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¥Z 

Ekolojik dengeye saĵladēĵē katkēnēn yanē sēra kērsal alanda alternatif gelir kaynaĵē olmasē arēcēlēĵēn 
ºnemini artērmaktadēr. Bu ­alēĸmanēn amacē, T¿rkiyeôdeki illerin arēcēlēk faaliyetindeki etkinliklerinin 
belirlenmesidir. ¢alēĸmanēn ana materyalini 81 ildeki bal ve bal mumu ¿retimi, arēcēlēk faaliyeti yapan 
iĸletme sayēsē ve kovan sayēsē verileri oluĸturmaktadēr. Ķllerin arēcēlēk faaliyetindeki etkinliklerini 
belirlemek amacēyla veri zarflama analizinden yararlanēlmēĸtēr. Analizde girdi deĵiĸkenleri olarak 
arēcēlēk faaliyeti yapan iĸletme sayēsē ve kovan sayēsē deĵerlendirilmiĸtir. ¢ēktē deĵiĸkenleri ise ilk 
modelde bal ¿retimi iken, ikinci modelde bal ve bal mumu ¿retimi olarak belirlenmiĸtir. Ordu ili her iki 
modelde de tam etkinliĵe sahip olan iller arasēnda yer almaktadēr. Toplam etkinlik deĵerleri birinci ve 
ikinci modelde sērasēyla 0,19 ve 0,30 olarak hesaplanmēĸ olup, bu deĵerler T¿rkiyeôde arēcēlēktaki 
etkinliĵin d¿ĸ¿k olduĵunu gºstermektedir. Bununla birlikte iĸletme ºl­eĵi b¿y¿k ve bal verimi y¿ksek 
illerde etkinlik deĵerinin y¿ksek olduĵu saptanmēĸtēr. Bu nedenle, arēcēlēkta ¿reticilerin kovan sayēlarēnē 
artērmalarēna yºnelik teĸvik edici politikalarēn y¿r¿t¿lmesi ºnem arz etmektedir. 

Anahtar Kelimeler: Etkinlik, arēcēlēk, veri zarflama analizi 

 

ABSTRACT 

Besides its contribution to ecological balance, being an alternative source of income in rural areas 
increases the importance of beekeeping. The aim of this study is the determination of the efficiency of 
beekeeping by provinces in Turkey. The research data consists of honey production, beeswax 
production, the number of beekeeping businesses, and the number of hives in 81 provinces. Data 
envelopment analysis was used to determine the efficiency of beekeeping by provinces. The number 
of beekeeping businesses and the number of hives were defined as the input variables for analysis. 
Honey production was defined as the output variable in the first model, and honey production and wax 
production were defined as the output variables in the second model. Ordu is among the provinces 
that have full efficiency in both models. Total efficiency values were calculated as 0.19 and 0.30 in the 
first and second models, respectively. These values show that the efficiency in beekeeping in Turkey 
is low. However, it has been determined that the efficiency value is high in provinces with large-scale 
beekeeping businesses and high honey yield. Therefore, it is important to implement incentive policies 
for beekeepers to increase the number of hives. 

Keywords: Efficiency, beekeeping, data envelopment analysis 
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EXTENDED ABSTRACT 

Aim: Beekeeping is very important in terms of 
contributing to ecological balance, and being an 
alternative source of income in rural areas. In 2019, 
Turkeyôs honey production and beeswax production 
constitute, respectively, 5.90% and 7.17% of global 
production. Turkey is the second leading producer of 
honey in the world. However, the average honey 
yield in Turkey (13.5 kg) is well below the world 
average of 20.6 kg. The aim of this study is the 
determination of the efficiency of beekeeping by 
provinces in Turkey via data envelopment analysis. 
The study is expected to benefit policymakers in 
establishing support models for beekeeping by 
provinces and regions. 

Material and Method: The study used the data of 
2020, obtained from the TURKSTAT, on honey 
production, beeswax production, the number of 
beekeeping businesses, and the number of hives in 
81 provinces. Data envelopment analysis was used 
to determine of the efficiency of beekeeping by 
provinces.  The number of beekeeping businesses 
and the number of hives were defined as the input 
variables for analysis. Honey production was defined 
as the output variable in the first model, and honey 
production and wax production were defined as the 
output variables in the second model. 

Results and Discussion: It has been determined 
that the total efficiency values of 75 provinces in the 
first model and 69 provinces in the second model are 
below 0.50. Ordu is among the provinces that have 
full efficiency in both models. Aydēn has full efficiency 
in the first model, and Bilecik, Kars, Kērĸehir, Siirt, 
Sivas, ķanlēurfa, and Zonguldak have full efficiency 
in the second model. In the first model, 88.89% of 
the provinces have increasing returns to scale. In the 
second model, on the other hand, 80.25% of the 
provinces have decreasing returns to scale. Total 
efficiency values were calculated as 0.19 and 0.30 
in the first and second models, respectively. These 
values show that the efficiency in beekeeping in 
Turkey is low. However, it has been determined that 
the efficiency value is high in provinces with large-
scale beekeeping businesses and high honey yield.  

Conclusion: The results show that the scale of 
beekeeping businesses and honey yield are related 
to efficiency, and large-scale beekeeping 
businesses are advantageous in terms of efficiency. 
Therefore, it is important to implement incentive 
policies for beekeepers to increase the number of 
hives. In addition to this, studies on the efficiency of 

beekeeping businesses in Ordu which is among the 
provinces that have full efficiency in both models 
should be carried out, and the results of these 
studies should be evaluated in terms of increasing 
the efficiency of other provinces. 

 

GĶRĶķ 

Arēcēlēk; bal, bal mumu, arē s¿t¿, polen, propolis gibi 
arē ¿r¿nlerinin ¿retilmesi amacēyla arēyē, bitkisel 
kaynaklarē, iĸg¿c¿n¿ ve teknik bilgiyi bir arada 
kullanan sosyo-ekonomik bir faaliyet olarak 
tanēmlanmaktadēr (Burucu ve G¿lse Bal 2018). Bu 
faaliyet kērsal alanda alternatif gelir kaynaĵē olmasē 
ve ekolojik dengeye saĵladēĵē katkē bakēmēndan 
olduk­a ºnemlidir (G¿ler v.d. 2018). 

Arēcēlēk a­ēsēndan ºnemli bir potansiyele sahip olan 
T¿rkiyeônin coĵrafi yapēsē, bitki florasē, ekolojisi, 
nektar kaynaklarē ve koloni varlēĵē bal ¿retimi 
a­ēsēndan olduk­a uygundur (Borum 2014). Bununla 
birlikte arēcēlēktan y¿ksek verim elde edilebilmesi 
koloni verimliliĵinin yanē sēra nektar ve polen 
kaynaklarēnēn ­eĸidine ve miktarēna baĵlēdēr (Beh­et 
ve Yapar 2019).  

D¿nyada 2019 yēlēnda ¿retilen 1,85 milyon ton balēn 
%5,90ôē, 66 bin ton bal mumunun ise %7,17ôsi 
T¿rkiyeôde ¿retilmiĸtir. Bu ¿retim oranlarēyla T¿rkiye 
bal ¿retiminde d¿nyada ikinci, bal mumu ¿retiminde 
ise dºrd¿nc¿ sērada yer almaktadēr. Ancak verim 
a­ēsēndan deĵerlendirildiĵinde 2019 yēlēnda 
T¿rkiyeônin kovan baĸēna bal verimi 13,5 kilogram 
(kg) olup, d¿nya ortalamasēnēn (20,6 kg) altēndadēr 
(FAO 2021). Ķllere gºre deĵerlendirildiĵinde bal 
veriminde ºnde gelen iller sērasēyla Ordu (30,0 kg), 
Adana (25,3 kg), Sivas (21,3 kg), ¢anakkale (20,5 
kg) ve Karsôtēr (20,0 kg) (T¦ĶK 2021). Sahip olunan 
bitki ºrt¿s¿ ve iklim tipi gºz ºn¿ne alēndēĵēnda 
T¿rkiyeônin bal verim ortalamasēnēn artērēlabilmesi 
m¿mk¿n gºr¿nmektedir (Onu­ v.d. 2019). Bal 
¿retiminde ºnde gelen iller sērasēyla Ordu (%16,54), 
Adana (%11,69), Muĵla (%5,86) ve Sivasôtēr 
(%5,26). Bal mumu ¿retiminde de yine Adana 
(%13,11), Muĵla (%10,74), Sivas (%9,69) ve Ordu 
(%4,33) ºnde gelen iller arasēnda yer almaktadēr. 
Muĵla ise hem iĸletme sayēsē (%5,72) hem de kovan 
sayēsē (%11,01) bakēmēndan iller arasēnda ilk sērada 
bulunmaktadēr (T¦ĶK 2021).  

T¿rkiyeôde kovan baĸēna bal verimi, bal ­eĸidi, 
¿retilen arē ¿r¿nlerinin ­eĸitliliĵi, iĸletme sayēsē ve 
¿retim masraflarē gibi deĵiĸkenler ºnemli ºl­¿de 
farklēlēk gºstermektedir (Saner v.d. 2004, Saner v.d. 
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2011, Keke­oĵlu ve Gº­ Rasgele 2013, ¢elik ve 
Turhan 2014, ¢ukur 2014, ¥zt¿rk v.d. 2014, Demen 
v.d. 2015, Kutlu v.d. 2016, Aksoy v.d. 2017, ¥zt¿rk 
2017, ¢evrimli ve Sakarya 2018). Bu deĵiĸkenlere 
iliĸkin farklēlēklarēn ortaya konulduĵu literat¿rdeki 
­alēĸmalarda ¿reticilerin eĵitim d¿zeyi, yaĸē, 
yetiĸtiricilik deneyimi, arēcēlēkta ihtisaslaĸma oranē ve 
arēcēlēĵēn temel sorunlarē tespit edilmiĸtir. Buna gºre 
arēcēlēkta ¿reticilerin eĵitim d¿zeyi ve arēcēlēkta 
ihtisaslaĸma oranē d¿ĸ¿k, ortalama yaĸē y¿ksek ve 
yetiĸtiricilik deneyimi fazladēr. Bununla birlikte 
pazarlama ve konaklama arēcēlēĵēn en temel 
sorunlarē arasēnda yer almaktadēr. T¿rkiyeôde arēcēlēk 
etkinliĵinin iĸletmeler bazēnda incelendiĵi ­alēĸmalar 
(¥ren v.d. 2010, Ceyhan 2017, Sert 2017, Aydēn v.d. 
2020, Kaya 2020) bulunmaktadēr. Bu ­alēĸmalardan 
biri ¥ren v.d. (2010) tarafēndan Adana ilinde 
yapēlmēĸ olup, ­alēĸma kapsamēndaki iĸletmelerde 
teknik etkinlik d¿zeyi %85 olarak saptanmēĸtēr. 
¢alēĸmada teknik etkinsizliĵin en b¿y¿k 
bileĸenlerinden birini ºl­ek etkinsizliĵinin 
oluĸturduĵu belirlenmiĸtir. Isparta ilinde yapēlan 
­alēĸmada ise (Sert, 2017) teknik etkinlik d¿zeyi %86 
olarak belirlenmiĸtir. Bu iki ­alēĸmada teknik 
etkinliklerin belirlenmesi amacēyla girdiye yºnelik 
olarak veri zarflama analizinden yararlanēlmēĸtēr. 
Ayrēca her iki ­alēĸmada da ­ēktē olarak bal ¿retimi 
(kg/koloni); girdi olarak arē yemi (kg/koloni), iĸg¿c¿ 
(saat/koloni), diĵer deĵiĸken masraflar ve diĵer sabit 
masraflar (TL/koloni) deĵerlendirilmiĸtir. Ayrēca 
literat¿rde 81 ilin toplam kovan sayēsē, bal ¿retimi ve 
bal mumu ¿retimi a­ēsēndan benzerliklerinin ve 
farklēlēklarēnēn ortaya konulduĵu bir ­alēĸma (G¿ler 
v.d. 2018) da mevcuttur. Bu ­alēĸmanēn sonucuna 
gºre arēcēlēĵa saĵlanan katkēlarēn iller bazēnda 
farklēlēk gºsterdiĵi, Muĵla ve Adana illerinin 
incelenen deĵiĸkenler a­ēsēndan diĵer illerden 
ayrēĸtēklarē ve arēcēlēĵa en fazla katkē saĵlayan il 
olduklarē saptanmēĸtēr. Ancak literat¿rde arēcēlēk 
a­ēsēndan illere gºre etkinliĵin incelendiĵi herhangi 
bir ­alēĸma bulunmamaktadēr ve bu ­alēĸma arēcēlēkta 
etkinliĵi illere gºre incelemesi bakēmēndan ºnceki 
­alēĸmalardan farklēlēk gºstermektedir. 

Oysa literat¿rde iller/bºlgeler arasē sēnēflandērma ve 
sēralama amacēyla veri zarflama analizinin (VZA) 
kullanēldēĵē ­alēĸmalar mevcuttur. Deliktaĸ (2002) 
­alēĸmasēnda ºzel sektºr imal©t sanayi alt 
sektºrlerinde teknik etkinlik ºl­¿m¿ i­in VZA 
kullanmēĸ olup hem iller arasē hem de sektºrler arasē 
performans karĸēlaĸtērmasē yapmēĸtēr. ¥rkc¿ ve 
Kardiyen (2006) ­alēĸmalarēnda T¿rkiyeônin 81 ilinin 
geliĸmiĸlik d¿zeylerini sēnēflama ve sēralama 

amacēyla VZAôdan yararlanmēĸ olup, sonu­larē ­ok 
deĵiĸkenli istatistiksel yºntemlerle 
karĸēlaĸtērmēĸlardēr. Bu ­alēĸmada, hem ger­ek veri 
hem de sim¿lasyon ­alēĸmasē sonu­larēna 
dayanēlarak VZAônēn ­ok deĵiĸkenli istatistiksel 
yºntemlerin yerine kullanēlabilecek bir yºntem 
olduĵu sonucuna varēlmēĸtēr. Yēlmazer v.d. (2006) 
VZAôdan yararlanarak T¿rkiyeônin 73 ilinde kamu 
yatērēm harcamalarēnēn illerin ekonomik ve sosyal 
gºstergeleri ¿zerindeki etkilerini ºl­meyi 
ama­lamēĸlardēr. T¿rkiyeôde 81 ilin etkinliĵinin 
incelendiĵi diĵer ­alēĸma ºrneklerinde ise G¿lsevin 
(2014), sosyok¿lt¿rel bir gºsterge olan eĵitim 
a­ēsēndan, ¢akmak (2016) saĵlēk, eĵitim, ekonomi 
ve banka alanēnda sosyo-ekonomik gºstergeler 
a­ēsēndan, Ko­ak (2018) ise t¿ketici t¿r¿ bazēnda 
elektrik t¿ketimi a­ēsēndan illeri karĸēlaĸtērmēĸ, bu 
illere ait etkinlik deĵerlerini VZA ile ºl­m¿ĸlerdir.  

Bu ­alēĸmanēn amacē, bal ve bal mumu ¿retimi, 
arēcēlēk faaliyeti yapan iĸletme sayēsē ve kovan sayēsē 
deĵiĸkenleri ­er­evesinde T¿rkiyeôdeki illerin arēcēlēk 
faaliyetindeki etkinliklerinin VZA ile belirlenmesidir. 
¢alēĸmanēn arēcēlēkta illere ve bºlgelere yºnelik 
destekleme modellerinin oluĸturulmasēnda politika 
yapēcēlara fayda saĵlamasē beklenmektedir. 

 

MATERYAL VE Y¥NTEM 

¢alēĸmanēn ana materyalini T¿rkiye Ķstatistik 
Kurumuôndan elde edilen 2020 yēlēna ait 81 ildeki bal 
ve bal mumu ¿retimi, arēcēlēk faaliyeti yapan iĸletme 
sayēsē ve kovan sayēsē verileri oluĸturmaktadēr. 
¢alēĸmada illerin arēcēlēk faaliyetindeki etkinliklerini 
belirlemek amacēyla veri zarflama analizinden 
yararlanēlmēĸtēr. Analizde girdi deĵiĸkenleri olarak 
arēcēlēk faaliyeti yapan iĸletme sayēsē ve kovan sayēsē 
deĵerlendirilmiĸtir. ¢ēktē deĵiĸkenleri ise ilk modelde 
bal ¿retim verisi iken, ikinci modelde bal ve bal 
mumu ¿retim verileri olarak belirlenmiĸtir. 

Etkinlik analizinde parametrik ve non-parametrik 
olmak ¿zere iki yºntem bulunmaktadēr. Veri zarflama 
analizi ­oklu girdi ve ­ēktēlara sahip durumlarēn 
incelenebildiĵi non-parametrik bir yºntemdir (Gul 
v.d. 2009, Koc v.d. 2011). Ķlk kez Farrell tarafēndan 
1957 yēlēnda ºnerilen Sēnēr ¦retim Fonksiyonu ile 
ĸekillenmiĸ olan VZA; Charnes, Cooper, Banker ve 
Rhodesôin ­alēĸmalarēyla bug¿nk¿ durumunu 
almēĸtēr (G¿ler ve Saner 2020).  

VZAôda kullanēlan CCR (Charnes-Cooper-Rhodes) 
yºntemi ºl­eĵe gºre sabit getiri varsayēmēna 
dayanērken, BCC (Banker-Charnes-Cooper) 
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yºntemi ºl­eĵe gºre deĵiĸken (artan veya azalan) 
getiri varsayēmēna dayanmaktadēr. Toplamsal 
yºntem ise bir modelde her iki yºntemin birlikte 
deĵerlendirilmesidir. Veri zarflama analizinde 
hesaplanan etkinlik deĵerleri toplam etkinlik, teknik 
etkinlik ve ºl­ek etkinliĵidir (Charnes v.d. 1978, 
Banker v.d. 1984). 

 

Ὕέὴὰὥά ὉὸὯὭὲὰὭὯ
ὝὩὯὲὭὯ ὉὸὯὭὲὰὭὯ ὼ vὰëὩὯ ὉὸὯὭὲὰὭøὭ (1) 
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VZA doĵrusal programlama yºntemine 
dayanmaktadēr. Bu yºntemde her birimin etkinliĵi 
girdi ve ­ēktēlarēn aĵērlēklē toplamlarē arasēndaki oran 

olarak tanēmlanmakta olup birimin etkinliĵi (É. birim 
i­in) (¥zden 2016): olacaktēr. Burada Î adet ­ēktē ve 
Í adet girdi bulunmaktadēr. Denklemde 9 ­ēktē, ὢ ise 

girdi miktarlarēnē belirtirken; ᾀ girdi aĵērlēklarēnē, Ὧ ise 
­ēktē aĵērlēklarēnē temsil etmektedir  

Ķncelenen illerde gruplar arasēndaki farklēlēklar 
etkinlik deĵerleri a­ēsēndan istatistiksel olarak test 
edilmiĸtir. Buna gºre illerde iĸletme b¿y¿kl¿ĵ¿ne ve 
bal verimine iliĸkin ikili gruplarē karĸēlaĸtērmak 
amacēyla Mann-Whitney U testi uygulanmēĸtēr. 

 

ARAķTIRMA BULGULARI 

Etkinlik analizi i­in kullanēlan deĵiĸkenler bal ¿retimi, 
bal mumu ¿retimi, iĸletme sayēsē ve kovan sayēsēdēr. 
Buna gºre iki farklē modelde etkinlik ºl­¿m¿ 
yapēlmēĸtēr. Birinci modelde ­ēktēyē sadece bal ¿retimi 
oluĸtururken, ikincisinde ­ēktēlarē bal ¿retimi ve bal 
mumu ¿retimi oluĸturmuĸtur. Ķllerde bulunan arēcēlēk 
iĸletme sayēsē ve kovan sayēsē ise girdiler olarak 
etkinlik analizi modelinde yer almēĸtēr. Deĵiĸkenleri 
oluĸturan bal ¿retimi 1285 ton, bal mumu ¿retimi 46 
ton, iĸletme sayēsē 1023 ve kovan sayēsē 100976 
olarak hesaplanmēĸtēr (Tablo 1).

 

Tablo 1. Deĵiĸkenlere iliĸkin tanēmlayēcē istatistikler 

Table 1. Descriptive statistics for variables 

¢ēktēlar/Girdiler Deĵiĸkenler Birim Minimum Maksimum Ortalama Std. Sapma 

¢ēktēlar 
Bal ¿retimi Ton 27 17213 1285 2427 

Bal mumu ¿retimi Ton 0 493 46 82 

Girdiler 
Ķĸletme sayēsē Adet 92 4741 1023 806 

Kovan sayēsē Adet 6198 900583 100976 129903 

 

 

Ķllere gºre etkinlik deĵerleri ºl­eĵe gºre sabit getiri 
ve ºl­eĵe gºre deĵiĸken getiri varsayēmlarē altēnda 
­ēktēya yºnelik olarak hesaplanmēĸtēr. ¢ēktēya yºnelik 
hesaplamalarda ama­ mevcut girdi miktarē 
deĵiĸmeden maksimum ­ēktē miktarēna oransal 
olarak ne ºl­¿de ulaĸēlabileceĵinin belirlenmesidir. 

Ķllere ait ­ēktēya yºnelik etkinlik deĵerlerinin daĵēlēmē 
Tablo 2ôde verilmiĸtir. ¢ēktē olarak bal ¿retim 

miktarēnēn deĵerlendirmeye alēndēĵē ilk modelde tam 
etkinliĵe sahip olan il sayēsē 2 iken, bal ve bal mumu 
¿retim miktarēnēn deĵerlendirmeye alēndēĵē ikinci 
modelde tam etkinliĵe sahip il sayēsē 8 olmuĸtur. Ķlk 
modelde 75 ilin, ikinci modelde ise 69 ilin etkinlik 
deĵerinin %50ônin altēnda olduĵu saptanmēĸtēr ve bu 
sonu­lar T¿rkiyeôde illerin ºnemli bir kēsmēnda 
arēcēlēktaki etkinliĵin d¿ĸ¿k olduĵunu gºstermektedir.  
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Tablo 2. Ķllere gºre toplam etkinlik, teknik etkinlik ve ºl­ek etkinliĵi. 

Table 2. Total efficiency, technical efficiency, and scale efficiency by provinces 

¢ēktē(lar) Etkinlik Deĵeri 
Toplam Etkinlik Teknik Etkinlik ¥l­ek Etkinliĵi 

Sayē % Sayē % Sayē % 

Bal ¦retimi 

1 2 2,47 7 8,64 2 2,47 

0.901-0.999 0 0,00 0 0,00 38 46,91 

0.801-0.900 1 1,23 0 0,00 15 18,52 

0.701-0.800 2 2,47 2 2,47 11 13,58 

0.601-0.700 0 0,00 2 2,47 4 4,94 

0.501-0.600 1 1,23 1 1,23 4 4,94 

0.401-0.500 2 2,47 3 3,70 1 1.,3 

0.301-0.400 4 4,94 5 6,17 1 1,23 

0.201-0.300 5 6,17 8 9,88 1 1,23 

0.101-0.200 34 41,98 30 37,04 2 2,47 

0.000-0.100 30 37,04 23 28,40 2 2,47 

Ortalama 0,18675 0,26363 0,80870 

Std. Sapma 0,20644 0,27859 0,22179 

Minimum 0,003 0,008 0,045 

Maksimum 1,000 1,000 1,000 

          

Bal ve Bal 
mumu 
¦retimi 

1 8 9,88 16 19,75 9 11,11 

0.901-0.999 1 1,23 4 4,94 11 13,58 

0.801-0.900 2 2,47 8 9,88 2 2,47 

0.701-0.800 0 0,00 7 8,64 6 7,41 

0.601-0.700 0 0,00 5 6,17 9 11,11 

0.501-0.600 1 1,23 4 4,94 6 7,41 

0.401-0.500 3 3,70 6 7,41 6 7,41 

0.301-0.400 6 7,41 6 7,41 11 13,58 

0.201-0.300 16 19,75 8 9,88 12 14,81 

0.101-0.200 32 39,51 10 12,35 9 11,11 

0.000-0.100 12 14,81 7 8,64 0 0,00 

Ortalama 0,29809 0,56864 0,56783 

Std. Sapma 0,2857 0,33787 0,30278 

Minimum 0,002 0,008 0,116 

Maksimum 1,000 1,000 1,000 

 

T¿rkiyeôde en y¿ksek bal verimine sahip Ordu ili her 
iki modelde de tam etkinliĵe sahip olan iller arasēnda 
yer almaktadēr. Aydēn ili birinci modelde tam etkinliĵe 
sahip iken; Bilecik, Kars, Kērĸehir, Siirt, Sivas, 
ķanlēurfa ve Zonguldak illeri ikinci modelde tam 
etkinliĵe sahip iller arasēndadērlar (Tablo 3). Bu 
illerden Aydēn, Ordu, Kars, Sivas ve ķanlēurfa IPARD 

(Katēlēm ¥ncesi Yardēm Aracē Kērsal Kalkēnma 
Bileĸeni) Programē uygulama illeri arasēnda yer 
almakta olup, bunlar ¢iftlik Faaliyetlerinin 
¢eĸitlendirilmesi ve Ķĸ Geliĸtirme (302) tedbiri 
kapsamēnda arēcēlēk ve arē ¿r¿nlerinin ¿retimi, 
iĸlenmesi ve paketlenmesine yºnelik 
desteklenmektedirler (TKDK 2021). 
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Tablo 3. ¢ēktēlara gºre etkin olan iller 

Table 3. The efficient provinces by outputs 

¢ēktē(lar) Etkin Olan Ķller 

Bal ¦retimi Aydēn, Ordu 

Bal ve Bal mumu ¦retimi Bilecik, Kars, Kērĸehir, Ordu, Siirt, Sivas, ķanlēurfa, Zonguldak 

 

¥l­eĵe getiri durumlarēna gºre incelendiĵinde birinci 
modelde illerin %88,89ôu (72 il) ºl­eĵe gºre artan 
getiri altēnda faaliyet gºstermekte olup bu modelde 
illerin ­oĵunda girdi miktarēnda belli orandaki artēĸ 
­ēktē miktarēnda daha fazla oranda artēĸ 

saĵlamaktadēr. Ķkinci modelde ise illerin %80,25ôi (65 
il) ºl­eĵe gºre azalan getiri, %11,11ôi (9 il) ºl­eĵe 
gºre sabit getiri ve %8,64ô¿ (7 il) ºl­eĵe gºre artan 
getiri altēnda faaliyet gºstermektedirler (Tablo 4). 

 

Tablo 4. Ķllerde ºl­eĵe gºre getiri durumu 

Table 4. Returns to scale for provinces 

¢ēktē(lar) Etkinlik Ķl Sayēsē Grup Ķ­inde (%) 

Bal ¦retimi 

¥G Sabit Getiri (CRS) 4 4,94 

¥G Azalan Getiri (DRS) 5 6,17 

¥G Artan Getiri (IRS) 72 88,89 

Bal ve Bal mumu ¦retimi 

¥G Sabit Getiri (CRS) 9 11,11 

¥G Azalan Getiri (DRS) 65 80,25 

¥G Artan Getiri (IRS) 7 8,64 

 

 

 

T¦ĶK (2021) verilerinden yararlanēlarak illerde 
ortalama kovan sayēsē 95 olarak hesaplanmēĸtēr. 
Buna gºre 95 ve 95ôin altēnda kovana sahip 
iĸletmelerin bulunduĵu illerle 95ôin ¿zerinde kovana 
sahip iĸletmelerin bulunduĵu illerin etkinlik deĵerleri 
arasēnda istatistiksel a­ēdan farklēlēk olup olmadēĵē 
Mann-Whitney U testi ile test edilmiĸtir. Elde edilen 
sonuca gºre iki grup arasēnda istatistiksel olarak 
farklēlēk olduĵu saptanmēĸtēr. Buna gºre birinci 
modelde 95ôin ¿zerinde kovana sahip iĸletmelerin 
bulunduĵu illerde toplam etkinlik (0,336) ve teknik 
etkinlik (0,409) deĵerlerinin daha y¿ksek olduĵu 
saptanmēĸtēr. Bal ve bal mumu ¿retiminin ­ēktē olarak 
deĵerlendirildiĵi ikinci modelde de gruplar arasēnda 
istatistiksel olarak farklēlēk olduĵu saptanmēĸ olup, 
95ôin ¿zerinde kovana sahip iĸletmelerin bulunduĵu 

illerin teknik etkinlik deĵeri (0,716) 95 ve 95ôin altēnda 
kovana sahip iĸletmelerin bulunduĵu illerden daha 
y¿ksektir (Tablo 5). 

T¿rkiyeôde kovan baĸēna bal verimi T¦ĶK verilerine 
gºre 2020 yēlēnda yaklaĸēk 13 kgôdēr. Buna gºre bal 
¿retiminin ­ēktē olarak deĵerlendirildiĵi birinci model 
i­in bal verimi 13 kg ve altēnda bal verimine sahip iller 
ile 13 kg ¿zerinde bal verimine sahip illerin etkinlik 
deĵerleri karĸēlaĸtērēlmēĸtēr. Elde edilen sonu­lar, 
Mann-Whitney U testine gºre iki grup arasēnda 
toplam etkinlik ve teknik etkinlik deĵerleri a­ēsēdan 
istatistiksel olarak farklēlēk olduĵunu ve bal verimi 13 
kg ¿zerinde olan illerde toplam etkinlik (0,383) ve 
teknik etkinlik (0,436) deĵerlerinin daha y¿ksek 
olduĵunu gºstermektedir (Tablo 6).
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Tablo 5. Ķĸletme b¿y¿kl¿ĵ¿ne gºre etkinlik deĵerleri 

Table 5. Efficiency values by scale of beekeeping businesses 

¢ēktē(lar) Etkinlik Ķĸletme b¿y¿kl¿ĵ¿ Ort. 
Std. 

Sapma 
Min. Maks. z p 

Bal ¿retimi 

Toplam Etkinlik* 
95 kovan ve altē 0,099 0,055 0,003 0,273 

-5,712 0,000 
95 kovan ¿zeri 0,336 0,275 0,073 1,000 

Teknik Etkinlik* 
95 kovan ve altē 0,178 0,226 0,008 1,000 

-4,554 0,000 
95 kovan ¿zeri 0,409 0,303 0,089 1,000 

¥l­ek Etkinliĵi 
95 kovan ve altē 0,788 0,246 0,045 0,998 

-0,562 0,574 
95 kovan ¿zeri 0,843 0,171 0,176 1,000 

Bal ve Bal 
mumu 
¦retimi 

Toplam Etkinlik 
95 kovan ve altē 0,257 0,249 0,002 1,000 

-1,424 0,155 
95 kovan ¿zeri 0,368 0,332 0,060 1,000 

Teknik Etkinlik* 
95 kovan ve altē 0,482 0,323 0,008 1,000 

-3,088 0,002 
95 kovan ¿zeri 0,716 0,316 0,092 1,000 

¥l­ek Etkinliĵi 
95 kovan ve altē 0.,585 0,285 0,164 1,000 

-0,822 0,411 
95 kovan ¿zeri 0,539 0,334 0,116 1,000 

Mann-Whitney U testine gºre gruplar arasēndaki fark * p<0,01 d¿zeyinde anlamlēdēr. 

 

Tablo 6. Bal verimine gºre etkinlik deĵerleri 

Table 6. Efficiency values by honey yield 

Etkinlik Bal verimi Ortalama Std. Sapma Min. Maks. z p 

Toplam Etkinlik* 
13 kg ve altē 0,113 0,075 0,025 0,427 

-4,949 0,000 
13 kg ¿zeri 0,383 0,302 0,003 1,000 

Teknik Etkinlik* 
13 kg ve altē 0,199 0,228 0,032 1,000 

-4,010 0,000 
13 kg ¿zeri 0,436 0,331 0,008 1,000 

¥l­ek Etkinliĵi 
13 kg ve altē 0,789 0,243 0,045 0,998 

-1,035 0,301 
13 kg ¿zeri 0,861 0,144 0,380 1,000 

Mann-Whitney U testine gºre gruplar arasēndaki fark * p<0,01 d¿zeyinde anlamlēdēr. 

 

Ķllerde yer alan iĸletmelerin ortalama b¿y¿kl¿ĵ¿ne 
gºre bal verimi farklēlēĵē incelendiĵinde, iĸletme 
b¿y¿kl¿ĵ¿ 95 kovan ¿zerinde olan iĸletmelerin yer 

aldēĵē illerde bal veriminin 95 ve altēnda kovana sahip 
iĸletmelerin yer aldēĵē illerden daha fazla olduĵu (z = 
-1,780, p = 0,075) tespit edilmiĸtir (Tablo 7).

 

Tablo 7. Ķĸletme b¿y¿kl¿ĵ¿ne gºre bal verimi 

Table 7. Honey yield by scale of beekeeping businesses 

Deĵiĸken Ķĸletme b¿y¿kl¿ĵ¿ Ortalama Std. Sapma Min. Maks. z p 

Bal Verimi (kg)* 
95 kovan ve altē 9,77 3,92 3,64 21,34 

-1,780 0,075 
95 kovan ¿st¿ 12,14 5,94 3,62 30,02 

Mann-Whitney U testine gºre gruplar arasēndaki fark * p<0,1 d¿zeyinde anlamlēdēr. 
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Araĸtērma sonucunda bal ¿retiminin ­ēktē olarak 
deĵerlendirildiĵi birinci modelde Ordu ve Aydēn 
illerinin tam etkinliĵe sahip olduklarē saptanmēĸtēr. 
Ordu ilindeki arēcēlar gezginci arēcēlēk sayesinde 
mevcut floranēn yanē sēra farklē yºrelerdeki florayē da 
deĵerlendirerek ilin bal ¿retimini T¿rkiyeôde ilk sēraya 
taĸēmēĸlardēr (Anonim 2001, Sēralē 2015). Gezginci 
arēcēlēkta mevcut bitki t¿rlerinin ilin arē 
pop¿l©syonlarēnēn ihtiya­larēnē karĸēlamada yetersiz 
kalmasē ºnemli bir etkendir (Sēralē 2017). Bununla 
birlikte Aksoy ve ¥zt¿rk (2012) tarafēndan yapēlan 
­alēĸmada, Ordu ilinde arēcēlar tarafēndan en fazla 
ºnem verilen faktºr¿n ómodern tarēmô olduĵu tespit 
edilmiĸtir. Modern tarēm uygulamalarē ise eĵitim 
programlarēyla iliĸkilendirilebilir. Nitekim Keke­oĵlu 
ve Gº­ Rasgele (2013) teknik arēcēlēk eĵitimi alan ve 
almayan ¿reticilerin iĸletmelerini bal verimi 
a­ēsēndan karĸēlaĸtērdēklarē ­alēĸmalarēnda arēcēlēk 
eĵitimi alan ¿reticilerin iĸletmelerinde iĸletme baĸēna 
ortalama bal veriminin daha y¿ksek olduĵunu 
belirtmiĸlerdir. Ayrēca Makri v.d. (2015), 
Olohungbebe ve Daniel (2015), Legesse v.d. (2020) 
ve Tarekegn ve Ayele (2020) ­alēĸmalarēnda arēcēlēk 
eĵitim programlarēna yºnelik ilgileri daha fazla olan 
¿reticilerin iĸletmelerinde etkinlik deĵerinin daha 
y¿ksek olduĵunu ortaya koymuĸlardēr. Bununla 
birlikte arēcēlēkta modern tarēm uygulamalarē bal 
verimini ve kalitesini artērmaktadēr (Fadare v.d. 2008, 
Affognon 2015, Cabrera v.d. 2019). 

Aydēn ili ise T¿rkiye bal ¿retiminden %3,5 oranēnda 
(3643 ton) pay almakta olup, bal ¿retim miktarē 
a­ēsēndan iller arasēnda beĸinci sērada yer 
almaktadēr. G¿ler v.d. (2018), arēcēlēk a­ēsēndan 
T¿rkiyeôdeki illerin benzerlik ve farklēlēklarēnē 
inceledikleri ­alēĸmalarēnda Aydēn ile Ordu ilinin 
arēcēlēĵa yaptēklarē katkē bakēmēndan birbirine 
benzerlik gºsterdiklerini saptamēĸlardēr. Literat¿rde 
¥zbilgin v.d. (1999) ve ¢evrimli ve Sakarya (2018) 
tarafēndan yapēlan ve sonu­larē Ege Bºlgesi 
genelinde deĵerlendirilen ­alēĸmalar dēĸēnda 
Aydēnôdaki arēcēlēk faaliyetinin ºzelliklerini inceleyen 
bir ­alēĸmaya rastlanmamēĸtēr. 

Elde edilen sonu­lar iĸletme ºl­eĵi b¿y¿k olan 
arēcēlēk iĸletmelerinin yer aldēĵē illerin etkinlik 
deĵerinin y¿ksek olduĵunu gºstermektedir. Arēcēlēk 
iĸletmelerinin etkinliĵini inceleyen ­alēĸmalarda da 
benzer sonu­lara ulaĸēlmēĸtēr. Abdul-Malik ve 
Mohammed (2012) tarafēndan Ganaôda yapēlan 
­alēĸmada kovan sayēsē ile iĸletmelerin etkinliĵi 
arasēnda pozitif yºnl¿ bir iliĸki olduĵu ve bu iliĸkinin 

istatistiksel a­ēdan anlamlē olduĵu saptanmēĸtēr. 
Makri v.d. (2015) tarafēndan Yunanistanôda yapēlan 
­alēĸmada etkin olan arēcēlēk iĸletmelerinin ortalama 
kovan sayēsēnēn 130 olduĵu belirlenmiĸtir. 
T¿rkiyeônin 37 ilinde 455 arēcēlēk iĸletmesini 
kapsayan bir baĸka ­alēĸmada (Ceyhan 2017) orta 
ve b¿y¿k ºl­ekli iĸletmelerin etkinlik deĵerinin kovan 
sayēsē az olan k¿­¿k ºl­ekli iĸletmelere gºre daha 
y¿ksek olduĵu ortaya konulmuĸtur. Aydēn v.d. (2020) 
tarafēndan ¢anakkale ilinde yapēlan ­alēĸmada ise 
iĸletmeler kovan sayēsēna gºre 1-75 kovan (1. grup), 
76-150 kovan (2. grup) ve 150 ¿zeri kovan (3. grup) 
olmak ¿zere ¿­ gruba ayrēlmēĸ olup, gruplar arasēnda 
etkinlik deĵerleri bakēmēndan farklēlēk olup olmadēĵē 
incelenmiĸtir. Buna gºre kovan sayēsē fazla olan 
arēcēlēk iĸletmelerinde etkin iĸletme oranēnēn daha 
fazla olduĵu ve bu farklēlēĵēn istatistiksel a­ēdan 
anlamlē olduĵu tespit edilmiĸtir. Kaya (2020) 
tarafēndan Hatay ilinde yapēlan ­alēĸmada ise etkin 
bir arēcēlēk iĸletmesinin 180 ile 200 adet arasēnda 
kovana sahip olmasē gerektiĵi belirlenmiĸtir. Ayrēca 
Aksoy v.d. (2017) tarafēndan Erzurum ilinde yapēlan 
­alēĸmada kovan sayēsē fazla olan iĸletmelerde bal 
veriminin daha y¿ksek olduĵu tespit edilmiĸtir. Keleĸ 
v.d. (2019) tarafēndan Trabzon ilinde yapēlan 
­alēĸmada ise 145-300 arasēnda kovana sahip olan 
iĸletmelerin kovan baĸēna verim yºn¿nden en ideal 
grup olduĵu saptanmēĸtēr. Bunun yanē sēra bal 
veriminde ana arēyē deĵiĸtirme s¿resi de ºnem arz 
etmektedir. ¥zmen ¥zbakēr v.d. (2016) Adēyaman 
ilinde yaptēklarē ­alēĸmada ana arēnēn iki yēlda bir 
deĵiĸtirildiĵi iĸletmelerde bal veriminin en y¿ksek 
miktarda olduĵunu saptamēĸlardēr. 

Sonu­ 

Araĸtērmada illerin toplam etkinlik deĵeri 
incelendiĵinde, ­ēktē olarak bal ¿retim miktarē dikkate 
alēnan birinci modelde tam etkinliĵe sahip olan il 
sayēsēnēn 2 (Aydēn, Ordu) ve toplam etkinlik 
deĵerinin 0,19 olduĵu belirlenmiĸtir. Bal ve bal 
mumu ¿retim miktarēnēn ­ēktē olarak deĵerlendirildiĵi 
ikinci modelde ise tam etkin il sayēsē 8 (Bilecik, Kars, 
Kērĸehir, Ordu, Siirt, Sivas, ķanlēurfa, Zonguldak) ve 
toplam etkinlik deĵeri 0,30ôdur. Elde edilen sonu­lar, 
her iki modelde de T¿rkiyeôde arēcēlēktaki etkinliĵin 
d¿ĸ¿k olduĵunu gºstermektedir. Bal ¿retiminde 
d¿nyada ikinci, bal mumu ¿retiminde ise dºrd¿nc¿ 
sērada yer almasēna raĵmen bal veriminin d¿nya 
ortalamasēnēn %34 altēnda olan T¿rkiyeôde, 
arēcēlēktaki etkinliĵin d¿ĸ¿k olmasē ºnemli bir 
sorundur. Araĸtērma sonucunda, T¿rkiyeôde 
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ortalama kovan sayēsēnēn ¿zerinde (95 kovan ¿st¿) 
kovana sahip iĸletmelerin yer aldēĵē illerde etkinlik 
deĵerinin ve bal veriminin y¿ksek olduĵu 
saptanmēĸtēr. Bununla birlikte, T¿rkiye bal verim 
ortalamasēnēn (13 kg) ¿zerindeki illerde de etkinlik 
deĵeri y¿ksektir. Bu sonu­lar etkinlik deĵerlerinin 
iĸletme ºl­eĵi ve bal verimine gºre farklēlēk 
gºsterdiĵini ve b¿y¿k ºl­ekli arēcēlēk iĸletmelerinin 
etkinlik a­ēsēndan avantajlē olduklarēnē 
gºstermektedir. Bu nedenle, arēcēlēkta ¿reticilerin 
kovan sayēlarēnē artērmalarēna yºnelik teĸvik edici 
politikalarēn y¿r¿t¿lmesi ºnem arz etmektedir. 
Ayrēca, her iki modelde etkin olan iller arasēnda yer 
alan Ordu ilinde arēcēlēk iĸletmelerinin etkinliĵine 
yºnelik ­alēĸmalar yapēlmalē ve bu ­alēĸmalardan 
elde edilecek sonu­lar diĵer illerin etkinliĵinin 
artērēlmasē yºn¿nde deĵerlendirilmelidir. Bununla 
birlikte modern arēcēlēk uygulamalarēna yºnelik yayēm 
faaliyetlerinin s¿rd¿r¿lmesi iĸletmelerde bal 
veriminin ve kalitesinin artērēlmasēnēn yanē sēra 
etkinliĵin artērēlmasē a­ēsēndan da ºnem arz 
etmektedir. 

Mali Kaynak: Bu ­alēĸma i­in saĵlanmēĸ mali 
kaynak bulunmamaktadēr. 

Etik Belgesi: Bu ­alēĸma i­in etik belgesi gerekli 
deĵildir. 
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ABSTRACT 

Beekeeping provides important contributions to the agricultural economy and crop production 
through pollination both in Turkey and the world. It is evaluated that without bees, the plant production 
can decrease by 47%. Many factors affect honey production negatively. Among these reasons, besides 
diseases caused by microorganisms, diseases and dangers originating from organisms are at the 
forefront. Today, many methods are used in the control these pests and yet they are still unavoidable. 
Among these methods, the biological control method is not used commonly. The aim of the study is 
to create a basis for the development of biopesticides to control bee diseases. In this context, as a 
result of the study, 16 bacteria were isolated from honey bees. While, 12 bacteria belonging to the 
genus Bacillus, two bacteria belonging to the genus Lysinibacillus, one bacterium belonging to the 
genus Paenibacillus and one bacterium belonging to the genus Pantoea were obtained. Molecular and 
biochemical identifications of these bacteria were done and registered in GenBank and their accession 
numbers were obtained. cry gene analyzes of 15 bacteria belonging to the genus Bacillus were 
performed. As it is known, cry genes have the potential to be used against pests. In the future, these 
bacteria and their genes will have the potential to be used as biopesticides. According to these results, 
the cry1 gene was observed in 8 bacteria and the cry3 gene was observed in 3 bacteria. cry2 and cry4 
genes could not be detected in these bacteria. Bacteria that including cry genes are of great 
importance for honey bee health. Bacteria have the potential to be developed as internal biopesticides 
and used against different bee diseases to improve honey bee health. 

Keywords: Apis mellifera, Bacteria, Microbiology, Honey bee health, cry genes 

 

¥Z 

Arēcēlēk gerek T¿rkiyeôde gerekse d¿nyada tarēm ekonomisine ve tozlaĸma yoluyla bitkisel ¿retime 
ºnemli katkēlar saĵlar. Arēlarēn olmadēĵē bir ortamda bitkisel ¿retimin %47 oranēnda azalabileceĵi 
deĵerlendirilmektedir. Arēcēlēk sektºr¿nde bir­ok etken de bal ¿retimini olumsuz yºnde etkilemektedir. 
Bu sebepler arasēnda mikroorganizma sebepli hastalēklarēn yanē sēra, organizma kaynaklē hastalēklar ve 
tehlikeler de ºn sēralarda yer almaktadēr. G¿n¿m¿zde bu zararlēlarla m¿cadelede bir­ok yºntem 
kullanēlmakta olup halen ºn¿ne ge­ilememiĸ durumdadēr. Bu yºntemler arasēnda biyolojik m¿cadele 
yºntemi kullanēlmamaktadēr. Buradan yola ­ēkarak, ­alēĸmanēn amacē, bal arēlarēnēn saĵlēĵēnē korumak 
i­in biyolojik bir etmen kullanēlarak hastalēk ve zararlē organizmalarla m¿cadele konusunda biyopestisit 
geliĸtirilmesinde taban oluĸturmaktēr. Bu baĵlamda ­alēĸma sonucunda bal arēlarēndan 16 adet bakteri 
izolasyonu ger­ekleĸtirilmiĸtir. Elde edilen bakterilerden 12 tanesi Bacillus cinsine, iki tanesi 
Lysinibacillus cinsine, bir tanesi Paenibacillus cinsine ait iken bir tanesi de Pantoea cinsine aittir. Bu 
bakterilerin molek¿ler ve biyokimyasal tanēmlamalarē yapēlarak GenBank a kayēt yaptērēlmēĸ ve kayēt 
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numaralarē alēnmēĸtēr. On beĸ adet Bacillus, Paenibacillus ve Lysinibacillus cinslerine ait bakterinin cry 
gen analizleri yapēlmēĸtēr. Bilindiĵi ¿zere cry genleri hem zararlēlara karĸē kullanēlma potansiyeline 
sahiptir hem de ileride bu bakteri ve genleri geliĸtirilerek biyopestisit kullanēlma potansiyeli 
olabilecektir. Bu sonu­lara gºre cry1 geni 8 bakteride ve cry3 geni de 3 bakteride gºzlemlenmiĸtir. cry2 
ve cry4 genleri bu bakterilerde tespit edilememiĸtir. Bu genleri taĸēyan bakteriler bal arēsē saĵlēĵē 
a­ēsēndan b¿y¿k ºnem taĸēmaktadēr. Bakteriler biyopestisit olarak geliĸtirilerek baĸta organizma gibi 
zaralēlar olmak ¿zere farklē arē hastalēklarēna karĸē kullanēlma potansiyeline sahiptirler. 

Anahtar Kelimeler: Apis mellifera, Bakteri, Mikrobiyoloji, Bal arēsē saĵlēĵē, cry genleri 

 

GENĶķLETĶLMĶķ ¥ZET 

Ama­: Bal arēlarē ekonomik ve biyolojik yºnden 
olduk­a ºnemlidir. Bal arēlarē bal, propolis, arē s¿t¿, 
polen, bal mumu, arē zehri gibi arē ¿r¿nleri sayesinde 
d¿nya pazarēnda ºnemli yer almaktadēr. Arēcēlēk, 
D¿nyaônēn hemen hemen her yerinde yapēlan 
tarēmsal bir faaliyettir. Arēcēlēk faaliyetlerini 
engelleyen en ºnemli nedenlerden biri de arē zararlē 
ve hastalēklarēdēr. Bu nedenle de arē saĵlēĵēnē 
korumak b¿y¿k ºnem arz etmektedir. G¿n¿m¿zde 
bu zararlēlarla m¿cadelede bir­ok yºntem 
kullanēlmakta olup halen ºn¿ne ge­ilememiĸ 
durumdadēr. Bu yºntemler arasēnda biyolojik 
m¿cadele yºntemi kullanēlmamaktadēr. ¢alēĸmanēn 
amacē, bal arēlarēnēn saĵlēĵēnē korumak i­in biyolojik 
bir etmen kullanēlarak hastalēk ve zararlē 
organizmalarla m¿cadele konusunda biyopestisit 
geliĸtirilmesinde taban oluĸturmaktēr. 

Yºntem: ¢alēĸma i­in gerekli olan bal arēsē ºrnekleri 
G¿m¿ĸhane ili K¿rt¿n il­esinden elde edilmiĸtir. 
Ķl­edeki belirlenen saĵlēklē arēlēk ve kovanlardan 
ortalama 20 ĸer arē toplanmēĸtēr. Bu arēlar steril 
taĸēma kaplarēna alēnarak laboratuvar ortamēna 
getirilmiĸtir. Laboratuvara getirilen arē ºrnekleri 
ºncelikle %70ôlik alkol ile y¿zey strelizasyonu 
saĵlanmēĸtēr. Y¿zey sterilizasyonunun ardēndan 
500Õl Nutrient broth besiyeri i­erisinde arēlarēn 
ezilerek par­alanmasē saĵlanmēĸtēr. Artēk par­alarē 
ortamdan uzaklaĸtērmak i­in steril filtre ile s¿zme 
iĸlemi ger­ekleĸtirilip, geri kalan sēvē Nutrient agar 
besiyerine ekim yapēlarak 30ÁCô de 2-3 g¿n 
ink¿basyona bērakēlmēĸtēr. Bu s¿re sonunda 
besiyerinde oluĸan bakterilerin saflaĸtērēlmasē i­in 
ayrē ayrē besiyerilerine ekimleri yapēlmēĸtēr. Bu 
bakterilerin tanēmlanmasē i­in molek¿ler 
karakterizayonu, biyokimyasal testleri, fiziksel ve 
morfolojik analizleri yapēlarak belirlenmiĸtir ve 
bakteriler GenBankôa kayēt ettirilmiĸtir.  

Sonu­: ¢alēĸma sonucunda bal arēlarēndan 16 adet 
bakteri izolasyonu ger­ekleĸtirilmiĸtir. Elde edilen 
bakterilerden 12 tanesi Bacillus cinsine, iki tanesi 

Lysinibacillus cinsine, bir tanesi Paenibacillus 
cinsine ait iken bir tanesi de Pantoea cinsine aittir. 
Bu bakterilerin molek¿ler ve biyokimyasal 
tanēmlamalarē yapēlarak GenBank a kayēt yaptērēlmēĸ 
ve kayēt numaralarē alēnmēĸtēr. On beĸ adet Bacillus, 
Paenibacillus ve Lysinibacillus cinslerine ait 
bakterinin cry gen analizleri yapēlmēĸtēr. Bilindiĵi 
¿zere cry genleri hem zararlēlara karĸē kullanēlma 
potansiyeline sahiptir hem de ileride bu bakteri ve 
genleri geliĸtirilerek biyopestisit kullanēlma 
potansiyeli olabilecektir. Bu sonu­lara gºre cry1 geni 
8 bakteride ve cry3 geni de 3 bakteride 
gºzlemlenmiĸtir. cry2 ve cry4 genleri bu bakterilerde 
tespit edilememiĸtir.  

 

INTRODUCTION 

According to the 2020 data of the Ministry of Food, 
Agriculture and Livestock, Directorate of Beekeeping 
Research Institute, Turkey ranks at the forefront of 
the beekeeping sector in the world with an average 
of 8 million 128 thousand hives and 109,330 tons of 
honey production. Beekeeping provides important 
contributions to the agricultural economy and crop 
production through pollination both in Turkey and in 
the world. So honey bees (Apis mellifera) play a very 
important role in pollination in natural ecosystem and 
agricultural field (Evans et al. 2010). In recent years, 
bee population and colony losses have increased in 
the world. Pathogens (parasites, fungi, viruses and 
bacteria) and abiotic stress factors can adversely 
affect colony health. All these factors are affecting 
the bee ecosystem (Brutscher et al. 2015, Li et al. 
2018, Larsen et al. 2019). Over time, insects have 
developed a strong and effective immune system. 
The immune system of insects combats various 
pathogens and conseuqently has become one of the 
most diverse and successful immune systems in the 
world. Insects defense mechanisms include cellular 
and humoral immunity (Evans and Armstrong 2005, 
Schmid et al. 2008, Wilson-Rich et al. 2008). 



ARAķTIRMA MAKALESĶ / RESEARCH ARTICLE 

159  U.Arē D. ï U.Bee J. 2021, 21 (2): 157-167 

Epidemic infection risks in honey bee colonies is 
reduced by individual and social immunity (Ilyasov et 
al. 2012). Both the type of immunities together at 
various levels protects the bees from diseases and 
ectoparasites (DeGrandi-Hoffman and Chen 2015, 
Larsen et al. 2019). 

Pathogens, acaricides, fungicides, herbicides and 
other insecticides affect the bee immune system and 
thus affects bee health (Ilyasov et al. 2021). The 
social immune defense strategy, individual bees, 
reduces the pressure on the immune system (Larsen 
et al. 2019). 

Like every living creature, honey bees are also have 
a microflora (Gilliam 1997, Olofsson and V§squez 
2008). These bacteria can play a positive or negative 
role on honey bee health and it is also important of 
rbutrient aquisition from a healthy diet (Evans and 
Spivak 2010). Bacterial microflora in bees, can 
inhibit lime disease (Reynaldi et al. 2004) and 
American foulbrood (Evans and Armstrong 2005, 
Evans et al. 2006). With a healthy microbiome, the 
reproduction of beneficial microorganisms is 
supported and the reproduction of pathogens is 
prevented. (Evans et al. 2006). Honey bees both at 
the individual and colony level is capable of immunity 
defense. Beekeepers use antibiotics to control 
pathogens and parasites, so pesticide applications 
are done frequently. This situation results in residues 
in hive products and hive equipment leading to an 
increased antibiotic resistance problem. 

One of the biggest problems in beekeeping is 
attempting to treat honeybee diseases with chemical 
treatments. Limited success is achieved after 
chemical treatment, and there are problems, such as 
a danger to human health with chemical residues in 
the honey (Barganska et al. 2011). Problems are 
experienced in export markets for honey from 
treated bees, so attempts are made to sell this honey 
in the domestic market. As a result, the products 
cannot be sold easily and at their proper value. For 
this reason, biological control methods gain 
importance. Generally, for biological control Bacillus 
genus bacteria are used. B. thuringiensis, which was 
first isolated from diseased silkworm larvae by 
Japanese researcher Ishiwata (Ishiwata, 1901) in 
1901, is the most widely used microbial control agent 
(Lacey et al. 2001). The insecticidal activity of B. 
thuringiensis is carried out by toxins in protein 
structure called insecticidal crystal proteins (ICP, cry 
proteins). These proteins are encoded by the genes 
(cry) located on the plasmids. These insecticidal 

proteins produced during spore formation constitute 
approximately 30% of the total protein content of the 
bacteria (Hºfte and Whiteley, 1989; Aronson, 1993). 
ICPs are found undissolved under normal 
conditions. Therefore, they do not pose a risk to 
humans and other vertebrate organisms. On the 
other hand, their soluble properties at pH 9.5. Thus, 
the ICPs in the structure of this protein dissolve in 
the insect gut and turn into protoxin. Then, protoxins 
are broken down by intestinal enzymes and active 
toxins are formed. Active toxins cling to the receptors 
of intestinal epithelial cells, paralyze the intestinal 
wall of the insect and destroy it, forming pores. The 
poisoned insect can die immediately due to toxin 
activity and die as a result of blood poisoning within 
2-3 days (Knowles, 1994). In this context, cry gene 
analyses were performed because 15 of the bacteria 
obtained belonged to the genus Bacillus. These 
bacteria will pave the way for developing 
biopesticides for organisms and microorganisms 
that affect bee health. The ground will be prepared 
for development for different agricultural or forest 
pests. In this context, it is aimed to obtain bacterial 
flora by collecting healthy honey bees. Bacteria 
obtained from bacterial flora will have the potential to 
be used against organisms that cause harm to bees. 

 

MATERIAL AND METHODS 

Sampling 

Honey bee samples used in this study were collected 
from hives where are located in G¿m¿ĸhane 
province, distinct from K¿rt¿n (It is located at latitude 
40.748302 and longitude 38.984703). No chemical 
application has been made on the hives that 
samples were taken. The collected Apis mellifera 
were placed in sterile tubes and brought to the 
laboratory. The samples were collected twice a year, 
in the spring (June) and autumn (September) of 
2020. 

Isolation of Bacteria 

Before bacterial isolation, honey bees were surface 
sterilized with 70% alcohol to remove possible 
contamination and then washed in sterile distilled 
water. The bee bodies were homogenized in 0.5 ml 
of sterilized Nutrient Broth (NB) using a glass tissue 
grinder and filtered. After preparing the homogenate 
for bacterial isolation, suspensions were diluted to 
1Ĭ10-5 (Thiery and Frachon 1997) and 0.1 ml were 
spread on nutrient agar (Thiery and Frachon 1997). 
Plates were incubated at 30ÁC for 2-3 days. Isolates 
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were determined based on the color and morphology 
of the colonies. Individual colonies were isolated, 
sub-cultured twice to ensure purity and then stored 
in 15% sterilized glycerol at -80ÁC for further studies. 
Pure cultures of bacterial colonies were identified by 
their morphology, biochemical, physiological and 
molecular characteristics (16S rRNA). 

Morphological, Physiological and Biochemical 
Characterisations of Isolates 

Bacterial strains were selected based on 
morphological biochemical, physiological features 
according to Bergeyôs Manual of Systematic 
Bacteriology (Sneath et al. 1986). Phenotypic 
characteristics of the strains include cell and colony 
shape on NA. Optimum pH was determined, after 16 
h incubation at 30ÁC by measuring the densities 
using a spectrophotometer (Spectramax M2) at 
OD600 (Ben-Dov et al. 1995). Biochemical panel 
test system API 20E (bioMerieux, France) was 
handled according to the manufacturerôs 
instructions. Then the panels were incubated for 18-
24 h at 30ÁC. The results of the tests were performed 
by referring to the API 20E reading table. 

16S rRNA Gene Sequence Analysis 

Genomic DNA from all samples was extracted by 
phenol/chloroform procedures (Sambrook et al. 
1989). PCR amplification of 16S rRNA genes of 
bacterial isolates was performed with the following 
universal primers (William et al. 1991); UNI 16S-L: 
5_-ATTCTAGAGTTTGATCATGGCTCA-3_ as 
forward and UNI 16S-R: 
5_ATGGTACCGTGTGTGACGGGCGGTG TGTA-
3_ as the reverse. PCR conditions were adjusted 
according to William et al. (1991). Reactions were 
totally in 50 ɛl; 1 ɛl of template DNA was mixed with 
5 ɛl reaction buffer, 0.2 mM of each deoxynucleoside 
triphosphate (dNTP), 0.5 ɛM (each) with primer and 
0.5 U with Taq DNA polymerase. Amplification was 
performed with 30 cycle program (each cycle 

consisting of denaturation at 94ÁC for 3 min, 
annealing at 55ÁC for 60 s and extension at 72ÁC for 
3 min), followed by a final extension step at 72ÁC for 
5 min, by using a thermal cycler (BioRad). Each 
experiment was associated with negative (without 
DNA template) controls. PCR products were 
analyzed on a 1.2% agarose gel.  Sequence 
analysis of 16S rRNA products samples were 
performed using 16S universal primers by 
SenteBiolab (Ankara/TURKEY). Using the NCBI 
GenBank database, determined sequences were 
used to perform BLAST searches (Altschul et al. 
1990). Comparison of approximately 1.400 bp 
fragments of 16S rRNA gene sequences of each 
isolate with other 16S rRNA sequences in the NCBI 
GenBank database (Altschul et al. 1990) were 
performed. 

Optimum pH Range of All Bacteria 

In order to determine the pH range in which the 
bacteria grows optimally, media at different pH 
values (pH3, pH4, pH5, pH6, pH7, pH8, pH9 and 
pH10) were prepared and incubated at 30ÁC for 24 
hours. 

Determination of cry Genes of Bacteria 

PCR amplification of cry genes was performed of the 
toxin genes using cry1, cry2, cry3 and cry4 primers 
(Table 1). PCR was constructed according to the 
following conditions: pre-amplification 94ÁC for 3 min 
followed by 30 cycles of denaturation at 94ÁC for 30 
s, annealing at 52-59ÁC for 60 s, and elongation at 
72ÁC for 3 min. Reactions were totally in 50 ɛl; 1 ɛl 
of template DNA was mixed with 5 ɛl reaction buffer, 
0.2 mM of each deoxynucleoside triphosphate 
(dNTP), 0.5 ɛM (each) with primer and 0.5 U with 
Taq DNA polymerase. PCR products were analyzed 
on a 1% agarose gel. 

 

Table 1. Cry gene primers 

Primer 
Name 

Primer sequence Sequence lenght 
(PCR amplification) 

Tm (ÁC) 

cry1Fw CATGATTCATGCGGCAGATAAC  
277bp 

 
55 cry1Rv TTGTGACACTTCTGCTTCCCATT 

cry2Fw GTTATTCTTAATGCAGATGAATGGG  
701bp 

 
52 cry2Rv CGGATAAAATAATCTGGGAAATAGT 

cry3Fw CGTTATCGCAGAGAGATGACATTAAC  
604bp 

 
54 cry3Rv CATCTGTTGTTTCTGGAGGCAAT 

cry4Fw GCATATGATGTAGCGAAACAAGCC  
439bp 

 
59 cry4Rv GCGTGACATACCCATTTCCAGGTCC 
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RESULTS 

In this study, 16 bacterial isolates; Bacillus cereus 
(GAP1), Bacillus subtilis (GAP2), Bacillus 
wiedmannii (GAP3), Bacillus megaterium (GAP4), 
Pantoea rodasii (GAP5), Bacillus nakamurai 
(GAP6), Bacillus mobilis (GAP7), Bacillus pacificus 
(GAP8), Bacillus thuringiensis (GAP9), 
Lysinibacillus fusiformis (GAP10), Bacillus 
vallismontis (GAP11), Paenibacillus odorifer 
(GAP12), Bacillus velezensis (GAP13), Bacillus 

flexus (GAP14), Bacillus paramycoides (GAP15) 
and Lysinibacillus sphaericus (GAP16) from Apis 
mellifera were isolated and characterized. The 
optimum pH range in which bacteria can grow was 
also determined (Table 2). When the pH results of 
the bacteria obtained in the study in Genbank are 
examined, it is seen that they confirm each other 
(https://www.ncbi.nlm.nih.gov/genbank/).These 
results are used to confirm the accuracy of the 
bacteria. 

 

Table 2. Optimum pH range of bacteria. 

pH GAP 
1 

GAP 
2 

GAP 
3 

GAP 
4 

GAP 
5 

GAP 
6 

GAP 
7 

GAP 
8 

GAP 
9 

GAP 
10 

GAP 
11 

GAP 
12 

GAP 
13 

GAP 
14 

GAP 
15 

GAP 
16 

pH3 - - - - - - - - - - - - - - - - 
pH4 - - - - - - - - - - - - - - - - 
pH5 - - - + + - - - - - - - - - - - 
pH6 + + + + + + + + + + + + + + + + 
pH7 + + + + + + + + ++ + + + + + + + 
pH8 + + + + + + + + + + + + + + + + 
pH9 + + + + + + + + + + + + + + + + 
pH10 + + + + + + + + + + + + + + + + 

 

Some biochemical characteristics (API20E) of 
bacterial isolates are summarized in Table 3, 

including which growth medium is suitable for their 
growth. 

 

Table 3: Biochemical characteristics of bacteria (API20E). 

API20E 
Tests 

GAP 
1 

GAP 
2 

GAP 
3 

GAP 
4 

GAP 
5 

GAP 
6 

GAP 
7 

GAP 
8 

GAP 
9 

GAP 
10 

GAP 
11 

GAP 
12 

GAP 
13 

GAP 
14 

GAP 
15 

GAP 
16 

GEL - - + + - + - - + + - + - - + - 

GLU + - + - - - + - + - - - + - - - 

MAN + - - - - - + - - - - - + - - - 

INO + - - - - - + - - - - - + - - - 

SOR - - - - - - - - - - - - - - - - 

RHA + - - - - - + - - - - - + - - - 

SAC + - + - - - + - + - - - + - - - 

MEL + - - - + - + - - - + - + - - + 

AMY + - + - - - + - + - - - + - - - 

ARA + - - - - - + - - - - - + - - - 

ONPG + - - - - - + - - - - - + - - - 

ADH - - - + + - - - - + + - - - + + 

LDC - - - - + - - - - - + - - - - + 

ODC - - - - - - - - - - - - - - - - 

CIT + - - - + - + - - - + - + - - + 

H2S - - - - - - - - - - - - - - - - 

URE - - - - + - - - - - + - - - - + 

TDA - - - - + - - - - - + - - - - + 

IND - - - - - - - - - - - - - - - - 

VP + - - - - - + - - - - - + - - - 
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When the biochemical test results of the bacteria 
obtained in the study in Genbank are examined, it is 
seen that they confirm each other 
(https://www.ncbi.nlm.nih.gov/genbank/).These 
results are used to confirm the accuracy of the 
bacteria. 

16S rRNA gene sequence analysis results of 
isolates are given in Table 4. The 16S rRNA partial 
gene sequences generated in this study have 
accession numbers MZ097346, MZ097347, 
MZ097348, MZ097349, MZ097350, MZ097351, 
MZ097352, MZ097353, MZ097354, MZ097355, 
MZ097356, MZ097357, MZ097358, MZ097359, 
MZ097360 and MZ097361, respectively. In the 
Table 4, the isolate name is the code that we gave 
in this study, the bacterium name is from the 16S 
identifiation, accession numbers are provided from 
GenBank and the similarity score is presented from 
GenBank for each strain identification. 

As seen in Figure 1, cry gene analyzes were made 
and cry 1 gene was only found in 8 bacteria, and cry 
3 gene in 3 bacteria. cry 2 and cry 4 genes were not 
observed in any bacteria. cry 1 gene has 277 bp and 
cry 3 gene has 604 bp. In the first lane (M) there is 
marker (1kb) and the bands are 250 bp, 500 bp, 750 
bp, 1000bp, 1500 bp, 2000 bp and 2500 bp, 
respectively (from the bottom to top). The bands 
under the marker bands, which are seen in all four 
gel images (A, B, C and D), are the bands belonging 
to the primers, and their appearance indicates the 
quality of the gel. According to these results and 
looking at the marker, the bands corresponding to 
around 250 bp in A shows the presence of cry1 
gene. According to the results, bands seen around 
500 bp in the B also indicates the presence of cry3 
gene. In addition, one sample of each of these bands 
was sent to the sequence and were confirmed. On 
the other hand, the bands seen in the gel images of 
cry 2 and cry 4 genes belong to the primers. As can 
be seen, these bands are below the marker bands. 

 

Table 4. 16S results of bacteria. 

Isolate name Bacterium name Accession number Similarity 

GAP1 Bacillus cereus MZ097346 99% 

GAP2 Bacillus subtilis MZ097347 99% 

GAP3 Bacillus wiedmannii MZ097348 99% 

GAP4 Bacillus megaterium MZ097349 99% 

GAP5 Pantoea rodasii MZ097350 99% 

GAP6 Bacillus nakamurai MZ097351 99% 

GAP7 Bacillus mobilis MZ097352 99% 

GAP8 Bacillus pacificus MZ097353 99% 

GAP9 Bacillus thuringiensis MZ097354 99% 

GAP10 Lysinibacillus fusiformis MZ097355 99% 

GAP11 Bacillus vallismontis MZ097356 99% 

GAP12 Paenibacillus odorifer MZ097357 99% 

GAP13 Bacillus velezensis MZ097358 99% 

GAP14 Bacillus flexus MZ097359 99% 

GAP15 Bacillus paramycoides MZ097360 99% 

GAP16 Lysinibacillus sphaericus MZ097361 99% 
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Figure 1: cry gene analysis of bacteria. A: cry 1 gene PCR results, B: cry 3 gene PCR results, C: cry 2 gene 

PCR results, D: cry 4 gene PCR results. 

 

DISCUSSION 

As a result of the study, 12 bacteria belonging to the 
genus Bacillus, two bacteria belonging to the genus 
Lysinibacillus, one bacterium belonging to the genus 
Paenibacillus and one bacterium belonging to the 
genus Pantoea were obtained. Pantoea species, 
which are common in plants and soil, belong to the 
Enterobacteriaceae family. Pantoea species are 
members of the normal flora of the human 
gastrointestinal tract and can be found in water, 
wastewater, soil, plants and foods such as 
fruit/vegetables. Many Pantoea species are known 
as plant disease agents and are used as 
biopesticides in the agricultural industry (Cruz et al. 
2007). Pantoea species, known as plant pathogens, 
are microorganisms that develop following injuries 
with plant spines, and the most frequently isolated 
species is Pantoea rodasii, which was also identified 
from the GAP5 isolate (Kurĸun et al. 2012). 

The Paenibacillus genus includes some strains 
previously found in the Bacillus and Clostridium 
genera. Paenibacillus odorifer bacteria identified in 
GAP12 isolate are found in soil, water and various 
foods (Beno et al. 2020). 

Members of the Bacillaceae family, which are 
important in terms of biological control, are Gram-
positive, motile or non-motile rod-shaped bacteria 
that produce endospores. Bacillus and Clostridium 
genera in this family contain important insect 
pathogen species and are mostly separated from 

each other according to their oxygen needs. Species 
belonging to the genus Bacillus are aerobic or 
facultative anaerobic, while species belonging to the 
genus Clostridium are anaerobic. Both genera have 
rod-shaped cells that form chains (Tanada and Kaya 
1993). Insect pathogens known in the genus 
Clostridium reproduce only in the insect gut and 
cause disease and never pass into insect hemocele. 
The genus Bacillus contains important insect 
pathogenic species. The most important of these is 
Bacillus thuringiensis bacteria, which is in the 
Bacillus cereus group. B. thuringiensis is a spore-
forming soil bacterium that produces toxin in 
crystalline structure and has an insecticidal effect 
mostly against insects in Lepidoptera, Diptera and 
Coleoptera groups (Beegle and Yamamoto 1992). 
According to studies conducted in recent years, it 
has been found to be lethal among the insect groups 
of Hymenoptera, Homoptera, Orthoptera and 
Mallophaga, as well as on nematodes, ticks and 
protozoa (Feitelson et al. 1992, Feitelson 1993). The 
fact that insecticidal products obtained from B. 
thuringiensis bacteria do not cause infection on 
humans, non-target organisms and beneficial 
insects has increased the effective use of these 
products in the control harmful insects (Lacey et al. 
2001, Seigel 2001). B. thuringiensis-derived 
products constitute 95% of the world biopesticide 
market. Many commercial companies have 
introduced products from B. thuringiensis. According 
to 1998 figures, more than 200 products of B. 
thuringiensis origin are used against pests only in the 
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USA (Schnepf et al. 1998). In addition, many B. 
thuringiensis-derived products are susceptible to 
synthetic chemical pesticides, obtained at a lower 
cost. Some other species belonging to the genus 
Bacillus are also used in the control of harmful 
insects. Bacillus popilliae (Dutky) is used in the 
control of some species belonging to the 
Scarabaeidae family, while Bacillus sphaericus 
Neide is used in the control of mosquito larvae (Klein 
and Jackson 1992). B. popilliae needs to be 
produced in vivo, and lower than expected levels of 
infection in many field applications reduces the 
potential of this bacterium to be used in large areas 
(Klein and Kaya 1995). Compared to B. 
thuringiensis, B. sphaericus is resistant to polluted 
habitats and environmentally friendly. Although it is 
more resistant to various factors, its biggest 
disadvantage is that the host spectrum is very 
narrow (Lacey and Undeen 1986, Charles et al. 
1996, Nicolas et al. 1994). However, some fly 
species are resistant to this bacterium. It has been 
reported (Rao et al. 1995, Nielsen-Leroux et al. 
1997). 

The most important factor in Bacillus species are 
crystal (cry genes) genes. In the study, 16 Bacillus 
genus bacteria were obtained and cry gene analyzes 
were performed. In this context, the bacteria 
obtained are of great importance. According to the 
results of cry gene analysis 8 bacteria have cry1 
genes and 3 bacteria have cry3 genes were 
obtained in bacteria. cry2 and cry4 genes could not 
be obtained in these bacteria. The most common cry 
gene types in nature are cry1 and cry3. According to 
these results, the potential of using these bacteria 
against bee pests seems high. 

For the honeybees to be healthy, under the chemical 
treatment practices, antibiotics are frequently used 
against bacterial diseases (Mutinelli, 2003). 
Antibiotic use weakens the immune system of the 
bees and leads to antibiotic-resistant bacterial 
pathogens (Doĵaroĵlu and Samancē, 2006; 
Barganska et al. 2011). Unfortunately, the fight 
against these bacteria is self-defeating. In previous 
studies, positive effects have been shown by the 
resistance of the bacterial flora in the bodies of bees 
against disease (Gilliam, 1997).Thus, the idea arises 
that if the naturally occurring microbial flora in the 
bodies of the bees are supported, the bees may be 
more resistant to disease (Tajabadi et al. 2013) In 
particular, the bacteria with probiotic properties 
found in the honey stomachs or intestines of 
honeybees have been observed to provide 

resistance against other bee pathogens (Forsgren et 
al. 2010). 

In this study, it was aimed to determine the general 
bacterial flora of honey bees and the optimal growth 
conditions. We found that bacteria can be partially 
detected by using selective growth media. 

Both similar and different bacteria were obtained 
previously from the honey bee intestinal flora, so we 
suspect that there could be regional differences of 
honey bee gut bacteria based on their floral diet 
selection (Yarēlga­, 2016). For future research, we 
aim to obtain and characterize local isolates to 
determine their biological significance in terms of 
improving honey bee health.  

Conclusion 

As a result, considering the definitions of the bacteria 
obtained in the study, 8 bacteria with the cry 1 gene 
and 3 bacteria with the cry 3 gene have the potential 
to be used in future biopesticide development 
studies. GAP6 (Bacillus nakamurai) bacteria, in 
which both cry genes (cry 1 and cry 3) are common, 
should be studied in more detail. It is thought that it 
may have the potential to be a more potent 
biopesticide with the activity of both cry genes. 

According to isolated bacteria and gene analyses, 
these bacteria should be tested primarily for use in 
maintaining honey bee health. Previously, some of 
these bacteria have been effective for manageing 
Varroa mites and especially Galleria mellonella 
pests. In addition to honey bee pests, future 
research can be carried out to develop bacterial 
biopesticides for different agricultural and forest 
pests in general. 
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ABSTRACT 

Physicochemical properties of 27 sunflower honey samples from Bulgaria were investigated. The 
botanical origin of the samples was ascertained by pollen analysis. The honey samples displayed 
relative frequencies of Helianthus annuus L. pollen up to 41%. The ranges for water content (15.60ï
19.30%), reducing sugars (72.51ï80.80%), sucrose (0.50ï3.70%), diastase (9.00ï20.80 Gothe units), 
hydroxymethylfurfural (HMF), (0.69ï12.40 mg/kg), total acidity (17.70ï36.00 meq/kg), electrical 
conductivity (0.23ï0.48 mS/cm), proline (218.50 ï 679.50 mg/kg), specific rotation (-20.20ï(-12.30)) 
[Ŭ]D

20
 were obtained. The results obtained also suggest that these honey samples are of good quality. 

The results are in agreement with standards of quality established by national and international 
regulations. Significant moderate correlation between electrical conductivity and specific rotation was 
found (r=0.582, p<0.05). 

Keywords: Honey, sunflower honey, physicochemical properties, quality parameters 

 

¥Z 

Bulgaristan'dan alēnan 27 ay­i­eĵi balē ºrneĵinin fiziko-kimyasal ºzellikleri araĸtērēldē. ¥rneklerin 
botanik kºkeni polen analizi ile belirlendi. Bal numuneleri, %41'e varan oranlarda Helianthus annuus 
L. polen sēklēĵē gºstermiĸtir. Su i­eriĵi (%15.60 ï 19.30), indirgeyici ĸekerler (%72.51 ï 80.80), sakaroz 
(%0.50 ï 3.70), diastaz (9.00 ï 20.80 Gothe birimleri), hidroksimetilfurfural (HMF), (0.69 ï 12.40mg/kg) 
i­in aralēklar), toplam asitlik (17.70 ï 36.00meq/kg), elektriksel iletkenlik (0.23 ï 0.48 mS/cm), prolin 
(218.50 ï 679.50 mg/kg), spesifik rotasyon (-20.20 ï (-12.30)) [Ŭ]D

20 elde edildi. Elde edilen sonu­lar da 
bu bal ºrneklerinin kaliteli olduĵunu gºstermektedir. Sonu­lar, ulusal ve uluslararasē d¿zenlemeler 
tarafēndan belirlenen kalite standartlarē ile uyumludur. Elektriksel iletkenlik ile ºzg¿l rotasyon arasēnda 
orta d¿zeyde anlamlē korelasyon bulundu (r=0,582, p<0,05). 

Anahtar Kelimeler: Bal, ay­i­eĵi balē, fiziko-kimyasal ºzellikler, kalite parametreleri 
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GENĶķLETĶLMĶķ ¥ZET 

Giriĸ: ¢i­ek balē, bal arēlarē (Apis mellifera L.) 
tarafēndan bitkilerin nektarēndan ¿retilen doĵal bir 
maddedir. Bal, tek ­i­ekli bitki veya ­ok bitki kaynaĵē 
olarak sēnēflandērēlēr. Tek ­i­ekli bitki balē, aĵērlēklē 
olarak nektar ve polen i­eren bir bitki t¿r¿ tarafēndan 
¿retilir. Farklē ­i­ekli bitki ballarē, tipik 
melissopalinolojik ve fizikokimyasal ºzellikler 
gºsterir. ¢ok kaynaklē bitki balē, hi­biri baskēn 
olmayan ­eĸitli bitkilerden nektar ve polenlerden 
¿retilir. Bu ­alēĸma, Bulgaristan'da ¿retilen ay­i­eĵi 
balēnēn fizikokimyasal parametrelerini 
deĵerlendirmeyi ama­lamaktadēr. Bulgaristan'dan 
alēnan 27 ay­i­eĵi balē ºrneĵinin fizikokimyasal 
ºzellikleri araĸtērēldē. 

Gere­ ve Yºntem: Bal ºrnekleri oda sēcaklēĵēnda 
cam kaplarda muhafaza edilmiĸtir. ¢alēĸmada 2017 
ve 2018 arēcēlēk sezonlarēnda hasat edilen arē balēnēn 
temsili ºrnekleri kullanēlmēĸtēr. ¥rneklerin botanik 
kºkeni polen analizi ile tespit edilmiĸtir. Bal 
numuneleri, %41'e varan oranlarda Helianthus 
annuus L. polen sēklēĵē gºstermiĸtir. Bulgaristan Arē 
Balē Devlet Standardē 2673-80'e gºre H. annuus'tan 
%40'a kadar polen i­eren bal ºrnekleri ay­i­eĵi balē 
olarak sēnēflandērēlabilir. Analizler, numunelerin 
laboratuvara teslim edildiĵi tarihten itibaren bir ay 
i­inde yapēlmēĸtēr. Polen analizi ve fizikokimyasal 
analizler Bulgaristan, Sofya'daki Veteriner Kontrol ve 
Ekoloji Merkez Laboratuvarēnda yapēldē. 

Bulgular: Ay­i­eĵi balēnēn ĸu parametreleri Avrupa 
Bal Komisyonu tarafēndan ºnerilen yºntemlere gºre 
belirlendi: su i­eriĵi, indirgeyici ĸekerler, sakaroz, 
diastaz, HMF, toplam asitlik, elektriksel iletkenlik, 
prolin ve spesifik rotasyon. Su i­eriĵi (%15.60 ï 
19.30), indirgeyici ĸekerler (%72.51 ï 80.80), 
sakaroz (%0.50 ï 3.70), diastaz (9.00 ï 20.80 Gothe 
birimleri), hidroksimetilfurfural (HMF), (0.69 ï 
12.40mg/kg) i­in aralēklar ), toplam asitlik (17.70 ï 
36.00meq/kg), elektriksel iletkenlik (0.23 ï 0.48 
mS/cm), prolin (218.50 ï 679.50 mg/kg), spesifik 
rotasyon (-20.20 ï (-12.30)) elde edildi. Spesifik 
optik rotasyon, bal ºrneklerinin ­i­ek balēndan 
geldiĵini, dºnen negatif olduĵunu (laevorotatory) 
gºsterir. Numunelerin ­oĵu 350 mg/kg'a kadar prolin 
deĵerlerine sahiptir. HMF ortalama 2.82 mg/kg 
olarak belirlendi. Elde edilen sonu­lar da bu bal 
ºrneklerinin kaliteli olduĵunu gºstermektedir. 
Sonu­lar, ulusal ve uluslararasē d¿zenlemeler 
tarafēndan belirlenen kalite standartlarē ile 
uyumludur. Elektriksel iletkenlik ile ºzg¿l rotasyon 

arasēnda orta d¿zeyde anlamlē korelasyon bulundu 
(r=0,582, p<0,05). 

Sonu­: Sonu­ olarak, t¿m bal ºrnekleri %40'tan 
fazla H. annuus polen i­erir ve ay­i­eĵi balē olarak 
sēnēflandērēlabilir. Ay­i­eĵi balēnēn su i­eriĵi, 
indirgeyici ĸekerler, sakaroz, diastaz, HMF, toplam 
asitlik, elektriksel iletkenlik, prolin ve ºzg¿l rotasyon 
parametreleri uluslararasē yºnetmeliklerle belirlenen 
kalite parametrelerini karĸēlamaktadēr. Bu ­alēĸma, 
Bulgaristan'dan ay­i­eĵi balēnēn karakterizasyonu 
i­in faydalē bilgiler saĵlamaktadēr. 

 

INTRODUCTION 

Blossom honey is a natural substance produced by 
honey bees (Apis mellifera L.) from the nectar of 
plants. Honey is classified as unifloral or polyfloral. 
The unifloral honey is produced by one plant species 
containing predominantly its nectar and pollen. The 
different unifloral honeys show typical 
melissopalynological and physicochemical 
properties. The polyfloral honey is produced from 
nectar and pollen from various plants, none of which 
is predominant. In general, unifloral honeys are 
regarded as more valuable products. They have 
good quality and specific sensorial characteristics. 
Furthermore, market prices of honey are determined 
by its botanical origin. It can be said that monofloral 
honeys are more expensive than mixed polyfloral 
honeys. This is due to their pharmacological and 
organoleptic properties (Silva et al. 2009, Bilandģiĺ 
et al. 2017). Thus, great attention has been paid for 
identification of unifloral honey by researchers (Wen 
et al. 2017). Honey is becoming an effective 
therapeutic agent by practitioners of conventional 
medicine due to its chemical composition. In this 
respect the composition of honey depends on its 
þoral origin (De-Melo et al. 2018, Vald®s-Silverio et 
al. 2018). According to Ahmed et al. (2016) and 
Saxena et al. (2010) honey includes a lot of 
substances. The main constituents of honey are 
carbohydrates and water. Phenolic compounds, 
amino acids, vitamins, minerals and enzymes are 
also presented in honey. 

In Bulgaria there are low levels of local consumption 
of bee honey ï under 200 g on average per capita 
compared to some countries in Western Europe 
(about 1 kg on average per year). Bulgarian 
beekeeping has a traditionally export character. 
According to Agro-statistics of the Ministry of 
agriculture and food the export of Bulgarian honey 
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for the period 2015 ï 2017 increased from 9784 to 
13302 tons per year (Aleksiev 2019). In Bulgaria 
very often the sunflower honey is mixed with 
polyfloral honey and it is sold as polyfloral honey. 

Different uniþoral honey types are produced in 
Europe. In Bulgaria, one of the most important honey 
types are black locust honey (Robinia 
pseudoacacia), lime honey (Tilia spp.), rape honey 
(Brassica spp.), sunflower honey (H. annuus). Some 
honey types such as black locust, lime, rape 
coriander, fennel honey were studied and described 
by Atanassova et al. (2012), Dinkov (2014) while 
data for others such as sunflower honey is 
insufficient. Sunflower is largely cultivated in many 
European countries because it represents to bees 
nectar and pollen (Persano Oddo and Piro 2004). To 
date, several studies have attempted to elucidate the 
sunflower honey produced in Bulgaria (Nikolova et 
al. 2014, Atanassova et al. 2012). The present study 
aims to evaluate physicochemical parameters of 
sunflower honey produced in Bulgaria. The obtained 
results were compared with national (Bulgarian 
State Standard for Bee Honey 3050-80 and 
Bulgarian State Standard 2673-80) and international 
regulations (Council Directive 2001/110 relating to 
honey (2002) and Codex Alimentarius (2001)). 

 

MATERIALS AND METHODS 

In this study, 27 sunflower honey samples were 
obtained mainly from Northwest, North and West 
Bulgaria. The honey samples (about 500 g) were 
kept in glass containers at room temperature. The 
study used representative samples of bee honey 
harvested in beekeeping seasons 2017 and 2018. 
The analyses were performed within one month from 
the date of receiving the samples at the laboratory. 
The pollen analysis was carried out by Bulgarian 
State Standard for Bee Honey 3050-80 and 
Bulgarian State Standard 2673-80. According to 
Bulgarian State Standard for Bee Honey 2673-80 
honey samples with more than 40% H. annuus 
pollen is sunflower honey. The pollen analysis and 
physicochemical analyzes wʝrʝ done ʘt the Central 
Laboratory of Veterinary Control and Ecology, Sofia, 
Bulgaria. 

The physicochemical parameters water content, 
diastase, reducing sugars and sucrose, 
hydroxymethylfurfural, total acidity and electrical 

conductivity, proline content and specific rotation 
were determined according to the European Honey 
Commission recommended methods (Bogdanov et 
al. 1997): 

 -Water content is determined by the 
refractometric method (Abbe refractometer); 

 -Determination of diastase activity is after 
Schade method; 

 -For reducing sugars and sucrose is used 
Fehlingôs reagent; 

 -Hydroxymethylfurfural was determined after 
White (in mg/kg); 

 -Total acidity (meq/kg) by titration with 0.1 N 
sodium hydroxide with phenolphthalein indicator; 

 -Electrical conductivity was measured in 20% 
weight volume in water (the results are expressed in 
mS/cm); 

 -Proline content was determined 
spectrophotometrically. Proline stock solution with 
0.8 mg/mL concentration was prepared. 

Statistical analysis of the results was performed 
using SPSS 20.0 for Windows. Correlations between 
results were made using the Pearsonôs correlation 
coefficient (r), (p<0.05). All results are presented as 
minimal and maximal value, means Ñ standard 
deviation. 

 

RESULTS 

Melissoplaynological analysis is based on the 
identification of pollen by microscopic examination, 
and it needs highly specialized personnel. Another 
limitation of the method is that sometimes the pollen 
grains have similar morphologies and it is difficult to 
be recognized (Bogdanov et al. 2004). In many 
cases the melissoplaynological analysis presents 
the dominant pollen type in the honey. In general, all 
honey samples could be considered as sunflower 
honey according to their pollen content (up to 41% 
H. annuus pollen). According to Bulgarian State 
Standard for Bee Honey 2673-80 honey samples 
with up to 40% pollen samples from H. annuus can 
be classified as sunflower honey. The main species 
are presented in Table 1. The H. annuus pollen 
varies in the ranges 41 ï 80%. 
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Table 1. Pollen analysis of studied honey samples (n=27) 

Honey 
samples 

Main species or family, 
%ÑSD 

1 Asteraceae 80.1Ñ4.2 from them Helianthus annuus ï 72.1Ñ3.4 

2 Asteraceae 40.4Ñ2.1 from them Helianthus annuus ï 43.3Ñ1.7 

3 Asteraceae 84.5Ñ4.4 from them Helianthus annuus ï 71.8Ñ4.3 

4 Asteraceae 52.8Ñ1.2 from them Helianthus annuus ï 41.7Ñ0.5 

5 Asteraceae 63.8Ñ3.3 from them-Helianthus annuus ï 60.7Ñ3.2 

6 Asteraceae 70.3Ñ3.7 from them-Helianthus annuus ï 69.0Ñ3.6 

7 Asteraceae 52.9Ñ2.8 from them Helianthus annuus ï 48.7Ñ2.5 

8 Asteraceae 57.1Ñ3.0 from them Helianthus annuus ï 49.3Ñ2.6 

9 Asteraceae 74.9Ñ3.9 from them Helianthus annuus ï 73.9Ñ3.8 

10 Asteraceae 49.5Ñ2.6 from them Helianthus annuus ï 48.4Ñ2.5 

11 
Asteraceae (Helianthus annuus ï 69.3Ñ4.6); Apiaceae (Coryandrum sativum ï 3.8Ñ0.2); 
Brassicaceae ï2.5Ñ0.2 

12 Asteraceae (Helianthus annuus ï 52.1Ñ4.3); Asteraceae (Cardus nutans ï 8.0Ñ0.4) 

13 
Asteraceae (Helianthus annuus ï 64.7Ñ3.4); Brassicaceae ï 9.0Ñ0.5; Apiaceae (Coryandrum 
sativum ï7.7Ñ0.4) 

14 
Asteraceae (Helianthus annuus ï 62.1Ñ1.3); Apiaceae (Coryandrum sativum ï 4.5Ñ0.2); 
Asteraceae (Cardus nutans ï 4.2Ñ0.2) 

15 Asteraceae (Helianthus annuus ï 62.1Ñ3.3) 

16 Asteraceae (Helianthus annuus ï 49.5Ñ2.5) 

17 Asteraceae (Helianthus annuus ï 63.9Ñ1.3) 

18 Asteraceae (Helianthus annuus ï 50.0Ñ2.5) 

19 Asteraceae (Helianthus annuus ï 74.1Ñ1.7) 

20 Asteraceae (Helianthus annuus ï 52.5Ñ1.8) 

21 Asteraceae (Helianthus annuus ï 57.1Ñ2.3) 

22 Asteraceae (Helianthus annuus ï 70.2Ñ4.1) 

23 Asteraceae (Helianthus annuus ï 66.2Ñ2.0) 
24 Asteraceae (Helianthus annuus ï 71.5Ñ3.6) 

25 Asteraceae (Helianthus annuus ï 55.4Ñ1.7) 

26 Asteraceae (Helianthus annuus ï 57.9Ñ2.0) 

27 Asteraceae (Helianthus annuus ï 72.7Ñ1.4) 

 

Table 2 presents the results of the analysis of the 
honey samples: the average values and standard 
deviation of the physicochemical parameters (water 

content, reducing sugars, sucrose, diastase, HMF, 
total acidity, electrical conductivity). 

 

Table 2. Physicochemical parameters of sunflower honey, n=27 

Parameters Min Max MeanÑSD 

Water content, % 15.60 19.30 17.76Ñ0.96 

Reducing sugars, % 72.50 80.80 76.15Ñ2.60 

Sucrose, % 0.50 3.70 1.72Ñ1.01 

Diastase, Gothe units 9.00 20.80 14.50Ñ3.94 

Hydroxymethylfurfural (HMF), mg/kg 0.69 12.40 2.82Ñ2.65 

Total acidity, meq/kg 17.70 36.00 23.73Ñ7.23 

Electrical conductivity, mS/cm 0.23 0.48 0.32Ñ0.07 
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Taking into consideration that the honey water 
content has to be lower than 20% in general (Council 
Directive 2001/110 relating to honey, 2002 and 
Codex Alimentarius, 2001), the values obtained in 
this study were satisfactory. They ranged from 15.60 
to 19.30%. 

The main reducing sugars in honey are glucose and 
fructose. The results for reducing sugars were 
considered to be sufficient for identification of honey 
quality. The mean value and standard deviation for 
the reducing sugars and sucrose are determined as 
76.15Ñ2.60% and 1.72Ñ1.01%, respectively. The 
results for the minimal and maximal values are 
presented in Table 2. 

According to international regulation (Council 
Directive 2001/110 relating to honey (2002)) 
diastase activity must not be less than 8 Gothe units. 
All results are up to this value. In the present study 
the diastase activity varied by a large range (Table 
2). 

Hydroxymethylfurfural (HMF) was determined as 
2.82 mg/kg on average. The highest value is under 
13 mg/kg. 

The mean total acidity value was below 50 meq/kg 
of honey and satisfied the European regulation for 
this parameter (Council Directive 2001/110 relating 
to honey (2002). The total acidity ranged from 17.70 
to 36.00 meq/kg. 

As expected, sunflower honey had the lower values 
of electrical conductivity (average 0.32 mS/cm). 
Significant moderate correlation between electrical 
conductivity and specific rotation was found 
(r=0.582, p<0.05). 

The measured proline content of sunflower honey is 
shown on Figure 1. In the present study the proline 
content varies in very large ranges 218.50 ï 679.50 
mg/kg. The average values and standard deviation 
are 404.94Ñ144.78 mg/kg. As can be seen from 
Figure 1 most of the samples have proline values up 
to 350 mg/kg. 

 

Figure 1. Box plot diagram of proline content in sunflower 
honey samples. Minimal, maximal and median values are 
presented. 

 

Specific rotation of sunflower honey samples ranged 
from -20.20 to -12.30 [Ŭ]D

20 and mean value Ñ 
standard deviation (-17.23Ñ2.43 [Ŭ]D

20). Sample 14 
(value 22.20) is an outlier. The results are shown on 
Figure 2. 

 
Figure 2. Box plot diagram of specific rotation on 
sunflower honey samples. Minimal, maximal and median 
values are presented 

 

DISCUSSION 

Melissopalinological analysis is very important tool in 
the analysis of honey. Pollen analysis is generally 
used to determine and confirm the botanical origin of 
the honey samples. The H. annuus pollen was 
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predominant in all honey samples, accounting for 
more than 40% pollen grains. Oroian and Ropciuc 
(2017) reported that their samples had around 60% 
of H. annuus pollen. In a recent study, Pauliuc and 
Oroian (2020) presented more than 45% pollen 
grains of H. annuus (ranges 50 ï 92% pollen grains). 

Water is quantitatively one of the most important 
components of honey. This parameter describes 
honey quality. Honeys with high levels of water 
(more than 20% in general) tend to ferment more 
easily. Its content can affect the storage of honey. 
Furthermore, the water content in honey depends on 
beekeeping practices and environmental conditions. 
Also, it can vary from year to year. The average 
value (17.76Ñ0.96%) is in accordance with the 
results of Isopescu et al. (2014) for sunflower honey 
samples. 

The sugar content mainly depends on nectar of the 
flowers used by the bees. Therefore, it varies in the 
different honey type. In this respect, the content of 
some sugars and the ratios between them are used 
to determine honey authenticity (Borr§s et al. 2014). 
Some geographical and climatic conditions can also 
affect sugar composition of honey (MŁrghitaἨ et al. 
2009, Kaskonien¯ et al. 2010). Reducing sugars are 
the most abundant sugars in floral honey samples. 
The sucrose content is under the limits presented by 
Council Directive 2001/110 relating to honey (2002) 
and Codex Alimentarius (2001). GropoĸilŁ-
Constantinescu et al. (2020) presented 74.8% 
reducing sugars for commercial sunflower honey 
samples. This result is very similar to the average 
value in the present study. Sahinler et al. (2009) 
reported higher values for sucrose content in 
sunflower honey (6.46Ñ0.78%) which is higher than 
the maximal value for the Bulgarian sunflower honey 
samples (3.70%). 

Enzyme diastase is derived from the glandular 
secretions of the honey bees. Diastase activity is one 
of the most important quality parameter. Very often 
it is used to determine if honey has been heated 
during storage. Diastase activity loss occurs as 
temperature increases. The average diastase 
activity in this study is comparable to those 
presented by GropoĸilŁ-Constantinescu et al. (2020) 
for sunflower honey (about 12 Gothe units). Juan-
Borr§s et al. (2014) evaluated the influence of the 
country origin on some physicochemical parameters 
including diastase activity. Their results for diastase 
activity in sunflower honey samples from Spain, 
Romania and Czech Republic are very similar to the 

results in the present study. The diastase activity 
varies not only according to its botanical origin and 
country origin but also due to high temperature and 
storage. Eremia et al. (2019) reported large ranges 
for diastase activity (15.02 ï 30.69 Gothe units). 

Hydroxymethylfurfural (HMF) can be found in low 
concentrations in honey. It is produced from fructose 
in the presence of free acids. The production of HMF 
depends on the temperature (Da Silva et al. 2016). 
Thermal treatment of honey can generate toxic 
HMF, thereby resulting in quality reduction. For the 
sunflower honey is typical quick crystallization 
(Persano Oddo and Piro 2004). ʊhis is due to high 
glucose content in this honey type. Glucose may 
crystallize at room temperature. For this reason, 
sometimes the sunflower honey is liquefied at high 
temperature. This over heʘting produces HMF. 
Based on the Codex Alimentarius (2001) and 
Council Directive 2001/110 relating to honey (2002), 
HMF level should not exceed 40 mg/kg. The 
obtained results for HMF are close to those 
previously reported by Sakaļa et al. (2019) and 
Pauliuc and Oroian (2020). The average HMF value 
and standard deviation (1.19Ñ1.12 Gothe units) 
reported by Sakaļa et al. (2019) are consistent with 
our results. Juan-Borr§s et al. (2015) found higher 
HMF values (37.4 mg/kg, 37.9 mg/kg, and 
39.8 mg/kg) in sunflower honey. The authors noted 
that these values are unacceptable for raw honey. 
These outlying values are not frequent. 

Acidity of honey depends on the presence of organic 
acids and inorganic ions. Acid measurement in 
honey evaluates honey fermentation (Belay et al. 
2013). Lower value of acid indicates absence of 
fermentations. The average value of total acidity is 
comparable to this presented by Kivrak et al. (2017) 
for sunflower honey. 

Values for electrical conductivity higher than 0.80 
mS/cm are not typical for nectar honeys according to 
Codex Alimentarius (2001). The obtained minimal 
and maximal values are in agreement with the result 
presented by Persano Oddo and Piro (2004). The 
correlation between electrical conductivity and 
specific rotation was also supported by Belay et al. 
(2013) and Pridal and Vorlova (2002). 

In the present study most of the samples have 
proline values up to 350 mg/kg. These results are 
confirmed by Wen et al. (2017). They received very 
similar data. For example, the range of proline 
content in sunflower honeys is from 214.06 to 601.11 
mg/kg. Czipa et al. (2012) found higher values for 
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proline in sunflower honey. Large proline variation 
for sunflower honeys is typical. Although proline 
content has been considered as a useful parameter 
of honey quality, other parameters can also be used 
for honey quality identification. International 
regulations of honey quality do not present 
information for the proline content in honey. The 
proline content varied in the different honey types 
(Cotte et al. 2004, Keckes et al. 2013, Wen et al. 
2017). 

Specific optical rotation is a parameter which may 
distinguish blossom honeys (negative values) and 
honeydew honeys (positive values), (Persano Oddo 
and Piro 2004). The concentration of various sugars 
are responsible for specific rotation of honey. The 
results obtained indicate that honey samples were 
from blossom honey, rotating negative 
(laevorotatory). Significant moderate correlation 
between electrical conductivity and specific rotation 
was found (r=0.582, p<0.05). 

Conclusion 

All honey samples have more than 40% H. annuus 
pollen and can be classified as sunflower honey. The 
parameters water content, reducing sugars, 
sucrose, diastase, HMF, total acidity, electrical 
conductivity, proline and specific rotation of 
sunflower honey satisfied the quality parameters 
established by international regulations. This study 
provides useful information for characterization of 
sunflower honey from Bulgaria. 
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ABSTRACT 

Paenibacillus larvae (P. larvae) is a pathogenic bacterium causing American Foulbrood Disease (AFB) 
in honeybee larvae. It is necessary to develop alternative strategies for the control of this disease due 
to the serious honeybee colonies loses and the use of antibiotics. Recent studies are aimed at the 
investigating natural fighting agents against P. larvae. In our study, it was aimed to demonstrate 
potential antibacterial efficacy of ethanol extract of Anatolian Propolis (EAP) against P. larvae strains 
PB35 and SV35 which were isolated in Turkey. The total phenolic content (TPC) and flavonoid content 
(TFC) of EEAP were determined as 181.73Ñ5.20 mg Gallic Acid Equivalents (GAE)/g, and 42.33Ñ1.40 mg 
Quercetin Equivalents (QE)/g, respectively. It was found that EAP contains different amounts of ferulic, 
caffeic, coumaric acids, rutin, and caffeic acid phenethyl ester (CAPE). The antibacterial activity of the 
EAP was determined by using agar-well diffusion, microdilution, and Bioscreen C techniques. The 
Minimal Inhibition Concentration (MIC) values of the EAP were determined as 74.87 ɛg/ml against 
strain PB35 and SV35 using both microdilution and Bioscreen C teqnique. In both techniques, Minimal 
Bactericidal Concentration (MBC) values of the EAP were evaluated as 149 and 598.4 ɛg/ml against 
strain PB35 and SV35, respectively. The fact that EAP shows low concentrations of bacteriostatic (MIC) 
and bactericide (MBC) activity values against P. larvae strains, spore-forming bacilli, which are agents 
of AFB disease, suggests that it may be a potential source in AFB disease control. 

Keywords: American Foulbrood, Anatolian Propolis, MBC, MIC, Paenibacillus larvae 

 

¥Z 

Paenibacillus larvae (P. larvae), bal arēsē larvalarēnda Amerikan Yavru ¢¿r¿kl¿ĵ¿ hastalēĵēna (AY¢) 
neden olan patojenik bir bakteridir. P. Larvae tedavisinde kullanēlan antibiyotikler bal arēsē kolonilerinin 
ciddi kaybēna neden olmakta ve bu nedenle antibiyotik kullanēmēna baĵlē olarak bu hastalēĵēn kontrol¿ 
i­in alternatif stratejiler geliĸtirmek gerekmektedir. Son ­alēĸmalar, P. larvaeôya karĸē doĵal m¿cadele 
ajanlarēnē araĸtērmaya yºneliktir. ¢alēĸmamēzda Anadolu propolisi etanolik ekstresinin (EAP) 
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T¿rkiye'de izole edilen P. larvae suĸlarē PB35 ve SV35'e karĸē potansiyel antimikrobiyal etkinliĵinin 
ortaya konmasē ama­lanmēĸtēr. EAP, toplam fenolik madde (TPC), flavonoid madde miktarlarē (TFC) ve 
bazē fenolik bileĸikler a­ēsēndan karakterize edilmiĸtir. Analizlere gºre, EAP'nin total fenolik madde 
miktarē ve flavonoid madde miktarlarē sērasēyla 181,73Ñ5,20 mg Gallik Asit Eĸdeĵeri (GAE)/g TFC olarak 
42,33Ñ1,40 mg Kuersetin Eĸdeĵeri (QE)/g ve farklē miktarlarda ferulik, kafeik, kumarik asitler, rutin ve 
kafeik asit fenetil ester (CAPE) i­erdiĵi bulundu. EAP'nin antimikrobiyal aktivitesi, agar kuyu dif¿zyon, 
mikrodil¿syon ve Bioscreen C teknikleri kullanēlarak belirlendi. EAP'nin Minimal Ķnhibisyon 
Konsantrasyon (MIC) deĵerleri, hem mikrodil¿syon hem de Bioscreen C tekniĵi kullanēlarak PB35 ve 
SV35 suĸuna karĸē 74,87 ɛg/ml olarak belirlendi. Her iki teknikte de PB35 ve SV35 suĸlarēna karĸē 
EAP'nin minimal bakterisidal konsantrasyon (MBC) deĵerleri sērasēyla 149 ve 598,4 ɛg/ml olarak 
belirlendi. 

Anahtar kelimeler: Amerikan Yavru ¢¿r¿kl¿ĵ¿, Anadolu propolisi, MBC, MIC, Paenibacillus larvae 

 

GENIķLETILMIķ ¥ZET 

Ama­: D¿nyanēn bir­ok yerinde koloni kaybēna, 
toplu arē ºl¿mlerine ve bal veriminin d¿ĸmesine 
neden olan ­eĸitli arē hastalēklarē bulunmaktadēr. 
Hastalēklar arasēnda en dikkat ­ekici olanlardan bir 
tanesi de Amerikan Yavru ¢¿r¿kl¿ĵ¿ Hastalēĵēdēr 
(AY¢). Hastalēk larva aĸamasēnda arēnēn orta 
baĵērsak l¿menini etkiler ve yetiĸkin arē hastalēĵēna 
neden olmaz. Paenibacillus sp., gram pozitif, 
fak¿ltatif anaerobik, katalaz negatif. endospor 
oluĸturan bakterilerdir. Paenibacillus larvae 
kolonileri k¿­¿k, d¿zenli, ­oĵunlukla kaba, d¿z veya 
kabarēk ve beyazēmsē ile bej renklidir. Etkilenen 
larvada bir milyonun ¿zerinde spor ¿retebilir ve AY¢ 
oluĸumuna neden olur. Oksitetrasiklin hidroklor¿r 
(OTC) gibi antibiyotiklerin kullanēlmasē, etkilenen 
kolonilerin kaybēnēn ºnlenmesi ve tedavisi i­in 
yaygēn bir stratejidir. Ancak, antibiyotiklerin uzun 
s¿reli kullanēmēnda ­eĸitli sorunlar oluĸabilmektedir. 
Son zamanlarda bazē ¿lkelerde oksitetrasikline 
diren­li P. larvae izolatlarēnēn olduĵu bir­ok 
­alēĸmada gºsterilmiĸtir. Bu nedenle, kovanlarda 
patojenik mikroorganizmalarē kontrol etmek i­in 
propolis gibi doĵal ¿r¿nlerin kullanēmēna artan bir ilgi 
vardēr. Bu ­alēĸmanēn amacē, doĵal bir kovan ¿r¿n¿ 
olan etanolik Anadolu propolis ekstraktēnēn (EAP) P. 
larvae suĸlarē (PB35 ve SV35) ¿zerindeki etkisini in 
vitro belirlemek ve AFB'nin kontrol¿ ve ºnlenmesi 
i­in alternatif bir ¿r¿n olarak etanolik Anadolu 
propolis ekstraktēnēn kullanēlabilirliĵini araĸtērmaktēr. 

Gere­ ve Yºntem: Yapēlan bu ­alēĸmada ham 
propolis D¿zce ¦niversitesi Arēcēlēk Uygulama ve 
Araĸtērma Merkeziônden (DAGEM) 2016 yēlēnda 
temin edildi. Ham propolis donduruldu, ºĵ¿t¿ld¿ ve 
%70ôlik etanol ile ekstrakte edildi. Hazērlanan 
ekstraktēn toplam fenolik madde miktarē Folin-
Ciocalteu metoduna gºre belirlendi. Ayrēca etanolik 

propolis ekstraktēnēn toplam flavonoid madde 
miktarē, antioksidan kapasitesi ve fenolik profili 
belirlendi. P. larvae PB35 ve SV35 suĸlarē morfolojik, 
biyokimyasal ve molek¿ler ºzelliklerine gºre 
tanēmlandē. Daha sonra etanolik Anadolu propolis 
ekstraktēnēn antibakteriyel aktiviteleri, agar-well 
dif¿zyon yºntemi kullanēlarak P. larvae PB35 ve 
SV35 suĸlarēna karĸē test edildi. Minimal inhibisyon 
deriĸimi ve minimal bakteriyosidal deriĸimi tespit 
edildi. Etanolik Anadolu propolis ekstraktēnēn P. 
larvae PB35 ve SV35 pop¿lasyonlarē, gecikme 
fazlarē ve ¿stel fazlar ¿zerindeki etkileri Bioscreen 
kullanēlarak incelendi. 

Bulgular: Yapēlan analizler neticesinde etanolik 
Anadolu propolis ekstraktēnēn total fenolik madde 
miktarēnēn 181,73Ñ5,20 mg GAE/g, total flavonoid 
madde miktarēnēn 42,33Ñ1,40 mg QE/g olduĵu ve 
propolis ekstraktēnēn p-kumarik asit, ferulik asit, 
krisin ve pinocembrin bileĸenleri a­ēsēndan zengin 
olduĵu tespit edildi. Etanolik Anadolu propolisinin P. 
larvaeôye ait iki farklē suĸ ¿zerine de etkili olduĵu 
belirlendi  

Sonu­: Bu ­alēĸmanēn sonu­larē, etanolik Anadolu 
propolis ekstraktēnēn AY¢'yi ortadan kaldērmak i­in 
iyi bir potansiyele sahip olduĵunu ve P. larvae 
tehdidine karĸē doĵal bir ila­ olabileceĵini 
gºstermektedir. Ayrēca spor oluĸturan bir bakteri 
olan P. larvae'nin MBC deĵerlerinin elde edilmesi, 
AY¢ hastalēk kontrol¿nde kullanēm potansiyeline 
sahip olduĵunu gºsteren ºnemli bir sonu­ olarak 
deĵerlendirilmektedir. 

 

INTRODUCTION 

In many parts of the world, there are various bee 
diseases which cause loss of colonies, collective 
bee deaths, and reduced honey yield. One of the 
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most remarkable of among the diseases is the 
American Foulbrood Disease (AFB). This disease in 
many countries "forced notifiable" disease is on the 
list (Genersch 2010). The disease affects the middle 
gut lumen at the larval stage and does not cause 
disease of adult bee. Paenibacillus sp. in the 
Firmicutes Phylum and Bacillales Ordo are gram-
positive, facultative anaerobic, catalase negative 
endospore-forming bacteria. Paenibacillus larvae 
colonies were small, regular, mostly rough, flat or 
raised, and whitish to beige (Ash et al. 1993). It is a 
bacterium that can produce over one million spores 
in effected larva thus AFB occurs. A complete 
solution for the control and protection of the disease 
is not offered because bacterial spores can survive 
for a long time against physical conditions (Hrab§k 
and Mart²nek 2007, Genersch 2010). Using 
antibiotics like oxytetracycline hydrochloride (OTC) 
is a common strategy for the prevention and 
treatment of affected colonies (Hansen and 
Brßdsgaard 1999). However, there may be various 
problems with the extended use of these antibiotics. 
Recently many studies showed to be oxytetracycline 
resistant P. larvae isolates in some countries (USA, 
Canada, and Argentina) (Alippi 2000, Evans 2003).  

Propolis is a natural bee product containing essential 
oils, waxes, phenolic, and flavonoids. Propolis is 
collected by honeybees from tree buds, leaf, and 
other botanical resinous sources for protection of 
hives from a number of threats. Propolis composition 
depends on mainly the botanical origin (Kuropatnicki 
et al. 2013, Baltas et al. 2016). There has been an 
increasing interest in the usage of natural products 
like propolis for controlling the pathogenic 
microorganisms in hives.  

The aim of the study is to determine the effect of 
Ethanol Extract of Anatolian Propolis (EAP) on P. 
larvae strains and is to investigate the availability of 
EAP as an alternative product for the control and 
prevention of AFB. Until now, no one has tested 
Anatolian propolis extract against P. larvae using 
Bioscreen C techniques. All microorganisms 
(bacteria, mold, yeast, etc.) increase the turbidity of 
the liquid growth medium when growing and 
multiplying in it. Bioscreen C monitors this growth by 
measuring the turbidity of the medium in the wells of 
a microplate. These measurements are done 
kinetically and recorded as optical density (OD) 
measurements (Anonymous 2016). In our study, the 
values of propolis extract stopping the development 
of P. larvae were determined by monitoring them 
with Bioscreen C at different concentrations.  

MATERIAL AND METHODS 

Bacteria Strains and Propolis Sample 

Paenibacillus larvae (P. larvae) PB35 and SV35 
strains were obtained from Bee Diseases 
Laboratory, Samsun Veterinary Control Institute. 
The tested Anatolian Propolis sample was obtained 
from D¿zce University Beekeeping Research, 
Development and Application Center (DAGEM) in 
Yēĵēlca areas in Turkey, 2016. Raw propolis sample 
was obtained from directly plastic traps put under 
hive cover. The propolis sample was kept in a deep 
freezer (-20ÁC). 

Identification of P. larvae strains 

P. larvae PB35 and SV35 strains were identified 
according to their morphological, biochemical, and 
molecular characteristics. Properties of colony 
morphologies, Gram staining, endospore staining 
were used for morphological characterization of 
bacterial strains (CLSI 2015). For molecular 
analyses, 16S rRNA gene sequence was performed 
previously described by Sevim et al. (2017). The 16S 
rRNA sequences for P. larvae isolates were 
deposited in GenBank (NCBI, Bethesda, MD, USA) 
under accession numbers MW227606 (PB35) and 
MW227607 (SV35).  

Extraction of Anatolian Propolis 

Frozen raw propolis sample was grinded, and 5 g of 
powdered raw sample was dissolved in 50 mL 70% 
ethanol in a glass flask (500 mL), stirred on a shaker 
(Heidolph Promax 2020, Schwabach, Germany) at 
room temperature for 48 hours and after filtration, the 
extract was evaporated with a Rotary evaporator at 
400C (HEIDOLPH Hei-VAP Value Digital G3) and 
stored at -20ÁC (Aliyazēcēoglu et al., 2013, Keskin et 
al. 2020). 

Determination of Total Phenolic and Flavonoid 
Content  

Total phenolic content of the Anatolian propolis was 
carried out according to Folin-Ciocalteu method 
(Singleton et al. 1999). The results were expressed 
as mg of gallic acid equivalents per g sample. Total 
flavonoid was measured by spectrometric assay 
(Fukumoto and Mazza 2000). The result was 
expressed as mg of quercetin equivalents (QE) per 
g sample. 
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Determination of Ferric Reducing Power 
Antioxidant Activity 

The FRAP method is the most commonly used 
method for determining the antioxidant capacity of 
natural products, and it is a method based on the 
reduction of iron(III) ion in the Fe(III)-TPTZ complex 
by antioxidants (Benzie and Strain, 1996). Fe(III), 
which is reduced by the antioxidant substances in 
the solution, gives absorbtion at 593 nm. Results for 
FRAP activity were expressed as ÕmoL 
Fe2SO4.7H2O/g. 

Analyses of Phenolic Compounds in HPLC-UV 

Phenolic compounds of the propolis were analyzed 
according to method described by Can et al. (2015). 
C18 analytical column C (150 mm x 4.6 mm, 5 ɛm; 
Fortis) was used by gradient elution (Can et al. 
2015). 2 % acetic acid in water (A) and acetonitrile: 
water (70:30) (B) were utilized as mobile phase for 

elution. 25 mL samples were injected at 30ÁC and 
flow rate at 0.75 ml/min. Caffeic acid phenethyl ester 
(CAPE) compound was carried out the same colon 
with different analyses conditions (Can et al. 2015). 
A 0.1% formic acid in water and B 0.1% formic acid 
in acetonitrile and was monitored at 270 nm at 30ÁC. 

Determination of Antibacterial Activity 

Antibacterial activities of EAP were tested against P. 
larvae PB35 and SV35 strains using the agar-well 
diffusion method. PB35 and SV35 strains were 
suspended in 3 mL of MYPG broth. These bacterial 
suspensions were diluted to 106 cfu/ ml and then 
were plated on the surface of MYPG agars. Wells of 
5 mm in diameter were cut from the dried agar using 
a sterile cork-borer. Each well was filled with 50 ɛL 
of EAP and the plates were incubated at 37ÁC for 48 
h. Antibacterial activity was evaluated by calculating 
the clear zone of inhibition. Ampicillin (10 ɛg) was 
used as a control antibacterial agent. As a solvent 
control, 1/2 dilution of analytical grade ethanol was 
used (Sevim et al. 2017). 

Determination of Minimal Inhibition 
Concentrations Value (MICS) 

MICs values were determined by microdilution 
technique (CLSI, 2015). The microdilution technique 
was performed in microtiter plates in MYPG broth. 
Ethanolic propolis extract was serially diluted in plate 
wells with MYPG broth. In fresh cultures of 
Paenibacillus larvae PB35 and SV35 strains, 0.5 
McFarland turbidity suspensions were prepared. 

Approximately 10 microliters of culture were added 
to each well containing serially diluted propolis 
extracts and incubated at 37ÁC for 48 h in order to 
determined MIC values. The MIC values were 
defined as the lowest concentration that showed no 
growth. Ampicillin (10 ɛg/ mL) was used as a 
standard antibacterial agent. MYGB medium was 
used as negative control.  

Determination of Minimal Bacterisidal 
Concentration (MBC) 

The minimum bactericidal concentration (MBC) is 
the least concentration of antimicrobial agent 
required to kill microorganisms (Andrews 2001). The 
MBC was determined for ethanol extracts of 
Anatolian propolis. After MIC and Bioscreen C 
determination of the EAP tested, an aliquot of 10 ɛl 
from all wells in which showed no bacterial growth 
was plated onto MYPG Agar plates without EAP. 
The plates were then incubated for 2 days at 37ÁC. 
The MBC value was determined as the lowest EAP 
concentration without growth on MYPG Agar plates 
(Andrews 2001). 

Bioscreen C techniques 

The effects of EAP on the P. larvae PB35 and SV35 
populations, lag phases and exponential phases 
were studied by using Bioscreen C (Labsystems, 
Helsinki, Finland) incubator. Triplicates of 360 ÕL 
MYPG broth including serial dilution (1/2) 
concentration of EAP and 40 ÕL 106 cfu/ ml bacterial 
concentrations were added in the wells of the 
Bioscreen plate. Plates were then placed on 
Bioscreen C incubator and then incubated at 37ÁC. 
The optical density of the cell suspensions at 600 nm 
was monitored automatically in regular intervals of 
30 min for 20 hours.  Plates were shaken for 20 
seconds before each measurement. The control 
wells contained the tested culture medium without 
EAP. The data were analyzed using the Excel 
software in Office 365 and by calculating the 
averages of three copies for each culture media 
type. 

 

RESULTS  

The PB35 and SV35 were isolated from the flower 
honey in the hives showing disease and 
honeycombs showing illness symptom, respectively. 
The strains were identified as P. larvae according to 
properties of morphological, biochemical, and 
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molecular. The PB35 strain has a cream 
appearance, rough colony morphology, and terminal 
spore. The PB35 strain was negative with respect to 
catalase production, Voges-Proskauer, citrate, and 
starch hydrolysis test. The PB35 strain was able to 
metabolize maltose. The SV35 strain has 
transparent appearance, rough colony morphology 
and terminal spore. All biochemical test of the SV35 
strain that was only able to metabolize glucose was 
negative. Two strains PB35 and SV35 have penicillin 
and ampicillin resistance. While the strains PB35 
was resistant to chloramphenicol, the strains SV35 

was resistant to tetracycline and norfloxacin. The 
partial sequences of the 16S rRNA gene were used 
for further characterization of the bacterial isolates. 
The obtained sequences were used for a Blast 
search in the NCBI database and phylogenetic 
analysis. Using 16S rRNA gene sequences, 
dendrogram was constructed and 2 isolates were 
identified as P. larvae (Figure. 1). Results obtained 
for the amount of total phenolic content and phenolic 
composition of propolis sample were summarized in 
Table 1. Effect of EAP on vegetative growth of PB35 
and SV35 were given in Figure. 2 and Figure. 3. 

 

Table 1. Characteristic properties of the Anatolian propolis.  

Tablo 1. Anadolu propolisinin karakteristik ºzellikleri 

Total phenolic content (mg GAE/ g) мумΦтоҕрΦнл 

Total flavanoid (mgQE/ g) пнΦооҕмΦпл 

Total antioxƛŘŀƴǘ ŎŀǇŀŎƛǘȅ όCw!tύ ҡƳƻ[ CŜ2SO4.7H2O/  g сулΦтлҕсΦул 

Phenolic Composition (HPLC-UV analyses) (mg/ 100g) 

P
h

e
n

o
lic

 a
ci

d
s 

Gallic acid - 

Protocatechuic acid 0.55 

p-OH benzoic acid 6.0 

Caffeic Acid 210 

Syringic Acid - 

p-coumaric acid 124.0 

Ferulic acid 42.5 

t-cinnamic acid 1.68 

F
la

vo
n

o
id

s 

Catechin - 

Rutin 58 

Epicatechin 6.40 

Resveratrol - 

Daidzein 1.02 

Luteolin 7.40 

Myricetin - 

Hesperetin 4.20 

Chrysin 46.80 

Pinocembrin 50.04 

Caffeic acid phenethyl ester (CAPE) 8.12 
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Figure 1. Phylogenetic analysis of the P. larvae PB35 and SV35 based on partial sequencing of the 16S rRNA gene. 
Neighborjoining analysis with p-distance method was used to construct the dendrogram. Bootstrap values shown next to 
nodes are based on 1000 replicates. P. larvae isolates are indicated with black squares. The scale on the bottom of the 
dendrogram shows the degree of dissimilarity. Bacillus subtilis RSA-5 was used as out group.  

ķekil 1. 16S rRNA geninin kēsmi dizilimine dayalē olarak P. larva PB35 ve SV35'in filogenetik analizi. Dendrogramē 
oluĸturmak i­in p-mesafe yºntemiyle komĸuluk analizi kullanēldē. D¿ĵ¿mlerin yanēnda gºsterilen ºny¿kleme deĵerleri, 1000 
kopyayē temel alēr. P. larva izolatlarē siyah karelerle gºsterilmiĸtir. Dendrogramēn altēndaki ºl­ek, farklēlēĵēn derecesini 
gºsterir. Dēĸ grup olarak Bacillus subtilis RSA-5 kullanēldē. 

 

Figure 2. Effect of EAP on vegetative growth of SV35 

ķekil 2. EAP'nin SV35'in vejetatif b¿y¿mesi ¿zerindeki etkisi 
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Figure 3. Effect of EAP on vegetative growth of PB35 

ķekil 3. EAP'nin PB35'in vejetatif b¿y¿mesi ¿zerindeki etkisi 

 

DISCUSSION 

P. larvae are a major threat to hives. The infection of 
P. larvae cause a collapse in honeybee colonies. To 
protect the hives, it has been required effective 
antibacterial agents that do not leave residues in the 
bee products. For this reason, we tried to use 
Anatolian propolis as an antibacterial and 
prophylactic agent against P. larvae strains in this 
study. 

P. larvae, caused AFB, is a serious problem in 
beekeeping worldwide and highly infectious. The 
spores of the pathogen are resistant to 
environmental conditions thus controlling the 
disease is more difficult. Adult worker bees, 
beekeeping equipment and products that are 
infected with P. larvae spores cause the spread of 
the disease within and among colonies. As a result, 
beekeepers often burn infected colonies to eliminate 
the source of infection (Bastos et al. 2008, Sevim et 
al. 2017). For beekeeping, the use of antibiotics is an 
alternative way to protect from AFB. Many antibiotics 
such as tetracycline derivatives (oxytetracycline and 
chlortetracycline), streptomycin, sulfonamides, 
tylosin, erythromycin, chloramphenicol, and 
lincomycin have been used to date.  However, using 
them insensibly has led to both the accumulation of 
antibiotic residues in honey and in other hive 
products and to antibiotic resistant in strains of P. 
larvae. Therefore, the development of different 
methods such as the use of natural products to 

control AFB disease is crucial (Pellegrini et al. 2017, 
Sevim et al. 2017). It is known that propolis is a 
multifunctional honeybee product. Propolis extract 
has been identified as a natural alternative for 
controlling AFB (Antunez et al. 2008, Bastos et al. 
2008). The inhibitory effect of propolis extract 
against P. larvae was attributed to the synergy 
between flavonoids and phenolic acids of propolis 
(Mihai et al. 2012). The higher phenolic contents 
have the higher biological active properties, as well 
as antimicrobial activity (Can et al. 2015, El Adaouia 
et al., 2020). When compared our result with 
different regions on propolis, Yēĵēlca propolis 
contained a higher amount of total phenolic 
compounds than many samples (Bankova et al. 
1995, Cabral et al. 2012, Rebiai 2015).  Flavanoids 
have high pharmaceutical properties such as 
antioxidant, anti-inflammatory, and antimicrobial 
effects (Bankova et al. 1995, Salom«o et al. 2004). 
In a study it has been reported there is a relationship 
between antimicrobial, bacteriostatic activities and 
phenolics of propolis (Baltas et al. 2016). The last 
studies have demonstrated that the inhibitory effect 
of propolis on bacteria depends on the synergism of 
many compounds in propolis. Mirzoeva et al. (1997) 
investigated the antibacterial activity of propolis 
ethanol extract. They concluded that this activity is 
highly related to the composition and concentration 
of propolis active compounds. Phenolic and 
flavonoid components of propolis were found to 
inhibit bacterial motility. It has been claimed that the 
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antibacterial activity of propolis extracts is related to 
the chemical composition of flavonoids (Sforcin 
2007). It has been reported that the interaction 
between the two major groups (flavones/flavonols 
and flavanones/dihydroflavonols) was particularly 
important in inhibiting growth of honeybee 
pathogens such as P. larvae by Mihai et al. (2012). 
The antimicrobial effect of propolis extracts with 
different floral origins was tested against P. larvae 
strains isolated in Brazil. It has been reported that 
the antimicrobial activity of propolis has a minimum 
zone diameter of 20-12 mm and minimal inhibitory 
concentration of 1.7 and 0.12 mg/mL (Bastos et al. 
2008). In another study performed by Isidorov et al. 
(2017), the antimicrobial activity of propolis samples 
(poplar, birch, and wire poplar) collected in the 
European climate zone was tested against the P. 
larvae and their antimicrobial activity was compared. 
The researchers declared that not only phenolic 
compounds but also some other compound classes 
like phenylpropanoids, hydroxycinnamyl 
sesquiterpenols, glycerides, and benzoates had an 
effect against the AFB. 

Due to the evolution of resistance against antibiotics 
used in the treatment of AFB, this research is a 
significant first step in the identification of possible 
new active compounds within Anatolian propolis in 
the treatment of AFB in honey bee colonies. In case 
of success, this alternative application for the 
treatment of AFB does not leave any residue in 
pollen, honey, or wax (Bogdanov 2006, Lopez et al. 
2007). The Anatolian propolis seems to be one of the 
best candidates for AFB treatment because of non 
residue, non toxic, and a natural bee product.  

In our study, it is thought that it is important to 
determine the values of propolis extract that stop the 
development of P. larvae PB35 and SV35 strains by 
monitoring them with bioscreen C at different 
concentrations. It is thought that the spore-forming 
bacteria that cause this and similar diseases will 
make important contributions in determining the 
possible doses that can be used to prevent the 
transition from environmental sources to the hive 
and to the larvae. It is known that probably bees also 
need propolis production in order to protect them 
from P. larvae and similar pathogens. Honeybees 
collect resins with antimicrobial properties from 
various plant species, mix them with varying 
amounts of beeswax, and bring them back to their 
colony as propolis.  The collection of antimicrobial 
compounds from the environment and their 

incorporation into social nest architecture as propolis 
is reported to be an effective but relatively 
undiscovered colony-level defense against 
pathogens (Banskota et al. 2001).  

Conclusion 

In conclusion, the results of this study showed that 
EAP is rich in ferulic, caffeic, coumaric acids, rutin, 
and caffeic acid phenethyl ester (CAPE). It has a 
good potential to eliminate AFB by its compounds 
and could be a natural drug against the threat of P. 
larvae. In addition, obtaining MBC values of P. 
larvae, a spore-forming bacterium, was evaluated as 
an important result showing that it has a potential for 
use for AFB disease control. 
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ABSTRACT 

Bee products have gained popularity in recent years as food, dietary supplements and adjuvant 
products due to their extraordinary health properties. Globally, bee pollen is the second most 
consumed product after honey, has a special importance as a male reproductive unit of flowers, as 
well as a rich nutrient material, as it contains the oral secretions of the honeybee. In this study, 
palynological identification of bee pollen collected from apiaries from different regions was made. The 
bee pollen content was found to be consisting of dry matter between 71.47-81.38%, protein between 
17.5-26.0%, fat 5.84-10.95%, and ash content 2.02-2.44%. Moreover, the most common mineral 
elements in pollen were calcium, potassium, magnesium, silicium, sodium and iron. Besides, heavy 
metals such as arsenic, cadmium and lead have been detected in bee pollen samples that is a result 
of the increased environmental pollution and have negative effects on health. Therefore, in bee pollen 
production, identification, determination of nutritional quality and standardization of pollen are very 
important for producers and consumers. 

Keywords: Bee pollen, palynological analysis, protein and mineral content chemical composition  

 

¥Z 

Arē ¿r¿nleri saĵlēk a­ēsēndan olaĵan¿st¿ ºzellikleri nedeniyle son yēllarda gēda, gēda takviyesi ve 
destekleyici ¿r¿nler olarak ilgi gºrmektedir. D¿nyada baldan sonra t¿ketimi hēzla artan arē poleni, 
­i­eklerin erkek ¿reme birimi olarak zengin bir besin maddesi yanēnda, bal arēsēnēn aĵēz salgēlarē 
i­ermesiyle ayrē bir ºneme sahiptir. Bu ­alēĸmada farklē bºlgelerdeki arēlēklardan toplanan arē 
polenlerinin olarak palinolojik tanēmlamasē yapēlmēĸtēr. Polen i­eriĵinin belirlenmesine yºnelik yapēlan 
analizlerde kuru madde %71,47-81,38 aralēĵēnda, protein %17,5-26,0 aralēĵēnda, yaĵ %5,84-10,95 ve k¿l 
miktarē ise %2,02-2,44 arasēnda bulunmuĸtur. Mineral madde kompozisyonuna bakēldēĵēnda en ­ok 
bulunanlar; kalsiyum, potasyum, magnezyum, silisyum, sodyum ve demir elementidir. ¢evre 
kirliliĵinin artmasēnēn bir sonucu olan ve saĵlēk ¿zerine olumsuz etkileri bulunan aĵēr metallerden 
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arsenik, kadmiyum ve kurĸun arē poleni ºrneklerinde tespit edilmiĸtir. Polen ¿retiminde ºzellikle ticari 
olarak satēĸē yapēlan polenlerin tanēmlanmasē, besinsel kalitesinin belirlenmesi ve standardizasyonu 
¿retici ve t¿ketici a­ēsēndan olduk­a ºnemlidir. 

Anahtar Kelimeler: Arē poleni, palinolojik analiz, protein, mineral madde 

 

GENĶķLETĶLMĶķ ¥ZET 

Ama­: T¿rkiye koloni varlēĵē ve ¿rettiĵi bal ile 
d¿nyanēn ºnde gelen ¿lkelerinden biridir. Bal ¿retimi 
haricinde ¿retimi yaygēnlaĸan ikinci bir ¿r¿n de arē 
polenidir. Arē ¿r¿nlerinin doĵal ¿r¿n olmasē ve 
t¿keticilerin saĵlēklē beslenme i­in bu ¿r¿nlere karĸē 
olan talebi her g¿n artmaktadēr. Bulunduĵu topraklar 
ve sahip olduĵu iklimler nedeniyle bitki ­eĸitliliĵi 
yºn¿nden zengin olan T¿rkiye, arē poleni ¿retiminin 
­eĸitlendirerek t¿keticiye alternatifler sunmasē 
gerekmektedir. Bu ­alēĸmada ºzellikle arēcēlēk ¿retimi 
a­ēsēndan ºnemli bitkilerden elde edilen arē 
polenlerinin kimyasal ve mineral madde ºzelliklerinin 
ortaya konulmasē ama­lanmēĸtēr.  

Gere­-Yºntem: ¥rnekler Ķzmir, Balēkesir ve Afyon 
illerinden haftalēk olarak Langstroth tip ­ekmeceli 
kovanlardan alēnmēĸ ve analizleri yapēlēncaya kadar 
-20ÁCôde muhafaza edilmiĸtir. ¥rneklerin palinolojik 
inceleme ve tayinleri Bilisik v.d. (2008) metoduna 
gºre ēĸēk mikroskobu ile yapēlmēĸtēr. Polen 
ºrneklerinde (%) kuru madde, k¿l miktarē, protein ve 
yaĵ tayini yapēlmēĸtēr (AOAC 2000, Almeida-
Muradian v.d., 2005, Commission 2009). Son olarak 
mineral madde analizi (NMKL-186, 2007) yapēlarak 
arē poleni ºrneklerinin analiz sonu­larē 
deĵerlendirilmiĸtir. Ķstatistiksel analizler JMP Pro 13 
(SAS) programē kullanēlarak tekrarlē ANOVA 
yºntemiyle yapēlmēĸtēr.   

Bulgular: Polen ºrneklerinde kuru madde %71,47-
81,38, protein %17,50-26,00, yaĵ %5,84-10,95 
arasēnda ve k¿l miktarē %2,02-2,44 arasēnda tespit 
edilmiĸtir. Polen ºrneklerinde en ­ok bulunan 
mineraller potasyum, kalsiyum, magnezyum, 
silisyum, demir ve sodyumdur. Scabiosa L. ve Salix 
L. polenlerinin magnezyum yºn¿nden, Castanea 
sativa Mill. polenlerinin ise demir, manganez ve 
sodyum minerali yºn¿nden zengin olduĵu 
belirlenmiĸtir. Ayrēca arē poleni ºrneklerinde aĵēr 
metallerden arsenik, kurĸun ve kadmiyum 
elementleri tespit edilmiĸtir. En ­ok arsenik ve 
kurĸun aĵēr metalleri Scabiosa L. poleninde tespit 
edilmiĸtir. 

Sonu­: Polen ºrneklerinin kimyasal analiz sonu­larē 
daha ºnceki yapēlmēĸ ­alēĸmalar ile uyumlu 
gºz¿kmektedir. T¿rkiye'de ¿retilen arē polenleri 
ºzellikle Ca, K, Mg, Fe, Si ve eser elementleri 
a­ēsēndan iyi bir mineral kaynaĵē olarak 
deĵerlendirilebilir. En ºnemli konu artan ­evre 
kirliliĵine karĸē polende oluĸabilecek saĵlēk risklerinin 
(aĵēr metal gibi) tespit edilmesine yºneliktir. Arē 
poleninin riskli gruplar (yaĸlēlar, hamileler, hastalar) 
tarafēndan t¿ketilebileceĵi d¿ĸ¿n¿ld¿ĵ¿nde, hem 
¿reticilerin hem de t¿keticilerin ortaya ­ēkabilecek bu 
soruna karĸē dikkatli olmalarē gerekmektedir. Arē 
poleni hakkēnda bilimsel ­alēĸmalar yapēldēk­a polen 
kullanēmēnēn saĵlēk i­in ºnemi artmaktadēr.  

¥zellikle ticari bir ¿r¿n olan arē poleninin piyasada 
doĵru tanētēlmasē ºnemlidir. Bu nedenle ticari 
firmalarēn b¿y¿k ­aplē polen stoklarēnēn palinolojik 
analizinin yapēlmasē ve kalitelerinin ortaya konulmasē 
¿retici ve t¿ketici i­in olduk­a ºnemlidir.  

 

INTRODUCTION 

Proteins, sugars, lipids, amino acids, vitamins and 
mineral elements are the main components in bee 
pollen (BP) (Szczňsna 2007a, Hassan 2011, Liolios 
et al. 2016, Vel§squez et al. 2017, Lilek et al. 2021). 
BP is important for human health and nutrition. The 
chemical components of BP differ based on plant 
species. There is a correlation between chemical 
composition and botanical origin of the pollen (Taha 
2015). BP consists of 20.0-30.4% protein, 2.8-50.2 
mg/kg carotenoids and 22.8-918.4 mg/kg phenolic 
components (Vel§squez et al. 2017). BP has high 
sugar and protein content and relatively low lipid 
content. Furthermore, pollen is a rich source of 
vitamins and other bioactive compounds. It was 
reported that 8 important minerals (calcium, iron, 
copper, chromium, manganese, molybdenum, 
phosphorus, and zinc) were found and six of them 
were high enough to meet dietary requirements 
(Sattler et al. 2016, MŁrgŁoan et al. 2014). Most of 
the daily consumption requirements of these 
minerals can be met with the consumption of 20-30 
g of pollen (Ialomiteanu 1978). According to a 
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systematic review of more than 100 studies, BP 
consists of an average of 54.22% (18.50ï84.25%) 
carbohydrates, 21.30% (4.50ï40.70%) protein, 
5.31% (0.41ï13.50%) lipids, 8.75% (0.15ï 31.26%) 
fiber, and 2.91% (0.50ï7.75%) ash. Besides, the 
presence of mineral content in BP was reported as: 
4951.61 mg/kg (3.06ï13366.60 mg/kg) potassium, 
4157.86 mg/kg (234.40ï9587.00 mg/kg) 
phosphorus, 1751.22 mg/kg (1.09 ï5752.19 mg) /kg) 
calcium, 1246.99 mg/kg (44.00ï4680.53 mg/kg) 
magnesium, 46.97 mg/kg (0.10ï105.80 mg/kg) zinc, 
and 197.41 mg/kg (2.60ï1180.00 mg/kg) iron 
(Thakur and Nanda 2020). 

BP consumption has increased in recent years, 
particularly due to its nutritional value and 
therapeutic applications. Quantification of mineral 
components is of great importance to evaluate both 
toxicity and beneficial effects of essential elements 
(Costa et al. 2019). It shows that bee products 
contain essential macro elements (K, P and S) and 
micro elements (Zn and Fe) in concentrations 
depending on the bee product type. However, the 
presence of toxic heavy metals makes it necessary 
to investigate the quality of bee products before 
using them as nutritional supplements. Since bee 
products are quite heterogeneous, they also differ in 
element content depending on environmental 
factors. Therefore, it is necessary to develop 
standards that regulate acceptable inorganic 
pollutant levels. Moreover, since bees and their 
products are considered an effective biological 
monitoring tool, analysis results can reflect the state 
of the environment that affects the health and well-
being of both humans and bees (Matuszewska et al. 
2021). In the present study, mineral content, protein, 
fat, dry matter, and ash content in some monofloral 
BP and mixed BP produced in Turkey were 
investigated. 

 

MATERIALS AND METHODS 

The 7 different BP samples were collected between 
April and July 2020. Samples 3 and 4 were taken 
from Izmir, sample 2 was taken from Balikesir and 
the other samples (1,5,6,7) were taken from Afyon. 
All pollen samples were harvested weekly from 
Langstroth type drawer hives under similar 
conditions and stored at -20ÁC until analysis. 

Palynological Identification of Pollen Samples 

To determine the plant sources used by honeybees 
in the region, fresh pollen granules were prepared as 

specimens by separating them according to their 
colors (Wodehouse 1935). Palynological 
identifications were made using a light microscope 
(Olympus BX41) and the percentages of pollen 
belonging to each taxon in each sample were 
determined (Almeida-Muradian et al. 2005, Bilisik et 
al. 2008, MŁrgŁoan et al. 2013). 

Chemical Analysis of Pollens 

Moisture Analysis: Moisture content of pollen 
samples was determined by Radwag 50/NH 

moisture analyzer (103ÁC, 3-4 hour) by drying the 
samples until they reached a constant weight 
(Commission 2009). 

Ash Analysis: Pollen samples were weighed into 
porcelain crucibles (2 g) and burned in a muffle 
furnace at 600ÜC until no black spots remained in the 
sample. Then, after cooling in the desiccator, 
weighing was made and the results were calculated 
as % (AOAC 2000). 

Protein Assay: The amount of protein was 
determined according to the Dumas method. Leco 
FP-528 nitrogen/protein analyzer is used to 
determine the protein amount of the samples (AOAC 
2000). Pollen samples were burned in the protein 
analyzer. The amount of nitrogen obtained as a 
result of combustion was multiplied by 5.60 and the 
amount of protein was calculated (Rabie et al. 1983, 
Sorkun et al. 2010; ¢akēcē et al. 2018). 

Fat Assay: The amount of fat was determined using 
diethyl ether with the Soxhlet extraction method in a 
semi-continuous solvent extraction system 
(Almeida-Muradian et al. 2005). The results were 
calculated as % of weight loss (Yetim and Keskin 
2008). 

Mineral analysis: Pollen samples were burned in a 
microwave system at 200 ÜC with nitric acid and 
hydrogen peroxide. Then, the minerals were 
determined with the ICP-MS device (NMKL-186 
2007). 

Statistical Analysis 

Statistical analyzes were performed in JMP Pro 13 
(SAS) software using the repeated ANOVA method. 
Chemical analysis of the samples was done in 
duplicate, and mineral analyzes were performed in 
triplicate. Results were expressed as mean Ñ 
standard deviation. The heatmap and principal 
components plots were prepared using the Clustvis 
webtool (https://biit.cs.ut.ee/clustvis/). 
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RESULTS 

From the total samples used in the study, one of the 
pollen types was found to be more than 90%. Thus, 
sample 1 was found to be predominat in Salix 
(94.17%), sample 2 in Castanea sativa (99.50%) 
and sample 3 in Scabiosa pollen (99.40%). In 
addition to these samples, which can be considered 

monotypic, no dominant pollen was observed in 
other samples, and they were accepted as polytypic. 
Majority of the pollen was represented by 
Brassicaceae (38.10%) and Echium sp. (34.01%) in 
the 4th sample, while Brassicaceae (32.69%) and 
Apiaceae (30.77%) families in the 5th sample Salix 
(51.33%) and Rosaceae (30.51%) in the 6th sample, 
and Papaver (44.50%) in the 7th sample (Table 1).  

 

Table 1. Percentage of pollen types represented in studied pollen pellets. 

¢izelge 1. Polen ºrneklerini temsil eden polen t¿rleri (%) 

Taxa / Sample 1 2 3 4 5 6 7 

Acer      10,90  

Apiaceae     30,77  9,09 

Asteraceae       1,21 

Brassicaceae 0,82   38,10 32,69  5,45 

Castanea sativa  99,5      

Centaurea  0  3,40    

Cistus  0,5  2,72 6,73  9,09 

Echium    34,01   1,82 

Eucalyptus    9,52   7,88 

Fabaceae     0,96   

Juglans      3,63  

Lamiaceae    1,36 2,88   

Onobrychis     0,96  1,82 

Papaver    2,04 16,35  44,85 

Plantago     0,96   

Poaceae     4,81   

Portulaca   0,60     

Ranunculaceae      2,18  

Roemeria     1,92  3,64 

Rosaceae 5,01   4,76  30,51 15,15 

Salix 94,17     51,33  

Sarco/Poterium     0,96   

Scabiosa   99,40     

Symphytum      1,45  

Trifolium    4,08    

 

In this study, dry matter was between 71.47-81.38%, 
protein 17.5-26.0%, fat 5.8-10.95% and ash content 
between 2-2.44% (Table 2). Chestnut pollen was the 

monofloral pollen with the highest protein content 
(23.5%). It can be said that the fat composition of 
mixed pollen is higher than monofloral pollen. 
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Table 2. Chemical analysis pollen samples (%)  

¢izelge 2. ¢alēĸēlan ºrneklerin kimyasal analiz ortalama ve standart sapma sonu­larē (%) 

Sample Dry matter Protein Fat Ash 

1 71.470Ñ0.028  19.000Ñ1.414  5.847Ñ0.953  2.163Ñ0.185  

2 78.480Ñ0.212  23.500Ñ0.707  8.596Ñ1.063  2.209Ñ0.004  

3 79.480Ñ0.000  18.500Ñ0.707  6.420Ñ0.364  2.287Ñ0.022  

4 76.595Ñ0.162  20.500Ñ0.707  10.148Ñ0.062 2.448Ñ0.112  

5 72.685Ñ0.063  17.500Ñ0.707  7.486Ñ0.487  2.025Ñ0.134  

6 81.380Ñ0.430  17.500Ñ0.707  10.951Ñ1.330 2.287Ñ0.358  

7 73.065Ñ0.374  26.000Ñ0.000  7.937Ñ0.929  2.129Ñ0.038  

mean Ñ standard deviation 

 

The most abundant minerals in the pollen samples 
in our study are potassium, calcium, magnesium, 
silicium, iron and sodium (Table 3). It was 

determined that Scabiosa and Salix pollen were rich 
in magnesium, while Castanea sativa pollen was rich 
in iron, manganese and sodium elements (Table 3). 

 

Table 3. Mineral content profile of honeybee pollen pellets (mg/kg) 

¢izelge 3. Bal Arēsē Polenlerinin Mineral Madde Profili (mg/kg) 

 
Mineral composition 

Pollen samples 

1 2 3  

Calcium (Ca) 413.871 Ñ 3.725 363.390 Ñ 7.926 358.020 Ñ 10.382 

Potassium (K) 4470.637 Ñ 40.075 4644.076 Ñ 0.0 4751.461 Ñ 86.225 

Magnesium(Mg) 910.500 Ñ 21.642 440.501 Ñ 16.346 990.769 Ñ 8.459 

Sodium (Na) 17.435 Ñ 0.571 41.017 Ñ 1.179 23.432 Ñ 0.396 

Boron (B) 9.141 Ñ 0.176 8.359 Ñ 0.176 18.909 Ñ 0.418 

Iron (Fe) 50.877 Ñ 17.234 74.818 Ñ 1.918 55.843 Ñ 2.484 

Aluminium(Al) 32.490 Ñ 1.395 48.425 Ñ 2.111 79.690 Ñ 0.709 

Silicium (Si) 288.192 Ñ 11.987 388.754 Ñ 13.186 501.398 Ñ 23.981 

Vanadium (V) 0.136 Ñ 0.054 0.329 Ñ 0.024 0.664 Ñ 0.093 

Chrome (Cr) 1.049 Ñ 0.048 1.553 Ñ 0.070 2.360 Ñ 0.103 

Manganese (Mn) 19.568 Ñ 0.812 79.122 Ñ 5.693 8.883 Ñ 0.029 

Cobalt (Co) 0.160 Ñ 0.077 0.279 Ñ 0.074 0.300 Ñ 0.074 

Nickel (Ni) 0.184 Ñ 0.059 4.277 Ñ 0.115 1.560 Ñ 0.060 

Copper (Cu) 5.698 Ñ 0.070 8.943 Ñ 0.409 10.416 Ñ 0.139 

Zinc (Zn) 23.882 Ñ 0.603 31.260 Ñ 1.098 20.236 Ñ 1.041 

Selenium (Se) 0.019 Ñ 0.030 0.021 Ñ 0.029 0.033 Ñ 0.025 

Strontium (Sr) 2.670 Ñ 0.054 0.475 Ñ 0.014 0.646 Ñ 0.271 

Molybdenum (Mo) 0.085 Ñ 0.034 0.077 Ñ 0.082 0.125 Ñ 0.030 

Silver (Ag) 0.038 Ñ 0.007 0.019 Ñ 0.002 0.043 Ñ 0.003 

Thallium (Tl) 0.003 Ñ 0.000 0.016 Ñ 0.000 0.014 Ñ 0.000 

Antimony (Sb) 0.016 Ñ 0.001 0.051 Ñ 0.002 0.017 Ñ 0.010 

Barium (Ba) 1.247 Ñ 0.040 2.222 Ñ 0.873 1.095 Ñ 0.048 

Beryllium (Be) 0.012 Ñ 0.003 0.019 Ñ 0.005 0.027 Ñ 0.007 

Arsenic (As) 0.020 Ñ 0.016 0.029 Ñ 0.024 0.108 Ñ 0.031 

Lead (Pb) 0.034 Ñ 0.011 0.050 Ñ 0.009 0.455 Ñ 0.019 

Cadmium (Cd) 0.050 Ñ 0.017 0.017 Ñ 0.003 0.012 Ñ 0.009 

*mean Ñ standard deviation (n:3) 
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Table 3- Continuation Mineral content profile of honeybee pollen pellets (mg/kg)  

¢izelge 3-Devamē. Bal Arēsē Polenlerinin Mineral Madde Profili (mg/kg) 

Mineral composition 
Pollen samples 

4 5 6 7 

Calcium (Ca) 540.314 Ñ 11.359 241.489 Ñ 6.053 343.457 Ñ 8.752 431.849 Ñ 9.089 

Potassium (K) 4690.504 Ñ 0.890 4633.516 Ñ 27.419 4769.771 Ñ 22.986 4599.277 Ñ 0.0 

Magnesium(Mg) 906.868 Ñ 14.109 498.734 Ñ 10.497 566.264 Ñ 21.951 849.189 Ñ 8.752 

Sodium (Na) 64.653Ñ 1.212 22.443 Ñ 0.200 16.925 Ñ 0.563 15.830 Ñ 0.433 

Boron (B) 32.269 Ñ 1.117 14.431 Ñ 0.345 12.148 Ñ 0.247 10.967 Ñ 0.193 

Iron (Fe) 39.263 Ñ 1.105 47.036 Ñ 0.634 42.773 Ñ 1.353 50.877 Ñ 1.859 

Aluminium(Al) 33.281 Ñ 0.957 21.254 Ñ 1.381 56.729 Ñ 7.101 8.993 Ñ 0.215 

Silicium (Si) 447.230 Ñ 23.279 360.060 Ñ 7.221 546.316 Ñ 33.621 355.795 Ñ 19.982 

Vanadium (V) 0.287 Ñ 0.010 0.241 Ñ 0.005 0.268 Ñ 0.018 0.045 Ñ 0.001 

Chrome (Cr) 1.681 Ñ 0.064 1.314 Ñ 0.069 1.761 Ñ 0.078 1.605 Ñ 0.043 

Manganese (Mn) 14.802 Ñ 0.228 12.201 Ñ 0.288 70.357 Ñ 0.715 16.984 Ñ 0.274 

Cobalt (Co) 0.111 Ñ 0.010 0.343 Ñ 0.035 0.168 Ñ 0.018 0.165 Ñ 0.054 

Nickel (Ni) 0.556 Ñ 0.225 1.350 Ñ 0.027 0.409 Ñ 0.018 0.515 Ñ 0.013 

Copper (Cu) 7.665 Ñ 0.141 7.032 Ñ 3.858 6.460 Ñ 0.095 10.577 Ñ 0.818 

Zinc (Zn) 20.875 Ñ 1.156 16.850 Ñ 0.020 20.013 Ñ 1,415 23.132 Ñ 0.610 

Selenium (Se) 0.024 Ñ 0.008 0.016 Ñ 0.035 0.014 Ñ 0.009 0.020 Ñ 0.060 

Strontium (Sr) 0.965 Ñ 0.031 0.602 Ñ 0.025 0.486 Ñ 0.020 0.526 Ñ 0.279 

Molybdenum (Mo) 0.460 Ñ 0.015 0.261 Ñ 0.128 0.166 Ñ 0.053 0.218 Ñ 0.077 

Silver (Ag) 0.030 Ñ 0.006 0.025 Ñ 0.006 0.051 Ñ 0.004 0.028 Ñ 0.005 

Thallium (Tl) 0.062 Ñ 0.002 0.009 Ñ 0.000 0.010 Ñ 0.000 0.006 Ñ 0.000 

Antimony (Sb) 0.084 Ñ 0.003 0.030 Ñ 0.002 0.0243 Ñ 0.001 0.007 Ñ 0.001 

Barium (Ba) 1.173 Ñ 0.160 0.677 Ñ 0.220 1.509 Ñ 0.051 0.416 Ñ 0.010 

Beryllium (Be) 0.018 Ñ0.004 0.016 Ñ 0.001 0.023 Ñ 0.007 0.010 Ñ 0.003 

Arsenic (As) 0.087 Ñ 0.059 0.039 Ñ 0.023 0.025 Ñ 0.003 0.015 Ñ 0.016 

Lead (Pb) 0.119 Ñ 0.034 0.046 Ñ 0.013 0.050 Ñ 0.012 0.015 Ñ 0.003 

Cadmium (Cd) 0.010 Ñ 0.005 0.027 Ñ 0.011 0.017 Ñ 0.003 0.042 Ñ 0.002 

*meanÑstandard deviation (n:3) 

 

In the pollen samples of our study, the highest 
amount of heavy metals arsenic (0.108 mg/kg) and 
lead (0.455 mg/kg) were detected in the 3rd sample 
which consists of 99.40% of Scabiosa pollens, and 
the highest amount of cadmium (0.050 mg/kg) was 
detected in the 1st sample which consists of 94.17% 
Salix pollens. 

DISCUSSION 

In our study, moisture content varied between 19-
27%, protein 17.5-26.0%, fat between 5.8-10.95% 
and ash content between 2-2.44% (Table 2). 
Similarly, moisture content was found to be 16.9-
31%, ash 1.34-2.81%, protein 13.16-24.14% and fat 
1.33%-5.47% in BP samples from Romania (Spulber 
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et al. 2018). In another study conducted in Brazil, it 
was determined that the moisture content was 
between 3.45-4.85%, protein was between 18.55-
22.6%, and fat was between 4.80-5.07% (Carpes et 
al. 2009). In the pollen samples collected throughout 
the year in eastern Saudi Arabia, the composition 
was as follows; 20.16% spring pollen, 19.27% 
summer pollen, 18.02% autumn pollen, and 20.14% 
winter pollen (Al Kahtani et al., 2020). In Brazil 
physico-chemical analyzes of two pollen samples 
were done. For both pollen, protein content (24.8 Ñ 
2.4 g 100 g-1), total sugar content (36.2 Ñ 1.1 g 100 
g-1), lipid content (4.0 Ñ 0.3 g 100 g-1),  and ash ( 
2.6 Ñ 0.05 g 100 g -1) were determined within the 
limits, however, it was determined that moisture 
levels (6.6 Ñ 2.2 g 100 g-1) of both samples were not 
in accordance with the values recommended by the 
laws (<4 g 100 g-1) (Lorini et al., 2020). In another 
study, eight monofloral BP samples were collected 
from different apiaries in Morocco. Botanical origins 
of BP samples were determined using scanning 
electron microscopy (SEM), and physicochemical 
parameters (pH, moisture, ash and mineral 

contents) were investigated. It was shown that pH 
was between 4.19 Ñ 0.17 and 4.82 Ñ 0.36, humidity 
was between 10.7 Ñ 0.04 and 26.8 Ñ 0.01, and ash 
content was between 1.81% Ñ 0.10 and 4.22 Ñ 0.08 
for the samples. The protein content has been 
reported to be between 19.86 Ñ 0.36 mg/100 g BP, 
and 30.32 Ñ 0.12 mg/100 g BP (Asmae et al., 2021). 

It was demonstrated that BP samples were rich in 
mineral elements. Potassium, calcium, magnesium, 
silicon, iron, and sodium were the most abundant 
mineral elements. Pollen sources in the present 
study consist of a significant amount of silicium 
mineral distinct from those reported in other studies 
(Szczesna 2007b; Carpes et al. 2009). The samples 
with monotypic Salix and Scabiosa pollens were 
found to be magnesium rich, whereas the ones with 
monotypic Castanea sativa pollen were rich in iron, 
manganese, sodium, and zinc composition. It can be 
foreseen that all pollen samples have characteristic 
mineral composition which could be seen in 
heatmap (Figure 1) and PCA plots (Figure 2). 

 

Figure 1. Heatmap plot of mineral content in pollen samples 

ķekil 1. Polen ºrneklerindeki mineral maddelerinin Heatmap haritasē 
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Figure 2. PCA plot according to the mineral content in pollen samples 

ķekil 2. Polen ºrneklerindeki mineral maddelerinin temel bileĸenler analizi (PCA) 

 

In BP samples collected from the Northeast Anatolia 
Region the chemical composition was determined as 
8.60Ñ0.43 mg/kg of copper, 35.30Ñ2.13 mg/kg of 
zinc, 1113.33Ñ61.00 mg/kg of magnesium, and 
1034.00Ñ53.86 of calcium. These amounts were 
stated to be at a level that would contribute to the 
daily mineral need (U­ar et al. 2018). It has been 
reported that the most abundant minerals in BP 
samples from Morocco were potassium and 
magnesium, and heavy metals were not detected 
(Asmae et al., 2021). In the study carried out with the 
pollen samples of Turkey and Russia, it was 
determined that there was a statistical difference in 
the composition of the minerals between the regions 
where the pollen was collected. It has been reported 
that Russian pollen samples are richer in potassium, 
while Turkey's pollen samples are rich in potassium, 
phosphorus, magnesium, and iron elements (¥zcan 
et al. 2019). In a study conducted in Romania, 
Prunus spp. pollen contained the highest Fe 
(150.9Ñ1.11 mg/kg), while the highest Mg level 
(1505Ñ1.43 mg/kg) was detected in Brassica pollen. 
The other pollen samples in the study were found to 
be consisting of 1980-4284 mg/kg of potassium, 
474.3-1505 mg/kg of magnesium, 1155-4335 mg/kg 
of calcium, 21.7-58 mg/kg of iron, and 20.2-59.5 
mg/kg of zinc (Spulber et al. 2018). In another study 
with pollen samples from China, South Korea, and 

Poland, it is reported that there are differences in 
mineral compositions between countries. For 
example, 762 mg/kg of calcium, 26.3 mg/kg of 
manganese, 1305 mg/kg of magnesium, 36.8 mg/kg 
of zinc, 9.3 mg/kg of copper, 65.4 mg/kg of iron, 
3903. mg/kg of potassium, and 739 mg/kg of sodium 
was reported in Polish samples (Szczesna 2007b). 
In BP collected in Brazil, phosphorus, potassium, 
calcium and magnesium minerals were found to be 
at the highest levels, respectively (Carpes et al. 
2009). 

In the research carried out on pollen samples from 
Turkey and Russia, Russian samples had 0.11-0.19 
mg/kg of cadmium, and 0.18-0.64 mg/kg of lead, 
whereas 0.04-0.14 mg/kg of cadmium and 0.25-0.60 
mg/kg of lead was found in Turkish samples (¥zcan 
et al. 2019). In fresh BP from Bulgaria, lead was 
determined as 0.467-0.483 mg/kg and cadmium as 
0.022-0.029 mg/kg (Dinko and Stratev 2016). In 
Serbia, cadmium was detected as 0.004-0.125 
mg/kg in pollen samples (Kostiĺ et al. 2015). 
According to Campos et al. (2008), the highest 
amount of Pb and Cd in fresh BP should not exceed 
0.03 mg/kg and 0.5 mg/kg, respectively. In addition, 
the composition of other minerals should be as 
follows; 4000-20000 mg/kg of potassium, 200-3000 
mg/kg of magnesium, 200-3000 mg/kg of calcium, 
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11-170 mg/kg of iron, 30-250 mg/kg of zinc, 2-16 
mg/kg of copper, and 20-110 mg/kg of manganese. 

It is known that the chemical composition of pollen 
sources varies according to the type of plant from 
which the pollen is produced. Similar to our results, 
it is reported that BPs of different origins collected 
throughout Serbia contain potassium, calcium and 
magnesium as major elements, and are also 
extremely rich in iron and zinc, which are very 
important nutrients. It has been reported that the 
mineral composition of BP is more dependent on the 
type of pollen producing plant than its geographical 
origin (Kostiĺ et al. 2015). Moreover, in the study 
conducted in Brazil, it was reported that the mineral 
composition changed according to the place and 
year of pollen production (Morgano et al. 2012). 

Conclusion 

The biochemical content of BP varies depending on 
the plant diversity, the period and place it was 
produced (Taha and Al-Kahtani 2020), and the effect 
of the season/period in which the pollen was taken 
on pollen diversity and yield should also be 
considered. It is important for the producer to define 
the contents of BP, which is sold as a commercial 
product, and to create a demand according to its 
quality. 

BP produced in Turkey can be considered as a good 
mineral source, especially in terms of Ca, K, Mg, Fe, 
Si and trace elements. Recently, BP has become a 
prominent product due to the increasing interest and 
consumer demand for natural products. Both its 
components and its use in apitherapy make pollen 
an important product. However, due to the increase 
in environmental pollution in recent years, BP taken 
from apiaries close to residential areas, industrial 
facilities and highways should be controlled in terms 
of heavy metals. Considering that BP can be 
consumed by risky groups (the elderly, pregnant 
women, patients), both producers and consumers 
should be careful about health problems that may 
arise. 
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ABSTRACT 

Nosema ceranae as a fungal parasite has been reported from the Apis mellifera in all continents. It 
causes reduced longevity, depopulation, decreased production, and colony losses in honeybee 
colonies. This study aimed to determine the prevalence of N.ceranae in the apiaries of Mazandaran 
province. In this study, we randomly selected 320 hives from thirty-two apiaries and collected twenty 
old honeybees from the apiaries. The collected samples were examined by microscopy and molecular 
methods. The results of the microscopic examinations showed that 78.12% of apiaries were infected 
with Nosema spp. In addition, N. ceranae was identified 84.37% of apiaries by PCR, while no samples 
were infected by N. apis. Blast analysis of the sequenced samples confirmed the presence of N. 
ceranae infection in the apiaries. Based on the obtained results, a high frequency of N.ceranae was 
detected in apiaries in Mazandaran province. 

Keywords: Nosema ceranae, Honeybee, PCR, Iran 

 

¥Z 

Nosema ceranae, t¿m kētalarda Apis mellifera'dan mantar paraziti olarak rapor edilmiĸtir. Bal arēsē 
kolonilerinde yaĸam s¿resinin azalmasēna, n¿fus azalmasēna, ¿retimin azalmasēna ve koloni 
kayēplarēna neden olur. Bu ­alēĸmada Mazandaran ili arēlēklarēnda N.ceranae yaygēnlēĵēnēn belirlenmesi 
ama­lanmēĸtēr. Bu ­alēĸmada, otuz iki arēlēktan rastgele 320 kovan se­tik ve arēlēklardan yirmi yaĸlē bal 
arēsē topladēk. Toplanan ºrnekler mikroskop ve molek¿ler yºntemlerle incelendi. Mikroskobik 
incelemelerde arēlēklarēn %78,12'sinin Nosema spp belirlendi. Ayrēca N. ceranae, PCR ile %84.37'sinde 
tespit edilirken, hi­bir numune N. apis ile enfekte olmamēĸtēr. Sēralē ºrneklerin gen hizalama analizi 
sonucunda arēlēklarda N. ceranae enfeksiyonunun varlēĵē doĵrulandē. Elde edilen sonu­lara gºre 
Mazandaran ilindeki arēlēklarda y¿ksek oranda N.ceranae tespit edilmiĸtir. 

Anahtar Kelimeler: Nosema ceranae, Bal arēsē, PCR, Ķran 

 

GENIķLETILMIķ ¥ZET 

Ama­: ¢alēĸmanēn amacē, Mazandaran ili 
arēlēklarēnda N.ceranae yaygēnlēĵēnēn mikroskopik ve 
molek¿ler yºntemlerle belirlenmesidir. 

Gere­ ve yºntem: Bu ­alēĸmada, otuz iki arēlēktan 
rastgele 320 kovan se­ilmiĸtir. Her bir kovanda, her 
bir kovanēn ­evre ­er­evelerinden 20 yaĸlē iĸ­i arē 
toplanmēĸtēr. Bal arēlarēnēn karēnlarē normal tuzlu su 
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­ºzeltisinde ºĵ¿t¿ld¿. S¿spansiyon s¿z¿ld¿ ve 
santrif¿jlendi. S¿pernatantlar ­ēkarēldē ve Pelletler 
doymuĸ salin sol¿syonu ile karēĸtērēldē. Birka­ mililitre 
s¿pernatan alēndē ve sol¿syonun geri kalanē atēldē. 
S¿pernatanlar, tekrarlanan santrif¿jleme yoluyla 
damētēlmēĸ su ile yēkandē. Nihai pelet, Nosema 
sporunu tanēmlamak i­in mikroskobik olarak 
incelendi. Bal arēlarēnēn geri kalan karēn i­eriĵi DNA 
ekstraksiyonu i­in kullanēldē. Her numunede Nosema 
t¿rlerinin saptanmasē i­in bir multipleks PCR tahlili 
kullanēldē. En g¿­l¿ banda sahip beĸ pozitif amplikon 
da gen dizilimi i­in se­ildi. 

Bulgular: Mikroskobik incelemelerin sonucunda 
arēlēklarēn %78.12'sinin Nosema spp. belirlendi. Ek 
olarak, N. ceranae, PCR ile arēlēklarēn %84.37'sinde 
tespit edilirken, hi­bir ºrneĵe N. apis bulaĸmamēĸtēr. 
Mikroskobik ve molek¿ler yºntemler arasēnda adil bir 
sonu­ elde edildi. Ayrēca, fumagillin re­ete 
edilmesinin arēlēk boyutunda, arēlēklarda Nosema spp 
enfeksiyon oranē ¿zerinde anlamlē bir etkisi 
olmamēĸtēr. Sēralē ºrneklerin gen sēralama analizi, 
arēlēklarda N. ceranae enfeksiyonunun varlēĵēnē 
doĵruladē. 

Tartēĸma ve sonu­: Bir­ok ­alēĸmanēn sonu­larē, N. 
ceranae enfeksiyonunun d¿nya ­apēnda bir daĵēlēma 
sahip olduĵunu gºstermiĸtir (Klee ve ark. 2007). N. 
ceranae yaygēnlēĵē T¿rkiye'de %15-100 (Ivgin Tunca 
ve ark. 2016), Ķtalya'da %63 (Papini ve ark. 2017), 
Polonya'da %80,6 (Michalczyk ve ark. 2011), %95-
97 Macaristan'da (Cs§ki ve diĵerleri 2015), 
Bulgaristan'da %77 (Shumkova ve diĵerleri 2018), 
Kanada'da %41-91 (Emsen ve diĵerleri 2016) ve 
Suudi Arabistan'da %56 (Ansari ve diĵerleri 2017). 

Bu ­alēĸmada, mikroskopik ve PCR sonu­larē 
arasēnda adil bir uyum gºzlemlenirken, diĵer 
­alēĸmalar iki yºntem arasēnda ºnemli bir uyum 
olduĵunu bildirmiĸtir (Khezri ve diĵerleri 2018, Papini 
ve diĵerleri 2017). Bal arēlarēnda Nosema 
enfeksiyonunun tanēmlanmasē ve ayrēmē i­in PCR 
yºnteminin duyarlēlēĵē ve ºzg¿ll¿ĵ¿n¿n ēĸēk 
mikroskobundan daha y¿ksek olduĵu a­ēktēr 
(Michalczyk ve ark. 2011). Bununla birlikte, sporlar 
gºzlemlenmesine raĵmen, iki ºrnekte PCR sonu­larē 
negatifti. Sonu­lar, eksik DNA ekstraksiyonu veya 
esnek duvarlarēn DNA ekstraksiyonu ¿zerindeki 
ºnleyici etkisi ile ilgili olabilir (Webster ve ark. 2004). 
Bu ­alēĸmada izole edilen N. ceranae dizileri, ¢in'de 
toplanan ve GenBank veri tabanēnda depolanan N. 
ceranae dizileriyle y¿ksek d¿zeyde homolojiye 
sahiptir. 

Molek¿ler inceleme, bu ­alēĸmada arēlēklarēnēn 
%87,37'sinin yalnēzca N. ceranae ile enfekte 
olduĵunu gºstermiĸtir. Sonu­larēmēz, Ķran arē 
kovanlarēnda N. ceranae'nin tek nosemosis etkeni 
olduĵunu belirleyen diĵer molek¿ler ­alēĸmalarla 
uyumludur (Nabian ve ark. 2011, Khezri ve ark. 
2018, Mohhamadian ve ark. 2018). Bu ­alēĸmada N. 
ceranae'nin y¿ksek oranda yaygēnlēĵē, bºlgelerdeki 
subtropikal iklim ile ilgili olabilir. N. ceranae 
enfeksiyonlarēnēn oranē, diĵer bºlgelere kēyasla 
ēlēman iklimlerde daha baskēn gºr¿nmektedir, oysa 
N. apis ĸu anda daha soĵuk iklimlerde daha yaygēn 
olabilir (Fries 2010). 

Elde edilen sonu­lara gºre Ķran'ēn Mazandaran 
eyaletindeki arēlēklarda y¿ksek oranda N.ceranae 
tespit edilmiĸtir. Ayrēca, fumagillin kullanēmē, enfekte 
olmuĸ kolonilerde nosemayē kontrol etmek i­in 
yeterli deĵildir. 

 

INTRODUCTION 

Nosemosis is a significant disease in honey bees 
around the world (Bailey and Ball 1981). Nosemosis 
is caused by unicellular fungi belonging to class 
Microsporidia (OIE 2019). Recent molecular 
research of the SSU rRNA gene was shown a new 
definition of the Nosema ïVairimorpha clade. 
Although Nosema species are genetically close to 
Vairimorpha, but their morphological and 
developmental features of two groups are very 
similar. However the taxonomy of Nosema species 
is not yet well established (Tokarev et al. 2020). 
Nosema spores are found in feces and are ingested, 
directly or indirectly, by adult bees. A higher rate of 
Nosema infection is observed in worker bees 
compared to drones and queens, probably due to 
the cleaning activities of worker bees in the hive 
(Bailey and Ball 1981). The spores then develop in 
the epithelial cells in the beesô midgut and affect their 
digestive functions. The spores are expelled in the 
feces and are able to maintain their infectivity for a 
long time in cold and heat conditions for several 
years (Fenoy et al. 2009). The causative agents of 
nosemosis are N. apis and N. ceranae that infect 
Apis mellifera, with different frequency depending on 
the area (Fries 2010). Nosema apis is distributed 
especially in cold and temperate regions. It more 
common during spring and winter. Nosema ceranae 
is a new species of microsporidium isolated for the 
first time from Apis cerana, a bee species 
widespread in Southeast Asia (Fries et al. 1996). 
The natural infection of Apis mellifera with N. 
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ceranae was reported in Spanish apiaries (Higes et 
al. 2006). The clinical signs of N. ceranae infection 
in adult honeybees are different from N. apis. The 
most prominent symptom in N. apis infection is 
dysentery, while intestinal disorders are not 
observed in N. ceranae infection. The affected 
honeybees tend to die away from the hive, resulting 
in progressive depopulation of the colonies (OIE 
2019, Fries 2010). 

The microscopic spores of N. apis are barely 
morphologically distinguishable from those of N. 
ceranae. It is only possible to make an accurate 
diagnosis through PCR (OIE 2019). Epidemiological 
studies have indicated a high prevalence of Nosema 
spp. in honeybee colonies in the northern half of Iran 
(Lotfi et al. 2009, Tavassoli et al. 2009, Razmaraii 
and Karimi 2010, Moshverinia et al. 2012). However, 
molecular studies have shown only N. ceranae 
infection in the apiaries in different provinces of Iran 
(Nabian et al. 2011, Khezri et al. 2018, 
Mohhamadian et al. 2018). 

Mazandaran province is located in the Caspian 
climate, and with abundant flowering plants, it is one 

of the essential centers of beekeeping in Iran. 
Nosema ceranae infection was reported the first time 
from Iranian apiaries in this province (Nabian et al. 
2011). This study aimed to determine the prevalence 
of Nosema ceranae in the apiaries of Mazandaran 
province by microscopy and molecular assays. 

 

MATERIALS AND METHODS 

Study area 

Mazandaran province is located between the 
Caspian Sea and Alborz Mountain, extending from 
latitude 35Á45ô to 37Á10' and longitude 50Á15' to 54Á 
(Fig.1). The Alborz Mountains separate the 
Mazandaran province from the plateau and prevent 
Caspian's humidity from extending over the country, 
and also cause high annual precipitation consisting 
of snow in the highlands and rain in the lowlands. 
The abundant precipitation provides suitable 
conditions for natural vegetative growth in the 
province (Kazembeyki 2003). 

 

 

Figure 1. Map of sample collection in the Mazandran Province, Iran. 
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Samples collection 

We collected samples from 320 hives. The sample 
size was calculated using a 95% confidence level 
with 5% desired absolute precision (Thursfield 
1986), based on the prevalence of Nosema spp. 
infection (59%) that was previously reported in 
Azerbaijan province (Razmaraii and Karimi 2010). 
Thirty-two apiaries were randomly selected and 
sampled from April to March 2017 in Mazandaran 
province. The apiaries were located in the Sari, 
Ghaemshar, Babol and Savadkooh areas (Fig. 1). 

After visiting the determined apiaries, the data for 
each apiary, we obtained from the beekeeper the 
apiary address, the name of the owner, bee 
population. Then, the samples were collected from 
10 seemingly healthy hives in each apiary, 
consisting of 20 old worker bees from peripheral 
frames of each hive (200 honeybees in each apiary) 
(OIE 2019). The collected bees were put in storage 
containers and transported immediately to the 
laboratory under cold conditions. 

Samples preparation Twenty honeybeesô 
abdomens from each hive were ground up in 5 ml of 
normal saline solution. The suspensions were 
filtered through two layers of muslin to remove 
coarse bee parts and then centrifuged at 2500 g for 
5 min. and the supernatants removed. Pellets of 
isolated spores were mixed with saturated saline 
solution and again centrifuged at 2500 g for 5 min. 
Some milliliters of supernatants were taken and the 
rest of the solution was discarded. The supernatants 
were washed three times with distilled water and 
each time they were centrifuged at 2500 g for 3 min 
and the upper parts were discarded. The finel pellets 
were resuspended in 1.5 ml of distilled water. The 
final pellets were One drop of the sample was put on 
a slide and covered with a slip and examined by a 
light microscope at Ĭ400 magnification. The rest of 
the homogenate was transferred to an Eppendorf 
tube at kept at -20ÁC until use. 

DNA extraction and Duplex- PCR 

Total genomic DNA of homogenate samples was 
extracted according to the protocol of a DNA 
isolation kit (Molecular Biological System Transfer 
(MBST), Tehran, Iran). A Multiplex PCR method was 
used to simultaneous detection of two Nosema 
species in isolate DNA. (Mart²n-Hern§ndez et al. 
2007). Briefly, in amplification of Duplex-PCR four 
oligonucleotide PCR primers, 5ᾳ-
GGCGACGATGTGATATGAAAATATTAA-3ᾳ as N. 

ceranae forward, 5ᾳ-
CCCGGTCATTCTCAAACAAAAAACCG-3ᾳ as N. 
ceranae reverse, and 5ᾳ-
GGGGGCATGTCTTTGACGTACTATGTA-3ᾳ as N. 
apis forward and 
GGGGGGCGTTTAAAATGTGAAACAACTATG -3ᾳ 
as N. apis reverse were used  Amplification was 
conducted in 25 ɛl reaction volumes (Accupower 
PCR premix kit, BioneerÈ, South Korea) with a final 
concentration of each dNTP of 250 ɛM in 10 mM 
Tris-HCl pH 9.0, 30 mM KCl and 1.5 mM MgCl2, 1U 
Taq DNA polymerase and 10 pmol of each PCR 
primer (Takapouzist Co. Iran), Then 1 ɛl of DNA 
template was added to each reaction . The 
remaining 25 ɛl reaction volume was filled with 
nuclease-free distilled water. The thermocycler 
program consisted of 94ÁC for 2 min, followed by 10 
cycles of 15 s at 94ÁC, 30 s at 61.8ÁC, and 45 s at 
72ÁC, 20 cycles of 15 s at 94ÁC, 30 s at 61.8ÁC, and 
50 s at 72ÁC plus an additional 5 s of elongation for 
each successive cycle, and a final extension step at 
72ÁC for 7 min. The PCR products were 
electrophoresed in a 2% agarose gel with TBE buffer 
and visualized using ethidium bromide and UV-
eliminator. A visible band at 321 bp for N. apis and 
218bp for N. ceranae was produced in the PCR. The 
positive controls were prepared from the infected 
honeybees in the last study (Moshverinia et al. 2012) 
and the nuclease free distilled water as a negative 
control for each PCR amplification. 

Gene sequencing 

Five positive amplicons with the strongest band were 
selected, purified and sent to gene sequencing 
(Bioneer Inc, Seoul, Korea). The primers which were 
previously used for the PCR product of N. ceranae 
were applied for the sequencing reactions. 
Assembling and editing of sequenced nucleotides 
was performed using CLC software (CLC Main 
Workbench, Version5.5).  

Statistics analysis 

The relationship between Nosema infection rate and 
different variables such as the size of apiary and use 
and non-use of fumagillin was analyzed by the Chi-
square test. A significant association was identified 
when a p-value of less than 0.05 was observed. The 
agreement between the molecular and microscopic 
tests was showed as a Kappa- coefficient. The 
agreement as poor if Kappa- coefficient between 0.2 
and 0.4, moderate if between 0.4 and 0.6, 
substantial if 0.6 and 0.8 and good if it exceeds 0.8 
and 1, (Petrie and Watson 2006). 
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RESULTS 

In this study, Nosema spp. infection was detected in 
78.12% of apiaries (25/32) by microscopy method 
(Fig. 2) and 84.37% of apiaries (27/32) by PCR. N. 
ceranae was the only species of Nosema identified. 
(Fig. 3). A poor agreement was observed between 
the microscopy and PCR methods (Table.1). 
(Kappa= 0.389). No significant statistical differences 
were identified between the prevalence of N. 
ceranae infection in apiaries by population and the 
use of fumagillin (Table. 2) (p>0.05). A blast search 
against GenBank revealed the highest similarity 
(100%) with N. ceranae 16SrRNA partial sequence 
from China (Sequence ID: MF099642.1). 

 

Figure2. Nosema spores stained by Giemsa under a light 
microscope (1000Ĭ).

 

 

Figure 3. Electrophoresis results of SSUrRNA gene with special primers, M: Marker, P: Positive control, N: Negative 
Control, 1, 2, 3 and 4: Nosema Positive samples (218bp) 
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Table 1. Comparison of detection Nosema spp. infection 
in apiaries by Microscopy and PCR 

Variable PCR Total 

The size of apiary 
Negative    

N 
Positive       

N 
 

10-100 hives 4 18(81.8) 22 

>100 hives 1 9(90) 10 

Prophylaxis drug    

Fumagillin use 1 10 (90.9) 11 

Fumagillin no use 4 17(80.9) 21 

Total 5 27 (4.5)* 32 

 

Table 2. Frequency of N.ceranae infection by size of 
apiaries 

Results Number (%) 

Both Microscopy and PCR (+) 23 71.8 

Both Microscopy and PCR (-) 3 9 

Microscopy (+), PCR (-) 2 6.2 

Microscopy (-), PCR (+) 4 12.5 

 

DISCUSSION 

The frequency of Nosema spp. infection was 78.12% 
in apiaries in the present study based on microscopic 
examination. The rate of Nosema spp. infection was 
reported to be 50%-90% in Iranian apiaries in 
different regions by a microscopy method 
(Razmaraii and Karimi 2010, Moshverinia et al. 
2012, Khezri et al. 2018). The frequency of Nosema 
spp. infection was reported to be 22.4%-35.4% in 
Germany (Gisder et al. 2010), 78.6%-94.6% in 
Balkan countries (Stevanovic et al. 2011), and 
20.59% in Saudi Arabia (Ansari et al. 2017) by 
microscopic examination. The differences in the 
reported prevalence of Nosema infection may 
depend on the climate of each country, health 
management practices in apiaries, and sampling 
and diagnostic methods. Two studies were reported 
N. apis infection in Iranian apiaries by microscopic 
method (Razmaraii and Karimi 2010, Mashverinia et 
al. 2012). The results of these studies are 
questionable, because, the spores of two Nosema 
species are very similar and there is no 
morphological index for two species differentiation. 

Molecular examination showed that 87.37% of the 
apiaries of this study were infected with N. ceranae 
only. Our results are consistent with other molecular 
studies that determined that N. ceranae was the only 
causative agent of nosemosis in Iranian apiaries 
(Nabian et al. 2011, Khezri et al. 2018, 
Mohhamadian et al. 2018). The high prevalence of 
N. ceranae in this study may be related to subtropical 

climate in the areas. The proportion of N. ceranae 
infections appears to dominate in warmer climates 
compared to more temperate regions, whereas N. 
apis presently may be more prevalent in colder 
climates (Fries 2010). 

The results of many studies have shown that N. 
ceranae infection has a worldwide distribution (Klee 
et al. 2007). The prevalence of N. ceranae was15%-
100% in Turkey (Ivgin Tunca et al. 2016), 63% in 
Italy (Papini et al. 2017), 80.6% in Poland 
(Michalczyk et al. 2011), 95%-97% in Hungary 
(Cs§ki et al. 2015), 77% in Bulgaria (Shumkova et 
al. 2018), 41%-91% in Canada (Emsen et al. 2016), 
and 56% in Saudi Arabia (Ansari et al. 2017). 

In the present study, a fair agreement was observed 
between microscopy and PCR results, while other 
studies have reported substantial to good agreement 
between the two methods (Khezri et al. 2018, Papini 
et al. 2017). It is clear that the sensitivity and 
specificity of PCR method is higher than light 
microscopy for identification and differentiation of 
Nosema infection in honeybees (Michalczyk et al. 
2011). However, the PCR results were negative in 
two samples, even though the spores were 
observed. The results may be related to incomplete 
DNA extraction or the prevention effect of the 
resilient walls on DNA extraction (Webster et al. 
2004). The isolated N. ceranae sequences in this 
study had high-level homology with N. ceranae 
sequences of N. ceranae collected in China that 
were deposited in the GenBank database. The 
Fumagillin as an antibiotic extracted from Aspergillus 
fumagitus has been used for treatment of nosemosis 
in apiaries for several years. Recent studies have 
been shown that fumagillin is a carcinogenic 
substance and its residue in honey is dangerous for 
human health. (Van den Heever et al. 2014). For this 
reason, European countries have banned its use in 
apiary. Nevertheless, it is still used as a drug for 
nosomiasis treatment in Iran (Moradi, 2019) and 
other countries (McCallum et al. 2020; Glavinic et al. 
2021). We also investigated the effectiveness of 
preventive fumagillin treatment in this study. The 
results showed that the level of Nosema spp. 
infection did not differ between treated and untreated 
colonies. An experimental study showed that N. 
ceranae is not very sensitive to low doses of 
fumagillin, and it can actually cause 
hyperproliferation of Nosema spp. in infected 
honeybees. (Williams et al. 2010). Our findings 
showed that N. ceranae at a high frequency are the 
only causative agent of nosemosis in Mazandaran 
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province. Furthermore, the use of fumagillin was not 
adequate for controlling nosemosis in infected 
colonies. 
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ABSTRACT 

Keeping honey bee colonies in isolated areas can cause inbreeding. The inbreeding over a long period 
is good for the purity of bee subspecies but also has some negative effects including the low 
performance of colonies. This study was performed on hybrid honey bee colonies placed in an isolated 
location for about five years to check the effects of inbreeding on them. The bees were able to mate 
with each other during this period of time without introducing new bee queens or bee packages. Some 
morphological characteristics and parameters were studied to test the purity of the bees and the 
presence of any negative effects due to inbreeding. The results showed the presence of variations 
between studied colonies without any negative effects on bee morphology, hygienic behavior, bee 
larvae development, brood rearing activity, and food storing activity. The study highlighted the 
absence of deleterious effects on honey bees due to inbreeding under isolation conditions.  

Key Words: Inbreeding, Apis mellifera, hygienic, endogamy, purity 

 

¥Z 

Bal arēsē kolonilerinin izole alanlarda tutulmasē akrabalē ¿remeye neden olabilir. Akrabalē yetiĸtirmenin 
uzun bir s¿re boyunca yapēlmasē, arē alt t¿rlerinin saflēĵē i­in iyidir ancak aynē zamanda kolonilerin 
d¿ĸ¿k performansē da dahil olmak ¿zere bazē olumsuz etkileri de vardēr. Bu ­alēĸma, akrabalē 
yetiĸtirmenin etkilerini kontrol etmek i­in yaklaĸēk beĸ yēl boyunca izole bir yere yerleĸtirilen hibrit bal 
arēsē kolonileri ¿zerinde yapēldē. Arēlar, bu s¿re zarfēnda yeni ana arēlar veya arē paketleri sunmadan 
birbirleriyle ­iftleĸebildiler. Arēlarēn saflēĵēnē ve akrabalē yetiĸtirmeden kaynaklanan olumsuz etkilerin 
varlēĵēnē test etmek i­in bazē morfolojik ºzellikler ve parametreler incelenmiĸtir. Sonu­lar, arē 
morfolojisi, hijyenik davranēĸ, arē larva geliĸimi, yavru yetiĸtirme aktivitesi ve gēda depolama aktivitesi 
¿zerinde herhangi bir olumsuz etki olmaksēzēn ­alēĸēlan koloniler arasēnda varyasyonlarēn varlēĵēnē 
gºstermiĸtir. ¢alēĸma, izolasyon koĸullarē altēnda akrabalē yetiĸtirme nedeniyle bal arēlarē ¿zerinde 
zararlē etkilerin olmadēĵēnē vurguladē. 

Anahtar Kelimeler: Akrabalē yetiĸtirme, Apis mellifera, hijyenik, endogami, saflēk 
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GENĶķLETĶLMĶķ ¥ZET 

Ama­: Ķzole bir ­ºl bºlgesinde akrabalē yetiĸtirmenin 
arē kolonileri ¿zerindeki etkisini bilmek. 

Gere­ ve Yºntem: ¢alēĸma g¿neyde (Abu Simbel 
bºlgesi) izole bir alanda bulunan bir arē kovanē 
¿zerinde ger­ekleĸtirilmiĸtir. Konum (22Á 24' 21.6" K, 
31Á 32' 41.64" E), arēlarēn akrabalē yetiĸtirmeye 
maruz kalmasēnē saĵlamak i­in bu arēlēĵa yeni 
krali­eler veya arē paketleri eklenmedi. 

Bu ­alēĸmayē yapmak i­in 2019 yazēnda arēlēktan 
rastgele se­ilen aynē g¿­te altē kovandan bal arēsē 
ºrnekleri toplandē. Elli iĸ­i arē alkoll¿ kavanozlara 
alēnarak morfometrik analize hazērlandē. Kanatlar ve 
bacaklar arēlardan ayrēldē, cam slaytlara monte edildi 
ve net gºr¿nt¿ler i­in 1200 dpi'de bir Hp Deskjet 
2050A ile tarandē. Gºr¿nt¿ler daha sonra El-Aw ve 
arkadaĸlarēna gºre tarama teknolojisi (SPT) 
kullanēlarak ºn uzunluk ve geniĸlik ile arka 
bacaklarēn tibial ve baziler uzunluklarēnē ºl­mek i­in 
kullanēldē (2012). ¥l­¿len ºzellikler daha sonra 
kovanlar arasēndaki farklarē ortaya ­ēkarmak i­in 
istatistiksel analize tabi tutuldu. 

Abu Shaara ve Ahmed (2015) tarafēndan y¿r¿t¿len 
bir ­alēĸmada, Carniolan melezlerinden alēnan iĸ­i 
arē ºrneklerinin morfolojik ºzellikleri ºl­¿lm¿ĸ ve 
yayēnlanmēĸtēr. Yayēnlanan karakteristik aralēklar, 
melez arēlar i­in normatif deĵerler olarak alēnmēĸtēr. 
Ķzole edilmiĸ arēlēktaki arēlarēn ºl­¿len ºzellikleri daha 
sonra, izole edilmiĸ arēlarda akrabalē yetiĸtirme 
nedeniyle meydana gelen deĵiĸiklikleri belirlemek 
i­in standart deĵerlerle karĸēlaĸtērēlmēĸtēr. 

-Hijyenik davranēĸ: Pupalarē ºld¿rmek i­in kulu­ka 
taraĵēnēn ortasēndaki 50 kapalē h¿cre k¿­¿k bir iĵne 
ile delindi. Kolonilerin hijyenik davranēĸēnē 
deĵerlendirmek i­in 24 saat sonra temizlenen 
h¿creler sayēldē. Bu test bir ay arayla ¿­ kez 
tekrarlandē ve ardēndan her kovan i­in ¿­ testin 
ortalamasē hesaplandē. Ortalamalar, kolonilerdeki 
hijyenik davranēĸēn tutarlēlēĵēnē kontrol etmek i­in 
istatistiksel olarak karĸēlaĸtērēldē. 

-Yumurtadan ergine geliĸim: 

Yumurtalarēn normal olarak larvalara, larvalardan 
pupalara ve pupalardan yetiĸkinlere yumurtadan 
­ēkma yeteneĵi deĵerlendirildi. Her kovanda 
yaklaĸēk 100 yumurta i­eren bir alan iĸaretlendi ve 
ardēndan yumurtadan ­ēkana kadar olan geliĸim 
kaydedildi. Bu deney: Eyl¿l ve Kasēm aylarēnda iki 
kez tekrarlandē. 

-Damēzlēk yetiĸtirme ve yiyecek depolama 
faaliyetleri. 

Eyl¿l, Ekim ve Kasēm aylarēnda kulu­ka ve yiyecek 
depolama faaliyetleri kaydedildi. Bu aktiviteleri 
ºl­mek i­in in­2'ye bºl¿nm¿ĸ bir ­er­eve (Jeffree 
1958) kullanēldē. Kaydedilen ara­lar daha sonra 
kovanlar arasēndaki tutarlēlēĵē bulmak i­in 
karĸēlaĸtērēldē. 

Sonu­: 

1. Arē morfolojisi: 

¥l­¿len morfolojik ºzellikler, iĸ­i arēlar i­in kaval 
kemiĵi uzunluĵu ve arē erkek arēlar i­in ºn kanat 
uzunluĵu dēĸēnda, ºl­¿len ºzelliklerin ­oĵunda 
ºnemli farklēlēklar kaydedildiĵinden ­ok y¿ksek 
ºzdeĸ deĵerlerin olmadēĵēnē gºstermiĸtir. Bu, beĸ 
yēllēk izolasyondan sonra arēlarēn hala melez bir 
yapēya sahip olduklarēnē yansētmaktadēr. Bununla 
birlikte, minimum, medyan ve maksimum deĵerler 
a­ēsēndan tanēmlayēcē veriler, kolonilerin saflēk ve 
ºzelliklerin tutarlēlēĵēna yºneldiĵini desteklemektedir. 
Bu nedenle, iĸ­i arēlar tarafēndan paylaĸēlan ºzdeĸ 
deĵerler %28 ile %96 arasēnda deĵiĸmektedir ve bu 
benzerlikler izolasyon koĸullarēnda yaklaĸēk beĸ yēllēk 
akrabalē yetiĸtirmenin etkisiyle a­ēklanabilir. 

2. Hijyenik davranēĸ: 

Toplam ortalamalara gºre %80'den fazla 
uzaklaĸtērma y¿zdesi ile sadece beĸ kovanēn 
hijyenik trendle kabul edilebileceĵi a­ēktēr. Elde 
edilen sonu­lar ēĸēĵēnda, incelenen kolonilerde 5 yēlē 
aĸkēn akrabalē yetiĸtirmenin hijyen eĵilimini olumsuz 
etkilemediĵi gºr¿lm¿ĸt¿r. 

3. Yumurtadan ergine geliĸim: 

Ķzole lokasyonda bulunan kovanlarda arēlarēn 
geliĸimi normaldi ve zamanla akrabalē yetiĸtirmeden 
olumsuz etkilenmedi. ¢alēĸma yerinin ­ºl doĵasēna 
raĵmen arēlarēn geliĸimi ¿zerinde herhangi bir zararlē 
etkisinin olmadēĵē a­ēktēr. Ayrēca, izolasyon 
koĸullarēnda akrabalē yetiĸtirme nedeniyle arēlarēn 
geliĸimi herhangi bir genetik s¿r¿klenmeden 
etkilenmemiĸtir. 

4. Kulu­ka yetiĸtirme ve yiyecek depolama 
faaliyetleri: 

Mēsēr'ēn melez arēlarēnēn zorlu ­evre koĸullarē altēnda 
normal olarak kulu­kaya yatma yeteneĵi, Abou-
Shaara ve arkadaĸlarē (2013b) tarafēndan ºnceki 
­alēĸmalarda, bir ­ºl bºlgesinde ger­ekleĸtirilen 
mevcut ­alēĸma ile uyumludur. T¿m koloniler aynē 
g¿ce sahipti, ancak kulu­ka yetiĸtirme ve yiyecek 
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depolama faaliyetleri, ara­lara baĵlē olarak 
kovandan kovana deĵiĸiyordu. Ancak, kovanlar 
arasēnda ºnemli farklēlēklar sadece kulu­ka 
faaliyetinde tespit edilmiĸtir. Genel olarak, bu 
­alēĸma, hibrit arēlardan thelytokous olmadan saf arē 
elde etmek i­in yaklaĸēk beĸ yēllēk bir s¿renin yeterli 
olmadēĵēnē vurgulamaktadēr. 

 

INTRODUCTION 

Honey bees, Apis mellifera L., are considered as 
typical social insects. They live in colonies consist of 
one reproductive female (queen), thousands of 
infertile females (workers), and hundreds of males 
(drones). The presence of one reproductive female 
increases the possibility of inbreeding in bee 
colonies through endogamy. However, honey bees 
naturally avoid inbreeding as queen mates in the air 
with a lot of bee drones (Taber and Wendel 1985, 
Moritz et al. 1996, Cobey 2007) at specific sites 
called drone congregation areas (Zmarlicki and 
Morse 1963). Such high number of drones ensures 
the genetic variations inside the colonies. The 
number of sperm inside the spermatheca of a mated 
queen can reach to 4.54 million (Kaftanoglu and 
Peng 1982). Sperm can stay alive for a long period 
inside the spermatheca, and secretions from 
spermathecal glands have a key role in this (den 
Boer et al. 2009). Studies have shown that mating 
with high number of drones is better than mating with 
a single drone, and sufficiently with seven mates as 
the minimum (Tarpy et al. 2012, Delaplane et al. 
2015). 

The queens under normal conditions can lay high 
number of eggs per day (Moore et al. 2015). Two 
types of eggs are laid by the queens: fertilized eggs 
and unfertilized ones (Ratnieks and Keller 1998). 
The fertilized eggs hatch to new workers or queens. 
The fertilization of eggs ensures the genetic 
variations as a result of the combination of genetic 
materials from the egg cells and sperm cells, 
especially the complementary sex determiner gene 
should be heterozygous in females (Beye et al. 
2003). Drones are mainly result from the unfertilized 
eggs. The characteristics of bee drone are typical to 
its mother without huge variations between them. 
The inbred queens can lay fertilized eggs in worker 
cells which develop into weak drone larvae, but such 
larvae are rapidly eaten by workers (Woyke 1963, 
Woyke 1964). Basically, many apiaries are placed 
close to each other, and this ensures the presence 
of high number of drones at the drone congregation 

areas and from various genetic sources. Under 
certain circumstances, apiaries can be established 
in isolated areas including islands, newly reclaimed 
desert areas or mountainous areas. 

The main problem of the isolated areas is the 
possibility of exposing bees to inbreeding and the 
low performance of the colonies due to endogamy. 
The main benefit of inbreeding is increasing the 
purity of bee stocks and can enhance some traits of 
bee colonies including calmness (Bienefeld et al. 
1989). Most of honey bee populations are 
characterized by the average level of inbreeding due 
to the features of their life and biology. Only hybrid 
populations of honey bees can be characterized with 
outbreeding (Ilyasov et al., 2015; 2016). The purity 
of honey bees as well as the negative effects of 
inbreeding can be screened by studying bee 
morphology and colony performance parameters. 
Morphological characteristics can be utilized to 
examine the purity of bee subspecies (Bienefeld et 
al. 1996, Radloff et al. 2003, Abou-Shaara et al. 
2013a), and are impacted by inbreeding (Roberts 
1961, Br¿ckner 1979). Hygienic behavior depends 
on genetic characteristics of bees without great 
influence of environmental conditions or colonies 
status on it (Bigio et al. 2013, Xonis et al. 2015), and 
can be improved through selection and breeding 
(Palacio et al. 2000, Pernal et al. 2012, Gerula et al. 
2015). Behaviors and performance of bees can be 
impacted by inbreeding (Br¿ckner 1980; Oldroyd 
and Goodman 1988, Bienefeld et al.1989, Cermak 
1996). The small morphological characteristics, low 
hygienic ability, abnormal development of bees, and 
low bee activities are expected to bee colonies under 
isolation conditions because of inbreeding. 

Therefore, this study was performed on honey bee 
colonies placed at an isolated location for a period of 
about five years. These colonies were able to mate 
with each other only and no new queens or bee 
packages were introduced to this location. Some 
morphological characteristics of worker and drone 
bee samples were measured. Also, hygienic 
behavior, development of bee larvae, and activities 
of the colonies were studied. These parameters 
were employed to check the purity of the studied 
colonies as well as the negative effects of inbreeding 
on them.  
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MATERIALS AND METHODS 

1. Study location and honey bee colonies 

An apiary was established in February 2015 in an 
isolated location in the south of Egypt (Abu Simbel 
region) (Abou-Shaara and Kelany, 2021). The 
location (22Á 24' 21.6" N, 31Á 32' 41.64" E) of this 
apiary is shown in Fig. 1. Twenty hives with hybrids 

of Carniolan honey bees were placed in this apiary. 
The queens were replaced frequently from the same 
colonies and mated with drones from the same 
colonies over a period of about five years. Some bee 
colonies were lost during this period. However, no 
new queens or bee packages were introduced to this 
apiary to ensure the exposure of bees to inbreeding. 

 

 

Fig.1: The location of the apiary (black arrow). 

 

2. Morphology of worker bees 

Six hives with similar strength of seven frames 
covered with bees were randomly selected from the 
apiary to perform this study during summer 2019. 
From each hive 50 worker bees were collected from 
brood combs in jars contain alcohol and were then 
prepared for the morphometric analysis. The wings 
and legs were separated from the bees and were 
mounted on glass slides and scanned using Hp 
Deskjet 2050A at 1200 dpi to obtain clear images. 
The images were then used to measure forewing 
length and width, and lengths of tibia and basitarsus 
of the hind legs using the Scan Photo Technique 
(SPT) according to El-Aw et al. (2012). The 
measured characteristics were then subjected to the 
statistical analysis to detect the variations between 
the hives. 

The morphological characteristics of bee worker 
samples from hybrids of Carniolan bees were 
measured and published in a study by Abou-Shaara 

and Ahmed (2015). The ranges of the published 
characteristics were considered as the standard 
values for the hybrid bees. Then, the measured 
characteristics of the bees from the isolated apiary 
were compared with the standard values to identify 
the changes in the isolated bees due to inbreeding. 

3. Morphology of honey bee drones 

From each hive ten drones were collected during late 
summer, and then were dissected and some 
morphological characteristics were measured as 
mentioned with worker bees. The measured 
characteristics were compared to check the 
consistency between hives. Low numbers of drones 
were collected from each hive because there were 
few drones in them.    

4. Hygienic behavior 

In each hive, 50 sealed cells at the middle of the 
brood comb were pierced with a tiny needle to kill the 
pupae. The number of cleaned cells was then 
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counted after 24h to assess the hygienic behavior of 
the colonies. This test was repeated three times with 
one month interval and then the mean of the three 
tests was calculated for each hive. The means were 
statistically compared to check the consistency of 
the hygienic behavior in the colonies. 

5. The development from eggs to adults 

The ability of eggs to hatch normally into larvae and 
from larvae to pupae and from pupae to adults was 
assessed. In each hive, an area containing about 
100 eggs was marked and then the development 
until hatching was recorded. This experiment was 
repeated twice during September and November.  

6. Brood rearing and food storing activities 

The activities of brood rearing and food storing were 
recorded during September, October, and 
November. To measure these activities, a frame 
divided into inch2 (Jeffree 1958) was used. The 
recorded means were then compared to find out the 
consistency between the hives. 

7. Statistical analysis 

Normality of the data was checked using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. For 
morphological characteristics, descriptive statistics 
were firstly calculated while means were compared 
using the non-parametric test (Kruskal-Wallis test). 
For the hygienic behavior data, Kruskal-Wallis test 
was used to compare means. The analysis of 
variance (ANOA) was utilized to identify the 
significant differences between means of brood 

rearing and food storing activities. The analysis at a 
significance level of 0.05 was conducted using the 
SPSS v. 16. 

 

RESULTS 

1. Worker Morphology 

The descriptive statistics showed the presence of 
variations between hives based on mean and 
median values but with somewhat similar minimum 
and maximum values for the measured 
characteristics (Table 1). These variations were 
confirmed by the Kruskal-Wallis test as significant 
differences were found in forewing length (Chi-
Square=24.312, df=5, p= 0.000<0.05), forewing 
width (Chi-Square=45.819, df=5, p= 0.000<0.05), 
and basitarsus length (Chi-Square=33.289, df=5, p= 
0.000<0.05) while no significant differences were 
found in tibia length (Chi-Square=6.748, df=5, p= 
0.240>0.05). The percentages of worker bees with 
the identical minimum, median and maximum values 
from the six hives were 44 to 62% to forewing length, 
28 to 72% to forewing width, 48 to 72% to the tibia 
length, and 54 to 96% to the basitarsus length.  

The comparison between the measured 
characteristics and the standard values measured 
by Abou-Shaara and Ahmed (2015) are presented in 
Table 2. It is evident that the hives shared from 48 to 
68%, from 26 to 54%, from 10 to 60%, from 6 to 44%, 
from 26 to 56%, and from 22 to 54% with the 
standard values for hive 1 to 6, respectively. 

 

Table 1: Means (mm) Ñ S.E. of measured body characteristics of worker bees from the six hives. Also, descriptive statistics 
of measured characteristics for the six hives are presented. 

 

Hive Forewing length Forewing width Tibia length Basitarsus length 

1 8.57Ñ0.01 2.97Ñ0.01 2.86Ñ0.01 2.02Ñ0.01 

2 8.54Ñ0.01 2.95Ñ0.01 2.86Ñ0.01 2.04Ñ0.01 

3 8.49Ñ0.01 2.85Ñ0.01 2.84Ñ0.01 2.06Ñ0.01 

4 8.46Ñ0.01 2.90Ñ0.01 2.87Ñ0.02 2.01Ñ0.01 

5 8.48Ñ0.01 2.88Ñ0.01 2.86Ñ0.01 1.95Ñ0.01 

6 8.51Ñ0.02 2.91Ñ0.01 2.81Ñ0.01 2.05Ñ0.01 

Minimum 8.2-8.3 2.6-2.8 2.6-2.7 1.7-1.9 

Maximum 8.7 3-3.2 3-3.1 2.1-2.3 

Median 8.4-8.6 2.9-3 2.8-2.9 2-2.1 
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Table 2: Number of bees with identical values with the standard values measured by Abou-Shaara and Ahmed (2015) 
from the six hives. 

Characteristics               
Standard value range (mm) 

Hive number 1 2 3 4 5 6 

Forewing length               
Range (8.64-8.74) 

Number of bees              
Total (%) 

34 

68 

25 
50 

18 
36 

12 
24 

16 
32 

21 
42 

Forewing width          
Range (3.02-3.06) 

Number of bees              
Total (%) 

24 
48 

16 
32 

5 
10 

3 
6 

13 
26 

11 
22 

Tibia length                  
Range (2.88-2.96) 

Number of bees              
Total (%) 

34 
68 

27 
54 

30 
60 

18 
36 

27 
54 

27 
54 

Basitarsus length       
Range (1.98-2.04) 

Number of bees              
Total (%) 

25 
50 

13 
26 

13 
26 

22 
44 

28 
56 

23 
46 

 

2. Drone morphology 

The descriptive statistics showed the presence of 
variations between hives (Table 3). These variations 
were confirmed by the Kruskal-Wallis test as 
significant differences were found in forewing width 

(Chi-Square=14.97, df=5, p= 0.01<0.05), tibia length 
(Chi-Square=14.87, df=5, p= 0.01<0.05), and 
basitarsus length (Chi-Square=22.10, df=5, p= 
0.00<0.05) while no significant differences were 
found in forewing length (Chi-Square=8.59, df=5, p= 
0.12>0.05). 

 

Table 3: Means (mm) Ñ S.E. of measured body characteristics of bee drones from the six hives. Also, 
descriptive statistics of measured characteristics for the six hives are presented. 

Hive Forewing length Forewing width Tibia length Basitarsus length 

1 11.21Ñ0.04 3.95Ñ0.07 3.58Ñ0.03 2.49Ñ0.03 

2 11.31Ñ0.05 4.12Ñ0.03 3.62Ñ0.04 2.69Ñ0.03 

3 11.19Ñ0.04 4.02Ñ0.05 3.62Ñ0.01 2.61Ñ0.03 

4 11.22Ñ0.04 3.88Ñ0.05 3.49Ñ0.03 2.50Ñ0.03 

5 11.18Ñ0.05 4.01Ñ0.04 3.71Ñ0.04 2.65Ñ0.03 

6 11.13Ñ0.05 3.86Ñ0.05 3.61Ñ0.04 2.62Ñ0.02 

Minimum 11-11.1 3.7-4 3.4-3.6 2.4-2.5 

Maximum 11.4 4.1-4.3 3.7-3.9 2.8-2.9 

Median 11.05-11.4 3.85-4.15 3.45-3.7 2.5-2.7 
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3. Hygienic behavior 

The three tests showed consistency in the results 
except hive 2 and 6 (Table 4). The percentages of 
the cleaned cells in the first test ranged from 44 to 
100% and from 74 to 100% in the second test, and 

100% to all hives in the third test. The lowest value 
was recorded only to hive 6 during the first test. The 
overall means ranged from 79.33 to 100% without 
statistical variations between the six hives according 
to the Kruskal-Wallis test (Chi-Square= 5.168, df= 5, 
p=0.39>0.05). 

 

Table 4: Hygienic behavior tests for the six hives. Percentages of cleaned cells after 24h are presented. 

Test number Hive number 

1 2 3 4 5 6 

1 100 94 100 100 100 44 

2 100 74 80 70 100 94 

3 100 100 100 100 100 100 

Mean Ñ S.E. 100Ñ0.00 89.33Ñ7.86 93.33Ñ6.67 90Ñ10 100Ñ0.00 79.33Ñ17.75 

4. The development from eggs to adults 

In all the studied hives, eggs were able to hatch 
normally into larvae and from larvae to pupae, and 
from pupae to adults with percentages of 100%.  

5. Brood rearing and food storing activities. 

Only sealed brood area differed significantly 
(ANOVA, df= 5, F= 7.627, p=0.02<0.05) between the 
hives. Hive 4 and 5 had the lowest brood rearing 
area. Stored pollen area (ANOVA, df= 5, F= 0.84, 
p=0.54>0.05) and stored honey area (ANOVA, df= 
5, F= 2.375, p=0.10>0.05) exhibited insignificant 
variations (Table 5). 

 

Table 5: Brood rearing and food storing activities (Means Ñ S.E. in inch2) for the six hives. Means marked with 
different letters denote to the presence of significant differences according to Tukey HSD test.  

Hive Sealed brood 
area 

Stored pollen 
area 

Stored honey 
area 

1 349.67Ñ64.23ab 31.33Ñ10.26 227.33Ñ21.94 

2 397.67Ñ42.88a 54.00Ñ35.67 557.00Ñ59.28 

3 460.67Ñ57.77a 73.33Ñ33.54 427.33Ñ162.74 

4 117.67Ñ15.34b 27.33Ñ13.22 136.67Ñ10.36 

5 142.67Ñ76.52b 33.00Ñ9.00 387.67Ñ157.98 

6 352.00Ñ9.86ab 20.67Ñ6.96 271.67Ñ53.16 

 

DISCUSSION 

Bee morphology 

The measured morphological characteristics 
showed the absence of very high identical values as 
significant differences were recorded in most 
measured characteristics except tibia length for 

worker bees and forewing length for bee drones. 
This reflects that the bees after five years of isolation 
still had hybrid nature. However, the descriptive data 
in terms of minimum, median, and maximum values 
support that the colonies tend towards purity and 
consistency of characteristics. Therefore, the 
identical values shared by worker bees ranged from 
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28 to 96%, and these similarities can be explained 
by the impact of inbreeding over about five years 
under the isolation conditions. The similarities are 
not very high likely because the period of five years 
is not sufficient to turn bee colonies into pure bees 
instead of their hybrid status. 

Hybrid bees are mostly larger than inbred bees 
(Roberts 1961). In the present study, the 
morphological characteristics of worker bees under 
isolation conditions (i.e. inbred bees) showed 
similarities (from 6 to 68%) with the standard values 
of hybrid bees measured by Abou-Shaara and 
Ahmed (2015). Therefore, the bees were impacted 
slightly by the inbreeding especially hive 4 because 
some of the measured characteristics were less than 
the standard ranges of the hybrid bees. 

The means of forewing length, forewing width, and 
basitarsus length for the six hives ranged from 8.46 
to 8.57mm, 2.88 to 2.97mm, and 1.95 to 2.06mm, 
respectively. The values of these characteristics in 
respect are 8.23, 2.78, and 1.96 mm for the Egyptian 
bees, Apis mellifera lamarckii, (Data Bank, 
Oberursel Frankfurt, Germany), and 9.17, 3.19, 2.42 
mm for the Carniolan bees, Apis mellifera carnica 
(Yakoub 2002). Therefore, the obtained values for 
the studied hives were moderate between the values 
of the two subspecies. This confirms the hybrid 
status of these bees between the Egyptian and 
Carniolan bees. 

Hygienic behavior 

t is clear that only five hives can be considered with 
a hygienic trend with a removal percentage of more 
than 80% based on the overall means. Hive 6 was 
different than the other hives due to the low hygienic 
ability during the first test. In light of the obtained 
results, the inbreeding over 5 years did not impact 
the hygienic trend negatively in the examined 
colonies. The obtained results are in line with those 
found by Abou-Shaara et al. (2018) for hybrid bees 
of Egypt, as the percentages of the cleaned cells 
ranged from 82 to 89%. However, the present study 
is on the contrary with the study by Balhareth et al. 
(2012) on hybrid bees of Egypt under Saudi Arabia 
conditions, as the mean of the cleaned cells was 
79.32% to the studied colonies. This can be 
attributed mainly to the arid conditions of Saudi 
Arabia, which negatively impacted bee populations 
and subsequently their hygienic trend. 

 

 

The development from eggs to adults 

The development of bees in the hives located at the 
isolated location was normal and has not been 
impacted negatively by inbreeding over time. It is 
known that egg hatching is negatively impacted by 
unsuitable levels of temperature and relative 
humidity (Al-Ghamdi et al. 2014), and harsh 
conditions can passively affect egg hatching and 
development of bees (Abou-Shaara et al., 2017).  
So, it is evident that the study location has no 
deleterious effects on the development of bees 
although it is a desert nature. Also, the development 
of bees was not impacted by any genetic drift due to 
inbreeding under isolation conditions. 

Brood rearing and food storing activities 

The ability of the hybrid bees of Egypt to rear brood 
normally under harsh environmental conditions was 
confirmed in previous studies by Abou-Shaara et al. 
(2013b) and Kelany (2018), and this is in line with 
the present study which was performed at a desert 
region. All colonies had the same strength but brood 
rearing and food storing activities varied from hive to 
another based on means. However, significant 
differences between hives were detected only in 
brood rearing activity. The low brood rearing activity 
in hive 4 and 5 than the other hives can be partially 
explained by inbreeding. The absence of significant 
variations between hives in the stored pollen and 
honey areas suggested the same ability of hives to 
store food. In fact, effects of inbreeding on honey 
production can be negative (Bienefeld et al. 1989) or 
positive (Cermak 1996). These indicate that effects 
of inbreeding on food storing activity are not constant 
and can be affected by other factors than inbreeding. 
In a similar way, Oldroyd and Goodman (1988) found 
that colonies with hybrid queens did not have higher 
honey production than colonies with inbred queens. 
Overall, the present study highlights that the period 
of about five years is not sufficient to obtain pure 
bees from the hybrid bees without thelytoky. For 
comparison, the thelytokous Cape honey bees, Apis 
mellifera capensis, showed high levels of 
heterozygosity after inbreeding for 10 years (Oldroyd 
et al. 2011) and 20 years (Smith et al. 2019). 

Conclusion 

The small morphological characteristics, low 
hygienic ability, abnormal development of bees, and 
low bee activities are expected to bee colonies after 
five years from isolation as a result of inbreeding. On 
the contrary, the study showed no deleterious effects 
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on the morphology or performance of honey bees 
after isolation for about five years. The bees had 
noticeable and significant variations in the measured 
parameters without low levels of hygienic behavior 
or abnormal development of bees, suggesting that 
the negative effects of inbreeding were not high.  
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ABSTRACT 

Honey bees play an important role in crop pollination of bitter gourd flowers. An experiment was 
conducted at Coimbatore District to observe the foraging activity and pollination efficiency of Indian 
bee (A. cerana indica) in Bitter gourd (Momordica charantia L.). The foraging activity and number of 
foragers/ flower/ min was recorded in male and female bitter gourd flower. Bitter gourd fruit set and 
yield was assessed under three conditions pollinator exclusion, bee pollination and open pollination. 
No. of foragers/ flower/ minute (abundance of pollinators) and floral handling time in seconds (foraging 
rate) of Indian bees recorded on male flower (0.88 bees) and (6.52 sec) was higher than in female flower 
(0.57 bees) and (3.61 sec) respectively. The peak foraging activity of A. cerana indica noticed between 
08:00-10:00 hours with 1.2 foragers/ 5 mins. Pollination efficiency index of Indian bee was 747035.5. 
Foraging activity at the hive entrance was maximum at 08:00 to 10:00 hours. Colony growth parameter 
of A. cerana indica was increased 67.85% in respect of the sealed honey area and 15.07% in respect of 
the adult population. The results of pollination studies show, the number of fruits/plant (17.4 fruits) 
and fruit yield per hectare (41.13 t/ha) was higher in managed bee pollinated plot than to open 
pollination condition (16.2 fruits) and (37.25 t/ha) and no fruit set was recorded in pollination exclusion 
condition.  

Key words: Bitter gourd, Apis cerana indica, foraging activity, pollination efficiency 

 

¥Z 

Bal arēlarē, acē kabak ­i­eklerinin mahsul tozlaĸmasēnda ºnemli bir rol oynamaktadēr. Acē kabakta 
(Momordica charantia L.) Hint arēsēnēn (A. cerana indica) yiyecek arama aktivitesini ve tozlaĸma 
etkinliĵini gºzlemlemek i­in Coimbatore Bºlgesinde bir deney yapēlmēĸtēr. Erkek ve diĸi acē kabak 
­i­eĵinde yiyecek arama aktivitesi ve toplayēcē/­i­ek/dk sayēsē kaydedilmiĸtir. Acē kabak meyve tutumu 
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ve verimi, tozlayēcē dēĸlama, arē tozlaĸmasē ve a­ēk tozlaĸma olmak ¿zere ¿­ koĸul altēnda 
deĵerlendirilmiĸtir. Hint arēlarēnēn erkek ­i­ek (0.88 arē) ve (6.52 sn) diĸi ­i­ekten (0.57 arē) daha y¿ksek 
olduĵu kaydedilmiĸtir. (3.61 sn) sērasēyla. A. cerana indica'nēn pik arama aktivitesi, 1.2 toplayēcē / 5 
dakika ile 08:00-10:00 saatleri arasēnda fark edildi. Hint arēsēnēn tozlaĸma verimlilik indeksi 747035,5 
olmuĸtur. Kovan giriĸinde yiyecek arama faaliyeti en fazla 08:00-10:00 saatleri arasēnda olmuĸtur. A. 
cerana indica'nēn koloni b¿y¿me parametresi kapalē bal alanēna gºre %67.85, ergin pop¿lasyona gºre 
ise %15.07 artmēĸtēr. Tozlaĸma ­alēĸmalarēnēn sonu­larē, idareli arē ile tozlanan parsellerde meyve/bitki 
sayēsē (17,4 meyve) ve hektar baĸēna meyve veriminin (41,13 t/ha), a­ēk tozlaĸma koĸuluna (16,2 meyve) 
ve (37,25 t/ha) gºre daha y¿ksek olduĵunu gºstermektedir ve tozlaĸma dahil edilmedĵinde hi­bir 
meyve tutumu kaydedilmemiĸtir. 

Anahtar kelimeler: Acē kabak, Apis cerana indica, yiyecek arama etkinliĵi, tozlaĸma etkinliĵi 

 

GENĶķLETĶLMĶķ ¥ZET 

¢alēĸmanēn amacē: ¢alēĸmanēn amacē, 
Hindistan'daki acē kabak yetiĸtirme sisteminde bal 
arēsē Apis cerana indica'nēn yiyecek arama 
aktivitesini ve tozlaĸma etkinliĵini deĵerlendirmekti. 

Malzemeler ve yºntemler: ¢alēĸma Coimbatore 
il­esinde y¿r¿t¿lm¿ĸ, tozlayēcēlarēn yiyecek arama 
faaliyetlerini incelemek i­in on bitki rastgele 
etiketlenmiĸ ve bitki baĸēna 3 ­i­ek haftalēk 
aralēklarla gºzlemlenmiĸtir. 

Tozlayēcēnēn pik aktivitesi sērasēnda yiyecek arama 
davranēĸē hayēr olarak kaydedildi. toplayēcēlar 
/­i­ek/dakika (tozlayēcēlarēn bolluĵu) ve bireysel arē 
tozlayēcēsē/­i­ek/dakika (toplayēcēlēk oranē) 
tarafēndan haftalēk aralēklarla bir kronometre 
kullanēlarak harcanan s¿re ve no. 0600-1800h 
arasēnda iki haftada bir 5 dakikalēk bir s¿re boyunca 
ziyaret eden/­i­ek a­an toplayēcēlarēn oranē. Arē 
gºvdelerindeki gevĸek polen taneleri ºl­¿lm¿ĸ ve 
no. v¿cuttaki gevĸek polen taneleri Ĭ yiyecek arama 
oranē Ĭ acē kabak ­i­ekleri ¿zerindeki tozlayēcēlarēn 
bolluĵu. 

Yºnetilen arēlarēn tozlaĸma verimliliĵi, tozlayēcē 
dēĸlama (T1), arē tozlaĸma (T2) ve a­ēk tozlaĸma 
koĸulunda (T3) olduĵu gibi farklē tozlaĸma 
modlarēnda deĵerlendirildi, verim deĵerlendirmesi 
yapmak i­in ­i­eklenme baĸladēktan sonra tedavi 
baĸēna 350 diĸi ­i­ek etiketlendi. Kovan giriĸinde 
yiyecek arama faaliyeti 08:00-10:00, 12:00-13:00 ve 
16:00-18:00 saatleri arasēnda 5 dakika s¿re ile 
sayēlmēĸtēr. Koloni b¿y¿me parametreleri, 1cm2'lik 
ĸeffaf OHP levha ēzgara yºntemi kullanēlarak 
numaralandērēldē. 

Sonu­lar: Acē kabak, erkek ve diĸi ­i­ek oranē 25:1 
olan tek evcikli bir mahsuld¿r ve genellikle a­ēk 
tozlaĸma koĸullarēnda (bal arēlarēnēn daha az 
aktivitesinden dolayē) zayēf tohumla sonu­lanēr. Bu 

­alēĸma sonucunda A. cerana indica'nēn ­i­ek 
¿zerinde gºzlemlenen aktivitesinin 06:00-10:00 
saatleri arasēnda zirve yaptēĵē ve 17:00-18:00 
saatleri arasēnda herhangi bir aktiviteye 
rastlanmadēĵē ortaya ­ēkmēĸtēr. A. cerana indica, 
verimi ve meyve tutumunu arttērdēĵē i­in acē kabak 
ekosisteminde etkili tozlayēcē olarak kabul edilmiĸtir. 
Kovan giriĸindeki aktivite, toplayēcēlarēn maksimum 
hareketinin 08:00-10:00 saatleri arasēnda 
gºzlemlendiĵini ve deney s¿resi boyunca koloni 
b¿y¿mesinin kapalē bal alanēna gºre %67.85 ve 
ergin pop¿lasyona gºre %15.07 olduĵunu 
gºstermiĸtir. Meyve tutumu (17,4/bitki), meyve 
aĵērlēĵē (255,3 g/meyve) ve 41.3t/ha verim, a­ēk 
tozlaĸmaya kēyasla kontroll¿ arē tozlamalē parselde 
maksimum olmuĸtur. 

¢ºz¿m: Mevcut ­alēĸmamēz, A. cerana indica ile 
yºnetilen arē tozlaĸma koĸulunda, a­ēk tozlaĸma 
koĸulu ve tozlayēcē dēĸlama gibi diĵer tozlaĸma 
modlarēyla karĸēlaĸtērēldēĵēnda, daha y¿ksek meyve 
tutumu ve meyve aĵērlēĵē a­ēsēndan farklē tozlaĸma 
modlarēnēn verim deĵerlendirmesinin 
gºzlemlendiĵini ortaya koymuĸtur. tozlayēcē hari­ 
tutma durumunda, meyve tutumu kaydedilmemiĸtir. 

 

INTRODUCTION 

Pollination deficit is commonly noticed in many 
cucurbits, due to monoecious nature of flowering, 
which warrants the role of pollinators for fruit set and 
quality seed development. Honey bees play a crucial 
role in 80% crop pollination and at the same time 
contribute to the production of 1.6 million tonnes of 
honey (FAO, 2015). Managed bee pollination with A. 
cerana indica colonies increase the seed yield in 
many agricultural and horticultural crops, as for 
example for sunflower 79%, for mustard 55%, for 
safflower 64%, for coconut 40%, for gourds and for 
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litchi 20%. The estimated losses due to insufficient 
pollination in India were about Rs. 10,000 to Rs. 
55,000 per hectare in cross pollinated crops 
(Mohapatra et al. 2019).  

Bitter gourd (Momordica charantia L.) is widely 
cultivated in Tropical and Sub Tropical countries and 
popularly is called ampalaya, balsam pear, karela or 
bitter cucumber. In bitter gourd the male flower 
(staminate) blooms first followed by female flowers 
(pistillate) in the ratio of 19:12 (Deyto and Cervancia 
2009) or 25:1 (Deshpande et al. 1979). Anthesis 
starts between 3.30 am to 7.30 am (Pal and Maurya 
1972) and stigma receptivity lasts for 24h after 
anthesis. The bright yellow color flower attracts 
many pollinators. The flat structure and the opening 
position of the flower favours them for easy access 
to pollen and nectar. In bitter gourd, honey bees 
were the most dominant pollinator which constitutes 
74.98 % followed by other pollinators such as 
lepidopterans (4.92%), coleopterans (3.58%), 
dipterans (4.35%) and hemipterans (3.19%) 
(Jignesh and Pastagia 2021). Fruit development 
starts from second to fifth day after pollination and 
insufficient pollination leads to drying of fruit on fifth 
day or results in curling of fruit which affects the 
marketable quality of the fruit. Hence, an experiment 
was conducted, to study the foraging activity, to 
measure the pollen grains on bee bodies and the 
colony growth of managed bees and to evaluate the 
pollination potential of Asiatic hive bees in bitter 
gourd. 

 

MATERIALS AND METHOD 

A field experiment was conducted at Telugupalayam 
area of Coimbatore District in India during 2021, to 
study the foraging behaviour of A. cerana indica; for 
this, ten plants were randomly tagged and 3 flowers 
per plant was observed at weekly intervals 

Foraging activity of managed bee pollinators on 
bitter gourd flowers 

Abundance of pollinators was recorded as no. of 
foragers/ flower/ minute and foraging rate as time 
spent by individual bee pollinator/ flower/ minute on 
both male and female flowers; both were recorded 
using a stopwatch at weekly intervals during peak 
pollinator activity. Peak foraging activity was 
recorded at an hourly interval from 06:00-18:00 h no. 
of foragers visited/flower for a period of 5 minutes at 
fortnightly interval (Yogapriya et al. 2019). 

Pollination efficiency index 

Loose pollen grains were counted by collecting 
foraging bees in the field at peak hours of foraging 
between 08:00 h and 10:00 h using a sweep net and 
bees are transferred to a glass vial containing 70% 
alcohol, shaken vigorously to unload the pollen 
grains from their body. Volume made up to 5ml. An 
aliquot of 0.01ml was taken and observed under a 
microscope by using a haemocytometer. Repeated 
for 5 replications and the total number of pollen 
grains in 5ml of solution were calculated (Kumar et 
al. 2012). 

Pollination Efficiency Index = No. of loose pollen 
grains on the body Ĭ foraging rate Ĭ abundance of 
pollinators on bitter gourd flowers.  

Evaluation of pollination potential of managed 
bee pollinators 

The yield of bitter gourd was assessed with different 
modes of pollination. The experiment was conducted 
in Randomized Block Design (RBD) with three 
treatments and seven replication, 5 plants per 
replication (10 female flower per plant totally 350 
flowers) were tagged after initiation of flowering to 
carry out yield assessment. Treatments included a) 
pollinator exclusion (T1), where female flowers were 
covered with sleeve cages before it begins to bloom 
(Fig. 1); one week after flowering the cages were 
removed; b) bee pollination (T2), where three frame 
strength Indian bee colonies were shifted to bitter 
gourd field in Telugupalayam, at the time of initiation 
of flowering in 10% plants; c) while open pollinated 
condition (T3) which was considered as control. 

Yield parameters 

Number of fruits per plant, fruit weight and yield 

The number of fruits in tagged plants were counted 
and the fruit weight recorded. Randomly harvested 
ten fruits from tagged plants were weighed using a 
weighing balance and fruit weight was recorded. 
Fruits in each tagged plant were harvested, weighed 
and the yield was calculated and converted into yield 
per hectare (Manchare et al. 2019).  

Foraging activity of A. cerana indica at hive 
entrance 

The number of returning foragers with nectar 
(corbicula without pollen), pollen (corbicula with 
pollen) and number of outgoing foragers at the hive 
entrance was counted for the day during 08:00-
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10:00 h, 12:00-13:00 h and 16:00-18:00 h for a 
period of 5 minutes. 

Colony growth of A. cerana indica placed in 
bitter gourd field 

Colony growth parameters as for example sealed 
brood area, sealed honey area, pollen storage area 
and adult bee population were enumerated using 
transparent OHP sheet grid of 1cm2 and 
observations recorded at 15 days interval, % 
increase in colony growth parameters was 
compared (Fig. 2). 

Statistical Analysis 

Data were analyzed using the ANOVA (Analysis of 
Variance) and least significant difference (LSD) was 

performed at P=0.05 levels of significance. All other 
calculations are performed using the MS Excel. 

 

Figure 1: Sleeve cage 

  

(a) (b) 

Figure 2: Colony growth parameter by OHP sheet gird method 

  

(a) (b) 

Figure 3: Foraging activity of Indian bee on bitter gourd flowers 


