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Abstract: Turkey, with its rich flora and high endemism proportion in a temperate
zone, is highly favorable for beekeeping. In the studied area, two honeybees are
present: Apis mellifera anatoliaca and the Yigilca local honeybee, which has been
determined as local ecotype of anatoliaca in the Black Sea region. The main
objective of this study was to determine the botanical sources of honey samples,
which are produced by these two honeybees, from Akcakoca and Yigilca district.
Chestnut and mad honey samples were obtained from local beekeepers. Pollen
types in the honey samples were identified and determined the frequency classes.
Castanea sativa was identified as the predominant pollen among the honey samples
of Anatolian honeybee; these samples were classified as monofloral honey.
Besides, Rhododendron ponticum and Lysimachia verticillaris pollens were found
to be the important minor pollens in the mad honey samples of Anatolian honeybee.
Mad honey samples from the Yigilca local honeybee were a multifloral honey and
included Rhododendron ponticum and five other pollens as important minor pollen.
In addition, physicochemical analyses were also performed. The honey samples
gathered from the Yigilca district were deemed acceptable. On the other hand, the
honey samples from the Akgakoca district were found acceptable except for
moisture content. Also, 104 plant specimens were collected around beehives and
54 taxa were reported as melliferous plants. The Sorensen similarity coefficient,
calculating among the melliferous plants of two localities (Akcakoca and Yigilca),
was 51.85%. Diversity of melliferous plants was also higher in Yigilca than in
Akgakoca.
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Oz: Tiirkiye, 1liman bolgede zengin bitki ortiisii ve yiiksek endemizm orani ile
aricilik i¢in oldukea elveriglidir. Calisma alaninda Apis mellifera anatoliaca ve
Karadeniz bolgesinde anatoliaca’nin ekotipi olarak belirlenen Yigilca lokal bal
aris1 olmak tizere iki bal aris1 bulunmaktadir. Bu ¢alismanin temel amaci, Akgakoca
ve Yigilca’dan alinan bu iki bal arisina ait ballarin botanik kaynaklarmi
belirlemektir. Kestane ve deli bal drnekleri yerel aricilardan temin edilmistir. Bal
orneklerindeki polen tiirleri belirlenmis ve frekans siniflari belirlenmistir. Castanea
sativa, Anadolu bal aris1 kestane ve deli bal drnekleri arasinda baskin polen olarak
belirlenmistir; bu o6rnekler monofloral bal olarak smiflandirilmistir. Ayrica
Anadolu bal arist deli bal 6érneklerinde Rhododendron ponticum ve Lysimachia
verticillaris polenleri nemli mindr polenler olarak tespit edilmistir. Yigilca lokal
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bal arisindan elde edilen deli bal 6rnekleri, multifloral baldir ve 6nemli mindr polen
olarak Rhododendron ponticum ve diger bes tiirlin polenini icermektedir. Ayrica
fizikokimyasal analizleri de yapilmistir. Yigilca ilgesinden toplanan bal
orneklerinde degerler kabul edilen simrlar igindedir. Ote yandan Akcakoca
ilgesinden alinan bal numunelerinde, nem igerigi disindaki degerler kabul edilebilir
bulunmustur. Ayrica, ar1 kovanlarinin etrafinda 104 bitki 6rnegi toplanmig ve 54
takson ball1 bitki olarak belirlenmistir. Iki ilcenin (Akgakoca ve Yigilca) balli
bitkileri arasinda hesaplanan Sorensen benzerlik katsayist % 51.85 olarak
bulunmustur. Y1gilca ilgesinde balli bitki ¢esitliligi de Akgakoca ilgesine gore daha
fazladir.

1. Introduction

Beekeeping is a widespread profession in Turkey, where honey is an important food product for
the local people of the country in question. According to FAO (2016) data on the number of beehives
globally, Turkey ranks third in the world, with the third highest number of beehives across all countries
surveyed. As of 2019, the number of beehives in Turkey has reached 8.1 million, and the nation’s honey
production measures about 110 thousand tons (TUIK, 2019). The botanical source of pollen harvested
by honey bees possesses an important role in the quality of honey produced. Hence, pollen analysis of
honey possesses prominent importance due to its ability to reveal the plant species foraged by honey
bees for the honey source. In the literature, recently there exist numerous studies investigating the
melissopalynology of Turkish honeys (Altay et al., 2018; Gencay Celemli et al., 2018; Giil and Pehlivan,
2018; Ozkok et al., 2018; Ozenirler et al., 2018; Ozler, 2018; Bozbeyoglu et al., 2019; Cenet, 2019;
Ecem Bayram et al., 2019; Giirbiiz et al., 2019a; b; Kizilpiar Temizer et al., 2019; Cakir et al., 2020;
Gencay Celemli, 2020).

Turkey is home to varying climatic and ecological conditions. The nation is also a natural
transition point between Europe, Asia and Africa, creating a gene pool that contains many bee race and
ecotypes (Adam, 1983; Kili¢ and Bilgen, 2006; Kambur Acar and Kekecgoglu, 2020). Apis mellifera,
which was originally discovered in Asia, Europe, and Africa, but has since spread globally due to human
intervention, possesses five subspecies in Turkey (Ruttner, 1988). These subspecies are Apis mellifera
subsp. carnica in the European part of Turkey (Thrace), A. mellifera subsp. caucasica in the northeast
region of Turkey, A. mellifera subsp. meda in the east of Turkey, A. mellifera subsp. syriaca in the
southeast of Turkey, and 4. mellifera subsp. anatoliaca in the rest of Anatolia (Kandemir et al., 2000).
In recent studies, the Yigilca local honey bee has been found in the Diizce province (Black Sea Region,
Turkey). The Yigilca district (Diizce province) is a region with no entrances and exits for bees due to its
natural geology and structure (Gosterit et al., 2012). The Yigilca local honey bee, which is considered
to be an ecotype native to the specific region examined, has been studied by Kekecoglu (2010) and it is
reported that, according to both COI gene Sspl restriction polymorphism and 18 vessel angle
coordinates, this bee is endemic to the Yigilca district of the Diizce province. In an additional study
conducted by Kekecoglu and Soysal (2010), it was discovered that the morphometric characteristics of
honey bees in the Yigilca district (Diizce) demonstrated a local ecotype of anatoliaca. In this study,
Kekecoglu and Soysal (2010) also highlighted that no imported honey bees had inhabited or been
brought to the Yigilca district for over 30 years, and that there exist no modern beekeeping
manipulations in the population studied. Apis mellifera subsp. anatoliaca (known as the Anatolian honey
bee) is also a common subspecies in Diizce, but the Yigilca district is an isolated region from other
districts in Diizce.

In this study, the main objective is to determine the botanical sources of honeys of the Yigilca
local honey bee and Apis mellifera subsp. anatoliaca using melissopalynological analysis in Diizce. The
study also aimed to evaluated the physicochemical properties of honey samples and to determine
melliferous plants around beehives. Following the aims of this study, chestnut honey and mad honey,
two important honeys in the Diizce province, were selected and obtained from local beekeepers.
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2. Material and Methods
2.1. Study area

The research areas of this study were the Akgakoca and Yigilca districts of the Diizce province
in Turkey (Figure 1). The Diizce province is located in the Western Black Sea region of the country.
The land mass area of Diizce with its eight districts (Merkez, Ak¢akoca, Cumayeri, Cilimli, Golyaka,
Giimiisova, Kaynash and Yi8ilca) is 2 593 km? 50% of this area is composed of forestland (Diizce
Municipality, 2019). Akgakoca is the sole district within the province of Diizce containing a coastline
of 30 km and possessing a sea border. The surface area of the district in question is 463 km?. 40% of the
district is forested and is home to 43 villages (Akcakoca Municipality, 2019). The district of Yigilca is
bordered by the Zonguldak province in the north, Bolu province in the east and south, Ak¢akoca district
in the northwest, and Kaynash district in the southwest (Y1g1lca Municipality, 2019). Its surface area is
640 km?, and 65% of the district is covered with forests (Yigilca Department of Forestry, 2019). The
Yigilca district is home to 39 villages.

According to recent data of the Provincial Directorate of Agriculture and Bee Breeders in the
Diizce province of Turkey, there were 594 beekeepers and 53 823 hive bees registered in 2017 in the
region. Beekeepers possessing 30 or more hives are included in this data. The number of beekeepers is
considered to be nearly 1 000 regardless of the number of hives. The annual production of registered
beekeepers amounts to 386 268 kg honey, 8 980 kg beeswax, and 453 kg pollen. The production of royal
jelly is produced by only a few beekeepers in the Diizce province, and their annual output is 4.936 kg.

According to the information sourced from local beekeepers, several types of honey are
produced in the Diizce province. The types constitute chestnut honey, mad honey, plateau blossom
honey, and blossom honey. Chestnut honey is produced by bees when the chestnut trees (Castanea
sativa) bloom in June. Mad honey is produced during the intense flowering of Rhododendron spp. in
the month of May.
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Figure 1. Study area on the map. * shows the sampling site.
2.2. Melliferous plants

The fieldwork portion of this study was carried out between May 2017 and June 2017. A total
of 104 melliferous plants were collected near the hives during six field trips within the region. The plants
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were collected from a 0.8 km radius around the beehives, to be compared with the pollen in the honey
samples gathered. Interviews were also conducted with beekeepers during the course of the fieldwork
in order to understand the melliferous flowers present, bee types, and other necessary details relevant to
the study. During the fieldwork portion of this study, the plants that flowered during the honey period
in question and with high patronage by the honey bees studied were in particular collected.

Melliferous plants in proximity to the beehives in this study were identified. The collected plant
specimens were identified using “Flora of Turkey and the East Aegean Islands” (Davis, 1988; Giiner et
al., 2000) and compared to the specimens contained within the ISTE (the Herbarium of the Faculty of
Pharmacy of Istanbul University). The plant materials collected in our study were kept within the ISTE-
Honey Plants Herbarium as herbarium samples.

The pollen slides of the collected plants were prepared following the Wodehouse (1935) method
to obtain reference pollen images from within the identified plants. Pollen photos were captured using
an Olympus BX53 light microscope.

2.3. Honey samples and melissopalynological study

Honey samples were obtained directly from local beekeepers. Honeys were labeled by the
beekeepers as chestnut and mad honey. Chestnut (honey 1) and mad honey (honey 2) of the Yigilca
local honey bee were collected from Haciyeri village, Yi8ilca district. Chestnut (honey 3) and mad
honey (honey 4) of Apis mellifera subsp. anatoliaca were collected from Deredibi village, Ak¢akoca
district. The floral sources of the honeys were determined following the mellisopalynological method.
For examination procedures of the pollen and the identification of honeys, 10 samples were prepared
from each honey (chestnut honey and mad honey of both the Anatolian honey bee and the Yigilca local
honey bee) according to the methods of Louveaux et al., (1978) and Sorkun (2008).

Pollen counting was conducted using an Olympus BX53 light microscope. 10 slides were
prepared for each honey sample. The pollen was then identified based on the number of apertures,
sculptures, structures, and sizes of the pollen. Slides were prepared as homogeneously dispersed and at
least 500 pollen grains per sample were counted. The average value of the results for each honey sample
after counting was calculated as percentages. Based upon these results, the honey samples were
classified into four different frequency classes as predominant (more than 45%), secondary (16%—45%),
important minor (3%—15%) and minor (less than 3%) pollen according to their pollen percentages
(Louveaux et al., 1978).

For pollen diagnosis, the prepared pollen slides from the studied honeys samples were compared
with the pollen slides of melliferous plants. Books, pollen library, and related studies to our survey
(Silici and Gokceoglu, 2007; Sorkun, 2008; Hesse et al., 2009; Halbritter et al., 2010; Sorkun et al.,
2014) were also used in pollen diagnosis.

2.4. Physicochemical analysis

Diastase, sugar (Fructose + Glucose, Fructose / Glucose, Sucrose, Maltose), C4 sugar
percentages, difference 83C protein — §°C honey, HMF (hydroxymethyl furfural), moisture,
conductivity, free acidity, and proline tests were performed by the Diizce University Scientific and
Technological Research Application and Research Center for each honey sample studied (Kekecoglu
and Goc-Rasgele, 2013; Derebasi et al., 2014; Kambur et al., 2015). According to the analyses of the
Turkish food codex communiqué on honey (Ministry of Food, Agriculture and Livestock, 2012), tests
were conducted on each sample.

2.5. Statistical analysis

Sorensen’s similarity coefficient (Moraes et al., 2019) was calculated to compare the
pollen/botanical sources between the Yigilca local honey bee and the Anatolian honey bee. Formula is
ISS=2a/(a+b+c)x100, where a refers to number of pollen/species common to x and y, b to number of
pollen/species restricted to x, and ¢ to number of pollen/species restricted to y. This coefficient indicates
the pollen/species common to both honey bees.
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3. Results
3.1. Melliferous plants

Field studies that we conducted in proximity to the beehives in question lead to the collection
of 104 plant specimens. 54 taxa belonging to 23 families were reported as melliferous plants. Flowers
visited by honey bees in addition to the observation of beekeepers were also recorded. The pollen type
of each species was determined and then used as a reference collection. This information is summarized
in Table 1. Pollen photos of some melliferous plants are shown in Figure 2. The Sorensen similarity
coefficient (ISS), calculating among the melliferous plants of two localities (around the beehives of the
Yigilca and the Anatolian honey bees), was 51.85%.
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Figure 2. Pollen photos of some melliferous plants, which are determined in the studied area.

A- Polar view of Hypericum calycinum pollen, B- Pollen of Rhododendron ponticum, C- Polar view of Prunus
laurocerasus pollen, D- Equatorial view of Lysimachia verticillaris pollen, E- Pollen of Castanea sativa
F- Equatorial view of Barbarea vulgaris pollen, G- Pollen of Erica arborea, H- Polar view of Echium
vulgare pollen, I- Polar view of Tilia tomentosa pollen.

3.2. Melissopalynological analysis

According to the information we received from the beekeepers interviewed, several honey types
are produced in Diizce. The types produced include chestnut honey, mad honey, plateau blossom honey,
and blossom honey. In the present study, melissopalynological analysis of chestnut honey and mad
honey was carried out on honey belonging to different honey bees, the Yigilca local honey bee and the
Anatolian honey bee, in Diizce. We obtained honey samples that were labeled as chestnut honey from
the local beekeepers in the region. Honey samples are produced by the Yigilca local honey bee and the
Anatolian honey bee.

Chestnut honey samples from the Yigilca local honey bee and the Anatolian honey bee were
classified as monofloral, with a rate of 94.5% and 96.5% chestnut (Castanea sativa) pollen in the
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samples, respectively. There was no group of secondary and important minor pollen grains presence in
the samples investigated. Apiaceae, Caryophyllaceae, Hypericum androsaemum, and Trifolium repens
are a group of minor pollen in Yigilca chestnut honey samples. On the other hand, minor pollen group
was represented by Securegia varia, Tilia tomentosa, and Trifolium repens in Anatolian chestnut honey

samples (Table 2).

Table 1. List of melliferous plants and pollen type in the studied area

Botanical name Family Specimen number (ISTE)
Agrimonia eupatoria L. Rosaceae 115626

Anthemis tinctoria var. pallida DC. Asteraceae 115628

Asperula involucrata Wahlenb. Rubiaceae 115575

Barbarea vulgaris R.Br. Brassicaceae 115559

Calystegia silvatica (Kit.) Griseb. Convolvulaceae 115586, 115607
Campanula lyrata Lam. Campanulaceae 115618

Carduus nutans L. Asteraceae 115621

Castanea sativa Mill. Fagaceae 115583,115601, 115587, 115517
Circaea lutetiana L. Onagraceae 115603

Clinopodium vulgare subsp. arundanum (Boiss.) Nyman Lamiaceae 115627

Cytisus hirsutus L. Leguminosae 115538

Dorycnium graecum (L.) Ser. Leguminosae 115578,115550, 115551,115581
Echium vulgare L. Boraginaceae 115629

Erica arborea L. Ericaceae 115562, 115572

Fagus orientalis Lipsky Fagaceae 115556, 115557

Fragaria vesca L. Rosaceae 115535, 115549

Galega officinalis L. Leguminosae 115591, 115624

Geranium asphodeloides Burm.f. Geraniaceae 115568

Geranium purpureum Vill. Geraniaceae 115631

Hypericum androsaemum L. Hypericaceae 115554, 115555, 115588
Hypericum calycinum L. Hypericaceae 115597, 115606, 115620
Hypericum montbretii Spach Hypericaceae 115625

Hypericum perforatum L. Hypericaceae 115604

Hypochoeris radicata L Asteraceae 115613

Lathyrus laxiflorus (Desf.) Kuntze Leguminosae 115569

Lotus tenuis Waldst. & Kit Leguminosae 115612

Lysimachia punctata L. Primulaceae 115582, 115585
Lysimachia verticillaris Spreng. Primulaceae 115609, 115632

Medicago lupulina L. Leguminosae 115635

Mespilus germanica L. Rosaceae 115573, 115574

Myosoton aquaticum (L.) Moench Caryophyllaceae 115599

Poaceae sp. Poaceae -

Potentilla anglica Laichard. Rosaceae 115595, 115623

Prunella vulgaris L. Lamiaceae 115602, 115634

Prunus laurocerasus L. Rosaceae 115563, 115579, 115580
Ranunculus repens L. Ranunculaceae 115558,115541, 115547, 115548
Rhododendron ponticum L. Ericaceae 115536, 115540, 115564, 115565, 115566, 115567
Rubus hirtus Waldst. & Kit. Rosaceae 115595, 115608

Rubus ulmifolius Schott. Rosaceae 115614

Salvia forsskaolei L. Lamiaceae 115616

Salvia verticillata L. Lamiaceae 115611

Sambucus ebulus L. Adoxaceae 115615

Sambucus nigra L. Adoxaceae 115584

Saponaria glutinosa M. Bieb. Caryophyllaceae 115619

Securegia varia (L.) Lassen Leguminosae 115622, 115628

Sonchus asper subsp. glaucescens (Jord.) Ball ex Ball Asteraceae 115636

Tanacetum parthenium (L.) Sch. Bip. Asteraceae 115589, 115633

Tilia tomentosa Moench Malvaceae 115592, 115593, 115610
Trachystemon orientalis D.Don Boraginaceae 115560, 115561

Trifolium repens var. repens L. Leguminosae 115577, 115552, 115598
Vaccinium arctostaphylos L. Ericaceae 115539,115571, 115576,115544
Verbascum sp. Scrophulariaceae -

Verbena officinalis L. Verbenaceae 115605

Veronica sp. Plantaginaceae 115537, 115546
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Table 2. Melissopalynological analysis of chestnut honey samples of Yigilca and Anatolian honey bee

Botanical origin Honey 1 % (frequency)* Honey 3 % (frequency)*
Castanea sativa 94.5 (PP) 96.5 (PP)
Apiaceae 1.5 (MP) -
Caryophyllaceae 1.5 (MP) -
Hypericum androsaemum 1.5 (MP) -
Securegia varia - 1.5 (MP)
Tilia tomentosa - 0.5 (MP)
Trifolium repens 1.5 (MP) 0.5 (MP)
Not identified 1.5 1

* PP: predominant pollen (>45%). SP: secondary pollen (16-45%). IMP: important minor pollen (3—15%). MP:
minor pollen (<3%).

In addition to chestnut honey, mad honey samples were obtained from local beekeepers.
Following established procedures previously mentioned, honey samples were harvested from the
Yigilca local honey bee and the Anatolian honey bee. There is no predominant pollen in Yigilca mad
honey samples so the honey type is multifloral. The secondary pollen taxa were identified as Castanea
sativa and important minor pollen group was represented predominantly by Rhododendron ponticum,
then Mespilus germanica, Prunus laurocerasus, Barbarea vulgaris, Lysimachia verticillaris, and Erica
arborea in the Yigilca mad honey. Veronica sp., Poaceae, Echium vulgare, Ranunculus repens,
Saponaria glutinosa and Apiaceae were identified in the minor pollen group (Table 3).

Table 3. Melissopalynological analysis of mad honey samples of Yigilca and Anatolian honey bee

Botanical origin Honey 2 % (frequency)* Honey 4 % (frequency)*
Castanea sativa 31.5(SP) 72 (PP)
Rhododendron ponticum 11 (IMP) 5 (IMP)
Mespilus germanica 8 (IMP) -

Prunus laurocerasus 7.5 (IMP) -
Barbarea vulgaris 7.5 (IMP) -
Lysimachia verticillaris 5 (IMP) 7.5 (IMP)
Erica arborea 4 (IMP) -
Veronica sp. 3 (MP) -
Poaceae 2 (MP) -
Echium vulgare 2 (MP) -
Ranunculus repens 1 (MP) -
Saponaria glutinosa 0.5 (MP) -
Apiaceae 0.5 (MP) -
Leguminosae - 1 (MP)
Circaeae lutetiana - 1 (MP)
Lathyrus laxiflorus - 0.5 (MP)
Not identified 16.5 13

* PP: predominant pollen (>45%). SP: secondary pollen (16-45%). IMP: important minor pollen (3—15%). MP:
minor pollen (<3%).

According to our analysis of the sampled mad honey of Anatolian honey bee, Castanea sativa
forms the group of dominant pollen, and an important minor pollen group was represented by
Rhododendron ponticum and Lysimachia verticillaris. Minor pollen group included Leguminosae,
Circaeae lutetiana, and Lathyrus laxiflorus.

The Sorensen similarity coefficient (ISS), calculating among the honey samples of the Yigilca
and the Anatolian honey bees, was 38.09%.
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3.3. Physicochemical analysis

According to the standards of the Turkish food codex communique on honey (Ministry of Food,
Agriculture and Livestock, 2012) and additional European legislation (The Council of the European
Union, 2002), the chestnut and mad honey samples of the Yigilca local honey bee were deemed
acceptable. The moisture contents of the honey samples of the Anatolian honey bee, in both the chestnut
honey and mad honey, were higher than the allowed limits of 20 g/100 g (22.8 and 23.5, respectively).
Other parameters were also deemed acceptable. The results obtained for the various physicochemical
parameters are presented in Table 4.

HMF and diastase activity were the specific parameters used to determine honey heating. These
parameters were found acceptable in both the chestnut honey and the mad honey samples of both the
Anatolian honey bee and the Yigilca local honey bee. Electrical conductivity and free acidity values for
both chestnut honey and mad honey samples were also within the accepted limits. Honey pH is of
importance during extraction and storage because it affects stability, texture, and shelf life of the honey.
The pH levels of the mad honey samples were 3.84 and 4.00, respectively, from the Anatolian honey
bee and the Yigilca local honey bee. In the chestnut honey samples, the pH was 5.00 and 5.25 (from the
Anatolian honey bee and Yigilca local honey bee, respectively). According to the difference 8'°C value
(limits >—1), both the mad honey and the chestnut honey samples were within the defined limits. C-4
sugar content indicated adulteration in honey, which should be under 7%. All the studied honey samples
were within these limits.

Table 4. Physicochemical parameters of honey samples

by Yi8ilca local honey bee by Anatolian honey bee

Honey 1 Honey 2 Honey 3 Honey 4

Diastase number 13.9 10.9 17.9 8.3
HMF mg/kg UDL* UDL* UDL* UDL*
Conductivity mS/cm 1.219 0.438 1.432 0.419
Moisture g/100 g 17.9 18.4 22.8 23.5
Free acidity mmol/kg 19 19 22 24
Sugar content g/100g ;

Fructose 36.55 38.33 38.96 36.50

Glucose 29.78 30.21 21.87 29.80

Sucrose UDL* UDL* 0.12 UDL*

Maltose UDL* UDL* UDL* UDL*
pH 5.25 4.00 5.00 3.84
Proline mg/kg 160 1173.33 1226.67 106.67
Difference 6'3C protein — 8'3C honey -0.28 -0.08 -0.31 -0.40
C4 sugar percentages 1.69 0.43 1.87 2.31

*UDL: Under the detection limit.
4. Discussion and Conclusion

Chestnut honey samples in this study identified monofloral honey, as expected. The sampled
mad honey of the Yigilca local honey bee was composed of multifloral honey. The presence of chestnut
pollen is the highest across all honey samples collected. Chestnut flowers are one of the most preferred
melliferous flowers for honey bees in Diizce province. Both types of honey bee prefer chestnut pollen
within the research area studied. Kaya et al. (2005) analyzed 13 honey samples from different regions
in Turkey. They showed that two honey samples from Bartin (Black Sea Region) contain Castanea
sativa pollen as the dominant pollen and that one of them possesses Rhododendron pollen as its
secondary pollen. Besides, another honey sample from Bolu (Black Sea Region) contains Rhododendron
pollen as the dominant pollen and Erica pollen as the secondary pollen in their study.

In this study, mad honey samples from the Yigilca local honey bees and the Anatolian honey
bees could not be identified as monofloral honeys with regards to Rhododendron spp., but they are
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known and labeled as a mad honey in the district in question. Lysimachia verticillaris pollens were
identified in all mad honey samples, and it is a preferred plant for both types of honey bees. Plant
diversity is higher among the honey of the Yigilca local honey bee than in the Anatolian honey bee’s
honey.

According to Sorensen similarity coefficient, pollen composition of honey samples produced by
the Yigilca local honey bee and the Anatolian honey bee was 38.09% similar, while the melliferous
flowers around the hives was 51.85% similar. Pollen diversity was also higher in the Yigilca local honey
bee.

Mayda et al. (2018) investigated chestnut and Rhododendron honeys in Turkey. In their results,
six mixed chestnuts and Rhododendron, two monofloral Rhododendron, and ten monofloral chestnuts
honeys were identified. Kambur et al. (2015) analyzed ten honey samples from the Yigilca district.
Three samples were identified as monofloral (Rhododenron ponticum and Castanea sativa) and the other
remaining samples were identified as multifloral. Secondary pollen families were identified as Fabaceae,
Fagaceae, Poaceae, Apiaceae, and Asteraceae in multifloral honeys.

Di Marco et al. (2017) studied different monofloral Italian honeys. In all Rhododendron honey,
the presence of Rhododendron pollen frequency was measured at between 15% and 45%. C. sativa
pollen is dominant in chestnut honeys, and it was represented with a frequency of >45%. The pollen of
the other faxa was poor. Lamiaceae species, Ailanthus altissima, Prunus, Tilia sp., and Rhododendron
sp. were found in C. sativa honey from North Italy. Mediterranean elements such as Cistus sp.,
Eucalyptus sp., Citrus sp., and Olea sp. were present in C. sativa honey from Southern Italy.

According to the standards of the Turkish food codex communique on honey and additional
European legislation, the chestnut honey and mad honey samples of the Yigilca local honey bee were
deemed acceptable. The moisture contents within the honey samples of the Anatolian honey bee, in both
the chestnut honey and the mad honey, are higher than the allowed limits of 20 g/100 g (22.8 and 23.5,
respectively). As a result of our interviews with the local beekeepers, it was thought that the amount of
moisture present in the honey samples of the Anatolian honey bee may possibly be caused by the rainy
weather during the honey season. It can also be due to the early honey harvest. Other parameters were
found acceptable. Kambur et al. (2015) analyzed 10 honey samples from Yigilca. Three of them were
monofloral honey (Rhododenron ponticum and Castanea sativa were dominant) and others were
multifloral honey. According to physicochemical results, C4, C13 (8.72%, -1.39) and free acidity (70
meq/kg) level of two multifloral honey samples were found slightly high. Other parameters were found
acceptable in studied samples. Derebasi et al. (2014) studied physicochemical parameters (ash, moisture,
pH, acidity, diastase activity, HMF, electrical conductivity, invert sugar and sucrose) of 209 honey
samples which were obtained from Black Sea Region. They found the mean values for these parameters
as appropriate according to standards. On the other hand, 24%, 8% and 12% of the samples are not
suitable for diastase activity, invert sugar and sucrose, respectively. Besides that, residue analysis was
done. Although honey samples were suitable in terms of pesticide residues, 33% and 10% of them were
not suitable for antibiotic and naphthalene residues, respectively.

In conclusion, the botanical composition of the honey samples which were produced by the
Yigilca local honey bee and the Anatolian honey bee were analyzed. The diversity of the Yigilca local
honey bee’s samples was higher than the Anatolian honey bee’s samples. This study facilitated the
collection of information regarding melissopalynological analysis of honey samples of the Yigilca local
honey bee.

Chestnut honey samples of both honey bees were classified as monofloral honey due to the
predominant pollen of Castanea sativa. The samples were labeled as mad honey from the Anatolian
honey bee by local beekeepers, and it contained Castanea sativa pollen as the predominant pollen and
Rhododendron ponticum and Lysimachia verticillaris pollens as important minor pollens as well. For
this reason, it was classified as monofloral honey. The honey samples of the Yigilca local honey bee,
which were labeled as mad honey by local beekeepers, was multifloral honey and contained Castanea
sativa pollen as its secondary pollen and Rhododendron ponticum, Mespilus germanica, Prunus
laurocerasus, Barbarea vulgaris, Lysimachia verticillaris, Erica arborea pollens as important minor
pollens.
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