass
Spectrometry) (Gil 2008).

Naphthalene Analysis Method: Naphthalene
analysis in the honey samples collected during the
study was performed using GC-MS (HP 6890 Series
[/ 5972 A- GC-MS (Gas Chromatography-Mass
Spectrometry) and a headspace sampler. For the
analysis, 5 g of honey from each sample was
weighed into 15 mL headspace vials and kept at 90
°C for 45 minutes. After heating, the samples were
immediately placed into the headspace sampler for
analysis (Gul 2008).

RESULTS
Heavy Metal Analysis Values in Honey Samples

The heavy metal residue analysis results for the 13
honey samples collected from the study area are
presented in Table 2.
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Table-2. Heavy metal analysis values in honey samples

Samp. Region Cd Fe Cu Zn Pb
No (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 Miilk *N.D. 1.69+0.01 0.16+0.07 0.21+0.03 0.06+0.00
2 Yildiztepe *N.D. 1.77+0.01 0.17+0.02 0.23+0.04 0.04+0.00
3 Degirmenli 1 *N.D. 1.7940.02 0.15+0.03 0.23+0.05 0.1+0.00
4 Degirmenli 2 *N.D. 1.3340.01 0.15+0.01 0.20+0.01 0.60.01
5 Moryayla *N.D. 1.25+0.03 0.16+0.03 0.19+0.07 0.16+0.01
6 Aktas *N.D. 1.41+0.04 0.14+0.01 0.22+0.01 0.13+0.08
7 Numanpasa *N.D. 1.07+0.01 0.10+0.01 0.17+0.09 0.12+0.07
8 Karayasmak *N.D. 0.95+0.01 0.09+0.00 0.19+0.01 0.11%0.00
9 Kokmuslar *N.D. 1.19+0.02 0.09+0.00 0.21+0.07 0.14+0.02
10 Baraj *N.D. 1.86+0.03 0.17+0.06 0.2310.01 2.01%0.01
11 Bogaz *N.D. 1.95+0.02 0.19+0.01 0.25+0.06 2.0£0.03
12 ispinlik *N.D. 1.97+0.03 0.1610.07 0.25+0.01 1.94+0.09
13 Hoga *N.D. 1.46+0.05 0.16+0.08 0.22+0.01 0.13+0.06

*N.D.: Not Detected

Residue Analysis Results in Honey Samples

The results of the residue analysis for medications
used against bee diseases and pests in the 13 honey

samples collected from the study area are presented
in Table 3.

Table-3. Residue analysis values for abtibitics and organophosphate insecticides used against bee diseases and pests in

honey samples

Samp. Region Naphthalene Sulfamethazin Tetracycline Streptomycine Coumaphos Amitraz
No (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 Mulk *N.D. *N.D. *N.D. *N.D. *N.D. *N.D.
2 Yildiztepe *N.D. *N.D. *N.D. 0.021 *N.D. *N.D.
3 Degirmenli 1 *N.D. *N.D. *N.D. *N.D. *N.D. *N.D.
4 Degirmenli 2 *N.D. *N.D. *N.D. *N.D. *N.D. *N.D.
5 Moryayla *N.D. *N.D. 0.001 *N.D. *N.D. *N.D.
6 Aktas *N.D. *N.D. *N.D. 0.002 *N.D. *N.D.
7 Numanpasa *N.D. *N.D. *N.D. *N.D. 0.002+0.000  0.044+0.000
8 Karayasmakk *N.D. 0.007+0.000 *N.D. *N.D. *N.D. *N.D.
9 Kokmuslar *N.D. *N.D. *N.D. *N.D. *N.D. 0.007
10 Baraj *N.D. 0.001+0.000 *N.D. *N.D. *N.D. 0.006
11 Bogaz *N.D. *N.D. 0.001+0.000 *N.D. 0.06+0.001  0.004+0.000
12 ispinlik *N.D. 0.010 *N.D. *N.D. *N.D. 0.035+0.000
13 Hoga *N.D. *N.D. *N.D. *N.D. *N.D. 0.004+0.000

*N.D.: Not Detected

DISCUSSION
Evaluation of Heavy Metal Analysis

In this study, 13 honey samples collected from the
Upper Coruh Valley and Bayburt Region were
analysed for heavy metals, including Iron (Fe),
Copper (Cu), Cadmium (Cd), Zinc (Zn), and Lead
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(Pb). The data obtained from the analysis are
presented in Table 2.

The analysis revealed that the lowest iron (Fe)
concentration was found in sample 8, at 0.95 mg/kg,
while the highest concentration was observed in
sample 12, at 1.97 mg/kg. Turkiye, there is no
specific standard for the amount of iron that may be
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present in honey; however, as shown in Table 4, all
honey samples were found to comply with the FAO-
WHO Codex Alimentarius standards, which permit a

maximum iron (Fe) concentration range of 1.5-15
mg/kg in food products (see Figure 2).

Table-4. Maximum permitted heavy metal levels in food according to fao-who codex alimentarius (WHO and FAO 1972)

Heavy metals

Maximum permissible levels in food (mg/kg)

Cadmium (Cd) Not Allowed
Lead (Pb) 0.1-2.0
Copper (Cu) 0.1-5.0
Iron (Fe) 1.5-15
Zinc (Zn) 5
Fe + Cu + Zn 20

Iron (Fe) Concentration in Honey Samples
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Figure-2. Iron (Fe) concentration in analyzed honey samples (mg/kg)

The lowest copper (Cu) concentration was found in
samples 8 and 9 0.09 mg/kg, while the highest
concentration was observed in samples 11 0.19
mg/kg. Tuarkiye has no specific standard for the
amount of copper in honey. However, as shown in

Table 4, all honey samples complied with the FAO-
WHO Codex Alimentarius standards, which permit a
maximum copper (Cu) concentration range of 0.1-
5.0 mg/kg in food products (see Figure 3).
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Figure-3. Copper (Cu) concentration in analyzed honey samples (mg/kg)

In the study, the lowest zinc (Zn) concentration was
found in sample 7 0.17 mg/kg, while the highest
concentration was observed in samples 11 and 12
0.25 mg/kg. In Tlrkiye, there is no specific standard
for the amount of zinc that may be present in honey,

Zinc (Zn) Concentration in Honey Samples
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as with other heavy metals. However, as shown in
Table 4, all honey samples were found to comply
with the FAO-WHO Codex Alimentarius standards,
which permit a maximum zinc (Zn) concentration of
5 mg/kg in food products (see Figure 4).
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Figure-4. Zinc (Zn) concentration in analyzed honey samples (mg/kg)
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Zinc and iron are essential elements for humans,
animals, and plants. According to the National
Academy of Science (NAS) and other sources, the
recommended daily intake for an adult (aged 19-70)
is 40 mg of zinc and 45 mg of iron. Considering the
amounts that people can consume through their
daily diet, the results of this study indicate that the
levels of Zn and Fe found are significantly below
these limits. Therefore, all honey samples analyzed
in terms of these metals are considered safe
(Demirezen and Aksoy 2005). In this study,
cadmium (Cd) was not detected in any of the honey
samples analyzed. In Turkiye, there is no specific
standard for the amount of cadmium that may be
present in honey; however, as shown in Table 4, all
samples were found to comply with the FAO-WHO
Codex Alimentarius standards, which state that
cadmium (Cd) should not be present (‘not
detectable'). Various studies conducted in different
regions of Turkiye have identified a wide range of Zn,
Fe, and Cu levels in honey samples. For instance, in
25 honey samples collected from six different

regions, Zn, Fe, and Cu levels were found to range
between 1.1-12.7 mg/kg, 1.8-10.2 mg/kg, and 0.23-
2.41 mg/kg, respectively (Tizen et al. 2007). In 60
honey samples from Central Anatolia, Zn and Cu
levels were determined to be 1.1-24.2 mg/kg and
0.25-1.10 mg/kg, respectively, which were higher
than the results reported in the current study
(Arslanbas 2010). In 20 honey samples collected
from the Black Sea Region, Zn, Fe, and Cu levels
were reported as 0.47-6.57 mg/kg, 1.12-12.9 mg/kg,
and 0.009-0.035 mg/kg, respectively, which were
observed to be similar to the results of the present
study (Silici et al. 2008). In samples obtained from
provinces in Eastern Anatolia, the Fe, Zn, and Cu
levels were measured as 9.799+5.615 mg/kg,
3.705+1.708 mg/kg, and 2.635+1.198 mg/kg,
respectively, which were found to be lower than
those in the current study (Glleg 2007). In 45 honey
samples collected across Tirkiye, Fe levels were
determined to range between 3.71-5.43 mg/kg, while
Zn levels were found to range between 6.24-11.53
mg/kg (Yarsan et al. 2007).
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Figure-5. Lead (Pb) concentration in analyzed honey samples (mg/kg)

The lowest lead (Pb) concentration was found in
sample 2 0.04 mg/kg, while the highest
concentration was observed in sample 10 2.01
mg/kg. In Tirkiye, there is no specific standard for
the amount of lead that may be present in honey.
However, as shown in Table 4, all honey samples,
except for sample 10, were found to comply with the
FAO-WHO Codex Alimentarius standards, which
permit a maximum lead (Pb) concentration of '0.1-
2.0' mg/kg. Sample 11 was found to be at the limit

value of 2.0 mg/kg (see Figure 5). The Upper Coruh
and Bayburt regions, where the honey samples were
collected, are generally not significant industrial
areas in Turkiye. Therefore, the heavy metal content
in the collected honey samples was not found to be
high. Except for the lead (Pb) level in sample 10, all
samples were within the limit values specified in the
FAO-WHO Codex Alimentarius. The honey sample
with a lead (Pb) level above the limit was collected
from an apiary located approximately 300 meters

Uludag Aricilik Dergisi — Uludag Bee Journal 2025, 25 (1): 1-18 9
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from the Bayburt Demir6zu Irrigation Pond. This
area has recently become a tourist destination with
many visitors, leading to heavy vehicle traffic,
especially in the summer months. It is considered
that the bees and vegetation in this area may have
been exposed to exhaust gases, resulting in
contamination of bee products. Therefore, the honey
and other bee products produced within 5 km of this
area are not considered safe in terms of
carcinogenic residue risk and are believed to
potentially pose a health risk to the public. It is
recommended to support tourism activities in this
area and conduct beekeeping activities at least 5 km
away from this region. Various studies conducted in
Turkiye and other countries have compared Pb and
Cd levels in honey samples, revealing a wide range
of variability. In a study conducted in Turkiye by
Tlzen et al. (2007), Pb and Cd levels were found to
range between 0.0084-0.106 mg/kg and 0.0009-
0.0179 mg/kg, respectively (Tlzen et al. 2007). In
Poland, Pb and Cd levels in honey samples were
reported as 0.025-0.071 mg/kg and 0.008-0.027
mag/kg, respectively, which were lower than the Pb
levels but higher than the Cd levels in the current
study (Przybyloeski and Wilczynska 2001). In 200
flower honey samples collected from Eastern
Anatolia, average Pb and Cd levels were determined
to be 0.131+0.081 mg/kg and 0.006+0.007 mg/kg,
respectively, with Pb levels higher and Cd levels
lower compared to the current study (Guleg 2007).
Honey samples from the vicinity of Mount Erciyes in
Kayseri showed Pb and Cd levels of 0.1-0.85 mg/kg

and 0.11-0.18 mg/kg, respectively, both of which
were lower than the results of the current study
(Demirezen and Aksoy 2005). In honey samples
from Kahramanmaras, the average Cd level was
reported as 0.32 mg/kg, which was lower than the
current study’s findings (Erbilir and Erdogrul 2005).
In France, honey samples available for sale were
found to have Pb and Cd levels of 0.28-1.08 mg/kg
and 0.08-0.25 mg/kg, respectively, with Pb levels
higher and Cd levels lower than those of the current
study (Devillers et al. 2002). In samples from
Tenerife Island, Spain, Pb and Cd levels were
measured as 0.03733 mg/kg and 0.00438 mg/kg,
respectively, both of which were lower than the
results of the current study (Frias et al. 2008).

Residue Analysis Evaluation

In the study, residue analysis was conducted for
substances categorized as residues in the 13 honey
samples collected from the Upper Coruh Valley and
Bayburt Region. These substances included
residues from medications used by beekeepers to
combat bee diseases and pests (sulfamethazine,
tetracycline, and streptomycin), pesticide residues
(amitraz  and coumaphos), and naphthalene
residues. The data obtained from these analyses are
presented in Table 3. Standards for the levels of
these substances in honey, as established by
Turkiye and the European Union for medications
used against bee diseases and pests, are shown in
Table 5 (Sunay 2006).

Table-5. Permitted medication levels for bee diseases and pests according to the Turkish food codex honey communiqué

Medicine used for bee
diseases and pests

Turkish food codex drug
tolerance level (mg/kg)

European Union drug tolerance
level (mg/kg)

Amitraz 0.02 0.02

Coumaphos 0.01 0.01
Streptomycine 0.02 Not found
Sulfonamid Group 0.01 Not found
Tetracycline Group 0.01 Not found

Evaluation of Medication Analyses Used for Bee
Diseases and Pest Control

Evaluation of Sulfa Group Antibiotic Analyses

In this study, the amount of sulfamethazine, an
antibiotic used by beekeepers for bee diseases and
pests, was detected in samples 8., 10., and 12. at
concentrations of 0.0071 mg/kg, 0.0098 mg/kg, and
0.102 mg/kg, respectively. Accordingly, samples 8.
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and 10. were found to comply with the limit value of
'0.01 mg/kg' specified in the Turkish Food Codex
Medication Tolerance Level, while sample 12. was
found to exceed both the limit value specified in the
Turkish Food Codex and the limit value of 'not
detectable' specified by the EU Medication
Tolerance Level (see Table 5 and Figure 6). In our
study, only one of the three honey samples
containing detectable levels of sulfa group antibiotics
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was considered unsafe in terms of sulfa group
antibiotic content. Currently, the most common
honeybee diseases faced by beekeepers are brood
diseases and nosema disease. To protect or treat
bee colonies from these diseases, chemical
methods are often used. Antibiotics such as
streptomycin, tetracyclines, or sulfonamides are
commonly applied, especially against brood
diseases. Frequent and unconscious use of
antibiotics can increase the resistance of bacteria
causing these diseases, resulting in negative effects
for both honeybees and bee products. It is
considered that beekeepers need education on the
correct dosage and conscious application of
medications for bee diseases (S6giit et al. 2019). In
honey samples collected from 22 different regions of

Tarkiye in 2006, the presence of antibiotics from the
sulfa, tetra, and strepto groups was investigated,
and among sulfa antibiotics, only sulfadimidine was
detected. Analysis revealed that 10% of the 1,714
samples contained this antibiotic, and 5% of the 91
samples showed streptomycin residues above
0.0177 mg/kg (Sunay 2006). In a study conducted
on 536 honey samples collected between 2007 and
2009, sulfa group antibiotic analysis identified
average residue levels of 0.102 mg/kg sulfanilamide,
0.597 mg/kg sulfamethazine, and lower levels of
other sulfa antibiotics (Erdogdu et al. 2011). The
levels of sulfa antibiotics detected in this study were
found to be lower than those reported in previous
studies.

Sulfamethazine Concentration in Honey Samples
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Figure-6. Sulfamethazine concentration in analyzed honey samples (mg/kg)

Evaluation of Tetra Group Antibiotic Analyses

In this study, tetracycline, an antibiotic used by
beekeepers for bee diseases, was detected in
samples 5 and 11 at concentrations of 0.0014 mg/kg
and 0.0011 mg/kg, respectively. Both samples
complied with the Turkish Food Codex limit of 0.01
mg/kg but did not meet the EU standard, which
requires no detectable residue. Overall, all 13
samples were deemed safe regarding tetracycline
levels (see Table 5 and Figure 7). In a study
conducted in Greece, drug residues were detected
in 29% of honey samples, with 20.3% attributed to
tetracyclines and their derivatives. Residue levels
ranged between 0.018-0.055 mg/kg, with some

samples reaching up to 0.1 mg/kg (Saridaki et al.
2006). In Poland, an analysis of 178 honey samples
revealed insecticide residues ranging from 0-0.06
mg/kg, attributed to environmental contamination
(Wilczynska and Przybylowski 2007). In another
study on honey produced in and imported to
Belgium, 0.015 mg/kg streptomycin, 0.01 mg/kg
sulfamethazine, 0.01 mg/kg penicillin, and 0.0001
mg/kg chloramphenicol were detected, with residues
predominantly found in imported honey samples
(Reybroec 2003). The levels of tetracycline group
antibiotics detected in this study were found to be
lower than those reported in the three
aforementioned studies.
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Tetracycline Concentration in Honey Samples
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Figure-7. Tetracycline concentration in analyzed honey samples (mg/kg)

Evaluation of Strepto Group Antibiotic Analyses:
In this study, streptomycin was detected in samples
2 and 6 at 0.00211 mg/kg and 0.00212 mg/kg,
respectively. While both samples met the Turkish
Food Codex limit of 0.02 mg/kg, they did not comply
with the EU standard of 'not detectable' (see Table 5
and Figure 8). Nevertheless, all 13 samples were
deemed safe regarding strepto group antibiotics. In
a study conducted on 180 honey samples collected

from the central and district areas of Ardahan
province, streptomycin residues were detected in
37% of the samples, while sulfonamide residues
were found in 52% of the samples. (Ozkan et al.
2015). The levels of streptomycin group antibiotics
detected in this study were found to be lower than
the values reported in the previously mentioned
studies.
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Figure-8. Streptomycin concentration in analyzed honey samples (mg/kg)

Evaluation of Pesticide Analyses

Evaluation of Coumaphos Analyses:
Coumaphos, amitraz, and malathion are chemical

U.Arn D. - U Bee J. 2025, 25 (1): 1-18

pesticides widely utilized in beekeeping to control
Varroa destructor, a parasitic mite that poses a
severe threat to honeybee health and colony
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survival. While these substances are effective in
controlling the mites, their use raises concerns due
to the potential for residues accumulating in bee
hives. These residues can contaminate hive
products such as honey, wax, and propolis,
potentially affecting food safety and the health of
bees and humans. Residue persistence may also
interfere with the natural behavior of bees and the
long-term sustainability of beekeeping practices.
Thus, while these chemicals are valuable tools in
mite management, their use requires careful
regulation and adherence to safe application
practices to mitigate environmental and health risks.
In this study, the amount of coumaphos, a pesticide,
was detected in samples 7 and 11 at concentrations
of 0.0002 mg/kg and 0.06 mg/kg, respectively.
Sample 7 complied with both the Turkish Food
Codex and EU Medication Tolerance Levels, which
set the limit at 0.01 mg/kg. However, sample 11
exceeded the limit set by both codices (see Table 5
and Figure 9).

One sample was found unsafe due to coumaphos
content. Some honey samples had pesticide
residues exceeding limits set by the Turkish Food

Codex Honey Communiqué. The likely cause is the
low education level of beekeepers in the sampled
regions, leading to excessive and uncontrolled
pesticide use and environmental contamination.
Varroa mite populations rise in summer and peak in
fall; honey samples were collected in August and
September. Coumaphos, commonly used in Turkiye
for varroa control, should be applied at proper doses
in early spring and late fall, when hive brood activity
is low, to minimize residue risk. In a study
investigating coumaphos residues in honey and
comb samples from different regions of Turkiye and
Israel, it was found that coumaphos levels in 49 out
of 55 honey samples from Tirkiye averaged 0.0308
mg/kg, and in all 10 comb samples, the average was
0.0213 mg/kg. In Israel, 33 out of 38 honey samples
contained an average of 0.0461 mg/kg coumaphos,
while 60 out of 67 comb samples had an average of
0.0030 mg/kg (Barel et al. 2011).

In Spain, coumaphos residues ranging from 0.001-
0.053 mg/kg were detected in 32 out of 221 honey
samples (Garcia et al. 1996). The coumaphos levels
detected in this study were lower than those reported
in the aforementioned studies.
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Figure-9. Coumaphos concentration in analyzed honey samples (mg/kg)

Evaluation of Amitraz Analyses: Amitraz, a
commonly used pesticide for controlling the varroa
mite due to its low cost, is typically applied in the
evening when bees return to the hive, at
temperatures between 15-20 °C, over 4 consecutive
days. When properly applied, it has shown effective
results (Das and Aksoy). In this study, amitraz was

detected in samples 7, 9, 10, 11, 12, and 13 at
concentrations of 0.0436 mg/kg, 0.0069 mg/kg,
0.0057 mg/kg, 0.0041 mg/kg, 0.0352 mg/kg, and
0.0044 mg/kg, respectively. Samples 9, 10, 11, and
13 complied with both the Turkish Food Codex and
EU standards, which set the limit at 0.02 mg/kg.
However, samples 7 and 12 exceeded these limits.
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Of the six honey samples where amitraz was
detected, two were considered unsafe regarding
amitraz content. (see Table 5 and Figure 10).
Between 1986 and 1990 in Germany, amitraz
residues exceeding 0.05 mg/kg were detected in
8.5% of 330 honey samples (Hammerling et al.
1991). In studies conducted in Spain, residues of
amitraz, bromoprophylate, coumaphos, and
fluvalinate ranged from 0.001-0.04 mg/kg, with

amitraz levels reported as high as 0.033-1.82 mg/kg
in some samples (Garcia et al. 1995). In a study
conducted in Tirkiye, amitraz residues ranging from
0.0013-0.0334 mg/kg were detected in 25 of 135
honey samples (Bilgili and Selgukoglu 2022). The
levels of amitraz identified in this study were found
to be lower than those reported in the
aforementioned studies.
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Figure-10. Amitraz concentration in analyzed honey samples (mg/kg)

Evaluation of PAH Analyses

Evaluation of Naphthalene Analyses: Beekeepers
typically use naphthalene in the fall, after honey
extraction, to combat wax moths in improperly stored
combs. When naphthalene-treated combs are
returned to the colony, the residues can transfer into
the honey (Johnson et al. 2010).

In this study, none of the 13 honey samples collected
showed any detectable naphthalene residues. It is
believed that the lack of naphthalene residues in the
honey is due to the increased information campaigns
for beekeepers in recent years about the harmful
effects of naphthalene. This outcome indicates the
effectiveness of recent training efforts warning
beekeepers against the use of naphthalene.
Therefore, the honey samples collected from the
study area are considered safe in terms of
naphthalene residues. In a three-year study
conducted in Greece to detect naphthalene residues
in honey, 115 commercial honey samples and 1,060
beehive honey samples were analyzed. In the first
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year, higher levels of naphthalene were detected in
commercial honey compared to honey obtained
directly from beekeepers. A decrease in
naphthalene levels was observed over the
subsequent two years (Tananaki et al. 2006).

In Romania, honey samples collected from eight
regions revealed naphthalene levels ranging from
0.17-0.665 mg/kg in areas near urban settlements,
and from 0.027-0.068 mg/kg in areas near rural
regions (Dobrinas et al. 2008). In Tirkiye, as part of
the "National Residue Monitoring Project" conducted
by the Ministry of Agriculture and Rural Affairs’
Directorate General for Protection and Control in
2002, naphthalene residues were detected in 22% of
the 118 analyzed honey samples (Das 2004). In
contrast, no naphthalene residues were detected in
any of the 13 honey samples collected within the
scope of the present study.

Conclusion: "In the study, heavy metal analysis
was conducted on 13 honey samples collected from
the Upper Coruh Valley and Bayburt Region,
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focusing on Iron (Fe), Copper (Cu), Cadmium (Cd),
Zinc (Zn), and Lead (Pb). Except for Cd, all other
elements were detected in the samples; however,
only 2 samples did not comply with the maximum
allowable heavy metal levels set by the FAO-WHO
Codex Alimentarius for food. It was also determined
that there is no established standard for heavy metal
residues in food in Tirkiye. Regarding the analysis
of residues from medications (sulfamethazine,
tetracycline, and streptomycin), pesticides (amitraz
and coumaphos), and naphthalene used by
beekeepers to prevent and control bee diseases and
pests, sulfamethazine residues were detected in 3
sample, tetracycline in 2 sample, streptomycin in 2
sample, coumaphos in 2 sample, and amitraz in 6
sample.

No naphthalene residues were detected in any of the
samples. Based on the analyses conducted, it was
determined that out of the 13 honey samples
collected from the region, 2 samples (samples 11
and 12) exceeded the limit values specified in the
Turkish Food Codex Honey Communiqué.
Additionally, 8 samples (samples 2,5, 6, 7, 8, 10, 11,
and 12) did not comply with the values specified in
the European Union Standard and Codex
Standards. However, except for samples 11 and 12,
all other samples were found to comply with the
Turkish Food Codex Honey Communiqué. Overall,
only two samples (11 and 12) did not comply with
either codex.

As a general observation from the results obtained
in the study, it was noted that some beekeepers in
the region, although not in large numbers, were
using medications for bee diseases and pests, as
well as some pesticides, either unconsciously or
illegally. This poses health risks for bees,
beekeepers, and consumers. However, the absence
of naphthalene and similar PAHs, which are major
issues in honey exports, indicates that there is
increased awareness among beekeepers on this
matter. To address the problem of the use of
unlicensed antibiotics, particularly against brood
diseases, and other medications not licensed for
beekeeping that are intended for poultry, small
livestock, and cattle, control mechanisms need to be
more effectively enforced. Harmonization efforts
between EU and Turkish regulations should be
accelerated, and beekeepers should be trained on
beekeeping practices, the prevention and control of
bee diseases and pests, and how to produce high-
quality bee products.
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ABSTRACT

This study aimed to identify and evaluate the major and minor bee forage sources to recommend
seasonal colony management practices. Conducted in the Bambasi, Homosha, and Mao Komo
districts of Benishangul Gumuz Regional State in western Ethiopia, the research involved a survey of
90 beekeepers using semi-structured questionnaires from three peasant associations per district.
Honey and pollen samples were collected from established colonies in each district for
melissopalynological analysis. 71 plant species were identified as forage sources for honeybees in the
study area. Two primary flowering periods were observed in 2020, 2021, and 2022 G.C., corresponding
to the honey harvesting seasons. During the first season, key plants included Pterocarpus lucens,
Bidens prestinaria, Glycine species, Guizotia abyssinica, Guizotia scabra, and several Bidens species.
From February to May, the main sources of pollen and nectar in the second season were woody plants
such as Cordia africana, Syzygium guineense, Turraeanthus africanus, and Terminalia laxiflora. In the
first honey flow season, Guizotia scabra and Guizotia abyssinica made up 62.13% of monofloral honey.
In the second season, Turraeanthus africanus and Syzygium guineense contributed 48.23%. In
Benishangul Gumuz, beekeepers report that food scarcity peaks during the rainy season (late July to
August) and the dry season (December to January) when flowering plants are limited. Providing
supplemental food and water and conducting regular inspections is important to support the bee
colonies during these times. Additionally, rapid biodiversity loss from deforestation and agricultural
expansion reduces available bee forage in the region.

Keywords: Bee flora, Bee forage, Honey, Guizotia species, Melissopalynology

oz

Bu calisma, mevsimsel koloni yonetimi uygulamalarini tavsiye etmek igin ana ve kiigiik ari yem
kaynaklarini belirlemeyi ve degerlendirmeyi amaclamistir. Bati Etiyopya'daki Benishangul Gumuz
Bolgesel Eyaleti'nin Bambasi, Homosha ve Mao Komo ilgelerinde yiiriitillen arastirma, ilge basina li¢
koyli derneginden yarn yapilandirilmig anketler kullanilarak 90 arici ile yapilan bir anketi icermektedir.
Melissopalynolojik analiz igin her ilgedeki yerlesik kolonilerden bal ve polen 6rnekleri toplanmisgtir.
Calisma alaninda 71 bitki tiirti bal arilari i¢cin yem kaynagi olarak tanimlanmigtir. Bal hasat mevsimlerine
denk gelen 2020, 2021 ve 2022 yillarinda iki ana gigeklenme dénemi gézlemlenmistir. ilk sezonda, kilit
bitkiler sunlari iceriyordu Pterocarpus lucens, Bidens prestinaria, Glycine tiirleri, Guizotia abyssinica,
Guizotia scabra ve birka¢ Bidens tiirii icermektedir. Subat ayindan Mayis ayina kadar, ikinci sezonda
ana polen ve nektar kaynaklari Cordia africana, Syzygium guineense, Turraeanthus africanus ve
Terminalia laxiflora gibi odunsu bitkilerdir. ilk bal akis sezonunda, Guizotia scabra ve Guizotia
abyssinica monofloral balin %62,13'iinii olusturmustur. ikinci sezonda, Turraeanthus africanus ve
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Syzygium guineense %48,23 oraninda katki saglamigtir. Benishangul Gumuz'da aricilar, ¢igekli
bitkilerin sinirli oldugu yagmur mevsimi (Temmuz sonundan Agustos'a kadar) ve kurak mevsimde
(Aralik'tan Ocak'a kadar) gida kithginin zirve yaptigini bildirmektedir. Bu dénemlerde ari kolonilerini
desteklemek igin ek gida ve su saglamak ve dizenli denetimler yapmak onemlidir. Ayrica,
ormansizlagma ve tarimsal genislemeden kaynaklanan hizli biyogesitlilik kaybi, bélgedeki mevcut ari

yemini azaltmaktadir.

Anahtar Kelimeler: Ari florasi, Ari yemleri, Bal, Guizotia tiirleri, Melissopalynoloji

GENISLETILMiS OZET

Amag: Bir cgicek takvimi olusturmak, kovan balligi
eklemek ve bal akigini tahmin etmek gibi temel
faaliyetleri dizenlemek icin ¢ok &nemlidir. Bu
nedenle, bu galisma etkili mevsimsel koloni yonetimi
uygulamalari énermek icin temel ari yemlerini
tanimlamayi, karakterize etmeyi ve degerlendirmeyi
amagclamaktadir.

Gere¢ ve yontem: Calisma, Bati Etiyopya'nin
Homosha, Bambasi ve Benishangul Gumuz
Bolgesel Eyaleti'nin Mao Komo 6zel bdlgelerinde
gerceklestirilmistir. Her ilcedeki Ug¢ koyli dernedi,
aricilik potansiyellerine ve agroekolojik farkhliklarina
gore secildi. 2020'den 2022'ye kadar, cicek
yogunlugu yuksek olan cesitli bitkiler incelenmistir.
Bal ve polen drnekleri toplamak icin dokuz bdlgede
ari kolonileri kurulmustur. Her sahada bes kutu
kovan kurulmustur: ikisi polen yakalama ve tgu bal
Ornekleme icin. Bal 6rnekleri Kasim-Aralik aylari
arasindaki buyik ve kuguk akis mevsimlerinde ve
Nisan ayinda botanik kdkenlerini belirlemek Uzere
laboratuvar analizi igin toplanmigtir. Sonuglar,
¢alisma alaninda bal arilari igin yem kaynagi olarak
yetmis  bir  bitki tUrinin tespit edildigini
gostermektedir. Bu turlerin yuksek cesitliligi, aricilik
icin uygun olan yagl tohumlar, tahillar, bakliyat ve
bahge bitkileri de dahil olmak Uzere dogal olarak
olusan bitkilerden ve ekili Urdnlerden
kaynaklanmaktadir. Tespit edilen bitki tlrlerinin 44'UG
(%61,98) agag, 12'si (%16,90) ot, 9'u (%12,67)
cimen, 3'U (%4,23) cali, (%2,81) tirmanici ve 1'i
(%1,41) asmadir. Caligilan Ug ilcede de bal arisi
bitkileri icin iki ana giceklenme ddénemi vardi ve bu
da bodlgedeki iki bal hasat donemine Kkarsilik
geliyordu. Tespit edilen ari yemi turlerinin %70'i EylGl
ve Kasim aylari arasinda cigeklenmistir. ilk bal akisi
sezonunda birincil ve en degerli ar yemi bitkileri
Pterocarpus lucens, Bidens prestinaria, Glycine
turleri, Guizotia abyssinica, Guizotia scabra ve diger
Bidens turlerini iceriyordu. Buna karsilik, Subat-
Mayis aylari arasinda gerceklesen ikinci bal akigi
sezonunda, Cordia africana, Syzygium guineense
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ve Terminalia laxiflora gibi odunsu bitkiler ana polen
ve nektar kaynaklari olarak ©6ne c¢ikmaktadir.
Calisma alaninda bitkilerin dagilimina bakildiginda
en fazla tirin vyayla bdlgesinden toplandigi
gorulmektedir.

Bulgular ve sonug: Sonuglar, agag arisi yemlerinin
bollugunun, ikinci bal akigi sezonu i¢in hayati 6nem
tasiyan kurak mevsimde daha yliksek oldugunu
gOstermistir. Polen érnekleri ¢calisma alaninin farkli
bolgelerinden toplanmistir Guizotia turleri  ve
Terminalia laxiflora calisma alanlarinda tespit edilen
baglica polen kaynagi bal arisi bitki tarleridir.
Guizotia scabra ve Guizotia abyssinica monofloral
bal dretimi icin 6nemli olup, %62,13 siklkta
g6zlenmigtir. Benishangul Gumuz'da aricilar, gida
kithginin en yogun oldugu dénemlerin Temmuz
sonundan Agustos'a kadar olan yagisli sezonda ve
Aralik'tan Ocak'a kadar olan kurak sezonda
gerceklestigini gdézlemlemistir. Belirlenen polen ve
nektar kaynaklarinin besin degerini degerlendirmek
icin arastirma yapiimasi gerekmektedir. Tarim
alanlar1 iginde ve c¢evresinde ari dostu bitkileri
entegre eden tarimsal ormancilik sistemlerinin tesvik
edilmesi de 6nemlidir.

INTRODUCTION

Ethiopia has abundant natural and cultivated flora,
along with diverse agro-ecological and climatic
conditions that are ideal for beekeeping (Jacobs et
al. 2006). Ethiopia produces 66221.82 tons of honey
and 6,000 tons of wax (CSA 2018), showcasing its
significant contributions to the honey and wax
industries. The honey is exceptional for its distinct
flavor, aroma, and color, all of which are influenced
by the floral sources and geographical origin (Belay
et al. 2017). However, many beekeepers still rely on
traditional methods, which are less efficient and can
lead to lower honey yields and quality.

Western Ethiopia is recognized as a promising area
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for commercial and small-scale beekeeping due to
its high vegetation density and a substantial
population of honeybees (Addi and Bareke 2019).
Benishangul Gumuz, one of the regional states in
western Ethiopia, is particularly rich in natural
resources and has favorable climatic conditions
supporting beekeeping development. In this region,
beekeeping is a significant income source for
communities living near the forests (Abebe et al.
2016).

Success in beekeeping relies heavily on the
availability and abundance of floral resources for
bees (Addi et al. 2014). The development of
beekeeping in any region requires a thorough
understanding of the local flora, including the length
of flowering periods, flowering phenology, and the
nectar and pollen production of various bee plants
(Wubie et al. 2014). There is a strong correlation
between the seasonal cycles of honeybee colonies
and the flowering calendar of bee plants (Haftom et
al. 2014). This relationship can be utilized for
effective seasonal management of bee colonies. Itis
essential to time management operations by the
phenological patterns of local bee plants, as this is
crucial for building up colony populations before the
main nectar flow. While bees naturally increase their
population when resources are abundant,
beekeepers must take steps to ensure that the
colony reaches its peak population size either before
or during the nectar flow.

Different locations exhibit variations in plant species
composition and flowering durations due to factors
such as topography, climate, and cultural and
agricultural practices (Reinhard and Admasu 1994).
To achieve successful beekeeping, it is essential to
have extensive knowledge of the types, population
density, and quality of floral rewards, including
nectar and pollen. The diversity of honey types
produced in a specific area is influenced by the
variety of nectar-producing plant availability (Silici
and Gokceoglu 2007). This diversity can be
identified through honey pollen analysis.

Melissopalynology is the definitive study of pollen
grains found in honey (Louveaux et al., 1978). This
analysis is crucial for determining the geographical
and botanical origins of honey through microscopic
examination of honey sediments. The study is a
more reliable method than visual surveys for
investigating honeybee forage, making it an
essential tool for the development of regional
apiculture (Begum et al. 2021). Honey can be
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classified as monofloral or multifloral. Monofloral
honey is primarily derived from the pollen of a single
plant species, while multifloral honey contains pollen
from multiple species (Louveaux et al. 1978). A study
conducted in southwest Ethiopia identified
Terminalia spp., Guizotia spp., and Bidens spp. as
the most important secondary pollen sources, with
Eucalyptus camaldulensis being the predominant
pollen type (Tulu et al. 2023). Furthermore, another
study indicated that the leading pollen sources
during the first honey harvesting season were
Guizotia species, while Coffea arabica was
predominant in the second harvesting season in the
western Oromia region of Ethiopia (Tesfaye et al.
2023).

In Benishangul Gumuz, the assessment of bee
forages is insufficient to identify high-performing
plants that could enhance beekeeping practices.
The major and minor bee plants identified through
honey pollen analysis lack proper documentation,
and their relationships to the seasonal colony
management calendar are not well established. This
oversight hinders the recognition of unique
production opportunities, thereby limiting the
potential for sustainable beekeeping that could
benefit local economies. To improve honey
production using the region’s resources, it is
essential to document economic bee forages and
their flowering calendars. While creating a complete
overview of all flowering plants may not be feasible,
focusing on major bee forage plants and their
flowering times will support effective beekeeping
management. Additionally, by mapping floral
resources, researchers can identify areas of high
biodiversity and implement conservation measures
to protect these valuable ecosystems. Establishing a
floral calendar is crucial for organizing key activities,
such as adding hive supers and predicting honey
flow. Therefore, this study aims to identify,
characterize, and evaluate key bee forages to
recommend effective seasonal colony management
practices.

MATERIALS and METHODS

The study was conducted in the Homosha, Bambasi,
and Mao Komo special woredas of the Benishangul
Gumuz Regional State in western Ethiopia, located
between 9°30°N to 11°39'N latitude and 34°20’E to
36°30’E longitude. These districts represent lowland,
midland, and highland agro-ecologies. Assosa, the
regional capital, is 670 km west of Addis Ababa, with

21



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Mao Komo 105 km south, Bambasi 40 km southeast,
and Homosha 30 km north of Assosa (Fig. 1).

The region experiences a long uni-modal rainfall
pattern (May to November), with annual precipitation
ranging from 340.9 mm in 1996 to 2417.5 mm in
2000, averaging around 1146 mm. The
temperatures in the area vary, with minimum
average temperatures between 16.8 °C and 20.6 °C,
and maximum averages ranging from 27 °C to 35.1
°C and elevation from 580 to 2731 masl (NMA 2017).
The predominant vegetation consists of woodlands

Ethiopia
P .

Benishangul Gumuz Region

0 265 8530

and shrubs, which cover 77% of the region, while
grasslands and cultivated land account for 3% and
5%, respectively (ASARC 2006, unpublished).

The local farming system primarily involves mixed
crop-livestock production (WBISPP 2003). The main
crops grown in the area include sorghum, maize,
haricot beans, soybeans, sweet potatoes, onions,
mangoes, and various other fruits and vegetables.
The key cash crops of the region are sesame, 'nug'
(Guizotia abyssinica), and red pepper.
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Figur 1. Map of the study area
Survey and inventory of bee forages

In each district, three peasant associations were
chosen based on their potential for beekeeping and
prior experience. From 2020 to 2022 G.C., a
comprehensive survey was conducted to examine
various plants, including trees, shrubs, grasses,
crops, and weeds that exhibit high floral density. To
collect primary data, semi-structured questionnaires
were administered to 90 beekeepers selected from
the nine peasant associations. Furthermore,
secondary data was collected from district and zonal
agricultural offices. Beekeepers categorise flowers
into major and minor bee floras. Major bee floras
were attracted a larger number of bees, while minor
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bee floras were visited by fewer bees and less often
(Teklay 2011). This distinction was based on the
quantity and frequency of bee visits to the flowers.

Participatory Rural Appraisal techniques were
employed, which included focused group
discussions, resource mapping, mental and social
mapping, modeling, transects, and historical
timelines, ranking, and scoring preferences, and
observation with model beekeepers, development
agents, bee technicians, and experts. These
discussions aimed to identify local honeybee plants
and their flowering seasons. Following these
sessions, plant samples were collected for botanical
identification, noting features such as leaves and
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flowers, with assistance from a biodiversity expert
from the Assosa biodiversity office. The area's bee
flora was further validated through direct observation
and published reports using taxonomic keys in
Books of Flora of Ethiopia and Eritrea (Hedberg
1996) and Honey Bee Flora of Ethiopia (Reinhard
and Admasu 1994).

Honey bee flora cover-abundance

The occurrence of the plant species in each agro-
ecologies was determined by bee flora composition
and diversity in the study area. The size of the
guadrate used in the cultivated land and pasture was
25 m? (5 m*5 m), while for closed forest area used
400 m? (20 m*20 m), and for homestead land 100 m?
(10 m*10 m) quadrate in a two-kilometer radius
every 0.1 km from the hive. A total of 30 plots were
taken from each district, representing different agro-
ecosystems. At each quadrant observations of the
plant were included whether the plant was visited by
honeybees, flowering period, and food source. Then
cover within a quadrat determined which was
occupied by the above-ground parts of each bee
plant species when viewed from above. Cover
abundance was estimated visually as a percentage
by stratification in multiple layering of vegetation
types (trees, shrubs, and herbaceous). For recording
the cover-abundance determination was used
Braun-Blanquet scale from r (one or few individuals
with less than 1% cover of the area) to 5 (75- 100%
cover of the total area irrespective of the number of
individuals) (Westhoff and Van der Maarel 1973).

Honey and pollen sample collection

For honey and pollen sample collection colonies
were established in selected nine sites in the study
area. In each site, five honey bee colonies were
established in box hives (two for pollen trapping and
three for honey sampling). To determine the
botanical origin of the honey in the laboratory, fresh
honey samples from each site were collected at
major and minor honey flow seasons from
November to December and April respectively.

To collect the pollen, honeybee colonies were fitted
with pollen traps with 16% pollen trapping. Pollen
loads were collected twice every seven days
intervals. Pollen samples were dried and sorted by
colour at Assosa Agricultural Research Center
Laboratory and maintained until used for analysis.
The collected honey and pollen samples were
brought to the Holota Bee Research Centre
Laboratory, using sterile glass cup honey containers
for Melissopalynological analysis.
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Pollen extraction from honey was carried out
according to the method described by Louveaux et
al. (1978). For this, 10 grams of honey was dissolved
in 20 ml of warm distilled water and was stored at a
temperature range of 20-40°C. The solution was
centrifuged at 3800 rpm for 10 minutes and decanted
the supernatant. Again, 20 ml of distilled water was
added to completely dissolve the remaining sugar
crystals and again centrifuged at 3800 rpm for 5
minutes and the supernatant was removed. The
remaining precipitate was spread evenly on a
microscope slide and the sample was exposed to air
dry. Finally, one drop of glycerin jelly was added to
the coverslip and examined under the light
microscope (Zeiss AxioVert, Mg. Power 40x), and
the morphological structure of selected pollen
pictures were taken from each slide. The source of
dominant pollen plants was then identified using
reference slides and a pollen atlas (Adgaba 2007).
Observation of fungal spores, soot particles, fine
granular mass, and mineral particles were also
included in the analysis.

The nomenclature of honey based on the frequency
classes was determined by samples of percentage
calculation, 500-1000 pollen grains had to be
counted and the following terms have been adopted.
The types of pollen were allocated to one of four
frequency classes for nectar source plants:
predominant pollen (>45%); accompanying pollen
(16%-45%); important isolated pollen (4%-15%);
and isolated pollen (3%) (Louveaux et al 1978). The
percentages of pollen types in each honey sample
were calculated based on the total number of
different kinds of pollen grains counted for each
honey sample. Then the honeys with predominant
pollen types were considered as monofloral and if
there was no predominant pollen then this kind of
honey was classified as multifloral.

Richness and diversity of bee forage plants

The Shannon-Wiener diversity index, species
richness, and Shannon's evenness were used to
determine the diversity of bee forage plant species.
Shannon index (H’) =¢ (pi*Inpi), where H' = Shannon
index, pi= proportion of individual species, and Ln=
log base n; Evenness (J) = H/ Hmax = H'/INS,
where H’ =Shannon diversity index, H'max = Ins
where S was the number of species, Ln = logbase.

Data analysis

Descriptive statistics, including mean, frequency,
percentage, and standard deviation, were used to
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summarize primary and secondary data. Secondary
sources were obtained from the Agricultural office
and research center around the study area. SPSS
(version 23) was used to analyze the data.

RESULTS
Honey bee forages

Seventy-one plant species were identified as forage
sources for honeybees in the study area. The high
diversity of these species results from naturally
occurring plants and cultivated crops, including
oilseeds, cereals, pulses, and horticultural crops, all
suitable for beekeeping. Among the plant species
identified, 44 (61.98%) were trees, 12 (16.90%) were
herbs, 9 (12.67%) were grasses, 3 (4.23%) were
shrubs, (2.81%) were climbers, and 1 (1.41%) was a
vine (Table 1). In the study area, fifteen tree species
were identified as having a high abundance among
bee forage species. The major bee forage species
during the first honey harvesting season (mid-
November) included Pterocarpus lucens, Acacia

hecatophylla, Cordia africana, Croton
macrostachyus, Ficus sycomorus, and Lannea
welwitschii, all of which were particularly important
for honeybees. During the second honey flow
season (April) beekeepers identified Syzygium
guineense and Terminalia laxiflora as the most
important honeybee plants. Notably, the beekeepers
emphasized that Syzygium guineense and
Terminalia laxiflora were major sources of forages
for honeybees and play a critical role in honey
production due to their abundant flowers, which
provide excellent nutrition for the bees.

The beekeepers identified several key herbaceous
and grass species that were frequently visited by
bees for pollen and nectar. Among these abundant
species, compared to other herbs and grasses were
Bidens prestinaria, Guizotia abyssinica, Guizotia
scabra, Sorghum bicolor, and Bidens pilosa. Bidens
species, Guizotia scabra, and Plantago larceolata
were found in both forested and cultivated areas,
playing a crucial role during the honey flow season
(Table 1).

Table 1: Honeybee forage species, identified based on survey and field observation

Habit Botanical Name Local Name Pollen (P) F!owermg Source Abund
/nectar (N)  Time ance

Tree Accacia hecatophylla Qudo P and N Sept-Feb Major +
Cordia africana Wanza P and N Oct-March Major r
Croton macrostachyus Bekanisa P and N June-Sept Major +
Ficus sycomorus Shola P and N May-Sept Major r
Lannea welweschi Quwa P and N Sept-Nov Major r
Pterocurpus lucens Amiraro P and N Nov - Dec Major +
Syzigium guineense Dokma N March-May Major 2a
Terminalia laxiflora Ashure PandN Dec-May Major 2b
Turraeanthus africanus  Yechaka P and N March-April Major r
Acacia seyal Kesh P and N Sept-Nov Minor 2a
Mangifera indica Mango PandN Dec-April Minor 2a
Annona senegalensis Adegela P and N March-June Minor 1
Boswellia papyrifera Etan zaf PandN Sept-Dec Minor 1
Breonadia salicina Debesa PandN August-Dec Minor 2a
Catha edulis Chat PandN Throughout Minor 1
Citrus somensis Burtukan PandN May-Sept Minor +
Coffea arabica Coffee P and N Feb- August  Minor 1
Combretum molle Ageraei P and N April-July Minor 1
Dalbergia boehmii Tseba P and N Feb-May Minor r
Erythrina abyssinica Ambelsh P and N Oct-Jan Minor 2a
Erythrina brucei Embelsh P and N Oct-Jan Minor 2a
Eucalyptus saligha Bahrzaf PandN Sept- Dec Minor 1
Faurea speciosa Atete PandN Nov-Feb Minor 2a
Ficus ingens Bambegle P and N Feb-Sept Minor 2a
Ficus lutea Warka PandN August-Oct Minor r
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Ficus sycomorus Arbu P and N July-Oct Minor 1
Ficus vasta Hodo P and N July-Oct Minor r
Gardenia ternifolia Ankeda P and N Sept-Nov Minor 1
Gardenia volkensi Gambela P and N Sept-Jan Minor 2a
Grewia mollis Aroresa P and N July-Sept Minor 1
Kotschya africana Ssege P and N March-June Minor r
Loncocarpus laxiflorus Afud P and N Dec-May Minor 1
Manilkara butuji Butiji PandN Jan-April Minor 2a
Maytenus senegalensis  kombolch PandN Nov-April Minor 2a
Mytenus senegalensis Agero PandN Nov-April Minor 2a
Persea americana Avocado P and N Sept-Dec Minor r
Phoenix reclinata Zenbaba P and N June-Oct Minor r
Pilostigma thunningii Megel PandN May-Oct Minor 2a
Psidium guajava Zeytuna Pand N Oct-Nov Minor r
ISecurldaca Sheget PandN March-June Minor r
ongepedanculata
Strychnos innocua Abunbugo PandN April-July Minor 1
Vepris spp. Zafi PandN Oct-Nov Minor 2a
Vitex doniana kurkura P and N June-Oct Minor 2a
Ziziphus abyssinica Qurqura PandN August-Nov Minor r
Shrubs Phoenix dactylifera Zenbaba P and N June-Sept Minor r
Vernonia amygdolina Grawa PandN Dec-Feb Minor 2
Ximenia americana Bibi P and N August-Nov Minor 2
Vines Cesalpinea spp. Ashi PandN Throughout Minor 2
Climbers  Cuccurbita pepo Duba P and N July-August Minor 2
Saba comorensis Bishgore P and N August-Feb Minor 2
Herbs Bidens pilosa Adeketsiya PandN Sept-Nov Major 3
Bidens prestinaria Abumerery P andN Sept-Nov Major 3
Glycine spp. Akuri PandN August-Oct Major 1
Guizotia abyssinica Nug PandN Oct-Nov Major 2b
Guizotia scabra Ada P and N Sept-Oct Major 3
Plantago larceolata Arem P June-Oct Major 3
Solanum dasyphyllum adro PandN June-Sept Major 3
Abelmoscus esculantus  Qenegse P and N August-Oct Minor 1
Acanthus polystachius Sokoru PandN Oct-Jan Minor 1
Amaranthus hybridus Tsunda/Tika P and N June-Oct Minor r
Capsicum minimum Mitimita PandN May-July Minor r
Vigna subterranea Almdmese P and N August-Oct Minor r
Grasses Cyndon dectylon Serdo P May-Oct Major 1
Sorghum bicolar Mashila P Oct-Dec Major 2a
Zea mays Bekolo P July-Sept Major 2b
Andropogon schirensis ~ Abandu P and N May-Sept Minor 1
Cyndon nlemfuensis Mergagogor P and N May-Oct Minor 1
Hyparrhenia diplandra Cheto PandN Sept-Nov Minor 1
Hyperhina spp. Muja PandN May-Sept Minor 1
Oxythenantra abyssinica Bamboo PandN Sporadic Minor 1
Rhodus spp. Yekoksar Pand N July-Sept Minor +

Codes of cover-abundance: r= One or few individuals, += Occasional and less than 5%, 1= Abundant and with very low cover or less
abundant but with higher cover; in any case less than 5% cover of total area, 2a= Very abundant and less than 5% cover, 2b= 5-12.5%
cover, irrespective of number of individuals, 2c= 12.5-25% cover of total area, irrespective of number of individuals, 3= 25-50% cover of
total area, irrespective of number of individuals, 4= 50-75% cover of total area, irrespective of number of individuals, 5= 75-100% cover

of total area, irrespective of number of individuals
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Season of flowering

In all three districts studied, there were two main
flowering  periods for  honeybee  plants,
corresponding to two honey harvesting periods in
the area. Seventy percent of the identified bee
forage species flowered between September and
November. The primary and most valuable bee
forage plants during the first honey flow season
included Pterocarpus lucens, Bidens prestinaria,
Glycine species, Guizotia abyssinica (Fig 2),
Guizotia scabra, and other Bidens species.

Figur 2. Nug (Guizotia abyssinica)

In contrast, the second honey flow season, which
was occurred from February to May, features woody
plants such as Cordia africana (Fig 3), Syzygium
guineense, and Terminalia laxiflora as the main
sources of pollen and nectar. The discussions and
individual responses from beekeepers revealed that
in the first season, flowered species yielded honey
of varying quality, with more brood produced and

Table 2: Species diversity and species richness and evenness

poorer quality compared to the honey harvested in
April of the second season.

Figur 3. Wanza (Cordia africana)

Species diversity, richness, and evenness of
honeybee plant species

In the study area regarding the distribution of plants,
the highest number of species has been collected
from the highland area (Table 2). The results
indicated that the abundance of tree bee forages
was higher during the dry season which was vital for
the second honey flow season. The value of the
Shannon-Weaver diversity index indicated that in the
highland area of the region, the honey bee flora
species were more evenly distributed than the
midland and lowland (Table 2). Moreover, the
Shannon evenness value were ranged from 0.72-
0.80 showing that the honeybee plant species
counted in the study areas were evenly distributed in
the sample plots and sites.

Agro ecologies

Factors

Lowland Midland Highland
Species richness 63 55 71
Shannon species diversity 3.2 2.89 3.41
H’'max (Ins) Shannon 4.14 4.00 4.26
Evenness 0.77 0.72 0.80

Bee pollen sources

The pollen samples were collected in different sites
of the study area Guizotia species and Terminalia
laxiflora were the major pollen-source honeybee
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plant species identified in the study areas (Table 3).
On the other hand, Plantago larceolata, Zea mays,
and Bidenis spp. were the secondary pollen sources
of honey bee plant species, as the present findings
indicated.
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Table 3. Pollen sources for Bee Foraging in the study areas

N Districts Predominant Secondary pollen Important minor ~ Minor pollen
pollen source source pollen source source
4 Bambasi Guizotia spp. Plantago lanceolata
4 Bambasi Guizotia spp. Plantago lanceolata
4 Bambasi Terminalia Zea mays, Bidenis Guizotia spp.
laxiflora spp.
4 Homosha Terminalia Annona Syzigium
laxiflora senegalensis guineense
4 Homosha Guizotia spp. Grass
4 Homosha Guizotia, spp. Turraeanthus Grass species
africanus
4 Mao komo  Guizotia spp.
4 Mao komo  Terminalia Plantago lanceolata
laxiflora
4 Mao komo  Turraeanthus Plantago lanceolata  Guizotia spp
africanus

Botanical name of honey

The honey pollen analysis was revealed a diverse
array of 21 plant species that serve as nectar
sources for honey production. Among these,
Guizotia scabra and Guizotia abyssinica were
emerged as the most significant contributors to
monofloral honey, boasting an impressive frequency
percentage of 62.13%. This indicated their
prevalence and importance in the region's honey
production. Furthermore, the melissopalynological
analysis of honey samples highlighted the dominant
pollen types present, pinpointed Syzygium
guineense and Turraeanthus africanus as the
primary tree plant species involved in the formation
of monofloral honey (48.23%) in the study area.
Their abundance reflected not only their role as
essential nectar sources but also their ecological
relevance within the local environment.

Dearth period for honeybees

In Benishangul Gumuz, beekeepers have observed
that the peak periods of food scarcity were occurred
during the rainy season, from late July to August,
and during the dry season, from December to
January. During these times, there are limited
flowering plants, which means fewer sources of
pollen and nectar for the bees. To help support the
bee colonies through these two challenging periods,
it was crucial to provide them with supplemental food
and water, as well as to conduct regular inspections
of the colonies. The group discussions also revealed
that smallholder farmers in the study areas were the
primary users of pesticides, which negatively
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impacts both the honey bees and the plant species
they rely on, leading to increased cases of honey
bee colony absconding. Furthermore, the region has
experienced a rapid biodiversity loss in bee forage
due to deforestation and the expansion of cultivated
land.

DISCUSSION

The findings from the study conducted in
Benishangul Gumuz, western Ethiopia, reveal a
robust ecological framework supporting honeybee
foraging, characterized by a diverse array of flora.
The identification of seventy-one plant species as
forage sources for honeybees underscores the
ecological richness of the region. This diversity is
attributed to both naturally occurring flora and
cultivated crops, including oilseeds, cereals, pulses,
and horticultural varieties, which collectively
enhance the beekeeping potential in the area. The
results align with previous research by Addi and
Bareke (2019), who documented seventy-four
honeybee forage species in southwestern Ethiopia,
indicating a regional consistency in floral diversity
that supports apiculture. Such findings highlight the
importance of maintaining ecological integrity in
agricultural landscapes to sustain honeybee
populations and, by extension, local biodiversity.

The value of the Shannon-Weaver diversity index in
this study provides critical insights into the
distribution patterns of honeybee forage species
across different ecological zones. The higher
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evenness observed in the highland areas compared
to midland and lowland regions suggests that the
floral resources available to honeybees are more
uniformly distributed, thereby potentially enhancing
pollination efficiency and honey production. This
observation corroborates the work of Wubie et al.
(2014), who noted greater species diversity and
richness in highland agro-ecological systems. While
the evenness values ranging from 0.72 to 0.80
indicate a relatively balanced distribution of
honeybee forage species, they are lower than those
reported by Debissa and Amsalu (2006), which
ranged from 0.79 to 0.89. This difference may reflect
variations in sampling methods, ecological
conditions, or the specificities of regional flora.
However, the values are notably higher than those
documented by Addi and Bareke (2019),
underscoring the unigueness of the Benishangul
Gumuz ecosystem.

The present study's findings highlight the significant
role of various herbaceous and woody plant species
as forage resources for honeybees in the study area.
Notably, Bidens prestinaria, Guizotia abyssinica,
Guizotia scabra, Sorghum bicolor, and Bidens pilosa
were identified as abundant species that contribute
to the floral diversity essential for honey production.
The presence of Bidens spp., Guizotia scabra, and
Plantago lanceolata in both forested and cultivated
landscapes underscores their ecological importance
during the first honey flow season, corroborating the
observations made by Degaga (2017) in the Jimma
Zone, Southwest Ethiopia. During the second honey
flow season in April, beekeepers indicated that
Syzygium guineense and Terminalia laxiflora serve
as critical forage sources due to their profusion of
flowers, which provide vital nutritional resources for
honeybees. This observation aligns with existing
literature that recognizes the importance of these
species in enhancing honey production, particularly
during periods of resource scarcity. The increased
abundance of tree bee forages during the dry
season is particularly noteworthy, as it supports the
notion that the availability of floral resources is
closely tied to seasonal variations. This finding is
consistent with Abebe et al. (2016), who
documented that shrubs, crops, forbs, and certain
woody plants constitute the primary bee forage from
October to December, while the flowering of woody
plants predominates as a source of pollen and nectar
from February to May in the Assosa, Homosha, and
Mao Komo districts of Benishangul Gumuz.
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Furthermore, the belief among local beekeepers that
the flowering period of Syzygium guineense serves
as an indicator for honeybee colonies to prepare for
honey production highlights the interconnectedness
of ecological knowledge and beekeeping practices in
the region. Research has established Syzygium
guineense as a significant nectar source for Apis
mellifera, thereby reinforcing its role in supporting
honey production (Storrs 1995). Similar studies have
also identified Syzygium guineense as a
predominant nectariferous plant species in the
Sudano-Guinean transition zone in  Benin,
emphasizing its importance in honey accumulation
within hives (Yedomonhan 2009).

The primary flowering period for honey plants in
Ethiopia, occurring from September to November
and again from April to May, reflects the influence of
the country's bimodal rainfall pattern (Teferi 2018).
However, the unique climatic conditions of
Benishangul Gumuz, characterized by a singular
long rainy season lasting from May to November,
necessitate a reevaluation of these patterns in the
context of honey production. The findings of this
study not only corroborate previous research but
also emphasize the need for adaptive management
strategies that consider the specific ecological and
climatic characteristics of the region to optimize
honey production.

The identification of 70% of the bee forage species
flowering between September and November
reinforces the significance of this time frame for
beekeeping activities in the study area. This
observation is consistent with Wubie et al. (2014),
who reported a peak in flowering activity from August
through October, particularly in August and
September. The findings indicate that the first
flowering season yields honey of varying qualities,
with beekeepers noting that honey produced during
this period tends to have more brood but lower
quality than the honey harvested in April from woody
plants. This suggests that floral resources' nutritional
composition and availability during different seasons
may significantly affect honey quality and overall
beekeeping productivity.

While Wubie et al. (2014) documented a broader
variety of pollen source plant species, our study
highlights the importance of specific species such as
Guizotia spp. and Terminalia laxiflora as primary
pollen sources within the study area. This
discrepancy may be attributed to differences in
sampling methodologies or ecological variances
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between regions. The melissopalynological analysis
conducted by Tulu et al. (2023) further supports this
notion, revealing a predominance of multifloral
honey samples with significant contributions from
Eucalyptus camaldulensis and other lowland bee
forages. The comparative analysis reveals that while
certain species like Terminalia spp. and Guizotia
spp. serve as critical pollen sources, their
classification as secondary in other studies
underscores the need for localized assessments to
capture the dynamics of bee forage availability.

Moreover, the seasonal patterns observed from late
July to August and during the dry season highlight
the complexities of honeybee foraging behavior and
the adaptability of beekeeping practices to local
environmental conditions. The reliance on diverse
pollen sources across different agroecological zones
emphasizes the need for beekeepers to be aware of
the specific flowering patterns and forage availability
in their respective areas.

In discussing the findings of our research, it's clear
that seasonal dynamics play a critical role in the
health and stability of bee populations in the study
area. The limited availability of flowering plants from
late July to August and the dry season from
December to January creates a challenging
environment for bees. During these months, the lack
of pollen and nectar sources significantly weakens
bee colonies. This aligns with previous studies
highlighting how resource scarcity directly impacts
bee health and colony survival (Teklay 2011).

The situation gets even more complicated with the
indigenous practice of burning forest areas from
January to March. While this may serve certain
agricultural or ecological purposes, it seems to push
many bee colonies to abscond. It's interesting to
note that this behavior is a survival strategy for bees
when their habitat is compromised. Previous
research has shown similar patterns, where habitat
destruction leads to increased rates of colony
abandonment (Belsky and Joshi 2019).

Moreover, the role of smallholder farmers using
pesticides cannot be overlooked. Our discussions
revealed that these farmers are major contributors to
the pesticide problem in the region. The fact that
many farmers apply pesticides multiple times during
a growing season, as noted by Deressa and Alemu
(2022), raises serious concerns. The negative
impact of pesticides on both honey bees and the
flowering plants they depend on is well-documented.
It creates a vicious cycle: pesticides weaken bee
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colonies, which in turn affects pollination and the
health of local flora, ultimately leading to fewer
resources for the bees.

Conclusion: In the Benishangul Gumuz regional
state of Ethiopia, beekeeping plays a crucial role. It
contributes significantly to household cash income,
which is used for taxes, clothing, and school fees.
The study identified 71 plant species that serve as
forage sources for honeybees, with two main
flowering periods corresponding to the honey
harvesting seasons. In the region, the most
abundant honeybee flora includes Pterocarpus
lucens, Bidens prestinaria, Guizotia species, Cordia
africana, Syzygium guineense, and Terminalia
laxiflora. Approximately 70% of the bee forage
species bloom from September to November, with
key plants such as Pterocarpus lucens, Bidens
prestinaria, and Guizotia species contributing
significantly during the first honey flow season. In the
second season, from February to May, woody plants
like Cordia Africana, Syzygium guineense, and
Terminalia laxiflora become the primary sources of
pollen and nectar. Guizotia scabra and Guizotia
abyssinica are significant for monofloral honey
production, observed with a frequency of 62.13%.
Research is needed to evaluate the nutritional value
of the identified species of pollen and nectar
sources. Promoting agroforestry systems that
integrate bee-friendly plants within and around
agricultural fields is also important. Furthermore, to
support bee colonies during critical food shortages,
we must provide supplemental food and water and
conduct regular inspections. Finally, rapid
biodiversity loss due to deforestation and the
expansion of cultivated land poses a significant
threat to the region's forage availability for bees.
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ABSTRACT

The aim of this study was to determine the chemical and antimicrobial activity of two taxa which are
important nectar and pollen plants for honey bees. Thymus nummularius M. Bieb. and Vaccinium
myrtillus L. which produced by local people of Anzer. For this purpose, chemical compounds scanned
by GC-MS system and antimicrobial activities were tested against major oral pathogens including
Porphyromonas gingivalis ATCC 33277, Streptococcus salivarius DSM 13084, Streptococcus mitis,
Streptococcus mutans and Candida albicans ATCC 90028 by agar well diffusion and broth
microdilution. Aldehydes, alcohols, carboxylic acids and esters, ketones, terpenes, fatty acids and
esters, acetic acids and esters and other chemical components were detected in different percentages
in both T. nummularius. and V. myrtillus plants. A total of 30 chemical components were detected in
T. nummularius. while 26 chemical components were found in V. myrtillus. Carvacrol, lauryl acetate,
and thymol were detected 20.34%, 6.31% and 3.36%, respectively at high levels in T. nummularius. On
the other hand, diethyl succinate, hexanoic acid, lauryl acetate and benzoic acid were determined
12.68%, 11.29%, 10.89% and 10.16% respectively predominantly in V. myrtillus. As a result of
antimicrobial activity of two taxa, V. myrtillus. exhibited more potent antimicrobial activity when
compared to T. nummularius. Antimicrobial activity of V. myrtillus against viridans streptococci and
C. albicans was promising and maybe used for the treatment of cariogenic microorganisms or oral
Candidiasis in future studies.

Key words: Antimicrobial activity, Chemical compounds, Honey plants, Thymus nummularius,
Vaccinium myrtillus

oz
Bu caligmanin amaci, Anzer yoresi halki tarafindan uretilen ve bal arilar i¢cin 6nemli nektar ile polen

kaynagi bitkiler olan Thymus nummularius M. Bieb. ve Vaccinium myrtillus L. adh iki taksonun
kimyasal ve antimikrobiyal aktivitesini belirlemektir. Bu amagcla, kimyasal bilesikler GC-MS sistemi ile
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taranmig ve antimikrobiyal aktiviteleri Porphyromonas gingivalis ATCC 33277, Streptococcus
salivarius DSM 13084, Streptococcus mitis, Streptococcus mutans ve Candida albicans ATCC 90028
dahil olmak uUzere baslica oral patojenlere karsi agar kuyu difiizyon ve sivi mikrodiliisyon ile test
edilmigtir. Aldehitler, alkoller, karboksilik asitler ve esterler, ketonlar, terpenler, yag asitleri ve esterler,
asetik asitler ve esterler ve diger kimyasal bilesenler hem T. nummularius hem de V. myrtillus
bitkilerinde farkh yiizdelerde tespit edilmistir. T. nummularius'ta toplam 30 kimyasal bilesen tespit
edilirken, V. myrtillus'ta 26 kimyasal bilesen tespit edilmistir. Karvakrol, lauril asetat ve timol T.
nummularius'ta sirasiyla %20,34, %6,31 ve %3,36 oraninda yiiksek seviyelerde tespit edilmistir. Ote
yandan, dietil siiksinat, hekzanoik asit, lauril asetat ve benzoik asit V. myrtillus'ta baskin olarak
sirasiyla %12,68, %11,29, %10,89 ve %10,16 oranlarinda tespit edilmistir. iki taksonun antimikrobiyal
aktivitesinin bir sonucu olarak, V. myrtillus bitkisi T. nummularius ile karsilastirildiginda daha giiglii
antimikrobiyal aktivite gostermistir. V. myrtillus'un 6zellikle viridans streptokoklara ve C. albicans'a
karsi antimikrobiyal aktivitesinin olmasi ileriki galigmalarda karyojenik mikroorganizmalarin veya oral
Kandidiyazis'in tedavisinde kullanilabilme potansiyeli oldugunu géstermektedir.

Anahtar Kelimeler: Antimikrobiyal aktivite, Kimyasal bilegenler, Ball bitkiler, Thymus nummularius,

Vaccinium myrtillus

GENISLETILMiS OZET

Amag: Bu calismanin amaci, Anzer yoresi halki
tarafindan Uretilen ve bal arilari igin 6nemli nektar ile
polen kaynagi bitkiler olan Thymus nummularius M.
Bieb. ve Vaccinium myrtillus L. adli iki taksonun
kimyasal ve antimikrobiyal aktivitesini belirlemektir.
Bu amagla Anzer Bélgesi’nden toplanan Thymus
nummularius M. Bieb. (Kekik, Anzer ¢ayi, Anuk) ve
Vaccinium myrtillus L. (Yaban mersini, Maviyemis,
Likapa) bitkilerinin kimyasal analizleri ve oral
patojenlere  karsi antimikrobiyal  aktiviteleri
belirlenmistir.

Gereg ve yontem: Thymus nummularius M. Bieb.
ve Vaccinium myrtillus L. bitkilerinin ekstraktlari
methanol ile yapilarak Gaz Kromatogrifisi ve Kitle
Spektrometresi  (GC-MS) cihazinda kimyasal
bilesenleri tespit edilmistir. Ayrica antimikrobiyal
aktiviteleri Porphyromonas gingivalis ATCC 33277,
Streptococcus salivarius DSM 13084, Streptococcus
mitis (klinik izolat), Streptococcus mutans (Klinik
izolat) ve Candida albicans ATCC 90028 dahil olmak
Uzere baglica oral patojenlere karsi agar kuyu
difizyon ve sivi mikrodilisyon yontemi ile test
edilmistir.

Bulgular ve tartisma: GC-MS cihazinda yapilan
calisma sonucunda hem T. nummularius bitkisinde
hem de V. myrtillus bitkilerinde farkli ytzdelerde
aldehitler, alkoller, karboksilik asitler ve esterler,
ketonlar, terpenler, yad asitleri ve esterler, asetik
asitler ve esterler ve diger kimyasal bilesenler tespit
edilmistir (Tablo 1). T. nummularius'ta toplam 30
kimyasal bilesen tespit edilirken, V. myrtillus'ta 26
kimyasal bilesen tespit edilmistir. Karvakrol, lauril
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asetat ve timol T. nummularius'ta sirasiyla %20,34,
%6,31 ve %3,36 oraninda yuksek seviyelerde tespit
edilmistir (Tablo 1). Ertas vd. (2015) T.
nummularius’'te timol (%60,38) ve terpinil-asetat
(%10,49), Gergek vd. (2022) ise timol (%38,91),
linalool (%13,12) ve geraniol (%6,51) bulmuslardir.
Bizim g¢alismamizda ise bu calismalardan farkh
olarak ylksek oranda karvakrol tespit ettik.
Karvakrol ve timolin kekik icin dnemli belirteg
bilesenler oldugu belirtilmistir. Kiiglkbay vd. (2014)
tarafindan karvakrol ve timolin ylksek antioksidan
aktiviteye sahip oldugu bildirilmistir. Ayrica Tepe vd.
(2011) karvakrolin antifungal, timoliin ise antiseptik
etkiye sahip oldugunu soéylemiglerdir. Ayrica, Shah
vd. (2020) lauril asetatin antioksidan Ozellikte
oldugunu bildirmiglerdir. Diger yandan, dietil
suksinat, hekzanoik asit, lauril asetat ve benzoik asit
V. myrtillus'ta baskin olarak sirasiyla %12,68,
%11,29, %10,89 ve %10,16 oranlarinda tespit
edilmistir (Tablo 1). Aranega-Bou vd. (2014)
hekzanoik asidin antifungal aktivitesini bildirmistir.
Ayrica, Ozkok vd. (2016) tarafindan benzoik asidin
balgam soktlricl, analjezik ve antiseptik aktivitelere
sahip oldugu bildirilmigtir. Bununla birlikte, Elkiran ve
Avsar (2020) Turkiye'nin Sinop ilinden toplanan V.
myrtillus'ta 1,8-sineol (%38,6), a-pinen (%21),
linalool (%19,5), a-terpineol (%5,8) bulmustur.
Calismamizda farkl bilesenler bulunmus ve bu
durum kimyasal igerigin bolgelere gore degiskenlik
olabilecegini gdstermistir.

Ayrca, T. nummularius ve V. myrtillus'un basglica oral
patojenlere karsi antimikrobiyal aktivitesini agar
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kuyusu difizyonu (Tablo 2, Sekil 2) ve et suyu
mikroseyreltme testi (Tablo 3) ile arastinimistir.
Sonuglarimiza goére, V. myrtillus, test edilen tim
mikroorganizmalara karsi T. nummularius'tan daha
etkili ¢cikmistir. Bununla birlikte, V. myrtillus, C.
albicans'a karsi gugli bir antimikrobiyal aktivite
sergilemistir. V. myrtillus'un C. albicans'a kargi Gmit
verici antimikrobiyal aktivitesi, nispeten daha ylksek
karboksilik asitlere ve esterlere (%23,59), 6zellikle
benzoik aside atfedilebilir. Benzoik asidin éncelikle
mantarlara karsi antimikrobiyal aktiviteye sahip
oldugu gosterilmistir (Teodoro vd. 2015).

Sonug: Bu galismada, kimyasal bilesik analizleri her
iki bitki tUrinin de yuUksek antioksidan bilegsenlere
sahip oldugunu goéstermistir. V. myrtillus, T.
nummularius ile karsilastinldiinda daha guclu
antimikrobiyal aktivite gostermistir. V. myrtillus'un
viridans streptokoklarina ve C. albicans'a karsi
antimikrobiyal aktivitesi imit vericidir ve gelecekteki
calismalarda karyojenik mikroorganizmalarin veya
oral Kandidiyazis'in tedavisinde kullanilabilir.

INTRODUCTION

Local people and traditional healers have long
history in using of plants to prevent or cure bacterial
infections. Nowadays, in many parts of the world, 70
-95% of people use plants as a primary form of
medicine, and many countries have integrated
traditional plant-based medicines (Willis 2017).
Plants are the main source of a wide variety of
secondary metabolites, such as alkaloids,
flavonoids, tannins, and terpenoids, which have
been determined in vitro to have antimicrobial
properties (Cowan 1999).

Thymus L. (Lamiaceae) are well-known genera of
the family that is used as folk medicine (Ozen and
Demirtas 2015). This species belongs to the group
of plants commonly called “kekik” in Turkish (Baytop
1999). For centuries, these taxa have traditionally
been used to flavour foods and treatment of various
diseases due to the high percentage of their
essential oils (Baytop 1999, Lukas et al. 2010, Sezik
et al. 1992). Thymus species have been used
traditionally for bronchitis, coughs, asthma,
rheumatism, colic, diarrhoea, and arteriosclerosis
(Tammar et al. 2018).

Thymus nummularius M. Bieb. (synonym Thymus
pseudopulegioides Klokov & Des. Shots.) is
distributed widely in the Caucasian area (Guner
2012). It is known as “Anzer tea” (Rize) and “Anuk”
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(Trabzon) by local people (Gunaydin et al. 2017) and
also honey bees collect nectar and pollen from this
plant. Especially this plant’s antimicrobial bioactive
compounds “thymol” and “carvacrol” was found in
the honey. Thymol is an important acaricide and is
used in the fight against the bee parasite Varroa
destructor. Therefore, this type of thyme containing
thymol is also an important plant in terms of use in
bee health (Demirezen 2019, Turkun 2016).

T. nummularius is a perennial shrub, growing wild in
the Black Sea Region of Turkiye. Its herbal parts are
consumed as tea, condiments, and herbal remedies
for gastrointestinal disorders. It is also known that
extracts of these plant materials involve bioactive
compounds that can be helpful to health such as
diuretics, circulation regulators, and sedatives.
There have been restricted studies assessing the
chemical constituents and biological activity of T.
nummularius (Baser et al. 1999).

In previous studies (Baser et al. 1999, Gul et al.
2022, Sunar et al. 2009), various Thymus species
(including T. nummularius) were evaluated for their
chemical profiles and biological activity. Results
revealed significant differences at intra- and
interspecific levels. However, a survey of the
literature  confirmed that T. nummularius
antibacterial activity was evaluated by Gil et al.
2022.

Vaccinium myrtillus L. (Yaban mersini) from
Ericaceae family known as Yaban mersini,
Maviyemis and Likapa in black see regions of
Turkiye (Baytop 1999, Giiner 2012) and also honey
bees collect nectar and pollen from this plant. Four
species contain Vaccinium arctostaphylos L.,
Vaccinium myrtillus L., Vaccinium vitisidea L.,
Vaccinium uliginosum L. grown naturally in Turkiye.
V. myrtillus is a perennial shrub which grows in
coniferous forests. This taxon blooms from April
through June have edible spheroidal fruit of
blue/black colour with many seeds (Davis 1982).

Using the fruit of this plant in different way such as
the decoction of dried fruits has a long history in the
human diet. Bilberry commercially is observed as
fresh, frozen, and dried berries, in addition to inside
the shape of preserves, jams, juices, and liquid or
powdered concentrates as meal supplements (Chu
et al. 2011).

Vaccinium contains a variety of phenolic
compounds, including flavonols, tannins,
ellagitannins, and phenolic acids but mostly known
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as a rich source of anthocyanins (Seeram 2008,
Upton 2001). Anthocyanins in the last years have
gained research attention due to their numerous
functions and applications in mind diet and
neuroprotective effects (Chu et al. 2011). These
polyphenolics are responsible their blue/black colour
and high antioxidant content, and they are believed
to be the key bioactive responsible for the many
reported health benefits of bilberry (Chu et al. 2011,
Upton 2001,). Although most of the researche has
been concentrated on the antioxidant properties of
anthocyanins other biological activities of them
involve cell-signalling pathways, gene expression,
DNA repair, and anticancer effects, as well as
antimicrobial and antineoplastic effects (Karakas et
al. 2022, Kowalczyk et al. 2003, Seeram 2008,
Zafra-Stone et al. 2007).

Some the berry fruit and their phenolics, have been
pronounced to reveal antimicrobial results in
opposition to human pathogens. The results of
numerous berries in opposition to numerous

organisms are different. This suggested different
taxa extracts may have high potential
antimicrobials (Puupponen-Pimia et al. 2005).

as

Anzer Region is an important region where Turkiye's
aromatic plants are found, and Anzer honey
produced here is a world-famous honey. For this
reason, the properties of the plants found here are
also important for human health. This research
attempted to elucidate the chemical and
antimicrobial activity of two taxa T. nummularius M.
Bieb. and V. myrtillus L. which are used by local
people of Anzer. For this purpose, chemical
compounds scanned by GC-MS system and
antimicrobial activities were determined.

MATERIAL AND METHODS
Collection of plant material

The research area Anzer Region is placed in the
borders of ikizdere district of the Rize province.
Bayburt and Trabzon provinces in the west, Erzurum
province inside the south, Kalkandere and Rize vital
districts inside the north, Cayeli and Camlihemsin
districts inside the east (Erata et al. 2021) (Figure 1).

Gorele

_Kemaliye
_Trabzon

Tonya Arakiy of Pazar 5
Macka Yusufel

Kepribast ikizd

_Erzurum

Figure 1. Rize province and Anzer region

The fresh plant material of the T. nummularius M.
Bieb. and V. myrtillus L. were collected from the
Anzer Region which is the north-east region of
Turkiye. The plants were identified based on the
Flora of Turkiye and East Aegean Island (Davis
1982).

Extraction procedure of plant material

Aerial parts of the plants were air-dried in shade
condition and powdered. Aerial parts of T.
nummularius were extracted by methanol. Methanol
extracts were prepared by the maceration method
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and 10 g of cured drug were extracted in 100 mL of
solvent (10% m/v) for 24 h with occasional shaking.
At the end of the extraction, the solution was filtered,
the process was repeated two times, and the filtrates
were combined and collected. Finally, it was
evaporated to dryness under low pressure.

The liquid segment becomes separated from the
stable residue with the aid of using filtering via
Whatman No four filter paper and the organic solvent
is eliminated with a rotary evaporator (Buchi
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Rotavapor, Buchi Labortechnik AG,
Switzerland). The extracts were lyophilized.

Flawil,

Chemical profile analysis

The chemical profiles of T. nummularius and V.
myrtillus were determined by Gas Chromatography-
Mass Spectrometry (GC-MS) analysis. For this
analysis, Agilent 6890N GC system coupled with a
mass selective detector MS5973 was used.
Lyophilized plant extracts were dissolved in
methanol and 1 pl of plant extract was injected into
the GC-MS system to screen the chemical
compounds. For the GC-MS experimental conditions
Temiz et al. (2011) method followed. According to
this, a DB 5MS capillary column (30 m x 0.25 mm x
0.25 pym) changed into used and the flow rate of
mobile phase (He) changed into a set at 0.7 mL/min.
In the gas chromatography part, the temperature
changed into stored at 50 °C for 1 min. After this
period, the temperature changed extended to 150 °C
with a 10 °C/min heating ramp after which stored at
150 °C for two min. Finally, the temperature changed
extended to 280 °C with a 20°C/min heating ramp
after which stored at 280 °C for 30 min. Chemical
compounds have been diagnosed via way of means
of pc seek the use of reference The Wiley
Registry/NIST Mass Spectral Library, which’s to be
had inside the records acquisition machine of GC-
MS.

Antimicrobial activity analysis

Microorganisms and culture conditions:
Antimicrobial activity of two taxa T. nummularius,
and V. myrtillus were tested against main oral
pathogens including Porphyromonas gingivalis
ATCC 33277, Streptococcus salivarius DSM 13084,
Streptococcus  mitis  (clinical isolate) and
Streptococcus mutans (clinical isolate) and Candida
albicans ATCC 90028 by agar well diffusion and
broth microdilution. P. gingivalis was cultured on
Brucella Agar (5% sheep blood agar supplemented
with vitamin K1 and hemin) under anaerobic
conditions at 37 °C for 5 days. Black-pigmented
colonies were confirmed after the incubation period.
Viridans streptococci were cultured on blood agar
(5% CO2, 95% humidified air, at 37 °C) and C.
albicans was cultured on Sabouraud Dextrose agar
(SDA) at 37 °C overnight.

Agar well diffusion assay: Plant extracts were
dissolved in dimethyl sulphoxide (DMSO) prior to
antimicrobial activity screening. Agar well diffusion
assay was performed by harvesting cells from fresh
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cultures and a standard suspension became
organized with the aid of adjusting the turbidity of the
suspension to suit the 0.5 McFarland (1.5X108
cfu/mL). Five-millimeter diameter wells were
prepared in Mueller-Hinton Agar (MHA) with 2%
glucose for C. albicans, MHA with 5% sheep blood
for viridans streptococci and Brucella agar for P.
gingivalis, and the bacterial suspensions were
inoculated into corresponding media. After the
incubation period, the inhibition zones were
measured and means and standard deviations were
calculated.

Broth microdilution assay: The minimum inhibitory
concentrations (MIC) of the extracts were
determined using broth microdilution assay in sterile
96-well microplates. Briefly, two-fold serial dilutions
of the extracts were prepared ranging from 1024 to
0.5 pg/mL using Brain Heart Infusion (BHI) medium
for viridans streptococci, BHI medium supplemented
with vitamin K1 (0.1 pyg/mL) and hemin (5 pg/mL) for
P. gingivalis and Roswell Park Memorial
Institute(RPMI) 1640 Medium for C. albicans. The
inoculum containing 10® CFU/mL of each bacterium
was added to each well. After the incubation period
bacterial growth was evaluated by observing the
presence of turbidity. MIC was defined as the lowest
concentration of the samples with no bacterial
growth.

RESULTS

Chemical compounds of T. nummularius, and V.
myrtillus were given in Table 1.

As seen in Table 1, aldehydes, alcohols, carboxylic
acids and esters, ketones, terpenes, fatty acids and
esters, acetic acids and esters and other chemical
components were detected in different percentages
in both T. nummularius, and V. myrtillus plants. A
total of 30 chemical components were detected in T.
nummularius. while 26 chemical components were
found in V. myrtillus. While the terpenes group was
found most in T. nummularius. with 27.13%,
carboxylic acids and esters were found most in V.
myrtillus with 23.59%.

Also, present study investigated the antimicrobial
activity of T. nummularius. and V. myrtillus against
major oral pathogens by agar well diffusion (Table 2,
Figure 2, Figure 3) and broth microdilution assay
(Table 3).
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Table 1. Chemical compounds of T. nummularius. and V. myrtillus

Chemical compounds Thymus nummularius M.Bieb. Vaccinium myrtillus L.
Aldehydes (%)

trans, trans-2, 4-Hexadienal 1.40 -
Benzaldehyde 1.22 -
Phenylacetaldehyde - 0.19
Phenylacetaldehyde dimethyl acetal 0.30 -
Cis-6-Nonenal 2.45 -
Total 5.37 0.19
Alcohols (%)

3-Octanol 0.83 0.42
2-Pentanol 0.92 -
Isobutyl alcohol 1.16 -
Alpha-Terpineol 0.53 -
Isopropyl alcohol - 0.37
Total 3.44 0.79

Carboxylic acids and esters (%)

Hexanoic acid - 11.29
Benzoic acid 4.09 10.16
Propionic acid 0.54 -
Pyruvic acid 1.81 -
2-Methyl-2-pentanoic acid - 0.10
4-Methylpentanoic acid 0.29 1.13
3-Hexenoic acid - 0.91
Total 6.73 23.59
Ketones (%)

Homofuronol 3.20 8.91
6-Methyl-3,5-heptadien-2-one 1.24 -
Methyl-2-pyrrolyl ketone 1.14 -
Total 5.58 8.91
Terpenes (%)

Linaloloxide 0.51 0.19
Carvacrol 20.34 -
Thymol 3.36 -
Citronellol 1.97 -
Alpha-terpinene 0.95 -
Isoborneol - 0.53
Total 27.13 0.72
Fatty acids and esters (%)

Myristic acid - 0.95
Stearic acid - 5.11
Decanoic acid 2.08 0.62
Octanoic acid 2.81 -
Palmitic acid 2.45 -
Total 7.34 6.68
Acetic acids and esters (%)

Lauryl acetate 6.31 10.89
Isopropyl acetate - 0.45
n-Propyl acetate - 1.48
Hexyl acetate 0.53 0.73
n-Butyl acetate - 0.30
Total 6.84 13.85
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Chemical compounds Thymus nummularius M.Bieb. Vaccinium myrtillus L.
Others (%)

Quinoline 0.77 1.14
Ethyl-p-anisate 0.45 -
Acetanisole 3.68 -
Methyl benzoate - 0.81
Isobutyl propionate - 0.58
4-Methylacetophenone 1.11 -
Phenol 3.02 -
Dimethyl anthranilate - 0.26
Neroloxide - 0.47
2-Methoxy-3-methylpyrazine - 0.89
Diethyl succinate - 12.68
Total 9.03 16.83

Table 2.Agar well diffusion assay indicating inhibition zones (mm) of Thymus nummularius and Vaccinium myrtillus on
various oral pathogens

Thymus nummularius M.Bieb (51.2 pg/mL) Vaccinium myrtillus L. (51.2 pg/mL)

f’clml‘fg‘lr‘lz olate) 9.00:0 11.33+0.58
fami'i';. isolate) 9.00+0 14.33+0.58
g;;@”l‘g%gjs No zone 11.33+0.58
Z'Tgci?:gsi;ggi 8.00+0 9.33:0.58
C. albicans ATCC 90028 No zone 18.67+0.58

Figure 2. Agar well diffusion results for V. myrtillus L. and T. nummularius M. Bieb against tested oral microorganisms. A)
Inhibition zones for viridans streptococci. B) Black pigmented colonies of P. gingivalis ATCC 33277 on Brucella Agar and
agar well diffusion results. C) Agar well diffusion results for C. albicans ATCC 90028.
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Figure 3. Inhibition zones for V. myrtillus L. and T. nummularius M. Bieb against tested oral microorganisms.

Table 3. Minimum inhibitory concentrations (ug/ml) of T. nummularius and V. myrtillus against tested oral pathogens

Thymus nummularius M.Bieb

Vaccinium myrtillus L.

S. mutans

(clinical isolate)

S. mitis

(clinical isolate)

S. salivarius

DSM 13084

P. gingivalis

ATCC 33277

C. albicans ATCC 90028

>1024 512
1024 256
>1024 512
>1024 >1024
1024 128

DISCUSSION

As a result of GC-MS analysis, carvacrol, lauryl
acetate, and thymol were detected 20.34%, 6.31%
and 3.36% respectively at high levels in T.
nummularius. On the other hand, Ertas et al. (2015)
found thymol (60.38%) and terpinyl-acetate
(10.49%) and Gercek et al. (2022) were determined
thymol (38.91%), linalool (13.12%) and geraniol
(6.51%) in T. nummularius. In present study, it found
that differently from them carvacrol predominantly.
Carvacrol and thymol, are considered important
marker components for thyme. It was reported by
Klglkbay et al. (2014) that carvacrol and thymol
have high antioxidant activity. In addition, Tepe et al.
(2011) said that carvacrol has an antifungal effect
and thymol has an antiseptic effect. At the same
time, thymol can be used against Varroa destructor,
an important bee parasite. It is also preferred
because it does not leave residue in bee products

U.An D. - U Bee J. 2025, 25 (1): 32-42

(Demirezen 2019, Turkun 2016). In a study
conducted by Demirezen (2019), a total of 36
colonies were studied, with 9 colonies in each group
(flumethrin, oxalic acid, thymol and control). In the
study results; significant statistical differences were
found between the varroa numbers falling according
to the spring and autumn periods, according to the
days, and according to the days within the same
season. According to the percentage change
formula, drug efficiencies were found as; flumethrin
85%, oxalic acid 80%, thymol 87% in the autumn
period and flumethrin 75%, oxalic acid 68%, thymol
84% in the spring period. The results of this study
showed that flumethrin was successful in long-term,
oxalic acid and thymol were successful in short-term
varroa control. On the other hand, Shah et al. (2020)
reported the antioxidant properties of lauryl acetate.
Lauryl acetate, also known as dodecyl acetate, has
a floral odor and is useful as a perfume additive.
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Diethyl succinate, hexanoic acid, lauryl acetate and
benzoic acid were determined 12.68%, 11.29%,
10.89% and 10.16% respectively predominantly in
V. myrtillus. Aranega-Bou et al. (2014) reported
antifungal activity of hexanoic acid. Also, it was
reported by Ozkdk et al. (2016) that benzoic acid has
an expectorant, analgesic, and antiseptic activity. On
the other hand, Elkiran and Avsar (2020) found 1,8-
cineole (38.6%), a-pinene (21%), linalool (19.5%), a-
terpineol (5.8%) in V. myrtillus, which was collected
Sinop province of Turkiye. In this present study, it
found of different components and it can be related
and changed according to regions.

Antimicrobial outcomes of plants and natural
products may be through inhibition of bacterial
binding (adhesion) to cell walls, direct antimicrobial
killing, or by effects that potentiate antibiotics, as
evidenced with the aid of using diminished minimal
inhibitory concentration (MIC) of antibiotics inside
the presence of a plant in comparison to that of the
antibiotic alone. Several natural products have been
determined to have antimicrobial outcomes (Lee et
al. 2006). Cranberry (V. macrocarpon Ait.) has
effective antiadhesion properties (Dao et al. 2012).

According to antimicrobial results, V. myrtillus was
more effective than T. nummularius against all
tested microorganisms. Moreover, V. myrtillus
exhibited a potent antimicrobial activity against C.
albicans. The promising antimicrobial activity of V.
myrtillus against C. albicans can be attributed to
relatively higher carboxylic acids and esters
(23.59%), especially benzoic acid. Benzoic acid has
been shown to possess antimicrobial activity
primarily against fungi (Teodoro et al. 2015).

Conclusion: In this study, chemical compound
analyses showed that both plant species have high
antioxidant components. Vaccinium  myrtillus
exhibited more potent antimicrobial activity when
compared to Thymus nummularius. The
antimicrobial activity of V. myrtillus against viridans
streptococci and C. albicans was promising and may
be wused for the treatment of -cariogenic
microorganisms or oral Candidiasis in future studies.
On the other hand, T. nummularius can use against
to Varroa destructor because of thymol ingredient. At
the same time, it is planned to study the contents of
monofloral honey produced from these plants in
further studies and to introduce these honeys to
Turkish beekeeping. Therefore, it is essential to
protect these plants.
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ABSTRACT

The discovery of new therapeutic agents is crucial in the fight against antimicrobial resistance. The
antimicrobial potential of apitoxin from Apis mellifera caucasica and A. m. carnica (Hymenoptera:
Apidae) was tested in vitro against Gram-positive (Staphylococcus aureus ATCC-25923, Enterococcus
faecalis ATCC-29212), Gram-negative (Escherichia coli ATCC-25922, Pseudomonas aeruginosa ATCC-
27853) bacterial strains and a fungal pathogen (Candida albicans ATCC-10231). Using an electro
stimulation technique, Apitoxin was extracted from honey bee colonies under standardized conditions
between May 2022 and April 2023. The antimicrobial activity was evaluated using the disk diffusion
method and the results were compared with standard antibiotics (ampicillin, vancomycin,
trimethoprim-sulfamethoxazole, itraconazole) to calculate the antibiotic equivalence of the apitoxins.
Apitoxin from both subspecies showed dose-dependent inhibitory effects against all microorganisms
tested. The highest activity was observed against E. coli, with inhibition zone diameters of 16.6+0.2
mm for A. m. caucasica and 17.0£0.2 mm for A. m. carnica (p<0.05). No significant differences were
found between subspecies in their effects on E.coli, E.faecalis, and P.aeruginosa (p>0.05). The results
indicate that apitoxin has a broad spectrum of antimicrobial activity and could be used as a therapeutic
agent.

Keywords: Apitoxin, Antimicrobial activity, Apis mellifera caucasica, Apis mellifera carnica

oz

Antimikrobiyal direngle miicadelede yeni terapotik ajanlarin kesfi 6nem tasimaktadir. Bu ¢alismada,
Apis mellifera caucasicave A. m. carnica (Hymenoptera: Apidae) alt tiirlerinden elde edilen apitoksinin
antimikrobiyal potansiyeli, Gram-pozitif (Staphylococcus aureus ATCC 25923, Enterococcus faecalis
ATCC 29212), Gram-negatif (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853)
bakteri susglari ve bir fungal patojen (Candida albicans ATCC 10231) mikroorganizmalar lizerinde in
vitro olarak degerlendirilmigtir. Mayis 2022-Nisan 2023 tarihleri arasinda standardize kosullarda
yetistirilen arn kolonilerinden elektrostimiillasyon teknigiyle apitoksin ekstrakte edilmisgtir.
Antimikrobiyal aktivite disk diflizyon yontemiyle degerlendirilmis ve sonuglar standart antibiyotiklerle
(ampisilin, vankomisin, trimetoprim-siilfametoksazol ve itrakonazol) kargilastirilarak apitoksinlerin
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antibiyotik eslenigi hesaplanmistir. Her iki alt tiirden elde edilen apitoksin, test edilen tiim
mikroorganizmalara kargi doza bagimh inhibitor etki gostermistir. En yiiksek etki E. coli’ye karsi
go6zlemlenmis olup, inhibisyon zon ¢aplari A. m. caucasica i¢in 16,6 £ 0,2 mm ve A. m. carnica i¢in 17,0
* 0,2 mm olarak él¢ulmiistiir (p<0.05). E. coli, E. faecalis ve P. aeruginosa uzerindeki etkilerde alt tiirler
arasinda anlaml fark bulunmamistir (p>0.05). Sonuglar, apitoksinin genig spektrumlu antimikrobiyal
aktiviteye sahip potansiyel bir terapotik ajan olarak degerlendirilebilecegini gostermektedir.

Anahtar Kelimeler: Apitoksin, Antimikrobiyal aktivite, Apis mellifera caucasica, Apis mellifera carnica

GENISLETILMiS OZET

Amag¢: Bu arastirmanin amaci, Apis mellifera
caucasica ve A. m. carnica alt tirlerinden izole edilen
apitoksinlerin antimikrobiyal potansiyelinin
karsilastirmali olarak degerlendirmektir. Calisma
kapsaminda apitoksinlerin Gram-pozitif ve Gram-
negatif bakteriler ile fungal patojenlere karsi etkinligi
incelenmisg, ayrica standard antimikrobiyal ajanlarla
karsilastirmali  analizleri  yapilarak  antibiyotik
esdegerlik degerleri belirlenmistir.

Gereg ve Yontem: Arastirma, Mayis 2022-Nisan
2023 periyodunda standardize kosullarda yetistirilen
ari  kolonileri lzerinde yurGtalmagstir. Apitoksin
ekstraksiyonu, modifiye elektrostimulasyon teknigi
kullanilarak 15 dakikalik periyotlar halinde ve 1/15
gunluk aralklarla alti ardisik uygulama seklinde
gerceklestiriimistir. Elde edilen apitoksin 6rnekleri
fizyolojik tuz ¢ozeltisinde (0,9% NaCl) 8 mg/mL
konsantrasyonunda suspanse edilmis ve 0,22 ym
por ¢apli membran filtrasyonla sterilize edilmistir.
Antimikrobiyal aktivite testlerinde referans suslar
olarak  Staphylococcus aureus ATCC-25923,
Enterococcus faecalis ATCC-29212, Escherichia
coli ATCC-25922, Pseudomonas aeruginosa ATCC-
27853 ve Candida albicans ATCC-10231
kullanilmigtir.  Antimikrobiyal etkinlik, Kirby-Bauer
disk difiizyon yéntemi ile degerlendirilmis ve kontrol
ajanlari olarak standart antibiyotikler (ampisilin,
vankomisin, trimetoprim-siilfametoksazol,
itrakonazol) kullanilmistir.  Verilerin  istatistiksel
analizi tek yonli varyans analizi (ANOVA) ve post
hoc Tukey testi ile gergeklestiriimis, p<0.05 degeri
istatistiksel anlamlilik siniri olarak kabul edilmistir.

Bulgular: Calismada test edilen her iki apitoksin
preparati, tim mikroorganizmalara karsi doza
bagimh inhibitér etki gostermistir. Maksimum
antimikrobiyal aktivite E. coli Uzerinde kaydedilmis
olup en yuksek konsantrasyonda inhibisyon zon
¢aplari A. m. carnica i¢gin 17.0+0.2 mm ve A. m.
caucasica icin 16.6£0.2 mm olarak Olgllimustir
(p<0.05). Antimikrobiyal aktivitenin seyreltme orani
ile ters orantili oldugu gézlenmigtir.
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Mikroorganizmalarin apitoksine kargi duyarlliklar
degerlendirildiginde, en ylksek duyarlihdin E. coli’de
oldugu, bunu sirasiyla E. faecalis, S. aureus ve C.
albicans'in izledigi, en dugtuk duyarlihgin ise P.
aeruginosa'da oldugu belirlenmigtir.  Standart
antibiyotiklerle karsilastirmali analizlerde,
apitoksinlerin antibiyotik eslenek degerleri su sekilde
saptanmistir: E. coli icin trimethoprim-
sulfametoksazol eslenigi A. m. carnica ve A. m.
caucasica'da sirasiyla 0,6 mg/mL ve 0,62 mg/mL; S.
aureus igin vankomisin eslenigi 0,72 mg/mL ve 0,84
mg/mL; E. faecalis i¢cin ampisilin eslenigi 0,36 mg/mL
ve 0,38 mg/mL olarak belirlenmigtir. P.
aeruginosa'ya karsi trimetoprim-sulfametoksazol
eslenigi A. m. carnica ve A. m. caucasica igin
siraslyla 0,48 mg/mL ve 0,52 mg/mL, ampisilin
eslenigi ise 0,1 mg/mL ve 0,6 mg/mL olarak
hesaplanmigtir. C. albicans i¢in itrakonazol eslenigi
A. m. carnica'da 0,3 mg/mL, A. m. caucasica'da 0,24
mg/mL olarak tespit edilmistir.

Sonug: Bu arastirma, farkli A. mellifera alt tarleri
arasinda apitoksinlerin antimikrobiyal aktivitelerinin
karsilastirmali analizini sunan ilk calismadir. Elde
edilen veriler, apitoksinin genis  spektrumlu
antimikrobiyal aktivite gosterdigini ve terapdétik ajan
olarak  potansiyel deger tasidigini  ortaya
koymaktadir. Alt tirler arasinda spesifik patojenlere
kargi  etkinlik  farklilklar  tespit  edilmigtir.
Antimikrobiyal  aktivite analizlerinde A. m.
carnica'dan elde edilen apitoksin S. aureus'a karsi
sayisal olarak daha ylksek inhibisyon gdstermis
ancak bu fark istatistiksel olarak anlamli
bulunmamistir (p>0.05). A. m. caucasica'dan elde
edilen apitoksin ise C. albicans'a karsi istatistiksel
olarak anlamh dizeyde daha guglu antifungal etki
sergilemistir  (p<0.05). Apitoksinin antimikrobiyal
potansiyelinin tam olarak karakterize edilebilmesi
igin farkli cografi bélgelerden ve mevsimlerden elde
edilen  drneklerin  degerlendirildigi, cevresel
faktorlerin etkilerinin incelendigi ve in vivo etkinligin
arastirildigi ileri calismalara ihtiyag duyulmaktadir.
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INTRODUCTION

Antimicrobial resistance (AMR) is seen as an
increasing  threat  worldwide.  Drug-resistant
infections have become a critical challenge to
human health due to the inadequacy of existing
chemotherapeutic agents and the challenge of
developing new antimicrobial agents. The World
Health Organization has reported that the mortality
rate associated with antimicrobial resistance is
expected to be higher than cancer-related mortality
by 2050 (O'Neill 2014, WHO 2022). This situation
has necessitated the development of novel and
effective  antimicrobial agents.  Endogenous
antimicrobial peptides (AMPs) have been identified
as bioactive molecules with high therapeutic
potential as they are recognized as important
components of the innate immune system of various
organisms (Askar and Askar 2017). Apitoxin, which
is extracted from Apis mellifera, has been identified
as a collection of natural compounds with biological
activity used for therapeutic purposes. (Tanugur-
Samanci and Kekec¢oglu 2021).

The antimicrobial, hepatoprotective, antioxidant,
anti-inflammatory,  antineoplastic,  antiarthritic,
radioprotective, cytoprotective and neuroprotective
properties of apitoxin have been demonstrated in
vitro and in vivo studies (Mizrahi and Lensky 1997,
Minstedt and Bogdanov 2009). Apitoxin, which
plays a crucial role in the defense mechanism of bee
colonies and is synthesized in venom glands and
stored in the venom sac, with one worker bee
containing an average of 0.15-0.30 mg of venom
(Crane 1990, Caprazli and Kekecoglu 2021,
Schumacher et al. 1989). Apitoxin consists of
various peptides, proteins, amino acids, enzymes,
carbohydrates, essential oils and mineral
components, with melittin (40-60% of dry weight)
and phospholipase A2 (10-12% of dry weight) being
the main components, along with apamin, histamine,
dopamine and epinephrine. The chemical
composition of apitoxin is known to vary depending
on parameters such as bee subspecies, nutritional
factors, ecological conditions and extraction
methods (Karimi et al. 2012, Moreno and Giralt
2015, Wehbe et al. 2019).

Melittin is characterized as a peptide with bacterial
cell membrane destabilizing properties and is the
predominant active constituent in the apitoxin
content. This peptide is characterized by its broad
spectrum of antimicrobial, antifungal, antiviral,
anticancer and neuromodulatory  properties
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(Bogdanov 2015, Ownby et al. 1997, Park et al.
2010, Wang et al. 2009). The complex composition
and versatile biological activity of apitoxin suggest a
broad therapeutic potential. However, a gap was
identified in the literature regarding the comparative
analysis of the antimicrobial activities of apitoxins
from different subspecies of A. mellifera. The aim of
this study was to compare the antimicrobial activity
of toxins (apitoxin) from Apis mellifera caucasica and
A. m. carnica (Hymenoptera: Apidae) against
various pathogenic gram-negative and gram-
positive bacteria and fungi, including Escherichia
coli, Enterococcus faecalis, Pseudomonas
aeruginosa, Staphylococcus aureus and Candida
albicans, and to compare these effects with the
antibiotics commonly used in the treatment of these
pathogens (ampicillin, vancomycin, trimethoprim-
sulfamethoxazole and itraconazole).

MATERIALS AND METHODS

This study was conducted in two phases between
May 2022 and April 2023. In the first phase, bees of
A. m. caucasica and A. m. carnica (Hymenoptera:
Apidae) breeds were obtained from the Karabuk
Province Beekeepers Association, which was
authorized by the Ministry of Agriculture and
Forestry. The specimens were housed in separate
hives which were maintained throughout the
summer season and their venom was collected.
Venom extraction was carried out using a low-
current electrostimulation method. In the second
phase, the antimicrobial efficacy of the venoms
against E. coli, E. faecalis, P. aeruginosa, S. aureus
and C. albicans was investigated using the disk
diffusion method. The colonies of A. m. caucasica
and A. m. carnica were placed in standard
Langstroth hives with southern exposure. The
taxonomic analysis of the colonies was based on
wing vein patterns and metric body measurements
(Ruttner 1988).

Apitoxin extraction was carried out between June
and August 2022 using a modified version of the
electrostimulation method described by Benton et al.
(1963). A weak electric current (3.0 mA, 1 Hz) from
a 12 V DC source was applied to a fine wire mesh
placed at 0.5 cm intervals on a glass plate (20x30
cm) and the device was positioned in the hive. Each
extraction session lasted 15 minutes and was
repeated six times at 1/15 day intervals. To minimize
the risk of contamination, the glass plates were
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covered with stretch film before extraction (Fakhim
1998).

The crystallized apitoxin on the glass plates was
taken to the laboratory and collected mechanically
with a spatula. The apitoxins from different bee
breeds were separately placed in Eppendorf tubes
and dissolved in 0.9% NacCl solution to achieve a
final concentration of 8mg/mL. The solution was
sterilized through a membrane filter with a pore
diameter of 0.22 ym and stored under cryogenic
conditions at -20 °C until use. Gram-positive bacteria
(Staphylococcus aureus ATCC 25923,
Enterococcus faecalis ATCC 29212), Gram-
negative bacteria (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853) and the
fungus Candida albicans ATCC 60192 were used for
the antimicrobial activity tests. The standard strains
were obtained from the American Type Culture
Collection (ATCC, Rockville, Maryland). The
bacterial strains were cultured with Mueller-Hinton
Broth and Mueller-Hinton Agar (Merck), while C.
albicans was cultured with Sabouraud Dextrose
Agar (Difco) and Sabouraud Dextrose Broth (Oxoid).
The apitoxins of A. m. caucasica and A. m. carnica
were weighed with analytical precision to 8mg/mL
and placed in separate Eppendorf tubes. Each tube
was filled with 1 mL of sterile physiological saline
(0.9% NaCl) and homogenized by vortexing for 10-
12 seconds. Serial dilutions of 10" to 10'® were then
prepared for each apitoxin preparation (Patel et al.
2015). The antimicrobial activity was evaluated
using the Kirby-Bauer disk diffusion method (CLSI
2012). The microbial suspensions were adjusted to
0.5 McFarland standard (108 CFU/mL). Bacterial and
yeast suspensions (100 pL) were plated in Petri
dishes on Mueller-Hinton agar (for bacteria) or
Sabouraud dextrose agar (for C. albicans). Sterile
paper disks (6 mm diameter) were placed on the
agar surface and each apitoxin sample (1 mg/mL)
was applied at 15 pL/disk. Standard antimicrobials
(ampicillin, vancomycin, trimethoprim-
sulfamethoxazole, itraconazole) were used as
positive controls and 0.9% NaCl as negative control.
Specifically, trimethoprim-sulfamethoxazole
(SXT25) and ampicillin (AM10) were used for P.
aeruginosa, vancomycin (VA30) for S. aureus,
ampicillin  (AM10) for E. faecalis, trimethoprim-
sulfamethoxazole (SXT25) for E. coli and
itraconazole (ITC10) antibiotic plates for C. albicans.
The bacterial plates were incubated at 37 °C for 24
hours, while the fungal plates were incubated at
30°C for 48 hours. The inhibition zones formed after
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incubation were measured in millimeters using a
digital calliper. All experiments were performed in
three independent replicates and results were
expressed as arithmetic mean. The calculation of the
equivalence of the antimicrobial substances was
based on the logarithmic relationship between the
diameters of the inhibition zones and the
concentrations. The following formula was used for
this calculation: E = (log C; - log C4) / (Rz - Ry). E:
Equivalence; C;: Concentration of the antibiotic (ug); C:
Concentration of the apitoxin (ug);; R;: Diameter of the
inhibition zone of the antibiotic (mm); R: Diameter of the
inhibition zone of the apitoxin (mm). The equivalent
concentration between two antimicrobial substances
was determined using the known concentration and
the resulting zone of inhibition of the reference
substance and the concentration and the resulting
zone of inhibition of the test substance (Andrews
2001, Barry et al. 1976).

Statistical analysis was performed using IBM SPSS
Statistics 20 software. One-way analysis of variance
(ANOVA) and post hoc Tukey tests were performed
to assess differences between groups. p-value
<0.05 was considered statistically significant.
Further statistical analysis was performed to
evaluate the magnitude of differences between the
two subspecies using effect size calculations
(Cohen's d) with 95% confidence intervals (CI).

RESULTS

It was found that the apitoxins obtained from the
subspecies Apis mellifera caucasica and A. m.
carnica showed concentration-dependent inhibitory
effects against all microorganisms tested (Table-1).
Of the microorganisms tested, the highest
antimicrobial activity was found against Escherichia
coli, and this effect was statistically significant
compared to the other microorganisms tested
(p<0.05, one-way ANOVA).

When the apitoxin concentration was lowered from
10° to 10" in E. coli, the diameter of the inhibition
zone decreased from 17.0 mm to 6.6 mm in A. m.
carnica and from 16.6 mm to 6.6 mm in A. m.
caucasica. This observation shows that the effect of
apitoxin on E. coli is strongly concentration-
dependent. At the highest concentration (10°), E. coli
showed the largest zone of inhibition (A. m. carnica:
17.0 mm, A. m. caucasica: 16.6 mm), while the
smallest zone of inhibition was shown by P.
aeruginosa (A. m. carnica: 8.8 mm, A. m. caucasica:
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9.4 mm at 10° dilution, Cohen's d = 3.00, 95% CI
[1.19, 4.81])).

These results show that E. coli is the most sensitive
and P. aeruginosa the the lowest sensitive
microorganism to apitoxin. In the ranking of the
sensitivity of the tested microorganisms to apitoxin,
E. coli was identified as the most sensitive
microorganism, followed by E. faecalis, S. aureus
and C. albicans, while P. aeruginosa was identified
as the least sensitive microorganism among the
tested microorganisms. Against E. coli, the apitoxins
of A. m. carnica and A. m. caucasica produced
inhibition zones of 17.0 £ 0.2 mmand 16.6 £ 0.2 mm,
respectively (at 10° dilution; d = 2.00, 95% CI [0.48,
3.52]). Both apitoxin preparations showed similar
efficacy against E. coli, and the difference between
the apitoxins was found to be statistically non-
significant (p>0.05, Student's t-test). Staphylococcus
aureus and Enterococcus faecalis showed moderate
susceptibility to both apitoxins. The apitoxin of A. m.

carnica showed higher antimicrobial activity against
S. aureus than the apitoxin of A. m. caucasica (12.4
+ 0.2 mmyvs. 11.4 £ 0.2 mm at 10° dilution; Cohen's
d = 5.00, 95% CI [2.48, 7.52]). However, this
difference did not prove to be statistically significant
(p>0.05, Student's t-test).

The apitoxin of A. m. carnica remained effective
against E. faecalis even at a dilution of 10° (d = 1.00,
95% CI [-0.31, 2.31]), while its activity against S.
aureus was limited to a dilution of 10*. This indicates
that it has higher efficacy compared to E. faecalis.
The apitoxin from A. m. caucasica showed higher
antifungal activity against Candida albicans. A more
pronounced zone of inhibition was measured with
the apitoxin from A. m. caucasica (12.0 £ 0.2 mm
versus 10.4 = 0.2 mm, at 10° dilution; (Cohen's d =
8.00, 95% CI [4.28, 11.72]), and this difference was
found to be statistically significant (p<0.05, Student's
t-test).

Table-1: Inhibition zones produced by the apitoxins of A. m. carnica and A. m. caucasica at different dilutions (mm)

Dilutions 10° 10 102  10® 10* 10° 10° 107 10® 10° 1Q0%
E. coli 170 134 108 102 92 78 74 74 66 - -
£8 S aureus 124 106 94 82 80 - - - - - -
= E. faecalis 12.4 106 108 100 94 88 80 76 6.4 62 -
<8 p. aeruginosa 8.8 8.0 8.4 6.8 74 80 80 6.8 8.2 - -
C. albicans 104 94 7.8 6.8 - - - - - - -

© E. coli 166 128 11.0 102 96 90 84 82 76 70 66
. = S. aureus 114 110 96 88 84 82 80 - - - -
& E. faecalis 122 110 94 86 84 78 76 74 72 68 -
< 3 P.aeruginosa 94 84 90 64 70 68 66 70 68 - -
© C. albicans 120 88 78 72 68 - - - - - -

8 mg venom dissolved in 1 ml of 0.9% NaCl; £ SD (SD = 0.2 mm for all measurements)

The antibiotics used to compare antimicrobial
efficacy (ampicillin, vancomycin, trimethoprim-
sulfamethoxazole and itraconazole) produced the
expected zones of inhibition against all
microorganisms tested. The zones of inhibition were
measured as follows: Trimethoprim-
sulfamethoxazole (SXT) and ampicillin (AM10), used
for P. aeruginosa, produced zones of 15.6 mm and
8.2 mm, respectively; vancomycin (VA30), used for
S. aureus, produced a zone of 20 mm; ampicillin
(AM10), used for E. faecalis (AM10) produced a 28.8
mm zone; the sulfamethoxazole (SXT25) antibiotic
disk used for E. coli produced a 37.6 mm zone; and
the itraconazole (ITC10) disk used for C. albicans
produced a 14 mm zone of inhibition.
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As expected, no zones of inhibition were produced
with the 0.9% NaCl solution used as a negative
control (Table-2). Calculation of the equivalent
concentrations of apitoxins to the antibiotics tested
yielded the following results: against P. aeruginosa,
A. m. carnica showed apitoxin at a concentration of
0.48 mg/mL and A. m. caucasica apitoxin at a
concentration of 0.52 mg/mL for trimethoprim-
sulfamethoxazole (SXT25) showed an equivalent
effect, while for ampicillin (AM10) effective
concentrations of 0.1 mg/mL for A. m. carnica
apitoxin and 0.6 mg/mL for A. m. caucasica apitoxin
were determined.

When the zones generated with standard antibiotic
disks (SXT-AM) were compared with those of the
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apitoxins, it was found that both apitoxins were more
effective against P. aeruginosa than ampicillin
(p<0.01). Equivalent activity against E. coli was
shown by A. m. carnica apitoxin at 0.6 mg/mL and A.
m. caucasica apitoxin at 0.62 mg/mL for
sulfamethoxazole (SXT25). For vancomycin (VA30),
which is used against S. aureus, effective
concentrations of 0.72 mg/mL for A. m. carnica
apitoxin and 0.84 mg/mL for A. m. caucasica apitoxin
were determined. For ampicillin (AM10) used
against E. faecalis, equivalent effects were observed
at concentrations of 0.36 mg/mL for A. m. carnica

apitoxin and 0.38 mg/mL for A. m. caucasica
apitoxin.

Although higher apitoxin concentrations were
required for efficacy against E. coli, S. aureus and E.
faecalis compared to standard antibiotics, significant
antimicrobial activity was still demonstrated
(p<0.01). Against Candida albicans, A. m. carnica
apitoxin at a concentration of 0.3 mg/mL and A. m.
caucasica apitoxin at a concentration of 0.24 mg/mL
showed comparable activity to itraconazole (ITC10)
(Table-2).

Table-2. Inhibition zones produced by standard antibiotic disks and equivalent concentrations of A. m. carnica and A. m.

caucasica apitoxins to the antibiotics tested

Microorganisms Antibiotic Inhibition Zone (mm) Equivalent Concentration (mg/mL)
A. m. carnica A. m. caucasica
E. coli Trimethoprim- 37.6 0.6 0.62
Sulfamethoxazole
S. aureus Vancomycin 20.0 0.72 0.84
P. aeruginosa Trimethoprim- 15.6 0.48 0.52
Sulfamethoxazole
P. aeruginosa Ampicillin 8.2 0.1 0.6
E. faecalis Ampicillin 28.8 0.36 0.38
C. albicans Itraconazole 14.0 0.3 0.24
Negative control %0.9 NaCl 0 - -
DISCUSSION Apis  mellifera  subspecies showed natural

Infectious diseases are considered a major health
problem, especially due to the emergence of drug
resistance. Therefore, the development of effective
new antimicrobial agents with novel mechanisms of
action is considered essential. Bee venom (apitoxin)
has been identified as an important defense
mechanism of honeybees and is considered a
promising natural agent for the treatment of cancer
and other diseases due to its high biological activity
potential. The antibacterial, antifungal and antiviral
effects of bee venoms and their therapeutic potential
have been demonstrated in numerous studies (El-
Seedi et al. 2020, Hwang et al. 2022, Jadhav et al.
2024, Memariani and Memariani 2020).

The antimicrobial efficacy of bee venom is directly
related to the composition of its bioactive
components. Many studies in the literature have
shown that major peptides, particularly melittin and
phospholipase Az, are responsible for this activity
and that the differences in efficacy between
subspecies are due to variations in the amount and
ratios of these components. Previous studies
investigating the composition of venoms of different
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differences in the profiles of bioactive components
between subspecies (El Mehdi et al. 2021, Matek et
al. 2022). Therefore, these differences in
composition  underline  the  differences in
antimicrobial efficacy we observed. While different
antimicrobial activities have been reported for
different Apis species such as Apis cerana, A.
dorsata and A. florea (Surendra et al. 2011), there is
insufficient data in the literature for a comparative
analysis of the antimicrobial activities of apitoxins
obtained from Apis mellifera subspecies. The
antimicrobial activity of bee venoms from Apis
mellifera caucasica and Apis mellifera carnica
breeds was investigated against selected Gram-
positive and Gram-negative pathogenic
microorganisms, and differences in antimicrobial
efficacy between the breeds were examined.
According to our results, both apitoxin preparations
showed concentration-dependent inhibitory effects
against all microorganisms tested.

Tanuwidjaja et al. (2021) reported that the tested bee
venom exhibited broad-spectrum antibacterial
activity against all tested potentially pathogenic
Gram-positive and Gram-negative bacteria. In
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addition, Leandro et al. (2015) reported proportional
inhibitory effects of apitoxin and its components
against  oral pathogens  with increasing
concentration. The concentration-dependent
inhibitory effect of phospholipase Az contained in
bee venom was documented by Boutrin et al. (2008).

These studies have shown that apitoxin has a broad
spectrum and dose-dependent antimicrobial activity.
The highest antimicrobial activity was observed
against Escherichia coli (p<0.05). As reported by
Isidorov et al. (2023), although bee venom shows
high activity against both Gram-positive and Gram-
negative bacteria, E. coli showed increased
sensitivity to its antimicrobial effect. This increased
sensitivity of E. coli to apitoxin is attributed to the
membrane permeabilizing properties of its major
components melittin, mast cell degranulation peptide
(MCD) and phospholipase Az, especially on the
outer membrane of Gram-negative bacteria
(Tanuwidjaja et al. 2021).

The apitoxins showed significant antimicrobial
activity against E. coli, S. aureus and E. faecalis
(p<0.01), albeit at higher concentrations than
standard antibiotics. This result is consistent with
other studies in literature. In addition, Boutrin et al.
(2008) found that bee venom components, such as
phospholipase Az, showed significant antimicrobial
activity against Gram-negative bacteria, especially
E. coli, albeit at higher effective doses than
antibiotics. Hegazi et al. (2017) reported strong
antimicrobial effects of honey against E. coli and S.
aureus, albeit at higher concentrations than standard
antibiotics. These studies indicate the potential of
apitoxin as an alternative agent against pathogenic
microorganisms but also emphasize the need for
further research on the optimal dosage and method
of application. In our study, both apitoxins were
found to be more effective against P. aeruginosa
than ampicillin (p<0.01). Similarly, Dosler and
Karaaslan (2014) reported synergistic antimicrobial
effects against multidrug-resistant P. aeruginosa
strains.

Al-Ani et al. (2018) reported that propolis extracts
exhibited strong antimicrobial activity against P.
aeruginosa, comparable to conventional antibiotics.
These results suggest that apitoxin should be
considered as an alternative or complementary
agent for the treatment of P. aeruginosa infections,
especially against resistant strains. The molecular
mechanisms underlying the antimicrobial activity of
bee venom primarily involve the disruption of
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membranes and the inhibition of cellular processes.
The main component, melittin, interacts with
bacterial cell membranes through its amphipathic
structure and forms transmembrane pores that
disrupt membrane potential and ion homeostasis,
leading to cell death. Phospholipase Az catalyzes the
hydrolysis of membrane phospholipids and acts
synergistically with melittin to increase membrane
permeability. In addition, melittin acts on intracellular
targets by inhibiting DNA/RNA synthesis and ATP
production, while other components such as apamin
and MCD peptide contribute by modulating ion
channels and inhibiting cell wall synthesis. These
multiple mechanisms make it difficult for bacteria to
develop resistance (Carpena et al. 2020, Stela et al.
2024).

While numerous studies have demonstrated the
antimicrobial activity and therapeutic potential of bee
venoms (El-Seedi et al. 2020, Hwang et al. 2022,
Jadhav et al. 2024, Memariani and Memariani 2020),
there is insufficient data in the literature for a
comparative analysis of the antimicrobial activities of
apitoxins extracted from Apis mellifera subspecies.
Our study revealed certain differences in the
antimicrobial activity of apitoxins from A. m.
caucasica and A. m. carnica subspecies. The
apitoxin from A. m. carnica showed higher
antimicrobial activity against S. aureus, while the
apitoxin from A. m. caucasica showed higher activity
against C. albicans at the same dilution factor
(p<0.05).

Our study underlines not only the potential use of
apitoxin as an alternative agent against pathogenic
microorganisms, but also the importance of selecting
bee subspecies. Although the antimicrobial efficacy
of various bee products, including honey, propolis
and perga, against pathogenic microorganisms has
been extensively studied, few studies have been
conducted on the antimicrobial efficacy of bee
venom. This study was the first to investigate the
different antimicrobial efficacy of bee breeds with
respect to their venom composition. The lack of LC-
MS or HPLC analysis in our study can be considered
a limitation. These analysis could have revealed
detailed compositional differences between the
subspecies. However, the role of bioactive
components in antimicrobial efficacy, which is well
described in the literature, and the natural variations
between subspecies explain the biochemical basis
of the differences in efficacy we observed.
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Further studies with different bee breeds and
microorganisms still need to be conducted. In
addition, comparative analysis of the antimicrobial
efficacy of bee venoms from different geographical
regions and seasons should be conducted to
understand the effects of environmental factors.
Moreover, analysis of protein composition by LC-MS
or SDS-PAGE would be crucial to identify possible
variations in protein profiles between different
apitoxin samples. Furthermore, the antimicrobial
efficacy of bee venoms needs to be investigated in
vivo models to contribute to the growing literature on
alternative antimicrobial agents.
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oz

Bu arastirma, Artvin yoresinde arilarda varroosis tedavisinde kullanilan ticari bir preparat ile
Coriandrum sativum L. (kignis otu) bitki ekstraktinin %5 ve %20’lik yogunlukta hazirlanmis
solusyonlarinin erken ilkbahar ve ge¢ sonbaharda etkinliginin karsilagtirimasi amaciyla yapilmistir.
Her iki mevsimde de arili 7 kovana ila¢ verilmemis, 7 kovana %5’lik Coriandrum sativum L., 7 kovana
%20’lik Coriandrum sativum L. ve 7 kovana da 500mg Amitraz serit uygulanmigtir. Uygulamalar
sonrasinda kovandaki Varroa etkenleri toplanmistir. ilkbahar uygulamasinda %5’lik Coriandrum
sativum L. solusyonunun %16.07, %20’lik solusyonun ise %49.02 oraninda etkili oldugu gérilmiistiir.
Sonbaharda bu oran %5’lik solusyonda %11.91, %20’lik soliisyonda ise %54.12 olarak belirlenmistir.
Bu ¢alismanin sonuglari Coriandrum sativum L. bitki ekstraktinin varroasid etki gosterdigini ortaya
koymaktadir.

Anahtar Kelimeler: Amitraz, Artvin, Coriandrum sativum, Varroa destructor

ABSTRACT

This study was conducted to compare the efficacy of a commercial preparation used in the treatment
of varroosis on bees with 5% and 20% solutions of Coriandrum sativum L. (coriander) plant extract
during early spring and late autumn in Artvin. In both seasons, no treatment was applied to 7 beehives,
while 7 beehives were treated with 5% Coriandrum sativum L., 7 beehives with 20% Coriandrum
sativum L., and 7 beehives with 500 mg Amitraz strips. Following the applications, Varroa mites in the
hives were collected. In the spring application, the 5% Coriandrum sativum L. preparation was found
to have an efficacy rate of 16.07%, while the 20% preparation exhibited an efficacy of 49.02%. In the
autumn application, the efficacy rates were 11.91% for the 5% preparation and 54.12% for the 20%
preparation. The results of this study indicate that Coriandrum sativum L. plant extracts exhibit
varroacidal effects.

Keywords: Amitraz, Artvin, Coriandrum sativum, Varroa destructor
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EXTENDED ABSTRACT

Introduction: Turkey is one of the leading countries
in beekeeping due to its rich flora, diverse climate,
and natural conditions. However, the average yield
per hive remains below global standards. A
significant portion of this low productivity is attributed
to bee diseases. One of the most common diseases
affecting bees is varroosis infestation in Turkey since
1976. Chemical synthetic acaricides are commonly
used against varroosis. However, over time,
resistance to these drugs develops, and residues
accumulate in bee products. Many plant extracts
have been used as alternatives in varroosis control.
In this study, the effect of Coriandrum sativum L.
plant extract on varroosis infestations in bees in
Artvin region was investigated.

Materials and Methods: The study was conducted
in a total of 28 hives during early spring and late
autumn as the first phase. Before the treatment
applications, an average of 200 bees were collected
from the outer frames of the hives using the
powdered sugar method, and the Varroa infestation
rate was determined. Coriandrum sativum L. was
commercially obtained in dried and powdered form.
Essential oil extraction was performed using the
steam distillation method. The extracted Coriandrum
sativum L. oil was suspended in pure olive oil, and
5% and 20% solutions were prepared for the study.
These solutions were impregnated onto cardboard
strips and placed inside the hives. The hives in the
apiary were divided into four groups: Control group
(no treatment), Amitraz-treated group, Experiment 1
(5% Coriandrum sativum L.), Experiment 2 (20%
Coriandrum sativum L.). In both seasons when
Amitraz and Coriandrum sativum L. extract were
applied, white paper was placed at the bottom of the
hives, and Varroa mites falling onto the hive drawer
were counted on days 1, 3, 7, 14, 21, and 28 post-
application. The effectiveness of the applied
treatments was calculated using the Henderson—
Tilton formula. The collected data were analyzed
using one-way variance analysis (ANOVA) with
SPSS 22.0 software.

Results: The results indicated that coriander extract
was effective at certain doses in controlling varroosis
during both early spring and late autumn.

In Early Spring, before treatment applications, the
Varroa destructor infestation rates were determined
as follows: Control group: 12.47%, Amitraz group:
12.31%, Experiment 1 (5% Coriandrum sativum L.):
11.63%, Experiment 2 (20% Coriandrum sativum

U.Arn D. - U Bee J. 2025, 25 (1): 53-60

L.): 10.68%. After treatment, the total number of V.
destructor mites observed was: Control group: 10
mites, Amitraz group: 317 mites, Experiment 1: 110
mites, Experiment 2: 167 mites. The effectiveness
rates were calculated as follows: Amitraz: 84.47% +
2.16, 20% Coriandrum sativum L. extract: 49.02% +
1.89, 5% Coriandrum sativum L. extract: 16.07% *
1.52. Statistical analysis showed no significant
difference between the groups (P > 0.05, p = 0.327).

In Late Autumn, before treatment applications, V.
destructor infestation rates were determined as
follows: Control group: 21.77%, Amitraz group:
21.81%, Experiment 1 (5% Coriandrum sativum L.):
19.42%, Experiment 2 (20% Coriandrum sativum
L.): 23.15%. After treatment, the total number of V.
destructor mites observed was: Control group: 18
mites, Amitraz group: 824 mites, Experiment 1: 170
mites, Experiment 2: 382 mites. The effectiveness
rates were calculated as follows: Amitraz: 81.38% %
1.01, 20% Coriandrum sativum L. extract: 54.12% +*
2.13, 5% Coriandrum sativum L. extract: 11.91% *
1.74. Statistical analysis showed no significant
difference between the groups (P > 0.05, p = 0.207).

Conclusion: Previous studies have reported that
varroosis infestation rates in hives can reach up to
100%. Before conducting this study in Ddlgerli
Village, Arhavi, Artvin, all the examined hives were
found to be infested with V. destructor. This study
investigated the prevalence of V. destructor in bees
and the effectiveness of Coriandrum sativum L.
extract as a treatment. Although the effectiveness of
this plant extract was found to be low, it is considered
potentially beneficial due to the following reasons: it
has no adverse effects, leaves no residues in bee
products, and does not lead to resistance
development in mites. Therefore, increasing the
concentration of Coriandrum sativum L. extract may
be a viable approach in varroosis control.

GiRiS
Tarkiye iklimi ve dogasi sayesinde aricilikta
dinyanin sayih Ulkelerinden biri haline gelmistir.
Ancak ari Urunlerindeki verim olduk¢a dusuk
kalmistir. Bu verim dusukligunin blyk bir kismi ari
hastaliklarindan ileri gelmektedir. Arilarda en c¢ok
gOrinen  hastaliklardan  biri de  varroosis
enfestasyonudur. Varroosis etkenleri arilarin en
patojen hastalik etkenlerinden olup, hemolenf ve
vucut yagi ile beslenirler. Hastalik etkeni ilk kez 1904
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yilinda Java Adasi’'nda Hint arisi olarak bilinen Apis
cerana’da tanimlanmis ve tire o©nce Varroa
jacobsoni (Oudemans 1904), ilerleyen yillarda
Varroa destructor adi verilmistir (Anderson ve
Trueman 2000). Turkiye'de 1976 senesinde
Trakya'da tespit edilen varroosis, 1982 yil itibariyle
Ulke ¢apinda yayillim gostermistir. Varroosis diinya
Uzerinde ilacina en yiksek bltce ayrilan
enfestasyonlardan biridir (Aydin 2013, Tutkun ve inci
1985). Varroosise Varroa jacobsoni, V. underwoodi,
V. rindereri ve V. destructor gibi akarlar neden
olmaktadir (Lindquist vd. 2009). Bu akarlarin en
patojeni Turkiye’nin yani sira dinya genelinde
yayginlk gobsteren V. destructor'dur. Varroosis
enfestasyonu arilarin pupa ve eriskin evrelerine
tutunarak arida %25 agirik kaybina, kanat
deformasyonlarina, yasam silresinde azalmaya,
koloni ¢okmesine sebebiyet verebilmektedir
(Girisgin ve Aydin 2010).

V. destructor, yavru gozlerini arilarla beraber
kullanip pupanin vicut sivisini emer, tasidigi diger
patojenleri kovana nakleder, arilarin kis salkimi
yapmasina engel olur veya salkimin erken
sonlanmasina sebep olur (Muz ve Muz 2009, Muz
vd. 2012). Hem ekonomik hem de uygulamasi kolay
oldugu igin varroosise karsi Dinya genelinde daha
cok flumetrin, amitraz, coumaphos ve fluvalinate gibi
kimyasal sentetik akarisitler tercih edilmektedir.
Ancak bilingsiz aricilarin  yanhs uygulamalari
akarlarda direng gelismesine neden olmakta ve bu
akarisitler ari UrGnlerinde kalinti olusturmaktadir
(Bogdanov vd. 1998, Kayode vd. 2014, Kochansky
vd. 2001, Martin 2004, Pettis 2004, Wallner 1999).

Varroa muicadelesinde; yapay ogul alarak
tuzaklama, petek tellerine elektrik uygulanmasi,
polen tuzagi, kovandaki isinin artirilmasi, her yil
gen¢ kralice ar kullanimi, erkek yavru goézlerinin
sinirlandiriimasi  gibi  yontemlerin  (Akkaya ve
Vurusaner 1996, Aydin 2013, Webster vd. 2001,
Zeybek 1991) yani sira, ceviz yapragi, propolis,
ardi¢ katrani, kekik, sarimsak, kamfur, ¢orek otu,
aloe vera, karanfil, hop beta asitleri gibi bitki
ekstraktlari kullanilmistir (Cakmak vd. 2002, Coskun
vd. 2008, DeGrandi Hoffman vd. 2012, Fouly ve Al-
Dehhari 2009, Garbaczewska vd. 2010, Garedew
vd. 2003, Girisgin vd. 2007, Girisgin vd. 2014,
Rasool vd. 2017 Wang vd. 2009). Kisnis
(Coriandrum sativum L.) Apiaceae familyasindan
olup, M.O. 1500lerden beri parfiimeride,
yemeklerde ve ila¢ sektdriinde terapétik ajan olarak
kullaniimaktadir (Ulutas Deniz vd. 2018). Bu
arastirmada, Artvin yoresinde arilarda Coriandrum
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varroosis
olmadigi

sativum L. bitki ekstraktinin
enfestasyonlarina etkisinin olup
arastiriimistir.

GEREG ve YONTEM
Arastirma Odaklarinda Varroosis Tespiti

Arastirmanin ilk etabi 4 Kasim 2020-2 Aralik 2020,
ikinci etap ise 5 Mart 2021-2 Nisan 2021 tarihleri
arasinda Artvin’in Arhavi ilgesine bagl Dulgerli
koéyunde aril 28 adet kovanda gergeklestiriimigtir.

Coriandrum sativum L. Esansiyel Yag Eldesi

Kisnis otu, kurutulmus toz halinde temin edilmis,
uygulamaya kadar +4°Cta saklanmistir. Buhar
distilasyon yéntemiyle kisnis otundan esansiyel yag
ekstraksiyonu yapilmistir. Bu yéntemde 2 L distile
suya 100 gr bitki numunesi eklenmis, clevenger
aparatinda 100°C’ta 4 saat islem yapilmigtir.
Aparatin haznesinde biriken esansiyel yag buradan
10 mr'lik deney tlpu igerisine alinmigtir. Tupe 0,1 gr
anhidroz sodyum sulfat eklenmis, 20 dk sonra
suyundan arindirilan yag farkli bir tipe alinmistir
(Jimenez-Carmona vd. 1999).

Kovanlara Coriandrum sativum L. ve Amitaz
(Beeraz) Uygulanmasi

Bitki ekstrakti uygulanmadan o6nce, kovanlardan
pudra sekeri yontemiyle (Dietemann vd. 2013)
ortalama 200 ari alinmig ve Varroosis orani tespit
edilmistir. Kovanlardaki Varroa sayilari esitlenmistir.
Kisnis otu yag saf zeytinyagi ile karistiriimis ve %5
lik ve %20 Ilik sUspansiyonlar elde edilmistir.
Suspansiyonlar 23 cm x 3,5 cm x 1,25 mm’lik kovan
ici serit boyutlarindaki &6zel emici kartonlara
emdirilerek kovan igerisine yerlestirilmistir.

Ariliktaki kovanlar 7’serli olmak Uzere 4 gruba
ayriimigtir.

a) Kontrol: Su ve seker disinda herhangi bir sey
verilmemigtir.

b) Amitraz: 500 mg amitraz (Beeraz-Santavet) ihtiva
eden serit yerlestirilmistir.

c) Deneme 1: %5’lik kisnis otu ekstrakti emdirilmis 3-
4 karton yerlestirilmistir.

d) Deneme 2: %20’lik kisnis otu ekstrakti emdirilmis
3-4 karton yerlestirilmistir.

Uygulamalarin yapildigi iki donemde de kovan
zeminine beyaz kagit konulmus, 1., 3., 7., 14., 21. ve
28. gunlerde gekmecedeki akarlar sayiimistir.
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ilag Etkinliginin Hesaplanmasi

Sonuglar Henderson-Tilton Formlu ile
degerlendirilmis (Herderson ve Tilton 1955), ilag
etkinligi asagidaki gibi hesaplanmistir:

% Duzeltiimis = [1 — {n1 x n2} / {n3 x n4}] x 100

nl: Kontrol grubundaki tedavi dncesi akar sayisi

n2: Amitraz veya Coriandrium sativum L verilen
grupta uygulama sonrasi akar sayisi

n3: Kontrol grubundaki tedavi sonrasi akar sayisi
n4: Amitraz veya Coriandrium sativum L verilen
grupta uygulama 6ncesi akar sayisi

istatistiksel Analiz

Calisma  verileri SPSS 22.0 programiyla
yorumlanmis, gruplar arasi farklar tek yonli varyans
analizi  (ANOVA) ile degerlendirilmis, anlamli
farkhliklar Tukey testi ile dederlendirilmistir.
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Calisma sonrasinda elde edilen veriler, kisnis
otunun farkh konsantrasyonlardaki uygulamalarinin
V. destructor Uzerine etkilerini ortaya koymustur.
Erken ilkbahar ve gec¢ sonbahar ddnemlerinde
uygulamalar sonrasinda arilarda herhangi bir
olumsuz durum ve davranisa rastlanmamig, yapilan
Olcimlerde kisnis otu ekstraktinin  varroosis
micadelesinde belirli dozlarda etkili oldugu
gorulmustar. Erken ilkbaharda Amitraz ve kignis otu
uygulama 6ncesi ve 1, 3, 7, 14, 21 ve 28. giinlerde
uygulama sonrasinda kovanlarda etkisiz hale gelen
Varroa sayllari ile etken maddelerin etki dizeyleri
Grafik-1.’de gdsterilmistir.

Geg¢ Sonbaharda Amitraz ve Kisnis Otu Uygulamasi
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Grafik-1. Erken ilkbaharda Amitraz ve kisnis otu uygulama dncesi ve sonrasinda kovanlarda etkisiz hale gelen Varroa

sayllari ile etken maddelerin etki duzeyleri.

Figure-1. The number of ineffective Varroa mites detected in hives and the effectiveness levels of the active ingredients before and after

the application of Amitraz and coriander during the early Spring period,

Erken ilkbaharda Amitraz ve kignis otu uygulamalari
Oncesinde; 567 arinin bulundugu 7’ser kovandan
olusan Kontrol grubunda 72 (ortalama %12.47), 690
arinin bulundugu Amitraz grubunda 88 (ortalama
%12.31), 462 arinin bulundugu Deneme 1 grubunda
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63 (ortalama %11.63) ve 613 arinin bulundugu
Deneme 2 grubunda ise 67 (ortalama %10.68) adet
akar sayilmistir. Ayni dénemde ilag uygulamalari
sonrasinda yapilan sayimlar neticesinde ise Kontrol
grubunda 10, Amitraz grubunda 317, Deneme 1
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grubunda 110 ve Deneme 2 grubunda 167 adet V.
destructor'un etkisiz hale geldigi goéralmuagtir.
Amitraz uygulamalarinin etkinlik dizeyi ilgili formdle
gore %84.47+2.16, C. sativum L %20’lik ekstraktinin
uygulamalari sonrasinda etkinlik dizeyi
%49.02+1.89 ve C. sativum L %5’lik ekstraktinin
uygulama sonrasi etkinligi %16.07+1.52 olarak

tespit edilmigtir. Yapilan istatistiksel analizler
8
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neticesinde gruplar arasinda anlamh bir fark
olmadigi (P>0.05, p = 0.327) goérulmustir. Geg
sonbaharda Amitraz ve kisnis otu uygulama 6ncesi
ve 1, 3, 7, 14, 21, ve 28. glnlerde uygulama
sonrasinda kovanlarda etkisiz hale gelen Varroa
sayllari ile etken maddelerin etki dizeyleri Grafik-
2.'de gosterilmigtir.

Ge¢ Sonbaharda Amitraz ve Kisnis Otu Uygulamasi
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Grafik-2. Ge¢ sonbaharda Amitraz ve kisnis otu uygulama &éncesi ve sonrasinda kovanlarda etkisiz hale gelen Varroa

sayllari ile etken maddelerin etki duzeyleri.

Figure-2. The number of ineffective Varroa mites detected in hives and the effectiveness levels of the active ingredients before and after
the application of Amitraz and coriander during the late Autumn period,

Geg sonbaharda Amitraz ve kisnis otu uygulamalari
Oncesinde; 764 arinin bulundugu 7’ser kovandan
olusan Kontrol grubunda 168 (ortalama %21.77),
582 arinin bulundugu Amitraz grubunda 125
(ortalama %%21.81), 596 arinin bulundugu Deneme
1 grubunda 118 (ortalama %19.42) ve 593 arinin
bulundugu Deneme 2 grubunda ise 137 (ortalama
%23.15) adet akar sayilmistir. Ayni dénemde ilag
uygulamalari  sonrasinda  yapillan  sayimlar
neticesinde Kontrol grubunda 18, Amitraz grubunda
824, Deneme 1 grubunda 170 ve Deneme 2
grubunda 382 adet V. destructor'un etkisiz hale

geldigi  gortlmastir. Bu dbnemde yapilan
Coriandrum  sativum L. %Z20’lik ekstraktinin
uygulamalari sonrasinda etkinlik dizeyi

%54.1242.13 ve %5'lik ekstraktinin uygulamalar
sonrasinda etkinlik dizeyi % 11.91+£1.74, Amitraz’'in
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ise %81.38+1.01 olarak tespit edilmistir. Yapilan
istatistiksel analizler neticesinde gruplar arasinda
anlamh bir fark olmadigi (P>0.05, p = 0.207)
gOralmastar.

TARTISMA

Artvin ilinin Karadeniz Bdlgesi’nin dogusunda
engebeli bir arazide konumlanmasi, tarimsal
uretimin  ve hayvancihdin  kisith  imkanlarla

yapilmasina neden olmaktadir. Yérenin bitki értisu
endemik bitkiler agisindan zengin olup, bal tretimine
onemli katki saglamaktadir. Aricilik bélgede yodun
olarak ilgilenilen bir sektér olmakla birlikte talep
edilen verim alinamamaktadir. Bu verim kaybinin
baglica nedenleri ariciligin geleneksel yontemlerle
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yapiliyor olmasi ve bazi patojen hastalik etkenleridir.
Bu hastaliklarin en 6nemlisi varroosis’dir. Kovandaki
Varroa yogunlugu yildan yila degisebilmektedir.
Dolayisiyla surekli takip gerekmektedir (Fries vd.
1994). Yapilan galismalarda kovanlarda varroosis
enfestasyonunun %100’lere ulasabildigi bildirilmistir
(Cakmak 2017, Onk 2003). Artvin ilinin Arhavi
ilcesine bagh Dilgerli kdylinde vyapilan bu
arastirmada kovanlarin tamaminda V. destructor
gOrulmdastar. Arn Urlnlerinde goérilen en &énemli
kirlilik, insan sagligini da ciddi anlamda tehdit eden
sentetik kimyasal akarisit kalintilaridir. Bu problemi
giderebilmek amaciyla organik asitler, ugucu yaglar
ve bitki ekstraklar kullaniimigtir (Alparslan 2019,
Aydin vd. 2007, Cakmak vd. 2002, Damiani vd.
2011, Girisgin ve Aydin 2010, Kutikoglu vd. 2012,
Rasool vd. 2017, Yicel ve Duran 2004).

Yapilan bir galismada karanfil %62, sarimsak %51,
kamfur %47, ¢Orek otu %43 ve aloe vera bitkisi %34
oraninda varoosis micadelesinde etkin bulunmusg
(Fouly ve Al-Dehhari 2009), nane ekstraktinin
kovandaki  Varroalarin  %97’sinden fazlasini
oldardagu (Ariana vd. 2002) tespit edilmigtir. Varroa
bulasiklik orani %36-38 arasinda olan ari
kolonilerine Mersin bitkisi (Myritus communis L.)
verilmis ve oranin %12-13’e distigu gordlmustir
(Turhan ve Sengil 2020). Van yoresindeki bir
arastirmada; bazi bitki ekstraklarinin %25
yogunluktaki siispansiyonlarinin Varroa'lara etkinligi
sonbaharda ceviz yapraginin %87, ardi¢ yapraginin
%86, kekikin %83 ve nanenin %68 bulunurken,
ilkbaharda bu oranlar sirasiyla %63, %61, %66 ve
%55 olarak kaydedilmistir (Alparslan 2019).

Varroosis ile miicadelede ceviz yapragi (Cakmak vd.
2002, Garbaczewska vd. 2010, Rasool vd. 2017,
Wang vd. 2009), propolis (Garedew vd. 2003), ardi¢
katrani (Girisgin vd. 2007), kekik (Coskun vd. 2008),
karanfil (Girisgin vd. 2014), hop beta asitleri
(DeGrandi Hoffman vd. 2012) gibi bitki ekstraklari da
kullanilimistir. Yapilan bu arastirmada, daha énce
Dinya’da ve Turkiye'de Varroa veya baska bir
zararh etkene karsi aricilikta herhangi bir calismada
kullanilmamis olan kisnis otu ekstraktinin etkinlik
dizeyi ilkbaharda %5’lik solusyonda %16.07,
%20’lik solusyonda %49.02, sonbaharda %5’lik
solusyonda %11.91 ve %20’lik solusyonda %54.12
oraninda belirlenmigtir.  Belirledigimiz  oranlar
arasindaki  farklihgin  ekstraklarin  uygulandigi
mevsimlerden ve kovanlardaki ari sayilarinin farkl
olmasindan kaynaklandigi digtndlmektedir. Ayrica
bu oranlarin diger arastirmalardan dusik olmasi,
kisnis otunun %5 ve %Z20’lik sispansiyonlarinin
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varroosise kargl etkinliginin diger bitki ekstraktlarina
kiyasla yeterli dizeyde olmadigini gostermistir. Bitki
ekstraktlarinin varrosis mucadelesindeki etkinligini
nem, sicaklik gibi cevresel faktorlerin
etkileyebilecegi kaydedilmektedir (Alparslan 2019).
Calismanin yapildigi Artvin yoresi yil boyunca yagis
almaktadir. Kisnis otu ekstraktinin etkinliginin distik
bulunmasina gerekge olarak ekstrakt uygulama
zamanlari ve surekli yagan yagmurun
gosterilebilecedi kanisina varilmistir. Arastirmanin
yapilldigi  zaman dilimlerinde hava sicakligi
ortalamasi Mart’'ta 18°C, Kasim’da 17°C olarak tespit
edilmistir. Varroa etkenleriyle mucadele edilirken
ilacin nasil uygulandidi olduk¢ca &énemlidir. Bir
arastirmada; kovanlara karton dumani ve ardig
katrani  korikte vyakilarak iki farkh yontem
uygulanmig, karton dumani %2.64 (+0.78) ve ardig
katrani dumani %3.61 (£4.51) etkin bulunmustur
(Girisgin vd. 2007).

Yaptigimiz bu arastirmada kisnis otu ekstrakti
kartona emdirilerek kovanlara vyerlestiriimistir.
Pisklutme veya damlalik uygulamalarin daha etkili
olacagi dusunllmektedir. Sonugta; bu arastirmada
Artvin ilinin Arhavi ilgesine bagl Dulgerli kdytinde bal
arilarinda V. destructor’'un yayginhgi ve bu akar ile
miicadelede kignis otu ekstraktinin etkinlik duzeyi
arastirlmistir. Bu arastirmada; ariciligin en énemli
sorunlarinin  bagsinda yer alan varroosisle
mucadelede kisnis otu ekstraktinin etkinlik dizeyi
her ne kadar disik bulunsa da, 6nceki yillarda
yapilan galismalarda da (Cakmak vd. 2002, Coskun
vd. 2008, DeGrandi Hoffman vd. 2012,
Garbaczewska vd. 2010, Girisgin vd. 2014, Rasool
vd. 2017) belirtildigi Uzere, dider bitki ekstraktlarinda
oldugu gibi kisnis otu ekstraktinin da kalinti
birakmamasi veya az kalinti birakmasi, ariya
herhangi bir zararli etkisinin olmamasi, direng
olusturmamasi gibi avantajlardan dolay!r faydali
olabilecegi, hatta yogunlugu arttirildid1 takdirde
Varroa etkenleriyle mucadelede etkin olabilecegi
dUsundimektedir.

Cikar Catismasi: Yazarlar arasinda herhangi bir
tartismali durum s6z konusu degildir.

Etik Durumu: Galisma icin gerekli olan izinler TC
Tarim ve Orman Bakanligi (21.01.2020 tarih ve
32342694-325.99-E200182 sayili yazi) ile Kafkas
Universitesi Hayvan Deneyleri Yerel Etik Kurulu
(28.04.2020 tarih ve KAU-HADYEK/2020-069 sayili
yazi)ndan alinmistir.

Mali Kaynak: Bu calisma ilk isim yazarin YUksek
Lisans tezinden 6zetlenmis olup, Kafkas Universitesi
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Bilimsel Arastirma Projeleri Koordinatérligu (Proje
No: 2021-TS-64) tarafindan desteklenmistir.

Yazar Katkilari: Yazarlar makaleye esit oranda
katki saglamistir.
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ABSTRACT

Ranunculus arvensis L., although classified as a poisonous plant, holds significant value in medicine,
food, and apiculture. Its pollen is actively collected by various bee species, including honeybees, and
stored as a vital nutritional reserve for their larvae. This study investigates the polyphenol and
flavonoid content, as well as the antioxidant properties, of R. arvensis flower pollen. The antioxidant
activity of the pollen, sourced from the Nakhchivan Autonomous Republic, was measured as 179.102
* 1.5919 pmol FeSO,7H,0/g dw using the FRAP method and 0.137 * 0.015 mg/mL using the DPPH
method. The phenolic content of the methanolic extract was determined to be 17.952 * 0.160 mg/g,
while the flavonoid content was 5.660 * 0.055 mg/g. Phenolic profiling via HPLC identified six key
compounds: ferulic acid (521.163 ug/g), caffeic acid (170.119 ug/g), p-hydroxybenzoic acid (46.529
Mg/g), protocatechuic acid (22.377 ug/g), chrysin (11.353 ug/g), and pinocembrin (10.953 wg/g).
Quantum chemistry calculations revealed that ferulic acid and caffeic acid, the most abundant
phenolic compounds, exhibited the most favorable profiles for antioxidant activity. These findings
suggest that these two compounds are the primary contributors to the antioxidant potential of the
pollen extract. Given the nutritional and pharmacological significance of bee products, continued
investigation into the phytochemical composition of flower pollen is essential to better understand its
functional properties and applications.

Keywords: Ranunculus arvensis, Plant pollen, Polyphenol, Flavonoid, Antioxidant, Bee food

0z
Ranunculus arvensis L., zehirli bir bitki olarak siniflandiriimasina ragmen, tip, gida ve aricilikta 6nemli
bir degere sahiptir. Poleni, bal arilari da dahil olmak iizere gesitli ar tiirleri tarafindan aktif olarak

toplanir ve larvalari icin hayati bir besin rezervi olarak depolanir. Bu calisma, R. arvensis ¢icek poleninin
polifenol ve flavonoid igeriginin yani sira antioksidan o6zelliklerini aragtirmaktadir. Nahgivan Ozerk
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Cumbhuriyeti'nden elde edilen polenin antioksidan aktivitesi FRAP yéontemi kullanilarak 179,102 + 1,5919
pmol FeSO,-7H,0/g dw ve DPPH ydntemi kullanilarak 0,137 * 0,015 mg/mL olarak o6l¢lilmustir.
Metanolik ekstraktin fenolik icerigi 17.952 * 0.160 mg/g, flavonoid igerigi ise 5.660 * 0.055 mg/g olarak
belirlenmistir. HPLC yoluyla yapilan fenolik profilleme alti temel bilesigi tanimlamisgtir: ferulik asit
(521.163 pg/g), kafeik asit (170.119 pg/g), p-hidroksibenzoik asit (46.529 ug/g), protokatesuik asit (22.377
Mg/g), krisin (11.353 pg/g) ve pinokembrin (10.953 pg/g). Kuantum kimyasi hesaplamalari, en bol
bulunan fenolik bilesikler olan ferulik asit ve kafeik asidin antioksidan aktivite i¢in en uygun profilleri
sergiledigini ortaya koymustur. Bu bulgular, bu iki bilesigin polen ekstraktinin antioksidan
potansiyeline birincil katkida bulunan bilesikler oldugunu gostermektedir. Ari iriinlerinin besinsel ve
farmakolojik 6nemi g6z 6niine alindiginda, gigek poleninin fitokimyasal bilesiminin siirekli arastiriimasi,
fonksiyonel 6zelliklerinin daha iyi anlagilmasi i¢in gereklidir.

Anahtar Kelimeler: Ranunculus arvensis, Bitki poleni, Polifenol, Flavonoid, Antioksidan, Ari besini

GENISLETILMiS OZET

Amag: Ranunculus L. cinsine ait bitkiler tip,
beslenme ve aricilikta c¢esitli uygulamalariyla
bilinmektedir, ancak bu bitkiler ayni zamanda toksik
Ozellikleri nedeniyle de siniflandiriimaktadir (Al-
Snafi, 2022). Zehirli olmasina ragmen hem bal arilari
hem de diger ari tlrleri Ranunculus bitkisinden polen
toplar ve kovanlarinda depolarlar.  Ancak
arastirmacilar, Ranunculus tlrlerinin polenlerinin
dislk miktarda toksik madde protoanemioin
icerdigini ve bu nedenle ari larvalari Uzerinde yikici
bir etkisinin olmadigini bulmuglardir (Sedivy ve ark.,
2012). Bu galismanin amaci, arilar tarafindan gok
sevilen Ranunculus cinsine ait Ranunculus arvensis
L. poleninin ari larvalarinin gelisimi agisindan yararli
olan biyoaktif maddeleri ve antioksidan 6zelliklerini
degerlendirmektir.

Gereg-Yontem: Ranunculus arvensis L.nin
cicekleri ciceklenme evresinin  baslangicinda
toplanmig, polenler tag yapraklarindan ayriimis,
kurutulmus ve %98lik metanol ile ekstrakte
edilmistir. Metanol ekstraktindaki (ME) toplam
fenolik madde icerigi Folin-Ciocalteu reaktifi
kullanilarak belirlenmistir. Karisimin absorbansi
Thermo Scientific Evolution TM 201 UV-VIS
spektrofotometresi kullanilarak 760 nm'de
Olculmisdir. Toplam fenolik igerik (TPC), gram kuru
polen basina miligram gallik asit esdegeri (GAE)
olarak ifade edilmistir (Slinkard ve digerleri, 1997).
Toplam flavonoid igerigi (TFC), Fukumoto ve Mazza
tarafindan gelistirilen kolorimetrik yéntem
kullanilarak 415 nm'de 6lgtlmis. TFC, numunenin
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kurutulmus agirliginin (dw) grami basina kuersetin
esdegeri (QUE) miligrami olarak ifade edilmistir
(Fukumoto ve Mazza, 2000).

Polen 6zitinin toplam antioksidan kapasitesi
Benzie ve Strain (1996) ve Pulido ve ark. tarafindan
belirlenmistir. (2020) bitki 6zltlerinin antioksidan
aktivitesinin belirlenmesi i¢in uyarlanmis bir demir
indirgeyici antioksidan glicli (FRAP) testi ile
degerlendiriimisdir. Serbest radikal temizleme
aktivitesi, Molyneux (2004) ve Erdogan ve ark.
(2012) agiklanan yéntemle belirlenmisgtir.

HPLC analizi, PDA dedektorii ve C18 kolonu ile
donatiimis Shimadzu LC-20AT HPLC sistemi
kullanilarak gerceklestiriimisdir. Bu analizde 25 adet
fenolik standart es zamanl olarak analiz edilmisdir.
Polen ekstraktindaki  polifenollerin  molekdler
geometrisi ve antioksidan mekanizmalari, yogunluk
fonksiyonel teorisi (DFT) hesaplamalari kullanilarak
analiz edilmigdir. Bu hesaplamalar icin, ampirik
degisim korelasyonlarini iceren yiuksek parametreli
bir ydntem olan M06-2X fonksiyoneli ve 6-31+G(d,p)
baz seti uygulanmisdir (Galano & Alvarez-ldaboy,
2014). Hidrojen atom transferi (HAT) igin bag
ayrisma entalpisi (BDE) ve tek elektron transferi
(SET) i¢in iyonlagma potansiyeli (IP) gibi antioksidan
mekanizmalarla iligkili termodinamik parametreler
Boulebd ve arkadaslar (2022) ve Boulebd (2022)
tarafindan énerilen yontemlere gore hesaplanmistir.
Bulgular: Nahgivan Ozerk Cumhuriyeti'nde yaygin
olarak yetisen R.arvensis L. bitkisinin poleninin
polifenol igeridi ve antioksidan aktivitesi ilk kez
arastirlmisdir. toplam fenolik icerik -17,952+0,160
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mg GAE/g kuru agirlik; toplam flavonoid igerigi
5.660+0.055mg QUE/g dw; toplam antioksidan
kapasitesi: FRAP - 179,102+1,591 pmol FeSO4
‘7TH20/g dw; DPPH SCso'nin 137+0,015 mg/mL
oldugu belirlenmisdir.

R. arvensis poleninin metanol ekstraktindaki fenolik
bilesikler 25 standart kullanilarak analiz edilmis ve
bunlardan 6'sinin miktarlari tahmin edilmigtir:
protokatekuik asit-22,377 ug/g, p-OH benzoik asit-
46,529 pg/g, kafeik asit-170,119 pg/g, ferulik asit-
512,163 pug/g, krizin-11,353 ug/g, pinocembrin-
10,953 ug/g.

Hem HAT hem de SET mekanizmalarinin
bulgularina dayanarak, R. arvensis 6zutiinde en aktif
antioksidanlarin kafeik asit ve ferulik asit oldugu
sonucuna varilabilir ve antioksidan aktiviteleri
belirlenebilir.

Sonug: Cicek polenlerinden elde edilen ari poleninin
saglik agisindan ¢ok gesitli faydalari oldugu biliniyor.
Calismamizda, ari kolonilerinin gelisimi ve ari
Urtnlerinin  kalitesinin artinimasi amaciyla gigek
polenlerinin  fenolik bilesenleri ve antioksidan
aktivitesinin incelenmesi amagclanmaktadir.
Ranunculus arvensis gicek poleninin biyokimyasal
bilesiminde yararl bilesenlerin incelenmesi literattire
ve arastirmacilara o6nemli katki saglaybileceyi
dusundlmektedir.

INTRODUCTION

Beekeeping, which has an ancient history, has
generated great interest in studying flowering plants'
chemical composition, nutritional value and
pharmacological benefits. Honeybees produce
honey, bee pollen, bee bread, propolis, etc. from the
nectar, pollen and resinous substances they collect
from plants, and the chemical composition of these
products largely depends on the plants used to
collect them. Although the chemical composition of
plants that are important for beekeeping has been
widely studied, very few studies have been
conducted analyzing the chemical composition of
pollen. As you know, pollen is the main food source
for bee colonies (Abd El-Wahab 2016).

15 genera and 57 species represent the family of
Ranunculaceae Adans. in the Nakhchivan
Autonomous Republic. These species are
considered useful plants in medicine, food and
beekeeping, but are also known to be poisonous
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plants. Ranunculus arvensis L., belonging to the
genus Ranunculus L. section, is widespread in the
middle mountain zone of the autonomous republic. It
is an annual mesophytic plant with a height of 10-40
cm, a branching stem, yellow flowers and abundant
pollen. According to its geographical type, it is
considered a Mediterranean-Iranian-Turanian plant.
The plant blooms in May-June (Talibov & Ibrahimov
2008).

Plants belonging to the genus Ranunculus L. are
considered to be useful for medicine, food and
beekeeping, but they are also known to be
poisonous plants (Al-Snafi 2022). All bee genera and
also honeybees collect the pollen of plants belonging
to the Ranunculus L. family, which are toxic, and
store them in the hives to feed their larvae. The toxic
effect of these plant pollens on the development of
bee larvae has long been a matter of debate.
However, it is clear from some studies that
protoanemoin, the substance that causes plant
toxicity, is found in large amounts in the buds of the
plant and in small amounts in the pollen. It was also
established that the amount of protoanemoin in bee
pollen was drastically reduced as protoanemoin was
detoxified and turned into harmless substances as a
result of enzymatic processes. For this reason, the
pollen of plants of the Ranunculus L. genus
contained in bee pollen was found to have no
adverse effect on the bee larvae development
(Sedivy et al, 2012). Although the plant belongs to
the group of poisonous plants, it is also widely used
in pharmacology because it is non-toxic after drying
(Kurkin 2004).

In terms of chemical composition, the plant is rich in
proteins, amino acids, carbohydrates, glycosides,
saponins, polyphenols, and flavonoids (Boroomand
et al. 2018). This plant also contains ranunculus
glycoside, the enzymatic breakdown of which
produces a toxic substance called protoanemonin.
For this reason, the plant is considered poisonous.
However, since the dried form or infusion of the plant
does not contain protoanemonin, it does not have a
toxic effect (An et al. 2018; Jurgens & Dotterl 2004).
The flavonoid-rich plant R. arvensis has strong
antioxidant and antimicrobial effects (Hachelaf et al.
2015; Al-Snafi 2022).

This study aimed to evaluate the phenolic
compounds and antioxidant properties  of
Ranunculus arvensis L. pollen, which serves as an
important food source for bees in the Nakhchivan
Autonomous Republic.
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MATERIALS AND METHODS
Plant Materials

Ranunculus arvensis L. (Order:
Ranunculales/Family: Ranunculaceae) was
collected from the Anagut village in the Ordubad
district of the Nakhchivan Autonomous Republic for
research purposes. Anagut is located at an altitude
of 38°58'53" N. E. 45°57'51" N. U. At the end of May,
During the period of full flowering of the species R.
arvensis, parts of flowers were collected, the
stamens were separated and dried in a shaded and
ventilated place.

Pollen Extraction

A methanolic extract of the dried flower pollen was
prepared by weighing 1 g of pollen and adding 50
mL of 98% methanol. The mixture was left to stand
for 24 h, then sequentially filtered using Whatman
No. 4 and Whatman No. 1 filter papers. The resulting
extract was subsequently stored in a deep freezer at
-18°C. The extracted pollen was analyzed for its total
phenolic content, total flavonoid content, and
antioxidant activity.

Total Phenolic Content (TPC)

The Folin-Ciocalteu reagent was used to measure
the total phenol concentration in the methanol
extract (ME). 400 uL of 0.5 N Folin-Ciocalteu reagent
was mixed with 20 uyL of the prepared methanol
extract (R.arvensis). 680 uL of distilled water was
added to dilute the mixture. Folin-Ciocalteu reagent
is a strong oxidizing agent that reacts with the
extract's phenolic compounds to form a blue
complex. The mixture was incubated for 3-4 min. to
allow the initial reactions between the reagent and
phenolic compounds in the extract to occur. Then
400 pL of Na:COs (10%) was added and kept at
room temperature for 2 h. Using a Thermo Scientific
Evolution™ 201 UV-VIS spectrophotometer, the
absorbance of the mixture was measured at a
wavelength of 760 nm. The total phenolic content
was expressed as milligrams of gallic acid
equivalents (GAE) per gram of dry pollen (Slinkard
etal. 1997). The absorbance of the solution was then
measured at 760 nm using a Thermo Scientific
Evolution TM 201 UV-VIS spectrophotometer. The
total phenolic content was expressed as milligrams
of gallic acid equivalents (GAE) per gram of dry
pollen (Slinkard et al. 1997).

Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was determined
using the colorimetric assay developed by Fukumoto
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and Mazza. In this procedure, 25 uL of the pollen
extract was mixed with 50 pL of 10% aluminum
nitrate [AI(NOs);] solution and 50 uL of 1.0 M
ammonium acetate (NH,CH;COO) solution. The
aluminum ions (APR*) are responsible for forming
complexes with the flavonoid molecules in the
extract. After incubating the mixture at room
temperature for 45 minutes, its absorbance was
measured at 415 nm. Quercetin standards were
utilized to express TFC as milligrams of quercetin
(QUE) per gram of dried weight (dw) of the sample
(Fukumoto & Mazza 2000).

Total Antioxidant Capacity

The ferric-reducing antioxidant power (FRAP) assay
was employed to evaluate the total antioxidant
capacity of the pollen extract., as developed by
Benzie and Strain (1996) and adapted by Pulido et
al. (2020) for plant extract antioxidant activity
determination. To prepare the FRAP reagent, 2.5 mL
of 10 mM TPTZ, 2.5 mL of 20 mM FeCl;, and 25 mL
of 300 mM acetate buffer (pH 3.6) were combined.
The reaction mixture, consisting of 3 mL FRAP
reagent and 100 pL pollen extract, was incubated at
37°C for 4 minutes. During this incubation, Fe®** ions
in the ferryl tripyridyltriazine reagent are reduced to
Fe?* ions, causing the reagent to turn dark blue. The
absorbance was then measured at 595 nm. The
FRAP values were expressed as micromoles of
FeS0O,*7H,0 per gram of dry weight of the sample.

DPPH (2,2- diphenyl-1-picrylhydrazyl) Radical
Scavenging Activity

Free radical scavenging activity was measured
using the method described by Molyneux (2004) and
Erdogan et al. (2012). Briefly, 750 uL of the sample
extract was combined with 750 yL of DPPH radical
solution and incubated in the dark at 25°C for 45 min.
The absorbance was subsequently recorded at 517
nm. Scavenging activity was quantified as SCso, with
lower SCso values indicating stronger radical
scavenging ability.

RP-HPLC-PDA (Reversed-Phase High-
Performance Liquid Chromatography) Analysis
and Determination of Phenolic Derivatives

The chromatographic analyses were carried out
utilizing a Shimadzu LC-20AT high-performance
liquid chromatography system, which was outfitted
with a photodiode array (PDA) detector and a C18
reversed-phase column (dimensions: 250 mm by 4.6
mm, particle size 5 um; manufactured by GL
Sciences). Separation was achieved through
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gradient elution with two mobile phases: Mobile
Phase A consisting of 10% acetonitrile in ultrapure
water, and Mobile Phase B containing 2% acetic acid
diluted in water. The system operated at a flow rate
of 1 mL/min, and a 20 yL sample volume was
injected. Detection occurred at wavelengths of 250,
280, 320, and 360 nm, with the column temperature
maintained at 30°C. The gradient program was as
follows: initial composition of 95% solvent A and 5%
solvent B, transitioning to 15% A/85% B by 8 min.,
21% A/79% B at 10 min., 52% A/48% B at 20 min.,
67% A/33% B at 35 min., 90% A/10% B at 50.5 min.,
50% A/95% B at 50.1 min., and concluding with 5%
A/95% B at 60 min. Prior to analysis, all samples
were filtered through 0.45 yum membranes (Kolayli et
al., 2024; Zehra et al., 2015).

Standard Phenolics

A total of 25 phenolic standards were analyzed
simultaneously, including gallic acid, protocatechuic
acid, p-OH benzoic acid, m-OH benzoic acid, caffeic
acid, syringic acid, p-coumaric acid, ferulic acid,
apigenin, myricetin, chlorogenic acid, quercetin,
resveratrol, daidzein, t-cinnamic acid, epicatechin,
hesperetin, rutin, luteolin, rhamnetin, pinocembrin,
chrysin, CAPE, curcumin, and ellagic acid.

DFT calculations

The molecular geometry and antioxidant
mechanisms of the polyphenols in the pollen extract
were analyzed using density functional theory (DFT)
calculations. The MO06-2X functional, a highly
parameterized method that includes empirical
exchange-correlation, was applied for all
computations, alongside the 6-31+G(d,p) basis set.
Among the approaches used for thermodynamic
calculations of radical reactions, MO06-2X is
considered one of the most reliable (Galano &
Alvarez-ldaboy, 2014). To simulate the effects of
ethanol as a solvent, Truhlar's SMD solvation model

was used. The thermodynamic parameters
associated with the antioxidant mechanisms, such
as bond dissociation enthalpy (BDE) for hydrogen
atom transfer (HAT) and ionization potential (IP) for
single electron transfer (SET), were -calculated
according to the methods outlined by Boulebd et al.
(2022) and Boulebd (2022).

BDE = H(HZ-N') + H(H) — H(HZ)
IP=H(HZ*) + H(e™) — H(HZ)

In this expression, H(HZ), HHZ-N"), H(HZ %), H(e ),
and H(H ") denote the enthalpies corresponding to
the neutral molecule, radical species, radical cation,
electron, and proton, respectively. All calculations
were performed using Gaussian09 software (Frisch
et al. 2009). The analysis and visualization of the
results were conducted using Multiwfn and VMD
software (Lu & Chen 2012; Humphrey et al. 1996).

Statistical Analysis

The results from three separate experimental
replicates were statistically analyzed using SPSS
20.0 (SPSS Inc., Chicago, IL, USA). To compare the
total phenolic content (TPC), total flavonoid content
(TFC), FRAP, and DPPH parameters across the
different species, one-way ANOVA followed by
Tukey's test was applied.

RESULTS

We studied the content of polyphenols and
antioxidant activity of the pollen of the R.arvensis
plant, common in the Nakhchivan Autonomous
Republic, for the first time. Since methanol is the
best solvent for most polyphenol derivatives, 98%
methanol was used to prepare the extract. Table 1
displays the results of the quantitative analysis of
total phenol and flavonoid concentrations and
antioxidant activity of the R. arvensis pollen.

Table 1. Total phenolic content, total flavonoid content, and antioxidant capacity of the R.arvensis pollen

R.arvensis flower pollen extract (Mean *st)

Total phenolic content (mg GAE/g dw)
Total flavonoid content (mg QUE/g dw)
Total antioxidant capacity

(FRAP) (umol FeSO4 -7H20/g dw)
DPPH SCso (mg/mL)

17.952+0.160
5.660+0.055

179.102+1.591
0.137+0.015
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Phenolic compounds in the methanolic extract of
R.arvensis pollen were analyzed using 25
standards. Of these, the amount of 6 substances

was rated quite highly. The results of the RP-HPLC-
PDA analysis are presented in Table 2.

Table 2. Phenolic composition of the R.arvensis pollen based on spectrophotometry and high-performance liquid

chromatography
Phenolic acids (vg/g) Flavonoids (ug/g)
Gallic Acid nd* Resveratrol nd
Protocatechuic Acid 22.377 | Daidzein nd
Chlorogenic Acid nd Luteolin nd
p-OH Benzoic Acid 46.529 | Quercetin nd
t-Cinnamic Acid nd Epicatechin nd
Caffeic Acid 170.119 | Apigenin nd
Syringic Acid nd Hesperidin nd
m-OH Benzoic Acid nd Rhamnetin nd
p-Coumaric Acid nd Chrysin 11.353
Ellagic Acid nd Pinocembrin 10.953
Ferulic Acid 512.163 | CAPE nd
Curcumin nd
Rutin nd
Myricetin nd

nd: Not detected

According to the HPLC chromatogram, the amount
of pinocembrin was lower (10.953 ug/g), while the
amount of ferulic acid was higher (521.163 ug/qg).
The antioxidant function of each of the resulting
phenol derivatives has been studied since they are
substances widely used in the food, pharmaceutical,
and cosmetic industries.

In silico studies

The main phenols found in the R.arvensis extract,
which are protocatechuic acid, p-hydroxybenzoic
acid, caffeic acid, ferulic acid, chrysin, and
pinocembrin, were individually investigated for their
antioxidant capacity using DFT calculations.

The molecular geometries of the compounds were
optimized using the MO06-2X/6-31+G(d,p) level of
theory, with ethanol (EtOH) as the solvent to
simulate the environment of the in vitro experiments.
The most stable molecular geometries are
presented in Figure 1. Except for pinocembrin, all
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compounds exhibit a planar geometry, reflecting
significant electron delocalization throughout their
molecular structures. Pinocembrin, which differs
from the others by the saturation of the pyran ring,
displays a non-planar geometry. In this case, the
benzene moiety is inclined at an angle of 87° from
the molecular plane. The distribution of HOMO and
LUMO orbitals, also shown in Figure 1, further
highlights the extensive electron delocalization in
these compounds. Analysis of the HOMO energy
levels reveals that caffeic acid and ferulic acid have
the highest values (-7.21 to -7.26 eV compared to -
7.63 to -7.96 eV for other compounds), indicating
superior electron-donating capacities. Additionally,
the  HOMO-LUMO energy gap  analysis
demonstrates that caffeic acid and ferulic acid
exhibit the smallest gaps (6.12-6.16 eV versus
6.38-7.49 eV for other derivatives), suggesting their
higher chemical reactivity relative to the other
compounds.
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Figure 1. Molecular geometry (a), LUMO (b), and HOMO (c) of the main polyphenols of R.arvensis extract obtained at

MO06-2X/6-31+G(d,p) level in EtOH.

The two main mechanisms, hydrogen atom transfer
(HAT) and single electron transfer (SET), which
govern the experimental assays, were investigated
(LG et al. 2010; Spiegel 2022). In the HAT
mechanism, the antioxidant transfers a hydrogen
atom to the DPPH radical, transforming it into a more
stable radical species (Boulebd, 2023). This
mechanism is characterized by the bond
dissociation enthalpy (BDE) of the active OH bond.
For the SET mechanism, the antioxidant donates an
electron to the Fe ion or a free radical, neutralizing it
(Boulebd 2024). This mechanism is characterized by
the ionization potential (IP) of the antioxidant. The
BDE and IP values calculated for the HAT and SET
mechanisms, respectively, of the compounds
studied are shown in Figure 2. Regarding the HAT
mechanism, the lowest BDE value was obtained for
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the 4-OH group of caffeic acid (79.9 kcal/mol),
followed by protocatechuic acid and ferulic acid,
which showed approximately the same values of
83.3 and 83.4 kcal/mol, respectively. These results
indicate that caffeic acid, protocatechuic acid, and
ferulic acid are the most active compounds in the
HAT mechanism. On the other hand, the analysis of
IP values also shows the lowest values for caffeic
acid and ferulic acid (112.4 and 111.7 kcal/mol,
respectively), indicating that these molecules may
also exhibit the highest electron-donating capacity
compared to the other phenolic derivatives. Based
on the findings from both the HAT and SET
mechanisms, we can conclude that caffeic acid and
ferulic acid are the most active antioxidants in the
R.arvensis extract and determine their antioxidant
activity.
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Figure 2. Computed BDE and IP kcal/mol of the main polyphenols and antioxidant mechanisms (d) of the main compounds
of the R.arvensis extract obtained at M06-2X/6-31+G(d,p) level in EtOH.

DISCUSSION

There are no studies on phytochemical analysis of
R.arvensis pollen extract in scientific databases. In
this study, the phytochemical composition of
R.arvensis pollen was compared with the
composition of flower pollens of other plants that are
food sources for bees. Such comparisons help to
better understand the biologically active components
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of different types of pollens for the development of
bee colonies and the benefits of bee products.

Kostic et al. (2021) investigated the phytochemical
profile of pollen collected by honeybees from the
artichoke (Cynara scolymus) plant in the Belgrade
area. This research focused on phenolic compounds
and their concentrations within the pollen. The
findings showed that the Total Phenolic Content
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(TPC) in artichoke pollen was 5.3 mg/g GAE dw, and
the Total Flavonoid Content (TFC) was 0.81 mg/g
QE dw. Using HPLC DAD MS/MS analysis, 10
phenolic compounds were identified, with
Isorhamnetin 3-O-glucoside showing the highest
concentration (49,171 mg/kg), comprising more than
70% of the total phenolic content (Kostic et al.,
2021). In comparison, the analysis of R.arvensis
pollen revealed TPC and TFC values that were 3-5
times higher than those in artichoke pollen. The
predominant phenolic compound in R.arvensis
pollen was ferulic acid, which represented over 60%
of the total phenolic content.

De-Melo et al. (2018) investigated the phenolic and
flavonoid contents as part of their study on, along
with the antioxidant properties, of eight monofloral
bee pollen samples collected from the state of
Brasilia were analyzed. These samples consisted of
more than 90% pollen from a single plant species.
The Total Phenolic Content (TPC) varied depending
on the plant species, ranging from 5.6 to 29.7 mg
GAE/g, while the flavonoid content ranged from 0.3
to 19.0 mg GAE/g. The antioxidant activity,
measured using the DPPH method, showed values
between 10.3 and 110.8 uymol TE/g. HPLC-MS
analysis identified quercetin, kaempferol 3-O-
glycosides, and isorhamnetin flavonoid glycosides
as the major compounds in the samples (De-Melo et
al., 2018).

In the study conducted by Sadeq et al. (2021), the
phytochemical composition, along with the
antioxidant and antibacterial properties of pollens
from Micromeria fruticosa, Achillea fruticosa
grantissima, and Phoenix dactylifera-plants native to
the Palestinian Territory-were thoroughly
investigated. Among the samples, Micromeria
fruticosa pollen exhibited the highest results across
all parameters. Micromeria fruticosa pollen extract
was reported to contain a high level of phenolic
compounds (TPC: 56.78 + 0.49 mg GAE/g) and
flavonoids (TFC: 2.48 + 0.05 and 8.03 + 0.01 mg
QE/q). Its antioxidant capacity was confirmed by low
ICso values of 0.047 mg/mL in the DPPH assay and
0.039 mg/mL in the FRAP assay, indicating potent
free radical scavenging activity (Sadeq et al., 2021).
The study of plant pollens, which serve as food
sources for honey bees, provides valuable insights
into both the growth of bee colonies and the
nutritional and pharmacological benefits of bee
products. Micromeria fruticosa (Lamiaceae) is one of
the key nectar- and pollen-producing plants for
honey bees (Albaba, 2015).
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These analyses show that R.arvensis pollen, a
species of Ranunculus L., which is widespread in
forests and meadows, is a source of phenolic and
flavonoids for honey bees.

Quantum chemical calculations using the DFT
method at the M06-2X/6-31+G(d,p) level revealed
significant differences in the reactivity of the extract's
primary polyphenols. Caffeic acid and ferulic acid
emerged as the most reactive compounds, following
both hydrogen atom transfer (HAT) and single
electron transfer (SET) pathways. These results are
consistent with the potent and well-documented
antioxidant activity of these compounds, making
Ranunculus arvensis L. flower pollen a rich source
of antioxidants.

Ranunculus arvensis L., which has a mass flowering
period in April-May in many regions of the
Nakhchivan Autonomous Republic, has been
observed to be used as a food source by honey bees
during the active beekeeping season. X etal. Y et al.
etc. studies indicate that monofloral bee pollen,
which constitutes 90-100% of R.arvensis plant
pollen, is obtained. This shows that R. arvensis is a
plant loved by bees and its pollen is used as food. In
this study, the TPC, TFC and antioxidant content of
R.arvensis flower pollen is studied to understand the
value of this plant for the development of bee
colonies. R.arvensis, which has a higher TPC, TFC
and antioxidant value than most flower pollens, is
antimicrobial for bees. It has anti-inflammatory and
antioxidant effects. This also means the healthy
development of bee colonies.

We have observed the use of Ranunculus arvensis
L., which has a mass flowering period in April-May in
many regions of the Nakhchivan Autonomous
Republic, as a food source by honey bees during the
active beekeeping season. The lack of literature data
on the biochemical analysis of Ranunculus arvensis
flower pollen is a factor that emphasizes the
originality and importance of this study. Thus, the
fact that these analyses were performed by us for
the first time not only presents a new approach
scientifically, but also creates a basic database for
other studies to be conducted in this field in the
future. Such studies are also of particular importance
in terms of their contribution to the development of
plant pollens and the field of beekeeping. The results
of biochemical analyses of Ranunculus arvensis
flower pollen show that, unlike other plant pollens
loved by bees, it has rich phenolic components.
Phenolic components play an important role in the
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healthy development of bee colonies and in leading
a healthy lifestyle in general. Thanks to the
antioxidant properties of phenols, they strengthen
the immune system of bees and increase their
resistance to diseases. The result confirms the idea
that pollen plays an important role in the
development of beekeeping. This also supports the
development of the beekeeping industry and has a
positive impact on its productivity.

This topic opens up an interesting area for further
research into apitherapy and the role of bees in the
ecosystem. A more extensive biochemical analysis
of the relationship between bee health and plant
pollen composition may offer new approaches to
protecting bees in agriculture and natural
ecosystems.

Conclusion: The present study highlights the
significance of Ranunculus arvensis as a valuable
pollen source for honey bees during the mass
flowering period in April-May within the Nakhchivan
Autonomous Republic. Comprehensive
phytochemical, antioxidant, and HPLC analyses
revealed that ferulic acid and caffeic acid are
abundant phenolic components in the pollen. DFT
calculations further identified these compounds as
key contributors to the antioxidant activity of the
extract. The bioactive-rich pollen of R. Arvensis
underscores its potential to support the healthy
development of bee colonies. Furthermore, the
transfer of diverse phenolic compounds from pollen
to bee-derived products enhances their nutritional
and medicinal value, providing a strong foundation
for future applications in apiculture and human
health.
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ABSTRACT

This investigation focuses on exploring the physicochemical characteristics and antimicrobial activity
of loofah honey in the Egyptian governorates of Kafr El-Shaikh and El-Beheira. A novel variety of
honey, designated as a supplementary resource, has been identified as a means of sustenance for
bees during periods of scarcity. Pollen analysis of the examined honey samples revealed its natural
origin from various plant sources in trace amounts. The physicochemical analysis produced
noteworthy results, with estimated reducing sugars ranging from 61.10£0.20 to 69.29+0.12 g/100g and
pH values varying between 3.53%0.01 and 3.74+0.01. There were notable variations amongst the
samples in terms of free acidity, total lactone, and total acidity, while no significant distinctions were
noted in ash content. The study further identified the highest recorded values for H202, DN, and HMF
as 76.801+0.01 mg/kg, 12.50%£0.06 U/kg, and 5.35%0.01 mg/kg, respectively. Additionally, the maximum
levels of phenols, flavonoids, and DPPH were determined as 210.56+0.01 mg/kg, 52.84+0.01 mg/kg, and
83.33%0.01 %, respectively. In terms of antimicrobial activity, all samples exhibited efficacy against
Bacillus subtilis and Klebsiella pneumoniae, except for one sample that demonstrated antimicrobial
activity against all six tested microorganisms’ types.

Keywords: Loofah honey, Physicochemical characteristics, Pollen analysis, Antimicrobial activity

0z
Bu arastirma, Misir'in Kafr El-Shaikh ve El-Beheira vilayetlerinde lif kabagi balinin fizikokimyasal
ozelliklerini ve antibakteriyel aktivitesini aragtirmaya odaklanmaktadir. Ek bir kaynak olarak belirlenen

yeni bir bal cesidi, kitik donemlerinde arilar igin bir beslenme araci olarak tanimlanmistir. incelenen
bal 6rneklerinin polen analizi, eser miktarda ¢esitli bitki kaynaklarindan gelen dogal kdkenini ortaya
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koymustur. Fizikokimyasal analizler, 61,10%£0,20 ile 69,29%+0,12 g/100g arasinda degisen tahmini
indirgen sekerler ve 3,53%0,01 ile 3,74%+0,01 arasinda degisen pH degerleri ile kayda deger sonuglar
vermistir. Ornekler arasinda serbest asitlik, toplam lakton ve toplam asitlik agisindan énemli farkhliklar
bulunurken, kil igeriginde 6nemli bir farklilik g6zlenmemistir. Calismada ayrica H202, DN ve HMF i¢gin
kaydedilen en yiliksek degerler sirasiyla 76,80+£0,01 mg/kg, 12,50+£0,06 U/kg ve 5,35%0,01 mg/kg olarak
belirlenmistir. Ayrica, maksimum fenol, flavonoid ve DPPH seviyeleri sirasiyla 210.56%£0.01 mg/kg,
52.8410.01 mg/kg ve %83.33+0.01 olarak belirlenmistir. Antimikrobiyal aktivite agisindan, test edilen
alti mikroorganizma tiiriiniin tiimiine karsi antimikrobiyal aktivite gosteren bir 6rnek disinda, tiim
ornekler Bacillus subtilis ve Klebsiella pneumoniae'ya karsi etkinlik gostermistir.

Anahtar Kelimeler: Lif kabagi bali, Fizikokimyasal 6zellikler, Polen analizi, Antimikrobiyal aktivite

GENISLETILMiS OZET

Giris: Oldukga besleyici bir gida olan bal, cesitli
faktorlerden etkilenen fizikokimyasal ozellikler
sergiler. Bu ¢alismanin amaci, Haziran'dan Ekim'e
kadar dretilen yeni bir ikincil bal turd olarak
potansiyeline odaklanarak lif kabagi balinin
Ozelliklerini arastirmaktir. Bilesimini, kalitesini ve
potansiyel faydalarini inceleyerek, bu calisma lif
kabagi balinin farkh 6zellikleri hakkinda degerli
bilgiler saglamayi ve gida ve ila¢ endustrilerinde
uygulanabilirliginin daha iyi anlasilmasina katkida
bulunmay1 amaglamaktadir.

Gereg ve Yontem: Bu arastirma, Misir'in Kafr El-
Shaikh ve El-Beheira vilayetlerinde lif kabagi balinin
fizikokimyasal  Ozelliklerini  ve  antibakteriyel
aktivitesini arastirmaya odaklanmaktadir.
Alsilmadik ve nispeten yeni bal tlrlerinden biri olan
bu bal, arilarin kithk zamanlarinda kullandigi ek bir
kaynak olarak bilinmektedir. Bes bal drnegi, bitkilerin
giceklenme doneminde Haziran ve Kasim 2021
tarihleri arasinda iki ildeki farkli ariliklardan
toplanmistir. Ug érnek El-Beheira'dan, iki érnek ise
Kafr EI-Shaikh'ten alinmistir. Her biri ¢ kopyadan
olugsan d&rnekler, daha sonra kimyasal bilesim
acisindan analiz edilene kadar Kahire Universitesi
Ziraat Fakiltesi Deney istasyonu'nun ari kovani
bahgesindeki laboratuvarinda -28+2°C'de
saklanmistir. Kimyasal analiz; seker, nem igerigi,
pH, serbest asitlik, hidroksimetilfurfural (HMF),
toplam fenoller, toplam flavonoidler, 2,2-difenil-1-
pikrilhidrazil (DPPH), C vitamini, diastaz aktivitesi,
hidrojen  peroksit  (H,O;) ve iletkenligin
degerlendirilmesinin yani sira melissopalinoloji ve
antimikrobiyal  aktivitenin  incelenmesini  de
icermektedir. Fizikokimyasal analiz, 61,10£0,20 ila
69,29+0,12 g/100g arasinda degisen tahmini
indirgen sekerler ve 3,53+0,01 ila 3,74+0,01
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arasinda degisen pH degerleri ile kayda deger
sonuglar vermigtir.

Bulgular: Fizikokimyasal analizler, 61.10£0.20 ile
69.29+0.12 g/100g arasinda degisen tahmini
indirgen sekerler ve 3.53+0.01 ile 3.74+0.01
arasinda degisen pH degerleri ile kayda deger
sonuglar vermistir. Ornekler arasinda serbest asitlik,
toplam lakton ve toplam asitlik agisindan énemli
farkhliklar bulunurken, kil iceriginde 6nemli bir
farkhlik gézlenmemistir. Calismada ayrica H202,
DN ve HMF icin kaydedilen en ylksek degerler
sirasiyla 76,80+0,01 mg/kg, 12,50+0,06 U/kg ve
5,35+0,01 mg/kg olarak belirlenmistir. Ayrica,
maksimum fenol, flavonoid ve DPPH seviyeleri
siraslyla 210.56+0.01 mg/kg, 52.84+0.01 mg/kg ve
%83.33+0.01 olarak belirlenmistir. Antimikrobiyal
aktivite agisindan, test edilen alti mikroorganizma
trnin  hepsine kargi antimikrobiyal aktivite
goOsteren bir érnek disinda, tim &rnekler Bacillus
subtilis ve Klebsiella pneumoniae'ya kargi etkinlik
gOstermistir. Geleneksel olmayan balin 6zelliklerinin
incelenmesi, Ozellikle ana drinlerin kit oldugu
zamanlarda hayati 6nem tasimaktadir. Geleneksel
olmayan bal, arilar igcin 6nemli nektar kaynaklari olan
birka¢ yeni bitkinin gelistiriimesinin bir sonucu olarak
Uretilmektedir. Son olarak, tim yil boyunca nektar
bitkileri yetistirmek dnemlidir ¢linki bu, arilara bal
Uretimini artiran sabit bir besin kaynagi saglar.

Sonug: Bu calisma, son zamanlarda ortaya ¢ikan en
yeni ve en tuhaf bal tlrlerinden biri olan lif kabagi
balinin dzelliklerini daha iyi anlamak igin yapilimistir.
Sonuglar, lif kabagi poleninin test edilen tim bal
turlerinde ikincil bir kaynak olarak ortaya ciktigini
vurgulamistir. Bu turler, bitki kdkeni, iklim kosullari,
ari muameleleri ve depolama kosullari dahil olmak
Uzere ¢ok cesitli degiskenlere bagli olarak ylksek
nem icerigi, normal monosakkarit igerigi, sikroz
icerigi ve pH ile karakterize edilmistir. Ari balinin
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fizikokimyasal oOzellikleri bir bdélgeden digerine
degismektedir. Geleneksel olmayan balin
Ozelliklerinin incelenmesi, 6zellikle ana urlnlerde
kithk yasandiginda hayati 6nem tasimaktadir.
Geleneksel olmayan bal, arilar igin 6énemli nektar
kaynaklari olan birka¢ yeni bitkinin geligtiriimesinin
bir sonucu olarak Uretilmektedir. Son olarak, tim yil
boyunca nektar bitkileri yetistirmek énemlidir ¢linki
bu, arilara bal Uretimini artiran sabit bir besin
kaynagi sadlar.

INTRODUCTION

Bees collect nectar from flowers or the secretions of
sap-sucking insects, transform it through enzymatic
processes, and store it in honeycombs, resulting in
bee honey-a naturally sweet and flavourful product
(Codex Alimentarius Commission 2001). It is well
established that honey has been used by both
ancient and modern civilisations for its therapeutic
properties. It is a natural remedy for a variety of
illnesses due to its antimicrobial, antioxidant and
wound-healing abilities (Karabagias et al. 2014). Its
extensive application spans both pharmaceutical
and food industries, where it is valued not only as a
functional food but also as a natural medicine.
Furthermore, its pleasant taste and ease of digestion
make it particularly beneficial for patients, the elderly
and preghant women, offering both nutritional and
medicinal benefits (Bihonegn and Begna 2021).
Honey is a supersaturated solution of sugars; it
consists mainly of the sugar’s fructose (~38%) and
glucose (~31%), along with other 200 ingredients
such as water, traces of organic acids, minerals,
proteins, ashes, enzymes, amino acids, vitamins,
antioxidants, phenol compounds, and flavonoids
(Pasias et al. 2017, Da Silva et al. 2016,
Ouchemoukh et al. 2006).

Honey exhibits remarkable therapeutic properties
and is widely used in traditional medicine due to its
ability to combat pathogenic bacteria (Israili 2014).
Its antimicrobial efficacy is primarily attributed to
several mechanisms involving both enzymatic and
non-enzymatic components. For instance, the high
acidity of honey, with a typical pH range of 3.2 to 4.5,
creates an inhospitable environment for many
microorganisms. Additionally, hydrogen peroxide
produced by the enzymatic action of glucose
oxidase, acts as a potent antimicrobial agent by
generating reactive oxygen species (ROS) that
damage bacterial cells. Osmosis, resulting from the
high sugar concentration in honey, dehydrates
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bacterial cells, leading to their inhibition (Combarros-
Fuertes et al. 2020, Snowdon & Cliver 1996).

Nonperoxide compounds, such as phenolic acids
and flavonoids, further enhance honey's
antimicrobial activity through specific mechanisms.
Phenolic acids and flavonoids disrupt bacterial cell
membrane integrity, impairing vital processes such
as nutrient transport and energy production. These
bioactive compounds also induce oxidative stress by
increasing ROS within bacterial cells, which
damages proteins, lipids, and DNA. Furthermore,
phenolics and flavonoids inhibit bacterial enzymes
essential for replication and survival, such as those
involved in quorum sensing and energy metabolism
(Bucekova et al. 2018 and Israili 2014).

Beyond its antimicrobial properties, honey also
demonstrates significant anti-inflammatory and
antioxidant effects. It modulates inflammatory
pathways by reducing pro-inflammatory cytokines
and enhancing the expression of anti-inflammatory
mediators, contributing to its use in wound healing.
Honey's high phenolic and flavonoid content
scavenges free radicals, mitigating oxidative stress
and promoting tissue repair. In wound healing,
honey accelerates tissue regeneration, stimulates
the formation of granulation tissue, and reduces
inflammation, leading to faster recovery and
improved outcomes (Martinotti et al. 2019).

The quality of honey is influenced by a range of
factors, including its type, characteristics,
composition, geographical and plant origins, the
season of collection, local climate, improper
beekeeping techniques, and storage conditions
(Garcia et al. 2020, El Sohaimy et al. 2015). These
factors collectively shape the physicochemical
properties, nutritional value, and therapeutic
potential of honey, highlighting the importance of
careful management and monitoring to ensure high-
quality production. Since honeybees gather nectar
from various blooms, honey can be either
monofloral, derived primarily from one plant species
with distinct characteristics, or polyfloral, sourced
from multiple species, resulting in diverse flavours
and bioactive compounds. These variations highlight
the influence of plant diversity on honey's quality and
properties. Due to increasing global trade and the
higher economic values associated with specific
types of honey, these products are especially
vulnerable to adulteration, honey mixing, and
misleading or dishonest labelling of honey of lower
value. Honey's authenticity is assessed through
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methods like  melissopalynological analysis,
chemical profiling (e.g., HMF levels and diastase
activity), isotopic analysis for sugar adulteration, and
advanced spectroscopic techniques (Soares et al.
2017).

Melissopalynology, a subfield of palynology (the
study of pollen and spores), is one of the best
techniques for categorizing different kinds of honey
because it focuses on microscopic studies of bee
honey (Attia EI-Sofany et al. 2020). By analysing the
pollen content in honey, this method can identify the
geographical origin and the plant species from which
the nectar was collected. For example, specific
pollen grains serve as markers for certain regions or
floral sources, allowing precise tracing of honey's
botanical and geographical origins, which is crucial
for ensuring authenticity and understanding its
unigue properties (EL-Metwally 2015).

The three primary flowering honey crop seasons in
Egypt—citrus fruits in March and April, Egyptian
alfalfa in April to June, and cotton in July and
August—are well-documented. However, loofah
honey (Luffa Egyptiac), emerging as a secondary
type of honey, serves as a critical resource during
off-season periods of scarcity. Loofah blooms, which
persist from June to October, provide an abundant
and consistent nectar supply that supports the
growth and sustenance of bee colonies. This is
particularly beneficial for beekeepers in regions with
limited alternative floral resources, allowing them to
sustain production and maintain colony health.
Additionally, loofah honey is gaining attention due to
its distinct physicochemical properties and health
benefits, making it a potential candidate for both
local markets and international export (Taha et al.
2019). Therefore, the aim of this work is to
investigate the characteristics of loofah honey,
focusing on its potential as a new secondary type of
honey produced from June to October. By examining
its composition, quality, and potential benefits, this
study seeks to provide valuable insights into the
distinct properties of loofah honey, contributing to a
better understanding of its applicability in the food
and pharmaceutical industries.

MATERIALS AND METHODS

Bee honey samples

Five honey samples were collected from different
apiaries in two governorates between June and
November 2021, during the blooming period of the
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plants. Three samples were obtained from EI-
Beheira, and two samples were taken from Kafr El-
Shaikh. The samples, each consisting of three
duplicates, were stored at the apiary yard laboratory
of Cairo University's Faculty of Agriculture,
Experimental Station, at -28+2 °C until they were
later analysed for chemical composition.

Examination of melissopalynology

The pollen grains from each examined honey
sample were analysed using the methodology
described by Louveaux et al. (1978). Ten grams of
honey were dissolved in 20 millilitres of warm water
and centrifuged at 3500 revolutions per minute for 10
minutes. The liquid was then decanted, replaced
with fresh water, and centrifuged again for an
additional 10 minutes. The sediment was gently
dried by heating it to 40°C, then placed on a
microscope slide and spread evenly over an area of
approximately 20 x 20 mm. Glycerin gelatin was
applied to the sediment, which was subsequently
examined under a light microscope. Pollen grain
frequency was classified as follows: "Very frequent"
for grains constituting more than 45%, "Frequent” for
grains comprising 16—45%, "Rare" for grains ranging
from 3 to 15%, and "Sporadic" for grains constituting
less than 3% of the total grains, based on the criteria
outlined by El Sohaimy et al. (2015).

Physiochemical analysis of loofah honey

Chemical analysis, which included the assessment
of sugars, moisture content, pH, free acidity,
hydroxymethylfurfural (HMF), total phenols, total
flavonoids, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
vitamin C, diastase activity, hydrogen peroxide
(H20.), and conductivity, was thoroughly performed
at Cairo University's Faculty of Agriculture, Food
Safety, and Quality Control Laboratory in Giza,
Egypt. The quantification of sugars, specifically
fructose, glucose, and sucrose, was accomplished
through high-performance liquid chromatography
(HPLC). The analysis employed a Phenomenex
Luna NH2 column (250x4.6 mm), with the column
temperature maintained at a constant 30° C. The
mobile phase consisted of acetonitrile and HPLC-
grade water in a ratio of 80:20 (v: v). Detection of the
sugars was achieved using a refractive index (RI)
detector, and data integration was performed
through ClarityChrom software. Calibration of the
system was carried out using standard sugar
solutions, and the detection limits for the sugars
were determined to ensure accurate quantification
(El Sohaimy et al. 2015).
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Measurement of Hydroxymethylfurfural (HMF):
The determination of hydroxymethylfurfural (HMF)
was carried out using a combination of UV/V
spectrophotometry and a modified White technique.
To begin, five grams of honey were weighed and
homogenized with distilled water. HMF stabilization
was achieved by adding 10 mL of 2% w/v sodium
bisulfite solution, followed by a 15-minute incubation.
Acid hydrolysis was performed by adding 10 mL of
4N hydrochloric acid, with a subsequent 30-minute
incubation in a controlled-temperature water bath
(60-70°C). After cooling, HMF was extracted using
10 mL of acetone, and the solution was filtered for
clarity. UV/Vis spectrophotometric measurements
were taken at 284 nm. HMF quantification was
conducted using a calibration curve created with
standard HMF solutions. The curve equation was
derived from the linear relationship between known
HMF concentrations and their absorbance. The
method was validated using certified reference
materials, ensuring precision in duplicate analyses
and confirming its reliability for measuring HMF
levels in honey samples (Pasias et al. 2017).

Moisture content: Water content was determined
with a digital refractometer at 20 °C according to
AOAC 1990.

Electrical conductivity: The conductivity was
measured using a conductivity meter for a 20%
honey volumetric weight in a water-based solution at
200 °C, where the honey dry matter was represented
by 20% (FiveEasy, Mettler Toledo, Switzerland)
(AOAC 1990).

pH value: The pH value of the honey samples was
measured using a pH meter from Boeco, Germany.
The meter was calibrated using buffer solutions with
pH values of 4, 7, and 10, ensuring accurate
readings according to international standards.

Free acidity: Free acidity was determined using the
equivalence point titration method, as specified in
the Codex Alimentarius (2001), ensuring that the
procedure adheres to internationally recognized
food quality standards.

Hydrogen peroxide assay (H202): The hydrogen
peroxide (H202) assay was performed utilizing
peroxidase (HRP). In the presence of 3.5-dichloro-2-
hydroxybenzenesulfonic acid (DHBS) and 4-
aminophenazone (AAP), H20:2 reacts to produce a
chromophore. The enzymatic reaction, catalysed by
HRP, leads to the formation of a quinone imine dye
along with the generation of four molecules of water.
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This method, as described by Lehmann et al. (2019),
provides a reliable means of assessing hydrogen
peroxide levels.

Diastase activity: This was assessed to obtain the
diastatic number (DN) following a period of shading.
The resulting measurement is expressed in Gothe
units (Lehmann et al. 2019). The method was
conducted in accordance with international
standards, specifically the Codex Alimentarius and
the AOAC (2010) guidelines.

Total phenols content: The total phenols content
was quantified calorimetrically using the Folin-
Ciocalteu reagent, following the method outlined by
Singleton and Rossi (1965). For the analysis, 10 g of
honey were dissolved in 50 mL of distilled water to
prepare the sample extract. A standard curve was
constructed using gallic acid solutions with
concentrations ranging from 10 to 300 mg gallic acid
equivalent per kilogram (mg GAE/kg). The
regression equation of the standard plot (y = 101.71x
-0.4181, R#=0.9979) was used to calculate the total
phenolic content. The results were expressed as
milligrams of gallic acid equivalents per kilogram of
honey (mg GAE/Kkg). The analysis was performed
using a UV/Vis spectrophotometer from Jenway,
England.

Total flavonoid content: The total flavonoid content
was determined using the aluminium chloride
colorimetric technique. A solution was prepared by
dissolving 10 g of honey in 50 mL of distilled water.
The following mixture was then prepared: 1 mL of
the prepared honey extract, 3 mL of methanol, 0.2
mL of 10% aluminium chloride, 0.2 mL of 1M
potassium acetate, and 5.6 mL of distilled water.
After allowing the mixture to stand at room
temperature for 30 minutes, absorbance was
measured at 420 nm. Rutin was used as the
standard, with concentrations ranging from 10 to 100
mg rutin equivalent per kilogram (mg RE/kg) to
construct the standard curve. The regression
equation of the standard plot (y = 365.26x - 6.1589,
R?=0.9978) was used to calculate the total flavonoid
content. The results were expressed as milligrams of
rutin equivalents per kilogram of honey (mg RE/kg).
The analysis was conducted based on the method
described by Abu Safe et al. (2023).

Antioxidant Activity by DPPH: The activity of
DPPH radical scavenging was determined by
preparing concentrations ranging from 1% to 5%
with 50% methanol from each sample extract (100
ML). To this, 100 pl of DPPH radical solution (0.2
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mM) dissolved in methanol was added. After stirring
the mixture, it was left in the dark for fifteen minutes.
Subsequently, the absorbance was measured using
a UV/Vis spectrophotometer (Jenway, England) at
517 nm in comparison to a blank. The scavenging
impact percentage was calculated using the formula:
[(AO - A1) / AO] x 100, where AO represents the
absorbance of the control (without sample), and Al
is the absorbance in the presence of the sample.
(Shehata et al. 2023)

Examination of water-soluble vitamins: Water-
soluble vitamins were analysed using an Agilent
1260 Infinity HPLC (Agilent, USA) equipped with a
Quaternary pump and a HyperClone BDS C18, 100
mm x 4.6 mm, 3 ym column (Phenomenex, USA).
The instrument was operated at a temperature of
35°C. Separation was achieved using a binary linear
elution gradient with mobile phase A consisting of 25
mM NaH2PO4 at pH 2.5 and mobile phase B
consisting of methanol. The gradient started with
95% A and 5% B, gradually transitioning to 75% A
and 25% B over 20 minutes, and then to 50% A and
50% B for column equilibration. The flow rate was
set at 1.0 mL/min, and the injected sample volume
was 20 pL. Detection was performed using a VWD
detector set at 270 nm, with humidity maintained at
38% RH and the temperature at 25°C. Samples
were filtered through a 0.45 um syringe filter prior to
injection. The method was based on the work of Abd
El-Aziz et al. (2021).

Antimicrobial activity

Using the agar well diffusion method, the honey
extracts' antibacterial activity was assessed
(Shehata et al. 2017). Nine species, regarded as
harmful to humans, including Escherichia coli BA
12296, Bacillus subtilis DB 100 host, Candida
albicans ATCC MYA-2876, Klebsiella pneumoniae
ATCC12296, Salmonella senftenberg ATCC 8400,
Staphylococcus aureus NCTC 10788, were used.
Each microorganism's media was combined with
100 pL of the inoculum (1 x 108 CFU/mL) before
being added to the Petri plate. The honey extracts
were added to the well in a volume of 100 pL. After
48 hours of overnight incubation at 37 °C, the
diameter (mm) of the resultant zone of inhibition was
measured on the plates.
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Statistical analysis

Data were analyzed using IBM SPSS software
package version 16.0 (Kirkpatrick & Feeney 2013).
Quantitative data were described using means and
standard deviation. For normally distributed data,
comparisons between the different studied inhibitors
were performed using F-test (ANOVA). The
significance of the obtained results was determined
by p-value (p < 0.05) (Kotz et al. 2006).

RESULT
Sugar Content

The sugar profile of the honey samples from different
regions exhibited significant variations (P < 0.05).
Fructose, glucose, and sucrose concentrations were
determined for all samples, as shown in Table 1.
Fructose content ranged from 33.50+0.12 g/100 g to
39.90+0.06 ¢g/100 g, with Sample 5 from Kafr EI-
Shaikh showing the highest fructose concentration,
while Sample 2 from El-Beheira recorded the lowest.

Glucose concentrations varied significantly across
the samples, with the highest value detected in
Sample 1 from El-Beheira (32.29+0.12 g/100 g) and
the lowest in Sample 5 from Kafr EI-Shaikh
(27.604£0.12 g/100 g). Sucrose content ranged from
0.81+0.12 g/100 g in Sample 5 to 5.03+0.01 g/100 g
in Sample 1, revealing significant inter-sample
differences.

Water Content and Sugar Ratios

The water content of the honey samples, as detailed
in Table 1, showed significant differences (P < 0.05),
ranging from 20.80+0.06% in Sample 1 to
22.40+0.06% in Sample 4, both from Kafr EI-Shaikh.
The glucose-to-water (G/W) ratio exhibited a
significant difference (P < 0.05) across samples, with
Sample 1 having the highest ratio of 1.55+0.01 and
Sample 4 the lowest at 1.23+0.01. This ratio is
important as it indicates the relative concentration of
glucose to water, which influences the honey's
viscosity and potential for fermentation. The
fructose-to-glucose (F/G) ratio also varied
significantly (P < 0.05), with Sample 5 from Kafr El-
Shaikh recording the highest value of 1.46+0.01,
while Sample 1 from El-Beheira had the lowest ratio
at 1.15+0.01. The F/G ratio is significant because it
reflects the sweetness and overall composition of
the honey, which can affect its flavor profile and
crystallization tendencies.
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Table 1. Sugar spectrum, water content, and G/W and F/G ratios of examined honey samples

Honey Fructose Glucose Estimated reducing Sucrose Water G/W ratio /G ratio
samples /100 g g/100 g sugars g/100 g 9/100 g content %

1 37.00+0.128 32.29+0.127 69.29+0.124 0.81+0.128 20.80+0.06° 1.55+0.017 1.15£0.01°

2 33.50+0.12F 27.60+0.12¢ 61.10+0.20% 1.07+0.01° 21.00+0.05¢ 1.31+0.01° | 1.21+0.01°¢

3 35.75+0.12° 29.26+0.128 65.01+0.20¢ 5.03+0.01* 21.20+0.068 1.38 £0.018 1.22+0.01¢

4 36.28+0.01 27.47+0.12°¢ 63.75+0.12° 2.50+0.12¢ 22.40+ 0.06" 1.23+0.01° 1.32+0.018

5 39.90+0.06" 27.30+0.01° 67.20+ 0.06° 3.10+0.01® 21.00+0.06¢ 1.30+0.01°¢ 1.46£0.014

The data represent the mean values (tstandard deviation) obtained from three replicate measurements at two different
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05).

G/W: glucose/water and F/G: fructose/glucose.

Physicochemical Properties

The physicochemical properties of the honey
samples showed significant variations (P < 0.05) in
pH, free acidity, total lactone, and total acidity, as
summarized in Table 2. The pH values of the
samples ranged from 3.53+0.11 in Sample 5 to
3.74+0.01 in Sample 3. Free acidity levels varied

between 28.25+0.12 meg/kg in Sample 5 and
56.25+0.11 meqg/kg in Sample 3. Total acidity values
ranged from 40.75+0.01 meqg/kg to 73.7510.01
meqg/kg, with two samples exceeding the Codex
Alimentarius limit of 50 meqg/kg for total acidity.
These variations highlight the differences in the
honey’s acid content, which can influence its taste,
preservation, and overall quality.

Table 2. The physicochemical characteristics of the tested honey samples

Honey Free acidity Total lactone Total acidity Conductivity
pH Ash %
samples meq/kg meqg/kg meq/kg ms/cm
1 3.67+0.012> | 56.25+0.112 17.50+ 0.05¢ 73.75+0.012 0.23+0.112 0.306+0.57°
2 3.62+ 0.012 | 37.25+0.11¢ 14.00+£ 0.06¢ 51.25+0.11¢ 0.08+ 0.012 0.214+ 0.57¢
3 3.74+0.012 28.25+0.12¢ 12.50+0.12 ¢ 40.75+ 0.01¢ 0.05+0.012 0.219+0.58¢
4 3.53+0.11° 54.75+ 0.01° 15.00+0.06° 69.75+0.01° 0.05+0.012 0.363+0.582
5 3.70+£0.012 | 32.25+0.02¢ 13.00£0.11¢ 45.25+0.01¢ 0.11+0.012 0.214+ 0.58¢

The data represent the mean values (tstandard deviation) obtained from three replicate measurements at two different
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05).

Ash Content and Electrical Conductivity

The ash content and electrical conductivity values of
the honey samples are summarized in Table 2. Ash
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content ranged from 0.05% in Sample 3 to 0.23% in
Sample 4, with no significant differences (P > 0.05)
between the samples. Electrical conductivity showed
significant variation (P < 0.05), with the highest value
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recorded for Sample 4 (0.363+0.577 ms/cm) and the
lowest for Samples 1 and 5 (0.214£0.577 ms/cm).
According to the Codex Alimentarius, the maximum
allowable ash content for honey is typically 0.6%,
and the electrical conductivity should generally not
exceed 0.8 ms/cm. Based on these standards, all
honey samples in this study fall within the acceptable
limits for both ash content and electrical conductivity.

Diastase Number and Enzyme Activity

The diastase number (DN), which reflects the
enzyme activity in the honey samples, varied
significantly (P < 0.05) across the samples, as shown
in Figure 1. Sample 1 from El-Beheira had the
highest DN (12.504£0.06 U/kg), while Sample 5 from
Kafr ElI-Shaikh exhibited the lowest DN (3.33+0.01
U/kg). According to the Codex Alimentarius, the
minimum allowable diastase number for honey is
typically 8 U/kg, and honey with a DN lower than this
may be considered substandard. Based on these
criteria, Sample 5 falls below the acceptable limit,
while all other samples meet the Codex standard for
enzyme activity.

Hydrogen Peroxide and HMF Content

Hydrogen peroxide (H,O,) concentrations varied
significantly (P < 0.05) across the samples, with
Sample 5 showing the highest concentration
(76.80+0.01 mg/kg) and Sample 3 exhibiting the
lowest (35.20+0.01 mg/kg). HMF
(hydroxymethylfurfural) content, which is an
indicator of honey quality and freshness, ranged
from 1.20+0.06 mg/kg to 5.35+0.01 mg/kg, as shown
in figure 1. According to the Codex Alimentarius, the
maximum allowable HMF content for honey is 40
mg/kg, beyond which honey may be considered of
poor quality or adulterated. Based on this standard,
all honey samples in this study fall well below the
Codex limit for HMF.
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Figure 1: The Parameters of H202, DN, and HMF in the
tested honey samples. The data represent the mean
values (tstandard deviation) obtained from three replicate
measurements at two different time points. abcde Means
in the same column followed by different superscript letters
are significantly different (P < 0.05). H202: Hydrogen
Peroxide; DN: diastatic number; HMF:
hydroxymethylfurfural
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Phenolic, flavonoid Content and Antioxidant
Activity

The total phenolic content of the honey samples
showed significant differences (P < 0.05), with
Sample 4 from Kafr El-Shaikh having the highest
value (210.56+0.01 mg/kg) and Sample 5 the lowest
(18.61+£0.01 mg/kg). Flavonoid content ranged from

Sample 2 from El-Beheira recording the highest
flavonoid concentration, as shown in Table 3.

Antioxidant activity, as measured by the DPPH
radical scavenging assay, ranged from 61.46+0.01%
in Sample 3 to 83.33+0.01% in Sample 4. Vitamin C
content showed significant variations (P < 0.05), with
values ranging from 10.12+0.01 to 22.56+0.01

32.76+£0.01 mg/kg to 52.84+0.01 mg/kg, with mg/100 g.
Table 3. Phenols, flavonoids, DPPH, and V.C content in the tested honey samples.
polyphenols
Honey Total Phenolic content Total Flavonoids DPPH (%) Vitamin C (mg/kg)
samples (mg gallic acid content (mg rutin
equivalent/1009) equivalent /100g)
1 28.214+0.01¢ 50.53+0.01b8 80.21+0.01° 1.72+0.01b¢
2 19.66+ 0.01¢ 52.84+ 0.012 68.06+ 0.01¢ 1.73+ 0.0120
3 169.01+0.01° 32.76+0.01° 61.46+0.01¢ 1.71£0.01¢
4 210.56+0.012 33.11%0.01¢ 83.33+£0.012 1.73+0.012
5 18.61+0.01¢ 46.78+0.01° 75.3540.01°¢ 1.74£0.012

The data represent the mean values (tstandard deviation) obtained from three replicate measurements at two different
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05).

Melissopalynological Analysis

The melissopalynological analysis revealed that
Eucalyptus was the dominant pollen type in the
examined sample, along with the presence of other
pollen types in lower concentrations, as shown in
Table 4. Sample 1 from El-Beheira contained
23.18% loofah pollen (Luffa aegyptiaca), while
Sample 4 from Kafr EI-Shaikh had 31.25% clover

pollen (Trifolium alexandrinum). However, it should
be noted that only Eucalyptus sp. qualifies as a
dominant pollen type based on its percentage, while
Luffa aegyptiaca and Trifolium alexandrinum are
better described as secondary or minor pollen
contributors. This clarification ensures consistency
with the frequency-based classification of pollen
types.

Table 4. The melissopalynological examination of pollen grains in the tested honey samples.

Pollen types %
Melissopalynological
analysis 1 2 3 4 5
Family: Fabaceae 8.34 +0.04¢ 26.31 +0.04° 20.27 £ 0.05° 31.35+0.022 0
Trifolium alexandrinum
Family: Arecaceae 21.08 + 0.03" 5.26 + 0.06 16.27 £ 0.03¢ 30.15 £ 0.022 4.50 + 0.04°
Phoenix dactylifera
Family: Chenopodiaceae 17.04 £ 0.01° 26.31 £ 0.05° 37.01 £ 0.062 0 0
Chenopodium sp.
Family: Compositae 4.50 +0.012 0 4.05 £ 0.02° 0 0
Helianthus annuus
Family: Myrtaceae 8.38 + 0.04¢ 1.09 + 0.04¢ 0 10.47 £ 0.03° 60.53 + 0.022
Eucalyptus spp.
Family: Umbelliferae 7.34 +0.05° 0 4.00 £ 0.02° 3.12+0.03¢ 7.58 £ 0.022
Family: Casuarinaceae 10.14 £ 0.052 4.20 + 0.55° 2.70 £0.01° 0 10.39 £ 0.03*
Casuarina sp.
Family: Cucurbitaceae 23.18 £ 0.05° 23.15+0.03° 15.70 + 0.02¢ 25.00 £ 0.04* 17.00 + 0.03°
Luffa aegyptiaca
Family: Cucurbitaceae 0 13.68 £ 0.032 0 0 0
Cucurbita sp.
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Antimicrobial Activity

The antimicrobial activity of the honey samples was
evaluated against six bacterial strains, as detailed in
Table 5. Sample 2 from El-Beheira exhibited the
strongest antibacterial activity, particularly against

Bacillus subtilis (12.76+1.35 mm inhibition zone) and
Escherichia coli (12.53+1.23 mm inhibition zone).
Moderate antibacterial effects were also observed
against Salmonella senftenberg and Klebsiella
pneumoniae, with significant differences (P < 0.05)
noted between the samples.

Table 5. Inhibition zone of six pathogen’s microorganisms for the examined honey samples.

Diameter of inhibition zone (mm)
Pathogenic Honeybee samples
microorganisms El-Beheira El-Beheira El-Beheira Kafr El-Shaikh Kafr El-Shaikh
1 3 4 5
Escherichia coll 7.00£0.49° | 12.53£1.23% | 7.46%1.22° ND ND
BA 12296 AN T T
Bacillus subtilis
c a bc a bc
DB 100 host 7.37+£0.91 12.76+1.35 8.7310.32 9.2040.70 8.63+0.96
Candida albicans a
ATCC MYA-2876 ND 8.13+ 0.21 ND ND ND
Klebsiella pneumoniae b a b . c
ATCC12296 9.21+0.35 10.13+0.65 8.45+0.93 7.2310.70 6.80£0.46
Salmonella senftenberg b a b
ATCC 8400 5.63+0.61 10.53+0.94 ND 6.50+0.88 ND
Staphylococcus aureus a
NCTC 10788 ND 5.87+0.24 ND ND ND

The data represent the mean values (tstandard deviation) obtained from three replicate measurements at two different
time points. abcde Means in the same column followed by different superscript letters are significantly different (P < 0.05).

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) was performed
to examine the relationship between antimicrobial
activity, total phenols, flavonoids, and DPPH activity
(Fig. 2). The first two principal components (PC1 and
PC2) accounted for a significant proportion of the
total variance, with PC1 explaining X% and PC2
explaining Y% of the variance, collectively
accounting for Z%. The PCA plot revealed a clear
clustering of antimicrobial activity with total phenols
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and flavonoids, suggesting a positive correlation
between these variables. Samples with higher
phenolic and flavonoid contents showed stronger
antimicrobial properties. However, DPPH activity,
which measures antioxidant potential, displayed a
weaker correlation with antimicrobial activity, though
it was still somewhat associated with phenols and
flavonoids. This indicates that antioxidant activity,
while not directly contributing to antimicrobial
activity, shares some overlap with phenolic
compounds in the dataset.
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Fig. 2. Principal Component Analysis (PCA) Biplot showing the relationships between antimicrobial activity, total phenols,
flavonoids, and DPPH activity. The first two principal components (PC1 and PC2) account for X% and Y% of the total

variance, respectively.

DISCUSSION

The current study focused on the physicochemical
properties, sugar content, and bioactive compounds
in honey samples from different regions of Egypt,
including El-Beheira and Kafr  EI-Shaikh
governorates. The results provide valuable insights
into the variations in honey composition depending
on geographical origin, and these findings align with
the established literature while also contributing new
data to the field.

The observed differences in fructose and glucose
contents among the honey samples are consistent
with previous studies that have reported similar
variations based on geographical and botanical
origins. For instance, Persano Oddo et al. (2004)
highlighted that the fructose/glucose ratio (F/G) is a
critical determinant in honey crystallization. Our
findings, which show a higher fructose content in
Kafr EI-Shaikh samples compared to El-Beheira,
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corroborate earlier studies by White (1975) and
Siddiqui (1970), which indicated that honey with
higher fructose levels tends to crystallize more
slowly. This is supported by Draiaia et al. (2015),
who found that honey samples with an F/G ratio
greater than 1.0 crystallize more slowly, which is
consistent with the slow crystallization observed in
our samples.

The glucose-to-water (G/W) ratio is another
significant factor influencing honey crystallization.
The highest G/W ratio observed in El-Beheira
sample 1 aligns with findings from Escuredo et al.
(2014), who noted that higher G/W ratios increase
the tendency of honey to crystallize. However, our
data suggest that the honey samples from Kafr El-
Shaikh, with lower G/W ratios, may have a reduced
crystallization tendency. This observation is crucial
for honey producers and consumers, as
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crystallization affects the texture and marketability of
honey.

The pH values of the tested honey samples fell
within the range specified by Codex Alimentarius
(2001), indicating freshness and quality. The slight
variations observed in pH values between samples
are in line with the results reported by Borawska, &
Socha (2020) and El Sohaimy et al. (2015), who
found that honey pH can vary depending on the floral
source and environmental conditions. The moderate
acidity levels detected in the honey samples are
attributed to the presence of organic acids, which are
known to influence honey's flavor and preservation
qualities. This is consistent with the findings of
Karabagias et al. (2014), who suggested that the
fermentation of sugars into organic acids by bee
enzymes plays a significant role in honey's acidity.

The variation in total acidity across different
samples, with some exceeding the Codex
Alimentarius  limits, suggests that certain
environmental factors or floral sources may
contribute to higher acid levels. This observation is
supported by Ndife et al. (2013) and Borawska, &
Socha (2020), who reported that total acidity in
honey could vary widely based on botanical and
geographical factors. The higher total acidity
observed in some samples may be indicative of the
fermentation process or the presence of specific
organic acids, as discussed by Diafat et al. (2017).

The ash content, which is indicative of the mineral
content in honey, demonstrated no significant
differences among the samples, aligning with the
findings of previous studies by Zivkov Balo$ et al.
(2018). These researchers suggested that ash
content reflects the inorganic mineral composition
and is a marker for the botanical and geographic
origin of honey. The electrical conductivity values,
however, varied significantly between samples, with
Kafr EI-Shaikh samples showing higher conductivity.
This finding is consistent with the research by Rysha
et al. (2021), who noted that higher ash and acid
contents in honey are directly related to increased
electrical conductivity. The higher conductivity in
Kafr EI-Shaikh samples suggests a richer mineral
content, potentially due to the specific floral sources
in that region.

The significant variations in hydrogen peroxide
(H202) levels among the samples align with studies
by Martinotti et al. (2019) and Bucekova et al. (2018),
who reported that H202 is a major factor in the
antimicrobial properties of honey. The highest H20:
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levels observed in Kafr EI-Shaikh sample 5 could be
attributed to the specific floral sources in that region,
which may enhance the production of glucose
oxidase, the enzyme responsible for H20:
generation in honey.

The diastase number (DN), which serves as an
indicator of honey freshness and enzymatic activity,
showed significant differences among the samples.
These findings are consistent with Tadesse et al.
(2021) and El Sohaimy et al. (2015), who reported
that DN can vary based on storage conditions, floral
sources, and the physiological state of the bee
colony. The lower DN observed in some samples
may suggest longer storage periods or exposure to
higher temperatures, which could degrade the
enzymatic activity, as noted by Da Silva et al. (2016).

The hydroxymethylfurfural (HMF) content in all
tested samples was within the acceptable limits set
by Codex Alimentarius, indicating that the honey
samples were fresh and had not undergone
significant heat treatment. This is consistent with
findings by Pasias et al. (2017), who stated that HMF
levels increase during storage and heat treatment
due to the Maillard reaction. The low HMF content in
our samples suggests minimal processing and good
storage conditions.

The significant variations in phenolic content among
the honey samples are consistent with the findings
of Saeed et al. (2021) and Al-Mamary et al. (2002),
who reported that the phenolic content in honey is
highly dependent on its botanical source, color, and
geographical origin. The higher phenolic content
observed in Kafr El-Shaikh samples may be
attributed to the specific floral sources in that region,
which are known to be rich in phenolic compounds.
The variations in flavonoid content among the
samples further support this, as flavonoids are also
influenced by the floral origin of honey.

The antioxidant activity, as measured by DPPH,
varied significantly among the samples, with Kafr EI-
Shaikh samples showing higher antioxidant activity.
This finding aligns with the literature, which suggests
that honey's antioxidant properties are primarily due
to its phenolic and flavonoid content (Saeed et al.
2021). The higher antioxidant activity in Kafr El-
Shaikh samples may be indicative of the region's
richer floral diversity, which contributes to the higher
levels of bioactive compounds in honey.

The melissopalynological analysis revealed
significant differences in the pollen content among
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the honey samples, indicating diverse floral sources.
The dominance of loofah pollen in the El-Beheira
samples is consistent with the findings of Taha et al.
(2019), who reported that certain regions have
characteristic pollen profiles that reflect the local
flora. The presence of eucalyptus pollen in Kafr El-
Shaikh samples suggests that these honey samples
may have unique antimicrobial properties, as noted
by Cortopassi-Laurino and Gelli, (1991) in their study
on the antibacterial properties of eucalyptus honey.

The antimicrobial activity of the honey samples
against various pathogens is a critical finding,
particularly the higher activity observed in El-Beheira
sample 2. This aligns with studies by Stefanis et al.
(2023) and Kwakman and Zaat (2012), who reported
that the antimicrobial properties of honey are
influenced by its phenolic and flavonoid content, as
well as the presence of hydrogen peroxide,
methylglyoxal, and other bioactive compounds. The
higher antimicrobial activity in El-Beheira sample 2
suggests that the floral sources in this region
contribute to the production of honey with enhanced
bioactive properties.

The PCA results indicate that total phenols and
flavonoids are key contributors to antimicrobial
activity, supporting previous research highlighting
their bioactive roles in inhibiting microbial growth
(Boy et al. 2021). The positive correlation observed
between these compounds and antimicrobial activity
suggests that phenolic compounds, through
mechanisms such as enzyme inhibition and
membrane  disruption, may enhance the
antimicrobial potential of the samples. On the other
hand, the relatively weak association between
DPPH activity and antimicrobial properties suggests
that antioxidants like phenolics may protect against
oxidative stress in microbial cells but are not the
primary agents behind antimicrobial effects. This
aligns with existing studies which have shown that
while antioxidants and antimicrobial properties both
provide protective benefits, they operate through
distinct mechanisms (Rammali et al. 2024, Gupta et
al. 2022). The variability in DPPH activity could also
stem from differences in the antioxidant capacity of
individual phenolic compounds, further complicating
the direct link between antioxidant and antimicrobial
functions.

Conclusion: This study was done to gain a better
understanding of the properties of loofah honey, one
of the newest and most peculiar types of honey to
appear recently. The results highlighted that the
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loofah pollen came as a secondary source in all
tested honey types. These types were characterized
by high moisture content, normal content of
monosaccharides, sucrose content, and pH
depending on a wide range of variables, including
the plant origin, climatic conditions, bee treatments,
and storage conditions. The physicochemical
properties of bee honey vary from one region to
another. Studying the properties of nontraditional
honey is vital, particularly when the main crops are
in shortage. Nontraditional honey is produced as a
result of the development of several new plants,
which are significant sources of nectar for bees.
Finally, it is important to grow nectar crops all year
round because it guarantees bees a steady supply
of food, which boosts the production of honey.
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oz

Diinya nifusunun hizla artmasiyla birlikte, gidaya olan ihtiyagta artmaktadir. Sentetik katki
maddeleriyle Uretilen gidalarin insan saghgi iizerindeki olumsuz etkilerinden dolayi dogal iirtinlere
olan talep her gegen giin artmaktadir. Bal, dogal bir madde olup, bal arilari (Apis mellifera L.) tarafindan
bitki nektarlarinin, bitkilerin canli kisimlarinin salgilarinin veya bitkilerin canli kisimlan {izerinde
yasayan bitki emici boceklerin salgilarinin toplanmasiyla olgunlastirilan tath bir maddedir. Bu
¢alismada, Tirkiye’nin farkh lokasyonlarindan temin edilen 9 adet ticari bal 6rneginin bazi fiziko-
kimyasal 6zellikleri ve melissopalinolojik analizleri incelenmistir. Bal 6rneklerinin ham bal, protein,
balda protein ve ham balda & 13C farki ve & 13C degerinden hesaplanan C4 seker orani, diastaz, prolin,
HMF (5-hidroksimetilfurfural), su muhtevasi, iletkenlik, serbest asitlik, fruktoz, glukoz, sakkaroz,
maltoz, fruktoz/glukoz, fruktoz+glukoz ortalama degerleri sirasiyla -25.89%1.1%., -26.12%+0.8%., -
0.51£0.3%o, %2.22%2.5, 7.2240.7, 1003.43+316 mg/kg, 47.18+84.7 mg/kg, %16.62%1.6, 0.55+£0.2 mS/cm,
38.56x4.4 mmol/kg, %31.85%6.76, %25.8416.98, %0.40%0.30, %0.63+0.63, 1.34+0.47 ve %57.69%5.93
olarak bulunmustur. Elde edilen bulgulara gére, bazi bal 6rneklerinin Tiirk Gida Kodeksi Bal Tebligine
uygun olmadig tespit edilmistir.

Anahtar Kelimeler: Fizikokimyasal 6zellikler, Floral orijin, Kalite parametreleri, Ticari bal

ABSTRACT

With the rapid increase in the world population, the need for food is also increasing. Due to the
negative effects of foods produced with synthetic additives on human health, the demand for natural
products is increasing day by day. Honey is a natural substance and a sweet substance ripened by
honey bees (Apis mellifera L.) by collecting plant nectars, secretions of living parts of plants or
secretions of plant-sucking insects living on living parts of plants. In this study, some physico-
chemical properties and melissopalynological analyses of 9-piece commercial honey samples
obtained from different locations in Tiirkiye were investigated. The mean values of raw honey (5 C13),
protein (& C13), protein in honey (8 C13), C4 sugar ratio, diastase, proline, HMF (5-
hydroxymethylfurfural), water content, conductivity, free acidity, fructose, glucose, sucrose, maltose,
fructose/glucose, fructose+glucose of honey samples were -25.89%1.1%o, -26.12%0.8%o, -0.51%0.3%o,
2.22+2.5%, 7.22%0.7, 1003.43+316 mg/kg, 47.18+84.7 mg/kg, 16.62+1.6%, 0.55+0.2 mS/cm, 38.56%4.4
mmol/kg, 31.85+6.76%, 25.84+6.98%, 0.40%+0.30%, 0.63+0.63%, 1.34+0.47and 57.69%5.93%, respectively.
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According to the findings, it was determined that some honey samples did not comply with the Turkish

Food Codex Honey Communique.

Keyword: Physicochemical properties, Floral origin, Quality parameters, Commercial honey

EXTENDED ABSTRACT

Objective: The composition, color, aroma and taste
of honey vary depending on the source of the nectar,
seasonal conditions, climate, bee breed, weather
conditions, geographical regions, storage period and
conditions. The most important factor affecting the
composition of honey is the plant species from which
the nectars are collected. The quality of honey is
basically evaluated by its plant source and chemical
composition. The composition of honey produced in
different regions and plant origins varies. According
to national and international laws and regulations, no
external substance should be added to the honey or
one of the components that make up the honey
should not be removed. In beekeeping, it is a
technically recommended practice to give honey bee
colonies supplementary nutrients made with sugar
or sugar syrup in early spring to accelerate colony
development and prepare the colonies for winter
after the honey harvest. Recently, fake honey has
been produced by giving sugar syrup to the colonies,
especially when the nectar flow period is dry. Of
course, adding sugar to honey is an injustice for both
consumers and pure honey producers. In this study,
the physicochemical properties of commercial honey
samples obtained from different locations in Turkiye
were examined and their compliance with the
Turkish Food Codex-Honey Communique was
compared.

Materials and Methods: In this study, 9-piece
commercial honey samples were investigated for
their raw honey (613C), protein (613C), protein in
honey (613C), C4 sugar ratio, diastase, proline,
HMF  (5-hydroxymethylfurfural), water content,
conductivity, free acidity, fructose, glucose, sucrose,
maltose, fructose/glucose, fructose+glucose
properties and analysed melissopalynologically.
Carbon isotope (613C) analysis and C4 sugar ratio
were determined by IR-MS (Isotope Ratio Mass
Spectrometry) using standard analytical methods
described in AOAC 998.12 (American Organization
of Analytical Chemists International procedures).
Free acidity (TS 13360), conductivity (TS 13366),
sugar composition (TS 13359), HMF (TS 13356),
proline (TS 13357), water content (TS 13365) and
diastase number (TS 13364) were analyzed
according to the standards described in the Turkish
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Food Codex Honey Communique. Physico-chemical
analyses were performed in the laboratory of Siirt
University Science and Technology Application and
Research Center.

Results and Discussion: In this study, some
physico-chemical properties and
melissopalynological analyses of 9-piece
commercial honey samples obtained from different
locations in Tirkiye were investigated. The mean
values of raw honey (8 C13), protein (& C13), protein
in honey (& C13), C4 sugar ratio, diastase, proline,
HMF  (5-hydroxymethylfurfural), water content,
conductivity, free acidity, fructose, glucose, sucrose,
maltose, fructose/glucose, fructose+glucose of
honey samples were -25.89+1.1%o,-26.12+0.8%o,-
0.51£0.3%0, 2.2242.5%, 7.22+0.7, 1003.43+316
mg/kg, 47.18+84.7 mg/kg, 16.62+1.6%, 0.55+0.2
mS/cm, 38.56+4.4 mmol/kg, 31.8516.76%,
25.8416.98%, 0.40+0.30%, 0.63+0.63%,
1.341£0.47and 57.69+5.93%, respectively.

Conclusion: According to the findings, it was
determined that the values of some honey samples
did not comply with the Turkish Food Codex Honey
Communique standards.

GIRiS
Bal, bitki nektarlarinin, bitkilerin canli kisimlarinin
salgilarinin veya bitkilerin canli kisimlari Uzerinde
yasayan bitki emici boceklerin salgilarinin bal arilari
(Apis mellifera L.) tarafindan toplandiktan sonra
kendine 6zglu maddelerle birlestirerek degisiklige
ugrattigi, su icerigini disurdigd ve petekte
depolayarak  olgunlastirdigi, dogasi geregi
kristallenebilen dogal tatlh maddedir (Bobis vd. 2020,
Chen vd. 2019, Keskin vd. 2020, Ozcan ve Olmez
2014, Ozenirler vd. 2019, Tirk Gida Kodeksi Bal
Tebligi 2020, Xie vd. 2022). Balin bilesimi, rengi,
aromasi ve tadi nektarin kaynagina, mevsim
sartlarina, iklime, ari irkina, hava kosullarina, cografi
bdlgelere, depolama suresine ve kosullarina bagl
olarak degisiklik gdsterir. Balin bilesimini etkileyen
en dnemli faktor, nektarlarin toplandidi bitki gesididir
(Bobis vd. 2020, Cift¢ci ve Parlat 2018, da Silva vd.
2016, Ozcan ve Olmez 2014, Keskin vd. 2020).
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Balin kalitesi temelde bitkisel kaynagi ve kimyasal
bilesimi ile dederlendiriimektedir. Farkli bdlgelerde
ve bitkisel orijinlerde Uretilen ballarin bilesimi farkllik
gostermektedir (Ciftci ve Parlat 2018). Ballar nektar
kaynagina gore cicek veya salgi bali olarak iki genel
sinifa ayrilir. Cicek balinin kdkeni nektar, salgi
balinin kdkeni ise bitkilerin canli kisimlarinin salgilari
velveya bitkilerin canli kisimlari (izerinde yasayan
bitki 6zsuyu emici boéceklerin salgilaridir (Bobis vd.
2020, Ozenirler vd. 2019).

Tuarkiye zengin bitki értistinden dolay! bol miktarda
cicek bali Uretme potansiyeline sahiptir. Multifloral
ballarin yani sira iki tir salgi bali Uretiimektedir.
Bunlar ¢cam agaclarinda beslenen bitki emici
boéceklerin  (Marchalina hellenica) salgilarindan
uretilen ¢cam bali ve mese agaclarinin terleme
yoluyla yapraklarinin salgiladigi tatli salgilardan
Uretilen mese balidir (Keskin vd. 2020). Ulusal ve
uluslararasi standartlara goére; bala disaridan
herhangi bir madde eklenmemeli ya da bal
olusturan bilesenlerden biri ¢gikarilmamalidir. Ballar
renk, tat ve kompozisyonlari bakimindan birbirinden
farkhlik gdsterir (Karadal ve Yildirim 2012).

Bal 200'e yakin bilesen iceren kompleks bir gida
maddesidir (da Silva vd. 2016, Pasias vd. 2022).
Balin seker profili hakkinda ¢ok sayida calismalar
yapilmistir. Balda beslenme ve saglik agisindan en
onemli bilesenler karbonhidratlardir. Genel olarak
bal, kuru agirhginin yaklasik %95'ini olusturan,
baslica sekerler olarak fruktoz (%33-43) ve glukoz
(%25-35) ile asin doymus bir seker c¢ozeltisidir
(Bobis vd. 2020, Chen vd. 2019). Esasen, sekerlerin,
Ozellikle fruktoz ve glukozun yogunlastirilmis bir
karigimidir (Alghamdi vd. 2020, Keskin vd. 2020).

Bal, temel monosakkaritler olan glukoz ve fruktozla
birlikte 25 farkli oligosakkarit igermektedir. Balin
bilesiminde genellikle fruktoz, glukoz, sakkaroz,
ramnoz, trehaloz, nigerobiyoz, izomaltoz, maltoz,
maltotetraoz, maltotrioz, maltuloz, melezitoz,
melibiyoz, nigeroz, palatinoz, rafinoz, erlos gibi
birgok seker tespit edilmistir. Monosakkaritler balda
bulunan sekerlerin yaklasik %75'ini icermektedir.
Disakkaritler ve az miktarda diger sekerler %10-
15'ini olugturmaktadir (da Silva vd. 2016).

Balda bu ana bilesenlere ek olarak yapisinda,
protein, amino asitler, enzimler, organik asitler,
karotenoidler, iz elementler, vitaminler, mineraller,
polifenoller ve ugucu bilegikler de bulunur. Bu
maddeler bala sadece gida 6zellidi kazandirmaz,
ayni zamanda antioksidanlar gibi degderli maddeleri
de icermesinden dolayl tedavi edici 6zelligi de
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bulunmaktadir (Bobis vd. 2020, da Silva vd. 2016,
Karadal ve Yildirrm 2012, Ozcan ve Olmez 2014,
Pasias vd. 2022, Xie vd. 2022). Nitekim, bal eski
¢aglardan beri besin maddesi olarak tuketilmesi
yaninda tipta da kullaniimaktadir (Alghamdi vd.
2020). Bal, tek bir nektar kaynagindan yapilan bal
olarak tanimlanan monofloral bal ve farkh nektarlarin
karisimindan yapilan bal olarak tanimlanan
multifloral bal olmak Gzere iki sinifa ayrilabilir (Bobis
vd. 2020, Chen vd. 2019, Terrab vd. 2002).

Piyasada en ¢ok bulunan cicek ballari multifloral
ballardir. Bununla birlikte, monofloral ballar,
Uretildikleri  bitkilerin  &zelliklerini  yansitmasi
nedeniyle tiketicilerin ilgisini ¢gekmistir (Bobis vd.
2020). Aricilik faaliyetinde bal arisi kolonilerine,
sekerle yapilmis ek besinlerin veya seker surubunun
erken ilkbaharda koloni gelisimini hizlandirmak ve
kolonileri bal hasadindan sonra kisa hazirlamak
amaciyla verilmesi teknik olarak Onerilen bir
uygulamadir (Belli 2019).

Son zamanlarda, kolonilere 6zellikle nektar akimi
doénemi kurak gectiginde seker surubu verilerek
tagsis bal Uretilmektedir (Chen vd. 2019, Ciftci ve
Parlat 2018, Simsek vd. 2012). Piring surubu, misir
surubu, seker kamisi, seker pancari gibi cgesitli
suruplarla kolonilere etik olmayan sekilde besleme
yapilmasi uygun degildir (Brar vd. 2023). Taklit; gida
maddesinin kendisinde olmayan &zelliklere sahip
gibi gosterilmesidir (Gidatarim 2025).

Tagsis; gida maddelerinin mevzuata veya izin
verilen Ozelliklerine aykiri olarak Uretilmesi hali
olarak tanimlanmaktadir (Ulusal Gida Referans
Laboratuvar Muduarligi 2025). Bal sahteciligi son
yillarda gittikge 6nem kazanmaktadir. Cunkd her
gecen gun surekli olarak ¢ok farkli sahtecilik
yontemleri gelistiriimektedir (Zabrodska ve Vorlova
2014). Dinya c¢apindaki arastirmacilar, bal
sahteciligini tespit etmek ve 6zgUnliguiniu garanti
altina almak icin ileri teknolojiler gelistirmek ve
yenilemek igin surekli ¢alismaktadirlar (Brar vd.
2023). Elbette ki, tagsis bal tretimi hem tiketiciler
hem de saf bal Ureticileri i¢in bir haksizlik durumudur
(Chen vd. 2019, Lozano-Torres vd. 2022).

Yapilan bu calismada, Turkiye’nin  farkh
lokasyonlarindan temin edilen baz ticari bal

tiplerinin fiziko-kimyasal Ozellikleri ve
melissopalinolojik  analizleri  incelenerek, bal
orneklerinin  Tark Gida Kodeksi Bal Tebligi

standartlarina uygunlugu belirlenmigtir.

91


https://gidalab.tarimorman.gov.tr/gidareferans
https://gidalab.tarimorman.gov.tr/gidareferans

ARASTIRMA MAKALESI / RESEARCH ARTICLE

GEREG VE YONTEM

Calismada 9 adet ticari bal 6rneginin ham bal
(613C), protein (613C), balda protein ve ham balda
013C farki ve 813C degerinden hesaplanan C4
seker orani, diastaz, prolin, HMF (5-
hidroksimetilfurfural), su muhtevasi, iletkenlik,
serbest asitlik, fruktoz, glukoz, sikroz, maltoz,
fruktoz/glukoz, fruktoz+glukoz 6zellikleri incelenmis
ve melissopalinolojik analizleri yapilmistir. 10 g
baldaki Toplam Polen Sayisi (TPS10) degeri %45’in
Uzerinde olan polenlerin ait olduklari bitki taksonlari
“‘dominant”, %15-45 arasinda olanlar “sekonder”,
%3-15 arasinda olanlar “mindr’, %3’ten daha az
oranda rastlanilan polenlerin ait olduklari taksonlar
ise “eser” olarak kabul edilmistir (Louveaux vd.
1978). Karbon izotop(813C) analizi ve C4 seker
orani IR-MS (izotop Orani Kiitle Spektrometresi) ile
AOAC 998.12' e gbre (American Organization of
Analytical Chemists International prosediirleri)
aciklanan standart analitik yontemler kullanilarak
belirlenmistir. Serbest asitlik (TS 13360), iletkenlik
(TS 13366), seker bilesimi (TS 13359), HMF (TS
13356), prolin (TS 13357), su muhtevasi (TS 13365)
ve diastaz sayisi (TS 13364) Turk Gida Kodeksi Bal
Tebligi'nde aciklanan standartlara goére analiz
edilmistir. Analizler Siirt Universitesi Bilim ve
Teknoloji  Uygulama ve Arastirma Merkezi
laboratuvarinda yapilmistir. Verilere ait istatiksel
analizler IBM SPPS (22.0) programinin tek yonlu
varyans analizi (One Way ANOVA) uygulanarak
yapilmistir. Veriler arasindaki iligkiler Pearson
korelasyon analizi (SPPS 22.0) ile belirlenmistir.

BULGULAR

TPS degeri %45’in Uzerinde olan polenlerin ait
olduklari  bitki taksonlari “dominant’, %15-45
arasinda olanlar “sekonder”, %3-15 arasinda olanlar
“‘mindr’, %3ten daha az oranda rastlanilan
polenlerin ait olduklari taksonlar ise “eser” olarak
kabul edilmistir (Louveaux vd. 1978). Dokuz adet
ticari bal 6rneginin tanimi ve polen analizi Tablo-1’de
verilmistir. Turkiye'nin farkli lokasyonlarindan temin
edilen 6 monofloral (devedikeni, mese, sandal,
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zahter, ¢drek otu ve maydanoz bali) ve 3 multifloral
(Celikhan/Adiyaman, Semdinli/Hakkari ve
Battalgazi/Malatya) etiketli ticari bal &rneklerinin
yapilan melissopalinolojik analizleri sonucunda;
sadece 1 adet bal érneginin monofloral maydanoz
bali, diger 7 adet bal 6rneginin multifloral bal ve 1
adet bal Orneginin ise salgi bali (Bal Cigi
Elementi/Toplam Polen Sayisi orani 3'in (zerinde
bulunmustur) oldugu tespit edilmistir. Balin kalitesini
belirlemek icin bal icerisinde bulunan TPS’nin tespiti
Onemlidir (Keskin vd. 2020). Ticari bal 6rneklerinin
yapilan melissopalinolojik analizlerinde 11 familyaya
ait 17 farkl bitki taksonu belirlenmistir. Bal
orneklerinin  botanik  orijinleri genel olarak
degerlendirildiginde dominant olarak Apiaceae,
sekonder olarak Fabaceae, Asteraceae,
Brassicaceae, = Amaranthaceae/Chenopodiaceae
familyalarina ait polenleri igerdigi, geri kalan
familyalarin ise min6ér miktarlarda bulundugu
goralmastar. Tidrk Gida Kodeksi Bal Tebligi
(2020/7)ne gore cicek balinda bulunmasi gereken
standart degerler; nem en fazla %20, sakkaroz en
fazla 5g/100g, fruktoz+glukoz en az 60g/100g,
fruktoz/glukoz 0.9-1.4 arasinda, maltoz en fazla %4,
serbest asitlik en fazla 50 meq/kg, elektrik iletkenligi
en fazla 0.8 mS/cm, diastaz en az 8, HMF en fazla
40 mg/kg, ham bal (& 13C) -23 ve daha negatif,
protein (d 13C) -23 ve daha negatif, balda protein ve
ham balda & 13C farki -1.0 veya daha pozitif, C3/C*
sekeri en fazla %7 olmalidir. Prolin miktari ise gicek
bali, salgi bali ve gicek ile salgi bali karisimi ballarda
en az 300 mg/kg, kanola, ihlamur, narenciye,
lavanta, ballarinda en az 180 mg/kg, biberiye,
akasya ballarinda en az 120 mg/kg, kestane
ballarinda en az 500 mg/kg miktarinda olmaldir
(Turk Gida Kodeksi Bal Tebligi 2020) (Tablo-2, 3, 4).
Calismada, bal 6rneklerinin & 13C degerleri -27.97
ile -24.53 arasinda degismekte olup ortalama deger
-25.89 olarak tespit edilmistir (Tablo-2). Turk Gida
Kodeksi Bal Tebliginde, & 13C dederi ballar igin -23
ve daha negatif olarak belirlenmistir. Calisma
kapsaminda analiz edilen bal drneklerinin ortalama
degerinin & 13C degerinin Turk Gida Kodeksi Bal
Tebligi'nde belirtilen yasal limitlere uygunluk
sagladigi gorilmektedir.
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Tablo-1. Ticari ballarin tanimi ve ballarda tespit edilen tak

sonlarin polen spektrumu (%)

Table-1. Description of commercial honeys and pollen spectrum of taxa identified in commercial honeys (%)

Balin ticari Turk Gida
- Balin Kodeksi Bal Dominant .
No satig etiket T g . Sekonder Secondary Mino6r Minor
adi animi Tebllglnf Dominant
Uygunlugu
1 Monofloral/ Multifloral Teblige uygun - Helianthus annuus Brassicaceae (%10.61), Caryophyllaceae
Devedikeni (gicek bali) (%43.61) (%8.45),
Cirsium  (%8.25), Centaurea (%6.68),
Fabaceae (%4.91), Plantago (%3.93)
2 Monofloral/ Salgi bali Teblige uygun - Laurus nobilis (%26.74) Rosaceae (%9.69), Cistus (%7.36), Liliaceae
Mese Asteraceae (%19.38) (%6.20), Olea europaea(%4.26),
Boraginaceae (%3.49)
3 Monofloral/  Multifloral Teblige uygun - Quercus (%41.65) Fabaceae (%13.50), Rosaceae (%12.36),
Sandal  (cicek bal) Poaceae(%12.36), Ericaceae  (%5.26),
Brassicaceae (%4.81)
4 Monofloral/  Multifloral Teblige uygun - Plantago (%29.69) Fabaceae (%12.66), Cichorioideae (%9.17),
Zahter  (cicek bal) Rosaceae (%7.86), Papaveraceae (%7.42),
Bellis  (%7.42), Centaurea  (%5.68),
Lamiaceae (%4.37), Brassicaceae (%3.93),
Betulaceae (%3.43)
5 Monofloral/  Multifloral ~ Tagsisli bal - Apiaceae (%17.46) Fabaceae (%9.75), Nigella sativa (%9.07)
Corekotu  (gicek bali) Teblige uygun Papaveraceae (%7.71), Castanea sativa
degil Brassicaceae (%17.01) (%4.99),
Nisasta var Olea europaea (%4.54),
Onobrychis/Hedysarum (%3.40),
Fraxinus (%3.17),
Helianthus annuus (%3.17),
6 Monofloral/ Monofloral/ Teblige uygun Apiaceae - Fabaceae (%12.50)
Maydanoz Maydanoz (%80,72)
7 Multifloral ~ Multifloral Teblige uygun - Trifolium repens (%29.22) Centaurea (%14.52), Poaceae (%5.81)
(cicek balr) Plantago (%5.44), Papaveraceae (%4.90),
Fabaceae (%20.69) Rosaceae (%3.81), Helianthus annuus
(%3.81), Brassicaceae (%3.09)
8 Multifloral  Multifloral Teblige uygun - Helianthus annuus (%33.99) Fabaceae (%4.62)
(cicek bali) Amaranthaceae/Chenopodiaceae
(%30.03)
Onobrychis/Hedysarum (%18.48)
9 Multifloral  Multifloral ~ Tagsisli bal - Trifolium repens (%27.48) Papaveraceae (%12.52), Ranunculus
(cicek bali) Teblige uygun Hypericum (%24.49) (%11.96),
degil Onobrychis/Hedysarum (%4.11), Poaceae
Nisasta var (%3.18)
Bal o&rneklerinin ortalama protein-26.12, balda ballarinin elektriksel iletkenligi en az 0,8 mS/cm,

protein ve ham balda & 13C farki ortalamasi -0.51
olarak tespit edilmis olup Tiurk Gida Kodeksi Bal
Tebligi'nde bildiriimis olan yasal limite uygunluk
gostermektedir (Tablo-2). Calismada o [3C
degerinden hesaplanan C4 seker orani ortalama
%2.22 olarak tespit edilmis yasal limitlere (= 7)
uygunluk gdstermistir (Tablo-2). Orneklerin ortalama
serbest asitlik degerleri 38.56 mmol/kg olarak
bulunmus, 30.00 mmol/kg ile 44.00 mmol/kg
arasinda oldugu tespit edilmistir (Tablo-3). Tim bal
Orneklerinde tespit edilen serbest asitlik degerleri
yasal standartlara (£ 50) uygunluk goéstermistir.
Elektriksel iletkenlik degeri ortalama 0.55 mS/cm
olarak tespit edilmistir (Tablo-3). Tirk Gida
Kodeksi’'nin 2020/7 sayili Bal Tebligi'ne gore; salgi
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gicek ballarinin ise en fazla 0,8 mS/cm olarak
belirlenmistir (Turk Gida Kodeksi Bal Tebligi 2020).
Bal drneklerinde diastaz sayisi ortalama 7.22 olup,
5.00 ile 10.90 arasinda degisim gostermis ve 3 adet
bal drneginin diastaz sayisinin bal tebligine uygun
olmadigi belirlenmistir (Tablo-3). Bal 6rneklerinin
prolin degerleri ortalama 640.00 mg/kg ile 1706.60
mg/kg arasinda tespit edilmistir. incelenen biitiin bal
orneklerinin prolin degerleri Tirk Gida Kodeksi Bal
Tebligine (2020) uygun oldugu gorulmektedir (Tablo-
3). Bu gcalismada 3 bal 6érneginin HMF degerleri Tirk
Gida Kodeksi Bal Tebliginin (2020) belirledigi yasal
limitlere uymadigi tespit edilmistir. Bal drneklerinin
HMF degerleri 1.51 mg/kg ile 267.65 mg/kg arasinda
degisiklik géstermistir (Tablo-3).
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Tablo-2 Tarkiye'nin farkli lokaslarindan elde edilen ballarda ve protein fraksiyonlarinda A13C degerleri
Table-2 A13C values of bee-produced honey samples and their proteins from different locations in Turkiye

No n Bal Tiirii Ham bal (A13C) Protein (A13C) Balda protein ve  A13C degerinden
Type of Honey (%0) (%o) ham balda A13C hesaplanan C4
farki (%o) seker orani (%)
1 1 Multifloral bal -25.78 -25.99 -0.21 1.30
2 1 Salgi bali -24.89 -25.45 -0.56 3.55
3 1 Multifloral bal -27.97 -27.48 -0.49 0.00
4 1 Multifloral bal -25.11 -25.45 -0.34 2.16
5 1 Multifloral bal -25.29 -26.64 -1.35 7.99
6 1 Monofloral bal -24.53 -24.86 -0.33 217
7 1 Multifloral bal -26.46 -26.95 -0.49 2.83
8 1 Multifloral bal -26.19 -25.89 -0.30 0.00
9 1 Multifloral bal -26.84 -26.35 -0.49 0.00
X S X X S X X £S X X *SX
Genel 9 -25.89+1.1 -26.12+0.8 -0.51+£0.3 2.22+2.5
Ortalama
Min. -27.97 -27.48 -1.35 0.00
Max. -24.53 -24.86 -0.21 7.99
Tuark Gida -23 ve daha negatif -23 ve daha -1.0 veya daha <7
Kodeksi Bal negatif pozitif
Tebligi
Analiz AOAC 998.12 AOAC 998.12 AOAC 998.12 AOAC 998.12
Metodu
Tablo-3 Bal 6rneklerinin fiziko-kimyasal 6zellikleri
Table-3 Physicochemical properties of honey samples
No n Bal Tirii Type of  Serbest asitlik Diastaz Prolin HMF Su iletkenlik
Honey The level of Sayisi . muhtevasi .
acidity Proline Electrical
Diastasis Moisture conductivity
(mmol/kg) (mg/kg) (mg/kg) (%) (mS/cm)
1 1 Multifloral bal 36 6.50 711.11 15.65 17.4 0.40
2 1 Salgi bal 43 8.30 1137.70 267.65 18.6 0.65
3 1 Multifloral bal 30 5.00 640.00 42.87 16.8 0.87
4 1 Multifloral bal 40 6.50 924.44 52.19 16.4 0.43
5 1 Multifloral bal 44 10.90 995.56 7.19 15.4 0.67
6 1 Monofloral bal 38 8.30 1706.60 29.00 17.8 0.64
7 1 Multifloral bal 39 6.50 1137.70 2.34 16.6 0.40
8 1 Multifloral bal 42 6.50 782.22 6.24 17.6 0.38
9 1 Multifloral bal 35 6.50 995.56 151 13.0 0.51
X £S X X *S X X £SX X *S X X £SX X £S X
Genel 9 38.56+4.4 7.22+1.7 1003.43+316. 47.1848 16.62+1.6 0.5510.2
Ortalama 4.7
Min. 30.00 5.00 640.00 151 13.00 0.38
Max. 44.00 10.90 1706.60 267.65 18.60 0.87
Turk Gida <50 8< 300 < <40 <20 <0.8
Kodeksi
Bal Tebligi
Analiz TS 13360 TS 13364 TS 13357 TS TS 13365 TS 13366
Metodu 13356
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Tablo-4 Bal tiplerinin seker kompozisyonlari

Table-4 Sugar compositions of honey samples

No n Bal Turu Fruktoz Glukoz Sakkaro  Maltoz Fruktoz/Glu  Fruktoz+gluk
Type of Honey  Fructose Glucose z Maltose  koz 0z
Sucrose Fructose/Gl  Fructose+glu
ucose cose
% % % % %

1 1 Multifloral bal 36.63 28.55 0.73 1.32 1.28 65.17
2 1 Salgi bal 26.90 29.81 nd 0.94 0.90 56.71
3 1 Multifloral bal 37.63 24.87 0.20 0.70 151 62.50
4 1 Multifloral bal 34.64 16.43 0.77 1.25 211 51.07
5 1 Multifloral bal 37.05 21.60 0.32 0.00 1.72 58.65
6 1 Monofloral bal 18.94 41.22 nd 1.43 0.46 60.16
7 1 Multifloral bal 24.69 21.77 0.40 0.00 1.13 46.46
8 1 Multifloral bal 37.45 24.91 0.69 0.00 1.50 62.36
9 1 Multifloral bal 32.71 23.40 0.53 0.00 1.40 56.12

X S X X S X X *S X X ¥S X X S X X *S X
Genel 9 31.8546.76 25.8416.9 0.40+0.3 0.63+0.6 1.34+0.47 57.69+5.93
Ortalama 8 0 3
Min 18.94 15.57 0.20 0.00 0.46 46.46
Max 37.63 41.22 4.14 1.79 2.16 65.17
Turk Gida <5 <4 0.9-14 60 <
Kodeksi Bal
Tebligi
Analiz TS 13359 TS 13359 TS TS
metodu 13359 13359

nd: tespit edilemedi

nd: not detected

Bal érneklerin su muhtevasi Turk Gida Kodeksi’nin %0.40, 9%0.63, %1.34 ve %57.69 olarak
2020/7 sayih Bal Tebligi'ne gére uygun oldugu tespit bulunmustur (Tablo-4). iletkenlik ve sukroz arasinda
edilmistir (Tablo-3). Bal 6rneklerinde ortalama negatif bir korelasyon tespit edilmistir (R?=-0.737,
fruktoz, glukoz, sukroz, maltoz, fruktoz/glukoz ve P<0.05, Tablo-5).

fruktoz+glukoz orani sirasiyla %31.85, %25.84,
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Tablo-5 Bal 6rneklerinde Pearson korelasyon matrisi (N: 9)

Table-5 Pearson correlation matrix on the honey samples (N: 9)

Diastaz 1 0 4 1 - -.004 - - .18 - .16 .724* 89 .76 - -
Sayisi/Diastasis 02 65 68 .14 1 .37 4 .19 0 7% 4+ 2 .67
6 01 0 4 84 4*
Su 1 1 5 - 237 5 - 47 - .04 239 .00 - - -
muhtevasi/Moisture 53 07 .41 34 .30 1 .27 3 9 33 3 .38
6 8 8 5 92 9
Prolin/Proline 1 1 - -.289 2 - .64 - .06 288 .27 .02 - -
44 70 44 59 2 9 3 6 9 5 63
8* 9 7** 87 2
HMF 1 - -051 3 - .20 - .29 300 .15 - - -
28 35 .51 5 .25 7 6 .00 3 35
2 0 6 2 39 6
Fruktoz/Glukoz- 1 -137 - .69 - .81 - 038 .06 .23 3 .28
Fructose/Glucose 2 1* 90 0™ .16 6 9 61 1
66 0** 1
Fruktoz+glukoz/Fruct 1 2 - 46 40 .30 -.256 - - - .09
ose+glucose 55 .02 2 0 7 22 .10 .0 4
9 4 0 69
Maltoz/ Maltose 1 - A7 - .11 -.188 - - - -
14 8 27 4 13 .47 5 46
1 0 2 9 95 8
Sukroz/Sucrose 1 - .61 - -.005 - - .0 17
62 6 .73 .29 29 68 6
1 7* 3 0
Glukoz/Glucose 1 - .26 -.092 - - - -
62 9 10 .26 5 36
8 4 7 08 5
Fruktoz/Fructose 1 - -130 - .18 A4 .46
00 .08 8 64 0
8 8
lletkenlik/  Electrical 1 -343 17 41 2 .21
conductivity 5 1 95 9
Serbest asitlik/The 1 66 41 - -
level of acidity 2 4 4 72
45 0*
A13C degerinden 1 .84 - -
hesaplanan C4 6** 0 52
10 9
Balda protein ve ham 1 3 -
balda A13C farki 54 .09
5
Protein (A13C) 1 .84
6**
Ham bal (A13C) 1

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).
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TARTISMA

incelenen bal  &rneklerinin  melissopalinolojik
analizlerinde monofloral etiketli ticari ballarin
yalnizca 1 adet bal ©rneginin monofloral bal
(maydanoz bal) oldugu, iki adet bal 6érneginin ise
tagsisli, nisasta icerdigi ve bal tebligine uygun
olmadidi tespit edilmistir (Tablo-1). Ballarda nisasta
bulunmasi; kolonilerde pudra sekeri ile varroa
tespitinin yapilmasi, bal Uretim déneminde kek ile
besleme yapilmasi veya nisastanin besleme yapilan
sekere katilmasindan kaynaklanmis olabilecegi
disindlmektedir. Ana nektar akimi  ddnemi
boélgelere gore degismekle birlikte genellikle Mayis-
Temmuz aylar arasindadir ve koloniler bu aylarda
yogun nektar toplamaktadir. Bal &rneklerinde
Fabaceae familyasina ait polenlerin genel olarak
bulunmasi bu familyaya ait tlrlerin c¢iceklenme
donemleri ve bolgeleri ile iligkili olabilecedi tahmin
edilmektedir. Bal sahteciligi igin  kullanilan
maddelerin  kaynadi  olan  bitkiler, karbon
metabolizmalarina gére C3 veya C* bitkileri olarak
siniflandirilabilir.  Piring, bugdday, arpa, pamuk,
yonca, korunga, elma, GzUm ve seker pancari gibi
nektarl bitkilerin gogu C?® bitkilerini, misir, sorgum,
dari ve seker kamigi ise C* bitkilerini temsil
etmektedirler (Ferek 2016, Zabrodska ve Vorlova
2014).

Fotosentetik dongllerde C* ve C#bitkilerinin & 13C
(karbon izotop oranlar) farklidir (Ferek 2016,
Simsek vd. 2012). Dolayisiyla, arilar nektarlarini
dikotiledon cigekli bitkilerden topladiklarindan dogal
bir balin C® bitkilerinin karakteristik 6zelliklerini
tagimasi beklenir. 13C/*2C izotop orani, %o biriminde
0 13C olarak ifade edilir (Simsek vd. 2012). Bal, en
¢ok tagsisi yapilan gidalardan birisidir. Bala herhangi
bir seker veya surup ilavesi oldugunda veya arilar
sekerli su veya surupla beslendiklerinde ©13C
sonuglari ile ortaya ¢ikariimaktadir. Fruktoz ve
glukoz bala bu amacgla eklenen sekerlerin en
basinda gelir (Belli 2019, Ferek 2016).

Baldaki kamis sekeri veya misir bazlh seker
katkisinin kanitlanmasi i¢in en yaygin kullanilan
yontem 613C analizidir (Chen vd. 2019, Ciftci ve
Parlat 2018). Kocaeli ve istanbul illerinde piyasadan
satin alinan 43 farkh bal 6rneginin EA-IRMS ile
yapilan 3C/2C orani olgiimlerinde, 10 adet bal
Orneginin (%23) sahte oldugu tespit edilmistir. Cigcek
bali 6rneklerinin 6'3C degerinin -23,91 ile -27,58 %o
arasinda, bal proteinlerinin & 13C degerinin -24,57
ile -26,76 %o arasinda oldugu bildirilmistir (Simsek
vd. 2012). Mugla ¢cam bali érneklerinin & 13C degeri
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-23,30 ile -24,54 %o, protein ekstraktlarinin ise -24,13
ile -25,41 %o arasinda oldugu bulunmustur. Bolu,
Kocaeli, Trabzon ve Yalova olmak lizere dort farkl
ilden alinan kestane bali 6érneklerinin & 13C degeri
siraslyla 25.02, 25.18, 23.98 ve 25.62%o oldugu ve
protein 6zutlerinin -24.35 ile -25,41 %o arasinda
degistigi bildirilmistir. izmir ili bal érneginde en
yuksek kararli izotop orani -27,58 %o olarak tespit
edilmistir (Simsek vd. 2012).

Bontempo vd. (2017), italya’nin farkh tip ballarinin
karbon izotop oraniyla ilgili yaptiklari c¢alismada
013C bal degerleri akasya balinda %. (-24,1),
kestane balinda %o (-25,2), narenciye balinda %o (-
24,3), okaliptiis balinda %o (-24,4), salgi balinda %o (-
25,3), ormanguli balinda %o (-24,5), polifloral balda
%o (-25,3); © 13Cprotein degerleri akasya balinda %o
(-23,9), kestane balinda %o (-24,8), narenciye
balinda %o (-24,7), okaliptis balinda %o (-24,2), salgi
balinda %o (-24,6), ormangili balinda %. (-23,8),
polifloral balda %o (-24,7) olarak belirlenmistir. Bagka
bir calismada gesitli C* ve C* bitki kaynaklarindan
elde edilen invert seker suruplariyla beslenen
kolonilerden elde edilen 451 adet bal drneklerinin
OBC orani -23.0%o ile -27.3%o arasinda tespit
edilmigtir (Elflein ve Raezke 2008).

Bu calismada incelenen bal érneklerinde elde edilen
O3C dederleri -27.97%. ile -24.53%. arasinda
degismekte ve oOrnekler Tirk Gida Kodeksi Bal
Tebligi'nde bildiriimis olan yasal limite (-23 ve daha
negatif) uygunluk gostermektedir (Tablo-2). Bal
protein icerigi bakimindan ¢ok zengin degildir. Fakat
icerdigi aminoasitler balin elde edildigi kaynagin
tespit edilmesinde 6nemli bir parametredir (Belli
2019). Saf bala misir ve seker kamigi karigmasi
durumunda balin 3'3C orani degisir. Fakat proteinin
0 13C orani degismeden kalir. Balin 6 13C orani ve
ekstrakte edilen proteinin & 13C orani minimum
dizeydeki tagsisin bile kanitlanmasini saglar (Belli
2019, Ferek 2016). Yapilan bu ¢alismada incelenen
ballarin protein (& 13C) degerleri -27.48 ile -24.86
arasinda degisirken, ortalama protein (6 13C) degeri
-26.12+0.8 olarak tespit edilmistir (Tablo-2).
Calismada elde edilen bal &rneklerinin ortalama
protein (& 13C) degerleri, Tlirk Gida Kodeksi Bal
Tebligi'nde belirtilen yasal limitlere uygunluk
gOstermektedir. Bir c¢alismada Tunus’un farkli
bdlgelerinden saglanan 6 bal 6rneginin (nane,
biberiye, okaliptis, karahindiba, kekik, portakal)
incelenen fizikokimyasal o6zellikleri bakimindan
Avrupa Mevzuatina (EC Direktifi 2001/110) uygun
oldugu ifade edilmistir. Bal o6rneklerinin protein
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degderinin %0.13 (biberiye) - %0.16 (nane) arasinda
degistigi bildirilmistir (Boussaid vd. 2014).

Baska bir calismada gesitli C® ve C* bitki kaynakli
invert seker suruplariyla beslenen kolonilerden elde
edilen 451 bal 6rnedinin incelendigi calismada,
orneklerin © 13C protein degerleri -22.7%o ile -26.7%o
arasinda bulunmustur (Elflein ve Raezke 2008).
Stabil karbon izotop analizi, karbon izotoplarinin
miktarini ve dogada daha fazla bulunan (%99) 2C
izotopu ile digtik miktarda bulunan (%1) *3C izotopu
arasindaki oranin belirlenmesi saglamaktadir. Bu
oran farkli bitkiler tarafindan COZ’in tutulmasi ve
fotosentez sirasinda kullaniimasi ile ilgili dénguyi
yansitmaktadir (Ferek 2016).

Bal ve balin protein fraksiyonu arasinda & 13C farki,
balin safliginin, tagsis yapilip yapilmadiginin, nitel
ve nicel bir géstergesi olarak ifade edilmistir (Ciftci
ve Parlat 2018, Ferek 2016). Bu teknigi uygulayarak,
yapay tatlandirici iceren bir bal 6rneginin tagsis
yuzdesi belirlenebilir (Simsek vd. 2016). Belli (2019),
nektarl pek gok bitkinin C* dénglist kullandigini ve
gergek balda C3/C*? degerinin -25 civarinda olmasi
gerektigini vurgulamistir. Eger bala misir surubu
katilmis ise bu oranin -10’a kadar c¢ikabilecegi
belirtilmistir. iki deger arasindaki farkin -1’den daha
negatif ise bala misir surubunun katildigi ifade
edilmistir. Fakat C3 bitkisi olan pancar sekerinden
(cay sekeri) elde edilen suruplarla beslenen
arilardan elde edilen baldaki hileyi tespit etmenin zor
oldugunu ifade etmigstir. Hileyi tespit etmede & 13C
analizinin yetersiz kaldigi vurgulanmistir. Mugla
ilinde Uretilen ballarda taklit ve tagsis gibi hileli
durumlarin olup olmadigi arastirmak amaciyla
yapilan ¢alismada bal dérneklerinin & 13C degerleri
farki (-2,52)-2,51 arasinda bulunmustur (Belli 2019).

Farkhh arastinicilar  tarafindan incelenen bal
orneklerinin, balda protein ve bal & 13C degerleri
arasindaki farki Elflein ve Raezke (2008) -0.9%o -
1.5%0, Kambur vd. (2015) -0.39- 0.53 ve Ciftci ve
Parlat (2018) -0.55-1.95 degerleri arasinda
oldugunu bildirmislerdir. A 13C degerleri farki ve C4
seker orani balda hilenin olup olmadidi hususunun,
taklit ve tagsisin tespit edilmesinde kullanilan
kriterlerdendir (Belli 2019, Ferek 2016,). C4 seker
orani, balda protein ve ham bal & 13C degerlerinden
hesaplanir (Cift¢i ve Parlat 2018). Protein ve balda
013C degeri arasindaki farkin %o 1’den blylk
olmamasi gerekmemektedir (Ferek 2016). Bir
calismada cesitli C3 ve C4 bitki kaynaklarindan elde
edilen invert seker suruplariyla  beslenen
kolonilerden elde edilen 451 bal Orneginde bal
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sahteciligini  tespit etmek amaciyla vyapilan
¢alismada C4 seker orani (%) 0-5.7 arasinda tespit
edilmigtir (Elflein ve Raezke 2008). Mugla ilinde
Uretilen ballarda taklit ve tagsis gibi hileli durumlarin
olup olmadigi arastirmak amaciyla vyapilan
calismada bal 6rneklerinin C4 seker orani (%) O-
16,81 arasinda bulunmustur (Belli 2019). Konya
bolgesindeki marketlerde satisa sunulan 5 farkl
firmalara ait ¢icek ballarinin bazi kimyasal 6zellikleri
incelenmistir. Firmalara ait bal érneklerinin sirasiyla
C4 seker orani (%); 3.53, 1.93, 0.00, 0.00, 0.00
olarak bulunmustur. Arastirmada kullanilan firmalara
ait bal o6rnekleri arasinda (P<0.01) énemli farklar
olmasina ragmen Turk Gida Kodeksi-Bal Tebligine
uygun bulunmustur (Ciftci ve Parlat 2018).

Chen vd. (2019) tarafindan yapilan galismada, bal
arisi kolonileri kisin seker kamisi ile beslendiginde
Mart ayindaki yapilan hasatlarda toplanan bal
orneklerinde C4 sekeri “seker kalintis1” olarak tespit
edilmistir. Kambur vd. (2015) tarafindan yapilan
galismada ise Yigilca bal Orneklerinde C4 orani
%0.43-8.72 arasinda bildiriimistir. A 13C orani
yalnizca C4 ve Cgz bitkilerinden elde edilen balin
kaynagi hakkinda bilgi vermektedir. Bu ¢alismada
incelenen bal orneklerinin balda protein ve ham
balda © 13C farki degerleri ortalamasi -0.51 olarak
tespit edilmis olup, tim o6rneklerin degerleri Tark
Gida Kodeksi Bal Tebligi'nde belirtilen yasal limitlere
uygun oldugu bulunmustur. Diger taraftan, & 13C
degerinden hesaplanan C4 seker orani ortalama
degeri 2.22 olarak tespit edilmis, bir adet 6rnegin
Turk Gida Kodeksi Bal Tebligi'nde belirtilen yasal
limitlere uymadigi belirlenmistir (Tablo-2). Bir bal
orneginin diastaz aktivitesi, HMF igerigi, elektriksel
iletkenlik ve nem O&lgumleri gibi standart kalite
parametreleri, balin genel 6zelliklerini tanimlamada
ve balin kalitesini degerlendirmede 6nemli bir role
sahiptir (Simsek vd. 2012, Balo$ vd. 2018).

incelenen gesitli bal 6érneklerinin serbest asitlik
degerlerini, Belli (2019) 8.95-27.9 meqg/kg, Dadali
(2021) hayit balinda 20.45-27.30 meqg/kg, Ucak Kog
vd. (2017) hayit, cicek ve ¢cam ballarinda sirasiyla
26.6+0.3, 36.03t0.534 ve 27.3t+0,36 meq/kg,
Kambur vd. (2015) 21.0-70.0 meg/kg, Ciftci ve Parlat
(2018) 20.27-34.06 meq/kg, icli (2022) 5.1-37.7
meq/kg, Yasar ve S6gutlt (2020) ortalama 10.675
meqg/kg, Manolova vd. (2021) 17.70 — 36.00 meqg/kg,
Yurt ve Cakir (2020) ortalama 22.64 meq/kg,
Karatas vd. (2019) 8.96-33.92 meq/kg, Gilzel ve
Savas Bahceci (2020) 21.1-47.8 meqg/kg, Gurblz vd.
(2020) ortalama 14.94 meq/kg, Yucel ve Sultanoglu
(2013) 18.06 - 34.88 meqg/kg, Bobis vd. (2020)
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okaliptus ballarinda 15-46 meq/kg, Kilic vd. (2016)
16.0 — 26.1 meqg/kg, Boussaid vd. (2014) 7.11 -
27.20 meqg/kg, Terrab vd. (2002) 19.5- 88.2 meqg/kg,
Berhanu vd. (2022) ortalama 23.2 meg/kg ve Balos
vd. (2018) 1.5-30 meqg/kg arasinda tespit etmislerdir.
Bu calismada, bal orneklerinin serbest asitlik
degerleri 30 mmol/kg - 44 mmol/kg arasinda tespit
edilmis ve incelenen bal drneklerinin yasal limitlere
uygun oldugu bulunmustur (Tablo-3). Balin
elektriksel iletkenligi balda kalite kriteri olarak
degerlendirilen kimyasal 6zelliklerden birisidir (Glzel
ve Savag Bahceci 2020).

Balin elektriksel iletkenligini mineral iceridi ve asitligi
etkiler. Elektriksel iletkenlik dederinin yliksek olmasi
mineral iceriginin yuksek olmasindan veya yuksek
asitlikten kaynaklanabilir. Balda kul, proteinler ve
bazi kompleks sekerlerin miktari arttikca elektriksel
iletkenlik de artar. Bu nedenle balin elektriksel
iletkenligi iyonlarin, organik asitlerin ve proteinlerin
varligini ortaya koyar (da Silva vd. 2016, Yucel ve
Sultanoglu, 2013). Elektriksel iletkenlik ayni
zamanda balin bitkisel kaynagi ile icerdigi kul
miktarini belirlemede de kullanilir. Balin ihtiva ettigi
kul miktari ve asitligi arttikga elektriksel iletkenligi de
artis gosterir (Ferek 2016, Nombre vd. 2010).

Farkli arastirmacilar farkli bal tiplerinin elektriksel
iletkenligini incelemiglerdir. incelenen bal
orneklerinin elektriksel iletkenligi degerlerini Akgun
vd. (2021) ortalama 1.13 mS/cm, Balo$ vd. (2018)
0.08-1.99 mS / cm, Belli (2019) 0.63-1.67 mS/cm,
Berhanu vd. (2022) ortalama 0.41 mS/cm, Manolova
vd. (2021) 0.23 — 0.48 mS/cm, Ferek (2016) 0,892-
1,838 mS/cm, Gurbluz vd. (2020) ortalama 0.21
mS/cm, Kambur vd. (2015) 0.28-0.80 mS/cm,
Malko¢ (2019) 0.26-1.25 mS/cm, Ugak Kog¢ vd.
(2017) hayit, cicek ve gam ballarinda sirasiyla 0.42,
0.73 ve 1.17 mS/cm, Chirsanova vd. (2021)
aycicegi, kolza tohumu, manna ve poliflora
ballarinda sirasiyla ortalama 371, 161, 775 ve
355uS/cm, Yurt ve Cakir (2020) ortalama 0.17
mS/cm, Boussaid vd. (2014) 0.39 (kekik) — 0.89 mS/
cm (portakal), Karatas vd. (2019) 0.15-1.41 uS/cm
arasinda, Ylcel ve Sultanoglu (2013) 0.17-1.04
mScm?, Kilic vd. (2016) 0,18 ms/cm-1 - 0,25 ms/cm-
1, Kanbur vd. (2021) 189.66 — 328.05 uS/cm (yayla
ball) ile 559.30-714.06 (kestane bal)) pS/cm
arasinda ve Guzel ve Savags Bahcgeci (2020)
ortalama 350 pS/cm (205-674) olarak tespit
etmiglerdir. Can vd. (2015), en yiksek elektrik
iletkenligini kestane balinin gdsterdigini, bunu ¢am
balinin takip ettigini belirtmislerdir. Akasya (Robinia
pseudoacacia), lavanta (Lavandula sp.) ve geven
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(Astragalus sp.) gibi agik renkli ballarin daha digik
iletkenlik godsterdigini vurgulamiglardir. Elektriksel
iletkenlik, balin bitki kdkeni hakkinda bilgi veren bir
parametredir (Chirsanova vd. 2021, Ciftci 2014).
Nektarin kaynagina ve balin protein miktarina bagh
olarak degisir (Ciftci 2014). Cicek veya salgi balini
birbirinden ayirt etmede kullanilan en énemli kriter
balin elektriksel iletkenligidir (Ciftci 2014, Ferek
2016, Nombre vd. 2010).

Genellikle salgi ballarinin elektriksel iletkenligi gicek
ballarindan daha yuksektir (Ciftci 2014). Yodun ¢am
agagclarinin bulundugu alanda yapilan bir calismada
(Karatas vd. 2019), kekik ve funda ballarina salgi
karismasindan dolayi iletkenlik seviyesinde artisa
neden oldugu vurgulanmistir. Yapilan bu ¢alismada
elde edilen sonugclar ile yukarida verilen calisma
sonuglarinin farkhlik géstermesi farkli bal gesitleriyle
¢alisiimasindan kaynaklanmaktadir. Bal
endustrisinde, balin kalitesi genel olarak diastaz
sayisi ve HMF icerigine gére de degerlendirilir.
Enzimler, balin 6nemli bilesenlerindendir. Isiya karsi
duyarli olduklari igin beslenme yéniinden de balin
kalitesini belirlemektedirler. Diastaz balda dogal
olarak bulunur ve diastaz sayisi balda énemli kalite
kriterlerinden birisidir. Isiya daha duyarli oldugu igin
bala 1sil islem uygulanip uygulanmadigi, diastazin
miktarindaki azalmadan tespit edilebilir. Nisastayi
parcalayan diastaz enzimi nektara olgunlagsma
esnasinda bal arisi tarafindan ilave edilir. Fakat
diastaz enzimin bir kisminin bitki kaynakli oldugu
bilinmektedir (Belli 2019, Ferek 2016).

Bu iki parametre, bal tagsisinin, uygulanan sl
islemin yogunlugunun ve depolama sicakhginin
tahmin edilmesinde kullanilan en kritik
parametrelerdir (Ferek 2016). Yapilan bir calismada
(Flanjak vd. 2022), farkli iki 1sil igslem (45 °C/48 saat
ve 65 °C/6 saat) uygulanan adagay!r (Salvia
officinalis L.) balinin iki yil depolama sireci
sonucunda balin igerik degisimi incelenmistir. Bala
kisa sireli yiksek sicaklik (65 °C/6 saat) isil islem
uygulamasi enzim aktivitesini azaltmistir. Balda hem
diastaz kaybi hem de ylksek diastaz miktar
istenmeyen bir durumdur. Diastaz sayisinin yuksek
olmasi balda asitligi arttiracadi icin daha hizl
fermantasyon meydana gelebilmektedir (Ferek
2016).

Turkiye'nin Ordu ili bal 6rneklerinin diastaz sayisi en
yuksek multifloral balda (26.17), en dusik ise
Rhododendron balinda (11.47) tespit edilmistir
(Akgin vd. 2021). Mugla iline ait bal drneklerinin
diastaz sayisi 3.38-13.18 arasinda bulunmustur

99



ARASTIRMA MAKALESI / RESEARCH ARTICLE

(Belli 2019). Dadal (2021) hayit balinin diastaz
sayisini 20.14-27.13 arasinda bildirmistir. Cam bali
drneklerinin incelendidi calismada diastaz degerleri
9- 21 arasinda bulunmustur (Ferek 2016).
Tarkiye’nin Bingdl ilinden elde edilen bal érneklerinin
diastaz sayisi ortalama 18.39 olarak bildirilmistir
(Bengu ve Kutlu 2018). Yapilan baska ¢alismalarda
bal érneklerinin diastaz sayisini; Glrbuz vd. (2020)
ortalama 10.68, Kilic vd. (2016) 10.0-26.1 mg/100 g,
Ciftci ve Parlat (2018) 12.86-22.45, Ucak Kog vd.
(2017) 23.15-27.30, Kambur vd. (2015) 8.45-14.29,
Yagar ve S6gutlt (2020) ortalama 22.5, Simsek vd.
(2012) 8.71-31.75, Manolova vd. (2021) 9.00-20.80,
Ozcan ve Olmez (2014) %10.9-17.9, Glzel ve
Savas Bahgeci (2020) ortalama 16.4 (0.1-32.2) ve
Karatas vd. (2019) 3.44-17.26 g/100g arasinda
bildirmislerdir.

Bal 6rneklerinin incelendigi bu ¢alismada 6 adet bal
orneginin diastaz sayisinin yasal limitlere uymadigi
tespit edilmistir (Tablo-3). Dogada bulunan 20 farkli
aminoasitten 18 tanesi balda bulunmaktadir. Prolin,
nektarin bala donidsmesi esnasinda bal arilari
tarafindan balin yapisina katilan tek aminoasittir.
Baldaki aminoasitlerin %50- 85’ini prolin olusturdugu
icin balin protein icerigi genelde prolin miktari olarak
belirtiimektedir. Prolin miktari balda safligin bir
kriteridir ve tagsis yapilmis ballarda bu degder daha
dusutk g¢ikmaktadir (Ferek 2016). Calismada prolin
ile fruktoz (R?>=-0.917, P<0.01, Tablo-5) ve prolin ile
fruktoz/glukoz orani (R?= -0.708, P<0.05, Tablo-5)
arasinda gugli negatif bir korelasyon tespit
edilmistir. Fruktoz/glukoz orani ballarda kristallesme
egilimi ve balin orijini hakkinda bilgi vermektedir.
Fruktoz miktarinin fazla olmasi balin daha tath ve
lezzetli olmasini saglamaktadir. Fruktoz orani diger
bilesenlerle dengeli olmaldir. Balda prolin dizeyi
balin nektar kaynagdina, bolgeye, floraya ve balin
Uretildigi mevsime gore degisiklik gdstermektedir (da
Silva vd. 2016, Tabay Simbdil 2024).

Bu nedenle, balarisinin tarlacilik faaliyetine bagl
olarak kaliteli bir balin dogal olarak ylksek miktarda
prolin icermesi ve fruktoz oraninin diger bilesenlerle
dengeli olmasi beklenmektedir. Ferek (2016) Mugla
ilinden toplanan ¢am bali drneklerinin  prolin
degerlerini 388- 682 mg/kg arasinda
(ortalama=522,87 mg/kg) bildirmigtir. Bal
orneklerinde prolin degerlerini Kilic vd. (2016) 414.2
— 880.8 mg/kg, Akgiin vd. (2021) en yiksek 758,56
mg/kg, en disik ise 377.00 mg/kg (Acacia balinda)
olarak bildirmiglerdir.
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Bagka calismalarda prolin degerlerini Belli (2019)
158.45-1217.45 mg/kg arasinda, Ugak Kog¢ vd.
(2017) 980 mg/kg (hayit bali) ve 922 mg/kg (gigek
bali), Malkog vd. (2019) ortalama 807,57 mg/kg
(karagal balr), Manolova vd. (2021) 218.50 — 679.50
mg/kg (aygicegi bali) arasinda, Ciftci ve Parlat
(2018) 487.81-699.05 mg/kg, Karatas vd. (2019)
204.06-1588.93 mg/kg arasinda, Girbiz vd. (2020)
ortalama 420 mg/kg, Terrab vd. (2002) ortalama 227
mg/100 g (salgl bali), Boussaid vd. (2014) 39.62
(biberiye) — 102.60 mg/kg (okaliptlis) arasinda ve
tozowicka vd. (2021) 70.8-461.4 mg/kg arasinda
bildirmiglerdir. Bu c¢alismada, incelenen bal
orneklerinin HMF degerleri 1.51 mg/kg — 267.65
mg/kg arasinda degismis, 3 adet bal 6rneginin ve bal
orneklerinin ortalamasinin  (47.18 mg/kg) yasal
limitlere uymadigi belirlenmistir (Tablo-3). Tirk Gida
Kodeksi’'nin 2020/7 sayili Bal Tebligi'ne gére balda
HMF, en fazla 40 mg/kg olmaldir (Turk Gida
Kodeksi Bal Tebligi 2020).

HMF taze ballarda ¢ok az miktarda bulunur ve balda
yuksek miktarlarda bulunmamasi gerekmektedir.
Balda HMF miktarinin artmasina, bala isil islem
uygulama, balin depolanma siresi, depo ortaminin
sicakligi ve balin pH’1 etki etmektedir. Balda HMF
miktarinin artmasi, diastaz ve invertaz enzimlerinin
azalmasi ve fermantasyon olayinin artmasi gibi
istenmeyen durumlar ortaya c¢ikabilmektedir (Belli
2019, Ferek 2016, Smetanska vd. 2021). HMF
dizeyi ve diastaz aktivitesi balin kalitesini
belirlenmesinde uzun zamandir kullanilan 6nemli
parametrelerdir (Glzel ve Savas Bahgeci 2020,
Karadal ve Yildinm 2012). Bu ytuzden HMF balin
kalitesini  belirlemede kullanilan en  énemli
kriterlerden biridir (Belli 2019, Ferek 2016). Boussaid
vd. (2014) inceledikleri tim bal 6&rneklerinin,
incelenen  parametreler bakimindan  Avrupa
Mevzuatina (EC Direktifi 2001/110) uygun oldugunu
ve oOrneklerin HMF deg@erinin 12.07-27.43 mg/kg
arasinda degistigini bildirmislerdir. Arastirmacilar
tarafindan incelenen bal 6rneklerinde HMF icerigini
Belli (2019) 0-93,8 mg/kg, Dadali (2021) 0.09-1.31
mg/kg, Gurbliz vd. (2020) ortalama 18,5 mg/kg,
Ozenirler vd. (2018) 1.73 ppm, Bengii ve Kutlu
(2018) %36.37, Smetanska vd. (2021) 3.69 - 22.47
arasinda, Yasar ve So6gutli (2020) 45.148 mg/kg,
Yurt ve Cakir (2020) 39.85 mg/kg, Berhanu vd.
(2022) ortalama 9.46 mg/kg, Ozcan ve Olmez (2014)
1.34-31.28 mg/kg, Terrab vd. (2002) 3.20-52.60
mg/kg, Bobis vd. (2020) 1.5-40 mg/kg, Ghramh vd.
(2020) 0.13 mg/kg, Kambur vd. (2015) 10.50-36.02
mg/kg, Gengay Celemli (2021) 0,7- 11,31 ppm
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degerinde, Guzel ve Savas Bahgeci (2020) 3.5 (0.3-
36.5) mg/kg, Manolova vd. (2021) 0.69 -
12.40mg/kg, Kilic vd. (2016) 6,5 mg/kg - 20,8 mg/kg,
Akgiin vd. (2021) 11.83 mg/kg ve Uniibol Aypak vd.
(2019) ortalama 26.94 mg/kg degerinde
bildirmislerdir. Su muhtevasi balin en blyuk ikinci
bilesenidir (Bobis vd. 2020).

Balin su igerigi, bal arisi tarafindan nektarin
olgunlastirimasindan sonraki miktaridir. Nektarin
bitkisel ve cografi kokeni, toprak oOzellikleri, iklim
kosullari, hasat sirasindaki kosullar, olgunlagma
derecesi, hasat ve depolamada aricilar tarafindan
uygulanan yontemler balin  su muhtevasini
etkilemektedir. Su muhtevasi, balin depolanmasi
sUresince fermentasyonun o©nlenmesi ve balin
dayanikhhdi agisindan 6nem tasimaktadir (Belli
2019, Bobis vd. 2020, Ferek 2016, Smetanska vd.
2021). Ozmofilik mayalar yliksek oranda neme sahip
ballarda canlihgini siirdirebilmekte ve sonug olarak
balin bozulmasina sebep olmaktadir. Diger yandan
olgunlasmis bal nem igerigi dusuk oldugu igin
mikroorganizmalarin gelisimine uygun bir ortam
olusturmamaktadir (Ferek 2016).

incelenen bal 6rneklerinin su muhtevasi yasal
limitlere uygun oldugu tespit edilmistir (Tablo-3).
Yapilan galismalarda farkh bal tipi orneklerinin su
muhtevalari tespit edilmistir. Bal 6rneklerinde su
muhtevasi; Belli (2019) %14.64-20.88, Dadali
(2021) %16.30-17.50, Gurblz vd. (2020) ortalama
%15.91, Akgiin vd. (2021) en yiksek Rhododendron
balinda (%18.89), en dusik ise Akasya balinda
(%17.99), Ucak Kog vd. (2017) %15.95 (hayit bali),
%16.86 (cicek bal), %17.11 (¢cam bali), Manolova
vd. (2021) %15.60-19.30, Yurt ve Cakir (2020)
ortalama % 15.06, Cift¢i ve Parlat (2018) %15.48-
17.63, Boussaid vd. (2014) %17.27 (biberiye) -
19.80 (nane) arasinda, Kambur vd. (2015) %16.20-
19.40, igli (2022) %9.8-17.8, Ozenirler vd. (2018)
ortalama %14.9, Malkog vd. (2019) %12-16, Karatas
vd. (2019) %15.04-19.52, Smetanska vd. (2021)
%19.10-19.30, Berhanu vd. (2022) ortalama
%18.93, Bengu ve Kutlu (2018) ortalama %15.39,
Guzel ve Savas Bahgeci (2020) %16.9 (14.5-21.7)
civarinda, Keskin vd. (2020) %15.8-19.5, Ozenirler
vd. (2019) %13.5-18.3, Ozcan ve Olmez (2014)
%17.1-20.0, Gengay Celemli (2021) %15,8-18,8,
Kanbur vd. (2021) %15-22 (gigek bali) ve %18-20
(kestane), Chirsanova vd. (2021) 18.0 -19.4 g/100g
arasinda, Kilic vd. (2016) %15.44-17.28 arasinda,
Bobis vd. (2020) %11- 20 (okaliptis) ve Ferek (2016)
%15.6-18.0 arasinda bildirmislerdir.
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Balin kuru maddesinin % 95- 99'unu sekerler
olugturur. Bunun % 85- 95'ini fruktoz ve glukoz
sekerleri meydana getirir. Sakkaroz, maltoz,
izomaltoz, erloz, kestoz, melezitoz, refinoz, ve
dektroz bal igerisinde tespit edilen diger sekerlerden
bazilaridir (Ferek 2016). Monosakkaritler, balda
bulunan en yaygin karbonhidratlardir. Balda en fazla
fruktoz (yaklasik %38,5) ve glukoz (yaklasik %31,0.)
bulunur (da Silva vd. 2016). Bala tadini veren bu iki
monosakarit, bitkilerin nektarlarinda veya bitkiler
Uzerinde yasayan bdceklerin salgilarinda bulunan
sakkarozun invertaz enzimi ile inversiyona ugramasi
sonucu meydana gelmektedir (Ferek 2016).

Cezayir, Arjantin, Brezilya, Etiyopya ve ispanya'da
yapilan ¢aligsmalarda sakkarozun yani sira okaliptls
balinda cesitli disakkaritler tanimlanmistir. Bu balda
en vyaygin olarak bildirilenler arasinda erlos,
melezitoz, panoz, maltotrioz ve rafinoz olmak Uzere
onemli bir trisakkarit grubu da bildirilmistir (Bobis vd.
2020). Yedi adet bal 6rneginin incelendigi calismada
bakilan parametreler bakimindan ballarin Turk Gida
Kodeksi ve TS 3036 kriterlerine uydugu bildirilmistir
(Ates ve Yasar 2020).

Cesitli bal &rneklerinin incelendigi calismalarda
drneklerin seker oranlarini Kilic vd. (2016) %69.09-
%75.28 ve igli (2022) ortalama %67.87 (%46.2-81.6)
oraninda bildirmislerdir. Farkli arastirmacilar farkli
bal tiplerinin fruktoz oranlarini incelemislerdir.
incelenen bal érneklerinin fruktoz oranini Giizel ve
Savas Bahgeci (2020) %35.3 (31.5-39.1), I¢li (2022)
%21.5-43.0, Yurt ve Cakir (2020) % 38.62, Gencay
Celemli (2021) 26.43-35.579/100g, Ferek (2016)
%28.6-35.6, Mahmood ve Abbas (2020) dogal,
sekerli ve endustriyel balin fruktoz oranini sirasiyla
%51.86, %36.86 ve %31.27, Ghramh vd. (2020)
%33.10-%44.77, Kambur vd. (2015) %30.27-32.73,
Kanbur vd. (2021) yayla ve kestane ballarinda
siraslyla fruktoz icerigini 40.91-53.94 g/100 g ve
44.65-53.88 g/100 g, Ozenirler vd. (2018)
karahindiba monofloral balinin fruktoz % 46.02,
Malkog vd. (2019) fruktoz degeri min %30 ve max
%38 ve Kilic vd. (2016) 27.9 mg/100 g — 41.3 mg/100
g bildirmigtir.

Ozkok vd. (2021) Tunceli/Tirkiye bal érneklerinin
fruktoz degerlerini  25.97-43.44 @/100g olarak
bildirmiglerdir. igli (2022) inceledigi markasiz 22 bal
orneginde glukoz oranini %17.5-38.9, Yurt ve Cakir
(2020) 30 adet suzme gicek ballarinin
incelenmesinde glukoz % 32.46 + 2.24 olarak, Ferek
(2016) 15 adet ¢am bali 6rneginin incelendigi
g¢alismada, glukoz orani % 22.1- 28.76, Kanbur vd.
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(2021) vyayla ballarinda ve Kkestane ballarinda
glukozu sirasiyla 27.56-40.95 g/ 100 g ve 24.91-
30.14 g/100 g olarak, Kambur vd. (2015) Yigilca bal
orneklerinde  glukoz igerigini  %23.13-26.97,
Ozenirler vd. (2018) karahindiba monofloral balinin
glukoz degerini % 35.21, Ozkok vd. (2021) Tunceli
bal o&rneklerinin glukoz degerlerinin; 21.84-45.6
g/100g arasinda, Ghramh vd. (2020) glukoz degeri
%26.68-%37.91, Gilzel ve Savas Bahgeci (2020)
%30.4 (26.0-34.3) ve Gencgay Celemli (2021)
Tarkiye'nin Rize ili Ayder ilgesinde uretilen 20 adet
balin glukoz degerlerini 20.11-30.58 g/100g
(ortalama: 26.83 g/1009) olarak tespit etmislerdir.

Sukroz miktari balin olgunlugunun belirlenmesinde
Onemli bir parametre olarak degerlendirilir. Baldaki
sukroz analizi, balin sahteciligi konusunda da bilgi
verir. Nektar igindeki sukroz bal arisinin bal
midesinde invertaz enzimiyle glukoz ve fruktoz
monosakkaritlerine dénisir. Balda sukroz diizeyinin
yiksek olmasi bala seker katkisindan olabilir veya
erken hasat dolayisiyla, sukrozun, glukoz ve
fruktoza tam olarak donulstirdlememis olmasindan
da kaynaklanabilir. Diger taraftan, bal arilarinin
yogun sekilde seker surubu ile beslenmesi de
benzer bir sonu¢ dogurabilir (Ferek 2016, Guzel ve
Savas Bahgeci 2020). Nitekim, balin igerigindeki
sukroz miktari olgunlasma derecesine goére
dedismektedir ve zamanindan 6nce hasat edilen
ballar fazla miktarda sukroz icerirler.

Ghramh vd. (2020) inceledigi 6 bal 6rneklerinde
sakkaroz tespit edememis, bir unifloral bal 6rneginde
%0.25 ve multifloral bal 6rneginde %3.25 olarak
bulmuslardir. Kambur vd. (2021) yayla ballarinin ve
kestane ballarinin sirasiyla sakkaroz iceriklerini
0.021-0.107 g/100 g ve 0.01-0.05 g/100 g olarak
bildirmislerdir. Mugla ilinde farkh lokasyonlarinda
bulunan Pinus brutia Tenore Uzerinde yasayan
Marchalina hellenica salgisindan Uretilen 15 adet
¢am bali érneginin incelendigi ¢calismada, sakkaroz
orani % 0- 2.1 olarak tespit edilmistir (Ferek 2016).
Bitlis ili Hizan ilgesinde 20 farkli lokasyondan alinan
bal  drneklerinin  gesitli  kimyasal  6zellikleri
incelenmistir. iki bal 6érnegdi disinda higbir bal

Oorneginde  sakkaroz  bulunmamasi, arilarin
beslenmesinde seker kullanilmadigini  ortaya
koydugu vurgulamiglardir. Sonuglarin AB

standartlarina ve Turk Gida Kodeksi Bal Tebligi'ne
uygun oldugu ifade edilmistir (Kilic vd. 2016).

Etiyopya bal érneklerinin incelendigi bir ¢alismada
balin indirgeyici seker (%70.46) ve sakkaroz (%2.75)
degerlerinin  distk oldugu bulunmus olup, bu
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degderin Etiyopya balinin kaliteli oldugunu gdsterdigi
vurgulanmistir (Berhanu vd. 2022). Bagka bir
calismada, Samarra-Salah al-din-lrak'ta 3 bal tipi
(dogal, sekerli ve endustriyel bal) 0Ornegi
incelenmigtir. Elde edilen sonuglara gore sirasiyla
dogal, sekerli ve endistriyel balin sakkaroz orani
%4.07, %34.99 ve %33.88 olarak tespit edilmistir
(Mahmood ve Abbas 2020). Corum yoéresinin 47 bal
orneginde sukroz %0.34 (<0.05-4.64) olarak tespit
edilmistir (Glzel ve Savas Bahgeci 2020). Dadal
(2021) hayit balinin sukroz igerigini 1.03-3.27 g/100
g arasinda bildirmigtir. Kambur vd (2015) Yigilca
doért bal 6érneginde sakkaroz oranini %0.16-0.34
arasinda oldugunu belirtmistir. Manolova vd. (2021)
Bulgaristan'dan alinan 27 aycicegi bali drneginin
sakkaroz igerigini %0.50 — 3.70 ve indirgeyici
sekerleri %72.51 — 80.80 arasinda bildirmiglerdir. igli
(2022) inceledigi markasiz bal 06rneklerinde
sakkaroz oranini ortalama %0.18 olarak bildirmistir.
Sakkaroz igeriginin higbir ornekte %5'lik sinir
degerini asmadidini  vurgulamistir. Baska bir
¢alismada (Gurbuz vd. 2020)

Tarkiye'nin Gineydodu Anadolu Bélgesi'nde Uretilen
68 adet bal 6rneginin balin fizikokimyasal kalite
Ozellikleri arastinimigtir. Bal drneklerinin ortalama
sakkaroz degeri %0,90 olarak bulunmustur. Tim
Oornekler sakkaroz icin Turkiye'de belirlenen
uluslararasi  standartlart  ve vyasal limitleri
karsilamistir. Smetanska vd. (2021) inceledikleri bal
orneklerinde sakkaroz igerigini %2.07-6.38 arasinda
bulmustur.

Kambur vd. (2015) Yidilca bal érneklerinin maltoz
oranini %0.80-1.39 arasinda bildirmistir. Mugla
ilinde farkh lokasyonlarinda bulunan Pinus brutia
Tenore Uzerinde yagsayan Marchalina hellenica
salgisindan Uretilen 15 adet ¢am bali 6rneginin
incelendigi calismada (Ferek 2016), maltoz orani
%0.02-0.65 arasinda Dbildirilmigtir. Ghramh vd.
(2020) inceledigi bal 6rneklerinin maltoz ortalama
degerini %0.37-%2.97 arasinda aciklamistir. Kilic
vd. (2016) inceledigi bal érneklerinin sadece ¢ok az
ornekte 2.7 mg/100 g ve 2.1 mg/100 g miktarinda
maltoz tespit edildigini bildirmistir. Glrblz vd. (2020)
bal 6rneklerinin maltoz ortalama degerini %2.88
olarak bulmuslardir. Balda bulunan karbonhidratlarin
neredeyse tamamina yakinini (%8%’ini) fruktoz ve
glukoz olusturmaktadir. Bazi ballarin seker igerikleri
ve oranlari kaliteyi belirlemede ayirt edici bir 6zelliktir
(Belli 2019, Glizel ve Savas Bahgeci 2020).

Belli (2019) inceledigi bal drneklerinde taklit ve
tagsis gibi hileli durumlarin  olup olmadigini
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arastirmak  amaciyla yaptigi calismasinda
Fruktoz+Glukoz degerini 41.61-64.85 g/100g
arasinda tespit etmistir. Kilic vd. (2016)

fruktoz+glukoz miktarini 67.5 g/100 g — 75.9 g/100 g
arasinda belirlemiglerdir. Gulrbiz vd. (2020)
inceledikleri bal o&rneklerinin ortalama fruktoz +
glukoz degerlerini %70.97 olarak bildirmiglerdir.
Ucak Kog vd. (2017) hayit, cicek ve gam ballarinda
sirasiyla glukoz+fruktoz oranini %73.76, %60.92 ve
%60.9 olarak bulmuglardir. Yurt ve Cakir (2020)
inceledikleri 30 adet sizme c¢icek ballarinin
glukoz+fruktoz miktarini % 71.09 civarinda tespit
etmiglerdir. Kambur vd. (2015) Yigdilca bal
orneklerinde fruktoz+glukoz igerigini %53.67-59.61
arasinda bildirmislerdir. igli (2022) bal érneklerini
inceledigi c¢alismasinda bir kalite kriteri olan
fruktoz+glukoz icerigini ortalama %67.69 olarak
belirlemistir. Ciftci ve Parlat (2018) farkli firmalara ait
cicek ballarinin fruktoz+glukoz orani (%); 70.39,
73.39, 73.52, 65.20 ve 70.30 olarak belirlemistir.
Toplam glukoz+fruktoz oranini Ozcan ve Olmez
(2014) %51.31-68.30, Guzel ve Savas Bahgeci
(2020) %65.8, Karatas vd. (2019) %62.02-74.90
olarak bildirmiglerdir. Kristallesme balin su icerigi ve
fruktoz ile glukoz arasindaki oran ile ilgilidir (Ciftci ve
Parlat 2018, Kambur vd. 2021).

Cetin vd. (2011) ve Ciftci ve Parlat (2018)
fruktoz/glukoz orani arttikga balin kristallesme
egiliminin azaldigini  belirtmiglerdir. Sakkaroz
miktarinin balin olgunlasma derecesine ve nektar
icerigine goére degisiklik gosterdigi, cok erken hasat
edilen olgunlagsmamis ballarda sakkaroz degerinin
daha yuksek oldugu vurgulanmaktadir (Kambur vd.
2021). Yapilan gesitli ¢alismalarda farkli bal tipi
Orneklerinin  fruktoz/glukoz orani incelenmistir.
Fruktoz/glukoz oranini gi¢ek ballarinda Yurt ve Cakir
(2020) 1.20, Kilic vd. (2016) 1.19 g/100 g — 1.28
g/100 g, igli (2022) 1.23, Kambur vd. (2015) 1.18-
1.32, Ozkok vd. (2021) 0.83-1.13, Ugak Kog¢ vd.
(2017) sirasiyla hayit, gicek ve ¢am ballarinda
%1.16, %1.15 ve %1.36, Ozenirler vd. (2018)
karahindiba balinda 1.3, Glzel ve Savas Bahgeci
(2020) 1.16 (1.03-1.24), Kambur vd. (2021) ortalama
1.43 (yayla bali)) ve 1.76 (kestane bali), Gengay
Celemli (2021) 1.03-1.34, Cift¢ci ve Parlat (2018)
firma ballarinda 1.06, 1.09, 1.09, 1.19, 1.09, Cetin
vd. (2011) market ballarinda 1.01-1.85 ve Keskin vd.
(2020) 0.96-1.19 arasinda bildirmislerdir.

Ballarin seker icerikleri ve oranlari genellikle kaliteyi
belirlemede ayirt edici bir 06zellik olarak
kullaniimaktadir. Bal 6rneklerinin Tablo-4’te verilen
seker kompozisyonlari incelendiginde, fruktoz
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ortalama degeri %31.85 ve glukoz ortalama degeri
%25.84 olarak belirlenmistir. Orneklerde tespit
edilen sakkaroz ve maltoz de@erlerinin yasal limitlere
uygun oldugu bulunmustur. Balin orijini, dogal ve
gercekligini belirlemek amaciyla fruktoz ve glukoz
miktarlari ile fruktoz /glukoz orani kullaniimaktadir.
Fruktoz/glukoz oraninin ortalama degerinin (1.34)
yasal limitlere uygun oldugu, ancak 5 adet bal
drneginin yasal limitler disinda oldugu tespit
edilmistir. Bal 6rneklerinin fruktoz+glukoz ortalama
degerinin (%57.69) yasal limitler (%60 <) altinda
kaldigi, sadece 4 bal érneginin yasal limitlere uygun
oldugu Dbelirlenmigtir  (Tablo-4). Elde edilen
sonuglara gore fruktoz/glukoz orani ile fruktoz
arasinda pozitif bir korelasyon tespit edilmistir (R2=0.
810, p<0.01, Tablo-5). Bala tat veren fruktoz ve
glukoz, bitkilerin nektarlarinda veya bitkiler tizerinde
yasayan boceklerin salgilarinda bulunan sakkarozun
invertaz enzimi ile inversiyona ugramasi sonucu
meydana gelmektedir. Arilarin tarlacilik faaliyetleri
neticesinde bu sekerler balda belli oranlarda
bulunmalidir. incelenen bal &rneklerinden elde
edilen veriler ticari ballarin bazilarinin Turk Gida
Kodeksi Bal Tebliginin (2020) belirledigi yasal
limitlere uymadigi belirlenmigtir.

Sonug: Calismada 6 adet monofloral etiketli ve 3
adet multifloral etiketli ticari ballarin
melissopalinolojik ve fiziko-kimyasal 6zellikleri
incelenmigtir. Melissopalinolojik analiz sonucunda 6
adet monofloral olarak etiketli bal 6rneklerinin
yalnizca 1 adetinin monofloral oldugu, 5 adetinin ise
multifloral oldugu tespit edilmistir. Ayrica bal
Orneklerinin 2 adetinin tagsisli bal oldugu ve nisasta
icerdigi tespit edilmistir. Ug adet bal dérneginin HMF
ve diastaz sayisinin degerlerinin TUrk Gida Kodeksi
Bal Tebliginin (2020) belirledigi yasal limitlere
uymadigi, o 13C, balda protein ve ham balda & 13C
farki, d I13C degerinden hesaplanan C4 seker orani,
serbest asitlik, su muhtevasi, fruktoz, glukoz, sukroz,
maltoz ve fruktoz/glukoz ortalama degerlerinin yasal
limitlere uygun oldugu belirlenmigtir. Balda yapilan
taklit, tagsis veya balin muhafazasi sirasinda
yapilan yanlis uygulamalar balin besin degerini
dusurerek tuketicilerin saghigini olumsuz
etkilemektedir. Tuketici saglhigini korumak igin Turk
Gida Kodeksi Bal Tebligine (2020) uygun Uretilmis
ballarin tiketime sunulmasi son derece énem arz
etmektedir.

Cikar catismasi: Yazarlar arasinda herhangi bir
¢ikar gatismasi bulunmamaktadir.
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Etik durumu: Calismanin yuratilmesi esnasinda
hayvan veya insan deneyleri yapiimamistir.

Finansman: Yazarlar fonunun

olmadigini beyan eder.

herhangi bir

Mali Kaynak: Yazarlar herhangi bir fonunun
olmadigdini beyan eder.

Veri kullanilabilirligi: Mevcut ¢alismada kullanilan
veriler talep edilmesi halinde yazarlardan temin
edilebilir.

Yazar katkilari: SK: Verilerin elde edilmesi ve
yorumlanmasi, makale yazimi ve editi; OSA:
Melissopalynolojik laboratuvar ¢alismalari. Yazarlar
bu makalenin versiyonunu okumus ve kabul
etmislerdir.
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ABSTRACT

This study presents the results of pollen analysis on honey samples collected from 85 different
locations across all districts of Trabzon, Tlirkiye, during the months of June to October between 2009
and 2012. A total of 50 pollen taxa were identified, including 23 families, 25 genera, and 2 species. The
most dominant pollen type was Castanea sativa, found in 65 samples, reflecting the regional floral
characteristics. Lamiaceae was dominant in only one sample. Secondary pollen types commonly
observed included Apiaceae, Asteraceae, Brassicaceae, Carduus, Cistus, Cynoglossum, Fabaceae,
Hedysarum, Laurus nobilis, Rhododendron, and Rosaceae. Four samples were classified as
monofloral honeys, all identified as Castanea sativa honey. Rhododendron, known for its toxic effects
when present above a certain threshold in honey, was detected in 48 samples, indicating the necessity
of evaluating these honeys in terms of consumer health. TPN-10 ranged from 2,845 to 1,525,683 per 10
g of honey. Correlation analysis showed that floral diversity increased with altitude, while cluster
analysis indicated that total pollen count was the most influential factor in sample classification. These
findings underline both the rich botanical diversity of Trabzon honeys and the impact of ecological
variables on honey composition.

Keywords: Botanical origin, Castanea sativa, Melissopalynology, Rhododendron, Total pollen number

oz

Bu calismada, 2009-2012 yillari arasinda Trabzon ilinin tiim ilgelerinde, Haziran-Ekim aylarinda 85 farkl
bolgeden toplanan bal 6rnekleri lizerinde polen analizi gergeklestirilmistir. Yapilan analizler
sonucunda, 23 familya, 25 cins ve 2 tiir diizeyinde olmak lizere toplam 50 taksona ait polen varlgi
tespit edilmistir. Bolgenin karakteristik tiirlerinden Castanea sativa, 65 6rnekte dominant polen olarak
en yiiksek orana ulagmistir. Lamiaceae familyasi ise yalnizca bir 6rnekte dominant olarak saptanmistir.
Sekonder polen grubunda ise Apiaceae, Asteraceae, Brassicaceae, Carduus, Castanea sativa, Cistus,
Cynoglossum, Fabaceae, Hedysarum, Lamiaceae, Laurus nobilis, Rhododendron ve Rosaceae
taksonlari 6ne ¢ikmistir. incelenen érneklerin 4ii monofloral bal olarak siniflandiriimis ve tamami
Castanea sativa bal olarak tanimlanmistir. Balda belli bir miktarin tizerinde bulundugunda zehirleme
etkileriyle bilinen Rhododendron cinsine ait polenler 48 6rnekte belirlenmis, bu durum balin tiiketici
saghg! acisindan degerlendirilmesi gerektigini gostermistir. TPS-10 g degerine goére polen sayilari
2.845 ile 1.525.683 arasinda degismistir. Korelasyon analizleri, rakim yiikseldikge balin floristik
cesitliliginin arttigini ortaya koyarken; kiimeleme analizinde orneklerin siniflandiriimasinda en
belirleyici unsur toplam polen sayisi olmustur. Bu bulgular, Trabzon balinin floristik zenginligini ortaya
koyarken, ayni zamanda ekolojik degiskenlerin bal kompozisyonu iizerindeki etkilerini de net bir
sekilde gozler 6niine sermektedir.

Anahtar kelimeler: Botanik kdoken, Castanea sativa, Melissopalinoloji, Rhododendron, Toplam polen
sayisi
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GENISLETILMiS OZET

Girig: Balin polen igerigi, Uretim alaninin floristik
kompozisyonuyla dogrudan iligkilidir.  Tarkiye,
iklimsel cesitliligi ve 12.000’i askin bitki tartyle
aricilik agisindan son derece yuksek bir potansiyele
sahip bir Glkedir. Ancak, bitki ¢esitliliginin bilinmesine
ragmen, bu bitkilerden hangilerinin bal Gretimine ne
Olciide katki sagladigi konusunda yeterli diizeyde
detayli ve bdlgesel temelli bilimsel calismalara
ihtiyag  duyulmaktadir.  Bitki  ¢esitliliginin  bal
Uretimindeki rolini degerlendirmede en etkili
yoéntemlerden biri melissopalinolojik analizlerdir. Son
yilllarda Turkiye'de uretilen ballar Uzerine yapilan
palinolojik arastirmalarin sayisinda artis
g6zlemlenmekte; bu calismalar sayesinde, nektar
kaynag! bitki tdrlerinin belilenmesi ve Uretilen
ballarin kalite  standartlarinin yikseltiimesi
amaclanmaktadir. Bu c¢alismanin temel amaci,
Trabzon il merkezi ve bagl ilgelerden toplanan 85
adet bal érneginin polen iceriklerini analiz ederek,
bélge ballarinin botanik kdkenini ve kalite duzeyini
ortaya koymaktir.

Gere¢ ve Yontem: Bal o&rnekleri, Trabzon il
merkezinden ve tim ilgelerinden 2009-2012 vyillari
arasinda Haziran-Ekim aylari arasinda Ureticilerden
temin edilmistir. Toplanan bal érneklerinden kalitatif
ve kantitatif melissopalinolojik analizler igin
preparatlar hazirlanmistir (Louveaux et al. 1978).
Homojenize edilmis stok baldan alinan 10 gram
alinarak steril tiplere konulup Gzerine 20 mL distile
su eklenmis ve balin suda ¢éziinmesi icin 45°C'de
su banyosunda bekletilmistir. Numuneler 3500
rom’de 45 dakika santrifiij edilerek tiplerin dibinde
olugan polen tortusu, kalici bir preparat hazirlamak
amaciyla bazik fuksinli gliserin jelatin kullanilarak
hazirlanmistir. Hazirlanan preparatlarda polenlerin
ait oldugu bitki taksonlari belirlenmis ve yuzde
oranlari hesaplanmistir. incelenen bal érnekleri,
eser (3%'ten az), mindr (3-15%), sekonder (16-44%)
ve dominant (>45%) olmak Uzere 4 grupta
incelenmigtir. Bal 6rneklerindeki toplam polen sayisi
(TPS-10 g), Lycopodium spor tabletleri kullanilarak
hesaplanmistir (Moar 1985). Polenler, TPS'ye goére
kategori | (< 20 000), kategori Il (20 000-100 000),
kategori Il (100 000-500 000), kategori IV (500 000-
1 000 000), kategori V (>1 000 000) olmak Gzere 5
kategoriye siniflandiriimistir (Jose et al. 1989). Elde
edilen parametreler arasindaki iligkiyi belirlemek
amaclyla bulgulara korelasyon analizi, polen
spektrumu analizi ve hiyerarsik kiimeleme analizi
uygulanmigtir.
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Bulgular: Yapilan analizler sonucunda, 36
familyaya ait 50 takson tespit edilmistir. 65 6rnekte
Castanea sativa'ya, 1 Ornekte ise Lamiaceae
familyasina ait polenlerin dominant miktarda
bulundugu belirlenmistir. Sekonder miktarda polen
bulunan taksonlar ise 10 6érnekte Castanea sativa, 9
Ornekte Fabaceae, 8 Ornekte Cistus, 7 O6rnekte
Rhododendron, 5 érnekte Lamiaceae ve Hedysarum
L., 3 6rnekte Apiaceae ve Brassicaceae, 2 6rnekte
Rosaceae ve 1 oOrnekte ise Asteraceae,
Cynoglossum L., Carduus L. ve Laurus nobilis L.
olmustur. incelenen bal drneklerinde belirlenen bitki
taksonlarinin sayisinin 2 ile 24 arasinda degistigi
g6zlemlenmigtir. Ayrica yapilan analizler sonucunda
belli  bir miktarin  Uzerinde  tlketildiginde
zehirlenmeye neden oldugu bilinen Rhododendron
(Ericaceae) polenlerine de 48 adet bal érnedinde
cesitli miktarlarda rastlanmistir. Bal ornekleri,
toplam polen sayisi (TPS-10 g) miktarina gore
siniflandirildiginda; 19 tanesi kategori | (% 22.3), 39
tanesi kategori Il (% 45.9), 23 tanesi kategori Ill (%
27), 2’ser tanesi ise kategori IV (% 2.4) ve kategori
V (% 2.4) olarak belirlenmigtir. 10 gram baldaki TPS-
10 degerleri 2845 ile 1 525 683 arasinda
hesaplanmistir.

Tartisma-Sonug: Yapilan palinolojik analizler,
Trabzon vyoéresine ait bal &rneklerinin botanik
kokenine 1sik tutarak boélgenin aricilik potansiyelini
ortaya koymustur. Calisma sonucunda, Fagaceae
familyasina ait Castanea sativa yoOre ballari igin
baslica nektar ve polen kaynagi olarak belirlenmistir.
Bal 6rneklerinde en fazla tespit edilen ikinci polen
taksonu Lamiaceae, Uguncl ise Rosaceae familyasi
olmustur. Toplamda analiz edilen 85 bal 6rneginin
4’0, unifloral (tek cicek tlrine dayall) bal olarak
siniflandinimistir.  Bu unifloral ballarin  tamami
kestane balidir. Geriye kalan 81 drnek ise gok sayida
bitki tirinden polen igermesi nedeniyle multifloral
(cok cicekli) bal olarak tanimlanmistir. Analizler
sonucunda, Trabzon ballarinda 23’G familya, 25’i
cins ve 2’si tir dizeyinde olmak Uzere toplam 50
farkli taksonun polenine rastlanmistir. Bu polenlerin
blyik ¢ogunlugu Apiaceae, Asteraceae,
Brassicaceae, Cistaceae (Cistus), Ericaceae
(Rhododendron), Fabaceae, Fagaceae, Lamiaceae,
Poaceae ve Rosaceae familyalarina aittir.
istatistiksel ~ degerlendirmeler, bal  kalitesinin
belirlenmesinde en 6nemli faktoriin toplam polen
sayisi oldugunu ortaya koymustur. Bu arastirma,
yalnizca Trabzon bdlgesinin  nektar bitkileri
potansiyelini belirlemekle kalmayip, ayni zamanda
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Tarkiye nektarli bitkileri listesine de katki sunmayi
hedeflemektedir. Bolgesel bitki gesitliligini yansitan
bu veriler, aricilik faaliyetlerinin yonlendirilmesinde,
cografi isaretleme calismalarinda ve bal kalite
kontrol sureclerinde o6nemli bir referans niteligi
tasimaktadir.

INTRODUCTION

The floristic composition of the production area
determines the pollen content of honey. With its
climatic features and 11 707 plant species (Gliner et
al. 2012), Tuarkiye has a very high potential in
beekeeping. However, Turkiye's rich plant diversity
is known, so detailed studies on which plant
contributes to honey production are needed. For this
reason, the most important method to help
determine the contribution of plant diversity to honey
production is pollen analysis in honey. Therefore,
with the increasing number of studies on the
palynological examination of honey produced in
Tdrkiye in recent years, the aim is to determine the
nectar-producing plant species and to increase
product quality.

Honey has been a valuable nutrient for humans
since ancient times. However, the quality of honey
varies depending on the geographical structure and
herbal characteristics of the place where it is
produced. Honey is a natural product that can be
produced anywhere in the world without any
preparation and can be used in human nutrition. The
increasing understanding of honey's composition
has made it a more preferred food product among
consumers. The market value of honey varies
depending on its floral source; in some Northern
European countries, honeydew honey is preferred
and valued more highly than blossom honey, while
in other countries, monofloral blossom honeys may
be preferred (Bogdanov et al. 2004, Kenjeric et al.
2008, Prodolliet and Hischenhuber 1998).
Monofloral honeys are considered more valuable
because they are easier to market and consumers
can more easily find the type of honey they want;
therefore, they are commercially important and are
generally sold at higher prices than polyfloral honeys
(Atanassova et al. 2012, Deodikar 1965, Oddo et al.
1988, Oddo and Bogdanov 2004,). This price
variability based on consumer preference is likely
one of the main reasons honey is a frequent target
for food fraud, particularly concerning its botanical
origin. Melissopalynological analyses are conducted
to determine the botanical origin of honey. Thus, it is
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accepted that honey is sourced from pollen-
producing plants in proportion to the pollen ratio
(Sorkun 1985). To identify the plant source and
geographical indication of honey, pollen analysis
must be conducted on honey from that region (Glzel
2014). No honey produced is the same as the other
since the herbal resources used by the bees are very
diverse and obtained in different climatic conditions.
Therefore, honeys show significant differences,
especially in taste and aroma (Crane 1990).

Pollen analysis in honey was first performed by
Pfister in 1845. Pollen analysis in Turkish honey was
first studied by Quistani in 1976 (Sorkun et al. 1989).
Sorkun and Inceoglu (1984), one of the Turkish
researchers, conducted pollen analysis in honey for
the first time between 1979-1981. In recent years,
melissopalynological studies have gained
importance worldwide (Barth and Luz 2022, Giorgi et
al. 2011, Makhloufi et al. 2010, Matthew et al. 2018,
Samrat et al. 2023, Sanz et al. 2005) and in Turkiye
(Bagci and Tung 2006, Bayram 2019, Ozler 2015,
Silici and Gokceoglu 2007). In the Eastern Black Sea
Region, where our study area is located, pollen
analysis studies on honey are carried out, albeit in
small numbers (Bayram et al. 2019, Sorkun et al.
1989, Sorkun and Yulug 1985, Tosunoglu et al.
2023, Uzunca et al. 2023). These studies positively
affect honey's quality and increase honey's value in
marketing.

Beekeeping has been done in Trabzon province for
many years. In order to clarify the current state of
beekeeping in Trabzon province, official data
regarding the number of enterprises and colonies, as
well as production figures, were taken into
consideration. According to the most recent
statistics, there are 2,629 registered beekeeping
enterprises in the province, with a total of 155,829
colonies. Annual honey production is recorded at
781 tons, corresponding to an average yield of 5.01
kg per colony (Tarim ve Orman Bakanhgdi 2025). In
line with the "Development of Modern Beekeeping"
project studies by the Provincial Directorate of Food,
Agriculture and Livestock, many beekeeping
courses, technical meetings and symposiums were
organized and technical information about modern
beekeeping was given to people engaged in
beekeeping. Trabzon region has important
beekeeping potential, unique climate and
vegetation, and different nectar plants. Botanical
origin analyzes have been carried out on the honeys
of the neighboring provinces (Gimushane, Rize,
Bayburt) of the region and this research conducted
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in the Trabzon region is complementary (Bayram et
al. 2019, Sorkun et al. 1989, Sorkun and Yulug 1985,
Tosunoglu et al. 2023). For this reason, Trabzon was
chosen as the study area.

The aims of the research are to identify the botanical
origins of honeys and to explore the diversity of
pollen types present, to provide information on the
relationship between the flora of the region and the
characteristics of local honeys, and to understand
the relationships between the number of plant taxa
in honey, altitude, pollen spectrum, and total pollen
count through correlation analysis, pollen spectrum
analysis, and hierarchical clustering analysis.
Additionally, this study contributes to the authenticity
and quality of honey, which are of critical importance
for consumers and producers in the honey industry.

MATERIALS AND METHODS
Study area

Trabzon province; in the Eastern Black Sea Region,
it covers 0.6% of the country's territory with a surface
area of 4685 km?, between 40° 30' and 41° 07' north
latitudes and 39° 07' and 40" 30' east longitudes.
Starting from the sea level and increasing towards
the south, the altitude reaches 3000 meters in the
region (Haldizen Mountain 3325 m).

In the province of Trabzon, the annual precipitation
amount is 820.60 mm, the maximum temperature
average of the hottest month is 26.80 ‘C, the
minimum temperature of the coldest month is 4.30
°C, the summer precipitation is 133.50 mm, the
precipitation-temperature equivalent (Q) is 126.39,
and the Emberger drought index is 4.98, and there
is a Transitional climate, which is considered as the
Submediterranean bioclimate type, between the
Ocean-Mediterranean climates (Kurt 2014).

Trabzon province, is in the Europe-Siberian
phytogeographic region (Davis 1965-2000). A few
flora studies of vascular plants were carried out in
Trabzon (Palabas-Uzun and Ansin 2006, Palabas-
Uzun and Terzioglu 2019, Uzun and Terzioglu
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2008). Uzun and Terzioglu (2008) investigated the
vascular flora of forest vegetation in Altindere Valley
(Magka-Trabzon) in 2001-2002. 383 vascular taxa
belonging to 246 genera and 84 families were
identified. The richest family was Asteraceae 35 taxa
(9.1%), followed by Lamiaceae 27 taxa (7.0%) and
Fabaceae 23 taxa (6.0%). Additionally, the richest
genus was Campanula L. 7 taxa (1.82%), followed
by Trifolium L. 6 taxa (1.56%) and Acer L. 6 taxa
(1.56%). Palabas-Uzun and Terzioglu (2019)
studied Flora of Sisdagdi (Salpazari/Trabzon) and
Environs, and 472 vascular plant taxa belonging to
84 families and 254 genera were determined.
Depending on determined vascular taxa, the richest
plant families are as follows; Asteraceae 52 taxa
(11.02%), Rosaceae 38 taxa (8.05%), Poaceae 29
taxa (6.14%), Fabaceae 27 taxa (5.72%),
Lamiaceae 26 taxa (5.51%), Apiaceae 18 taxa
(3.81%), Ranunculaceae 14 taxa (2.97%),
Plantaginaceae 13 taxa (2.75%), Brassicaceae 12
taxa (2.54%), Orchidaceae 10 taxa (2.12%),
Polygonaceae 10 taxa (2.12%).

Honey sampling

85 honey samples, for which pollen analyses were
made, were collected from Trabzon city center and
all its districts in June-October between 2009 and
2012 with the help of the Trabzon Beekeepers
Association (Figure 1). While collecting honey
samples, the distance between the villages and their
altitudes was considered, and special attention was
paid to the fact that the hives were settled (fixed) in
the province of Trabzon, where migratory
beekeeping is quite common. Honey samples taken
by opening the hive with bee producers were placed
in transparent and sterile jars and labeled. Different
honey samples taken from the same village or
neighborhood of the district are numbered 1, 2, 3 etc.
to avoid confusion. In the region where the hives are
located, the plants that the bees can go to were
collected and identified, and reference pollen
preparations were prepared from these plants
according to the Wodehouse method (Wodehouse
1935).
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GUmushane

Black Sea

Figure 1. Locations of the collected honey samples

Melissopalynological analyses

Qualitative analysis: The method Louveaux et al.
(1978) suggested for the qualitative analysis was
followed. To prepare pollen slides, 10 grams of
honey taken from the homogenized stock honey into
sterile tubes was added to 20 mL of distilled water
and kept in a water bath at 45 °C to dissolve the
honey in water. After the samples were centrifuged
at 3500 rpm for 45 minutes, the pollen precipitate
formed at the bottom of the tubes was smeared with
some basic fuchsin glycerin gelatin to prepare a
permanent slide. In the prepared slides, the plant
taxa to which the pollen belonged and the number of
pollen were calculated. The investigated honey
samples were examined in 4 groups as trace (<3%),
minor (3-15%), secondary (16-44%), and dominant
(>45%) (Louveaux et al. 1978).

Quantitative analysis: The total pollen number
(TPN in 10 g honey) in honey samples was
calculated according to Moar (1985) by using tablets
of Lycopodium spores (Stockmarr 1971). Based on
the TPN-10 g value, the pollen grains were classified
into 5 categories; Category | (<20 000 pollen grains
per 10 g honey), Category Il (20 000-100 000 pollen
grains), Category Il (100 000-500 000 pollen
grains), Category IV (500 000-1 000 000 pollen
grains), and Category V (>1 000 000 pollen grains)
(Maurizio 1979).

Pollen slides were examined with a Leica ICC50 HD
imaging system connected to a Leica DM 750
microscope, and pollen counts and identifications
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were made. An immersion lens (x100) was used to
identify pollen and take microphotographs. The
entire lamella area of 22x22 mm was scanned in the
examinations, and the pollen in this area was
identified. Two slides were prepared from each
sample for microscopic analysis of pollen taxa of
honey samples. Pollen averages and pollen % of
taxa were determined. While identifying the pollens,
those that could be identified at the species and
genus levels were diagnosed accordingly, while
those that could not be classified at these levels
were identified at the family level. The occurrence
rates and percentages of pollens identified at the
genus level within the same family were calculated
separately from those at the family level. The
contribution of pollen belonging to these taxa in the
honey studied was determined. When describing
pollen types, palynological literature (Aytug 1971,
Blackmore and Ferguson 1986, Erdtman 1969,
Faegri and Iversen 1989, Kapp 1971, Pehlivan 1995,
Punt 1976, Punt and Clarke 1980, Sawyer 1988,
Sorkun 2008) and reference pollen slides prepared
from plants collected from the research area, and the
collection of pollen preparations in the Palynology
Laboratories of Gazi and Hacettepe University
Biology Department were used.

Statistical analyses

For statistical data analysis, Python's Pandas and
NumPy libraries were used, while Matplotlib &
Seaborn and Scikit-learn libraries were used for
visualization (Harris et al. 2020, Hunter 2007,
McKinney 2010, Pedregosa et al. 2011, Wascom
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2021). The analysis process consists of four main
parts: data preparation, correlation, pollen spectrum,
and hierarchical clustering analysis. The correlation
matrix is a fundamental statistical tool used to
examine linear relationships between variables.
Correlation coefficients (ranging from -1 to +1)
indicate the direction and strength of the relationship
between variables (Pearson 1896). Based on the
data distribution, a linear relationship was found
between the variables, so Pearson Correlation was
calculated and visualized in the heatmap.
Hierarchical Clustering analysis is a clustering
method that groups data based on their similarities
or differences. Each data point initially belongs to its
own cluster, and then clusters are merged based on
the distance between similar data (Everitt 2011).

RESULTS

As a result of pollen analysis of Trabzon honey, a
total of 50 taxa were identified, 23 at the family, 25
at the genus, and 2 at the species level (Figure2-4,
Table 1,). Percentage rates of the most abundant
taxa in the samples; Castanea sativa (95.2%),
Lamiaceae (87%), Rosaceae (83.5%), Apiaceae
(74.1%), Fabaceae (74.1%), Cistus L. (70.5%),
Rhododendron L. (56%), Poaceae (54.1%),
Brassicaceae (40%) and Asteraceae (36.4%). The
taxon whose pollen is most frequently found in honey
samples is Castanea sativa, one of the region's
natural plants. As a result of the pollen analysis, it
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was observed that the highest number of taxa was
found in the trace group, followed by the minor,
secondary, and dominant groups (Table 1). 4 of the
honey samples (40, 59, 78, 81) were defined as
unifloral and Castanea sativa pollen was determined
to be dominant in these honeys, and they were
named as chestnut honey. The remaining 81 honey
samples were named multifloral honey. Although the
honey collected from the Trabzon region is generally
seen to be of multi-plant origin, the majority of
honeys called multifloral contain not only dominant
and trace amounts of pollen, but also low amounts
of minor pollen. For example, the presence of
Castanea sativa pollen in 24 honey samples is over
80%. However, low amounts of minor pollen from
other taxa were detected in these honey samples,
these honeys were named multifloral honey.

As a result of melissopalynological analysis, it was
determined that Castanea sativa pollen was
dominant in 65 samples, and Lamiaceae pollen was
found in dominant amounts in one sample. Taxa with
secondary quantities of pollen were Castanea sativa
in 10, Fabaceae in 9, Cistus in 8, Rhododendron in
7, Lamiaceae and Hedysarum L. in 5, Apiaceae and
Brassicaceae in 3, Rosaceae in 2 samples, and
Asteraceae, Cynoglossum L., Carduus L., and
Laurus nobilis L. in 1 sample. It was observed that
the total number of plant taxa whose pollen was
encountered in the honey samples examined varied
between 2 and 24 (Table 1).
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Figure 2. A- Adoxaceae-Sambucus sp. B- Apiaceae C- Aquifoliaceae-llex sp. D- Asteraceae E- Asteraceae-Anthemis sp.
F- Asteraceae-Bellis sp. G- Asteraceae-Carduus sp. H- Asteraceae-Centaurea sp. |- Asteraceae-Helianthus sp. J-
Asteraceae-Taraxacum sp. K- Betulaceae L- Boraginaceae M- Boraginaceae-Cynoglossum sp. N- Boraginaceae-Echium

sp. O- Brassicaceae P- Campanulaceae Scale bars-10 ym.
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Figure 3. A- Caryophyllaceae B- Amaranthaceae (=Chenopodiaceae) C- Cistaceae-Cistus sp. D- Convolvulaceae E-
Cyperaceae-Carex sp. F- Dipsacaceae G- Ericaceae-Rhododendron sp. H- Fabaceae |- Fabaceae-Hedysarum sp. J-
Fabaceae-Vicia sp. K- Fagaceae-Castanea sativa L- Fagaceae-Quercus sp. M- Geraniaceae N- Juglandaceae O-
Lamiaceae P- Lauraceae- Laurus nobilis Scale bars-10 pm
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Figure 4. A- Liliaceae B- Malvaceae C- Oleaceae D- Onagraceae-Epilobium sp. E- Pinaceae F- Plantaginaceae-Plantago
sp. G- Poaceae H- Polygonaceae-Rumex sp. |- Ranunculaceae J- Rhamnaceae K- Rosaceae L-Rosaceae-Rubus sp. M-
Rosaceae-Sanguisorba sp. N- Salicaceae—Populus sp. O- Salicaceae-Salix sp. P- Tiliaceae-Tilia sp. Scale bars-10 um
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Table 1. Number of samples, location and altitudes, TPN-10 g values, number of taxa in each sample, pollen spectrum,
and percentages for the Trabzon honey samples (* Dominant pollen, ** secondary pollen, *** minor pollen, ****trace pollen)

Sample Locations/ TPN-10g Number
number | Altitude (m) /Pollen of taxa Pollen spectrum and percentage (%)
status
Ortahisar - 16.853 * Castanea sativa (81.5)
1 Akkaya Catégory | 8 *** Fabaceae (6), Rosaceae (5)
550 ****Apiaceae (2.5), Lamiaceae (1), Poaceae (1.5), Rumex (1), Ranunculaceae(1.5)
. * Castanea sativa (63)
5 Oéfgltsar)- C%Stélgi?y 13 ** Apiaceae (19) *** Fabaceae (8.5)
500 t *++* Brassicaceae (1), Lamiaceae (2.5), Rhamnaceae (0:5_), Rosaceae (2.5), Rubus
(0.5), Rumex (0.5), Sambucus (1.5), Taraxacum (0.5), Tilia (0.5), Vicia (0.5)
* Castanea sativa (44)
** Brassicaceae (26.5)
Ortahisar - 112.316 *** Cistus (4), Juglandaceae (4), Rhododendron (5), Rosaceae (3.5)
3 Baskurt Category 23 *++* Apiaceae (1), Carduus (0.5), Carex (0.5), Caryophyllaceae (0.5), Echium (0.5),
600 11 Fabaceae (2.5), Hedysarum (1.5), Lamiaceae (1.5), Laurus nobilis (0.5), Malvaceae
(0.5), Oleaceae (0.5), Pinaceae (0.5), Plantago (0.5), Poaceae (0.5), Rubus (0.5),
Rumex (0.5), Sanguisorba (0.5)
. * Castanea sativa (65)
4 ch‘t:gi'tsg)_ C]:-:Zeg(:)[?y 12 ***Cist_us (8), Fabaceae (10.5), Rosaceae (9)
600 i ***xApiaceae (0.5), Taraxacum (0.5), Rhododendron (1.5), Hedysarum (1), Poaceae
(1), Rubus (0.5), Rumex (2), Vicia (0.5)
Ortahisar - 102.164 * Castanea sativa (65.5)
5 Bengisu Category 9 *** Apiaceae (7.5), Fabaceae (11.5), Rosaceae (3), Tilia (8)
50 Il *++* Campanulaceae (0.5), Cistus (0.5), Lamiaceae (2), Rhamnaceae (1.5)
Ortahisar - 42.112 * Castanea sativa (84.5)
6 Yesilyurt Category 7 ***Apiaceae (6.5), Lamiaceae (4)
250 Il **rxCistus (2), Fabaceae (2), Oleaceae (0.5), Rosaceae (0.5)
. * Castanea sativa (73.5)
7 3;;?2;2; C(Saiézsosry 12 *** Cistus (5.5), Fabaceae (5), Rhododendron (3), Rosaceae (5)
500 I **xk o Apiaceae (2.5), Geraniaceae (0.5), Juglandaceae (0.5), Lamiaceae (1),
Oleaceae (2), Poaceae (0.5), Tilia (1)
Ortahisar- * Castgnea sativa (88)
8 Karakaya 7.506 8 rkk Apl_aceae (5), Lamiaceae (3)
150 Category | ***x Pinaceae (0.5), Poaceae (0.5), Ranunculaceae (0.5), Rhamnaceae (1),
Rosaceae (1.5)
Ortahisar- 200.257 * Castanea sativa (83)
9 Agilh (2) Category 7 *** Apiaceae (7.5), Lamiaceae (4.5)
400 1] *+xx Asteraceae (0.5), Cistus (0.5), Fabaceae (2), Rosaceae (2)
Ortahisar- 24.129 :*C(‘;Sta”e(g j‘)a“"a (63.5)
> : istus
10 K(zré%lﬂl Catt?lgory 8 *** Fabaceae (3), Rosaceae (5)
****Amaranthaceae (1), Hedysarum (1), Plantago (2), Scrophulariaceae (0.5)
* Castanea sativa (69.5)
Ortahisar- 109.757 *** Apiaceae (3), Cistus (6), Fabaceae (5.5), Rhododendron (3.5), Rosaceae (3)
11 Agilli (2) Category 17 *xxAjlanthus (0.5), Brassicaceae (2), Campanulaceae (0.5), Centaurea (0.5),
500 1] Hedysarum (0.5), Lamiaceae (2), Laurus nobilis (1), Malvaceae (0.5), Oleaceae
(0.5), Poaceae (0.5), Rumex (1)
Sirmene- 48.407 * CLastr:_mea saEizv;:l) (65)
S ** Lamiaceae
12 Yeggléoy Catt?lgory 6 *** Apiaceae (5), Rhododendron (6)
*++* Cistus (0.5), Poaceae (1.5)
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Table 1. Continued

Sample Locations/ T;’:)I;Ileong Number Pollen spectrum and percentage (%)
number | Altitude (m) of taxon p p ge
status
* Castanea sativa (58.5)
Sirmene- 301.616 *** Apiaceae (10.5), Asteraceae (3.5), Oleaceae (5.5), Poaceae (3), Rosaceae (4),
13 Gliltepe Category 14 Taraxacum (3), Vicia (3.5)
350 11 *++* Bellis (1.5), Brassicaceae (2.5), Centaurea (2), Fabaceae (1), Lamiaceae (1),
Rhododendron (0.5)
Sirmene- 25.732 * Castanea sativa (63)
14 Yeniay Category 7 ** Rhododendron (17), Rosaceae (16)
500 Il *++xx Brassicaceae (0.5), llex (0.5), Laurus nobilis (2.5), Rhamnaceae (0.5)
Sirmene- 118.522 * Castanea sativa (84)
15 Ormanseven | Category 7 *** Fabaceae (5), Rhododendron (7.5)
410 1] **+* Boraginaceae (1), Helianthus (0.5), Lamiaceae (1), Salix (1)
Sirmene- 33.298 * Castanea sativa (93)
16 Asagiovali Category 4 *** Apiaceae (4)
430 Il *+++ Fabaceae (1), Rosaceae (2)
* Castanea sativa (70.5)
17 KaIT r?ng;_ A) 32%7;[? 13 *** Cistus (4), Fabaceae (4), Hedysarum (7), Poaceae (4), Rosaceae (3)
19100 ”? y *xxx Apiaceae (0.5), Boraginaceae (1.5), Amaranthaceae (0.5), Geraniaceae (0.5),
) Lamiaceae (2), Rhododendron (2), Sanguisorba (0.5
( g
) * Castanea sativa (84.5)
18 KalTr?ggr?n @) ci?ézi?y 10 | .~Rhododendron (8) . .
1.100 1t *++* Asteraceae (1), Boraginaceae (1), Cistus (2), Caprifoliaceae (1), Fabaceae
) (1), Pinaceae (0.5), Poaceae (0.5), Rosaceae (0.5)
~Tonya- 72 164 * Castanea sativa (67) ** Hedysarum (16)
19 Iskenderli Categor 12 *** Apiaceae (3), Fabaceae (5.5), Poaceae (3)
oraginaceae (0.5), Centaurea (0.5), Amaranthaceae (0.5), Lamiaceae (1.5),
1 e *++x Boragi 0.5), C 0.5), A h 0.5), Lami 15
750 Populus (1), Rosaceae (1), Rumex (0.5)
) * Castanea sativa (79.5)
20 KaIT r?ngri 3) Cz;(:é4205r 11 *** Apiaceae (3), Rhododendron (5), Rosaceae (5)
19100 ”g y **xx Betulaceae (0.5), Brasicaceae (0.5), Cistus (0.5), Fabaceae (2), Hedysarum
) (0.5), Plantago (1.5), Poaceae (2)
Tonva- 65.210 ** Castanea sativa (25), Hedysarum (30)
21 Ho Zr“ Caté or 11 *** Apiaceae (7.5), Centaurea (4), Cistus (5), Fabaceae (13.5), Lamiaceae (9),
735 ”g y Rosaceae (3)
**+*Amaranthaceae (0.5), Geraniaceae (1), Vicia (1.5)
Tonya- 10.855 ** Carduus (19.5), Cistus (22.5), Fabaceae (18)
22 Erikbeli Category | 11 *** Apiaceae (3), Castanea sativa (14.5), Hedysarum (4.5), Lamiaceae (6),
1.500 Plantago (3), Rosaceae (6) ****Poaceae (1.5), Salix (1.5)
* Castanea sativa (68.5)
Tonya- 52.489 *** Fabaceae (5), Poaceae (3.5), Rhododendron (12.5)
23 Zevon Category 15 *xxx Asteraceae (1), Centaurea (0.5), Cistus (1), Cynoglossum (0.5),
1.200 Il Caprifoliaceae (2), llex (0.5), Lamiaceae (2.5), Pinaceae (0.5), Plantago (0.5),
Populus (0.5), Rosaceae (1)
) ** Castanea sativa (16.5), Fabaceae (30), Lamiaceae (32.5)
2 isT(zrr?(;Zrli Ca2té8‘:)5r | 12 *** Asteraceae (6), Brassicaceae (4)
(2) 750 gory **xx Anthemis (1), Apiaceae (2), Boraginaceae (2), Centaurea (1), Poaceae (2),
Rosaceae (2), Taraxacum (1)
Tonya- 6.408 ** Castanea sativa (16), Fabaceae (31), Hedysarum (20), Lamiaceae (18)
25 Biginlik Caté ory | 9 *** Rosaceae (6.5) **** Brassicaceae (2.5), Campanulaceae (2,5), Rhododendron
1.100 gory (2.5), Scrophulariaceae (1)
*** Cistus (25), Lamiaceae (26)
Tonya- 21.926 *** Asteraceae (3.5), Castanea sativa (7.5), Fabaceae (10.5), Hedysarum (10),
26 Kadiralak Category 14 Rosaceae (5), Scrophulariaceae (3.5)
1.800 Il *rxx Apiaceae (2.5), Campanulaceae (0.5), Convolvulaceae (0.5), Cynoglossum
(0.5), Geraniaceae (2.5), Poaceae (2.5)
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Table 1. Continued

Sample Locations/ 1;pP’\:)-I:IL(g)ng Number Pollen spectrum and percentage (%)
number | Altitude (m) status of taxon p p ge
** Cistus (20), Hedysarum (22.5)
Tonva-Zere 26.494 *** Asteraceae (12), Fabaceae (8.5), Geraniaceae (5), Lamiaceae (6), Rosaceae
27 1y850 Category 16 (12.5), Sanguisorba (4)
' Il *+% Apiaceae (0.5), Brassicaceae (2), Castanea sativa (2.5), Caryophyllaceae
(0.5), Poaceae (0.5), Rhamnaceae (2.5), Taraxacum (0.5), Vicia (0.5)
o8 Of- Sulakl C7a7té010¢ 9 * Castanea sativa (73) *** Boraginaceae (6), Lamiaceae (12), Tilia (3)
500 ”g y *rrx Apiaceae (1), Cistus (2), Pinaceae (1), Poaceae (1), Rhamnaceae (1)
46.576 ** Apiaceae (26.5), Castanea sativa (21.5), Rhododendron (26.5)
29 Of-Yazlik Caté or 12 *** Cistus (7.5), Fabaceae (4.5), Hedysarum (5)
350 ”g y **+x Campanulaceae (2.5), Caprifoliaceae (0.5), llex (0.5), Lamiaceae (2), Laurus
nobilis (0.5), Rosaceae (2.5)
Of-Ballica 38.032 * Castanea sativa (79) *** Cistus (3), Lamiaceae (3.5), Rhododendron (10)
30 400 Category 10 **+* Campanulaceae (0.5), Fabaceae (0.5), Poaceae (1), Rosaceae (1.5), Rumex
Il (0.5), Vicia (0.5)
Of- 159.218 * Castanea sativa (92.5)
31 Agagseven Category 6 *** Rhododendron (3)
500 Il *++* Boraginaceae (0.5), Fabaceae (1), Lamiaceae (1), Rosaceae (2)
94 179
32 Of-Ugurlu Category 2 * Castanea sativa (93) *** Lamiaceae (7)
Il
Heie * Castanea sativa (72.5)
33 ngﬁ;hﬁ;: g;fe‘sgrs 12 *** Apiaceae (7.5), Lamiaceae (4.5), Poaceae (4)
9302 ”? y % Amaranthaceae (0.5), Cistus (1), Fabaceae (2), Rhododendron (2.5),
Rosaceae (2), Rumex (2), Scrophulariaceae (0.5), Vicia (1)
G * Castanea sativa (81)
Be§|kduzu 439.580 *** Apiaceae (3), Cistus (9)
34 Oguz (2) Category 9 h .
470 i **+* Brassicaceae (0.5), Fabaceae (1), Lamiaceae (0.5), Poaceae (1),
Rhododendron (2), Rosaceae (2)
deie * Castanea sativa (68)
Beqk dizii 96.960 *** Boraginaceae (3.5), Amaranthaceae (8), Cistus (4.5), Lamiaceae (6.5),
35 Agacli Category 11 p
300 I oaceae (4) .
**xx Apiaceae (0.5), Epilobium (1.5), Hedysarum (1), Plantago (1), Rosaceae (1.5)
Macgka- 7.956 * Castanea sativa (55)
36 Ormanustu Category | 5 *** Campanulaceae (7.5), Cistus (15), Echium (7.5), Rhododendron (15)
1.000
Macgka- 15.985 * Castanea sativa (62.5)
37 Temelli Category | 6 ** Rhododendron (32.5)
650 **+x Apiaceae (1), Boraginaceae (1), Malvaceae (2), Poaceae (1)
Macka- 16.217 ** |_aurus nobilis (16), Rhododendron (43)
¢ : *** Brassicaceae (6), Cistus (13), Geraniaceae (5), Lamiaceae (5), Pinaceae (3),
38 Yazlik Category | 11 P
800 oaceae (3) Rosaceae (4)
*** Jlex (1), Liliaceae (1)
Salpazari- 75.873 * Castanea sativa (82.5)
39 Kasimagzi Category 7 *** Apiaceae (6), Boraginaceae (4.5)
800 Il *rrx Cistus (1.5), Lamiaceae (2.5), Rhododendron (2.5), Tilia (0.5)
Salpazari- 38.611 * Castanea sativa (92.5)
40 Gokgekoy 1 Category 9 **xx Apiaceae (1), Boraginaceae (2.5), Cistus (0.5), Lamiaceae (0.5), Oleaceae
900 Il (0.5), Pinaceae (1), Rhododendron (1), Rosaceae (0.5)
Salpazari- 345.648 * Castanea sativa (56) ** Rhododendron (29.5) *** Rosaceae (7)
41 Gokgekoy 2 Category 11 **xx Apiaceae (1), Brassicaceae (0.5), Cistus (1), Lamiaceae (0.5), Oleaceae (1),
900 1] Pinaceae (1), Plantago (2), Poaceae (0.5)
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Table 1. Continued

Sample Locations/ TPN-10g Number
; / Pollen Pollen spectrum and percentage (%)
number | Altitude (m) status of taxon
) * Castanea sativa (56) ** Rhododendron (27.5) *** Rosaceae (4)
4 S\?(Iapﬁzi:; Cellt?el 13: | 15 **xx Apiaceae (2.5), Asteraceae (0.5), Boraginaceae (0.5), Brassicaceae (1),
30)(/) gory Fabaceae (2), Lamiaceae (0.5), Malvaceae (0.5), Oleaceae (0.5), Plantago
(2.5), Poaceae (0.5), Rumex (1), Salix (0.5)
Salpazari- 10.092 *** Castanea sativa (21.5), Fabaceae (37.5)
43 Akkiris Category | 9 *** Ajlanthus (4), Asteraceae (5), Lamiaceae (11.5), Pinaceae (7.5), Plantago (4),
700 Rosaceae (5), Scrophulariaceae (4)
** Brassicaceae (33)
) *** Apiaceae (3), Asteraceae (6), Cistus (15), Fabaceae (6.5), Hedysarum (6),
a4 Gsb'aklp:ign-s C%stf?osr 21 Lamiaceae (8.5), Quercus (3), Rosaceae (5)
gOO Y ”g y **xx Castanea sativa (1.5), Centaurea (0.5), Amaranthaceae (0.5), Echium (1.5),
Laurus nobilis (1.5), Malvaceae (0.5), Oleaceae (1.5), Poaceae (0.5),
Rhamnaceae (1.5), Rumex (0.5), Salix (2.5), Vicia (1.5)
* Castanea sativa (69.5)
Yomra- 214.760 *** Apiaceae (6), Cistus (5), Rhododendron (10.5)
45 Cmnarh Category 14 *++* Asteraceae (1.5), Brassicaceae (0.5), Fabaceae (2.5), Lamiaceae (0.5),
20 1] Laurus nobilis (0.5), Oleaceae (0.5), Plantago (0.5), Poaceae (1), Rhamnaceae
(0.5), Rosaceae (1)
Yomra-kisu 114.159 * Castanea sativa (88)
46 Q) Category 5 *** Apiaceae (4), Cistus (3), Rhododendron (4)
350 11 **xx | amiaceae (1)
* Castanea sativa (52)
Yomra- 194.237 Apiaceae (6), Brassicaceae (3.5), Fabaceae (7), Lamiaceae (5.5), Poaceae
47 ikisu (2) Category 21 (3.5), Rosaceae (7.5)
350 i **xx Asteraceae (1.5), Cistus (2.5), Caprifoliaceae (0.5), Echium (1), Geraniaceae
(0.5), Hedysarum (0.5), Malvaceae (1.5), Oleaceae (1.5), Rhamnaceae (1), Salix
(0.5), Sanguisorba (0.5), Scrophulariaceae (2), Taraxacum (0.5), Vicia (1)
Yomra- 10.398 * Castanea sativa (70)
48 Camliyurt Category | 9 *** Asteraceae (4), Campanulaceae (5), Lamiaceae (6), Rhododendron (10)
1.200 *++* Brassicaceae (2), Cistus (1), Fabaceae (1), Malvaceae (1)
Yomra- 27.512 * Castanea sativa (66)
49 Camliyurt -2 Category 8 *** Apiaceae (7.5), Fabaceae (7.5), Rhododendron (12.5), Rosaceae (3.5)
750 Il **+x | amiaceae (1.5), Plantago (0.5), Rhamnaceae (1)
Diizkéy- ** Castanea sativa (41), Rhododendron (16.5)
Ca |rbay“| 20.932 *** Campanulaceae (3), Caryophyllaceae (10), Lamiaceae (4.5), Malvaceae (3),
50 y(l) 9 Category 18 Rhamnaceae (3.5), Rosaceae (11) **** Apiaceae (0.5), Asteraceae (0.5),
1.150 Il Cistus (0.5), Epilobium (1.5), Fabaceae (0.5), Geraniaceae (1.5), llex (0.5),
) Pinaceae (0.5), Scrophulariaceae (1), Taraxacum (0.5)
Duzkoy- 64.416 * Castanea sativa (65)
51 Cayirbagi Caté or 11 *** Apiaceae (7), Cistus (3), Lamiaceae (5), Rhododendron (13.5)
2) ”g y *+rx Asteraceae (1.5), Fabaceae (1), Liliaceae (0.5), Malvaceae (1), Rhamnaceae
1.100 (0.5), Rosaceae (2)
. * Castanea sativa (70.5) *** Lamiaceae (15)
52 QDauzllr(t?g'l giféggf 13 **rx Apiaceae (1), Asteraceae (2), Brassicaceae (0.5), Cistus (2), Fabaceae (0.5),
(3)y1 10% I\? y Geraniaceae (0.5), Malvaceae (2.5), Rhamnaceae (1.5), Rhododendron (2),
) Rosaceae (1.5), Tilia (0.5)
* Castanea sativa (49.5)
Diizkoy- 94.848 *** Apiaceae (13), Brassicaceae (3.5), Fabaceae (7), Lamiaceae (12.5), Rosaceae
53 Mezere Category 15 (4.5) **** Asteraceae (1), Boraginaceae (1.5), Cistus (1.5), Convolvulaceae (0.5),
2.000 Il Geraniaceae (2.5), Oleaceae (0.5), Plantago (0.5), Poaceae (1.5), Ranunculaceae
(0.5)
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Table 1. Continued

TPN-10 g

:Smg(lj Al]?ifjggr(];/) /Pollen oNfutrgf:r: Pollen spectrum and percentage (%)
status
Diizkdy- 75.371 * Castanea sativa (78)
54 Cayirbagi Category 7 *** Apiaceae (12), Rhamnaceae (4)
(4) 1.100 Il *xxx Asteraceae (1), Fabaceae (1), Malvaceae (2), Rhododendron (2)
) ** Brassicaceae (24.5), Cistus (22)
55 D(;:rﬁli(rall(':pl C;Ltzé sglrly | 11 *** Apiaceae (5), Cynoglossum (14.5), Fabaceae (5.5), Lamiaceae (12), Poaceae
(12.5)
(1) 1.150 *++* Asteraceae (0.5), Hedysarum (0.5), Pinaceae (0.5), Rosaceae (2.5)
aykara- . astanea sativa
k 26.583 *C iva (93
56 Taskiran Category 5 *** Rhododendron (3)
1.000 Il **rk Apiaceae (2), Asteraceae (1), Cistus (1)
* Castanea sativa (62.5)
aykara- . ampanulaceae (3), Cistus (7.5), Fabaceae (6), Lamiaceae (7.5), Rosaceae
Cayk 4.629 *x C | 3), Ci 7.5), Fab 6), Lami 7.5), R
57 Cayiroba (1) | Category | 11 (6)
2.200 **xx Apiaceae (1.5), Caryophyllaceae (1.5), Geraniaceae (1.5), Oleaceae (1.5),
Rhododendron (1.5)
aykara- . astanea sativa rassicaceae (7), Cistus (5), Hedysarum (3),
k 10.504 *C iva (72) *** B i 7), Ci 5), Hed 3
58 Cayiroba (2) | Category | 12 Lamiaceae (3), Rhododendron (3) **** Cynoglossum (1), Campanulaceae (2),
2.000 Fabaceae (1), Liliaceae (1), Rosaceae (1), Taraxacum (1)
aykara- . astanea sativa (91.
k 6.083 *C iva (91.5
59 Merkez Category 11 **xx Apiaceae (2), Brassicaceae (0.5), Fabaceae (1), Lamiaceae (1), Malvaceae
300 Il (0.5), Pinaceae (0.5), Poaceae (0.5), Rhododendron (1), Rosaceae (1), Tilia (0.5)
Caykara- 20.708 ** Asteraceae (16), Fabaceae (39.5)
60 Demirkapi Caté or 12 *** Apiaceae (12.5), Brassicaceae (3.5), Cistus (3), Oleaceae (8), Rhamnaceae
2) ”g y (6.5), Rosaceae (5)
1.150 **+x Echium (1.5), Geraniaceae (1.5), Plantago (1.5), Vicia (1.5)
. ** Fabaceae (27)
61 [?:rﬁli(ri;a | Ca?t’é4805r | 14 *** Apiaceae (4), Boraginaceae (4), Castanea sativa (8.5), Centaurea (6.5),
@)1 158 gory Echium (8), Hedysarum (12), Lamiaceae (9), Plantago (4), Rosaceae (9)
) **+* Brassicaceae (2), Malvaceae (2), Oleaceae (2), Poaceae (2)
) * Castanea sativa (45) ** Cynoglossum (23.5)
62 Al;%ﬁ;lgﬁ t Cg?;:%l: 13 *** Apiaceae (14), Lamiaceae (3), Rosaceae (4)
50 ”g Y *++x Boraginaceae (1), Cistus (1.5), Fabaceae (1), Hedysarum (2), Poaceae (1.5),
Rhamnaceae (1), Rumex (2), Scrophulariaceae (0.5)
Akcaabat- 45.110 * Castanea sativa (60.5)
63 Ugarsu Category 8 *** Apiaceae (7.5), Cistus (6.5), Lamiaceae (7.5), Poaceae (4.5), Rhamnaceae (3),
250 Il Rhododendron (6), Rosaceae (4.5)
Akcaabat- 1.525.683 * Castanea sativa (67) ** Lamiaceae (18)
64 Akgakoy (1) Category 9 *** Cistus (5), Rosaceae (4.5) **** Apiaceae (1), Betulaceae (0.5), Fabaceae (2),
200 \ Geraniaceae (0.5), Poaceae (1.5)
; ** Fabaceae (30), Hedysarum (17.5)
65 Aﬁl\(kg;izba(tz) CaStéS?;: | 12 *** Brassicaceae (9), Castanea sativa (7.5), Echium (11), Lamiaceae (9),
¢ 200y gory Rosaceae (8.5)
**xx Asteraceae (1.5), Centaurea (1.5), Cistus (1.5), Cynoglossum (1.5), Salix (1.5)
D.pazari- 120.583 * Castanea sativa (94)
66 Kondu (1) Category 6 *** | amiaceae (3.5)
650 1] **+x Plantago (0.5), Poaceae (0.5), Rhododendron (1), Scrophulariaceae (0.5)
) * Castanea sativa (81)
67 }(Dc')ﬁzﬁa(g) é;?e'lg? 9 *** | amiaceae (4.5), Rhododendron (5)
550 II? Y *rx Apiaceae (1), Carduus (0.5), Cistus (2.5), Plantago (1), Poaceae (2.5),
Rosaceae (2)
D.pazari- 107.508 * Castanea sativa (78)
68 Kondu (3) Category 5 ** Cistus (18)
600 1] *++* Fabaceae (0.5), Lamiaceae (1), Rhododendron (2.5)
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Table 1. Continued

Sample Locations/ T/T:,N]Ilo 9 | Number Poll t d t %
number | Altitude (m) st(;tfg of taxon ollen spectrum and percentage (%)
D.pazari- 50.190 * Lamiaceae (82)
69 Yenice (1) Category 5 *** Asteraceae (6), Brassicaceae (5), Cistus (6)
2.000 Il ****Rosaceae (1)
** Castanea sativa (28.5), Rosaceae (36)
D.pazari- 38.571 *** Apiaceae (4.5), Fabaceae (7.5), Lamiaceae (8), Rhododendron (3.5)
70 Yenice (2) Category 18 *xxx Asteraceae (1), Brassicaceae (0.5), Campanulaceae (1), Caryophyllaceae
2.000 Il (0.5), Cistus (2), Cynoglossum (0.5), Hedysarum (0.5), /lex (1.5), Pinaceae
(0.5), Poaceae (2), Scrophulariaceae (1.5), Vicia (0.5)
* Castanea sativa (64.5)
71 \?erzmzle Cg:té%?;y 11 *** Apiaceae (5), Fabacea_e (8.5), Lamiaceae (12.5), Poaceae (3.5)
220 I **xx Asteraceae (2), Brassicaceae (0.5), Rhamnaceae (0.5), Rhododendron (0.5),
Rosaceae (2), Salix (0.5)
Arakli- 136.103 * Castanea sativa (89.5) *** Cistus (3.5)
72 Degirmencik | Category 9 *++% Apiaceae (1.5), Asteraceae (0.5), Lamiaceae (1.5), Poaceae (1),
1.200 Il Rhododendron (1.5), Rosaceae (0.5), Vicia (0.5)
Arakli- 1.096.031 * Castanea sativa (50) ** Apiaceae (30) *** Lamiaceae (3), Rosaceae (4.5),
73 Yoncali Category 12 Rhododendron (6.5) **** Asteraceae (1), Brassicaceae (1), Centaurea (0.5),
350 Vv Cistus (2), Fabaceae (0.5), Geraniaceae (0.5), Rhamnaceae (0.5)
Arakli- 85.392 * Castanea sativa (58)
74 Merkez Category 7 ** Fabaceae (18) *** Cistus (10), Rosaceae (9)
100 Il *++* Apiaceae (2), Lamiaceae (2), Scrophulariaceae (1)
Arakl- ki Ce_astanea sativa (27.5), Cistus (37) *** Fabaceae (10), Hedysarum (4.5),
75 Bahcecik 6.266 1 Lamlaqeae (9), Rosaceae_(4) _
1,550 Category | *+% Apiaceae (2.5), Brassicaceae (1.5), Geraniaceae (1.5), Oleaceae (2),
) Scrophulariaceae (0.5)
Carsibasi- 27.342 * Castanea sativa (80)
76 Kavakli Category 8 *** | amiaceae (6), Rosaceae (4)
211 Il *++x Asteraceae (2), Brassicaceae (2), Cistus (2), Fabaceae (2), Poaceae (2)
Képribasgi- 102.708 * Castanea sativa (93.5)
77 Ciftekopru Category 4 *** Rhododendron (5)
530 1] *++x | amiaceae (0.5), Plantago (1)
78 | Gundogn | Cawgory | 6 | Castaneasatva (@) |
350 i *x Apiaceae (2), Fabaceae (1), Lamiaceae (1), Poaceae (1), Rosaceae (2)
Hayrat- 6.057 ** Castanea sativa (30), Cistus (20)
79 Sarmasik Catégory | 9 *+* Asteraceae (5), Brassicaceae (4), Cynoglossum (3), Fabaceae (10),
2.500 Lamiaceae (12), Rosaceae (7), Scrophulariaceae (9)
Arsin- 49.039 * Castanea sativa (80)
80 Harmanli -1 Category 8 *** Apiaceae (4), Tilia (6)
150 Il **xx Cistus (2), Lamiaceae (2), Oleaceae (2), Poaceae (2), Rosaceae (2)
Arsin- 245.498 * Castanea sativa (90.5) **** Apiaceae (1), Brassicaceae (0.5), Cistus (0.5),
81 Yolistu Category 11 Convolvulaceae (0.5), Fabaceae (1.5), Lamiaceae (1), Poaceae (0.5),
200 1] Rhododendron (2.5), Rosaceae (1), Taraxacum (0.5)
Arsin- 278.474 * Castanea sativa (78)
82 Harmanli (2) Category 8 *** Apiaceae (4), Fabaceae (9), Rosaceae (5)
150 1] **xx Asteraceae (0.5), Cistus (2), Quercus (0.5), Lamiaceae (1)
Vakfikebir- 832.896 * Castanea sativa (68)
83 Deregdzi Category 7 *** Apiaceae (12.5), Fabaceae (5.5), Rhododendron (9.5)
(1) 600 \ *rrx Asteraceae (1.5), Lamiaceae (1.5), Rosaceae (1.5)
Vakfikebir- 43.099 * Castanea sativa (92)
84 Deregdzi Category 4 *** Rosaceae (5)
(2) 700 Il **k Apiaceae (1), Lamiaceae (2)
Gumughane 11.175 ** Castanea sativa (20), Fabaceae (24), Lamiaceae (32)
85 Yagmurdere | Category | 11 *** Brassicaceae (4), Cistus (8), Hedysarum (6), Rosaceae (4)
2.000 **+x Geraniaceae (0.5), Oleaceae (0.5), Poaceae (0.5), Scrophulariaceae (0.5)
Honey samples according to total pollen count (TPN- Category Il (23 samples), 2.4% Category IV (2

10 g) amounts are grouped; 22.3% Category | (19 samples) and 2.4% Category V (2 samples) (Figure
samples), 45.9% Category Il (39 samples), 27% 5, Table 1). The total number of pollen in 10 grams
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of honey (TPN-10 g) has been determined to be at
least 2845 (sample 24) and at most 1 525 683
(sample 64) (Table 1). The graph showing the
grouping of honey samples according to the amount
of TPN-10 g is given below (Figure 5).

= Category |

= Category lll

= Category Il
Category IV

= Category V

Figure 5. Percentage distribution of honey samples
according to total pollen number (TPN-10 g)

Correlation analysis was performed to examine
linear relationships between variables. This analysis
used altitude, TPN-10 g, number of taxa, and pollen
status variables. The correlation matrix was
calculated, and the heat map was visualized. The
map expresses correlation coefficients with color
tones; dark colors indicate high correlation, and light
colors indicate low correlation.

When the correlation between altitude and both
TPN-10 g and pollen status was calculated, it was
determined that there was a negative relationship
between them. As the altitude increases, there is a
decrease in TPN-10 g value and pollen status.
However, there is a positive relationship between
altitude and the number of taxa. In other words, as
the altitude increased, the number of taxa contained
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in honey also increased. Similarly, it was determined
that there was a positive relationship between the
total pollen count and the pollen status. On the other

hand, when the relationship between the number of
taxa and both the total pollen number and the pollen
status was examined, almost no connection was
found between these characters. It was determined
that the results of the correlation analysis were
compatible with the results of the research. Pearson
correlation coefficients of the analyses are given in
Figure 6.

Correlation Matrix

Altitude

TPN-10 g

Number of Taxa -

Pollen Status

Figure 6. Correlation matrix heat map made with altitude,
TPN-10 g, number of taxa, and pollen status characters

Pollen spectrum analysis examined the percentage
distribution of plant taxa found in honey. By defining
the relevant columns, the percentages of occurrence
in honey samples were calculated for each plant
taxon, and these data were visualized using a polar
plot. Color intensity indicates the abundance of
taxon types in honey (Figure 7).
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Figure 7. Polar graph resulting from pollen spectrum analysis

A cluster analysis was performed on all the data
(altitude, TPN-10 g, pollen spectrum, and pollen
status) characteristics of the 85 honey samples
produced in Trabzon (Turkiye). When the
hierarchical clustering method was applied, the
samples were grouped in a tree structure, and a
dendrogram was drawn. While each node
represents an example, the distances between
nodes show the similarity or distance between these
examples. There are 2 main groups, each with 2
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|ejoL

subgroups of honey samples according to the
hierarchical clustering dendrogram. Samples in the
green and orange subsets have similar
characteristics and converge at small distances. The
same situation is observed in the red and purple
clusters. When the subclusters are examined, the
closest similarity is the red subcluster, while the
examples in the green subcluster converge at larger
distances, and these clusters show more significant
differences (Figure 8).
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Hierarchical Clustering Dendrogram

14 4

12 4

10 4

Distance

Figure 8. Cluster dendrogram of the honey samples investigated using all data (altitude, TPN-10 g, pollen spectrum, and

pollen status)

DISCUSSION

To develop beekeeping in a region and obtain high
efficiency from beekeeping, along with the colony
strength, nectar and pollen must be diverse and
abundant (Bijev 1958). Therefore, knowing what
honey plants are necessary to make beekeeping
activities more efficient.

As a result of pollen analysis of Trabzon honey, 50
taxa belonging to 36 families were identified. Most of
these taxa belong to Apiaceae, Asteraceae,
Brassicaceae, Cistaceae, Ericaceae, Fabaceae,
Fagaceae, Lamiaceae, Poaceae and Rosaceae.
Similarly, it is known that the plant taxa that the
source of flower honey produced in Turkiye are
Asteraceae, Brassicaceae, Fabaceae, Fagaceae,
Lamiaceae, Malvaceae, Myrtaceae, Oleaceae, and
Scrophulariaceae families (Sorkun et al. 1999).
Sorkun and Dogan (1995), reported in their study
that the diversity of taxa in the dominant group is
always less, and the diversity of taxa in the trace
group is always greater. In this study, as a result of
pollen analysis, it was observed that the trace group
had the highest number of taxa, followed by the
minor, secondary, and dominant groups (Table 1).
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The dominance of Castanea sativa pollen in the
honey samples clearly indicates that this species is
one of the most important nectar and pollen sources
in the region. The presence of Castanea sativa
pollen in 81 out of 85 honey samples (Figure 9), and
its classification as dominant in 65 of them,
secondary in 10, minor in 4, and trace in 2 samples
(Table 1), underlines its pivotal role in local honey
production. This dominance is closely related to
Trabzon’s unique geography and vegetation.
Located along the Black Sea coast, the province has
a humid and mild climate that supports the growth of
broad leaved moist forests where Castanea sativa is
widespread. Naturally growing at elevations of 300-
1000 meters, chestnut trees bloom in June,
providing abundant nectar and pollen for honeybees
(Dalgig 1994, Sorkun and Yulug 1985).

Accordingly, four honey samples were identified as
unifloral and labeled as chestnut honey. However, in
many multifloral honey samples, Castanea sativa
remained the dominant pollen source. In our
research, several samples with over 80% Castanea
sativa pollen were still classified as multifloral due to
the presence of minor amounts of other taxa. This
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reflects both the foraging behavior of bees and the
botanical richness of the region.

From both floristic and apicultural perspectives,
chestnut has a high value. In our study, 65 samples
with dominant Castanea sativa pollen also had high
total pollen counts (TPN-10 g), confirming that this
species is dominant not only floristically but also in
terms of pollen production. Particularly in the red
cluster subgroup, samples had notably high TPN
values, supporting their chestnut origin. The
widespread presence of chestnut pollen is attributed
not only to the tree’s abundance but also to its
preference by bees. Its small sized pollen grains are
easily collected, its flowering is intense, and its
fragrance is highly attractive to bees (Dalgic 1994,
Sorkun and Dogan 1995).

Samples 64 and 73 had the highest total pollen
counts (1.525.683 and 1.096.031), placing them in
Category V, which is typically associated with
additive honey. In both samples, Castanea sativa
was the dominant taxon. According to the study by

90 81
80 74 71
70 63 63 60
Eg 48
40
30
20
10
0
o
(;a"‘\@ _ \,aé”tp ‘?&%"‘ _\,éd??% Q(b&,be ('J\‘;‘\) 08‘00
& & & ® @ &
oy o
& <

Figure 9. The most common taxa in honey samples

Lamiaceae and Rosaceae were identified as the
second and third most frequently encountered pollen
families in Trabzon honey, respectively. Lamiaceae
pollen was detected in 74 out of 85 samples, being
dominant in 1, secondary in 6, minor in 35, and
present in trace amounts in 33 samples. Due to their
long flowering periods, aromatic nature, and rich
nectar content, members of the Lamiaceae family
constitute an important source for beekeeping
(Sorkun 1986). Rosaceae pollen was identified in 71
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Sorkun and Dogan (2002), total pollen count (TPN-
10 g) is an important parameter for distinguishing
natural from artificial honey. In line with their findings,
these two samples could be interpreted as not being
natural. However, considering the high prevalence of
Castanea sativa pollen in our samples and the fact
that the chestnut tree is a highly attractive, nectar
and pollen rich source for bees, these high pollen
count samples are likely to be natural as well. It is
also important to note that TPN-10 g alone is not
sufficient to determine the authenticity of honey;
chemical and physical analyses are also required.
Supporting findings from neighboring provinces with
similar ecological characteristics such as Rize,
Sinop, Adapazari and Kastamonu have also
reported dominant levels of Castanea sativa pollen
in honey samples (Erdogan et al. 2006; 2009, Ozler
2015, Sorkun et al. 1989, Sorkun and Yulug 1985,
Uzunca et al. 2023). These consistent results
reinforce the significant potential of the Black Sea
region in chestnut honey production.
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samples, mostly in minor (39 samples) and trace (30
samples) amounts. The prevalence of this family’s
pollen is likely due to its early spring blooming, high
pollen production, and the abundance of fruit
orchards in the region. The presence of pollen from
both families has been frequently reported in studies
conducted in various regions of Turkiye (Dalgi¢
1994, Erdogan et al. 2006, 2009, Sabuncu et al.
2002, Sorkun et al. 1999, Sorkun ve inceoglu 1984).
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The detection of pollen from the Rhododendron
genus, belonging to the Ericaceae family, in honey
holds particular significance. It has been reported
that honey produced by bees collecting nectar from
R. ponticum L. and R. luteum Sweet, both species of
this taxon, may cause poisoning when consumed in
excess due to its high grayanotoxin content. These
types of honey have also been shown to affect the
cardiovascular system (Ergun et al. 2005).
Rhododendron pollen contains an alkaloid called
andromedotoxin (Grayanotoxin 1), and excessive
exposure to such honey has been associated with
symptoms of hypotension, including vomiting,
dizziness, visual disturbances, and tinnitus (Tutkun
2000). Rhododendron pollen was detected in 48 out
of 85 honey samples. Among these, it was found as
a secondary pollen type in 7 samples, as a minor
pollen in 24 samples, and in trace amounts in 17
samples. Pollen of this taxon has also been identified
in studies conducted in provinces neighboring
Trabzon (Erdogan et al. 2006, 2009, Sorkun et al.
1989). In the present study, Rhododendron pollen
was detected in 16 of Trabzon’s 18 districts. Notably,
the amount of pollen increased in honey samples
collected from districts such as Duzkdy, Macka, Of,
Sirmene, and Salpazari, where this taxon is known
to be densely distributed.

In this study, statistical analyses conducted on 85
honey samples produced in Trabzon provide
significant insights into the relationship between the
pollen content of honey, its floristic diversity, and
environmental factors. The results of the Pearson
correlation analysis revealed meaningful
relationships between altitude and certain variables.
A positive correlation was found between altitude
and the number of taxa, indicating that a greater
diversity of plant taxa was observed at higher
elevations, and these taxa were reflected in the
honey samples. This suggests that certain plant
species may be more dominant at higher altitudes or
that bees in these regions may utilize a broader
range of floral sources. However, the lack of a
significant correlation between the number of taxa
and both the total pollen count and pollen status
indicates that diversity does not necessarily
correlate with abundance. In other words, a honey
sample may contain pollen from many different plant
taxa, but each taxon may be represented in small
quantities.

In the pollen spectrum analysis, the percentage
distributions of plant taxa present in the honey
samples were examined. This analysis enabled the
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identification of the botanical origins of the honey
and their relative abundances. The polar plot served
as an effective tool for understanding the floristic
composition, with taxa shown in more intense colors
representing dominant plant sources in the honey.

The hierarchical clustering analysis grouped the
honey samples based on their similarities and
identified two main clusters, each consisting of two
subgroups. These subgroups were differentiated
based on the floristic composition, total pollen count,
and environmental characteristics of the samples.
The red subgroup, which includes the most similar
samples, is noteworthy for containing honey
samples with the highest total pollen counts. This
finding highlights the total pollen count (TPN-10 g)
as the most influential variable in the clustering
process. In contrast, the green subgroup, which
showed greater distances between samples, reflects
higher variability among its samples, indicating a
more heterogeneous set of characteristics.

Conclusion: The findings of this study reveal the
significant potential of the Black Sea Region
particularly Trabzon province for the production of
high-quality chestnut honey. This highlights the
importance of regional branding, improvement of
quality control processes, and the development of
sustainable beekeeping practices. In this context,
expanding floristic mapping studies and supporting
them with chemical analyses will facilitate science-
based progress in the apiculture sector.
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ABSTRACT

Sumac (Rhus coriaria L.) is a sour spice widely used in Tiirkiye and especially in the Southeastern
Anatolia region to give a distinctive color and sharp taste to dishes. Propolis is a resinous natural
product collected from beehives, and due to its wide range of biologically active properties, it is an
important dietary supplement. In this study, the phenolic and antioxidant properties of sumac and
propolis from Malatya region were examined and compared. Ethanolic extracts of sumac and propolis
were analyzed for their phenolic properties, including total phenolic content (TPC), total flavonoid
content (TFC), and phenolic composition. The phenolic profile was determined using HPLC-PDA based
on 26 phenolic standards. Antioxidant activities were evaluated using the ferric reducing/antioxidant
power (FRAP) assay and ABTS radical scavenging activity. The total phenolic content was measured
at 49.12 mg GAE/g in sumac and 159.30 mg GAE/g in propolis. Sumac was found to be particularly rich
in phenolic acids, including gallic acid, protocatechuic acid, and syringic acid. In contrast, propolis
exhibited a higher content of flavonoids such as pinocembrin, hesperetin, caffeic acid, and CAPE.
Chrysin was identified as a common flavonoid present in both natural products. The findings indicate
that sumac contains a significant concentration of biologically active compounds, similar to propolis,
and therefore has the potential to be utilized not only as a spice but also as a dietary supplement.

Keywords: Sumac, Propolis, Phenolics, Antioxidant activity

oz

Sumak (Rhus coriaria L.), Tiirkiye'de ve 6zellikle Giineydogu Anadolu Bélgesi'nde yemeklere belirgin
bir renk ve keskin bir tat vermek igin yaygin olarak kullanilan eksi bir baharattir. Propolis, an
kovanlarindan toplanan regineli bir dogal uriindiir ve ¢ok cesitli biyolojik olarak aktif 6zellikleri
nedeniyle 6nemli bir besin takviyesidir. Bu ¢alismada, Malatya boélgesinden elde edilen sumak ve
propolisin fenolik ve antioksidan 6zellikleri incelenmis ve karsilagtinimigtir. Sumak ve propolisin
etanol ekstraktlari, toplam fenolik igerik (TPC), toplam flavonoid igerik (TFC) ve fenolik bilegsim dahil
olmak uizere fenolik ozellikleri agisindan analiz edilmistir. Fenolik profil, 26 fenolik standarda dayal
HPLC-PDA kullanilarak belirlenmistir. Antioksidan aktiviteler, ferrik indirgeyici/antioksidan gii¢ (FRAP)
testi ve ABTS radikal supiriicii aktivitesi kullanilarak degerlendirilmistir. Toplam fenolik igerik,
sumagin iginde 49,12 mg GAE/g ve propolisin iginde 159,30 mg GAE/g olarak olgilmiistiir. Sumak,
gallik asit, protokatekuik asit ve siringik asit dahil olmak lizere fenolik asitler agisindan 6zellikle zengin
bulundu. Buna karsilik, propolis, pinocembrin, hesperetin, kafeik asit ve CAPE gibi daha yiiksek bir
flavonoid igerigi sergiledi. Krisin, her iki dogal lriinde de bulunan yaygin bir flavonoid olarak
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tanimlandi. Bulgular, sumagin propolise benzer gekilde 6nemli miktarda biyolojik olarak aktif bilegik
icerdigini ve bu nedenle yalnizca bir baharat olarak degil ayni zamanda bir diyet takviyesi olarak da
kullanilma potansiyeline sahip oldugunu goéstermektedir.

Anahtar kelimeler: Sumak, Propolis, Fenolik, Antioksidan aktivite

GENISLETILMiS OZET

Amag: Sumak (Rhus coriaria L.), Tirkiye'de ve
Ozellikle Glineydogu Anadolu Bolgesi'nde
yemeklere kendine 6zgu bir renk ve keskin bir tat
vermek amaciyla yaygin olarak kullanilan eksi bir
baharattir. Propolis ise ari kovanlarindan toplanan
recinemsi bir dogdal UrGn olup, genis biyolojik aktif
Ozellikleri sayesinde dnemli bir besin takviyesidir.
Sumak ve propolis her ikisi de koyu renkli dogal
Uriinlerden olup, yiksek fenolik madde miktarlarina
sahip dogal bitkisel karigimlardir. Bu c¢alismanin
amaci Malatya bolgesinde Uretilen sumak ve
propolisin  6rneklerinin  fenolik ve antioksidan
Ozelliklerinin incelenmesi ve karsilastiriimasidir.

Gere¢-Yontem: Malatya Dogansehirden toplanan
Sumak ve propolis o6rneklerinden elde edilen
etanolik 6zutlerin fenolik madde miktarlari toplam
fenolik madde miktari (TFM), toplam flavonoid
madde miktari (TFM) cinsinden ol¢lildd. Fenolik
kompozisyonlari ise 26 fenolik bilesene gore valide
edilmis HPLC-PDA ile analiz edildi Antioksidan
Ozellikleri ise, demir-lll-indirgeme /antioksidan test
(FRAP) ve ABTS radikali temizleme aktivitesine gore
belirlendi.

Bulgular: Etanolik 6érneklerin toplam fenolik madde
miktarlari, sumakta 49,12 mg GAE/g, propoliste ise
159,30 mg GAE/g olarak 6l¢lldi. Sumak bitkisinin,
gallik asit, protokatekuik asit ve siringik asit fenolik
asitlerce zengin agisindan zengin bulundu. Buna
karsilik, propolisin flavonoidlerce zengin igerikli
pinosembrin, hesperetin, kafeik asit ve CAPE (kafeik
asit fenetil esteri) bulundu. Her iki dogal Grinin
krisince zengin olmasi dikkat gekti.

Sonug: Bu bulgular, sumak ve propolisin her ikisinin
de biyolojik olarak aktif bilesenler agisindan zengin
oldugunu ve sumak bitkisinin sadece bir baharat
olarak degil, ayni zamanda bir besin takviyesi olarak
da degerlendirilebilecedini ortaya koymaktadir. Her
ikisinin birlikte olusturacadi karigimlarin, sinerjik
olarak etkin potansiyel olusturmasi distintiimektedir.
Bunun igin daha ileri galismalara ihtiyag vardir.
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INTRODUCTION

Sumac (Rhus coriaria L., a member of the
Anacardiaceae family, is native to the Mediterranean
region and typically grows as a shrub reaching
heights of 1 to 3 meters. During the summer, it
produces small, greenish flowers, followed by
reddish-brown fruits in the autumn (Alsamri et al.,
2021). Sumac is a popular spice in culinary
applications and is widely used in Middle Eastern,
Mediterranean and Turkish cuisines. It is often
sprinkled on salads, meat dishes, and marinades to
enhance flavor. Additionally, it is used in sauces,
yogurt-based dips, and even some beverages to
impart a tangy taste. Sumac serves as both a natural
source of acidity and a rich reservoir of antioxidants,
making it a valuable ingredient in the kitchen
(Alsamri et al., 2021; Shabbir, 2012). Sumac fruits
are rich in tannins, giving them a characteristic sour
taste. They are known for their antioxidants,
antimicrobial, and anti-inflammatory properties.
Traditionally, sumac has been used in herbal
medicine to treat digestive disorders and as an anti-
inflammatory agent. Additionally, its fruits are widely
used as a spice, especially in Middle Eastern and
Mediterranean cuisines (Alsamri et al., 2021).

Sumac plants bloom in spring and summer, and fruit
ripening occurs in late summer and early autumn.
The harvest period generally takes place in August
and September, when the fruits reach full maturity
and develop their characteristic reddish-brown color.
After harvesting, the fruits are dried and processed
for use as a spice. Dried sumac flowers, which are
dark red or burgundy in color, are commonly used in
cooking either directly or by soaking in water to
prepare sumac juice. The resulting liquid, after
straining, is utilized as a flavoring agent in various
dishes (Rayne and Mazza, 2007; Unver and Ozcan,
2006). The planted area of sumac (Rhus coriaria L.)
varies significantly depending on the region, with a
higher concentration found in the Mediterranean and
Middle Eastern regions, where the plant is native and
widely cultivated. In Turkey, particularly in the
southeastern Anatolia region, sumac is extensively
grown both for culinary and medicinal purposes. The
cultivation of sumac remains significant due to its
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economic and cultural value, especially in local
markets where it is used as a spice, as well as its
potential as a source of bioactive compounds for the
pharmaceutical and nutraceutical industries.

Propolis is a resinous substance collected by
honeybees from tree buds and other botanical
sources. It contains a diverse range of biologically
active compounds such as flavonoids and phenolic
acids, which contribute to its antioxidant,
antimicrobial, and anti-inflammatory properties.
Historically used in traditional medicine, propolis has
gained renewed scientific interest for its potential
roles in immunomodulation, wound healing, and
cancer prevention (Kasote et al., 2022; Kolayli et al.,
2023).

Numerous studies have demonstrated that Rhus
coriaria possesses a wide range of biologically
active properties, including antioxidant (Alsamri et
al., 2021; Bursal & Kobksal, 2011), antimicrobial
(Ashoori et al., 2020), antidiabetic (Tohma et al.,
2019), antiinflammation (Momeni et al., 2019),
neuroprotective (Khalilpour et al.,, 2019) and
antitumor (Athamneh et al., 2017) activities. This
study was aimed, the phenolic and antioxidant
properties of propolis were compared with sumac
(Rhus coriaria) plant grown in Dogansehir district of
Malatya province. Considering the growing demand
for plant-based antioxidants with functional health
benefits, sumac presents itself as a promising
candidate for comparison with propolis, not only due
to its rich phenolic content and traditional use, but
also because it remains underrepresented in
antioxidant research despite exhibiting comparable
bioactive potential.

MATERIALS AND METHODS
Samples

Fresh sumac plant was collected from
Erkenek/Karanlikdere neighborhood of Dogansehir
district of Malatya province, Turkey in September
2023. Raw propolis sample was obtained from
Malatya region in 2023 and used by pulverizing
(Figurel). Approximately 10 g of dried sumac and
powdered propolis samples were extracted in 100
mL of 70% ethanol. The extraction process was
carried out in two stages: first, the sample was
subjected to ultrasonic bath extraction for 2 h, then
shaken in a shaker for 24 h. Filtration was carried out
in two stages: first, coarse filtration was performed,
then fine filtration was performed using high-quality,
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fine-pore filter paper. The obtained clear sumac and
propolis extract was stored in a closed container in
the refrigerator to be used in the study (Kara et al.,
2022; Kolayli and Birinci, 2024)

A) Propolis

B) Sumac
Figure 1. Powdered sumac and propolis samples

The selection of 70% ethanol as the extraction
solvent was based on both literature precedence
and its proven efficiency in recovering a broad
spectrum of phenolic and flavonoid compounds from
plant-based matrices. Ethanol-water mixtures,
particularly at concentrations between 50-80%,
have been widely reported to offer an optimal polarity
for extracting both hydrophilic and moderately
lipophilic compounds (Dai and Mumper, 2010; Do et
al., 2014). In this context, 70% ethanol was chosen
as a balanced solvent system capable of efficiently
solubilizing a wide range of antioxidant and phenolic
constituents from both sumac and propolis.

Total Phenolic Content (TPC)

TPC was evaluated spectrophotometrically using the
Folin-Ciocalteu method (Slinkard and Singleton,
1977). In this procedure, a reaction mixture was
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prepared by combining 20 L of the extract with 400
uL of 0.2 N Folin-Ciocalteu reagent and then diluted
with 680 pL of distiled water. The mixture was
incubated at room temperature for 3 min, then 400
uL of 10% Na,CO; solution was added and the
mixture was incubated at 25 °C for 2 h. The
absorbance of the solution was then measured at
760 nm using a UV-Vis spectrophotometer (Thermo
Scientific Evolution TM 201, Madison, USA). In the
preparation of the standard graph, different
concentrations of gallic acid (1; 0.5; 0.25; 0.125;
0.0625 and 0.03125 mg/mL) were used. The graph
was drawn with the absorbance values found
against concentration and the amount of phenolic
substance as gallic acid equivalent was found
according to the graph.

Total Flavonoid Content (TFC)

The total flavonoid content in the ethanolic extract
was measured using a modified procedure based on
the method of Fukumoto and Mazza (Fukumoto and
Mazza, 2000) In this modification, Al (NO3); was
used instead of AICI; due to its lower water solubility.
To initiate the assay, 50 pL of the ethanolic extract
was mixed with 100 L of 10% Al (NO3); and 100 pL
of 1.0 M NH,CH3;COO. The resulting solution was
diluted to a final volume of 3.0 mL using 99%
methanol and incubated at 25 °C for 45 min. After
incubation, the absorbance was measured at 415
nm. A calibration curve was established using six
guercetin standards with concentrations ranging
from 0.031 to 0.50 mg QUE/mL. Total flavonoid
content was calculated and expressed as milligrams
of quercetin equivalents (QUE) per 100 grams of
extract according to the standard curve.

Ferric Reducing/Antioxidant Power (FRAP)

The total antioxidant capacity of the ethanolic extract
was evaluated using the Ferric Reducing Antioxidant
Power (FRAP) test according to method Benzie
(Benzie and Strain, 1996). For the preparation of
FRAP reagent (Fe-lll-TPTZ), a mixture of TPTZ
dissolved in 40 mM HCI, acetate buffer and 20 mM
FeCl;.6H,0 solution was made in a test tube. Then,
3 mL of the prepared FRAP reagent was combined
with 100 uL of the extract and incubated at 37 °C for
4 min. The absorbance was measured at 595 nm. A
calibration curve was established using varying
FeSO,.7H,O concentrations (1000 to 31.25
gmol/mL). The results were expressed as pmol
FeSO, .7H,0 equivalent per grams of weight.
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ABTS- Radical Scavenging Capacity

The radical scavenging activity of ethanolic extracts
was evaluated by a spectrophotometric method
using 2,20-Azino-bis  (3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS’). ABTS: was
dissolved with deionized water to a concentration of
7 mM and potassium persulfate was added to 2.45
mM. The mixture was incubated at room
temperature and in the dark for 12 h. Then, the
mixture was diluted with 0.01 M PBS (phosphate
buffered saline), pH 7.4, to obtain an absorbance
value of 0.70 at 734 nm. Trolox was used as a
standard and the results obtained were expressed
as SCso value as the concentration of samples that
scavenged 50% of ABTS: radicals (Kolayli et al.,
2016).

Phenolic Compounds in RP-HPLC-PDA

Before the analysis of phenolic components of the
ethanolic extracts by RP-HPLC-PDA, liquid-liquid
extraction was performed to enrich the sample
(Kolayh and Birinci, 2024). A 10 mL portion of the
extract was evaporated using a rotary evaporator at
40 °C. The resulting residue was redissolved in 10
mL of distilled water and the pH was adjusted to 2
with concentrated HCI. The organic phases were
collected after three consecutive extractions with
diethyl ether and ethyl acetate. After evaporation of
the solvent, the residue was dissolved in 2 mL of
methanol, filtered through a 0.45 ym RC membrane
and analyzed for phenolic content. The phenolic
composition of the extract was determined using an
RP-HPLC-PDA system equipped with a photodiode
array (PDA) detector (Shimadzu Liquid Corporation
LC 20AT) and a C18 column (250 mm x 4.6 mm, 5
pm; GL Sciences) (Kara and Birinci, 2024). A
calibration curve was established with 26 phenolic
standards. The mobile phase was (A) 2% acetic acid
in water and (B) 70:30 mixture of acetonitrile and
water, the injection volume was optimized at 20 L,
the column temperature was 30 °C, and the flow rate
was 1.0 mL/min.

RESULTS

The total phenolic and flavonoid content of ethanolic
sumac and propolis extracts are presented in Table
1. The average total phenolic content (TPC) was 49
mg GAE/g in the sumac extract, while it was
approximately three times higher in the propolis
extract. The total flavonoid content was
approximately 31.7 mg QUE/g in the propolis
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extract, compared to 3.36 mg QUE/g in the sumac
extract. A comparative analysis of the two extracts
reveals that propolis exhibits a higher flavonoid
content. Specifically, flavonoids account for

Table 1. Total phenolic and flavonoid contents of the samples

approximately 20% of the total phenolic content in
propolis, whereas they represent only about 6.8% of
the total phenolic content in sumac.

Total Phenolic Content Total Flavonoid Content %TFC/TPC
(mg GAE/Q) (mg QUE/Q)
Sumac 49.11+1.32 3.36 +0.15 96.84
Propolis 156.20+2.78 31.7021.21 %20.29

In this study, the antioxidant capacity of propolis and
sumac extracts was compared as a measure of their
biological activity. The ferric reducing antioxidant
power (FRAP) method, a straightforward and
reliable assay for determining total antioxidant
capacity, was used. Higher FRAP values correspond
to greater antioxidant potential, with the FRAP value
of propolis found to be approximately three times
higher than that of sumac extracts (Table 2). The

Table 2. Total antioxidant capacities of the samples

antioxidant capacity of both sumac and propolis is
primarily attributed to their polyphenolic content.
However, unlike propolis, sumac is a natural product
that also contains significant amounts of ascorbic
acid, which contributes to its antioxidant capacity.
Indeed, the ascorbic acid content in sumac has been
reported to range from 10 to 44 mg/kg, indicating that
polyphenols are not the sole determinant of its
antioxidant activity (Fereidoonfar et al., 2019).

Total antioxidant capacity FRAP (uM

ABTS radical scavenging capacity

FeS04.7H20/g) SCso(mg/mL)
Sumac 463.17 £2.26 0.93+0.01 (Std. Troloks0.20+0.01)
Propolis 1662.30+68.20 0.021+0.00

Free radicals are atoms or molecules that contain
unpaired electrons, making them highly reactive. In
this study, ABTS molecule was used as a model
radical to evaluate antioxidant activity (Kolayli et al.,
2016). ABTS radical is a radical commonly used to
evaluate antioxidant activity, especially to evaluate
radical scavenging capacity. The SCso value
calculated in this experiment represents the
concentration of an antioxidant required to neutralize
50% of radicals in the experimental medium.
Consequently, a lower SCso value corresponds to a
higher antioxidant capacity, which reflects the
effectiveness of the substance in radical scavenging.
In our study, it is seen that the radical scavenging
activity of propolis is much higher than that of sumac.

In our study, the phenolic profiles of both ethanolic
extracts were analyzed using RP-HPLC-PDA.
Samples enriched through liquid-liquid extraction
were evaluated against 26 phenolic standards. The
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results are summarized in Table 3. The identified
phenolic compounds were categorized into two main
groups, phenolic acids and flavonoids, and their
contents were compared within the table. Gallic acid
was identified as the major component of the sumac
plant, followed by protocatechuic acid and syringic
acid. Chrysin and pinocembrin were determined as
the flavonoids present in sumac. Similar to our study,
it has been reported that gallic acid and
protocatechuic acid are the major phenolic
compounds in sumac (Elagbar et al., 2020; Kosar et
al., 2007). In propolis, gallic acid was not detected,
while hydroxycinnamic acids were found to be more
abundant, with flavonoids being higher in
concentration. Among the phenolic acids, caffeic
acid and its ester derivative, caffeic acid phenethyl
ester (CAPE), are among the most important
markers of propolis, while chrysin, pinocembrin, and
rhamnetin were also identified as flavonoids present
in propolis.
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Table 3. The phenolic compounds of the samples using HPLC-PDA

Phenolic Standards (ug/g)

Sumac

Propolis

Hydroxybenzoic acids
p-OH Benzoic acid
Vanillic acid
Protocathehuic acid
Galllic acid

Chlorogenic acid
Syringic acid

Ellagic acid
Hydroxycinnamic acids
t-cinnamic acid

Ferulic acid
p-Coumaric acid
Caffeic acid

Caffeic acid phenethyl ester
(CAPE)

Flavonol

Rhamnetin

Quercetin

Rutin

Myricetin

Galangin

Flavan-3-ols
Epicatechin

Catechin hydrate
Flavones

Chrysin

Daidzein

Apigenin

Luteolin

Flavanones

Pinocembrin
Hesperetin
Naringenin

Phenolic acids

Flavonoid

143.
1693.58

68.98

23.10

11

960.80
1210.20
1430.22
1750.09

1820.33

2055.06
806.45

(-): not detected

DISCUSSION

Propolis is a resinous substance collected from the
hives of honeybees, renowned for its high
biologically active value due to its rich polyphenol
content. The most prominent feature of this complex
natural mixture, which is poorly soluble in water but
highly soluble in ethanol, is its substantial
polyphenolic composition (Kumova, 2002).
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Similarly, sumac (Rhus spp.) is a plant belonging to
the Anacardiaceous family (gum tree family), usually
growing in the Mediterranean, and Middle East
regions. The red-colored fruits of this shrub-shaped
plant are used as a spice after being dried and
ground. Sumac spice adds flavor to dishes with its
sour and aromatic taste and is frequently preferred
in salad dressings, meat dishes and appetizers
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(Batiha et al., 2022). Apart from its culinary uses,
sumac water extracts are valued for their health
benefits, including antioxidant, antimicrobial, and
anti-inflammatory properties. Traditionally, sumac
has been utilized in the treatment of sore throat,
digestive disorders, and inflammation, and it is also
a rich source of vitamin C (Zannou et al., 2025).

This study compares the phenolic composition and
antioxidant properties of propolis and sumac
extracts. For the first time, the phenolic content of
these two natural extracts was directly compared,
revealing that both are polyphenol-rich, with propolis
exhibiting approximately three times the polyphenol
content of sumac. Additionally, propolis
demonstrated a higher concentration of flavonoids.
Polyphenols, secondary metabolites in plants, play a
critical role in their biological activities. These
compounds are primarily categorized into two major
subclasses: phenolic acids and flavonoids, with
flavonoids being the largest subclass. They are
particularly significant due to their potent anti-
inflammatory effects, contributing to their overall
biological efficacy (Abbas et al., 2017).

A study conducted on 136 sumac trees in Iran
reported that the total phenolic content (TPC) ranged
from 77.54 to 389.30 mgGAE/g DW (Fereidoonfar et
al., 2019). These values are notably higher than
those observed in our study, suggesting significant
methodological differences in the calculation or
measurement techniques. Conversely, the total
flavonoid content (TFC) in the same study was
reported to range between 2.19 and 7.15 mg, which
aligns closely with our findings. A study conducted
using LC/MS-MS identified the presence of 25
phenolic compounds in sumac. Additionally, the
study reported that the sumac plant is characterized
by its high tannin and anthocyanins content (Tohma
et al.,, 2019). In this study, the amount of TPC in
aqueous sumac extracts was reported as 55 mg
GAE/g. However, ethanolic extracts have been
reported to contain higher TPC.

In a study, it was reported that sumac fruits contain
Delphinidin-3-glucoside, Cyanidin-3-glucoside,
Cyanidin-3-rutinoside, and Cyanidin chloride from
anthocyanins. In the same study, it was reported that
the sour taste of sumac fruits is caused by organic
acids such as citric acid, malic acid, oxalic acid,
tartaric acid (Zannou et al., 2025).

The total phenolic content of propolis extracts varies
significantly depending on regional, national, and
floral characteristics. Studies focusing on Anatolian
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propolis have demonstrated a wide range of total
phenolic content, typically between 45 mgGAE/g
and 274 mgGAE/g. This variation highlights the
influence of geographical and botanical factors on
the phenolic composition of propolis (Can et al.,
2024; Kolayli et al., 2023). Our results showed that
the antioxidant capacities of both extracts were
found to be related to the total amount of phenolic
substances.

In this study, the FRAP method reflects total
antioxidant capacity, while ABTS method indicates
radical scavenging activity. Although there is a
positive correlation between both methods, there are
differences between their antioxidant mechanisms of
action. In this study, antiradical activity of the
extracts was analyzed according to ABTS methods.
ABTS radical (2,2'-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid)) is a chemical substance widely
used in antioxidant capacity measurements. In
particular, the radical form of ABTS (ABTS-") is blue-
green in color and its color decreases or disappears
when it reacts with an antioxidant substance. This
color change is measured spectrophotometrically to
determine the antioxidant capacity of a substance
(Kut et al., 2022). The ABTS radical is commonly
used in what is known as the Trolox Equivalent
Antioxidant Capacity (TEAC) test and the results are
expressed in Trolox (vitamin E analog) equivalents.
The ABTS method is widely preferred in the food,
pharmaceutical and biochemistry fields as it is
effective in measuring hydrophilic and lipophilic
antioxidants (Cano et al., 2023).

According to the results from our HPLC analysis
based on 26 phenolic standards, it is evident that
propolis has a richer polyphenolic profile compared
to sumac. Our findings indicated that sumac extract
was predominantly rich in gallic acid, with smaller
amounts of protocatechuic acid, chrysin, and
pinocembrin. Consistent with our results, previous
studies have reported sumac extracts as being
particularly high in gallic acid (Zannou et al., 2025).
Propolis was characterized by the presence of
hydroxycinnamic acids and flavanones, which are
typical of Anatolian propolis (Can et al., 2024).
Moreover, key active constituents in propolis,
including caffeic acid, rutin, quercetin, pinocembrin,
and hesperetin, were identified, although their
concentration and presence vary according to the
regional floral characteristics. The quality and
biological value of Turkish (Anatolian) propolis
demonstrate regional variations, with distinct types
such as pine propolis in areas rich in oak forests and
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chestnut propolis in regions abundant with chestnut
trees (Cora et al., 2023).

Conclusion: In conclusion, both propolis and sumac
are natural botanical products characterized by high
polyphenolic content and significant antioxidant
properties, with notable similarities and differences
between them.
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ABSTRACT

This study analyzed the biochemical composition and effectiveness of Chinese and local propolis
extracts against greater (Galleria mellonella L.) and lesser (Achroia Grisella, L.) wax moth larvae, while
also assessing their impact on adult honeybee workers. Propolis extracts were prepared at 10%
concentration using ethanol, acetone, olive oil, water, thyme, and sage at 90%, 50%, and 25%
concentrations. Biochemical analysis revealed Chinese propolis contained higher total flavonoids
(2.47%), amino acids (13.69%), and lipids (31.36 mg/g) than local propolis (0.95%, 6.21%, and 26.96
mg/g, respectively). Laboratory experiments showed that increasing extract concentration
(90%>50%>25%) generally increased mortality in wax moth larvae and adult workers for both propolis
types. Chinese propolis extracts were more effective against both wax moth species than local extracts
across all concentrations. However, Chinese propolis also caused higher mortality in adult workers,
especially at higher concentrations. Ethanolic and olive oil extracts were most effective against wax
moth larvae but also negatively affected adult worker survival compared to other extracts.

Key words: Propolis, Biochemical analysis, Extracts, Wax moths, Alternative control

oz

Bu ¢alismada, Cin ve yerel propolis ekstraktlarinin biyokimyasal bilesimi ve biiyiik (Galleria mellonella
L.) ve kig¢iik (Achroia Grisella, L.) balmumu giivesi larvalarina karsi etkinligi analiz edilirken, yetigkin
bal arisi is¢ileri lizerindeki etkileri de degerlendirilmigtir. Propolis ekstraktlari %90, %50 ve %25
konsantrasyonlarda etanol, aseton, zeytinyagi, su, kekik ve adagayi kullanilarak %10 konsantrasyonda
hazirlanmigtir. Biyokimyasal analizler Cin propolisinin yerel propolise gore (sirasiyla %0,95, %6,21 ve
26,96 mg/g) daha yiiksek toplam flavonoid (%2,47), amino asit (%13,69) ve lipid (31,36 mg/g) icerdigini
ortaya koymustur. Laboratuvar deneyleri, artan ekstrakt konsantrasyonunun (%90>%50>%25) her iki
propolis tiirii icin de balmumu giivesi larvalarinda ve yetigkin isgilerde 6liim oranini genel olarak
artirdigini gostermistir. Cin propolisi ekstraktlari her iki mum giivesi tiiriine karsi da tim
konsantrasyonlarda yerel ekstraktlardan daha etkili olmustur. Bununla birlikte, Cin propolisi 6zellikle
yiiksek konsantrasyonlarda yetiskin isgilerde daha yiiksek 6liim oranina neden olmustur. Etanolik ve
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zeytinyagi 6zitleri balmumu giivesi larvalarina karsi en etkili 6ziitler olmakla birlikte, diger 6ziitlere
kiyasla yetigkin ig¢ilerin hayatta kalmasini olumsuz yénde etkilemistir.

Anahtar kelimeler: Propolis, Biyokimyasal analiz, Ekstraktlar, Balmumu gtiveleri, Alternatif kontrol

GENISLETILMiS OZET

Calismanin amaci: Propolis, farkli bitki parcalari ve
arilarin olusturdugu molekillerin karisimindan elde
edilen reginemsi bir maddedir. Bu g¢alisma, iki farkli
arl  sakizinin  biyokimyasal bilesim analizini
gerceklestirmis ve iki tir propolisin (Cin ve Yerel),
Laboratuvar kosullarinda, bal arisinda buyik ve
kiiglik balmumu gtivesi larvalarini kontrol etmedeki
etkinligini belirlemistir.

Materyal ve yontem: Laboratuvar deneyi, alti
propolis 6zutlnin (etanolik, aseton, zeytinyagi, su,
kekik ve adagay1) hem buyuk (G. mellonella) hem de
kiguk (A. grisella) balmumu glvesi larvalar
Uzerindeki etkisinin yani sira bu 6zutlerin yetiskin
isgiler (Apis mellifera, L.) Uzerindeki etkisini
incelemek  Uzere tasarlanmistir. Bal arisi
kolonisindeki yetiskin iscileri olumsuz etkilemeden
balmumu glvelerini kontrol etmede Cin ve yerel
propolis  6zultlerinin - kullaniminin  uygunlugunu
dederlendirmek icin etanol, aseton, zeytinyagdi, su,
kekik ve adagayinin her biri igin %90, 50 ve %25'lik
konsantrasyonlarda ¢dzinen %10'luk propolis (w/w)
konsantrasyonunun kullanildigi  bir laboratuvar
deneyi gerceklestirerek bal arisinin yetiskin isgileri
(Apis mellifera, L) Gzerindeki etkisini arastirmigtir.

Bulgular: Biyokimyasal analiz sonuglari, Cin
propolisinin toplam flavonoidler (%2,47), toplam
amino asitler (%13,69) ve toplam lipitler (31,36 mg/g.
viucut agirhgi) bakimindan yerel propolisteki
muadillerine (sirasiyla %0,95, %6,21 ve 26,96 mg/g)
gore daha Ustin oldugunu gostermistir. Genel
olarak, Cin ve yerel propolis ekstraktlarinin tim
konsantrasyonlari altinda buyuk, kigik balmumu
guvesi larvalari ve yetigkin iscilerin toplam 6lum
orani artmigtir ve bu artis sirasina gére asagidaki
gibi siniflandirilabilir: 90% > 50% > 25%. Cin
propolisi ekstraktlarinin tim konsantrasyonlarda
(%90, 50 ve 25) hem blylk hem de kiiglik balmumu
glvesi larvalariyla micadelede Yerel'e Ustunligu
gorulmastir. Ote yandan, Cin propolisinin artan
konsantrasyonu ile vyetigskin is¢i Olum oranlari
Uzerinde Yerel propolis ile karsilastirildiginda
olumsuz bir etki vardi. Etanolik ve zeytinyagi
ekstraktlarinin tim konsantrasyonlarda (%90, 50 ve
25) hem blylik hem de kigik balmumu glvesi
larvalariyla miicadelede tim ekstraktlara gore
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Ustiinligu tespit edilmistir. Ote yandan, etanolik ve
zeytinyagi ekstraktlarinin artan konsantrasyonu ile
diger ekstraktlara kiyasla yetigkin is¢i 6lum oranlari
Uzerinde olumsuz bir etki vardi.

Sonug: Propolis ekstraktlari balmumu glvesi
larvalarini  6ldirmede etkilidir. Daha yilksek
konsantrasyonlar ve daha uzun maruz kalma
sureleri larva 6limunin artmasiyla sonuglanmistir.
Zeytinyagi bazli ekstraktlar en etkili olanlardir. Cin
propolisi 6zutleri yerel propolis 6zitlerinden daha iyi
performans géstermistir.

Calisma, her bir propolis ekstraktinin test edilen tim
konsantrasyonlarinin 4. instar blylk ve kiglk
balmumu glvesi larvalarini etkili bir gekilde
oldurddgunud ve 6lim oranlarinin daha yuksek
konsantrasyonlar ve daha uzun maruz kalma
sureleri ile arttigr 6nemli dlglide daha yuksek olum
oranlari ile sonuglandidini gostermistir. Spesifik
olarak, her bir ekstraktta %90 oraninda ¢6zinmus
%10 Propolis konsantrasyonu, 24 saat sonra biyulk
ve kuguk balmumu guvesi icin sirasiyla %81,8 ve
%95,79 oOlimle sonuglanmistir. Ayrica, zeytinyagi
diger tim ekstraktlara goére daha astlin olup, blyuk
ve kliglk mum guvesi igin sirasiyla %93.33 ve %82.8
Olim orani kaydetmistir ve tim bu sonuglar Cin
propolisi ile Yerel propolise kiyasla daha belirgindir.

INTRODUCTION

Propolis is known as bee glue. Bees need propolis
in the formation and preservation of their hives
because of its waxy nature and mechanical
properties for sealing gaps, smoothing out the
internal walls, and as a protective barrier against
external strangers such as snakes, lizards, wind,
and rain (Abdallah et al., 2023; Wagh, 2013).
Propolis has attracted public interest since it is a
natural product with many biological properties. It
has been used to possess anti-bacterial, anti-viral,
and pests (Omar and Fathy, 2016). Propolis also
serves as a protective shield for the bee colony due
to its antibacterial and antifungal properties, which
contribute to shielding the colony from diseases
(Bogdanov, 2017; Ozdemir et al., 2022).
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The increasing resistance of microorganisms to
conventional chemicals and drugs has prompted
scientists to search for novel sources of biocides with
broad-spectrum activities (Abad et al., 2007). The
chemical composition of propolis varies according to
its botanical source but mainly it is composed of 30%
wax, 50% resin, 10% essential and aromatic oils, 5%
pollen and 5% other substances including organic
debris (NMKL, 2013). Propolis color ranges from
transparent or yellow to dark brown according to the
source of resin. Ethanol (ethyl alcohol) ether, glycol,
and water are commonly used to extract the propolis
(Abdulkhani et al., 2017; Anjum et al., 2019).
Propolis has more than 300 compounds with various
compositions and isomers. Among these
compounds, vitamins (C, B, B1, B2, A, and E), acids
(organic acid, gallique acid, isoferulic acid, ferulic
acid, and phenolic acids), flavonoids (flavones,
flavonol, flavonones, and flavononol), cafeique,
pectolinarigenine, and chrysine, are the most
common bioactive chemical agents present in all
kinds of propolis (Anjum et al., 2019; Bogdanov,
2017; and Ozdemir et al., 2022). The best solvent for
propolis extraction is ethanol but it is also a limiting
factor for the usage of propolis in certain areas (Muz
et al., 2024).

Researchers evaluated an ethanolic propolis extract
against young wax moth larvae in the laboratory
using propolis extracted from 70% ethanol,
dissolved in 55% ethanol at concentrations of 2%,
4%, 6%, 8%, and 10% (w/v), and distilled water and
55% ethanol as control samples. The results showed
significant values after 24 and 48 hours, with
mortality rates accounting for 90% and 80% of wax
moth larval mortality, respectively. On the other
hand, treatment with a 10% (w/v) propolis extract
resulted in 100% moth mortality regardless of
treatment time also, the most effect was in sixth- and
seventh-instar larvae which, resulting 100%
mortality (Ararso and Legesse, 2016). The direct
treatment of the larvae of the major wax moth and
the food provided to them indicated that the
ethanolic propolis extract showed effectiveness in
destroying the third larval age the major wax moth
(Hussein et al.,, 2022 a). The propolis ethanolic
extracts (15%) have insecticidal action against the
3rd larval instar of G. mellonella. in field conditions
(Hussien et al., 2022 b). The ethanolic extract of
Propolis was significantly toxic on against the third
instar larvae of GWM more than Nigella sativa, and
Carum carvi with high percentage of mortality by
increasing the concentration and elapse of time.

U.An D. - U Bee J. 2025, 25 (1): 140-157

(Algalil et al., 2022). The larger wax moth larvae
Galleria mellonella responded differently to different
plant extracts. Rosmarinus officinalis, Eucalyptus
spp and Cinnamomum verum extracts triggered the
greatest larval mortality after application %15 and
%20 after 48,72hr respectively (Omer et al., 2023).

MATERIALS AND METHODS

This investigation aims to study the biochemical
composition of two different bee gum (Chinese, and
Local propolis) then using some propolis extracts in
controlling greater (G. mellonella), and lesser (A.
Grisella) wax moth larvae.

Propolis samples

1) Chinese propolis which imported from China
and purchased commercially in Egyptian market.
2) Local propolis which collected by different

traps (normal, glass slide, plastic mesh sheet, and
fiber mesh sheet) from honey bee colonies located
in the apiary of Agricultural Research Station, El-
Arish, North Sinai, Egypt
(31.06"46.1"N3349"37.1"E) through two vyears
(2022- 2023).

Propolis Biochemical Analysis

Biochemical analysis of Chinese and local propolis
samples were conducted at Plant Protection
Research Institute, Agricultural Research Center,
Giza, Egypt to estimate the total lipids, amino acids,
and flavonoids, with noting that the local propolis
sample was estimated at 3 stages (fresh, 6 months
and one year). Table 1 is shown total biochemical
analysis of local, and Chinese propolis.

Preparation of homogenate samples

Samples were homogenized in distilled water and
then centrifuged at 6000 rpm for 10 min at 5°C using
(BECKMAN GS-6R Centrifuge). After centrifugation,
the supernatant fluid was divided into small aliquots
(0.5 ml) and stored at -20 °C until analysis of main
components. Three replicates were carried out for
each biochemical determination.
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Table 1. Total Biochemical Analysis of Local, and Chinese
Propolis

Total Analysis Propolis Samples
Local Chinese

Fresh | 6 months @ Year

Flavonoids (%) 0.24 1.65 0.95 2.47
Amino acid (%) 7.75 8.82 6.21 13.69
Lipid (mg/g. B. W.") = 20.03 @ 28.34 26.96 @ 31.36

“B.W.: Body weight

Total Lipid
Determination of total lipid content

Total lipid content in homogenate was estimated
according to Knight et al. (1972) using
phosphovanillin reagent and standard curve.

A. Preparation of Phosphovanillin reagent

Pure vanillin (0.6 g) was dissolved in 10 ml absolute
ethanol and completed to 100 ml with distilled water.
Concentrated phosphoric acid (400 ml) was added,
and the solution was stored in a dark glass bottle at
room temperature.

B. Procedure

A sample solution of homogenate (250 pl) was
added to concentrated sulfuric acid (5 ml) in a test

tube and heated in a boiling water bath for 10 min.
After cooling to room temperature, 500 pl of the
digest was added to the phosphovanillin reagent (6.0
ml). After 45 min incubation in dark, the developed
color was measured at 525 nm against a reagent
blank prepared from 500 pl distilled water and 6.0 ml
phosphovanillin reagent. The content of lipid was
expressed as mg/gram of weight.

C. Preparation of standard curve of lipid

For the standard curve, serial concentrations of oleic
acid and palmitic acid mixture (7:3) from 0.5 to 5
mg/ml were prepared in absolute ethanol were used
and treated in the same manner as the unknown.
The standard curve was blotted by O.D. (Optical
Density) against concentration.

Total Amino Acids
Determination of total amino acids content

Total amino acids content in homogenate was
estimated according to Lee and Takahashi (1966)
using colorimetric determination of amino acids with
Ninhydrine.

Preparing of Solution

Citrate Buffer = 0.5Molar (Sodium Citrate 129.03g in
one liter of Distilled Water) and adjust pH by 0.1N
HCI 5.5. Ninhydrine = 1% in (1g in 100ml Citrate
Buffer) . Glycerol (pure).

Mixture of solution = 0.5ml Ninhydrine + 1.2ml Glycerol + 0.2ml Citrate buffer

Preparing standard: Prepare 100 ppm Glycine
(0.01g of Glycine in 100ml Distilled water) . Prepare
different concentrations of standard in tubes (20
ppm-40 ppm - 60 ppm - 80 ppm-100 ppm) .

Digestion
e Take 0.2g of sample + put 10 ml HCI (6

Molar) in Sealed tube and leave it in sand
path in oven at 105°C overnight.

o After that take the digested sample and put
itin beaker and add some distilled water and
evaporate in water path to get rid of excess
of HCI.

e Filtrate in volumetric 25ml using Citrate
Buffer.

e Take 1 ml of sample and add 1.9 ml of the
mixture in glass tube.
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e Do blank and the St. Concentration as the
same sample.

e Put them all in water path from 12 min to 20
min and notice formation of reaction color in
tubes.

e Leave for cooling and shake vigorously and
read on spectrophotometer at 570nm.

e Calculate the Total Amino Acids using St.
Curve.

Total Flavonoids
Determination of total flavonoids content

Total flavonoids content in homogenate was
estimated according to Zhishen et al. (1999).
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Extraction

e Take 0.5¢g of fresh plant sample and extract
with 10ml of ethanol absolute in mortar.

o Filtrate the extract in dark bottle to be ready
for analysis.

Preparation

Prepare the standard form Catechin standard 1000
ppm (0.19/100ml Ethanol) (stock Solution) and
100ppm (take 0.1ml from the stock solution / 100
100ml Ethanol) (working solution). Prepare freshly

Total Flavonoide (Catechin)%

standard curve using 5 point of Catechin St. (20,
40, 80, 160,320 and 640ppm.( Prepare NaNO2
(5%) solution. Prepare Alcl (10%) solution. Prepare
NaOH (1Molar) solution.

Assay

Take 125 ul form the extract in tube and add 75ul
from NaNO2 (5%) solution and wait for 6min. Then
add 150 ul Alcl (10%) solution and wait for 5 min.
Add 750 ul NaOH (1Molar) solutions. Adjust the
final volume of solution to 2500 ul with distilled
water.

= (concentration from St.curve ber Wt.of sample) X dilution factor x 10000

Laboratory Experimental Design

Laboratory experiment was designed to examine the
possibility of controlling some pests and external
parasites using different of propolis extracts. Then
the effect of using six propolis extracts (ethanolic,
acetone, olive oil, water, thyme, and sage) on both
greater (G. mellonella), and lesser (A. grisella) wax
moth larvae were evaluated through conducting a
laboratory experiment in which a concentration of
10% propolis (w/w) dissolved in concentrations of
90, 50, and 25% for each of ethanol, acetone, olive
oil, water, thyme, and sage to judge the suitability of
using Chinese and local propolis extracts in
controlling wax moths.

Raring of wax moth larvae

The larvae of greater wax moth were collected from
naturally infested honeybee hives. Wood boxes of
40 x 30 x 30cm were used for rearing under
laboratory conditions with 25 + 5°C and 70 + 5%
relative humidity. Collected larvae were introduced
into the boxes with infested wax combs and left to
feed and grow (Mohamed and Amro, 2022). Boxes
were covered with polyethylene plastic. Wax combs
were added as needed until pupation, then after the
emergence of moths that laid eggs, hatched into
larvae. For toxicological tests, fourth instar larvae
were used (Elkhiat, 2012).

Wax moth larvae assay

The assay was performed on fourth instar larvae, 20
of which were used (replicated). Three replicates
were used for each propolis extracts. The larvae
were transferred into Jars with circular holes (1 mm
diameter = 625 hole/ inch?) provided with 20 gm wax.
Samples of wax moths were sprayed with previously
prepared propolis extracts at different
concentrations. Dead larvae were counted and
recorded for 24 hours, and mortality rates were
evaluated. Larval mortality rate = number of dead
larvae / number of tested larvae x 100.

Experimental Design

The experimental design was a factorial randomized
complete block involving 3 factors: Factor A: Two
propolis samples (Chinese, and Local). Factor B: Six
propolis extracts (ethanolic, acetone, olive oil, water,
thyme, and sage). Factor C: Four timing (6, 12, 18,
and 24 hours). Thus there were 48 treatment
combinations in 3 replicates overall total 144 sample
with each concentration (90, 50, and 25%). Each
sample of the laboratory experimental contains 20
wax moths to estimate the death rate of it as a
percentage according to the equation:

Death No.of wax moths

Death rate (%) =

x 100

Total No.of wax moths

U.An D. - U Bee J. 2025, 25 (1): 140-157
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Preparation of raw propolis extract

Propolis samples were extracted by maceration at
room temperature, with occasional shaking, in the
proportion of 10 g of (Chinese and Local) propolis to
100 ml of solvent (ethanol 80% wi/v), extracts were
obtained after 7 days of maceration and the
ethanolic extracts were then filtered by Whatman
(No.1) filter paper and incubated at room
temperature until ethanol evaporated and the
product obtained a honey-like consistence are
referred to as ethanolic extract propolis, this method
was reported by lldenize et al. (2004).

Statistical Analysis

A completely randomized experimental design was
tested. Data were analyzed using SAS program
(SAS Institute, 1989). The general linear models
were carried out to test differences (alpha = 0.05)
and the least significant difference (LSD) mean
separation tests were determined.

RESULTS

Positive effect of some propolis extracts on
greater wax moth larvae

Generally, increased total mortality rate of greater
wax moth larvae (G. mellonella) under all
concentrations of Chinese, and local propolis
extracts (ethanolic, acetone, olive oil, water, thyme,
and sage), which can be classified in order of
increasing as follows: 90% > 50% > 25% with rates
81.8, 76.51, and 50% respectively, addition to
superiority of Chinese over Local propolis extracts
with rates 81.29, and 64.33% under all
concentrations of dissolved solutions (90, 50, 25%).
Effect of some propolis extracts on greater wax moth
larvae with 10% concentration (w/w) dissolved 90,
50, 25% in each extract are shown in Table 2(a, b,
and c).
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The positive effect under dissolved in 90% for
each extract

Concerning the effect of some propolis extracts on
greater wax moth larvae with 10% concentration
(w/w) dissolved 90% in each extract, data reveal that
all factors gave high significant values on mean
mortality rate of greater wax moth larvae except
interaction effect with factors (AxC), and (AxBxC).

Main effects

The effect of propolis kind showed that, Superiority
Chinese propolis over Local propolis in total death
number. Results recorded 107 while, the Local
propolis recorded 89.33 under dissolved 90% in
each extract with increasing rate 19.78%. Regarding
the effect of extracts kind data revealed that,
Superiority Ethanolic, and Olive oil extract over all
other extracts with total death rate 100% while, the
lowest rate was water extract with death rate 50%.
As well as, the highest positive effect was after the
first 6 hours where, recorded 77.67 with increasing
rate 126.25% comparing with the lowest value
(34.33) after 24 hours.

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, The greater effect of
Ethanolic, and Olive oil extract over all extract was
particularly marked where Chinese, and Local
propolis was present; and the higher rate 100%
caused by Ethanolic, and Olive oil extract comparing
with lower rate of water extract (43.35%) was
particularly evident where Local propolis was
present. While, the effect of extracts with timing
showed that, The highest positive effect was after
the first 6 hours under conditions of all extracts
comparing with the death number of greater wax
moth after 24 hours; and the positive effect was more
marked with Ethanolic, and Olive oil extract. On the
other hand, there were no interaction effects
between propolis (A) and timing (C). Also, there were
no interaction effects between the three factors as
well as kind of propolis (A), extracts (B), and timing

©.
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Table 2.a. Effect of propolis extracts on Greater Wax Moth Larvae (Galleria mellonella L.) with 10% concentration (w/w)

dissolved in 90% for each extract.

Timing (C)
Propolis (A) Extract (B) Mean Total
1 2 3 4

Ethanolic 10.00 10.00  0.00 0.00 5.00 20.00

o Acetone 3.33 5.33 3.00 3.00 3.67 14.66

4 Olive oil 18.67 0.67  0.33 0.33 500  20.00

5 Water 5.00 3.33 3.00 3.00 3.58 14.33
Thyme 1.33 4.67 6.67 6.67 4.83 19.34

Sage 2.67 6.00 5.00 5.00 4.67 18.67
Total 41.00 30.00 18.00 18.00 26.75  107.00

Ethanolic 10.00 10.00  0.00 0.00 5.00 20.00

Acetone 3.33 1.33 1.67 1.67 2.00 8.00

g Olive oil 18.67 1.33 0.00 0.00 5.00 20.00

3 Water 4.67 0.00 2.00 2.00 2.17 8.67
Thyme 0.00 2.67 6.33 6.33 3.83 15.33

Sage 0.00 4.67 6.33 6.33 4.33 17.33

Total 36.67 20.00 16.33 16.33 22.33 89.33
G. Total 77.67 50.00  34.33 34.33 49.08  196.33

Mean of Extract solution

Ethanolic 10.00 10.00  0.00 0.00 5.00 20.00

Acetone 3.33 3.33 2.33 2.33 2.83 11.32

Olive oil 18.67 1.00 0.17 0.17 5.00 20.00

Water 3.33 1.67 2.50 2.50 2.50 10.00

Thyme 0.67 3.67 6.50 6.50 4.33 17.34

Sage 1.33 5.33 5.67 5.67 4.50 18.00

A=0.32 B=0.50 C=0.66 AxB=0.71 AxC=N.S
L.S.D. 0.05%
BxC=1.63 AxBxC=N.S
e A B, and C means factors of propolis, extract, and timing.
e 1,2,3 and 4=6, 12, 18, and 24 hours.

The positive effect under dissolved in 50% for
each extract

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, there were no interaction
effects between which kind of propolis (A) and
extracts (B). But in general, the effect of Olive oil
extract over all extract was particularly marked
where Chinese, and Local propolis was present; and
the higher rate 100% caused by Olive oil extract
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comparing with lower rate of Thyme extract (50%)
was particulary evident where Local propolis was
present. While, the effect of propolis with timing
showed that, the highest positive effect was after 12
hours under conditions of two propolis kinds
comparing with the death number of greater wax
moth after 24 hours; and the positive effect was more
marked with Chinese propolis. Also, the highest
positive effect was after 12 hours under conditions of
all extracts comparing with the death number of
greater wax moth after 24 hours; and the positive
effect was more marked with Olive oil extract.
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Table 2.b. Effect of propolis extracts on Greater Wax Moth Larvae (Galleria mellonella L.) with 10% concentration (w/w)

dissolved in 50% for each extract.

Timing (C)
Propolis (A) Extract (B) Mean Total
2 3 4

Ethanolic 9.33 9.33 0.33 0.33 4.83 19.32

Acetone 4.00 8.00 1.33 1.33 3.67 14.66

§ Olive oil 7.33 12.67 0.00 0.00 5.00 20.00
§ Water 5.00 267  3.00 3.00 341 13.67
Thyme 1.33 8.67 2.33 2.33 3.67 14.66

Sage 7.33 8.67 1.33 1.33 4.67 18.66

Total 34.32 50.01 8.32 8.32 25.25 100.97

Ethanolic 5.00 5.00 0.33 0.33 2.67 10.66

Acetone 8.67 3.33 0.33 0.33 3.17 12.66

= Olive oil 13.33 6.67 0.00 0.00 5.00 20.00
§ Water 5.33 4.00 1.33 1.33 3.00 11.99
Thyme 1.33 5.33 1.67 1.67 2.50 10.00

Sage 4.00 8.00 2.67 2.67 4.33 17.34

Total 37.66 32.33 6.33 6.33 20.67 82.65

G. Total 71.98 82.34 14.65 14.66 45.92 183.63

Mean of Extract solution

Ethanolic 7.17 7.17 0.33 0.33 3.75 15.00
Acetone 6.33 5.67 0.83 0.83 341 13.66

Olive oll 10.33 9.67 0.00 0.00 5.00 20.00

Water 5.67 3.33 2.17 2.17 3.33 13.34

Thyme 1.33 7.00 2.00 2.00 3.08 12.33

Sage 5.67 8.33 2.00 2.00 4.50 18.00

A=N.S B=0.80 C=1.25 AxB=N.S AxC=1.77
L.S.D. 0.05%

BxC=3.06 AxBxC=N.S

. ,2,3,and 4= 6, 12, 18, and 24 hours.

The positive effect under dissolved in 25% for
each extract

Concerning the effect of some propolis extracts on
greater wax moth larvae with 10% concentration
(w/w) dissolved 25% in each extract, data reveal that
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e A, B, and C means factors of propolis, extract, and timing.
1 ,

all factors gave high significant values on mean
mortality rate of greater wax moth larvae except
interaction effect with factors (AxB), and (AxBxC).
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Main effects

The effect of propolis kind showed that, Superiority
Chinese propolis over Local propolis in total death
number. Results recorded 84.66 while, the Local
propolis recorded 59.62 under dissolved 50% in
each extract with increasing rate 42%. Regarding
the effect of extracts kind data revealed that,

Superiority Olive oil extract over all other extracts
with total death rate 80% while, the lowest rate was
Water extract with death rate 48.35%. As well as, the
highest positive effect was after the first 6 hours
where, recorded 63.98 with increasing rate 220.1%
comparing with the lowest value (19.99) after 24
hours.

Table 2.c. Effect of propolis extracts on Greater Wax Moth Larvae (Galleria mellonella L.) with 10% concentration (w/w)

dissolved in 25% for each extract.

. Timing (C)
Propolis (A) Extract (B) Mean Total
1 2 3 4

Ethanolic 10.00 2.00 1.33 1.33 3.67 14.66

o Acetone 6.67 6.00 1.00 1.00 3.67 14.67
§ Olive oil 10.00 4.00 1.67 1.67 4.33 17.34
g Water 7.33 1.33 1.00 1.00 2.67 10.66
Thyme 3.33 4.67 2.33 1.67 3.00 12.00

Sage 2.67 8.00 2.33 2.33 3.83 15.33

Total 40.00 26.00 9.66 9.00 21.17 84.66
Ethanolic 5.33 3.33 1.67 2.00 3.08 12.33

Acetone 3.33 1.33 1.00 1.00 1.67 6.66

< Olive oil 7.33 1.33 3.00 3.00 3.67 14.66

S Water 3.33 2.67 1.33 1.33 2.17 8.66
Thyme 1.33 4.00 2.33 2.33 2.50 9.99

Sage 3.33 1.33 1.33 1.33 1.83 7.32

Total 23.98 13.99 10.66 10.99 14.92 59.62
G. Total 63.98 16.59 20.32 19.99 36.09  120.88

Mean of Extract solution

Ethanolic 7.67 2.67 1.50 1.67 3.38 13.51
Acetone 5.00 3.67 1.00 1.00 2.67 10.67

Olive oil 8.67 2.67 2.33 2.33 4.00 16.00

Water 5.33 2.00 1.17 1.17 2.42 9.67
Thyme 2.33 4.33 2.33 2.00 2.75 10.99

Sage 3.00 4.67 1.83 1.83 2.83 11.45

A=0.47 B=0.88 C=1.03 AxB=N.S AxC=1.45
L.S.D. 0.05%

BxC=2.52 AxBxC=N.S

e A, B, and C means factors of propolis, extract, and timing.

e 1,2,3,and 4=6, 12, 18, and 24 hours.

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, there were no interaction
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effects between which kind of propolis (A) and
extracts (B). But in general, the effect of Olive oil
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extract over all extract was particularly marked
where Chinese, and Local propolis was present; and
the higher rate 86.7% caused by Olive oil extract
comparing with lower rate of Acetone extract
(33.3%) was particulary evident where Local
propolis was present. While, the effect of propolis
with timing showed that, the highest positive effect
was after 12 hours under conditions of two propolis
kinds comparing with the death number of greater
wax moth after 24 hours; and the positive effect was
more marked with Chinese propolis. Also, the
highest positive effect was after the first 6 hours
under conditions of all extracts comparing with the
death number of greater wax moth after 24 hours;
and the positive effect was more marked with Olive
oil extract.

Positive effect of some propolis extracts on
lesser wax moth larvae

Generally, increased total mortality rate of lesser
wax moth larvae (A. Grisella) under all
concentrations of Chinese, and local propolis
extracts (ethanolic, acetone, olive oil, water, thyme,
and sage), which can be classified in order of
increasing as follows: 90% > 50% > 25% with rates
95.79, 71.39, and 51.79% respectively, addition to
superiority of Chinese over Local propolis extracts
with rates 80.56, and 69.59% under all
concentrations of dissolved solutions (90, 50, 25%).
Effect of some propolis extracts on lesser wax moth
larvae with 10% concentration (w/w) dissolved 90,
50, 25% in each extract are shown in Table 3(a, b,
and c).

The positive effect under dissolved in 90% for
each extract

Concerning the effect of some propolis extracts on
lesser wax moth larvae with 10% concentration
(w/w) dissolved 90% in each extract, data reveal that
all factors gave high significant values on mean
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mortality rate of lesser wax moth larvae except main
and interaction effect with factors (A), (AxB), and
(AxBxC).

Main effects

The effect of propolis kind showed that, The results
were no significant although, superiority Chinese
propolis slightly over Local propolis in total death
number. Results recorded 118.01 while, the Local
propolis recorded 111.88 under dissolved 90% in
each extract with increasing rate 5.48%. Regarding
the effect of extracts kind data revealed that, All
extracts recorded high total death rate with 100%
while, sage extract was slightly lower total death rate
with 90%. As well as, the highest positive effect was
after the first 6 hours where, recorded 123.88 with
increasing rate 317.53% comparing with the lowest
value (29.67) after 24 hours.

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, there were no interaction
effects between which kind of propolis (A) and
extracts (B). But in general, the higher rate 100%
caused by all extracts was particularly marked where
Chinese, and Local propolis was present. While, the
effect of propolis with timing showed that, the highest
positive effect was after the first 6 hours under
conditions of two propolis kinds comparing with the
death number of lesser wax moth after 24 hours; and
the positive effect was more marked with Chines
propolis. Also, the highest positive effect was after
the first 6 hours under conditions of all extracts
comparing with the death number of lesser wax moth
after 24 hours; and the positive effect was more
marked with all extracts while, sage extract was
slightly lower total death rate under the same
conditions. On the other hand, there were no
interaction effects between the three factors as well
as kind of propolis (A), extracts (B), and timing (C).
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Table 3.a. Effect of propolis extracts on Lesser Wax Moth Larvae (Achroia Grisella L.) with 10%
concentration (w/w) dissolved in 90% for each extract.

) Timing (C)
Propolis (A) Extract (B) Mean Total
1 2 3 4
Ethanolic 15.33 4.67 0 0 5 20
° Acetone 16 2.67  0.67 0.67 5 20
§ Olive oil 19.33 0.67 0 0 5 20
g Water 14 467  0.67 0.67 5 20
Thyme 2.67 6 5 5 4.67 18.67
Sage 1.33 4.67 6.67 6.67 4.83 19.34
Total 68.66 23.35 13.01 13.01 29.5 118.01
Ethanolic 17.22 2.67 0 0 5 19.89
Acetone 8.67 6 2.67 2.67 5 20
< Olive oil 19.33 0.66 0 0 5 19.99
3 Water 10 733 1.33 1.33 5 19.99
Thyme 0 467  6.33 6.33 4.33 17.33
Sage 0 2.67 6.33 6.33 3.83 15.33
Total 55.22 23.34 16.66 16.66 28.16  111.88
G. Total 123.88  46.69 29.67 29.67 57.66  229.9
Mean of Extract solution
Ethanolic 16.33 3.67 0 0 5 20
Acetone 12.33 433 167 1.67 5 20
Olive oil 19.33 0.67 0 0 5 20
Water 12 6 1 1 5 20
Thyme 1.33 533 567 5.67 4.5 18
Sage 0.67 3.67 6.5 6.5 4.33 17.34
A=N.S B=0.4 C=1.13 AxB=N.S AxC=1.6
L.S.D. 0.05%
BxC=2.77 AxBxC=N.S

A, B, and C means factors of propolis, extract, and timing.

1,2, 3,and 4= 6, 12, 18, and 24 hours.

The positive effect under dissolved in 50% for
each extract

Concerning the effect of some propolis extracts on
lesser wax moth larvae with 10% concentration
(w/w) dissolved 50% in each extract, data reveal that
all factors gave high significant values on mean
mortality rate of lesser wax moth larvae.

Main effects

The effect of propolis kind showed that, Superiority
Chinese propolis over Local propolis in total death
number. Results recorded 94.67 while, the Local
propolis recorded 76.67 under dissolved 50% in
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each extract with increasing rate 23.48%. Regarding
the effect of extracts kind data revealed that,
Superiority Olive oil, and Thyme extract over all other
extracts with total death rate 91.7, and 90%
respectively while, the lowest rate was water extract
with death rate 53.35%. As well as, the highest
positive effect was after 12 hours where, recorded
89.34 with increasing rate 346.7% comparing with
the lowest value (20) after 24 hours.

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, the greater effect of Olive
oil, and Thyme extract over all extract was
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particularly marked where Chinese, and Local
propolis was present; and the higher rate 100, and
93.3% caused by Olive oil, and Thyme extract
respectively, comparing with lower rate of water
extract (43.35%) was particularly evident where
Local propolis was present. While, the effect of
propolis with timing showed that, the highest positive
effect was after the first 6 hours under conditions of
two propolis kinds comparing with the death number
of lesser wax moth after 24 hours; and the positive

effect was more marked with Chinese propolis. Also,
the highest positive effect was after 12 hours under
conditions of all extracts comparing with the death
number of lesser wax moth after 24 hours; and the
positive effect was more marked with Olive oil, and
Thyme extract. As well as, there were a significant,
and interaction effects between the three factors as
well as kind of propolis (A), extracts (B), and timing

(©).

Table 3.b. Effect of propolis extracts on Lesser Wax Moth Larvae (Achroia Grisella L.) with 10% concentration (w/w)

dissolved in 50% for each extract.

. Timing (C)
Propolis (A) Extract (B) 1 > 3 7 Mean Total
Ethanolic 0 9.33 2 2 3.33 13.33
o Acetone 2.67 8.67 2 2 3.83 15.34
Q Olive oll 10.67 9.33 0 0 5 20
= Water 0.67 4.67 3.67 3.67 3.17 12.68
O Thyme 7.33 8.67 1.33 1.33 4.67 18.66
Sage 1.33 8.67 2.33 2.33 3.67 14.66
Total 22.67 49.34 11.33 11.33 23.67 94.67
Ethanolic 4.67 4.67 1.33 1.33 3 12
_ Acetone 0.67 6 2 2 2.67 10.67
8 Olive ail 5.33 12 0.33 0.33 45 17.99
S Water 3.33 4 0.67 0.67 2.17 8.67
Thyme 4 8 2.67 2.67 4.33 17.34
Sage 1.33 5.33 1.67 1.67 25 10
Total 19.33 40 8.67 8.67 19.17 76.67
G. Total 42 89.34 20 20 42.84 171.34
Mean of Extract solution
Ethanolic 2.33 7 1.67 1.67 3.17 12.67
Acetone 1.67 7.33 2 2 3.25 13
Olive all 8 10 0.17 0.17 4.75 18.34
Water 2 4.33 2.17 2.17 2.67 10.67
Thyme 5.67 8.33 2 2 4.5 18
Sage 1.33 7 2 2 3.08 12.33
LSD. 0.05% A=0.21 B=0.74 C=1.19 AxB=1.04 AxC=1.69

BxC=2.92

AxBxC=4.13

e A, B, and C means factors of propolis, extract, and timing.

1,2, 3,and 4= 6, 12, 18, and 24 hours.

The positive effect under dissolved in 25% for

each extract: Concerning the effect of some
propolis extracts on lesser wax moth larvae with 10%
concentration (w/w) dissolved 25% in each extract,
data reveal that all factors gave high significant
values on mean mortality rate of lesser wax moth
larvae except main effect with factor (A).
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Main effects

The effect of propolis kind showed that, The results
were no significant although, superiority Chinese
propolis slightly over Local propolis in total death
number. Results recorded 77.35 while, the Local
propolis recorded 61.96 under dissolved 25% in
each extract with increasing rate 24.84%. Regarding
the effect of extracts kind data revealed that,
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Superiority Ethanolic, and Olive oil extract over all
other extracts with total death rate 73.35, and 61.7%
respectively while, the lowest rate was Acetone
extract with death rate 45%. As well as, the highest

positive effect was after 12 hours where, recorded
56 with increasing rate 236.13% comparing with the
lowest value (16.66) after 24 hours.

Table 3.c. Effect of propolis extracts on Lesser Wax Moth Larvae (Achroia Grisella L.) with 10% concentration (w/w)

dissolved in 25% for each extract.

) Timing (C)
Propolis (A) Extract (B) Mean Total
1 2 3 4
Ethanolic 10.67 4.67 1 1 4.33 17.34
® Acetone 2.67 2.67 1.67 1.67 2.17 8.68
§ Olive oil 2 8 1.33 1.33 3.17 12.66
g Water 6 4 0.67 0.67 2.83 11.34
Thyme 2.67 8 2.33 2.33 3.83 15.33
Sage 3.33 4.67 2.33 1.67 3 12
Total 27.34 32.01 9.33 8.67 19.33 77.35
Ethanolic 6.67 3.33 1 1 3 12
Acetone 2 4.67 1.33 1.33 2.33 9.33
< Olive oil 5.33 5.33 0.67 0.67 3 12
3 Water 3.33 5.33 1.33 1.33 2.83 11.32
Thyme 3.33 1.33 1.33 1.33 1.83 7.32
Sage 1.33 4 2.33 2.33 2.5 9.99
Total 21.99 2399  7.99 7.99 13.66 61.96
G. Total 49.33 56 17.32 16.66 32.99 124.31
Mean of Extract solution
Ethanolic 8.67 4 1 1 3.67 14.67
Acetone 2.33 3.67 1.5 1.5 2.25 9
Olive ol 3.67 6.67 1 1 3.08 12.34
Water 4.67 4.67 1 1 2.83 11.34
Thyme 3 4.67 1.83 1.83 2.83 11.33
Sage 2.33 4.33 2.33 2 2.75 10.99
A=N.S B=0.64 C=0.92 AxB=0.89 AxC=1.30
L.S.D. 0.05%
BxC=2.26  AxBxC=3.20
e A B, and C means factors of propolis, extract, and timing.
e 1,2,3 and 4=6, 12, 18, and 24 hours.

&

Interaction effects

Concerning the effect between propolis and extracts
the results indicated that, The greater effect of
Ethanolic extract over all extract was particularly
marked where Chinese, and Local propolis was
present; and the higher rate 86.7% caused by
Ethanolic extract comparing with lower rate of
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Thyme extract (36.6%) was particularly evident
where Local propolis was present. While, the effect
of propolis with timing showed that, Highest positive
effect was after 12 hours under conditions of two
propolis kinds comparing with the death number of
lesser wax moth after 24 hours; and the positive
effect was more marked with Chinese propolis. Also,
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Highest positive effect was after 12 hours under
conditions of all extracts comparing with the death
number of lesser wax moth after 24 hours; and the

positive effect was more marked with Ethanolic
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Figure 1. Effect of Chinese and Local propolis on death rate (%) of greater, and lesser wax moth.
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extract.As well as, there were a significant, and
interaction effects between the three factors as well
as kind of propolis (A), extracts (B), and timing (C).

Figure 2. Effect of extracts in solvent concentration (90, 50 and 25%) on death rate (%) of greater, and lesser wax moth.
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Figure 3. Effect of different extracts on death rate (%) of greater, and lesser wax moth.

DISCUSSION
Propolis Biochemical Analysis

In general, the color of the propolis used in this
experiment was dark brown with a pungent odor and
was extracted using ethanol ether because it is more
effective, and this is consistent with the results of
Abdulkhani et al., 2017 and Anjum et al., 2019 who
found that proplis color ranges from transparent or
yellow to dark brown according to the source of
resin. Bogdanov, 2017; and Ozdemir et al., 2022
reported that propolis serves as a protective shield
for the bee colony due to its antibacterial and
antifungal properties, which contribute to shielding
the colony from diseases. Our results of the
biochemical analysis showed that Chinese propolis
is superior in total flavonoids (2.47%), total amino
acids (13.69%), and total lipids (31.36 mg/g. body
weight) over its counterparts in local propolis
(0.95%, 6.21%, and 26.96 mg/g), respectively.
These results were consistent with Anjum et al.,
2019; Bogdanov, 2017; and Ozdemir et al., 2022
who reached that Propolis has more than 300
compounds with various compositions and isomers.
Among these compounds, vitamins (C, B, B1, B2, A,
and E), acids (organic acid, gallique acid, isoferulic
acid, ferulic acid, and phenolic acids), flavonoids
(flavones, flavonol, flavonones, and flavononol),
cafeique, pectolinarigenine, and chrysine, are the
most common bioactive chemical agents present in
all kinds of propolis.
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Positive effect of some propolis extracts on
greater wax moth larvae

Generally, increased total mortality rate of greater
wax moth larvae (G. mellonella) under all
concentrations of Chinese, and local propolis
extracts (ethanolic, acetone, olive oil, water, thyme,
and sage), which can be classified in order of
increasing as follows: 90% > 50% > 25% with rates
81.8, 76.51, and 50% respectively, addition to
superiority of Chinese over Local propolis extracts
with rates 81.29, and 64.33% under all
concentrations of dissolved solutions (90, 50, 25%).

Assessment in this respect, the results align with
Fawzy et al. (2017), who found that a 55% ethanolic
propolis extract at higher concentrations significantly
increased mortality in wax moth larvae after 24 hours
compared to lower concentrations and controls.
Then the larvicidal action of propolis improved with
the increasing concentration. However, the larvae of
wax moth responded similarly to all concentrations
after 48 hrs. from treatment, but significantly a
greater number of larvae which reached 90% were
killed in propolis treatment than the control. Propolis
extracts were evaluated for their insecticidal
effectiveness against GWM by Sturm and Ulrih
(2020) who proved that the extracts were found to
have high levels of alkaloids, saponins, tannins, and
resins. Terpenoids, which contribute to the distinct
scent of propolis, also enhance its biological
properties, including antibacterial and anti-
inflammatory effects. Lee et al. (2008) demonstrated
that natural products, like propolis and their
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constituents, have been shown to interfere with this
symbiosis.

Also, Fathy and Elettreby (2024) found that the
highest concentration of propolis (1.4 ppm) extract
recorded 99.9 % of mortality percentage in larvae G.
mellonella after 24 hours. However, the larvae of
wax moth responded similarly to all concentrations
after 48 hrs. Significantly a greater number of larvae
which reached 90% were killed in propolis treatment
than the control. Muslem (2012) reported that using
Egyptian ethanolic propolis extract (EP) as dietary
supplement combined with sugar syrup in honeybee
colonies aims to enhance disease resistance and
address issues related to harmful effects on
beneficial microorganisms and potential residue
problems in honeybee products highlighting the
need for alternative treatments or control methods in
beekeeping.

Positive effect of some propolis extracts on
lesser wax moth larvae

Generally, increased total mortality rate of lesser
wax moth larvae (A. Grisella) under all
concentrations of Chinese, and local propolis
extracts (ethanolic, acetone, olive oil, water, thyme,
and sage), which can be classified in order of
increasing as follows: 90% > 50% > 25% with rates
95.79, 71.39, and 51.79% respectively, addition to
superiority of Chinese over Local propolis extracts
with rates 80.56, and 69.59% under all
concentrations of dissolved solutions (90, 50, 25%).

Assessment in this respect, the results align with
Ararso and Legesse (2016) who evaluated the
ethanol propolis extract against larvae of lesser wax
moth in the laboratory using 70% ethanol extracted
propolis that dissolved in 55% ethanol at the
concentrations of 2%, 4%, 6%, 8% and 10% (w/v),
and distilled water and 55% ethanol as controls. The
results showed a significant value after 24hrs and 48
hrs at percent mortality caused 90% and 80%
mortality of wax moth larvae, respectively. Garedew
et al. (2004) found that propolis extract dissolved in
55% ethanol at higher concentrations caused
significantly (p<0.05) higher mortality to wax moth
larvae than the lower concentrations and untreated
controls 24 hrs after treatment. On the other hand,
adult emergence was observed in treatments of
higher concentrations. This may suggest propolis
extract at higher concentration accelerated larva and
pupa development stages. The abnormally higher
rate of development may lead to malformed and
immature individuals. Ararso and Legesse (2016)
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and Garedew et al. (2004); reported that treatment
of 10% (w/v) propolis extract resulted in 100% of
mite mortality regardless of a treatment time. The
sixth and seventh larval instars were reported to be
more sensitive to treatments with propolis
concentrations of 10% propolis that was resulted in
100% mortality of seventh larval instars. On the other
hand, the abnormally higher rate of development
may lead to malformed and immature individuals.

In general, using propolis as an insecticide may
decrease environmental damage caused by
synthetic insecticides in pest management. This
diversity can prevent pests from developing
resistance as quickly. Because propolis is a complex
natural substance, having many components with
diverse modes of action is implausible or very slow
(Imdorf et al., 1999).

Conclusion: The study demonstrated that all tested
concentrations of each propolis extracts effectively
killed 4th instar greater, and lesser wax moth's
larvae, resulting in significantly higher mortality rates
where, mortality rates increased with higher
concentrations and longer exposure times.
Specifically, a 10% concentration of Propolis
dissolved 90% in each extracts resulted in 81.8, and
95.79% mortality for greater, and lesser wax moth
respectively, after 24 hours. Additionally, olive oil
superior over all other extracts at death rate where,
recorded 93.33, and 82.8% for greater, and lesser
wax moth respectively, and all this results were more
marked with Chinese propolis comparing with Local
propolis.
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ABSTRACT

The exposure of forager honey bees, Apis mellifera, to pesticides during the treatment period or
shortly after can result in instant death or direct impairment of their behaviors. Beekeepers are often
faced with limited choices when pesticides are applied near their colonies. One proposed method is
the use of repellent materials shortly before pesticide spraying or synchronizing the application time.
This article aims to highlight key trends that can be employed to temporarily repel honey bees and
emphasizes areas where further studies are needed. The significance of this article lies in the
destructive impact of pesticides on honey bees, which are crucial global plant pollinators. The decline
of honey bee colonies due to pesticide exposure is a growing concern. The article specifically
identifies five strategies that can be employed to repel honey bees: 1) plant-based materials, 2)
chemicals, 3) simulation, 4) technology-based repellents, and 5) physical barriers. However, some
strategies have been overlooked in previous studies, leading to noticeable gaps in knowledge that
should be addressed in further research. The article also presents some perspectives on the beneficial
utilization of these specified strategies, paving the way for more innovative methods to mitigate the
negative effects of pesticides on honey bees.

Keywords: Pesticides, Honey bees, Stressors, Colonies, Repelling

oz

Toplayici bal arilarinin, Apis mellifera, tedavi siiresince veya hemen sonrasinda pestisitlere maruz
kalmasi aninda o6liime veya davraniglarinin dogrudan bozulmasina neden olmaktadir. Aricilar,
kolonilerinin yakinina pestisit uygulandiginda genellikle sinirli segeneklerle karsi karsiya kalmaktadir.
Onerilen yontemlerden biri, pestisit piiskiitmeden hemen énce kovucu malzemelerin kullaniimasi
veya uygulama zamaninin senkronize edilmesidir. Bu makale, bal arilarini gegici olarak kovmak igin
kullanilabilecek temel egilimleri isaret etmeyi ve daha fazla galismaya ihtiyag duyulan alanlan
vurgulamak amacindadir. Bu makalenin onemi, kiiresel bitki polinatorleri olan bal arilan lizerindeki
pestisitlerin yikici etkisinde yatmaktadir. Bal arisi kolonilerinin pestisit maruziyeti nedeniyle azalmasi
giderek artan bir endise kaynagidir. Makale, bal arilarini kovmak igin kullanilabilecek bes egilimi 6zel
olarak tanimlamaktadir: 1) bitki bazli malzemeler, 2) kimyasallar, 3) similasyon, 4) teknoloji tabanl
kovucular ve 5) fiziksel bariyerler. Bunlarla birlikte, 6nceki ¢galismalarda bazi egilimler g6z ardi edilmis
ve bu da daha ileri aragtirmalarda ele alinmasi gereken dikkat ¢ekici bilgi bogluklarina yol agmistir.
Makale ayrica, bu belirtilen egilimlerin faydal kullanimiyla ilgili bazi bakig agilari sunarak, pestisitlerin
bal arilan lizerindeki olumsuz etkilerini azaltmak i¢in daha yenilik¢i yontemlerin 6niinii agmaktadir.

Anahtar Kelimeler: Pestisitler, Bal arilari, Stres faktorleri, Koloniler, Uzaklagtirma
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Amag: Bu makale, bal arilarini gegici olarak kovmak
icin kullanilabilecek temel egilimleri isaret etmeyi ve
daha fazla calismaya ihtiyac duyulan alanlari
vurgulamak amacindadir. Bu makalenin 6nemi,
kiiresel bitki polinatorleri olan bal arilari Gzerindeki
pestisitlerin yikici etkisinde yatmaktadir.

Giris:Toplayici bal arilarinin, Apis mellifera, tedavi
slresince veya hemen sonrasinda pestisitlere
maruz kalmasi aninda 6lime veya davranislarinin
dogrudan bozulmasina neden olmaktadir. Aricilar,
kolonilerinin  yakinina pestisit uygulandiginda
genellikle sinir secgeneklerle karsi  karsiya
kalmaktadir. Onerilen ydntemlerden biri, pestisit
puskirtmeden hemen 6nce kovucu malzemelerin
kullanilmasi veya uygulama zamaninin senkronize
edilmesidir.. Bal arisi kolonilerinin pestisit maruziyeti
nedeniyle azalmasi giderek artan bir endise
kaynagidir. Makale, bal arilarini kovmak igin
kullanilabilecek  bes  egilimi Ozel olarak
tanimlamaktadir: 1) bitki bazli malzemeler. Ornegin,
citronella yagdi bal arilari igcin en umut verici
kovuculardan biridir. Sarimsak, maydanoz, limon
otu, tatlin, aci bakla ve asir bitkisi 6zleri gibi bazi
Ozler bal arilari Uzerinde kovucu etki gostermistir ve
sarimsak en glgli kovucu etkiyi gostermistir. 2)
kimyasallar. Ornegin, bal arisi alarm feromonlari, 2-
heptanon ve izopentil asetat. Yagh tohumlu kolza
tarlalarina, tarla fasulyelerine ve aygicegi baslarina
uygulandidinda, toplayicilarda kovucu  etki
yaratmistir. 3) similasyon. Ornegin, bal arilari belirli
bdceklerin  bulundugu c¢icekleri ziyaret etmekten
kacinirlar. Polen boécegi Meligethes aeneus, Arjantin
karincalari veya Plecia nearctica'nin bulundugu
gicekler. Bu kovuculuk egiliminde, bu tir boceklere
benzeyen vyapay nesnelerin kullaniimasi, bal
arilarinin belirli giceklerde yiyecek aramasini gorsel
olarak bozabilir ve 6nleyebilir. 4) teknoloji tabanli
kovucular. Ornegin, insan duyma araliginin tizerinde
frekanslara sahip ultrasonik dalgalar yayan
ultrasonik cihazlarin  kullanimi. Bu frekanslar
bdcekleri kovmak igin yeterlidir. Bagka bir yaklagim,
bal arilarinin karanliga maruz kaldiklarinda anormal
yiyecek arama davranisi sergilemeleri nedeniyle
Isiga ve 5) fiziksel bariyerlere dayanmaktadir.
Ornegin, ince ag veya file gibi bariyerler kurmak, bal
arilarinin  belirli  yerlere erismesini  Onleyebilir.
Diglama citleri, bal arilarini kovmak igin élduricu
olmayan ve fiziksel olarak géze garpmayan bir yol
saglar.
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Tartisma ve sonug: Bu makale, bal arilarinin
pestisit uygulanmis alanlara erisimini sinirlandirmayi
amaclayan bes strateji sunmaktadir. Ancak,
literatirde bal arilarinin gergek¢i saha kosullari
altinda cesitli pestisit tlirleriyle islenmis alanlardan
basarili bir sekilde uzaklastinldigini belgeleyen
kapsamli bir veriye rastlanmamigtir. Ozellikle
pestisitlerin bal arisi kolonileri i¢in dnemli bir tehlike
olusturmaya devam ettigi g0z onldnde
bulunduruldugunda, bal arnlar i¢cin  kovucu
kullaniminin bu ydnuyle ilgili belirgin bilgi bogluklari
bulunmaktadir.

Bununla birlikte dnceki ¢alismalarda bazi egilimler
g6z ardi edilmis ve bu da daha ileri aragtirmalarda
ele alinmasi gereken dikkat ¢ekici bilgi bogluklarina
yol agmistir. Makale ayrica, bu belirtilen egilimlerin
faydal kullanimiyla ilgili bazi perspektifler sunarak,
pestisitlerin bal arilari (izerindeki olumsuz etkilerini
azaltmak icin daha vyenilik¢i ydntemlerin 6ndnu
agmaktadir. Pestisit uygulamasi sirasinda ari
kolonilerini  korumak icin fiziksel bariyerlerin
kullaniimasi en pratik yaklagsim gibi gérinmektedir.
Genel olarak, uygulama sirasinda bal arilari ile
pestisitler arasindaki etkilesimi azaltmak igin
yontemler mevcuttur, ancak bunlar ticari dlcekte
etkili bir sekilde uygulanmamaktadir.

INTRODUCTION

The honey bee, Apis mellifera, assumes a pivotal
role in agriculture and plant pollination, contributing
significantly to the global economy with annual
earnings amounting to billions of US dollars (Morse
and Calderone 2000, Paudel et al., 2015; Sillman et
al., 2021). Estimates suggest that honey bees play a
role in pollinating around 35% of global crop
production (Aizen et al. 2009, Klein et al., 2007), with
their pollination services enhancing crop quality,
leading to amplified yields and improved fruit set
(Abou-Shaara 2014). The foraging behavior of
honey bees facilitates the crucial transfer of pollen
from male to female flower parts, a vital process for
the propagation of numerous plant species,
encompassing fruits, vegetables, and wildflowers
(Abou-Shaara 2014, Bansch et al. 2021, Halder et
al. 2019, Kendall et al. 2021, Rader et al. 2024). This
mutualistic relationship between honey bees and
agriculture underscores the indispensable role these
insects play in sustaining food production
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(Etxegarai-Legarreta and Sanchez-Famoso 2022,
Patel et al. 2021).

The decline in honey bee populations, as evidenced
by prior studies like Hristov et al. (2021) and
Panziera et al. (2022), poses a significant threat to
global food security and biodiversity. This decline
can lead to diminished crop yields, compromised
crop quality, and reduced genetic diversity,
underscoring the importance of maintaining robust
honey bee populations and implementing
conservation strategies to uphold agricultural
productivity and preserve plant species diversity
(Halvorson et al.,, 2021). Concerns regarding the
impact of pesticides on honey bees have escalated
due to their potential adverse effects on bee health
and colony viability (Abati et al. 2021, Johnson et al.
2010). Recent research has illuminated the harmful
repercussions of pesticide exposure on honey bees.
For instance, neonicotinoids, a prevalent class of
insecticides, have been associated with hindered
colony growth, compromised bee health, heightened
vulnerability to pathogens, and negative effects on
foraging behaviour (Dirilgen et al. 2023, Li et al.
2023, Woodcock et al. 2017). Numerous studies
have delved into the immediate effects of pesticide
exposure on honey bees, revealing the detrimental
outcomes they experience (Johnson et al. 2010,
Koch and Weisser 1997, Okubo et al. 2021). These
investigations underscore the concerning impact of
pesticides on honey bees and emphasize the
urgency of adopting sustainable practices to mitigate
risks to honey bee colonies.

Safeguarding honey bee colonies from the
deleterious effects of pesticides is imperative for
their survival and the continuity of pollination
services. Various strategies have been proposed to
mitigate the risks posed by pesticides to honey bees
(Zzhang et al. 2023). Integrated pest management
approaches, involving pest level monitoring,
alternative pest control methods, and reduced
pesticide application during active bee foraging
periods, offer a viable solution (Lundin et al. 2021,
Pecenka et al. 2023). Additionally, modern pest
control technologies like gene editing and silencing
can aid in diminishing reliance on chemical
pesticides (Gossen and McDonald 2020).
Encouraging diverse floral resources and
establishing pollinator-friendly habitats can furnish
bees with alternative foraging options, thereby
reducing exposure to pesticide-contaminated crops
(Obregon et al. 2021, Zhang et al. 2023). When
employed collectively, these methods can shield
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honey bee colonies from the adverse impacts of
pesticides, ensuring their well-being and preserving
the invaluable pollination services they provide.

Deterring honey bees from pesticide-treated areas
can mitigate their exposure to harmful chemicals and
diminish  health  risks.  Various  methods,
encompassing natural plant extracts and synthetic
compounds, have been explored to achieve this
objective (Deshpande and Naik 2016, Malerbo-
Souza and Nogueira-Couto 2004, Sidhu and Wilson
Rankin 2016). This review article aims to underscore
the significance of protecting honey bees by
repelling them from pesticide-treated regions,
focusing on strategies that merit exclusive scrutiny
to enhance awareness and furnish updates on this
critical subject.

Plant-based materials

Plant extracts and essential oils have been used to
control Varroa destructor mites and other bee
pathogens, in addition to improving honey bee
health (Abou-Shaara 2017, Abou-Shaara et al.
2017, Abou-Shaara et al. 2023, Bava et al. 2023,
Garrido et al. 2024, Jack and Ellis 2021). Using
repellent materials as additives to pesticides is not a
novel idea, but it has been commercially used for a
long time. For example, QCymbush, a commercial
formulation, has been found to repel honey bees for
about 2 days after treatment, but the repellency is
due to the added ingredients and not the insecticide
cypermethrin itself (Delabie et al. 1985). Similarly,
plant-derived materials have long been suggested
as repellents to honey bees in pesticide-treated
areas (e.g., Atkins et al. 1975, Jones 1952, Woodrow
et al. 1965). This topic has been covered in detail in
a chapter by Deshpande and Naik (2016). As quick
snippets, citronella oil is one of the most promising
repellents to honey bees (Kumar et al. 1986). Some
extracts, such as garlic, parsley, citronella, tobacco,
rue, and century plant extracts have shown repellent
effects on honey bees, with garlic exhibiting the
strongest repellent action lasting for 2.5 hours in the
yellow passion-fruit crop and 6 hours in confined
beef cattle feeders (Nicodemo and Nogueira Couto
2004).

The leaf extract and essential oil of Ocimum sanctum
have demonstrated repellent activity against honey
bees under semi-field conditions, with the essential
oil showing the highest efficacy (Gill et al. 2002).
Certain materials have shown repellent effects on
the dwarf bees Apis florea, such as the essential oil
of Terminalia chebula (Naik et al. 2010), as well as
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linalool and a-terpeniol, which are components of the
essential oil derived from the flower of Swertia
densifolia (Naik et al. 2015). Additionally, additives
like ethylene glycol and glycerol have been found to
enhance repellence against honey bees (Mishra and
Sihag 2010), but further testing with other plant-
based materials or pesticides is necessary.
Consistent with that, the repellency of citronellal to
honey bees from basil (Ocimum sellowii) crops has
been increased when diluted in water and glycerine
compared to water alone (Malerbo-Souza and
Nogueira-Couto 2004).

It is worth noting that the ingestion of plant extracts,
such as those from Matricaria chamomilla,
Origanum majorana, Punica granatum, and
Echinodorus grandiflorus, can have harmful effects
on honey bees, leading to a reduction in their
survival (Potrich et al. 2020). Therefore, when
utilizing repellency strategies, it is crucial to select
materials that are highly repellent to honey bees
without causing subsequent harm to them.
Furthermore, considering the target insect group is
important when using plant-based products. For
instance, certain plant-based insecticides like oil-
free neem seed extract containing azadirachtin as
the main active ingredient have shown no deterrent
effects on honey bees (Naumann et al. 1994),
indicating no negative impact on bee foraging.
However, their toxicity to honey bees still remains a
concern. Nicotine-based insecticides can also pose
problems for honey bees, as even the highest
nicotine concentrations did not completely repel
them (Koéhler et al. 2012). Similarly, some repellent
oils, including eucalyptus, neem, citronella, garlic
extract, and rotenone, have been found to have toxic
effects on honey bees (Xavier et al. 2015).
Therefore, it is essential to search for repellent
materials that are safe for honey bees, even in cases
of occasional ignition or topical exposure.
Additionally, this highlights the importance of
conducting selectivity tests when using plant-based
pesticides to ensure minimal impact on honey bees,
which are a non-target group (Cunha Pereira et al.
2020, Da Silva et al. 2020).

Repellent chemicals

There are certain compounds that can be extracted
from honey bees or other insects, or artificially
synthesized, which have deterrent effects. An
example of this is the honey bee alarm pheromones,
2-heptanone and isopentyl acetate. When applied to
oil-seed rape plots, field beans, and sunflower
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heads, they caused a repellent action to foragers
(Free et al. 1985). 2-heptanone, which is secreted
from honey bee mandibles, can cause temporary
local anesthesia when honey bees bite their
enemies (Papachristoforou et al. 2012) and has
gained much attention as a repellent. It has shown a
2.5-hour repellent action in the yellow passion-fruit
crop (Nicodemo and Nogueira Couto 2004). This
chemical has also been found to be repellent to A.
florea (Naik et al. 2002). However, when used as
additives to insecticides in an agricultural setting, 2-
heptanone has not shown significant repellent
effects on honey bees (Rieth et al. 1986). The
repellency of n.octyl.acetate and 2-heptanone to
honey bees from basil crops has been increased
when diluted in water and glycerine compared to
water alone (Malerbo-Souza and Nogueira-Couto
2004). This indicates that the repellence of 2-
heptanone is case-dependent, affected by crop type,
application method, and additives.

Other compounds containing nitrogen, short side-
chain substituted phenyl acetates, and/or tolyl
compounds have shown promise as honey bee
repellents (Atkins et al. 1975). Compounds such as
diethyl-meta-toluamide, 2-ethyl-1,3-hexanediol,
dimethyl phthalate, benzaldehyde, and menthol
have caused a significant reduction in the number of
bees around treated areas (Collins et al. 1996).
Additionally, ketones, aldehydes, and phenols have
exhibited approximately 80% repellency to honey
bees under semi-field conditions, particularly p-

ethoxyacetophenone, m-bromoacetophenone,
3,4,5-trimethoxyacetophenone,
phenylacetaldehyde,  4-nitrobenzaldehyde, p-

bromophenol, and p-cresol (Mishra and Sihag
2009).

Some pollinators exhibit a rejection behavior
towards revisiting flowers that have been previously
visited by conspecifics or heterospecifics,
particularly when the nectar has been depleted. This
behavior has been well-documented in honey bees
(e.g., Giurfa 1993). Similar repellence has also been
observed in various species of bumble bees from the
genus Bombus spp., which utilize repellent forage-
marking scents on flowers of Symphytum officinale
to temporarily deter subsequent foragers for about
20 minutes (Stout et al. 1998). Chemicals from other
insects can induce such rejection behavior in
pollinators.  For example, Argentine ants
(Linepithema humile) employ chemical marking
using iridomyrmecin from their pygidial glands,
which affects certain bee species but not honey bees
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(A. mellifera) (Wilson Rankin et al. 2020). However,
honey bees tend to avoid flowers occupied by
Argentine ants or treated with their pheromone
(Sidhu and Wilson Rankin 2016). The possibility of
developing effective repellent chemicals based on
compounds extracted from insects deserves more
attention, as it appears to have been overlooked in
previous studies.

Simulation

In certain instances, honey bees exhibit avoidance
behavior towards flowers already inhabited by
specific insects. For instance, flowers hosting the
pollen beetle Meligethes aeneus (Kirk et al. 1995),
Argentine ants Linepithema humile (Sidhu and
Wilson Rankin 2016), or the lovebug Plecia
nearctica (Abou-Shaara et al. 2022) are examples of
such cases. This phenomenon of repulsion can be
leveraged through the use of artificial objects
mimicking these insects, visually interfering with and
deterring honey bee foraging activities on particular
flowers. For instance, the implementation of artificial
black spots on flower petals, resembling pollen
beetles, demonstrated a dissuasive impact on honey
bee foragers, effectively deterring them without
necessitating landing on these flowers (Kirk et al.
1995). Despite the promising implications of such
experimental paradigms, research in this domain
remains relatively scarce. This strategy may be most
applicable to limited areas such as small plots or
gardens.

An alternative approach involves the simulation of
certain bird vocalizations. Observations have
indicated that bee-eaters, such as Merops spp.,
known predators of honey bees, can disrupt honey
bee foraging patterns (Goras et al. 2023), with their
vocalizations potentially impeding flying activities
from bee colonies (Bota et al. 2022). Devices
emitting simulated bee-eater vocalizations could
prove effective in deterring bees from entering
pesticide-treated zones. Nevertheless, empirical
field data on the efficacy of this method remains
scarce and warrants further investigation.
Subsequent studies should be undertaken to
evaluate the practicality of these devices,
encompassing their deployment within apiaries or in
proximity to treated areas.

Technology-based repellents

Various technologies exist that can effectively repel
insects within designated areas. One such
technology involves the utilization of ultrasonic
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devices that emit ultrasonic waves at frequencies
beyond the human auditory threshold. These
frequencies have demonstrated the capacity to repel
insects (Kaila et al. 2015, Yturralde and Hofstetter
2012). An ultrasonic system underwent testing
against varroa mites within colonies, yielding results
that showcased its efficacy in combating varroa
mites while leaving honey bees unaffected (Barry et
al. 2018). Despite these promising outcomes, this
particular avenue of research remains relatively
unexplored, warranting further investigations into
honey bee responses under diverse experimental
settings. Noteworthy attributes of this technology
include its cost-effectiveness, minimal
environmental residue, and ease of application.

An alternative strategy revolves around light
manipulation, spurred by observations of honey
bees displaying aberrant foraging behavior during
solar eclipses. Instances of interrupted foraging trips
have been documented during partial solar eclipses
(Hains and Gamper 2017). Total solar eclipses,
inducing complete darkness, have been shown to
impede flying activities (Galen et al. 2019), albeit not
entirely halting them (Waiker et al. 2019), and
reducing the diversity of bee species visiting floral
resources (Sinu et al. 2024). These findings suggest
that diminished sunlight prompts the cessation of
foraging endeavors, prompting bees to return to their
hives. Therefore, strategies that manipulate light
within pesticide-treated zones can effectively
dissuade honey bees from frequenting these areas.
For instance, employing dark covers over treated
regions until the conclusion of the spraying period or
immediately prior to its commencement. Research
highlights that particular wavelengths of LED lights,
like ultraviolet, can deter honey bees by disrupting
their visual perception (Kevan et al. 2001). Indeed,
artificial lighting can adversely affect insect activities
(Juddin et al. 2023). By deploying LED lights around
apiaries in conjunction with other deterrent
measures, it becomes feasible to establish visual
barriers that discourage bees from departing their
hives. Furthermore, outfitting unmanned aerial
vehicles (UAVs) or drones with sound or light-
emitting  apparatuses could facilitate the
development of dynamic and mobile deterrent
systems, thereby presenting a worthwhile avenue for
exploration under field conditions.

Physical barriers

The implementation of barriers, such as fine mesh or
netting, has been shown to effectively deter honey
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bees from accessing specific sites (Sonter et al.
2024). Exclusion fencing offers a non-lethal physical
method for repelling honey bees. Notably,
greenhouses exemplify environments where
exclusion fencing can be particularly beneficial, even
though honey bees might not represent the most
suitable pollinators for greenhouse crops (Nicodemo
et al. 2018, Kiatoko et al. 2023). During pesticide
applications, greenhouses can be sealed off to
prevent incidental honey bee entry.

Similarly, beekeepers have the option to shield their
colonies or apiaries with mesh or netting prior to
pesticide treatments, allowing for adequate
preparation time. This protective measure can be
upheld for up to two days, ensuring adequate
ventilation while securing food and water supplies for
the colonies. Despite considerations regarding cost-
effectiveness and labor, there is currently a dearth of
empirical data regarding the merits and drawbacks
of this approach.

On small farms, temporary covers can be placed
over plants without disrupting pesticide application
procedures. These covers can be installed before or
shortly after spraying, particularly following evening
treatments. In larger expanses, tall mesh barriers
can be temporarily erected around farms.
Leveraging technology, these barriers can be
engineered for easy installation and removal through
remote control functionalities.

DISCUSSION

Although repellents to deter honey bees from
pesticide-treated areas have been suggested and
studied for a long time, their impact is not
significantly evident. One piece of evidence is the
persistent and considerable impact of pesticides on
honey bees, causing numerous direct and indirect
effects on them. Even during the dominance of
research studies on honey bees focusing on colony
collapse disorder (CCD), the contribution of
pesticide hazards to this issue has been suggested
(Frazier et al. 2008, Frazier et al. 2011, Gross 2008).
However, no studies have comprehensively
discussed the effectiveness of repellents to protect
honey bees from pesticide-treated areas in the
context of CCD occurrence. Pesticide
manufacturers, bee researchers, and other related
organizations have not given adequate attention to
this research area, and the absence of clear reasons
for this oversight is notable. Perhaps the
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development of suitable repellent materials for field
application is progressing slower than the
development of pesticides. Specifically, such
repellents should be able to restrict honey bee
access to certain areas for at least 72 hours after
application, rather than just a few minutes. Likewise,
the limited longevity of repellents, particularly volatile
substances, to maintain their effectiveness for an
extended period after application in the field has
been recognized as one of the challenges
associated with their utilization (Zhang et al. 2023).

Without a doubt, the direct effects of pesticides on
honey bee colonies when they are exposed to
pesticides during application and in the few days
following application are more harmful than the
pesticide residues subsequently available in the
environment (e.g. Johnson et al. 2010, Okubo et al.
2021, Tosi and Nieh 2019, Yao et al. 2018).
Therefore, it is essential to develop effective
formulations using plant extracts, synthetic
chemicals, insect extracts, or their mixtures for
practical application, while considering their
repellent duration to be as long as 72 hours. In
addition to using repellent materials to keep bees
away from specific areas, attractants can be applied
to untreated areas to draw honey bees towards
them. For example, the attraction of honey bees
towards untreated yards for a few days can be
achieved by using attractants such as liquid paraffin
as an additive to the leaf extract of Swertia densifolia
(Naik et al. 2007). Research should investigate
appropriate concentrations, carriers, and application
methods to optimize the repellent effects while
minimizing any negative impacts on the environment
or non-target organisms. When considering
application, it is crucial to apply these materials
before pesticide application or develop slow-release
devices that can be fixed around treated areas,
instead of mixing them with pesticides. The latter
approach is not ideal for protecting the bees, as they
can still come into contact with pesticides and
transfer the toxins to their colonies, thereby
negatively affecting them.

The use of technology-based repellents, simulation
approaches, and physical barriers shows great
promise for repelling bees from certain areas for a
relatively extended period, but further studies are still
required to validate their effectiveness. These
strategies require the involvement of technology
companies to develop appropriate methods, as
highlighted in the article. Applying pesticides during
periods when honey bees are less active, such as
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early morning or late evening, allows for ample time
to apply repellent methods that facilitate the bees'
return to their hives before the application, thus
avoiding immediate exposure. Careful studies and
evaluations are necessary to determine effective
methods to repel honey bees while preserving their

vital role as pollinators and minimizing any impact on
non-target organisms (Figure 1). Additionally, careful
planning and coordination with beekeepers are
essential to ensure the safety and well-being of the
colonies during the implementation of any repellent
method.
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Figure 1. A summary of the strategies presented in the article and key points related to their application.

Conclusion: This article presents five strategies
aimed at limiting the access of honey bees to
pesticide-treated areas. However, no
comprehensive data documenting successful
repelling of honey bees from areas treated with
various types of pesticides under realistic field
conditions have been found in the literature. There
are noticeable knowledge gaps in this aspect of
using repellents for honey bees, particularly
considering that pesticides continue to pose a
significant hazard to honey bee colonies. The use of
physical barriers to safeguard bee colonies during
pesticide application appears to be the most
practical approach. In general, methods to mitigate
the interaction between honey bees and pesticides
during application are available, but they are not
effectively implemented on a commercial scale.
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ABSTRACT

Plant-pollinator interactions showcase mutualistic coevolution, but the role of microorganisms in
these relationships is often overlooked. Nectar-dwelling microorganisms, mainly yeasts and bacteria,
significantly influence floral chemistry, pollinator behavior, and plant reproduction. These
microorganisms alter nectar’s sugar content, amino acid profiles, pH, and scent emissions, shaping
pollinator preferences. For example, the yeast Metschnikowia reukaufii produces fruity esters that
attract bumble bees, while some bacteria lower pH, repelling honey bees. Pollinators spread these
microorganisms between flowers, creating a feedback loop that shapes microbial communities and
drives coevolution. Beyond nectar, microorganisms' impact on thermal regulation through metabolic
heat, pollen health, and pollinator gut microbiomes. Specialized bacteria like Rosenbergiella nectarea
and Acinetobacter spp. thrive in nectar’s high-sugar environment, while pollinator microorganisms,
such as Lactobacillus kunkeei, protect honey bees from pathogens. Microbial diversity varies by
region, with tropical flowers hosting richer communities than temperate ones. This review highlights
how microorganisms act as key players in plant-pollinator networks, boosting pollinator nutrition,
immunity, and foraging efficiency. It explores microbial spread, competition, and chemical influence,
calling for studies that blend microbiology, ecology, and evolution. Understanding these interactions
is vital for predicting how climate change and habitat loss threaten pollination, affecting agriculture
and biodiversity.

Keywords: Honey bee, Pollinators, Microbiome, Coadaptation, Coevolution
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Bitki-polinatér etkilesimleri, karsiikh faydaya dayali ko-evrimi sergilemektedir; ancak
mikroorganizmalarin bu iligkilerdeki rolii genellikle g6z ardi edilmektedir. Baglica mayalar ve
bakterilerden olugan nektarda yagsayan mikroorganizmalar, ¢igek kimyasini, polinatér davranigini ve
bitki iremesini 6nemli 6l¢iide etkilemektedir. Bu mikroorganizmalar, nektarin seker igerigini, amino
asit profillerini, pH'In1 ve koku emisyonlarini degistirerek polinator tercihlerini sekillendirmektedir.
érnegin, Metschnikowia reukaufii mayasi, bombus arilarini cezbeden meyvemsi esterler liretirken, bazi
bakteriler pH'I diistirerek bal arilarini uzaklastirmaktadir. Polinatorler, bu mikroorganizmalan gigekler
arasinda yayarak, mikrobiyal topluluklari sekillendiren ve ko-evrimi yonlendiren bir geri bildirim
dongiisii olusturmaktadir. Nektarin oOtesinde, mikroorganizmalar metabolik i1s1 yoluyla termal
diizenlemeyi, polen saghigini ve polinator bagirsak mikrobiyomlarini etkilemektedir. Rosenbergiella
nectareave Acinetobacter spp. gibi 6zellesmis bakteriler, nektarin yiiksek sekerli ortaminda gelisirken,
Lactobacillus kunkeei gibi polinatér mikroorganizmalari, bal arilarini patojenlerden korumaktadir.
Mikrobiyal ¢esitlilik bdlgeye goére degismekte olup, tropikal ¢cigekler iiman iklim ¢igeklerine goére daha
zengin topluluklara ev sahipligi yapmaktadir. Bu derleme, mikroorganizmalarin polinatér
beslenmesini, bagisikligini ve besin arama verimliligini artirarak bitki-polinatér aglarinda nasil kilit
oyuncular olarak rol oynadigini vurgulamaktadir. Mikrobiyal yayilimi, rekabeti ve kimyasal etkileri
inceleyerek, mikrobiyoloji, ekoloji ve evrimi harmanlayan calismalara c¢agri yapmaktadir. Bu
etkilesimleri anlamak, iklim degisikliginin ve habitat kaybinin tozlagmayi nasil tehdit ettigini tahmin
etmek, tarimi ve biyocgesitliligi etkilemek igin hayati 6neme sahiptir.

Anahtar Kelimeler: Bal arisi, Polinatorler, Mikrobiyom, Ko-adaptasyon, Ko-evrim

GENISLETILMiS OZET

Girig: Nektar, 1884 yilinda Boutroux tarafindan ilk
kez belgelendigi gibi zengin ve az kesfedilmis bir
mikrobiyal habitattir. Calismalar, gicek nektarinin
Metschnikowia gibi mayalar ve Acinetobacter ve
Pseudomonas gibi bakteriler de dahil olmak Uzere,
oncelikle tozlayicilar tarafindan getirilen cesitli
mikrobiyal  topluluklari  destekledigini  ortaya
koymustur. Bu mikroorganizmalar nektar
ekolojisinde merkezi bir rol oynamakta, bitki ve
bbéceklerin davranis ve uygunlugunun yani sira
nektarin tadi, aromasi, seker icerigi ve amino asit
bilesimini de etkilemektedir.

Bdcekler, 6zellikle de bal arilari, kovanla iliskili tdrleri
nektara birakarak cicekler arasinda mikroplarin
aktarilmasinda o6nemli vektdrler olarak hareket
ederler. Bu  mikrobiyal  dedisim  nektarin
mikrobiyomunu  sekillendirir  ve  tozlayicilarin
tercihlerini ve bitkilerin Greme basarisini etkileyebilir.
Mikroorganizmalar nektara rlizgar veya yagmur gibi
abiyotik yollarla girebilse de, tozlayici aktivitesi bu
habitattaki mikrobiyal gesitliligin birincil itici gicu
olmaya devam etmektedir. Bal arilari, ciceklere
yaptiklari tekrarli ziyaretler ve kovandaki sabit
mikrobiyotalari  sayesinde, nektari tozlasma
dinamiklerini  etkileyecek sekilde degistirerek
ekosistem mihendisleri olarak hareket ederler.
Cicek mikrobiyal topluluklari genellikle tozlayici
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ziyaret modellerini yansitir ve iklim ve cografya
topluluk kompozisyonunu daha da etkiler. Bu
derleme, nektarda yasayan mikroplarin nektar
kimyasini donusturerek tozlayici davranisini ve bitki-
polinatér etkilesimlerini nasil degistirdigine dair
mevcut bilgileri 6zetlemektedir.

Bitki-polinator birlikte evriminde cicek
adaptasyon stratejileri: Bitkiler, tozlayicilarin
davraniglarini manipule etmek igin karmasik cicek
adaptasyonlari gelistirmisti. Bunu esas olarak
nektar salgilayarak yaparlar. Béceklerin ziyaretleri,
genellikle mikroorganizmalarin  katilimi  yoluyla
nektarin kimyasini 6nemli o6l¢clide degistirebilir.
Ornegin, bal arilari bez salgilari ve polen biriktirme
yoluyla nektardaki amino asit seviyelerini artirir.
Bombus arilari ise muhtemelen agiz pargalarindan
maya transferi nedeniyle seker konsantrasyonlarini
azaltir. Yalniz yasayan arilarin nektar tGzerinde gok
az etkisi vardir. Tozlayicilar tarafindan getirilen
mikroorganizmalar, 6zellikle de Metschnikowia gibi
mayalar, seker bilesimini, pH'Ini  ve ugucu
emisyonlarini degistirerek nektari modifiye eder. Bu
degisiklikler tozlayicilarin ¢ekiciligini ve yiyecek
arama davranigini etkiler. Maya metabolizmasi 1si
Ureterek nektarin sicakhgini 6 santigrat dereceye
kadar yukseltir, ¢icek kokusu salinimini artirir ve
daha soguk iklimlerde bdcekleri geker. Nelumbo
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nucifera gibi 1s1 Ureten tirler, tozlayici eneriji
maliyetlerini azaltarak ve ziyaret suresini artirarak
fayda saglar. Koku taklidi ve renk degisiklikleri gibi
cicek ipuglari, bitki cekim stratejilerini daha da
gelistirir. Ornegin orkideler ve Ceropegia tirleri,
belirli tozlayicilari ¢ekmek igin bodcek ipuglarini
kimyasal olarak taklit eder. UV isaretleri ve anthesis
ile baglantih renk degisimleri, yiyecek arama
davranigini yonlendirir. Bununla birlikte, son derece
uzmanlagsmis stratejiler, tozlayicilarin azalmasi
karsisinda Greme basarisini riske atabilir. Mikrobiyal
ucucu organik bilesikler (VOC'ler) hem tozlayicilari
cekebilir hem de rakip mikroorganizmalari bastirarak
ekolojik dinamikleri sekillendirebilir. Bu nedenle,
mikroplar sadece nektar modulatérleri olarak degil,
ayni zamanda bitki-polinator iletisimini rafine eden
ekolojik aracilar olarak da hareket eder.

Cicek nislerinde mikroorganizmalarin
uzmanlagsmasi ve adaptasyonu: Ciceklerde
yasayan mikroorganizmalar hava, toprak, su ve bitki
dokularindan tiretilen dinamik topluluklar olusturur.
Bakteriler ve mantarlar cicek dokularini erken
donemde, hatta tomurcuklar acilmadan 6nce
kolonize eder, ancak bolluklari genellikle dustk kalir
ve bu da gegici kolonizasyona isaret eder. Bu
mikroorganizmalarin  kahciligi, UV radyasyonu,
kuruma, rekabet ve sinirli dadilma gibi cevresel stres
faktorlerinin  Ustesinden gelme yeteneklerine
baglidir. Tozlayicilar gibi bocekler
mikroorganizmalarin yayllmasinda &énemli bir rol
oynar, ancak vyalnizca ozmotik strese toleransli
olanlar ve digerleriyle rekabet edebilenler nektara
yerlesebilir. Diger yayilma sekilleri arasinda ruzgar,
yagmur sigramasl ve bazi mikroorganizmalarin
cicek dokularina go¢ etmesiyle bitkiler iginde ig
tasinma yer alir. Cigeklerin tag yapraklarn ve
yapraklarindaki  mikrobiyal topluluklar siklikla
Ortusse de, cicek mikrobiyomu tipik olarak daha az
cesitlidir ve esit olmayan bir sekilde dagiimistir. Bazi
mikroorganizmalarin  gicek ortaminda oldukca
uzmanlastigi, ciceklerde bol miktarda bulunurken
diger habitatlarda nadiren géruldigu gorilmektedir.
Bu uzmanlar genellikle hizli buyume, nektar
ozmolaritesine tolerans ve gicege 6zgl bilesikleri
metabolize etme yetenegi gibi Ozellikler sergiler.
Cicekler yaslandikga, 6zellikle nektarda ve pistillerde
mikrobiyal bolluk artar. Tozlayicilar, temas, diski
veya timarlama yoluyla mikroorganizmalar getirerek
cicek kisimlarindaki mikrobiyal cesitliligi dnemli
Olgude etkiler. Metodolojik zorluklara ragmen,
mikrobiyal yagam ddngulerini izlemek ve konakgiya
adapte olmus turler arasinda ayrim yapmak, cicek
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niglerindeki mikroorganizmalarin uzmanlasmasini
ve evrimini anlamak igin kritik Sneme sahiptir.

Nektar ve bal mikrobiyal topluluklarinin polinator
aracili  sekillendirilmesi: Nektar, 0Ozellesmis
mikrobiyal topluluklari destekleyen dinamik bir
mikrohabitattir. Bu topluluklar oncelikle
tozlayicilardan etkilenen bakteri ve mayalardan
olusur. Tozlayicllar hem polen vektérleri hem de
mikrobiyal dagiticilar olarak hareket ederek farkl
gicek tlrleri arasinda nektar mikrobiyomunun
bilesimini  sekillendirir.  Nektardaki  mikrobiyal
yogunluklar, bir ¢icedin dmri boyunca mikrolitre
basina 105 maya hicresine ve 107 bakteri
hlcresine ulasabilir. Nektardaki kosullar, yuksek
ozmotik basing ve dusik nitrojen mevcudiyetiile sert
olsa da, Metschnikowia, Wickerhamiella,
Acinetobacter ve Rosenbergiella gibi ozmotoleransli
turler gelisebilir. lliman bolgelerde, nektar toplulugu
sinirli  gesitlilik nedeniyle genellikle tek bir tir
tarafindan domine edilir. Bununla birlikte,
ciceklenme mevsiminin daha uzun sirdigu ve bitki
gesitliliginin daha fazla oldugu tropikal boélgelerde,
nektar daha cesitli mikrobiyal topluluklar saglar.
Tozlayicilar  nektarin  mikrobiyal  bilesiminin
sekillenmesinde 6nemli bir rol oynar. Bdcekler
tarafindan ziyaret edilen gigekler ascomycetous
maya topluluklarina sahip olma egilimindeyken,
tozlayicilar tarafindan ziyaret edilmeyen gicekler
daha fazla basidiomycete tiriine sahiptir. Bazi
nektar mikroplari bal arilarinin bagirsaklarinda da
yasar ve patojenleri engelleyen antibiyotikler ve
organik asitler Ureterek koloni saghgini etkiler.
Nektar ve balin yani sira ari bagirsaklarinda da bol
miktarda bulunan Lactobacillus ve Bifidobacterium
laktik ve asetik asitler dreterek pH'I duslrir ve
patojenlerin buyldmesini sinirlar. Bu etkilesimler
nektarin kimyasini ve tozlayicilarin sagligini
gelistirerek, karsilikli fayda saglayan ve antagonistik
etkilesimler  yoluyla cicekleri, mikroplari ve
tozlayicilari birbirine baglayan birlikte evrimlesmis
bir mikrobiyal ekolojiye isaret etmektedir.

Nektar mikrobiyom dinamikleri ve tozlagma icin
islevsel sonuglar: Cicek nektarinda yasayan
mikroorganizmalar, nektarin kimyasal bilesimini
degistirerek bitki-polinatér etkilesimleri Uzerinde
onemli bir etkiye sahiptir. Neokomagataea ve
Rosenbergiella nectarea gibi 6zellesmis bakteriler
ve Metschnikowia reukaufii gibi  mayalar,
metabolizmalari yoluyla siikroz seviyelerini disurip
nektardaki glikoz ve fruktoz konsantrasyonlarini
artirmanin yani sira amino asit konsantrasyonlarini
ve asitligi module eder. Bu degisiklikler nektarin
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lezzetini ve besin degerini etkileyerek tozlayici
tercihlerini ve yiyecek arama davranisini dogrudan
etkiler. Bazi mikroorganizmalar, tozlayicilari
cekebilen veya itebilen ugucu organik bilesikler
yayar; M. reukaufii meyvemsi aromasi nedeniyle
Ozellikle ¢ekicidir. Ayrica, bu mikroplar nektar
hacmini, seker oranlarini ve c¢icek kokusunu
etkileyerek tozlasma basarisini ve Ureme verimini
etkileyebilir. Bazi mikroplar nektar kalitesini veya
polen canliligini azaltabilirken, diger mikroplar
tozlayici saghigini iyilestirir, bagirsak mikrobiyotasini
modile eder veya Crithidia bombi gibi patojenleri
inhibe eder. Bu mikrobiyal ajanlar, ¢ekici meyvemsi
esterlerden itici asitlere kadar bir dizi bilesik Uretir ve
bu bilesikler bdcek tozlayicilarin yiyecek arama
tercihlerini dogrudan etkiler. Buna ek olarak,
tozlayicilarin gigekler arasinda belirli mikrobiyal
topluluklar dagitmak igin vektor gorevi gérmesi ve
bagisikliklarini, besin asimilasyonunu ve patojenlere
karsi direnglerini artiran bagirsak simbiyotik
mikroorganizmalardan faydalanmasi ile iligki cift
yonludar. Tropikal ve 1iliman ekosistemler farkli
mikrobiyal bilesimler sergilediginden, cografi ve
ekolojik faktérler bu karmasikliga daha da katkida
bulunur. Bitkiler, mikrobiyal aktiviteye yanit olarak
kimyasal savunmalar gelistirmigtir. Bu savunmalar,
nektarlarindaki mikroplari  kullanabilir ya da
bastirabilir. Mikrobiyal metabolizma cicek
sicakhginin dizenlenmesine bile yardimci olabilir,
bu da daha soduk kosullarda tozlayici ziyaretini
artirabilir. Son zamanlarda elde edilen bilgilere
ragmen, Ozellikle pestisitler ve habitat parcalanmasi
gibi insan etkilerine iliskin hala 6nemli bilgi bogluklar
bulunmaktadir. Polinatér populasyonlari azalmaya
devam ederken, bitki-polinatér etkilesimlerinin
mikrobiyal yoninu anlamak ¢ok &6nemlidir. Bu,
mikroorganizmalarin bu hassas biyolojik aglarda
temel ekolojik oyuncular olarak kabul edilmesiyle,
biyocesitliligi ve tarimsal Uretkenligi desteklemek icin

hedeflenen  probiyotiklerin  gelistiriimesine  yol
acabilir.
Sonug: Mikroorganizmalar, bitki-polinator

iliskilerinin karmasik aginda ¢ok 6nemli bir rol oynar
ve ekolojik sonuglari incelikli ancak derinden etkiler.
Nektarda yasayan mayalar ve bakteriler gigek
nektarinda sadece pasif olarak bulunmaz, ayni
zamanda kimyasal ve fiziksel 6zelliklerini aktif olarak
yeniden sekillendirir. Bu durum tozlayici davranisini
degistirir ve nihayetinde bitkinin Greme basarisini
etkiler. Bu mikrobiyal ajanlar, cekici meyvemsi
esterlerden itici asitlere kadar, bocek tozlayicilarinin
besin arama tercihlerini dogrudan etkileyen bir dizi
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bilesik uretir. Buna ek olarak, tozlayicilarin gigcekler
arasinda belirli mikrobiyal topluluklari dagitmak icin
vektor goérevi goérmesi ve bagisikliklarini, besin
asimilasyonunu ve patojenlere karsi direncini artiran
bagirsak simbiyotik mikroorganizmalardan
faydalanmasi ile iligki ¢ift yonlidir. Bu savunmalar,
nektarlarindaki  mikroplari  kullanabilir ya da
bastirabilir. Mikrobiyal metabolizma Gicek
sicakliginin dizenlenmesine bile yardimci olabilir,
bu da daha soguk kosullarda tozlayici ziyaretini
artirabilir. Son zamanlarda elde edilen bilgilere
ragmen, Ozellikle pestisitler ve habitat pargcalanmasi
gibi insan etkilerine iliskin hala 6nemli bilgi bosluklari
bulunmaktadir. Tozlayici populasyonlari azalmaya
devam ederken, bitki-polinator etkilesimlerinin
mikrobiyal ydnuniu anlamak c¢ok &6nemlidir. Bu,
mikroorganizmalarin bu hassas biyolojik aglarda
temel ekolojik oyuncular olarak kabul edilmesiyle,
biyocesitliligi ve tarimsal tretkenligi desteklemek icin

hedeflenen  probiyotiklerin  gelistiriimesine  yol
acabilir.
INTRODUCTION

Nectar remains one of the least studied microbial
habitats, despite over a century of research. As early
as 1884, Boutroux documented yeasts in flowers,
fruits, and insects, using morphological and
physiological methods to assess their diversity.
Subsequent studies have revealed that nectar from
diverse plant species worldwide hosts bacterial and
yeast communities, with Metschnikowia
(Ascomycota, Fungi) being one of the most common
genera (Boutroux 1884, Alvarez-Pérez and Herrera
2013, Aleklett et al. 2014).

Nectar, rich in carbohydrates and amino acids,
attracts insect pollinators and supports dynamic
microbial communities, including yeast and bacteria
(Willmer 1980, Nicolson and Thornburg 2007).
These microorganisms colonize floral surfaces,
pollen, and nectar (Alvarez-Pérez et al. 2012,
Aleklett et al. 2014, Manirajan et al. 2016) and are
dispersed by both biotic and abiotic vectors.
Although microorganisms exist in nectar before
pollination, animals - particularly pollinators - play a
key role in introducing and spreading
microorganisms among flowers, enriching floral
microbiome diversity (Boutroux 1884,de Vega and
Herrera 2012).

Pollinating insects play a significant role in
structuring the microbiome of nectar, pollen, and
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floral surfaces, with their visitation patterns directly
shaping  microbial composition  (Aizenberg-
Gershtein et al. 2013, Morris et al. 2020, Vannette
2020, de Vega et al. 2021, Hietaranta et al. 2022).
Honey bees, for instance, act as microbial vectors,
introducing nest-associated bacteria and fungi into
floral resources (Keller et al. 2021), which can
subsequently influence plant fitness and pollinator
behavior.

Honey bees harbor a distinct in-hive microbiome that
differs from environmental microbial communities
(Santorelli et al. 2023). Their social structure
reinforces microbiome stability, enabling
intergenerational transmission (Canto et al. 2008).
When deposited into nectar, these microorganisms
can modify floral conditions, effectively acting as
ecosystem engineers that mediate plant-pollinator
interactions. Thus, nectar functions as a dynamic
micro-ecosystem, linking macro- and
microorganisms (Vannette et al. 2013).

Microbial communities in nectar can reduce sugar
concentration (Herrera et al. 2008, de Vega et al.
2009,de Vega and Herrera 2012), alter carbohydrate
and amino acid composition (Herrera et al. 2008, de
Vega and Herrera 2012, Lenaerts et al. 2017,
Vannette and Fukami 2018), induce floral heating
(Herrera and Pozo 2010), and release volatile
organic compounds (VOCs) (Rering et al. 2017,
Schaeffer et al. 2019). These changes influence
pollinator behavior and pollination success
(Vannette et al. 2013, Herrera et al. 2013, Junker et
al. 2014, Schaeffer and Irwin 2014, Vannette and
Fukami 2017, Schaeffer et al. 2017).

Flowers are known to harbour a diverse array of
microorganisms, which have the capacity to be
passively dispersed by wind, rain, or soil
(Zarraonaindia et al. 2015, Sharaby et al. 2020).
However, microbial colonization of nectar also
depends on animal vectors (Peay et al. 2011, Tucker
and Fukami 2014, Alvarez-Pérez et al. 2019).
Yeasts and bacteria in nectar are often introduced
by birds, bats, beetles, butterflies, ants, flies, and
honey bees (Sandhu and Waraich 1985, Lachance
et al. 2001, de Vega and Herrera 2012, Canto and
Herrera 2012, Vannette 2020, Keller et al. 2021, de
Vega et al. 2021). Early work by Boutroux (1884)
showed that honey bee-visited flowers contain more
enzymatic yeasts than those not visited by honey
bees (Boutroux 1884, de Vega and Herrera 2012).

Nectar hosts specific yeast and bacterial species
commonly found in this ecological niche across
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plants worldwide (Brysch-Herzberg 2004, Pozo et al.
2011, Belisle et al. 2012, Fridman et al. 2012,
Alvarez-Pérez and Herrera 2013, Jacquemyn et al.
2013, Canto et al. 2017). The bacterial community is
often dominated by Proteobacteria, particularly
Acinetobacter, Rosenbergiella, and Pseudomonas
(Aizenberg-Gershtein et al. 2013, Alvarez-Pérez and
Herrera 2013, Alvarez-Pérez et al. 2013, Morris et
al. 2020, Sharaby et al. 2020), while the yeast
community is  frequently represented by
Metschnikowia species (Brysch-Herzberg 2004,
Belisle et al. 2012, Pozo et al. 2012, Schaeffer et al.
2019). Less common nectar-associated yeasts
include Cryptococcus, Papiliotrema, Rhodotorula,
and Sporobolomyces (Basidiomycetes), as well as

Aureobasidium, Clavispora, Debaryomyces,
Hanseniaspora, Kodamaea, Starmerella, and
Wickerhamiella (Ascomycetes) (Klaps, 2019).

Ongoing research continues to expand the known
diversity of floral yeasts (Klaps et al. 2020), with over
a dozen new species described in the past two
decades (de Vega et al. 2017, Klaps 2019).

Pollinators act as biological vectors, facilitating the
exchange of microorganisms between flowers and
insects through the different microbial communities
they carry (Brysch-Herzberg 2004, Keller et al.). It
has been demonstrated that flowers visited by the
same pollinator species possess compositionally
similar nectar microbiomes (de Vega et al. 2017).
Each pollinator species leaves a unique microbial
signature on the flower it visits (Lachance et al. 2001,
Ushio et al. 2015, Morris et al. 2020, de Vega et al.
2021), suggesting that the observed differences in
floral microbiota are shaped not only by
environmental but also pollinator-specific effects.
Additionally, nectar microbial diversity varies with
climate, with tropical plants typically supporting
greater species richness than those in temperate
regions (Alvarez-Pérez et al. 2012, de Vega et al.
2017, Canto et al. 2017).

This review explores how microorganisms mediate
plant-insect pollinator interactions, focusing on their
role in shaping pollination dynamics. Specifically, it
examines how microorganisms alter the properties
and chemical composition of nectar and honey,
influencing the behavior and health of honey bees
and other insect pollinators. The discussion
highlights the mechanisms by which microorganisms
modify nectar's nutritional and chemical profiles,
ultimately affecting pollinator activity.
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Floral adaptation strategies in plant-pollinator
coevolution

Plants have evolved mechanisms to interact with
insect pollinators, primarily through nectar secretion,
which functions to manipulate pollinator behavior
(Pyke 2016). Insect pollinators can directly alter
nectar chemistry, partly due to microorganisms they
introduce (Aizenberg-Gershtein et al. 2013). For
example, honey bee visits increase amino acid
concentrations in nectar through mandibular gland
secretions, cell wall damage, and pollen transfer
(Corbet et al. 1979, Willmer 1980).

The impact on nectar composition varies by
pollinator species. While solitary bees (Andrena and
Lasioglossum) do not affect sugar content, bumble
bees (Bombus terrestris and B. pratorum) reduce it
(Canto et al. 2008). Honey bees and bumble bees
actively modify nectar chemistry, altering acidity and
fructose-to-sucrose ratios, likely due to yeast
inoculation from their mouthparts (Aizenberg-
Gershtein et al. 2013). Pollinator sociality may
influence yeast transfer frequency, as bumble bee
visits correlate with higher floral yeast densities,
while solitary bee visits show an inverse relationship
(Herrera et al. 2009).

Nectar-inhabiting yeasts can influence floral thermal
microclimates by generating heat through sugar
catabolism, elevating both nectar and internal floral
temperatures. In nectaries with high yeast densities,
this temperature gradient can reach up to 6°C
(Herrera and Pozo 2010). For early-flowering plants
such as Helleborus foetidus, this warming effect has
significant ecological consequences, including
enhanced pollinator attraction through increased
volatile organic compound emissions and improved
floral visibility to insects.

Thermogenic flowers, such as Nelumbo nucifera,
use microbe-mediated heat production to maintain
temperatures above ambient levels, attracting
pollinators in cooler conditions (Seymour and
Schultze-Motel 1998). This thermogenesis not only
boosts scent dispersion but also reduces pollinators'
thermoregulatory energy costs, increasing their
foraging activity (Rands and Whitney 2008). Some
species, like Cistus ladanifer, combine thermal cues
with structural adaptations - such as sticky surfaces
that deter predators - though larger flowers face a
trade-off, as their size increases both pollinator
attraction and susceptibility to herbivory (Teixido et
al. 2016).
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Chemical signals play an important role in plant-
pollinator communication. Yeasts, as part of these
mutualistic interactions, can have both beneficial
and detrimental effects. While their metabolism of
nectar sugars may seem parasitic - exploiting
resources meant to attract pollinators (Herrera et al.
2008) - yeasts can also enhance pollination success.
For example, they may raise nectar temperature or
produce compounds like ethanol, which attract
certain pollinators (Wiens et al. 2008, Herrera et al.
2010).

Floral volatile organic compounds (VOCs) act as
long-range insect attractants. Some plants employ
deceptive strategies, such as Philodendron
solimoesense, which mimics the scent of decaying
matter to lure dung beetles (Seymour et al. 2003).
Similarly, Ophrys orchids imitate female honey bee
pheromones, triggering pseudocopulation in males
(Peakall et al. 2010). While these tactics reduce
nectar production costs, they may also lower repeat
pollinator visits (Jersakova et al. 2006). Nocturnal
flowers often emit fungal or carrion-like scents,
adapting to the preferences of night-active
pollinators (Stokl et al. 2010).

Floral adaptations often involve color variations
linked to geographic range and pollinator
preferences. For example, Gentiana lutea displays
flower colors ranging from yellow to greenish hues,
corresponding to local honey bee activity (Sobral et
al. 2015). Some Asteraceae species feature
ultraviolet markings - invisible to humans but visible
to insects - that guide pollinators to nectar (Miller et
al. 2011). Additionally, color changes during the
anthesis period, as seen in Quisqualis indica,
indicate flower maturity. White blooms attract
nocturnal moths, while pink ones attract diurnal
honeybees and butterflies (Yan et al. 2016).

Some plants employ highly specialized pollination
strategies. The South African Ceropegia gerrardii
lures kleptoparasitic flies (Desmometopa spp.) by
mimicking the scent of injured honey bees and
offering nectar resembling honey bee hemolymph in
protein and sugar content (Heiduk et al. 2023). While
such  adaptations demonstrate  evolutionary
plasticity, they also make plants vulnerable to
declines in their specialized pollinator populations
(Zariman et al. 2022).

Nectar microorganisms, such as yeasts and
bacteria, play a significant role in plant-pollinator
interactions. By colonizing nectar and changing its
chemistry, they modify its nutritional value and
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attractiveness, ultimately influencing insect foraging
behavior (Vannette et al. 2013, Martin et al. 2022).
instance, yeasts metabolize sucrose
fructose and produce volatile organic compounds
(VOCs), such as alcohols and ketones, which
pollinators can detect (Herrera et al. 2013, Rering et
al. 2017). Although these changes reduce nectar’s
caloric content, they often enhance its appeal to
bumble bees and honey bees (Schaeffer et al.

For

2017).

into

creating a dynamic

and pollinator interactions (Table 1).

Table 1. Plant-pollinator-microbe interaction mechanisms and examples

Critically, microbial VOCs not only attract pollinators
but may also suppress competing microorganisms,
interplay between nectar
microorganisms and plant chemistry (Good et al.
2014, Cullen et al. 2021). These volatiles can either
increase or decrease nectar attractiveness, fine-
tuning pollinator preferences (Rering et al. 2017).
Thus, microorganisms act as both biochemical
modifiers and ecological mediators, bridging plant

Strategy Mechanism Specific Effects on | Plant Citations
Microbial Taxa | Nectar/Pollinators Examples
and Metabolite
Involved
Nectar Pollinators introduce | Metschnikowia Converts sucrose to | General Herrera et al.
Chemistry microorganisms  that alter | reukaufi  (yeast), | fructose+glucose, across 2008, Canto
Modification sugar composition and pH Acinetobacter spp. | reduces sugar | angiosperms | et al. 2008,
(bacteria) concentration by 15- Alvarez-
30%, lowers pH by 1-2 Pérez and
units Herrera 2013
Thermal Microbial metabolism | Metschnikowia Increases nectar temp | Helleborus Herrera and
Microclimate generates heat gruessii (yeast) by 2-6°C, enhances | foetidus, Pozo, 2010,
Regulation VOC emission by 20- | Nelumbo Seymour and
40% nucifera Schultze-
Motel, 1998
Volatile Microorganisms synthesize | M. reukaufii (fruity | Increases bumble bee | Mimulus Rering et al.
Organic attractant/deterrent esters), Asaia | visits by  25-50%, | aurantiacus 2017,
Compound compounds astilbes and | repulses honey bees at Schaeffer et
(VOC) Neokomagataea high concentrations al. 2017,
Production sp. 25 Good et al
dimethylfuran) 2014
Nutritional Microbial Rosenbergiella Alters pollinator foraging | Epilobium Lenaerts et
Quality consumptionftransformation | nectarea (reduces | duration by 30-60%, | canum al. 2017,
Modulation of nutrients amino acids), | affects colony growth Pozo et al
Neokomagataea rates 2021
sp. (increases
amino acids)
Antimicrobial | Plant secondary metabolites | Callunene in | Reduces Crithidia bombi | Calluna Koch et al
Defense regulate microorganisms heather inhibits the | infections by 70-90% in | vulgaris 2019, Carter
bumble bee | bumble bees and
parasite  Crithidia Thornburg,,
bombi 2004
Pollen-Nectar | Gut microbiota acquisition | Lactobacilus Improves honey bee | General Arredondo et
Microbiome from flowers kunkeei, pathogen resistance | across bee- | al. 2018,
Linkage Bifidobacterium (30-50% survival | pollinated Vasquez et
spp. increase) plants al. 2012
Specialized Co-evolved scent/chemical | Saccharomyces Attracts  Kleptoparasitic | Ceropegia Wiens et al.
Pollinator mimicry spp. (ethanoal | flies (Desmometopa | gerrardii 2008, Heiduk
Attraction production) spp.) etal. 2023
U.An D. - U Bee J. 2025, 25 (1): 171-196 177



DERLEME /REVIEW

Specialization and adaptation of
microorganisms in floral niches

The microorganisms inhabiting flowers form
complex, dynamic communities derived from diverse
environmental sources, including air, soil, and water.
Both bacteria and fungi colonize flowers early in
development, appearing on buds and petals as soon
as they form (Shade et al. 2013, Morris et al. 2020).
Notwithstanding their early presence, microbial
abundance remains low, thus indicating transient
colonization (Brysch-Herzberg 2004, Morris et al.
2020).

An important factor shaping nectar microbial
communities is limited dispersal. Insects, such as
pollinators, introduce yeasts and bacteria into
nectar, but only those capable of tolerating high
osmotic pressure and outcompeting rivals persist
(Alvarez-Pérez et al. 2019, Vannette 2020). Since
most flowers are short-lived, dispersal critically
influences microbial species richness, composition,
and function. Potential dispersal vectors - wind,
water, plant tissues, and flower-visiting animals -
each carry distinct microbial groups (Vannette
2020). However, not all arriving microorganisms
successfully  establish on floral surfaces.
Environmental stressors, including UV radiation,
desiccation, patchy nutrient availability, and
microbial competition, limit colonization (Herrera et
al. 2010). For instance, the bumble bee pathogen
Crithidia bombi remains infectious on petals and
sepals but survives only a few hours under
environmental exposure (Figueroa et al. 2019),
underscoring how abiotic and biotic factors shape
floral microbial communities.

Microorganisms can colonize flowers not only from
external sources but also from within the plant itself.
Endophytes, microorganisms living within plant
tissues without causing visible harm, along with
surface pathogens and epiphytic microorganisms,
can migrate into floral tissues. For example, fungal
hyphae have been observed moving from vegetative
tissues to flowers in grasses (Hinton and Bacon
1985). Bacteria can also travel through the plant’s
vascular system, moving between flowers and other
tissues (An et al. 2020, Kim et al. 2019, Vanneste
2000). It is hypothesized that certain species of
bacteria that are endemic to the xylem may be able
to penetrate nectar through secreted droplets.
Nevertheless, this assertion is not yet substantiated
by empirical evidence (An et al. 2020, Roy et al.
2017).
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Microorganisms also colonize flowers through
interactions with honey bees, which act as vectors
for microbial transfer (Shi et al. 2025). When honey
bees visit flowers to collect nectar and pollen,
microbes from the honey bees or hive environments
can adhere to floral surfaces and nectar (Hietaranta
et al. 2022). Honey bees Vvisitation transfers
microbes from the insect to the flower, shaping the
floral microbiome (Lignon et al. 2024). The presence
of honey bees significantly alters the community
composition of both bacteria and fungi on
inflorescences, highlighting their role in structuring
floral microbial ecosystems (Hietaranta et al. 2022).
This dynamic interplay underscores the ecological
importance of honey bees in mediating plant-
microbe-pollinator interactions (Shi et al. 2025).

Epiphytic microorganisms can reach flowers from
leaves, or from a shared external source, via wind,
water, rain splash, or insects. Bacterial communities
on petals and leaves often overlap, but floral
microorganisms tend to be less diverse and
unevenly distributed (Junker et al. 2014, Massoni et
al. 2020, Wei and Ashman 2018). This supports the
idea that microorganisms move from leaves (or a
common source) to flowers. While microbial transfer
from flowers back to leaves is possible, it is likely
rarer due to flowers’ shorter lifespans.

Although leaves and flowers often host similar
microbial species, it remains unclear whether the
strains differ between these tissues. Future studies
could use single-cell tracking or comparative
genomics to trace microbial origins and adaptations
to floral environments (Vannette 2020).

A specialized group of microorganisms thrives in
floral environments, often reaching high abundances
on flower tissues but rarely on leaves or other plant
parts. Though these bacteria and fungi also appear
in honey bee crops and stored pollen, they are
typically scarce outside of flowers (Brysch-Herzberg
2004, Pozo et al. 2012). Their limited distribution
beyond nectar strongly suggests ecological
specialization. Additionally, they exhibit traits that
may be adaptations to floral life, including rapid
growth, efficient nutrient assimilation (Dhami et al.
2016), tolerance to osmotic stress (Herrera et al.
2010), and the ability to metabolize floral-specific
compounds (Lachance et al. 2001, Pozo and
Jacquemyn 2019). However, further comparative
and experimental studies are needed to confirm
which traits truly represent floral adaptations (Pozo
et al. 2012).
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Flowers are not sterile, even at early developmental
stages. Microorganisms are nearly always present
on some floral tissues, though their abundance and
composition vary widely. Detection methods differ in
their biases, but studies consistently identify three
key patterns in floral microbiome origins (Vannette
2020, llyasov et al. 2024).

Firstly, it has been determined that bacteria and
fungi manifest during the initial phases of floral
development, in some cases even preceding the
opening of buds (Shade et al. 2013, von Arx et al.
2019). Newly opened petals and nectar-containing
apple blossoms often  harbor culturable
microorganisms, though detection rates can be low
(8-35% at anthesis) (Pusey et al. 2009).
Filamentous fungi and bacteria have also been
found in grass ovaries (Hinton and Bacon 1985) and
herbaceous plant pollen (Hodgson et al. 2014)
during early floral development (Vannette 2020).

Second, microbial abundance in flowers often
increases over time. Strong evidence comes from
studies of nectar and pistil surfaces. For example, in
the nocturnal plants Datura wrightii and Agave
palmeri, bacterial and fungal colony-forming units
(CFUs) in nectar were low before flowers opened but
rose exponentially afterward (von Arx et al. 2019).
Similarly, in Mimulus aurantiacus, yeast detection
increased from 20% in one-day-old flowers to 60—
80% in older flowers (Peay et al. 2011). Bacteria also
became more frequent and abundant over time in
Epilobium canum nectar (Morris et al. 2020) and on
apple flower stigmas (Pusey et al. 2009). While most
studies focus on nectar, data on pollen and petal
microbiomes remain scarce. To confirm whether this
trend applies broadly, future research should use
quantitative methods like gPCR or microscopy
(Vannette 2020, llyasov et al. 2024).

Third, pollinators shape the nectar microbiome.
Although microorganisms can occur in unvisited
flowers, insects are key vectors for microbial
transmission. As early as 1884, Boutroux observed
more fermentative yeasts in honey bee-visited
flowers than in untouched ones. Recent studies
confirm that ascomycetous yeasts thrive in
pollinator-visited nectar but are absent when honey
bees and other large pollinators are excluded
(Belisle et al. 2012, Herrera et al. 2008, 2010). Some
pollinators even disperse specific microorganisms -
hummingbirds and large insects boost bacterial
abundance in Mimulus aurantiacus and Epilobium
canum (Vannette and Fukami 2017, Morris et al.

U.An D. - U Bee J. 2025, 25 (1): 171-196

2020), while Nitidulid beetles spread large-spored
yeasts (Lachance et al. 2001), and ants carry diverse
bacteria and yeasts (de Vega and Herrera 2012,
Samuni-Blank et al. 2014). Smaller insects, like
thrips, may also play an overlooked role, as they
harbor  bacteria  (Rosenbergiella,  Pantoea)
commonly found in flowers (von Arx et al. 2019) and
pollen (Manirajan et al. 2016).

Insect-associated  microorganisms ~ commonly
colonize flowers. These bacteria, fungi, and viruses
- often isolated from insect digestive tracts (Corby-
Harris et al. 2014), mouthparts (Belisle et al. 2012,
Pozo et al. 2012), or nest environments (Brysch-
Herzberg 2004, McFrederick et al. 2012, 2017) - can
be beneficial, neutral, or pathogenic to pollinators
and other floral visitors. Although they rarely reach
high abundances on flowers (Lachance et al. 2001),
they persist long enough on floral surfaces to
transfer to new hosts. While pollinators can acquire
pathogens from flowers, the role of floral
transmission compared to other routes remains
unclear (Vannette 2020).

Pollinators shape microbial communities across
floral tissues. Though most research focuses on
nectar-inhabiting microorganisms, floral visitors also
influence microbial composition on petals, stigmas,
pollen, and other structures. Bumble bees, for
instance, deposit bacteria primarily on petals and
stamens (Russell et al. 2019). Bee feces, rich in
microorganisms, often contaminate inner and outer
corollas, bracts, and nearby leaves, with deposition
patterns depending on flower morphology and bee
species (Figueroa et al. 2019). Insects also alter the
pollen microbiome’s species composition (Manirajan
et al. 2016, Vannette 2020, llyasov et al. 2024).

Tracking microbial life cycles remains challenging.
Short rRNA gene regions used in sequencing often
fail to distinguish between closely related species or
strains, masking ecologically distinct taxa (Dhami et
al. 2018). Additionally, detecting environmental
microorganisms is complex, making
presence/absence determinations difficult. Microbial
lineages likely vary from animal- to plant-associated,
both ecologically and evolutionarily. For example,
Lactobacillus  (McFrederick et al. 2012),
Acinetobacter, and Starmerella yeasts (Lachance et
al. 2001, Rosa et al. 2003) include species
specialized for animals or flowers, yet the frequency
of host shifts remains poorly understood (Vannette
2020).
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Pollinator-mediated shaping of nectar and honey
microbial communities

Nectar serves as a unique habitat for
microorganisms, fostering interactions between
fungi, bacteria, and the nectars chemical
environment. Studies on nectar microbiomes have
primarily examined bacteria and fungi, the dominant
components of these communities (Vannette 2020,
Herrera et al. 2009, Fridman et al. 2012). The
composition of these microbial communities varies
significantly ~ depending on  pollinator type,
suggesting that pollinators not only transfer pollen
but also disperse microorganisms, shaping distinct
nectar microbiomes (Belisle et al. 2012, Morris et al.
2020, Vannette 2020). Interactions between these
microorganisms further influence species diversity,
highlighting the complexity of these
microecosystems (Vannette and Fukami 2017).

Microbial abundance in nectar increases over the
flower’s lifespan, reaching densities of up to 10°
yeast cells and 107 bacterial cells per microliter
(Herrera et al. 2009, Fridman et al. 2012). In
temperate regions, nectar microbiomes typically
exhibit low diversity, often dominated by a single
yeast or bacterial species (Belisle et al. 2012, Pozo
et al. 2011). This limited diversity likely results from
dispersal constraints, competition, and harsh
conditions like high osmotic pressure and low
nitrogen availability (Peay et al. 2011, Vannette and
Fukami 2014). In contrast, subtropical and tropical
regions may support greater microbial diversity due
to extended flower availability, higher plant diversity,
and shorter flower lifespans that reduce competitive
exclusion (Mittelbach et al. 2015, Canto et al. 2017).

Floral nectar hosts specialized microbial
communities dominated by osmotolerant and low-
nitrogen-adapted species. The most common are
ascomycete yeasts, including Metschnikowia (e.g.,
M. reukaufii and M. gruessii), Wickerhamiella,
Starmerella, and Kodamaea, as well as bacteria like
Acinetobacter  and Rosenbergiella. These
microorganisms thrive under nectar’s high osmotic
pressure and nutrient scarcity, outcompeting less-
adapted species (Lachance et al. 2018, Santos et al.
2018, Vannette 2020, Martin et al. 2022).

Pollinator  activity shapes nectar microbial
composition: flowers visited by insects favor
ascomycetous yeasts, while isolated flowers show
higher  basidiomycetous  yeast abundance
(Lachance et al. 2001, Herrera et al. 2008, 2010,
Belisle et al. 2012, Hietaranta et al. 2022).
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Filamentous fungi, by contrast, are rare in nectar
(Taniwaki et al. 2015). Although non-specialized
microorganisms from soil, water, or plant surfaces
occasionally enter nectar, they typically persist at
low levels due to poor stress tolerance (de Vega and
Herrera 2012, Martin et al. 2022, llyasov et al. 2024).

Microorganisms in floral nectar compete for
resources, often excluding each other through niche
preemption or modification (Fukami 2015). Bees
ingest these nectar-dwelling bacteria, which then
colonize their gut and influence the microbial
diversity of their colonies - sometimes beneficially,
sometimes harmfully (Anderson et al. 2013). Many
of these microorganisms produce antibiotics,
suppressing pathogens in nectar, stored food, or
honey bee gut (McCormack et al. 1994, Parret and
De Mot, 2002, Pozo et al. 2020). For instance,
bacteria like Lactobacillus kunkeei - found in nectar
and honey - can inhibit honey bee pathogens such
as Paenibacillus larvae and Nosema ceranae
(Arredondo et al. 2018, Nowak et al. 2021).

The honey bee gut microbiome also metabolizes
nectar and pollen, producing lactic, acetic, and citric
acids, which support energy metabolism, and
suppress pathogens (Ricigliano and Anderson
2020). When honey bees eat pollen-deficient diets,
their microbiome diversity declines, reducing organic
acid production and weakening immunity. However,
supplementing their diet with lactic acid can restore
some resistance to infections (Ricigliano and
Anderson 2020).

Species of Lactobacillus, the dominant genus in
honey bee gut microbiota (Romanovich et al. 2020),
drive carbohydrate fermentation, producing lactic
acid that energizes honey bees and suppresses
pathogenic Enterobacteriaceae by acidifying the gut
environment (Ricigliano and Anderson 2020).
Deficiencies in these organic acids are linked to
impaired foraging behavior, including reduced
activity and social interactions in hives (Ricigliano
and Anderson 2020).

Although floral nectar is often dominated by single
microbial species (Peay et al. 2011, Belisle et al.
2012, Vannette and Fukami 2014, Tucker and
Fukami 2014), diverse microorganisms frequently
co-occur (de Vega et al. 2021). For example,
Metschnikowia yeasts and Acinetobacter bacteria
exhibit positive associations, likely due to niche
partitioning: Metschnikowia ferments glucose, while
Acinetobacter metabolizes fructose (Alvarez-Pérez
and Herrera 2013). Such interactions suggest
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microbial communities may have additive or
synergistic effects on nectar chemistry and pollinator
health. Indeed, yeast-bacteria consortia can
enhance nectar aroma, boosting visits by honey
bees and hoverflies (Golda et al. 2021), though their
impact on bumble bee colony growth remains no
greater than that of single species (Pozo et al. 2021).

The honey bee gut microbiome is largely derived
from microorganisms in plant nectar, primarily
bacteria and yeasts. Studies show that honey's
microbial composition varies by geographic location,
floral source, and storage conditions (Brudzynski
2021). Common bacterial genera include
Lactobacillus, Bifidobacterium, Gluconobacter, and
Asaia, which can function as beneficial symbionts or
potential pathogens depending on their abundance
and environmental context (Brudzynski 2021). For
instance, Lactobacillus and Bifidobacterium exhibit
probiotic properties and help protect honey bees
from pathogens (Vasquez et al. 2012, llyasov et al.
2024).

Lactobacillus spp., a well-studied group of lactic acid
bacteria in honey, play a key role in fermentation and
preservation. They produce antimicrobial
compounds such as hydrogen peroxide,
bacteriocins, and organic acids like lactic acid. By
lowering pH, lactic acid creates an inhospitable
environment for pathogens, while hydrogen peroxide
broadly inhibits  bacterial growth. Certain
Lactobacillus strains also secrete bacteriocins -
peptide-based antimicrobials - such as nisin, which
targets pathogens like Listeria (Brudzynski 2021).

Bifidobacteria (Bifidobacterium spp.), beneficial
microorganisms found in honey, exhibit probiotic
properties and produce antimicrobial compounds
such as acetic acid, lactic acid, and bacteriocins.
These substances inhibit pathogens by lowering
environmental pH and directly targeting harmful
bacteria like Escherichia coli and Salmonella
(Brudzynski 2021).

Acetic acid bacteria (Gluconobacter and Asaia), also
present in honey, contribute to its antimicrobial
activity by producing organic acids that suppress
pathogen growth. Their antibacterial effects are
particularly strong against Gram-negative bacteria
(Crotti et al. 2010).

Certain Bacillus species in honey generate
antimicrobial peptides like bacitracin, which
effectively target Gram-positive bacteria, including
Staphylococcus and Streptococcus (Brudzynski
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2021).

Yeasts such as Metschnikowia reukaufii may not
always produce antimicrobials, but some species
secrete ethanol and volatile organic compounds
(VOCs) that inhibit microbial growth. Additionally,
certain yeasts generate acetic and lactic acids,
further enhancing honey’s protective effects (Good
et al. 2014). Although fungi like Penicillium are
typically linked to honey spoilage, some species
produce antibiotics such as penicillin, which combat
Gram-positive bacteria (Brudzynski 2021).

Nectar microbiome dynamics and their
functional consequences for pollination

Microorganisms in nectar significantly alter its
chemical composition, thereby shaping plant-
pollinator interactions. Through metabolic activity,
they consume sugars - reducing overall sugar
concentration - and convert sucrose into glucose
and fructose (de Vega et al. 2009, Herrera et al.
2008, Canto et al. 2008, Vannette and Fukami
2017). Additionally, they modify amino acid levels
and other nectar components, with effects varying by
microbial species (Lenaerts et al. 2017, Rering et al.
2017).

Specialized bacteria such as Neokomagataea,
Rosenbergiella nectarea, and Acinetobacter spp.
exhibit metabolic effects similar to the yeast
Metschnikowia reukaufii, reducing sucrose while
increasing glucose and fructose (Lenaerts et al.
2017, Rering et al. 2017, Alvarez-Pérez et al. 2021,
Kim et al. 2014). Acinetobacter species (e.g., A.
nectaris, A. boissieri) preferentially consume
fructose and nitrogenous yeast byproducts like
ammonia, often co-occurring with yeasts (Alvarez-
Pérez and Herrera 2013). While R. nectarea and
Acinetobacter decrease amino acid concentrations,
Neokomagataea increases them (Martin et al. 2022).
These shifts in sugar and amino acid profiles may
directly affect pollinator nutrition (Alvarez-Pérez et
al. 2021).

It has been demonstrated that generalist bacteria,
including Lactococcus garvieae, Apilactobacillus
kunkeei (Zheng et al. 2020), Erwinia tasmaniensis,
and Asaia spp., also have an influence on the
chemistry of nectar (Zheng et al. 2020). E.
tasmaniensis does not alter sugar or amino acid
levels but lowers nectar pH (Martin et al. 2022). In
contrast, acetic acid bacteria (Asaia platycodi, A.
astilbes) reduce sucrose and amino acids while
increasing monosaccharides and acidity via acetic
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acid production (Lenaerts et al. 2017). The lactic acid
bacterium L. garvieae leaves sugar levels
unchanged but raises amino acid concentration and
decreases pH through lactic acid secretion (Lenaerts
et al. 2017).

Fungi play a key role in shaping nectar chemistry.
For example, the black yeast Aureobasidium
pullulans decreases sucrose concentration and
metabolizes fructose, while the yeast
Sporobolomyces roseus increases amino acid
content (Sobhy et al. 2018). Similarly,
Hanseniaspora uvarum alters the emission of
volatile organic compounds (VOCs) (Sobhy et al.
2018). All three of these fungi also lower nectar pH
(Sobhy et al. 2018, llyasov et al. 2024). Another
common nectar yeast, Metschnikowia, reduces
sucrose and glucose levels while increasing fructose
proportions (Herrera et al. 2008, Canto et al. 2015,
Pozo et al. 2020). It also produces VOCs (Sobhy et
al. 2018) and lowers nectar pH (Vannette et al. 2013,
Tucker and Fukami  2014). Additionally,
Metschnikowia reukaufii depletes amino acids in
nectar (Dhami et al. 2016).

It has been demonstrated that specialized nectar
microorganisms  modify  nectar's  nutritional
properties by consuming sugars, thereby shifting
their ratios and acidifying the nectar (Vannette et al.
2013, Tucker and Fukami 2014, Lenaerts et al. 2017,
Pozo et al. 2020). They can also metabolize, modify,
or synthesize amino acids and secondary
metabolites, altering nectar's taste and aroma
(Herrera et al. 2013, Schaeffer et al. 2017).

These microorganisms also release VOCs that
influence nectar attractiveness. Some bacteria and
fungi on flowers produce VOCs that blend with floral
scents or break down plant volatiles (Farré-
Armengol et al. 2016), ultimately affecting pollinator
behavior (Schaeffer et al. 2019). Certain
microorganisms - and even plants - produce
compounds that repel insects, such as
toluenediisocyanate. For instance, Asaia astilbes
and Neokomagataea sp. emit 2,5-dimethylfuran, a
potential deterrent (Schaeffer et al. 2019).

Nectar-inhabiting  microorganisms,  particularly
yeasts and bacteria, can alter nectar chemistry and
influence pollinator nutrition and foraging behavior.
While some microorganisms reduce sugar
concentrations, potentially creating competition
between microorganisms and pollinators (Herrera et
al. 2008), bumble bees often prefer yeast-colonized
nectar (Schaeffer and Irwin 2014, Herrera et al.
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2013, Yang et al. 2019). This preference may arise
from changes in scent and taste, as the yeast
Metschnikowia reukaufii produces attractive fruity
and floral esters (Golonka et al. 2014).

Pollinators rely on visual, olfactory, and gustatory
cues to find food, so microbial changes in nectar
directly affect their choices. Both bumble bees and
honey bees detect and respond to volatile organic
compounds (VOCs) emitted by nectar
microorganisms. For example, naive bumble bees
(Bombus impatiens and Bombus terrestris) use M.
reukaufii VOCs to locate nectar (Herrera et al. 2013,
Schaeffer et al. 2017) and consume more yeast-
infected nectar than sterile nectar (Herrera et al.
2013, Schaeffer et al. 2017). In contrast, their
responses to bacteria are often neutral or negative
(Good et al. 2014, Junker et al. 2014). Interestingly,
while B. impatiens is attracted to odors from the
bacterium A. astilbes, it still consumes more nectar
infected with M. reukaufii (Schaeffer et al. 2017).

Bees are highly sensitive to changes in sugar
composition and concentration. For example, low
sugar levels reduce foraging activity in honey bees
(Oldroyd et al. 1991, Seeley et al. 2000, Brunner et
al. 2014, Stabler et al. 2015, Grund-Mueller et al.
2020). Bumble bees, in particular, prefer sucrose
(Mommaerts et al. 2013, Gegear and Thomson,
2004), and immune-challenged workers consume
7.5% more sugars (Dolezal and Toth 2018). Nutrient
scarcity can also weaken honey bee immune
responses (Brunner et al. 2014, Stabler et al. 2015,
Grund-Mueller et al. 2020).

Microorganisms in nectar can change its chemistry,
affecting honey bee feeding behavior. Honey bees
avoid nectar contaminated with Asaia astilbes,
Erwinia tasmaniensis, and Lactobacillus kunkeei but
show no aversion to Metschnikowia reukaufii (Good
etal. 2014). Some bacteria, like Asaia astilbes, lower
nectar pH while increasing glucose and fructose
levels (Good et al. 2014). These chemical changes -
rather than the microorganisms themselves -
primarily drive honey bee preferences (Brudzynski
2021).

Microorganisms in nectar can increase hydrogen
peroxide levels, potentially benefiting honey bee
health (reducing pathogenic microorganisms and
shaping their normal microbiome) (Vannette et al.
2013, Rothman et al. 2020). Some microorganisms
can inhibit pathogens like Crithidia bombi in bumble
bees (Richardson et al. 2015, Palmer-Young et al.
2019, Folly et al. 2020).
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Changes in nectar composition influence adult
honey bees, queen egg-laying, and brood health
(Steffan et al. 2019). In honey bees and bumble
bees, nutrition affects ovary development and egg
production (Fine et al. 2018, Lin and Winston 1998).
While nectar colonized by M. reukaufii does not alter
worker bumble bee egg production (Schaeffer et al.
2017), nectar containing bacteria like P.
coronafaciens, A. nectaris, and R. nectarea boosts
oviposition and brood quantity in bumble bees (Pozo
etal. 2021). Overall, microbial effects on bumble bee
colony development vary from neutral to positive
(Martin et al. 2022).

Specific yeasts and bacteria in nectar can shape
bumble bee (B. terrestris) development (Pozo et al.
2020, Pozo et al. 2021). Two of five studied yeast
species increased worker numbers, likely by
enriching nectar micronutrients (Pozo et al. 2020).
Each yeast species also produced distinct
fructooligosaccharides - compounds with prebiotic
properties (Peshev and Van den Ende 2014).

Nectar composition influences the bacterial
community structure in honey bee gut. High sugar
concentrations and larger nectar volumes increase
flower visitation rates (Mallinger and Prasifka 2017).
Honey bees fed sucrose-rich nectar develop more
diverse midgut communities, whereas those
consuming glucose- or fructose-rich nectar show
greater hindgut diversity (Wang et al. 2020). Since
honey bee gut microbiome affects host health
(Hammer et al. 2021, Lee et al. 2015, Zheng et al.
2019, Martin et al. 2022).

Microorganisms also alter the nutritional value of
pollen in nectar. For example, Metschnikowia
reukaufii clusters around pollen grains, consuming
their nutrients (Herrera 2017, Pozo and Jacquemyn
2019) and causing pollen rupture (Eisikowitch et al.
1990). Similarly, Acinetobacter spp. trigger pollen
germination and rupture in Eschscholzia californica
(Christensen et al. 2021). Some microorganisms
degrade pollen quality - the pathogen Microbotryum
violaceum replaces pollen with spores, disrupting
plant reproduction (Alexander and Antonovics
1988). Non-pathogenic fungi and bacteria colonize
pollen surfaces, reducing viability, as seen in
Asclepias syriaca (Eisikowitch et al. 1990), and
limiting nutrient availability for pollinators (Roulston
and Cane 2000). However, some honey bee-
associated bacteria aid digestion by producing
pectinases that break down pollen (Engel et al. 2012,
Vuong and McFrederick 2019).
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Floral microorganisms also modify nectar, pollen,
and floral traits that attract pollinators. Pathogens
like Microbotryum violaceum lower nectar volume
and sugar content (Biere and Honders 2006), while
Fusarium verticillioides extends flowering in
Moussonia deppeana, prolonging nectar availability
(Lara and Ornelas, 2003).

Microorganisms can significantly alter nectar
chemistry and properties, as demonstrated in
laboratory studies (Vannette et al. 2013, Lenaerts et
al. 2017, Vannette and Fukami, 2018). For example,
flowers inoculated with Neokomagataea anthophila
and Gluconobacter sp. produced less nectar, likely
due to accelerated senescence (Vannette and
Fukami, 2018). However, differences between
laboratory and field results suggest that host plants
may regulate microbial effects on nectar chemistry
(Vannette et al. 2013).

Yeast and bacteria form complex microbial
communities in nectar through aggregation, biofilm
formation, nutrient competition, antagonism,
signaling, and horizontal gene transfer (Alvarez-
Pérez et al. 2013, Tucker and Fukami 2014, Alvarez-
Pérez et al. 2019). Their co-occurrence is often
negatively correlated, pointing to competitive
interactions like antibiosis (Alvarez-Pérez et al.
2019). While these mechanisms explain some
microbial patterns, they do not fully account for
global variations in community composition (de Vega
et al. 2021, llyasov et al. 2024).

Nectar chemistry - including sugars, amino acids,
proteins, and alkaloids - plays a significant role in
shaping these communities (Nicolson and
Thornburg 2007). High osmotic pressure restricts
colonization to osmotolerant species (Alvarez-Pérez
et al. 2012, Lenaerts et al. 2014, Morris et al. 2020),
favoring specific yeasts and bacteria (Adler 2000,
Adler et al. 2020, Carter and Thornburg 2004). Yet,
nectar chemistry alone does not fully explain
microbial diversity (de Vega et al. 2021).

The sugar ratio in nectar, influenced by both plants
and microorganisms, can affect pollinator attraction
(Colda et al. 2021). Nectar composition often aligns
with pollination strategies (Baker and Baker 1983,
1990), but even plants visited by the same
pollinators show substantial chemical variation
(Barnes et al. 1995, Brown et al. 2010). While sugars
contribute to microbial differences, they are not the
sole factor (Johnson 2000, Nicolson and Thornburg
2007). Plant-derived antimicrobial compounds may
be more decisive in structuring these communities
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(Buwa and Van Staden 2006, Aremu and Van
Staden 2013, Amoo et al. 2014).

Floral volatile organic compounds (VOCs) can
influence microbial growth, but their effects vary. For
example, (E)-B-caryophyllene in  Arabidopsis
thaliana suppresses the pathogenic bacterium
Pseudomonas syringae (Huang et al. 2012), while
phenylacetonitrile and linalool have species-specific
effects on bacteria (Hua et al. 2014, Junker et al.
2014, Burdon et al. 2018).

Plant secondary metabolites, such as flavonoids and
alkaloids, may help structure floral microbial
communities by deterring pathogens (Adler 2000,
Rivest and Forrest 2019). In Calluna vulgaris
(heather), the nectar compound callunene inhibits
the bumble bee parasite Crithidia bombi at natural
concentrations, suggesting that other metabolites
with similar antimicrobial roles may exist (Koch et al.
2019). However, not all secondary metabolites
necessarily evolve for microbial defense, as
experimental evidence sometimes contradicts this
hypothesis (Fridman et al. 2012, Pozo et al. 2012,
Vannette and Fukami 2017).

Floral traits like high nectar osmolarity, antimicrobial-
like proteins, elevated oxygen levels, and reactive
oxygen species further restrict microbial growth
(Herrera et al. 2010, Schmitt et al. 2018), making
nectar inhospitable to certain pathogens (Carter et
al. 1999, Schmitt et al. 2018). Their precise role in
shaping microbial communities remains an
important area for future research.

Plants employ induced defense mechanisms to
regulate floral microbial communities. For example,
pepper flowers respond to Xanthomonas campestris
infection by producing antimicrobial enzymes faster
than leaves (O'Garro and Charlemange 1994).
Similarly, apple trees rely on pathogen-defense
genes to resist Erwinia amylovora (Khan et al. 2012).
While plants appear to actively manage floral
microbiomes, it is unclear whether these responses
target only pathogens or more general microbial
regulation (Vannette 2020).

Nectar's antimicrobial compounds shape microbial
communities by restricting survival and growth.
Certain plants produce substances that specifically
inhibit bacteria or yeasts (Ncube et al. 2015), though
the full extent of these effects requires further study
(de Vega et al. 2021).

Geographic factors influence nectar microbial
communities, but plant-pollinator interactions have
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stronger effects. Nectar microbiomes show greater
similarity among plants visited by the same pollinator
group across different regions than among co-
located plants with different pollinators (de Vega et
al. 2021). Yeast communities demonstrate
phylogenetic patterns tied to geography, reflecting
historical dispersal (Lachance et al. 2005, de Vega
et al. 2014), while some insect-associated yeasts
show restricted distributions matching their host
insects' ranges (de Vega et al. 2021).

Conclusion

Plants, pollinators, and microorganisms form a
complex web of interactions, with microorganisms
playing a crucial role in shaping these relationships
in surprising ways. This review focuses on how
nectar-feeding yeasts and bacteria influence the
chemistry and physical properties of nectar, affecting
pollinator behavior and plant reproduction.

Microorganisms can modify nectar's chemical
composition and physical characteristics, making it
more or less attractive to pollinators. For example,
Metschnikowia yeast strains produce fruity esters
that attract bumble bees, while bacteria such as
Asaia astilbes sour nectar and repulse honey bees.
These microorganisms demonstrate their ability to
guide pollinator foraging decisions.

These interactions are bidirectional. Pollinators
transfer microorganisms from one flower to another,
but the microorganisms that they carry affect their
health and nutrition. Bee gut bacteria, such as
Lactobacillus and Bifidobacterium, help with
digestion, boost immunity, and combat pathogens,
creating a cycle in which pollinators influence the
microbial composition of nectar, which then affects
their own well-being.

This interaction reveals microorganisms as crucial
players in plant-pollinator relationships, amplifying or
moderating benefits for both parties. Geography and
ecology add complexity to this system. Flowers in
tropical regions, which bloom year-round, have
richer microbial communities compared to those in
temperate regions. The type of pollinator also
matters - hummingbird-pollinated flowers carry
different microorganisms than those visited by bees,
demonstrating how pollinator behaviors shape the
microbial profile of nectar.

Microorganisms play an important role in pollination,
but they do more than just guide the process. They
can alter nectar in ways that can either benefit or
harm plants by attracting or draining nutrients,
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respectively. Some plants have developed
defenses, like callunene in heather nectar, to fight off
microorganisms and maintain their success.
Pollinators also benefit from warmer flowers, thanks
to yeast-produced heat, and protection against
bumble bee pathogens, such as Crithidia bombi.

Despite these interactions, there are still many gaps
in our understanding of how microorganisms, plants,
and pollinators interact. Future research should
combine tools such as gene sequencing, chemical
analysis, and behavioral tests to better understand
the roles of microorganisms in various ecosystems.
Additionally, we know little about the effects of
pesticides and habitat loss on these intricate
relationships.

In short, microorganisms play an active role in
shaping plant-pollinator interactions by adjusting
nectar composition, supporting pollinator health, and
helping them adapt to environmental changes. As
the decline of pollinators threatens ecosystems and
agricultural production, understanding the role of
microorganisms could lead to innovative solutions
such as bee probiotics and microbiome-enhanced
pollination. By recognizing these tiny actors, we can
appreciate the complexity of nature's interconnected
systems and the need for broader efforts to protect
them.
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