At éf/ Ci tGgtl RORT PpPr. ki yedbde Kllere G°re Arécél ék Etkinlijinin Veri Zar fl
Efficiency of Beekeeping by Provinces in Turkey via Data Envelopment Analysis). U. Ar & DJ. 21(2). 146B166eDOI:
10.31467/uluaricilik.940167

ARAKTI RMA MAKALESK / RESEAR

T! RKKYEODE KLLERE G¥RE ARICILIK ETKKNL
ANALKZK KLE BELKRLENMESK

The Determination of the Efficiency of Beekeeping by Provinces in Turkey via Data
Envelopment Analysis

Duran G} LER

Ege | niversitesi, Ziraat ¢Hmk ¢ 13t5els0i0;, R RKz@FECHD NB: 0eo-@001i8555-08B7° |
Yazékma VYazar &/ Cor spess:marandulen@egeaduttrh or E

Gel ik Tarihi [/ Rec eiKaebubiTarihiZ Acceptéd: 08.072021 DOI: 10.31467/uluaricilik.940167

¥z

Ekolojik dengeye sajladéjé katkénén yané séra kérsal
°nemini artérmaktadeéer. Bu -al ékmanén amaceé, T¢rkiyebd
belirlenme si di r . ¢al ékmanén ana materyalini 81 il deki bal

i Kl etme sayésé ve kovan sayésé verileri ol ukturmakt a
belirl emek amacéyla veri zaméktaema. aARdli zziaedenmi yair amdle?
arécél ék faaliyeti yapan ikKletme sayésé ve kovan sayé
model de bal sreti mi i ken, i ki nci model de HWaduiliher ikib a | mu
model de de tam etkinlije sahip olBaplidrmeet lairralsiékn ddre jyerr| «
i kinci model el S evasdyIl3® ol arak hesapTdarmknéyke dodleu par ébcue
etkinlijin d¢ke¢k ol duBununlabirfldes tiekrl neetkniee deilr-.ej i b¢y ¢k ve |
il lerde etkinlik dejerini Buynlkedek |cel, dwujre csed pptka mmé ktedri .c
artérmal aréna y°nelik tekvik edici politikalarén yg¢r ¢t
Anahtar Kelimeler: Etkinlik,ar écél ek, veri zarfl ama anali zi

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,
T ur k e yndy gprodaation and beeswax production
constitute, respectively, 5.90% and 7.17% of global
production. Turkey is the second leading producer of

/| RESEARCH ARTI CLE

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.

honey in the world. However, the average honey GKRKk
yield in Turkey (13.5 kg) is well below the world Ar&lcée k ; bal, bal mumu, areée s
average of 20.6 kg. The aim of this study is the ar é créenl erinin cretil mesi é
determination of the efficiency of beekeeping by kaynakl ar &, i KgécCeényg vV e t ekt
provinces in Turkey via data envelopment analysis. kullanan sosyo-ekonomik bir faaliyet olarak
The study is expected to benefit policymakers in tanéemlanmaktadeéer (Burucu ve
establishing support models for beekeeping by faal irsetl k@ anda alternatif g
provinces and regions. Ve ekolojik dengeye sajl adefj
Material and Method: The study used the data of olduk-a ®nemlidir (Geler v.d.
2020, obtained from the TURKSTAT, on honey Arécél ék a-éséndan ©°nemli bir
production, beeswax production, the number of Té¢rkiyednion cojrafi yapeése,
beekeeping businesses, and the number of hives in nektar kayrkoKloammrié vwaae | €] é b a
81 provinces. Data envelopment analysis was used a-éséndan ol duk-a uygundur (B
to determine of the efficiency of beekeeping by birlikte arécéleéektan y¢ksek
provinces. The number of beekeeping businesses kol oni verimlilifJinin yaneé
and the number of hives were defined as the input kaynakl arénén -exidine ve mik
variables for analysis. Honey production was defined ve Yapar 2019).
as the output variable in the first model, and honey i _
production and wax production were defined as the 5%’ n g 8 9189 2y0§ |6 € nbd_ a °tr et Ib € T 1,8
output variables in the second model. 0o I oe, i In on ba mu ”
T¢e¢rkiyedde ¢greti lmi ktior . Bu ¢
Results and Discussion: It has been determined bal icretiminde d¢gnyada i kinci
that the total efficiency values of 75 provinces in the ise d°rd¢nc¢g sérada yer al ma
first model and 69 provinces in the second model are a-éséndan endéejeéd dijin d e 201
below 0.50. Ordu is among the provinces that have T¢rkiyedonin kovan bakéna bal
full efficiency in both mo(dkegl)s . .olAyg,éndbhbagaf okl aéfaimacicear
in the first model, and BiHACI RO2Kars KIKerkehgorr,e Sdefj
Sivas, kanléurfa, and ZongeridmknHaventiol gebethiciéeé¢mrecy seé
in the second model. In the first model, 88.89% of Adana (25,3 kg), Sivas ( 21, 3 kg) , tanakka
the provinces have increasing returns to scale. In the kg) ve Karsodotéer (20,0 kg) (T,
second model, on the other hand, 80.25% of the bitki °rte¢seé vV e ikl im tipi
provinces have decreasing returns to scale. Total Tée¢rkiyedbnin bal verim ortala
efficiency values were calculated as 0.19 and 0.30 m¢ mk ¢ n g°r¢nmektedir BAlOnu -
in the first and second models, respectively. These icretiminde °ndeydgeal ©Om diul I( ol 65
values show that the efficiency in beekeeping in Adana (%11, 69) , Muj | a ( %5, 8
Turkey is low. However, it has been determined that (%5, 26) . Bal mu mu cretimind:é
the efficiency value is high in provinces with large- (%13, 11), Mujl a (%10, 74), Si
scale beekeeping businesses and high honey yield. (%4, 33) °nde gelen iller ar a
Conclusion: The results show that the scale of Mu ! ! a | So e hem ixle tme sayese
beekeeping businesses and honey yield are related sayése (9%11,01) bakéeméndan ill
ping yy : bul unma(kTtjaklk r202 1) .
to efficiency, and large-scale beekeeping S
businesses are advantageous in terms of efficiency. T¢e¢rkiyedde kovan bakéna bal
Therefore, it is important to implement incentive sretilen arée ¢reéegnlerinin -ex
policies for beekeepers to increase the number of isretim masraflarée gibi dej i K
hives. In addition to this, studies on the efficiency of far kl el &k gSasetvedr2004 kSanerds.d.r
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ARAKTI RMA MAKALESK / RESEAR

, Keke-oJjlu ve G°- Rasmpeléey | 20 VZ,Abdahi wavarl anmécxk
an 2014, ¢ukur 2014, ¥=zt{fixkewld. 2014 stBdamer i ksel
2015, Kutlu v.d. 201Bar Aebayt @areklR&rder ¥zByr kal é
, Cevrimli ve Sakaryahemml18de Bai mdeljdxkem!| et a@l ékKma:
kin farkkehaktajan | otdepanlae&k VZAdnén - ok dej i
Kmal ar da creticilerirnmn®®ndjeintliemi nd¢gyeyi he yhRuElL anéel
Ktiricilik deneyimi, aoda&aawaglué kstoan uichutnias awd ra&klmmé otr &am.é
él ején temel sorunl ar & ZAéslpint yedialrmiatairra.k BTugrak igy e
el ekt a sreticilerin gt Ermam dgargamavear eamrérc éil ekeéen
s as | adk¢gmae ko, r aonrét al ama ygaPksé ey jgghkgdzeskr iivned e Kk i etkilerin
KtiriciliKk deneyi mi dma-l laadmék | aBdaunl|l aT¢bkire&de
rl ama Ve konakl ama anéeétkapéeni edn jagremedl ékma °rr
nl aré arasénda yer al nl0tlalgér .sdgybakylkedgeelr ebciérl é g
nlifJinin ikletmeler baz&séadiamc¢ e ltarkdnajki (-2a0l1e6k)mad aajr |
n v.d.anR02®17 Cegert 20ve, bAandkan al aekénondiak sgo°ssytoer gel
. Kaya 2020) bulunmaktaéséndBua, - «loé rarka | (a2r0dla8n) i se
¥ren v.d. (2010) tarak®mnidlnt ¢Akdeatniami i lai-redeé ndan
|l mék ol up, -al @ékma kaiplslaenméen daai kti eit kli extl me&| elreGer | er i
i k etkinlik d¢zeyi %|§u5 oIlarKanI1<aneaptaamnarrée(_ektebral ve
Kmad a teknik ebt¢ky|¢,nk5|zlljl_ f e ' & |
Kenl erinden birini abgcene e Ellr'1 EEES fNéER rDV|am &
N eji Kkenl eri1 .-%e gle T(,r
turduju belirlenmiKtid eilick iﬁﬁfd?iin\/i@'il”t?ﬁnn)?u a n
kmada ise (Sert, 2017)ap|/%_k?‘|| VEETRIN WA lea’e_ %Syl'. Io/f86
ak belirl enmicktir. nga kté{(nlan_eanl é?(rm(;eacd%l e#.ﬁ%ni'k Iere
nliklerin belirlenmes§®? acc ey M redikgeerjgbn 19i’ K K
ak veri zar fl ama anaY?Q??}%l ar ygf gyrdpa n(léaﬁmga%ﬂ(%FQ' '
ca her i ki -al exmada -ékte olarak bal sreti mi
kol oni) ; girdi ol ar ak y (‘_E\ /ko oni ), i Kg¢cC
t/koloni), dijer dele&Erﬁ?Y%AfE,r?¥w L dijer sabit
afl ar (TL/koIoniA)yrédceafaalré;emadnérnIrra|nKat|rmaterya|ini
rat¢rde 81 ilin toplamukawmadnsianesd debaldidreat 2mi20vV
mu mu cretiomi a-eseéendaa bladn zmeurnlui kglreertiimiingk, weécel ék
l el ekl arénén ortaya koawésda] webikov-aanl ésmaeéed&e lverr i
2018) da mevcuttur . ¢Baul é-kanlaGdkamaingeiné cséd nelkc ufnaaal i yet i
arecél eéja sajl aamada pbkealtikrélleanmieekn drhd ®dy |l Bazver i Za
I el ek gesterdiiji, Muydraar v@néAtharaéeri |l lpenrailniiznde g
l enen dejikkenler a-gséondladk diajaern yeitlil eyradpean i k1 e
ktéklaré ve aréceéelejadeqrerfaeandar klamikiet israj |cagykatne idle
kl ar e saptanméxktér . BAanic akr eltiitmervad reir glie  jakreénc,é 1 €ki n
éndan il lere g°re etkrimmﬂnu]({Inetiinme\}eernidliérii hoe|rd'1raa'1|@ib
-alekma bulunmamaktader EZ kta
nliji illere g°re |ncE<T—:k'InI'B faalzinde @%{q{ngt% Vﬁdﬁgnrparamﬁtr e ki
kmal ardan farkl él ek g‘pé ?mé'%teé ul unm
ana kI glrdl vV e -ékt
literate¢rde iller/b°in©aler1etﬁld|jarpra(ﬁrametneiflkarbmwnyaf’nwe
| ama amacéyla veri zar. fdlamapognalkiozi winm. (¥3A)L) . Kl
a@jeée -al exkmal ar mevcutdsunr . yeDeglnidkat axne(rZ20Q02) Séneér
Kmasénda °czel sekt©°rkekiimallethtmi ks adlag’Zric VAAL Char nes
°rlerinde tekniKk et kRimdd&sof h-¢mal ék-man a V&I a b u
anméexk olup hem iller aarlarséé(tl*ée(m(ctaeg,oze@efktverIsearnearasé
or mans karkeéel akt &r mas
i yen ( 20 @&)endal én@mkiy\Z%An‘?% 831“0':%’?”&‘?'ac“"pe&mﬂdeslacbhlatr”
kmi kIl ik dezeylerini Js yanf rak | vé ¢ arnesco%n%ker
aj Ar éceUlwlkg BeeeJowgnals2021, 21 (2): 146-156 148
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y°nt emi °l -eje g°re dejikgiemdi( amitkatna rvieayiaé ooz dal gDt € k t la e
getiri varsayéména dayanmkktekd@greehéTamplimsmdalet mekt edi
y°ntem i se Ihier md&delyd’ent emi n b|rI|kt?| |
dejerlendiril mesidir. Ve|K|ncei rnfela ! %?Izgrudpe ar 8
hesaplanan etkinlik dejerF%F ? gI%J { Fﬁ'dlg'etsg ﬁj|a
etkinlik ve °1]-ek etklnllb mllK(Ithlare Lé'}?iv kd i|élil|§r'
Banker v.d. 1984).

amaceylavmlmamnu testi uygul anm

Yé N a@QQE a QQ

. Y& I Qi a2 2ie a 2232 ARAKTI RMA BULGULARI
"YQ'QICQOHWEQ D6 QER §(IN ’

Etkinlik anali zi i -in kullanée
bal mumu ¢reti mi i Kl et me say
. E Buna gere i ki farkl e model
O E (2 yapél méktér. Birinci mmdel de
ol ukturur ken, i kincisinde -é&l
mumu ¢reti mi ol ukturmuxktur . K
VZA dojrusal progr aml alerﬁaLleLIm:eknteyeseez.vemokdoevlajnndséayye(
dayanmaktader. Bu y°ntemd0e hK l&|r|br?| é{( ?et!ubn&S 4160
girdi vV e -éktélaarr’énaraajseernld@%ﬁe o%lr cay Sé’ 1023 ve
ol arak tanéemlanmakt akboimup 'ﬁ'eseéf; AﬂwéQ '(r (Tabl o
i-in) (¥zden 20160)ad eotl a—ceakktteerve Bur a
|l adet girdi bul unnaketkaisegr . Denkl emde
Tablol.Dej i kkenlere ilikkin tanémlayécé istatistikler

Table 1. Descriptive statistics for variables

¢éektél ar //Dejikkenl er Birim Minimum Maksimum | Ortalama| Std. Sapma

Bal sreti mi Ton 27 17213 1285 2427
cektéelar

Bal mumu ¢r Ton 0 493 46 82
Girdil Kkl et me say Adet 92 4741 1023 806
irailer

Kovan sayés Adet 6198 900583 100976 129903
Kl'lere g°re etkinlik dejemiktaré@nérmjeejg@mlee rschibrime ygee taili
ve °lg%rfjfe dejikken getiri evdiobyéeéml aad@i pl bEadai l sayés
-éktéya y°nelik olarak hegapltdmmeéemitietrar ae&n éyda]jyorndelnidk
hesapl amal ar da ama - me v enadelde tagnietk d n | i meksahép i | say és
dej i Kkmeden maksi mum - &kt énodelde #5tilia, rikehei enodeldle isen69 din etkinlik
ol arak ne °1| -¢,de uIaKéIabidleéceeiiinr’ninn%lSé)I(“)inriInerame:éinaﬂiar.old
Kl lere aneli&keéxany? k deigp H °dra i(e"ndfeel i"';’_r;f’k
Tablo 26de verilmiktir ¢ekt g,]rer[im" ¢
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Tablo2. Kl | ere g°re toplam etkinlik, teknik etkinlik ve °I|l-ek et
Table 2. Total efficiency, technical efficiency, and scale efficiency by provinces
B B ) . Toplam Etkinlik Teknik Etkinlik ¥l -ek EtKki
¢tcekt éelEtkinlil
Sayé % Saye % Sayeé %
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
Bal i 10.301-0.400 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
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
Bal ve Bal | 0-401-0.500 3 3,70 6 7,41 6 7,41
mumu 0.301-0.400 6 7,41 6 7,41 11 13,58
et 01-0.300 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 0,00
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¢e¢rkiyebdde en yigksek bal Y &rait @il @en s¥arhad @s iOr waridléeéim h&mrac
i ki model de de tam et kinl iBjid exaemiip oPrmmgi & n& a sugymgadud eamgcha
yer al maktadér. Aydén il i adinraikntcai noldwegd,de baml @t ki &0 f§
sahip iken; Bi | eci k, r kkeahrisr,, KS& i¢eéki tSiemad ,ri | mesi Ve K K Gel
kanl eurfa ve Zongul dak i klapsiaméhkidamciar mcéebdéde vteamar é
etkinlifje sahip il ler aragépdamdsil ar véTablpak&t |l enBne s
il lerden Aydén, Ordu, Kar sdesteldanmektedirler ETKDK202L)e ur f a | PARD
Ul udaj Ar éc eUlwlkg Beedownals2D021, 21 (2): 146-156 150
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Tablo3.¢ékt el ar a lagifler e et ki

Table 3. The efficient provinces by outputs
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n [0}

cektée(lar) Et ki n

Ol an Kller

Bal preti omi Aydén,

Or du

Bal ve Bal muiBil eci

k, Kar s, Kérkehir, Ordu, Siirt,

Tablo4. Kl | erde °1 -efjf e

Table 4. Returns to scale for provinces
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Tablo5. Kkl et me b¢yeéekl ¢ é¢ne g°re etkinlik dejerleri

Table 5. Efficiency values by scale of beekeeping businesses

_ - - Std. .
¢ ékt é(|Etkinlik Kkl et me b| Ort. Sapma Min.| Maks. z p
o 9%5 kovan vel 0099 0,055| 0,003| 0,273
Toplam Etkinlik* -5,712 | 0,000
95 kovan (10336 0,275| 0,073| 1,000
) o 95 kovan { 0,178 0,226 | 0,008 | 1,000
Bal ¢ | Teknik Etkinlik* -4,554 | 0,000
95 kovan (10409 0,303 | 0,089 1,000
) 95 kovan v¢0,788 0,246 | 0,045 0,998
¥l -ek Etkin -0,562 | 0,574
95 kovan (170,843 0,171| 0,176 | 1,000
o 95 kovan { 0,257 0,249 | 0,002 1,000
Toplam Etkinlik -1,424 | 0,155
95 kovan (170,368 0,332 | 0,060 1,000
Bal ve Bal o 95 kovan v{0482 0,323| 0,008| 1,000
mumu Teknik Etkinlik* -3,088 | 0,002
retion 95 kovan (170,716 0,316 | 0,092 1,000
) 95 kovan v ¢0.585 0,285| 0,164 | 1,000
¥l -ek Etkin -0,822 | 0,411
95 kovan (170,539 0,334| 0,116| 1,000
Mann-Whi t ney U testine g°re grumglyamder asné radd lkidéefrark * p<0, 01 d

Tablo6.Bal verimine g°re etkinlik dejerleri

Table 6. Efficiency values by honey yield

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

o 13 kg ve alt 0,113 0,075 0,025 0,427

Toplam Etkinlik* - -4,949 | 0,000
13 kg ¢zeri 0,383 0,302 0,003 1,000
13 kg ve alt 0,199 0,228 0,032 1,000

Teknik Etkinlik* - -4,010 | 0,000
13 kg ¢zeri 0,436 0,331 0,008 1,000
113 kg ve alt 0,789 0,243 0,045 0,998

¥l -ek EtKki - -1,035 | 0,301
13 kg ¢zeri 0,861 0,144 0,380 1,000

Mann-Whitney U testineg® r e grupl ar araséndaki fark * p<0,01 d¢zeyinde a

Kl'l erde yer al an ikl etmelealrdé] éoritldleandae b aakgvane ghipnh @i n
go°re bal ver i mi farkl el éij €l eitneed leernidni jyiewmdea,l dékéei mkeer
beyekl ¢7 ¢ 95 kovan ¢zerinde78Danpixle@efmébepriaspyietr edi |

Tablo7. Kkl et me b¢ye¢kl ¢ ¢ne g°re bal veri mi

Table 7. Honey yield by scale of beekeeping businesses

Dej i kken Kkl et me b¢yé kIl 4 Ortalama | Std. Sapma | Min. Maks. z p
o 95 kovan ve alt 9,77 3,92 3,64 21,34
Bal Verimi (kg)* -1,780 | 0,075
95 kovan ¢st ¢ 12,14 5,94 3,62 30,02
Mann-Whi t ney U testine g°re gruplar araséndaki fark * p<0,1 dg¢
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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 bacteriawere 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 cryl 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

Arécél ek gerek T¢rkiyedde gerekse d¢egnyada tarém ekono
°neml.i kat kel Aaréelsaajélnarol madéj é& bir ortamda bitkisel é
dejerlendiril mektedir. Aréceéel ek sekt°r¢gnde bir-ok etke
Bu sebepler arasénda mi kroorgani zma snabé&plyinakd<£t hlasklad
tehlikeler de ©°n séralarda yer al maktader . G¢e¢negmezde
kull anél makta olup halen °n¢gne ge-il ememik durumdadeéer .
y°nt e mi kKul |l anél mamaak t-aédkéarr.a kB,u r-aadlaénk nyaonné n amac €, bal a
i -in biyolojik bir etmen kullanélarak hastal ék ve zar at
gel iktirilmesinde taban olukturmakteér. Bu baétbakterda - al
i zol asyonu ger-eklexktirilmicktir. EBadilus @ndind, ekn tanksa kt er i
Lysinibacillus cinsine, bir tanesi Paenibacillus cinsine ait iken bir tanesi de Pantoea cinsine aittir. Bu
bakterilerin molek¢tanémlearadlyarke myapa&al arak GenBank a |
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numar al ar & al é&n m@actllest PaenDacillbses&Lysirdbadillus cinslerine ait bakterinin cry

gen analizl eri yvapéelonegemlrer iBihemdiz hr arlzelpaansiyellnar Kk &€ k
sahiptir hem de ileride b u bakteri Ve genl eri gel i
ol abilecektir. RBnylgen &baktdridervacryBggeai de 3 bakteri cdg2g®°zl e
ve cry4 genleri bu bakterilerde tespitedi | ememi Kkt i r . Bu genl eri takéyan |
a-éséndan b¢gye¢k °nem takémaktadeéer. Bakterller bi yopest
zaral él ar ol mak ¢zere farkle aré hastal éklaréna kar ke
Anahtar Kelimeler: Apis mellifera, Bakteri, Mi kr obi y ary genleri Bal aréseé sa’
GENKKLETKLMKkK ¥ZET Lysinibacillus cinsine, bir tanesi Paenibacillus
Ama-Bal arclarée ekonomik C{/nsme then bllrtane5||<ii<e Pantg)eagmsmelalttlr ot
ol duk-a °nemlidir. Bal af?aﬁe%|§%a| Pé H)Pé)lelaraké it 4
polen, bal mumu, aerrseyeszndehrlv k eatr " "rt{a AR 'Bafillua‘(nmeKte
g?:ygénpéanzarhznmdei °hneemrr:eln| ?Dréembgcnlu \i/(et Eli_y%n% |I(sa?£|n%n§rlﬁe Git
tgrémsal bir faal.i ettletr)ktern)ﬁnéryegelf_ﬁynapi|5Ler| yapelm
engell eyen en °nem|iyned |Zercr RN eril h e "LﬂySFr'ag'rrl‘L’l(;‘le

9 y ~ - = gotgﬁsi ife"sahiptlr hem dg_l eridd hu b|.31k17[e1"’|1 ve
Ve hastal ekl aréeder . Bu nede . e Fe Sl B8 e o
k k by¢ ,k °nem arz et X eer'i g%" '.ml'r'deer.e. by
borur;ar rf*Yi‘ - m q Ip§ £ Frrl gl“é‘b”lolr‘{%ceckylgeml Bu ¢
kﬂl | arr:lél"jlmaketrj1 oal u (Jchaalee ng b%ktnen'dn eve'c?'y _geﬁ{ %e feraktende

- b go° z I"éEMISecryhié enfa e%lerl%uﬁbak'feklerde

durumdader . Bu y°ntem|er,[esariaseen'(}ﬁiaI eyr% I¥Iioll(toljlj
m¢cadel e y°nt emi kullanel matRkt aG@rh al eékmanén
amacé, bal ar élwmmeaéEk éin- israjbiey @ln@j iklor

bir et men kull aneél ar ak t A'k vV e zarar|l é
organi zmal ar |l a m¢cadel e IgNoﬁln%y%arocﬁa bi yopestisit

geliktirilmesinde taban olAeccerding tomha ROROEdata of the Ministry of Food,
Agr

Yont €&mm:l Eékma i -in gerekl:i q huregn Ir|vestoFk Dlrector@t?oﬁBeEkFegr?g
G:mskhane il Kirton il - ess? Insqute, éransttheorefrontof
¢ et , ¢ ¢ beeke ectorm e world Wilh ver
Kldeeki belirl enen sajl ékl € | E%ﬁ( hVK (%?%gn
ortalama 20 «Ker ar é top|%ﬁ%‘°&‘i‘ Plousan IVes 2N Or{f?
t akéma kapl ar éna alénaraoneip?%j% %Bee%pnglproweswﬂ%og
getirilmixktir. Laboratuvarg ltjﬁ olth rlc%uracnmykq,n (faroé)kler|
*ncelikle %700l ik al kol prigvy%rllos rﬁgrge ?eéga(gqso IIn‘eraL)jr ayi&/er
sajlanmékYgzey steri i Zas; Ooralrgfrrlvpn o)I/Im ti mr?naue?lpecosps)ém ny
5000l Nutrient broth bes] it f dpEansitld.ﬁiei X ? ren
ezilerek par-alanmaseée saj EggHoH]?t naénglcolo &I‘cgztssh veﬁqcre se%‘ are
ortamdan uzaklakteéermak i'tenVSOrp ?gthr' s IFa};aSIteEfu% wrusaeesad"zm
i K1 emi ger-ekIeKtiriIip,mg'erl kaIng(p qu\' dr Qlt aga
besiyerine ek i m yapeél ar ak3 3@PA ctetr@ thcpj}r?ﬁs afco:s canaverstey
ink¢gbasyona berakelmeKter?hee(E)e eag etseS: carsgigagecmg
besiyerinde olukan bakt er2018 Lr %%1 %Cfet?m net Le -0
ayre ayre besiyerilerine velogcﬁls‘%rn and ﬁ‘etlvem%éur%e{:s%sem Bu
bakterilerin taneml anmasTEe m?mune sstgm of "indects ‘cdmbats v{;\rlous
karakterizayonu, biyokimyasal testleri, fiziksel ve y t i
mor folojik analizleri y a%atgqg%@ayq(consgugqr}l)(paﬁ%e%omion%o{tae vV e
bakteriler GenBankoéa kayeét éohv?r UEFESRTY! {mnune Systems in the

world. Insects d nse mechanisms include cellular
Sonu¢al exma sonucunda bal aadrherrhomlrmanmrdt)a(ﬁvankéndArnhsard)ng2005,
bakteri i zol asyonu ger - e kSclandtetialt 2008 nwWilson-Riah et al. 2008).e e di | en
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Ul udaj Ar éc eUlidkg BeeJownals2021, 21 (2): 157-167 158



ARAKTI RMA MAKALESK

Epidemic infection risks in honey bee colonies is
reduced by individual and social immunity (llyasov 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 (llyasov 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
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
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proteins produced during spore formation constitute
approximately 30% of the total protein content of the
bacteria (H°fte and
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

( Gi |l I i amuez 9 9attjvity @t dief as 3 result obbloal pois@nmgwithin

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 wher e ar e
province, distinct
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
1 1 15)(Thiery and Frachon 1997) and 0.1 ml were
spread on nutrient agar (Thiery and Frachon 1997).
Pl ates wer e i nc u-Bdayselsblatest
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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 glycerolat-8 0 AC f or f u
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 B e r g e yebnatic
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 30AC
using a spectrophotometer (Spectramax M2) at
OD600 (Ben-Dov et al. 1995). Biochemical panel
test system APl 20E (bioMerieux, France) was
handl ed according t o
instructions. Then the panels were incubated for 18-
24 h at 30AC. The result
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

r

by

t

/I RESEAR

consisting of d e nfart 31 ma,t i on |
annealing at 55AC for 60 s an
3 min), followed by a final e

% min, by wsimgl a thesmal 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.

M Aa99Q).a Comparigon o8 yapproximately 1.400 bp

S

late BNA wasnixedlwitho f

fragments of 16S rRNA gene sequences of each
isolate with other 16S rRNA sequences in the NCBI
GenBank database (Altschul et al. 1990) were
pedfaansed.r i ng the densities

Optimum pH Range of All Bacteria

In order to determine the pH range in which the

tbacteria growasn aptimally, t nuedize at 6dgferent pH

values (pH3, pH4, pH5, pH6, pH7, pH8, pH9 and

poH1 d)hewdres t pr eavgarcegeahdr madut
hours.

Determination of cry Genes of Bacteria

PCR amplification of cry genes was performed of the
toxin genes using cryl, cry2, cry3 and cry4 primers
(Table 1). PCR was constructed according to the

following conditions: pre-amp | i fi cati on 94AC
followed by 30 cycles of dena
s, annealing at 52-5 9 A C f oand efogatien, at

72AC for 3 min. Reactions wer
of template DNA was mixed wi't
0.2 mM of each deoxynucleoside triphosphate

(dNTP) , 0.5 M (each) with p

Tagd®NA polymerase. PCR products were analyzed

5 €l reaction buffer, 0.2 omM%afaroseagelh deoxynucl eosi de
triphosphate (dNTP), 0.5 &M (each) with primer and
0.5 U with Taq DNA polymerase. Amplification was
performed with 30 cycle program (each cycle
Table 1. Cry gene primers
Primer Primer sequence Sequence lenght Tm (A
Name (PCR amplification)
crylFw CATGATTCATGCGGCAGATAAC
crylRv TTGTGACACTTCTGCTTCCCATT 277bp 55
cry2Fw GTTATTCTTAATGCAGATGAATGGG
cry2Rv CGGATAAAATAATCTGGGAAATAGT 701bp 52
cry3Fw CGTTATCGCAGAGAGATGACATTAAC
cry3Rv CATCTGTTGTTTCTGGAGGCAAT 604bp 54
crydFw GCATATGATGTAGCGAAACAAGCC
cryARv. GCGTGACATACCCATTTCCAGGTCC 439bp 59
Ul udaj Ar éc eUlidkg BeeJownals2021, 21 (2): 157-167 160
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RESULTS

In this study, 16 bacterial isolates; Bacillus cereus

/| RESEARCH ARTI

flexus (GAP14), Bacillus paramycoides (GAP15)
and Lysinibacillus sphaericus (GAP16) from Apis
mellifera were isolated and characterized. The

(GAP1), Bacillus subtilis (GAP2), Bacillus . . . :

; - . . optimum pH range in which bacteria can grow was
wiedmannii (GAP3), Bacillus megaterium (GAP4), :
Pantoea rodasii (GAP5), Bacillus nakamurai also determined (Table 2). When the pH results of

(GAP®6), Bacillus mobilis (GAP7), Bacillus pacificus

the bacteria obtained in the study in Genbank are
examined, it is seen that they confirm each other

CLE

GAPS), Bacillus thuringiensis GAP9), . .
( . .) . X . 9 ( . ) (https://www.ncbi.nim.nih.gov/genbank/). These
Lysinibacillus  fusiformis  (GAP10), Bacillus ;

X . e ) results are used to confirm the accuracy of the
vallismontis  (GAP11), Paenibacillus odorifer bacteria
(GAP12), Bacillus velezensis (GAP13), Bacillus '
Table 2. Optimum pH range of bacteria.
pH GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

pH3 - - - - - - - - - - - - - - -
pH4 . - - - - - - - - - - - - - - -
pH5 . - - + + - - - - - - - - - - -
pH6 + + + + + + + + + + + + + + + +
pH7 + + + + + + + + ++ + + + + + + +
pH8 + + + + + + + + + + + + + + + +
pHY + + + + + + + + + + + + + + + +
pH1I0  + + + + + + + + + + + + + + + +

Some biochemical characteristics (API20E) of

including which growth medium is suitable for their
bacterial isolates are summarized in Table 3,

growth.

Table 3: Biochemical characteristics of bacteria (API20E).

API20E  GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP GAP

Tests 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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:/iwww.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, MZzZ097351,
Mz097352, MZz097353, Mz097354, MZ097355,
Mz097356, Mz097357, Mz097358, MZzZ097359,
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.

Table 4. 16S results of bacteria.

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 cryl
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.

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 isol ate

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

163
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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, A Homopter rthoptera and
Mall%p)){ﬁaga F%as v@eh as 021 Qema todes, 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

U. Ar BU.Bee J. 2021, 21 (2): 157-167
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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 cryl
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 cryl 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
pat hogens (Dojarahke,

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

Ul udaj
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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 (Yarelga-,
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 (15.601

19.30%), reducing sugars (72.51i 80.80%), sucrose (0.50i 3.70%), diastase (9.00i 20.80 Gothe units),
hydroxymethylfurfural (HMF), (0.69112. 40 mg/ kg) , t oti&@ b . 0a0c intkiqt/yk g (1 7 .e? C
conductivity (0.23i1 0.48 mS/cm), proline (218.50 i 679.50 mg/kg), specific rotation (-20.20i (-12.30))

[ 13®°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

Bul garistan'dan alénan 27 a¥%diimyapgial bakzel Pirkle¢iini ar & Kkt
botani k k°keni polen anali zi il e belir | Heiahithusafads numur
L. polen séekléejé g°sterimi9k t3ion. S$Swmdii rgreiyji ic808%Baka6z0 er ( 9

(%0.50 7 3.70), diastaz (9.00 i 20.80 Gothe birimleri), h|drok5|met|lfurfural (HMF), (0.69 1 12.40mg/kg)
i - i n a) @plankasidik (17.70 i 36.00meq/kg), elektriksel iletkenlik (0.23 7 0.48 mS/cm), prolin
(218.50 1 679.50 mg/kg), spesifik rotasyon (-20.20 7 (-12.30)) [ W¥ elde edildi. Elde edilen sonu-1 ar d

bu bal °rneklerinin kaliteld ol dujunu g°stermektedir.
taraféendan belirlenen kalite standartlaré ile uyumludu
orta d¢gzeyde anl aluhda (r40682,0%005))y on b

Anahtar Keli mel er :fizRaWi, myapasadl- e aelblaillkéleleri, kalite par am
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GENKKLETKLMKK ¥ZET arasénda orta d¢gzeyde anl aml ¢

Giriti-ek bal e, Apibabliferary | af&°82(P<0.0%).

taraféndan bitkilerin nekSarmEeshadmun- ialedaridk,n tdomabalbi ¢r

maddedir.Bal,t ek -i -ekl i bitki viezladd anmodsploil ehi ikaeynaj &e ay-i -
ol arak sénéflandeérel er. Te&n é-fil-aenkdleéir e iatbk il i bal €Ay -aij -éea]l
ol arak nektar ve polen i-@emdan rigiery i lsakardx,eibstmz,rHF, ttoplana f € nd a
cretilir. Far kl é -i-eklaisithikki el dlat i1 iak €£¢ | itlieptikke n |
mel i ssopalinolojik vV e fpar Rkt mghasal uPmel br Btasé y°©°
gesteritok kaynakl e bitkikabalte, paiametr i elbeasknén kar kK él
ol mayan -eKi tli bitkilerdBunl gmektsarmanveanpohegni eedien bal
sretilir. Bu -al eékma, Bul gat neslfa nidlag i¢lreert islaejnl aanya-kit-aedjéi
bal @&nén fizi koki myasal parametrelerini
dejerl endirmeyi ama-|l amaktadeéer. Bul garistan'dan
al énan 27 lag - i°rejeij i bian fINTROBUCKIONNY a s al
5 . . - -
zel bikleri arakterelde. Blossom honey is a natural substance produced by
Ger e - ve Bahté&mnekl eri 0 choney bees (Apis mellifera L.) from the nectar of
cam kaplarda muhafaza edi plants. Honey is classified as unifloral or polyfloral.
ve 2018 ar écél ek sezonl ar (Theunifloral honeyis produced by one plant species. | € n & n
temsil.i °rnekl er. k ul | la n écontaining predominantly its nectar and pollen. Thet a n i
k°okeni pol en anal i zi i | different  unifloral honeys show  typical3 a |
numuneleri, %41'e varan oranlarda Helianthus melissopalynological and physicochemical
annuus L . polen seéekl ej e g°st eproperties. The polyfloral honey is produced from &
Bal & Devl et St0d redlyguu@s'tan6 7 nectar and pollen from various plants, none of which
%40' a kadar polen i -eren is predominant. In general, unifloral honeys areb al é
olar a k seéenéfl andér el abil i r regarded as more valuable products. They have i n
| aboratuvara teslim edi | dgood quality and specific sensorial characteristics.> i r ay
i-inde yapeéel mékteéer. P o | e nFurthermore, market prices of honey are determined a s a |
analizler Bulgaristan, Sofya'daki Veteriner Kontrol ve by its botanical origin. It can be said that monofloral
Ekol oj i Mer kez Labor at uv a honeys are more expensive than mixed polyfloral
Bulgular: Ay - i - e] | bal énén ku |honeys. This is due to their pharmacologicgl and _
Bal Komi syonu tarafeéndan organol eptic properties (Sily
belirlendi: su i-eriji et al.'201.7). Thus,_great attention has been paid fora Kar oz
. - . . . dentification of unifloral honey by researchers (Wen
diastaz, HMF, toplam asitlik, elektriksel iletkenlik, ! . ybyr .
. T - et al. 2017). Honey is becoming an effective

prolin ve spesifik rOtlaslthr ti nt by practitioners of conventional
1930) , indirgeyici i 1B8@8)er | erapeutic age y practitioners of conventiona

medicine due to its chemical composition. In this
respect the composition of honey depends on its
poral origin (De-Me |l o et al . -Sikd€ide , 7 }5 al
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,

sakaroz (%0.50 1 3.70), diastaz (9.001 20.80 Gothe
birimleri), hidroksimetilfurfural (HMF), (0.69 i
12.40mg/ kg) i-in aral ékl a
36.00meq/kg), elektriksel iletkenlik (0.23 T 0.48
mS/cm), prolin (218.50 i 679.50 mg/kg), spesifik
rotasyon (-20.20 i (-12.30)) elde edildi. Spesifik

optik rotasyon, bal crn €amino acids, vitamins, minerals and enzymes are .
geldijini, d°nen negatif > o i hone y y)
gosterir Numunel erin -OIUasoopr)e%en?ngln/cr)\ngy.a nauail p|U|in
dej er | ahmptirn EIMF sortalama 2.82 mg/kg In Bulgaria there are low levels of local consumption

ol arak belirlendi. El de eflbed herey 7 sumder 200 Ig arr averhge peb aapitab a |
°rnekl erinin kaliteld 0 komnpajed ousome gebusntties in nvektdrrne Europe.
Sonu-1ar, ul usal Ve ul u gaboatr B kga ené averdge zpern year)m Bulgarian
tarafeéendan belirlenen k lbekkeepirg hass 4 waditionallyt éxport &€haractet. e
uyumludur. Elektriksel iletkenlik i 1 e ©°z g ¢ | Adedrding oo Agro-statistics of the Ministry of

agriculture and food the export of Bulgarian honey
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for the period 2015 7 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.

Differ e n t uni por al honey
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 wjrj done & 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

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

t y p e-®Watema rcentenp r is d deterenhed i oy the
refractometric method (Abbe refractometer);
-Determination of diastase activity is after

Schade method;

-For reducing sugars and sucrose is used
Fehlingbs reagent;

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

-Total acidity (meg/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 wusing
coefficient (r), (p<0.05). All results are presented as
mi ni mal and maxi mal v al
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 411 80%.
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Table 1. Pollen analysis of studied honey samples (n=27)

Honey Main species or family,
samples | %N S D
1 Asteraceae 8 0 . 1 ftem tiem Helianthus annuusi 7 2. 1 N3 . 4
2 Asteraceae 4 0 . 4 ft@m tHem Helianthus annuusi 4 3. 3 N1 . 7
3 Asteraceae 8 4 . 5 N4 . 4 Hdliamthus anhuesni 71. 8 N4 . 3
4 Asteraceae 52 . 8 N1 . 2 Hdliamthus anhueisii 4 1. 7 NO . 5
5 Asteraceae 6 3. 8 N3 . 3 -Heliantus annuaisti 6 0. 7 N3 . 2
6 Asteraceae 7 0. 3 N3 . 7 -Heliantus annuzisti 6 9. 0 N3 . 6
7 Asteraceae 52 . 9 N2 . 8 Hdliamthus anhueigni 4 8 . BN 2
8 Asteraceae57 . 1 N3 . 0 Hdliamthus ainhueigii 4 9. 3 N2 . 6
9 Asteraceae7 4 . 9 N3 . 9 Hdliamthus ainhueigii 7 3. 9 N3 . 8
10 Asteraceae4 9 . 5 N2 . 6 Hdliamthus anhueisii 4 8 . 4 N2 . 5
11 Astera_lceae (Helianthus annuus i 6 9 . 3 N Apiad3e (Coryandrum sativumi 3 . 8 NO . 2)
Brassicaceaei2 . 5 NO . 2
12 Asteraceae (Helianthus annuusi 5 2 . 1 NAsteracege (Cardus nutansi 8 . 0O NO . 4)
13 Asteraceae (Helianthus annuus i 6 4 . 7 NBrasgichceaei 9 . 0 NApiadeae (Coryandrum
sativumi7 . 7 NO. 4)
14 Asteraceae (Helianthus annuus i 6 2 . 1 NApia®de;(Coryandrum sativumi 4 . 5 N0 . 2)
Asteraceae (Cardus nutansi 4. 2 NO. 2)
15 Asteraceae (Helianthus annuusi 6 2. 1 N3 . 3)
16 Asteraceae (Helianthus annuusi 49 . 5N2 . 5)
17 Asteraceae (Helianthus annuusi 6 3. 9 N1 . 3)
18 Asteraceae (Helianthus annuusi 50 . ON2 . 5)
19 Asteraceae (Helianthus annuusi 7 4. 1 N1. 7)
20 Asteraceae (Helianthus annuusi 52 . 5N1. 8)
21 Asteraceae (Helianthus annuusi 57 . 1 N2 . 3)
22 Asteraceae (Helianthus annuusi 7 0. 2 N4 . 1)
23 Asteraceae (Helianthus annuus i 6 6 . 20N
24 Asteraceae (Helianthus annuusi 7 1. 5N3 . 6)
25 Asteraceae (Helianthus annuusi 55 . 4 N1 . 7)
26 Asteraceae (Helianthus annuusi 57 . 9 N2 . 0)
27 Asteraceae (Helianthus annuusi 7 2. 7 N1. 4)
Table 2 presents the results of the analysis of the content, reducing sugars, sucrose, diastase, HMF,
honey samples: the average values and standard total acidity, electrical conductivity).
deviation of the physicochemical parameters (water
Table 2. Physicochemical parameters of sunflower honey, n=27
Parameters Min Max MeanNSD
Water content, % 15.60 19.30 17.76ND.96
Reducing sugars, % 72.50 80.80 76.15R2.60
Sucrose, % 0.50 3.70 1.72N1.01
Diastase, Gothe units 9.00 20.80 14.50K8.94
Hydroxymethylfurfural (HMF), mg/kg  0.69 12.40 2.82K2.65
Total acidity, meqg/kg 17.70 36.00 23.73N7.23
Electrical conductivity, mS/cm 0.23 0.48 0.32N0.07
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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
76.15R2.60% and 1.72N1.01%, 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 meqg/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 meqg/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 1 679.50
mg/kg. The average values and standard deviation
are 404.94N144.78 mg/kg. As can be seen from
Figure 1 most of the samples have proline values up
to 350 mg/kg.

Ul udaj
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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 [ V¥ and mean value N
standard deviation (-17.23N2.43 [ &*}). Sample 14
(value 22.20) is an outlier. The results are shown on
Figure 2.

-12.507

-15.00

-17.507

Specific rotation

-20.00 —

-22.507] 14

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

Ar é c B Ulidkg BeeeJowgnals2D21, 21 (2): 168-176 172

RESEAR



ARAKTI RMAA LMAAXK /

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 i 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 (17.76ND.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

; prev,ou r
to determine honey ai'am@'entPéuﬁul:énéfOré?a%ééZb)

Some geographical and climatic conditions can also
affect sugar
2009, Kaskonien et
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 Al i ment ar i u-s
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

sunfl ower honey (6.46N0.
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
present ed bGonstntioepca et al. l(2020)
for sunflower honey (about 12 Gothe units). Juan-
Borr8s et al (2014) ev
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
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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 7 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). shis 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 he&@ing produces HMF.
Based on the Codex Alimentarius (2001) and
Council Directive 2001/110 relating to honey (2002),

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
&btentatiohs. Thé avérage Jaluegoh tetal acidity &n
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
pl“#o |n?e ga ues IUE' t‘g 350 ﬁwgf/krg.hTﬁe?gecrgsultso ?ﬂe
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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obtained results for HMF are close to those
epoerted by Sakal
.§Tﬁe ave?age HMF value
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o, e BPER N s andate kol o
our e%ults. uan-qs% r'§% et 9 %S, (2e015)
HMF val ues (37.4 mg/ kg, 3
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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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ANTIBACTERIAL EFFECTS OF ANATOLIAN PROPOLIS ON
PAENIBACILLUS LARVAE

Anadolu Propolisinin Paenibacillus larvae; zer i ne Anti bakteriyel

Elif SEVMKMf BGZDMYECKr a PMNARBRECOFLURahkan
AKPINARY ~Mer ve SKSEVEIKKOMAYLI®, kengul ALPAY2 KARAOJLU

IKEKehir Ahi Evran University, Faculty of Ar t and Science,
TURKEY, ORCID No: 0000-0002-6455-1333.

2Recep Tayyip Erdogan University, Department of Biology, Rize, TURKEY, ORCID No: 0000-0002-0729-9143, ORCID
No: 0000-0001-6064-0673, ORCID No: 0000-0003-1047-8350, Corresponding author/ Yaz € K ma Ynailz ar é E
sengul.karaoglu@erdogan.edu.tr.

SD¢zce University, Faculty of Art aTURKES,OREIDNoe0OM-O0ORA5648MBt of B
4Samsun Veterinary Control and Research Institute, Samsun, TURKEY, ORCID No: 0000-0003-0075-9247.

5Bilecik Seyh Edebali University, Vocational School of Health Services, Bilecik, TURKEY, ORCID No: 0000-0001-9365-
334X.

6Karadeniz Technical University, Department of Chemistry, Trabzon, TURKEY, ORCID No: 0000-0003-0437-6139.
Geli k Tari hi [/ Relcei Kabdl Tarild OAccepied: 20022021 DOI: 10.31467/uluaricilik.976536

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 weredetermined as 181. 73N5.20 mg Gallic Acid Equival e
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 ¢ g/ ml a
strain PB35 and SV35 using both microdilution and Bioscreen C tegnique. In both techniques, Minimal
Bactericidal Concentration (MBC) values of the EAP we!

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

¥7Z

Paenibacillus larvae (P. larvae), bal arésé | arvalarénda Ameri kan Yavr
neden olan patojenik bir bakteridir. P. Larvaet edavi si nde kull anélan antibiyoti
ciddi kaybéena neden ol makta ve bu nedemud ehaxnttdlbéjyen i ko
i-in alternatif stratejiler gel i Rtarveehghargieae edkojeklt emh ¢ a
ajanl aréneé araktermaya y°nel i ktir. tal eékmamézda Anad
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T¢rkiye' de iPzladaesudialreéen PB35 ve SV35'e karké potansiye
ortaya konmasé ama-lanméxtér. EAP, toplam fenolik madd
bazé fenolik bilexkikIler a-éséndan kar akt e enolikemadde i | mi Kk
mi ktaré ve flavonoid madde miktarl aré séraséyla 181,73
42,33N1,40 mg Kuersetin Ekdejeri (QE)/ g ve farklé mikt
kafei k asit feneetridi jeistbeurl unGAP.E)EAP' nin anti mi krobiyal
mi krodil ¢syon vV e Bi oscreen C tekni kl er i kull anél ar a
Konsantrasyon (MIC) dejerleri, hem mi krodil ¢syowvw hem d
SV35 sukuna karké 74,87 ¢eg/ ml olarak belirlendi. Her
EAP'" nin mini mal bakterisidal konsantrasyon ( MBC) dej e

belirlendi.
Anahtar kel i mel er: A me r i d&alupropaligir MBC,IMICr, Ra&nibacjllgs,larvaen

GENI KLETI LMI k ¥ZET propolis ekstrakteéeneéen topl a
. ~ . : i ktar,e .anti oksi dan kapasi't
?(Tal_[ic nayraénegll 'br:ﬂre-roikn ey evreI nge@?nojf \I?.(Larc\j/all bIB |5anyvbe I'WSEV35 'Snu Kl aré
P ¢ M , - i%y o kVi Spfy'a"s'aM vaeé NG h&el Slgen e
neden ol an -ekKitli ar é h a ﬁéa eé< ie 6’“'“”&“8‘#}3‘&%'{'

R _ . t I ... Daha ano
Hastal ékl ar ar as én dadarehir dé é({:\l; Kk &4 & ol N hoak tvelr i |
tanesi de Ameri kan Yavru ¢<_r,€|_1_easn4_a%merzlye
(AY¢C) Hast al ék |l arva ad ?és(zéynogl cyorqrefea'llrv“%‘léLFg bamél ar a
ba‘éréak Il ¢ meni ni etkilerKSa\\{r%% % 'qui'?%ﬁar'\@mnﬁmnesi OT]Set“é%gl
nede]n olmaz Paenigacillus S ram pozitif deFi &i®mi Vel nil % mb e & y
fak Ita.tif anag,rgbikp 1kadif|;1dil'EtannoeliktiAnadghclllosprorpOHS

¢ o L : héel PB35"€98tidyvas PoP%LH %A'syoni
o | twren bakterilerdir.  Paenibacillus larvae - ) X
kol onil eri k ¢ , Kk d'zenlifazclﬁfatp]rgl l%/l§e| %"Skt%el%l%faz'lzarve a¢f

¢ - ¢ ) < j ] p

kabar ék ve beyazémsé ilektf)leja relnklaidi'r. ‘EF%?'énen
| arvada bir milyonun ¢ zer iBalgutar: sypmprélearnetamal i z| ee  A¥d i c
ol ukumuna neden ol ur Ok Aintaeltord ars i pkrloi pnon totel deresikshtaafdackrt € n
(OTC) gib i antibiyotikIlerin ki kit ah @b @HS &5, 20 king e GAE/ g, t
kol onilerin kaybénén °nl enachedei miviet areéd&wni #A4i2, 33 Nh, 40
yaygeén bir stratejidir. Amoaplo,l i 8 n tefkkenarikadsit, kdbngdknasit, u z un
s¢reli kull anéménda -exitlkirisonurlearpionlouwkeanbirlinme kitielde ke
Son zamanl arda bazeé ¢l keolledrudeu Dé&spi et e duisgrofidliisinin B.t anol i
di rem-llarvae i zol atl ar énén dlad waait D kbii r-@akkl|l & suk ¢zerine
-al ékmada g°steril miktir . beliBamdi nede e, kovanl arda
pa '

n
tojenik mikroorganizmalsalornéu kont;

I

propolis gibi doj al (;rg,nlerianful'la %(Iﬁ(m?eﬁtémneakrstoz;nr;uI'brll'arréi’l
var dér . Bu -al @ékmanén ama@é?p Ofg|eb§}rgalé5gqu@enfar£gg yi
olanetanolk Anadol u propol i s Pek Ityrhadk d'érnéﬁofk%bﬂ.ﬁj_ye.d s 'S'I Ip b'ol
larvae s u k | RB85&ve §V35) ¢ zer i ndek i etfkitslldi”ﬁitnd.””e A' @j-al ol abl
vitro belirlemek ve AFB'nqlnsplfeornrﬂer.ole(;l\;lrg gn‘ﬁlreencln‘?esslppr
i -in alternatif bir g,rg,nza:{n I'grrlyagktn'{z't ngollkfjifﬁa‘ar'lﬂlknl
propolis ekstrakténén kullanélaabﬁla\rﬁﬁji(ﬂp ﬁpaknggnakut

sahip ol dujunu g°steren nem
Gere-e Y°nttameél an bu - al édkenjaedral emdinr i | mektedir
propolis D¢zce | niversitesi Arécél ek Uygul ama ve
Arakt ér ma Mer kezi 6nden ( DAGEM) 2016 yél enda
temin edildi. Ham propol i NTRODUWGTION ul du, °7 ¢t ¢l de ve
%7061 i k etanol il e ekstrobvt o adi I Adi Ha>arl angnp
ekstraktéen t o pd daem nﬁieFRonnaIrie'Ir.' many part.s of the world, there are various b_ee
Ciocalteu metodumargtme elt>d|seases which cause loss of colonies, collective

bee deaths, and reduced honey vyield. 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
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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
Development and Application Center (DAGEM) in
YéJ] €l ca ar eas Rawprdpolis darapje,
was obtained from directly plastic traps put under
hive cover. The propolis sample was kept in a deep
freezer((2 0 AC) .

Identification of P. larvae strains

for a long time against physical conditions (Hr a b § kP. larvae PB35 and SV35 strains were identified

and Ma r t 2 n eGenerséh0 Q02Q). Using
antibiotics like oxytetracycline hydrochloride (OTC)
is a common strategy for the prevention and
treatment of affected colonies (Hansen and
Br B3ds ga a) ldowevé,3h@re 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.

179

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
40°C (HEIDOLPH Hei-VAP Value Digital G3) and
storedat-2 0AC (Al iyazécéoglu
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(lll) ion in the Fe(lll)-TPTZ complex
by antioxidants (Benzie and Strain, 1996). Fe(lll),
which is reduced by the antioxidant substances in

RMA MAKALESK /

Approximately 10 microliters of culture were added
to each well containing serially diluted propolis
extracts and i ncub ntorea toa
determined MIC values. The MIC values were
defined as the lowest concentration that showed no
growth. Ampi ci | | in (10 eg/
standard antibacterial agent. MYGB medium was
used as negative control.

the solution, gives absorbtion at 593 nm. Results for Determination of Minimal Bacterisidal
FRAP activity wer e e X p €Cancentation (MBG) Omo L
Fe2S04.7H20/g.

Analyses of Phenolic Compounds in HPLC-UV

Phenolic compounds of the propolis were analyzed
according to method described by Can et al. (2015).
Csanal ytical column C (15
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

eluton. 25 . sampl es were inj eéfhteﬁﬂgc\,gt}ewg’g(a&e\ﬁn

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 acetonitrleandwas moni tored at

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 10° 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 sterilecork-b or er . Each well
of EAP and the plates wer
h. Antibacterial activity was evaluated by calculating
the clear zone of [
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.
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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

natolian prop%s 6After MIC agd Bloscreen C

e "8 hi Mal ' t“He EAP

from all wells in which showed no bacterial growth
was plated onto MYPG Agar plates without EAP.

e then inc
inéd raéjthe lowest EAP
concentration without growth on MYPG Agar plates
(Andrews 2001).

Bioscreen C techniques

21hOetidbi@of BAP o tfle’PYGarvae PB35 and SV35

populations, lag phases and exponential phases
were studied by using Bioscreen C (Labsystems,
Helsinki, Finland) incubat o r . Triplica
MYPG broth including serial dilution (1/2)
concentration o f°cfig diPactriald
concentrations were added in the wells of the
Bioscreen plate. Plates were then placed on

RESEAR

t

mL )

test

ubat €

t es

40

Bioscreen C incubator and then incubated at37AC.

The

TTF:UCT fensé}y ofthe e sus S|ons at 600 nm
to ¥vals of 4

€0 mif fbah Plé'i'te}s W en 6 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

Table 1. Characteristic properties of the Anatolian propolis.

Tablol.Anadol u propolisinin

RESEARCH ARTI
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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.

oczellikleri

Total phenolic content (mg GAE/ g)
Total flavanoid (mgQE/ g)
Total antiod Rl y i Ol LI OA (:30.76C/vg! t 0

MYy M®PTOp P PHAN
nHPoopMPN N

K cyndrnpgc dyn

Phenolic Composition (HPHQV analyses) (mgL00g)

Gallic acid
Protocatechuic acid
p-OH benzoic acid
Caffeic Acid
Syringic Acid

Phenolic acids

p-coumaric acid
Feruic acid
t-cinnamic acid
Catechin

Rutin
Epicatechin
Resveratrol
Daidzein
Luteolin

Flavonoids

Myricetin
Hesperetin
Chrysin
Pinocembrin

0.55
6.0
210
124.0
42.5
1.68
58
6.40
1.02
7.40
4.20
46.80
50.04

Caffeic acid phenethyl ester (CAPE 8.12
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B sV
W FB3S
Paenibaciius larvae 02-130

Paendbacillss larvae 03-525

-
§ Paensbacillus larvae subsp. larvae ATCC 95456

Paersbacilus larvae subsp larvae NRIRLB.3555

Paerubacilius lanvae subsp larvae PL-35

Bacillus sublies RSA-S

am

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.

keki.l 16S r RNA geninin Kke&smi dizilimine dayalé ol arak P. I a
ol uktur maks afé nypntemi yle komkuluk analizi kullanéldé. D¢ ¢ml
kopyayée tR.mel arav@&ri zol atl aré siyah karelerle g°sterilmiktir
glesterir. D Bacillug suhtilis R®A5a rkaukd | anél dé.
070 ——748 pgmhl
=374 g mh1
~#—187 pgmk1
0,50 i 5V/35 Control

050

0,40

0D 600 nm

0,30

o0

Time{hour)

Figure 2. Effect of EAP on vegetative growth of SV35
k e k i EAP'@in SV35'in vejetatifb ¢ y ¢ me s i iczerindeki et ki si
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=728 pg mk1
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0,50 o 18.2 pygmhi
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OD 600 nm
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10:00 12:00 14:00 16:00 18:00 20:00

Time(Hour)

Figure 3. Effect of EAP on vegetative growth of PB35
keki EAB'.nin PB35"'in

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

183

vejetatif

be¢yeée mesi sczerindeki

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
di fferent regions on

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, Sal o m«o e]).
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

Ul udaj
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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

Ar é créenl eri sajl ék a-éséndan ol ajang¢gste¢eg °zellikleri
destekl eydrciol¢garéeankd i1 gi g°rmektedir. D¢nyada bal dan s
-i-eklerin erkek ¢reme biri mi ol arak zengin bir besir
i -ermesiyl e ayr e biBu °2maémamasddi ptairk| &1 drdagrel ¢opélkinan
polenlerinin olarak palinolojik tanémlamasé yapél mékt é
analizlerde kuru madde %71,47-8 1, 38 ar al éj énda6¢, prat &l @] 8tld%,59 5 avj e %UEg |
mi kt ar & i-2s,e4 4%Padr@a2sk®ul unmukt ur . Mi ner al madde kompozi sy
bulunanl ar ; kal si yum, potasyum, magnezyum, silisyum,
kirliliJinin artmasénén bir sonucu olan ve sajleéek ¢ze
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arseni k, kadmiyum ve kurkun aré poleni ©°rneklerinde tes
ol arak satéekeée yapélan polenlerin tanémlanmaseé, besi nse
cretici ve teoketici a-éséndan ol duk-a °nemlidir.

Anaht ar Kel i meler: Aré poleni, palinolojik analiz, prot

GENKKLETKLMKK ¥ZET SonuRal en °minre kdiemyiasal anal iz
Ama-T¢rkiye kol oni varlé“déah\?1 °ncek|?yap\el,me|<ﬁ—aIéKr
_ ¢ y _ J(gf;zvc‘,i(mé’k'ltﬁ,erdkllrye de ¢retii l.en.
d¢nyanén °nde gel en °|ke|°zelllkle Ca, K Mg ed 1 Mg
haricinde ¢retimi yaygénla-éséndan |yi ,bir ,mian,arrael
polenidir . Ar é créenl erinin dcdeAerIenéi'Eirrul'°”éldlazbln‘ﬁliiP'ckorreJ art
t¢keticilerin sajleéekl é bek;l {;JJ‘”Fij"—InQ r €4 étd]gleernedekaorlKue
ol an talebi her g¢n art mak(taajl er 'metua{lun IUIOF) Otpersapkiltaredi
ve sahip oldu_iu i kI imler (r)lleéﬁlnriwyherfbsiktlkii 'g'reyKPiltalri.l'ylalk
e e oA T AR g e R bl e (4 ) el ehiel)
erekmektedir Buc -al eKmya 4 g"tzi eclillié’er Ierﬁ ahr(!':éer a&I‘:"LJ' tk‘% reetlti?mi?”
ger ex : ) . . £ il T &) €8s 2% % & a i ¢ FItmadl s
a-esendan oneml i bitkilerded, el de, s qghl BNV i S -al e
polenlerinin ki r_nyasal vV e 'uq%raahlén{%ahé(ﬁe soazjellélk' ki S8 Mol g
ortaya konul masé ama-I|l anméexkter.
Ger&®°nt e¢meklerKzmir, Bal ékes¥izne|r\|l/1(|a kt!A?nyéé h_claralseb InI‘re tiéa:mlcin jorl
il lerinden haftal ék olaraﬂ«JeraqgaerérnoEb 'Plk - rgeceoldllen
kovanlardan al énmék ve anthFr‘g{ hi xayg’gg’nl%glg/ Vkead?(aarl it
-20AC6de muhaf ééza]ekdekmnKtp|arﬂe|tnloCIiojviek t Sketici i-in oldu
inceleme ve tayinleri Bilisik v.d. (2008) metoduna ¢ ¢
go°re ékek mi ek r oysakpoéblumé kit ér . Polen
°rneklerinde (%) kuru madcd= mi ktaré, protein ve
yaj tayini yapél mékt ér (IN,I%O,-PECTIONOOO Al mei da
Muradian v.d., 2005, Commission 2009). Son olarak Proteins, sugars, lipids, amino acids, vitamins and
mineral madde analizi (NMKL-1 8 6 , 200 7) ymineral elements are the main components in bee
ar é pol eni °rnekl eriéni pollen (BP) (Szcznisna 2007a,
dejerlendirilmiktir. Kstaet al. 2016, Vel 8squez ePrall
( SAS) progr amé kul | anél &BPisimportant for human health and nutrition. The
y°ntemiyle yapél méexkter . chemical components of BP differ based on plant
Bulgular: Pol en ©°rnekl erinde- k lspecies..t.TherediZ? c_orrclelat.io_n bfettr\:veen”che(_ln_]i%al
: i o, = COmposition and botanical origin of the pollen (Taha
21;33 Spé“’;e'g a%11’5e° 2 ﬁ ,&20 491 i d{yéar;j%,g&? /‘); 2015). BP consists of 20.0-30.4% protein, 2.8-50.2
edil miktir Po,l en °rnekl mg/kg carotenoids and 22.8-918.4 mg/kg phenolic
mineraller potasyum., kalsiyum, magnezyum, comp(()jnetn_t S t(tv edl §| s;_qlulez i _(ejt al
silisyum, demir ve sodyumdur._ Scabiosa L. ve Salix zgg?ern?nFu?{r?e?mofgn sglle?]n s rzari“c/ﬁ yso?jvrvcelpi)f
Is_a:[iva I\Blil(lj Ipc()alerr]ﬂ(lariﬁir: ilsen (Ije21ir maig@;ﬁgnﬁ? " "vitamins and other bioactivg compoundfs. It was
sodyum .min er al i y °’n cnden reported that 8_|mportant minerals (calcium, iron,
belirl enmicktir. Ayr éca a rCOPPET, Chrom'“”." manganese, mol_ybdenum, aj er
metallerden arsenik, K u phosphorus, and zinc) were found and six of them
el ement | er i _t espi t' e'd i'I ml\(/vesrear:|gth Ier;mrjgh (taot met;tldletary2 roeqlwer;ement'\s/“{_r Gto:
23: :(Umln KtaiJ re?cablnsa L.gpbldniade itespit the daily consumption requirements of these

minerals can be met with the consumption of 20-30
g of pollen (lalomiteanu 1978). According to a
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systematic review of more than 100 studies, BP
consists of an average of 54.22% (18.507 84.25%)
carbohydrates, 21.30% (4.50140.70%) protein,
5.31% (0.41i 13.50%) lipids, 8.75% (0.15i 31.26%)
fiber, and 2.91% (0.501 7.75%) ash. Besides, the
presence of mineral content in BP was reported as:
4951.61 mg/kg (3.06i 13366.60 mg/kg) potassium,
4157.86 mg/kg (234.401 9587.00 mg/kg)
phosphorus, 1751.22 mg/kg (1.09 1 5752.19 mg) /kg)
calcium, 1246.99 mg/kg (44.001 4680.53 mg/kg)
magnesium, 46.97 mg/kg (0.107 105.80 mg/kg) zinc,
and 197.41 mg/kg (2.6011180.00 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 lzmir, 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 storedat-2 0 AC unti | a

Palynological Identification of Pollen Samples

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

189

na

/| RESEARCH ARTI

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, ML r g t et al.r2013).

Chemical Analysis of Pollens

Moisture Analysis: Moisture content of pollen
samples was determined by Radwag 50/NH
moisture analyzer (103AC, 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 600UC until
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;

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
mi crowave system atacid2and
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. Resul ts
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.

¢izelBoenl ®°rneklerini temsil eden polen te¢grleri ( %)
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

Ul udaj
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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 (%)
¢tizel gal @kél an °rneklerin kimyasal analiz ortalama ve standa
Sample Dry matter Protein Fat Ash
1 71.470K0.028 19.000N1.414 5.847N0.953 2.163N0.185
2 78.480N0.212 23.500N0.707 8.596N\1.063 2.209N0.004
3 79.480K0.000 18.500N0.707 6.420N0.364 2.287N0.022
4 76.595N0.162 20.500N0.707 10.148N0.062 2.448N0.112
5 72.685N0.063 17.500N0.707 7.486N0.487 2.025N0.134
6 81.380N0.430 17.500N0.707 10.951N1.330 2.287N0.358
7 73.065N0.374 26.000N0.000 7.937K0.929 2.129N0.038
mean N standard deviati on

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)

¢izel Bal 3Arésé Polenlerinin Mineral Madde Profildi ( mg/
Pollen samples

Mineral composition 1 2 3

Calcium (Ca) 413.871 N 363.390 N 358.020 N
Potassium (K) 4470.637 4644.076 4751.461 N
Magnesium(Mg) 910.500 N 440.501 N 990.769 N
Sodium (Na) 17.435 N 41.017 N 23.432 N
Boron (B) 9.141 N 8.359 N 18.909 N
Iron (Fe) 50.877 N 74.818 N 55.843 N
Aluminium(Al) 32.490 N| 48.425 N 79.690 N
Silicium (Si) 288.192 K 388.754 Nl 501398N 23.9
Vanadium (V) 0.136 N 0.329 N 0.664 N 0
Chrome (Cr) 1.049 N 1.553 N 2.360 N 0
Manganese (Mn) 19.568 N 79.122 N 8.883 N 0
Cobalt (Co) 0.160 N 0.279 N 0.300 N O
Nickel (Ni) 0. 1 80405 4.277 N 1.560 N O
Copper (Cu) 5.698 N 8.943 N 10.416 N
Zinc (Zn) 23.882 N 31.260 N 20.236 N
Selenium (Se) 0.019 K 0.021 N 0.033 N 0
Strontium (Sr) 2.670 N 0.475 N 0. 6 406271N
Molybdenum (Mo) 0.085 N 0.077 N 0.125 N 0
Silver (Ag) 0.038 N 0.019 N 0.043 N 0
Thallium (TI) 0.003 N 0.016 N 0.014 N O
Antimony (Sb) 0.016 N 0.051 N 0.017 N 0
Barium (Ba) 1. 2 4 7040N 2.222 N 1.095 N 0
Beryllium (Be) 0.012 K 0.019 N 0.027 N O
Arsenic (As) 0.020 K 0.029 N 0.108 N O
Lead (Pb) 0.034 N 0.050 N 0.455 N 0
Cadmium (Cd) 0.050 N 0.017 N 0.012 N 0O

*mean N standard deviation (n:3)
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Table 3- Continuation Mineral content profile of honeybee pollen pellets (mg/kg)
¢i zel-ev BBal Ralealarigin Mineral Madde Profili (mg/kg)
Pollen samples
Mineral composition
4 5 6 7
Calcium (Ca) 540. 3mMA&59N 241. 489 N 343.457 N 431.849 N
Potassium (K) 4690.504 N 4633.516 N 4769.771 N 4599.277
Magnesium(Mg) 906.868 N 498.734 N 566.264 N 849.189 N
Sodium (Na) 64. 653N 1 22. 4493200N 16.925 N ( 15.830 KN
Boron (B) 32.269 N 14.431 N ( 12.148 N ( 10.967 N
Iron (Fe) 39.263 N 47.036 N 42.773 N 1 50.877 N
Aluminium(Al) 33.281 N 21.254 N 1 56.729 N 1 8.993 N o0
Silicium (Si) 447.230 N 360.060 KN 546.316 KN 355.795 KN
Vanadium (V) 0.287 N 0 0.241 N 0 0.268 N 0 0.045 N O
Chrome (Cr) 1.681 N 0 1.314 N 0 1.761 N 0 1.605 N 0
Manganese (Mn) 14.802 N 122018 0. 28 70.357 N ( 16.984 N
Cobalt (Co) 0.111 N o0 0.343 N 0 0.168 N 0 0.165 N 0
Nickel (Ni) 0.556 N 0 1.350 N 0 0.409 N O 0.515 N 0
Copper (Cu) 7.665 N 0 7.032 N 3 6.460 N 0 10.577 N
Zinc (Zn) 20.875 N 16.850 N ( 20.013 N 1 23.132 N
Selenium (Se) 0.024 N O 0.016 N 0O 0.014 N O 0.020 N O
Strontium (Sr) 0.965 N 0 0.602 N O 0.486 N 0 0.526 N 0
Molybdenum (Mo) 0.460 N 0 0.261 N o0 0. 1 608053\ 0.218 N 0
Silver (Ag) 0.030 N O 0.025 N 0O 0.051 N o0 0.028 N O
Thallium (TI) 0.062 N © 0.009 N O 0.010 RN © 0.006 N O
Antimony (Sb) 0.084 N 0O 0.030 N O 0.0243 N ( 0.007 N O
Barium (Ba) 1. 173160N 0 0.677 N 0 1.509 N 0 0.416 N 0
Beryllium (Be) 0.018 KNO 0.016 N 0 0.023 N o0 0.010 N 0O
Arsenic (As) 0.087 N © 0.039 N © 0.025 N © 0.015 N O
Lead (Pb) 0.119 RN © 0.046 N © 0.050 RN 0O 0.015 N O
Cadmium (Cd) 0.010 N O 0.027 N O 0.017 N o0 0.042 N O
*meanNstandard deviation (n: 3)
In the pollen samples of our study, the highest DISCUSSION

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.

Ul udaj
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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 pol

249100g-1),totalsugar content (

g-1) , ' i pid cont enl), acddash)(
2.6 N 0. 048)wgre det@rthineg within the
limits, however, it was determined that moisture
|l evel s

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
ash and mineral

parameters (pH, moisture,

w —
Z19 o

( 6. 6-1)bF bath.s@mnplgs weré rivt g
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contents) were investigated. It was shown that pH
was between 4.19 N 0.17
was between 10.7 N 0.04
content was between N. 81
for the samples. The protein content has been
reported to be between
and 30.32 N 0.12 mg/100

It was demonstrated that BP samples were rich in
mineral elements. Potassium, calcium, magnesium,
ﬁilicon, ir&;;nO gn fo'ﬂiumcwoerﬁ tthg Hu?st aPugdfmt 8
miheral; elements. Polle rces in the ‘present
stgdy consist o ) ignificant amount of silicium
mineraldistict ffom 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).

| Strontium (Sr) . 2
Cadmium (Cd) | ]

1
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| Manganese (Mn)
Zinc (£n)

0

Silver (Ag)
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Figure 1. Heatmap plot of mineral content in pollen samples

kekiPollen °rneklerindeki mineral maddelerinin Heatmap harita:
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Figure 2. PCA plot according to the mineral content in pollen samples
kekiPol2en °rnekl erindeki mi ner al maddel erinin temel bil ekenl

In BP samples collected from the Northeast Anatolia
Region the chemical composition was determined as
8. 60N0.43 mg/ kg of

zinc, 1113.33N61.00
1034.00N53.86 of
stated to be at a level that would contribute to the
daily miner al need
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, magnes:i
et al. 2019). In a study conducted in Romania,
Prunus spp. pollen contained the highest Fe
(150.9N1.11 mg/kg), whi
(1505N1. 43
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

Ul udaj

(U-ar

um, an

mg / k g Brassica polled.e t
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Poland, it is reported that there are differences in
mineral compositions between countries. For

c o pop e rexam@e5 762 Omiy/Ry. of Balciamy /263y mg/kg of
mg / k gnangahese,rh20f mgékg af magnesiura, 86d8 mg/kg
cal ci um.of zihdy 6.3 mg/kgr oh cappet, 65.4 we/ky ef iron,

3903. mg/kg of potassium, and 739 mg/kg of sodium

veas reparted in Polsi samples (Baczeshaa207H).e e n

In BP collected in Brazil, phosphorus, potassium,
calcium and magnesium minerals were found to be
at the highest levels, respectively (Carpes et al.
20009).

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 | ead was found
t al. 2019). In_ftesh BP from_Bul a le d was
cgetermlne as 816? 6n4%§]r(r%1gﬁ<g ae%élca(fmlum as

0.022-0.029 mg/kg (Dinko and Stratev 2016).
eSert} %admhum WI’?S ge ectecM 88 0 0%4 -0. %%5

ég I en samp
ccor ng to (E]ampos 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 (Kostil et al
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 k &pisinalifehadan mantar paraziti ol arak rap
kol onilerinde yakam sg¢gresinin azal maséna, ne¢gfus azal
kayéplaréna neden ol ur. Bu -al ékmada Ma&ndm@da&mam ibleil i ad
ama-|l anméxkteéer. Bu -al é&kmada, otuz iki aréléektan rastge
ar ese topl adek. Topl anan °rnekl er mi kr oskop vV e mo |l e
incel emel erde arali @akNes@ma%s® pl D'\ derarae RCRiile %84.87simaea
tespit edilirkemN,apivii-dbi enfhelmtuemeol mamékt ér . Séral é& ©°rne
sonucunda aN.é&eéeragnkd emfdeak si yonunun varl é&jé doj rawlaangl®r.e E
Mazandaran ilindeki ar 8lcegdkdebedpi y¢clesdek mbkanda
Anahtar Kelimeler: Nosema ceranae, Bal ar ése, PCR, Kr an
GENI KLETI LMI k ¥ZET Gere- ve:yBmuteml ékmada, ot uz
Ama- ¢Cal exmaneén amacé rgstgele 1%20 kovan se-ilmiKtil
aré'lécharanéery@aygénlé]énén, bir kovanén -evre -er-eveler|
) ' topl anmékt ér . Bal arél aréneéen
molek ¢l er y°ntemlerl e bel Frrenmest ur 1 .
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-%zeldei sqijngt ¢ dg¢. S¢spansMygbek¢deezne | dpcevieeme, bu -al e
santrifg¢gjlendi. S¢pernat aw87 a8 7 '-séikmairm. | apr@anben éez dhdekiel et | er
doymuk salin sol ¢¢syonu il eolkdaurféuntuér @loedé erBnirkka-r .mi ISiolniu
s¢pernat are &lodrpdsg onun g e rkio vkaanll adr éerameren! tak axosemosis etkeni

S¢pernatanl ar tekrarl anaml depobhuoi fbeejlliemeygmm!| dy f & m C
dangéltme K s u il e yékandeée. uybthiludu i(Nabipre Ve eatk., 201N iKkeerima ark.

sporunu t anéml amak i -1 n 20ni8k,r oMsokhohbainka d iod nmrvaek aNk. 201
incelendi . Bal arél aréneéencegrae'iniknlyank keakk emr anca i §ay &N
ekstraksiyonu i-in kul |l an &ubtopikal lklegnr ilen igih uaotabild.e N.Ncesareaen a

téerlerinin saptanmasé i - i enfeksiyjorn |l rau létnieml e&ksa &R dahleirl il
kul | aEnélgdie.1 ¢ banda sahip ®dleampozi kI f mbmpdekdmha baskE®éi
da gen dizil i mi i -in se-ilNdapisku anda daha sojuk ikl i ml

Bulgular: Mikroskobik incelemelerin sonucunda

olabilir (Fries 2010).

aréel eklarén %78.12'sinin BNodemads$pen bseolniur-lleanrdai . g Eke
olarak, N. ceranae, PCR ile arél éklay@&@hetw8rdd ki siamé&é é Ntemanad a vy ¢ k
tespit edil ir NMeapsbuhia-kbmarmée ®€@ji. ¢ Ad¢girlemiakt i fumagi |l lin kul
Mi kroskobi k ve mol ek¢l er ywilmuekml kol anialkéeénda andoisle nbaiyré |
sonu- el de edi | di . Ayr éyceat,er If iu mgjiil lldinr . re-et e

edi |l mesinin arél ék boyutunda, arél ekl arda Nosema spp
enfeksiyon or ané szerinde anl aml é bir et ki si

ol maméexkt ér . S ér a lal@mac‘amalize k | INTRODUCTGNN s ér

ar el é Wl aeradaa enfeksiyonununN var.l.éJén.é . .

dojrul ade. osemosis is d significant disease in honey bees

around the world (Bailey and Ball 1981). Nosemosis

Tart éekma Bé rsorku--:al &k mMn éis caused by- unieellufar, fungi belonging to class
ceranaeenf eksi yonunun dg¢nya -Micmwsporidia (OIE r 2089 ] Relcemitm anolecular

S

ahip oldujunu g°ster mNkt researchldflthe SSUrRNA gend was shévd & new

ceranaey ay génl &] &015-100 (kginyTencad e definition of the Nosema T Vairimorpha clade.

\Y

e ark. 2016), Kt al ya' da Afthodgh Nd3enma ispedies are geretichlly clogeltd 7 )

Polonya'da %80,6 (Michalczyk ve ark. 2011), %95- Vairimorpha, but their morphological and

9
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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
l atitude 35A456 to
(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).
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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 h o
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 140
the homogenate was transferred to an Eppendorf
tube atkeptat-2 0 AC 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 isolthetren ShiNA.z
2007). Briefly, in amplification of Duplex-PCR four
oligonucl eotide PCR -
GGCGACGATGTGATATGAAAATATTAA-3 g M.s
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ceranae forward, - 5a
CCCGGTCATTCTCAAACAAAAAACCG-3 ¢ al.s
ceranae rever se, a n-d
GGGGGCATGTCTTTGACGTACTATGTA-3 ¢ M's
apis forward and
GGGGGGCGTTTAAAATGTGAAACAACTATG -3 a

as N. apis reverse were used Amplification was
conducted in 25 ¢l reaction

PCR premix kit, BioneerE, Sou
concentration of each dNTP o
Tris-HCI pH 9.0, 30 mM KCl and 1.5 mM MgClz, 1U
Tag DNA polymerase and 10 pmol of each PCR
pri mer (Takapouzi st Co. Il ran
template was added to each reaction The
remaining 25 ¢l reaction vol
nuclease-free distilled water. The thermocycler
progamconsi st ed of 94AC for 2 mi
cycles of 15 s at 94AC, 30 s
72AC, 20 cycles of 15 s at 94
50 s at 72AC plus an additior

each successive cycle, and a final extension step at
72A C for 7 mi n. The
electrophoresed in a 2% agarose gel with TBE buffer

PCR p

N € 3nf SiSuiZed 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 Mai
\Wc?rk@ennéh?]\/'ergioang.é) o P T o

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
é(?%ﬁsa was 2shnowed as a Kappa- coefficient. The

greem k as poor if Kappa- coefficient between 0.2
and 0.4, moderate if between 0.4 and 0.6,
strstén{i]?aFifrO.% and 0.8 an gaood 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.l).
(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
mi croscope (10001)

500 bp

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 NegNat|ve Pos’\||t|ve

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 (+) 4 125
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
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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 (lvgin Tunca et al. 2016), 63% in
Italy (Papini et al. 2017), 80.6% in Poland
(Michalczyk et al. 2011), 95%-97% in Hungary
(Cs8ki et al. 2015) , 77
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. (Wiliams 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 Appl. Environ. Microbiol. 75(21):6886-6889.
adequate for controlling nosemosis in infected doi:10.1128/AEM.01025-0918.

colonies. Fries, I. 2010. Nosema ceranae in European honey
Ethics statement: Study protocols and bees (Apis mellifera) J. Invertebr. Pathol.
methodologies were revised and approved by the 103(1): S73-S79.DOL:
Ethical Committee at Ferdowsi University of 10.1016/j.jip.2009.06.017.
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ABSTRACT

Keeping honey bee colonies in isolated areas can cause inbreeding. The inbreeding over along 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
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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
gueen 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
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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 (llyasov 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) .
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 i nbreeding (Brg¢ck
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
l ocation (22A 24" 21.6"
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

Napiangtd ehsurg the expaslire & dees tolinpreedirfg.

Fig.1l: 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 EI-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

209

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 inch? (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
SPSSv. 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.

IRESEAR

Table 1: Means (mm) N S.E. of measured body c h aarigiestatsticsst i ¢ s
of measured characteristics for the six hives are presented.
Hive Forewing length Forewin~g width Tibia I~ength Basitarsgs length
1 857N0. 01 297N0. 01 286N0. 01 202NO0. 01
2 854N0. 01 2.95N0. 0 286N0. 01 204N0. 01
3 8.49N0.0 2.85N0.0 2.84N0. 01 2.06N0. 01
4 8.46N0.0 2.90N0. 0 2.87N0. 02 2.01N0. 01
5 8.48N0.0 288N0. 01 286N0. 01 195N0. 01
6 8.51N0.0 2.91R0. 0 281N0. 01 205N0. 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 Hive number 1 2 3 4 5 6
Standard value range (mm)

Forewing length Number of bees 34 25 18 12 16 21
Range (8.64-8.74) Total (%) 50 36 24 32 42
68
Forewing width Number of bees 24 16 5 3 13 11
Range (3.02-3.06) Total (%) 48 32 10 6 26 22
Tibia length Number of bees 34 27 30 18 27 27
Range (2.88-2.96) Total (%) 68 54 60 36 54 54
Basitarsus length Number of bees 25 13 13 22 28 23
Range (1.98-2.04) Total (%) 50 26 26 44 56 46
2. Drone morphology (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=

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

0.12>0.05).
Table 3: Means ( mm) N S.E. of measured body <characteristi
descriptive statistics of measured characteristics for the six hives are presented.
Hive Forewing length Forewing width Tibia length Basitarsus length
1 11.21NO0. 3.95N0.( 3.58N0. 2.49N0.0
2 11.31K0. 4.12N0. ¢ 3.62N0. 2.69N0.0
3 11. 19N0. 4. 080 3.62N0. 2.61N0.0
4 11.22NK0. 3.88N0.( 3.49KN0. 2.50N0.0
5 11.18N0. 4.01N0.¢ 3.71N0. 2.65N0.0
6 11.13K0. 3.86N0.( 3.61K0. 2.62N0.0
Minimum 11-11.1 3.7-4 3.4-3.6 2.4-25
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 4 5 6

1 100 94 100 100 100 44

100 74 70 100 94

3 100 100 100 100 100 100
Mean N 100NMO 89.33N7. 8 9333N6. 6 90N10 100NO. 79.33N17.

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.

Table5:Br ood rearing and

food

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).

different letters denote to the presence of significant differences according to Tukey HSD test.

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

Hive Sealed brood Stored pollen Stored honey
area area area

1 34967N6 4. 23:31.33N10. 2 227.33N21. 94
2 397.67N4 2 . 88 :5400N35. 6 5570059 . 28
3 460. 67N57.73.33N33427.33N16
4 117.67N15.2733V13.2 136.67KN10
5 142.67N76.33.00NK9.387.67N15
6 352. 00N9.¢20.67N6.271.67K53

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
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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

tis 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.
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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. ceranaindicawas 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
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(Momordica charantia L.) Hi nt arésénén (A. cerana in
etkinlijini gzl emlemek i-in Coiampbidtnoerkeg éB% | geea skierkd ev eb ic
-i-ejinde yiyecek arama aktivitesi ve toplayeéecée/-i-ekl/
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Ve ver i mi, tozl ayécé dexkl ama, ar é tozl akmasé Ve a- é
dejerl endi riarnglkatriérn.é nHienrtk ek -i -ek (0.88 aré) ve (6.52
ol duju kaydedi |l mi ktir. (3.61 sn) séraseéeyl a. A. cerana
dakikaile 08:00-1 0: 00 saatl eri araséndma ff@zlkawrda | der i mliinlti kariérs
ol muktur Kovan girikinde yiyect®: @0 amaat laadii yat as &md d
cerana indica'"'nén kol oni b¢yée¢me parametresi kapal & bal
ise %l15.0Wt7/érartme&z| akma -al ékxmal arénén sonu-1ar é, idare
sayésé (17,4 meyve) ve hektar bakéna meyve veriminin (-
ve (37,25 t/ hyai))k sge%r eoldafanu gé€tedl @axmlekhtieldiedi I[hme-dojiirnde

meyve tutumu kaydedil memi ktir.

Anahtar kelimeler: Acé kabak, Apis cerana indica, yiye

GENKKLETKLMKK ¥ZET -al ékma sonucunda A. cerana
¢al ékmaneén damkbhekemanén "’azmearc:énde g°z|em(|jenen_ig:8gktivit
. . . - - s aat. r.i arase a z 118:00 e yap
dipdistanidaky ace wabai el md LLER nehang!
aktivitesini ve tozlakma &tCFk tllan%iérﬁylg} eb“meé% agr;n AekCer
Gkl i1 medy&de® Tt T Wl
Mal zemel er ve CylPak manl etloiretkaotscrsdemnde etk|I| tozlayec
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faaliyetlerini i ncel e mek hareketinin  08:A0-1 :i @ & i sraaasttlgeerlie a
etiketl e n mi K vV e bitki bakén@a® z8 emlie-nedk | itswjfrtesse é kboryaynca |
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. A o 0, L
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.. . _ . 0 a y I I 1
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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).

Ul udaj
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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 I f o
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 1cm? 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

(@)

/| RESEARCH ARTI

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

Figure 1: Sleeve cage

(b)

Figure 2: Colony growth parameter by OHP sheet gird method

@)

(b)

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