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oz

Tiirkiye’de ilretilen c¢esitli ballarin lepidopter parazitoidi Bracon hebetor'un erginlerinin 6miir
uzunluguna etkileri arastirildi. Denemeler 25%1°C sicakhik ve %605 bagil nem kosullarindaki
laboratuvar ortaminda yapildi. Denemeler siiresince herhangi bir fotoperiyot uygulanmadi. Parazitoit
erginlerinin yetistiriimesi icin konak olarak Galleria mellonella larvalari kullanildi. Yeni ¢ikmig parazitoit
erkek ve disileri cinsiyetlerine gore ayrildiktan sonra, ayr ayri sadece su, gicek bali, aygicegi ball,
kestane bali, lavanta bali ve mese bali ile beslendiler. Gézlemler biitiin parazitoitler 6liinceye kadar
guinliik olarak devam etti ve 6lii bireyler iizerinden cinsiyet ayirimi yapildi. Biitiin denemeler farkl
parazitoit erginleriyle farkli zamanlarda li¢ kez tekrar edildi. En yiiksek disi parazitoit 6miir uzunlugu
lavanta balinda elde edilirken, en yiiksek erkek parazitoit 6mir uzunlugu aycicegi balinda elde edildi.
Biitiin deney gruplarinda disi parazitoitler erkeklerden daha uzun yasadilar. Farkli balla beslenme hem
erkek hem de disi parazitoitlerin 6miir uzunlugunu sadece suyla beslenenlere gére onemli ol¢giide
arttirdi. Biitiin deney gruplarindaki parazitoitlerin 6miir uzunluklan arasindaki farklliklar, muhtemelen
her bir balin besinsel bilesenlerinin kompozisyonunun farkli olmasiyla ve parazitoidin metabolik
ihtiyaclariyla agiklanabilir.

Anahtar kelimeler: Hymenoptera, Bracon hebetor, parazitoit, 5miir uzunlugu, bal gesidi.

ABSTRACT

The effects of various honey produced in Turkey on the longevity of the adult lepidopteran parasitoid,
Bracon hebetor was investigated. Experiments were carried out in laboratory conditions, 25¥1°C and
relative humidity of 60+5%. There was no photoperiodic regimen used during the experiments. Larvae
of Galleria mellonella were used as a host to rear the parasitoid adults. After the newly emerged adult
parasitoid males and females were separated according to sexes, they were fed individually with only
water, flower-honey, sunflower-honey, chesnut-honey, lavender-honey, and oak-honey. Observations
continued daily until all parasitoids died and sex discrimination was made on the dead parasitoids. All
experiments were repeated three times with different adult parasitoids and at different times. The
longevity of male parasitoids obtained from sunflower-honey fed adults was the highest, while the
highest longevity of female parasitoids was obtained from lavender-honey fed adults. Female
parasitoids lived longer than male parasitoids in all experimental groups. Feeding with different honey
types significantly increased the longevity of both male and female parasitoids compared to those that
were fed only water. Differences between the longevity of parasitoids in all experimental groups can
probably be explained by the different composition of the nutritional components of each honey and
how this corresponds to the metabolic requirements of the parasitoid.

Key words: Hymenoptera, Bracon hebetor, parasitoid, longevity, honey variety.
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EXTENDED ABSTRACT

Aim: Carnivorous insects, parasitoids, are
commonly used as biological control agent.
Parasitoids utilize sugar-containing foods to achieve
maximum longevity. Floral nectar, homopteran
honey and honey can be main sources of
carbohydrates if they are present in the environment
around the parasitoids. In this study, the effects of
the various honey types produced in Turkey on the
longevity of the adult lepidopteran parasitoid, Bracon
hebetor was investigated.

Materials and Methods: Experiments were carried
out in laboratory conditions 25+1°C and relative
humidity of 60+5%. There was no any specific
photoperiodic regimen used during the experiments.
Larvae of Galleria mellonella were used as a host to
rear the parasitoid adults. After the newly emerged
adult parasitoids were separated according to sexes,
they were divided into six experimental groups.
While only water-soaked cotton balls were given to
male and female parasitoids in as a control group,
flower-honey soaked cotton balls were given to the
second group, sunflower-honey soaked balls were
given in third group, chestnut-honey soaked cotton
balls were given in fourth group, lavender-honey
soaked cotton balls were given in fifth group, and
oak-honey soaked cotton balls were given in sixth
group. All honey extracts were prepared by diluting
them with sterile water at a 1:4 (w:v) ratio and these
were administered using a soaked cotton balls.
Experimental groups were observed every day until
all parasitoids were dead, and the dead parasitoids
were removed and recorded according to their
sexes. All experiments were repeated three times
with different adult parasitoids and at different times.

Result: Male parasitoids fed with only water lived a
mean of 8.53 days, flower-honey treated ones lived
on average of 29.48 days, with sunflower-honey they
lived on average of 34.59 days, with fed chestnut-
honey they lived on average of 23.42 days, with
lavender-honey they lived on average of 30.52 days
and with oak-honey they lived on average of 33.58
days. Female parasitoids fed with only water lived a
mean of 14.06 days, with flower-honey they lived on
average of 42.48 days, with sunflower-honey they
lived on average of 64.63 days, with fed chestnut-
honey they lived on average of 53.62 days, with
lavender-honey they lived on average of 69.94 days
and with oak-honey they lived on average of 59.83
days. Female parasitoids in all experimental groups
lived longer than male parasitoids. Feeding with the
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various honey types increased the longevity of both
female and male parasitoids.

Conclusion: Differences between the longevity of
parasitoids in all experimental groups might be due
to the different amounts of sugar in each honey.
According to our results, Bracon hebetor can be
used as an effective biological control agent in agro-
ecosystems if the proper nutrition is provided.
According to our results, during the mass production
of the parasitoid in the laboratory and the release of
it into field as biological control agent, the lavender-
honey soaked cotton balls can be given as food for
the parasitoid. Using this treatment may increase the
effectiveness of Bracon hebetor as biological control
agent.

GIRIS
Dogal olarak Uretilen en karmasik gida
maddelerinden biri olan bal; bitkilerin canh
kisimlarinin, salgilarinin, gigeklerindeki nektarlarinin
veya Uzerinde beslenen bazi béceklerin salgilarinin
bal arilar tarafindan toplanarak, vicutlarindaki 6zel
maddelerle karigtinlip bilesimi degistirildikten sonra
olgunlasmasi igin petek gbzlerinde depolanmasi
sonucunda meydana gelen tath bir Grindir (Tark
Gida Kodeksi Bal Tebligi 2012, Gindiz 2015,
Abeshu ve Geleta 2016). Konsantre bir indirgen
seker c¢ozeltisi olan bal; diger bazi sekerleri,
enzimleri, aminoasitleri, organik asitleri, fenolik
maddeleri, Maillard reaksiyon enzimlerini, vitaminleri
ve mineral maddeleri de iceren ¢cok kompleks bir
karisimdir (Glindlz 2015, Abeshu ve Geleta 2016).
Yiksek bir beslenme degerine sahip olmasi (303
kal/180 g) ve barindirdigi karbohidratlarin viicut
tarafindan hizli bir sekilde emilebilmesi nedeniyle
her yastaki insana (6zellikle gocuklar ve sporculara)
Onerilen ve hicbir islem yapilmadan tiketilebilen tek
gida maddesidir (Gindiz 2015). Balin kalitesi,
bitkinin kaynadina ve kompozisyonuna goére
belirlenir. Farkh bolgelerde Uretilen ve farkli bitkisel
orijinli ballarin bilesimi farklidir ve balin kalitesini ve
fiyatini belirlemektedir (Abeshu ve Geleta 2016).

Aricilik Ulkemizin zengin bitki 6rtisi nedeniyle
hemen her bdlgesinde vyapilabilen ve vyapanlar
tarafindan son derece onurlu bir is olarak kabul
edilen bir meslektir. Ulkemiz, toplam kovan sayisi ve
uretilen bal miktari agisindan dinyanin 6nde gelen
Ulkelerinden bir tanesidir, fakat kovan basina diisen
bal verimi acisindan daha gerilerde yer almaktadir
(Koseoglu v.d. 2008, Semerci 2017). Ayilar, ari



kuslari, kirpiler, Varroa paraziti, Nosema, (esek
arilari, karincalar ve gliveler gibi) diger bocek tirleri;
bal arilarinin baglica dogal dismanlaridir. Bunlarin
bir kismi, arilarin Urettikleri yiksek besin degerine
sahip olan bali ve dider ar Urlnlerini besin kaynagi
olarak kullanmaktadirlar. Bu durum, kovan basina
disen bal verimini de azaltmaktadir. Fiziksel ve
kimyasal mucadele yontemleri de yeterince etkili
olamamaktadirlar (Tutkun ve Bogsgelmez 2003).
Kovan (bal mumu) giveleri, kovan basina bal
Uretimini etkileyen en onemli zararhlarin basinda
gelmektedir. Blylk kovan (bal mumu) glvesi,
Galleria mellonella (Linnaeus, 1758) (Lepidoptera:
Pyralidae) ve kiiglk kovan (bal mumu) givesi
Achroia grisella (Fabricius, 1794) (Lepidoptera:
Pyralidae) erginlerinin kovan igerisine biraktiklari
yumurtalarin agllmasiyla, larvalar kovan igerisinde
galeriler agarak ari kolonisinin o kovana bal
birakmasini  engellemekte, bdylece ekonomik
kayiplara neden olmaktadirlar (Allan 2000). Kovan
(bal mumu) givelerinin kontroliinde bugiine kadar
cesitli nematodlar, bakteriler, funguslar ve gesitli
predatér bocekler  kullaniimistir.  Laboratuvar
kosullarinda basarili olan bu uygulamalar, kovanda
ve depolanmig peteklerde istenilen basariyi
verememigstir. Bal arilarinda ve insanda olumsuz bir
etkisi olmayan Bacillus thuringiensis bakterisinin
sporlari, kovan (balmumu) givesi larvalar
tarafindan alindiginda toksik etki gdstermekte ve
onlari 6ldirmektedir, biyolojik micadele amaciyla
kullanilan ve basarili olan en énemli bakteridir (Krieg
1974). Son zamanlarda, biyolojik kontrol ajani olarak
parazitoitlerin kullanilmasi populer hale gelmistir.
Parazitoitlerin laboratuvarda yetigtiriimesi sirasinda
konak olarak kovan (ba Imumu) glvelerinin larvalar
yaygin olarak kullaniimaktadir (Sarikaya 2003,
Sarikaya ve Gillel 2011, Akbas 2019, Akbas ve
Sarikaya 2019). Bu durum, B. thuringiensis bakterisi
disinda bir baska biyolojik micadele ajaninin kovan
zararlilarina karsi glvenli bir sekilde
kullanilabilecegini ortaya koymaktadir.

Parazitoitler, bir bagka canlinin (konak) viicudunda
ergin oncesi gelisim dénemlerini tamamlayan ve
sonunda onu Oldiren vampir (karnivor) boceklerdir
(Godfray 1994, Quicke 1997). Parazitoitler,
cogunlukla tarimsal ekosistemlerdeki kelebek
zararhlarini konak olarak kullanirlar (Akbas ve
Sarikaya 2019) ve bu 6zellikleri sayesinde biyolojik
micadelede ‘ajan’ olarak yaygin sekilde kullanilan
yararli boceklerdir (Liying 1986, Hokkanen ve Lynch
2003). Erkek parazitoitler, genellikle disilerden daha
once erginlesirler ve konaklarin basinda beklerler:

disiler erginlestikien sonra hemen ciftlesirler.
Ciftlesmis  disi  parazitoitler, kitlesel olarak
laboratuvarda yetistirildikten sonra biyolojik kontrol
ajani olarak araziye salinabilirler. Bu ergin disilerin
temel gorevi, konak aramak ve yumurtalarini
konaklara birakarak kendi tlrindn devamini
saglamaktir. Ergin disiler, zamanlarinin blayuk bir
kismini yabanci oldugu bu c¢evrede konagdini
arayarak gegcirir ve cevredeki seker iceren besin
kaynaklarini tiketir. Sayet disi besinsiz kalirsa, sahip
oldugu yumurtalari besin olarak tuketir. Buna
yumurta rezorpsiyonu adi verilir (Doutt 1959,
Godfray 1994). Bu durum parazitoit disilerine
evrimsel olarak verilmis bir sans olmasina ragmen,
biyolojik kontrolde hi¢ de istenilen bir durum degildir
(Liying 1986, Godfray 1994, Quicke 1997, Shaw
1997, Hokkanen ve Lynch 2003).

Bracon hebetor Say, 1836 (Hymenoptera:
Braconidae), c¢ogunlukla depo zararlisi glive
turlerinin son evre larvalarini konak olarak kullanan
bir larva ektoparazitoididir (Alam v.d. 2014, Akbas
2019). Bu calismanin amaci, Ulkemizde Uretilmis
olan cesitli ballarin parazitoit B. hebetorun omur
uzunluguna etkilerini arastirmak ve kovan (bal
mumu) glivelerine karsi biyolojik kontrol ajani olarak
uygunlugunu incelemektir.

GEREG VE YONTEM

Denemelerde kullanilan ballar, 2014 yil igerisinde
Ordu ili ve civarinda Uretilen ve analiz igin Ordu
Aricilik Arastirma Enstitust’ne getirilen
numunelerden temin edildi. Bu calisma sirasinda;
salgl bali olarak mese bali, multifloral bal olarak
gicek bali, monofloral bal olarak aygigek bali, lavanta
bali ve kestane bali kullanildi. Denemelerde
parazitoit olarak Bracon hebetor, konak olarak da
Galleria mellonella’nin son evre larvalari kullanildi.
Denemeler, 25+1°C ve 60+5 bagdil nem igeren
laboratuvar kosullarinda yapildi ve denemeler
stresince  herhangi bir fotoperiyodik  rejim
uygulanmadi (Sarikaya 2003, Sarikaya ve Gililel
2011, Akbas 2019).

Konak ve parazitoit kiiltiirlerinin kurulmasi

Amasya Universitesi Biyoloji Boélimi, Zooloji
Laboratuvar’'nda surekli olarak Uretilen G.
mellonella erginleri, konak kulturlerinin kurulmasinda
kullanildi. Ug-bes giin yash 5 erkek ve 5 digi, iginde
yarisina kadar sterile edilmis, balsiz petek bulunan 5
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L’lik cam kavanozlara yerlestirildiler. Kavanozlarin
agzi bir tllbent ile kapatildiktan sonra, 25+1°C ve
60+5 bagdil nem igeren laboratuvar kosullarinda
tutuldular. Boylelikle toplam bes adet konak kulturd
kuruldu. Kultar kaplarina peteklerin  tuketiime
durumuna gore, sterile edilmis balsiz petek ilave
edildi. Boylece istenildiginde ve gerektigi miktarda
konak erginleri ve son evre larvalar temin edildi.
Konak son evre larvalari, parazitoit kdlttrlerinin
kurumasinda ve  denemelerde  kullanildilar
(Sarikaya 2003, Sarikaya ve Giilel 2011).

Bir petri kabina (10 cm x 2 cm), 4-5 adet son evre G.
mellonella larvasi ve 0-3 gun yagl 5 digi ve iki erkek
parazitoit konuldu. Parazitoitlerin beslenebilmesi igin
%20’lik sikroz gozeltisi emdiriimis pamuk topguklar
da petri kabina ilave edildi. Her petri kabinin Gzerine
tarih ve numarasi yazildi. Bdylece 15-20 kadar
deney seti hazirlandi. Hazirlanan setler, 25+1°C ve
60+5 bagdil nem igeren laboratuvar kosullarinda
tutuldular. Batun setler her gun kontrol edildi, iki
glnde bir besin topguklari yenisiyle degistirildi ve
bdylece ergin parazitoitlerin besin ihtiyaglari temin
edildi. Bundan 5-6 gun sonra, butin setlerdeki
parazitoit erginleri ¢ikarildi. Yaklagik 10 gun sonra,
yumurtadan ¢ikan parazitoit pupalari  renk
degistirmeye  baglayinca, setlerdeki konak
larvalarinin atiklari ve besin topguklari da ¢ikarildi.
Boylelikle deney setlerinde sadece parazitoit
pupalari birakildi. Bu sayede yeni ¢ikan parazitoit
erginlerinin konak artiklari ve parazitoit erginlerinin
besiniyle beslenmesi Onlendi. Birkag gin sonra
setlerden elde edilen parazitoit erginleri toplandi ve
cinsiyetlerine gore ayrildi. Bu erginlerin bir kismi
parazitoit kultlrlerinin kurulmasinda kullanilirken, bir
kismi da dmudr uzunlugu denemelerinde kullanildi
(Akbas 2019).

Bal Cesidinin Bracon hebetorun omir

uzunluguna etkileri

Deney setlerinden elde edilen ergin parazitoitlerin
ergin cikisi devam ettigi sirece (3-4 glin siresince),
gunldn ayni saatlerinde toplanmasina dikkat edildi.
Bdylece yaklasik ayni gin yash ergin parazitoitlerin
elde edilmesi saglandi. Daha sonra, ergin
parazitoitler cinsiyetlerine gére ayrildi. Bir deney
tipline (16 cm x 2 cm) en fazla 25 tane olacak
sekilde yerlestirildi. Tdpun agzi, parazitoit
erginlerinin kagmasini énlemek igin bir pamuk ile
kapatildi. Toplanan tim parazitoit tlpleri, alti esit
deney grubuna ayrildi. Daha sonra alti ayri deney
grubu olusturuldu. ik gruptaki erkek ve disilere
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sadece su emdiriimis pamuk topgugu verilirken
(kontrol grubu), ikinci gruptakilere gicek bali, Gglinci
gruptakilere aygice@i bali, ddrdincu gruptakilere
kestane bali, besinci gruptakilere lavanta bali ve
altinci gruptakilere mese bali emdirilmis pamuk
topguklari, ad libitum besin olarak verildi. Butin
ballar, 1:4 (w/v) oraninda steril suyla sulandirilarak
hazirlandi ve pamuk topguklara emdirildi. TUplerin
Uzerine toplandiklari tarih, cinsiyeti ve beslenme
grubu yazilarak, 25+1°C ve 60+5 bagil nem igeren
laboratuvar kosullarinda tutuldular. Deney setleri,
butin parazitoitler 6linceye kadar her gun kontrol
edildi, dlen parazitoitler tlplerde alindi, beslenme
grubu ve cinsiyetlerine goére kaydedildi. Denemeler,
farkl parazitoit erginleriyle farkli zamanlarda U¢ defa
tekrar edildi.

istatistiksel analizler

Verilerin istatistiksel analizi icin SPSS (ver.25) paket
programi kullanildi (IBM Corp. Released 2017).
Cesitli bal 6zutlerinin parazitoit erginlerinin ortalama
Omdar uzunlugu verilerinin dederlendiriimesinde ‘Tek
yonli  varyans analizi’ kullanildi.  Ortalamalar
arasindaki farkin 6nem kontroli igin de ‘Tukey HSD
testi’ yapildi. Verilerin degerlendiriimesinde p=0,05
guven siniri esas alindi.

BULGULAR

Farkli balla beslemenin parazitoit, B. hebetor
erginlerinin dmur uzunluguna etkileri Tablo 1'de
gosterildi. Sadece su verilen erkek parazitoitler
(kontrol grubu), ortalama 8,53 glin yasarken, disi
parazitoitler ortalama 14,06 giin yasadilar (Tablo 1).
Erkek parazitoitlerde en ylksek Omir uzunlugu,
aygicedi baliyla beslenen grupta ortalama 34,59 gun
olarak bulundu. En dusik omiar uzunlugu ise,
kestane baliyla beslenen grupta ortalama 23,42 gun
olarak bulundu. Cigek baliyla beslenen gruptakiler
ortalama 29,48 gln, lavanta baliyla beslenen
gruptakiler ortalama 30,52 gin ve mese baliyla
beslenen gruptakiler de ortalama 33,58 gun
yasadilar (Tablo 1). Disi parazitoitlerde en ylksek
omdr uzunlugu, lavanta baliyla beslenen grupta
ortalama 69,94 gin olarak bulundu. En dusiuk émur
uzunlugu ise cicek baliyla beslenen grupta ortalama
42,48 gln olarak bulundu. Kestane baliyla beslenen
gruptakiler, ortalama 53,62 gun, mese baliyla
beslenen gruptakiler ortalama 59,83 giun, aycicegi
baliyla beslenen gruptakilerde ortalama 64,63 gun
yasadilar (Tablo 1).



Farkl ballarla beslenme, kontrol grubuna gére hem
erkek (F=418,860, df=804, p<0,01) hem de disi
parazitoitlerin ortalama omur uzunlugunu o6nemli
Olgclide arttird1 (F=487,064, df=758, p<0,01), (Tablo
1). BUtln deney gruplarinda disi parazitoitler, erkek
parazitoitlerden daha uzun yasadilar (Tablo 1 ve
Sekil 1).

Erkek parazitoitlerde cicek baliyla beslenenlerin
Omdir uzunlugu, kontrol grubuna (su) gore yaklasik
3,45 kat artarken, aycicedi baliyla beslenenlerinki
4,05 kat, kestane baliyla beslenenlerinki yaklagik
2,75 kat, lavanta baliyla beslenenlerinki yaklasik
3,58 kat ve mese baliyla beslenenlerinki de yaklagik
3,94 kat artti (Tablo 1).

Disi parazitoitlerde gicek baliyla beslenenlerin dmur
uzunlugu, kontrol grubuna (su) gore yaklasik 3,02
kat artarken, aygicegi baliyla beslenenlerinki 4,60
kat, kestane ballyla beslenenlerinki yaklasik 3,81
kat, lavanta baliyla beslenenlerinki yaklasik 4,97 kat
ve mese baliyla beslenenlerinki de yaklasik 4,25 kat
artti (Tablo 1).

Balla besleme, butin beslenme gruplarindaki
parazitoit erginlerinin hayatta kalma yuzdelerini de
etkiledi. Hayatta kalma yuzdeleri, disi parazitoitlerde
erkek parazitoitlerden belirgin sekilde fazla oldu

(Sekil 1).

TARTISMA

Parazitoit erginleri, maksimum omur uzunluguna
erismek igin icinde bulunduklari ortamdaki seker
iceren besin maddelerini bulmak ve tiketmek
zorundadirlar (Bianchi ve Wackers 2008, Wu v.d.
2008). Parazitoitlerin icinde bulunduklari ortamdaki
seker iceren baslica besin kaynaklari; (floral) nektar,
homopter bali ve baldir (Fadamiro ve Heimpel 2001,
Sood ve Pajni 2006, Wyckhuys v.d. 2008). Shaw
(1997), sekerlerin yaninda protein ve vitaminleri de
icerdigi icin balin parazitoitler igcin mikemmel bir
besin kaynadi oldugunu ve bu sayede parazitoit
digilerinin  yasamlari  boyunca  yumurtalarini
olgunlastirabilecedini bildirmistir.

Bugine kadar degisik konsantrasyondaki bal
cOzeltilerinin  parazitoitlerin ~ émdr  uzunluguna
etkilerine dair yapilmis ¢ok sayida ¢alisma olmasina
ragmen (Temerak 1983, Leatemia v.d. 1995,
Mitsunaga v.d. 2004, Sood ve Pajni 2006, Salman
v.d. 2012, Benelli v.d. 2017), aynl
konsantrasyondaki farkli ballarin parazitoitlerin dmar
uzunluguna etkilerine dair yapilmis ¢alismaya
literatirde rastlanamadi. Bu calismada, salgi bali
olarak mese bali, multifloral bal olarak gigcek bali,
monofloral bal olarak aygicegdi bali, lavanta bali ve
kestane bali kullanildi. Bu ballarla beslenen
parazitoit erginlerinin 6mur uzunluklarinin (Tablo 1)
ve hayatta kalma yuzdelerinin (Sekil 1) belirgin
sekilde arttigr goruldu. Bu durum diger arastiricilarin
bulgularina da benzerlik géstermektedir (Sood ve
Pajni 2006, Salman vd. 2012, Benelli v.d. 2017).

Tablo 1. Bal gesidinin parazitoit Bracon hebetor erkek ve disilerinin ergin dmir uzunluguna (gtin) etkileri.

Ergin 6mir uzunlugu (gin)
Bal cesidi Erkek Disi
(ort£S.H.)* (ort£S.H.)*

Su 8,53+0,16a 14,06+0,23a

(n=127) (n=170)
Cicek ball 29,48+1,37b 42,48+2,74b

¢ (n=128) (n=101)
R 34,59+2,08c 64,63+3,04c

Aycicegi bali (n=140) (n=120)
23,4241,04d 53,62+2,88d

Kestane bali (n=135) (n=101)
30,52+1,98b 69,94+3,56e

Lavanta bal (n=133) (n=138)
33,58+2,01c 59,83+2,98f

Mege ball (n=144) (n=132)

*Ayni sttunda ayni harfi tasiyan degerler arasindaki fark, istatistiksel olarak 6nemsizdir, p>0,05.

n: Parazitoit sayisi
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Sekil 1. Farkl balla beslenen parazitoit Bracon hebetor erkek (a) ve disilerinin (b) hayatta kalma ytzdesine etkileri.
a) Erkek
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Parazitoitler temel enerji kaynagi olarak daha c¢ok
basit sekerleri, 0Ozellikle sukroz ve glikozu
kullanmaktadirlar (Olson v.d. 2000, Fadamiro ve
Heimpel 2001, Chen ve Fadamiro 2006, Wu v.d.
2008, Wyckhuys v.d. 2008, Benelli v.d. 2017). Chen
ve Fadamiro (2006), dogal olarak meydana gelen
bes sekerin Pseudacteon tricuspis (Hymenoptera:
Formicadae)nin  édmdr  uzunluguna etkilerini
incelemigler ve glikoz ile beslenmenin fruktoza gore
omir  uzunlugunu daha ¢ok arttirdigini
saptamislardir. Leatemia v.d. (1995) siikrozun basit
bir seker oldudu icin parazitoit sindirim sistemi
tarafindan daha kolay absorbe edildigini
gostermistir. Hagen v.d. (1984) ise karbohidrat
ihtiyacinin  kargilanmasinda parazitoidin sindirim
enzimlerin de etkili olabilecegini ve kendi sindirim
sistemine uygun basit sekerleri ve/veya bu sekerleri
iceren besinleri tercih edecegini ileri sirmuslerdir.
Aragtincilar, bal ile beslenen parazitoit tirlerinin
sukrozla beslenenlerden daha uzun yasadiklarini
goOstermislerdir (Salman vd. 2012). Leatemia v.d.
(1995) balla beslenen Trichogramma minutum Riley
(Hymenoptera:  Trichogrammatidae)'nin ~ émir
uzunlugunun (26,4 giin), %50’lik sikroz ¢Ozeltisiyle
beslenenlerden (23 gin) ve %Z20'lik sikroz
¢Ozeltisiyle beslenenlerden (21 gun) daha uzun

oldugunu bulmuslardir. Baska bir ¢alismada,
Cotesia plutellae  (Hymenoptera: Braconidae)
digilerinin  %50’lik balla beslendiginde %20’lik

sukrozla beslenenlerden daha uzun yagadiklari,
fakat erkeklerinin dmir uzunlugunda 6nemli bir fark
gorilmedigi bildirilmistir (Mitsunaga v.d. 2004).
Temerak (1983), balin parazitoidin dmr uzunlugunu
artiran en iyi besin oldugunu ileri surmuagstur. Bali
sukroza tercih eden parazitoit, sekerin yaninda
metabolik faaliyetleri igin gerekli olan diger
maddeleri de temin eder. Bu durum parazitoide daha
uzun sire yasama ve daha ¢ok ogul dol Uretme
imkani da tanir (Salman v.d. 2012).

Bu calismada, balla beslenen hem disi hem de erkek
parazitoitler, her beslenme grubunda suyla
beslenenlerden daha uzun slre yasadilar ve hayatta
kalma ylzdeleri daha yiksek oldu (Tablo 1 ve Sekil
1). Disi parazitoitlerde en uzun Omdir uzunlugu
lavanta baliyla beslenenlerde, erkeklerde ise
aycicegi baliyla beslenen parazitoitlerde elde edildi
(Tablo 1). Gerek cinsiyetler arasinda gerekse de
ayni cinsiyet arasindaki émdr uzunluklarinda ve
hayatta kalma yuzdelerinde gorilen bu farkhliklar,
muhtemelen ballarin besin kompozisyonun farkl
olmasinin yaninda, parazitoidin metabolik
ihtiyaglarindan kaynaklanmaktadir (Tablo 1 ve Sekil

1). Disi parazitoitler metabolik olarak erkeklerden
cok daha aktiftirler. Yumurta Gretme ve ovipozisyon
gibi yogun metabolik faaliyet gerektiren aktiviteler,
disi parazitoitler tarafindan yerine getirilir (Godfray
1994, Quicke 1997). Bu nedenle, erkek
parazitoitlerden besinsel olarak daha donanimli
olarak ergin hale gelirler (Doutt 1959, Godfray 1994,
Quicke 1997, Sarikaya 2003). Bu da onlarin hayatta
kalma sansini artirir ve erkeklerden daha uzun
yasamalarina neden olur (Olson v.d. 2000, Chen ve
Fadamiro 2006, Benelli v.d. 2017, Akbas 2019).

Bu calismada, kullanilan ballarin  kimyasal
kompozisyonlarini tayin imkanimiz olmadi. Fakat,
Haroun (2006), Turkiye'de retilen bazi ballarin
kimyasal analizini yapmis ve 3 adet aygicedi bali
numunesinin ortalama %40,01 fruktoz, %33,40
glikoz, %0,49 slkroz (sakkaroz) ve %0,90 galaktoz
icerdigini; 4 adet gicek bali humunesinin ortalama
%39,19 fruktoz, %29,11 glikoz,%1,31 sikroz ve
%1,18 galaktoz icerdigini; 4 adet kestane bali
numunesinin ortalama %36,88 fruktoz, %21,89
glikoz, %2,86 slkroz, %2,33 galaktoz igerdigini; 1
adet mese balll numunesin de % 30,87 fruktoz,
%29,65 glikoz, %4,29 siikroz ve %2,52 galaktoz
icerdigini tespit etmigtir. Haroun (2006) calismasinda
lavanta balini analiz etmeyip Devillers v.d. (2004)’in
verilerini kullanmigtir. Buna gore, 57 adet lavanta
bali numunesinde ortalama %35,51 fruktoz, %31,37
glikoz, %2,69 slkroz tespit edilmistir (Haroun 20086).
Ayrica protein igerigi agisindan mese balinin fakir,
aygcicegi ve cicek ballarinin oldukga yluksek protein
icerigine sahip oldugu belirlenmigtir. Arastirmaci
mese bal gibi salgr ballarinin diger ballarla
mukayese edildiginde daha dustk fruktoz ve glikoz,
buna karsilik daha ylksek sukroz ve galaktoz
icerdiklerini goéstermistir. Bunun yaninda fenolik
madde icerigi bakimindan genellikle koyu renkli olan
mese balinin en yiiksek fenolik madde igerigine
sahip oldugunu belirlemistir (Haroun 2006).

Balin dretildigi yer, mevsim, yukseklik, bdlgenin
florasi gibi faktorler, balin igerigini ve kalitesini
etkilemektedir. Ama Haroun (2006)'nin verileri bizim
sonuglarimizi  kismen agiklamamizda yardimci
olabilir. Ornegin erkek parazitoitlerin aygicegi
balindaki ortalama émur uzunlugu mege balindakine
gok yakindir (Tablo 1). Bunu balin igerisindeki glikoz
miktarina gibi tek bir faktére gore agiklamaya
galisirsak, en yiksek glikoz yilzdesi (%33,40),
aygicegi balinda bulunmustur (Haroun 2006). En
yuksek ikinci glikoz konsantrasyonu olan bal ise,
%31,37 ile lavanta bahdir (Haroun 2006). Ancak,
erkek parazitoitlerde en yuksek ikinci dmur uzunlugu
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ortalama 33,58 gun ile mese baliyla beslenen grupta
elde edildi (Tablo 1). Ayni durum disi parazitoitler igin
de gecerlidir. En yuksek glikoz konsantrasyonuna
sahip olan aycicedi bali, disi parazitoitlerin ancak
ikinci en yuksek édmur uzunluguna sahip olan grubu
oldu (Tablo 1). Parazitoit erginlerine ait omar
uzunlugu verileri; diger sekerler, protein ve fenolik
madde icerikleriyle karsilastirildiginda da benzer
sonuglar elde edilecektir. Besinin kompozisyonu
disinda parazitoidin metabolik ihtiyaci, mide hacmi,
bagdirsaktaki enzimler ve yumurta olgunlagmasi gibi
faktorler de besin tercihinde etkili olmaktadir (Hagen
v.d. 1984, Godfray 1994, Leatemia v.d. 1995,
Quicke 1997, Benelli v.d. 2017).

Bu sonuglar, parazitoit erginlerinin besin kaynaginin
degerlendirmesini ve besin tercihini tek bir faktore
gore degil, metabolik ihtiyaglarina goére, bir butin
halinde yaptigini géstermektedir.

SONUG VE ONERILER

Sinovijenik bir parazitoit olan B. hebetor, hayatta
kaldigi ve beslenmesini devam ettirebildigi surece
yumurta uUretimine devam edebilir (Akbas 2019).
Parazitoitin salindidi cevreye uyum saglamasi ve iyi
beslenmesi, o c¢evrede wuzun sdre yasamini
surdurebilmesine olanak tanir. Bu durum, ajan
olarak kullanildiginda, biyolojik muicadele yapilan
arazide konak olarak daha fazla zararliyi elimine
etmesine neden olabilecektir. Laboratuvarda kisa
surede, kolay, hizli, ¢ok sayida Uretilebilmesi ve
Uretilen B. hebetor erginlerinin birakilan ortama
kolay uyum saglayabilmesi biyolojik kontrol ajani
olarak degerini artirmaktadir.

Biyolojik kontrol amaciyla, hem laboratuvarda
kitlesel Uretimi yapilacagr zaman hem de ortama
kitlesel parazitoit salinimi yapilacagr zaman,
parazitoitlerle birlikte hedef alana seker orani yliksek
besin maddelerinin, 6zellikle lavanta bali emdiriimis
pamuk topguklarinin birakilmasi ve birka¢ gun
arayla bu besin maddelerinin tazelenmesi, B.
hebetor ile yapilacak biyolojik kontrolin etkinligini
arttirabilir.
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ABSTRACT

The composition and biological value of honey vary depending on its producing flora. The botanical,
chemical and biological active properties of honey determine the geographical authenticity of the
honey. In this study, geographic fingerprints of thirty Astragalus (Astragalus microcephalus Willd.)
honeys from Erzincan region were investigated. The honey consists of Astragalus pollen more than
65% and others were Salix spp., Cistaceae, Trifolium spp., Thymus spp, Rosaceae, Papaveraceae,
Onobrychis spp. etc. The characteristic color of the analyzed honeys was bright/light yellow, Hunter
color values (L, a, b) were found to be as L: 72-78, a: 7-16 and b: 58-78, respectively. Total polyphenol
content of the honeys was 38.20+4.60 mg gallic acid equivalent (GAE)/100 g, it was found to be rich in
some phenolics such as chrysin, caffeic acid phenyl ester, myricetin, pinocembrin, luteolin, and gallic
acid.

Key words: Honey, Astragalus, geographical fingerprint, Anatolia

oz

Balin bilesimi ve biyolojik degeri liretilen floraya bagh olarak degisir. Balin botanik, kimyasal ve
biyolojik aktif 6zellikleri, balin cografik 6zgiinliigiini (isaretini) belirlemektedir. Bu ¢galismada Erzincan
yoresine ait 30 adet geven (Astragalus microcephalus Willd.) balinin cografi parmak izleri arastirildi.
Balin botanik iceriginde%65'ten fazla Astragalus poleni ve azalan degerlerde Salix tiirleri, Cistaceae,
Trifolium tiirleri, Thymus tiirleri, Rosaceae, Papaveraceae, Onobrychis tiirleri vb. bulunmaktadir.
Caligilan ballarin karakteristik rengi parlak/acik sari, Hunter renk degerleri (L, a, b) sirasiyla L: 72-78,
a: 7-16 ve b: 58-78 olarak tespit edildi. Ballarin toplam polifenol igerigi 36,50%4,60 mg gallik asit
esdegeri (GAE)/100 g olup temel olarak krisin, kafeik asit fenil ester, mirisetin, pinosembrin, luteolin
ve gallik asit gibi bazi fenoliklerce zengin oldugu bulundu.

Anahtar Kelimeler: Bal, geven, cografi parmakizi, Anadolu
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GENISLETILMiS OZET

Amag: Bal bilesimi ve biyolojik o6zellikleri ile
toplandigi bolge florasina goére siniflandirilan bir
dogal seker orani yuksek Urdnddr. Kuru agirliginin
%98 sekerlerden olusan bu dogal trliniin yapisinda
%2'nin altinda bulunan g¢esitli fenolik asitler,
flavanoller, flavanonlar, stilbenler, kalkonlar ve
tanenler gibi polifenoller ile vitamin ve mineraller
balin kimligini olusturan 6nemli ajanlardir. Balin tadi,
rengi, kokusu, aromasini olusturan bu sekonder
metabolit ajanlar ayni zamanda balin cografik
isaretinden de sorumludurlar. Bilesimi itibariyla
kompoleks bir yapiya sahip bulunan bal, ¢ok kolay
tagsis edilebilen bir dogal Grindir. Balin cografik
Ozelliklerini balin kompozisyonu belirler ve balin
tagsisin 6nune gecilmesi amaciyla son zamanlarda
balda cografik isaret kavrami gindeme gelmistir.
Yapilan c¢alismalar belli bir bdlgeye ait ballarin
fiziksel, kimyasal ve biyolojik aktif 6zelliklerinin
belirlenerek balin etiketlenmesi ile balda tagsis
azaltiimaktadir. Geven tirleri (Astragalus spp.) Dogu
ve Glineydogu Anadolu'da yaygin olarak bulunur ve
bal verimi oldukga yiksektir. Bu galisma, unifloral
(yuksek oranli tek bitki kaynakl) Astragalus (geven)
ballarinin 6zgiin yapisini aydinlatmak ve cografi
parmak izini bulmak igin yapilmistir.

Gereg-Yontem: Agustos 2018'de Erzincan Ari
Yetistiriciler Birligi tarafindan Erzincan bdlgesinde
(39° 34'46.8 "N39° 45'33.6" E) 30 adet Astragalus
(geven) bal 06rnegi toplanmis ve laboratuvara
gonderilmigtir.  Numunelerin  botanik  kdkenini
belirlemek igcin melissopalinolojik analizler yapilmis
ve calisilan ballarin geven bali oldugu tespit
edilmistir. Ballarin renk degerlerini 6lgmek icin
Hunter spektrofotometre kullaniimis, buradaki
degerler L,a,b (L, karanlik/aydinlik (0 siyah-100
beyaz); a, yesillik/kizarikhk; b, mauvilik/sarlik) ile
ifade edilmistir. Nem Olgiimd, kirilma indisinden
faydalanarak refraktometre ile, balin iletkenlik analizi
kondiktometre ile ve optik ¢cevirme ise polarimetre
ile gergeklestirildi. Prolin icerigi de spektrofotometrik
olarak tayin edildi. Balin antioksidan kapasitesini
belirlemek igin toplam polifenol, toplam flavonoid,
FRAP ve DPPH radikal temizle analizleri yapildi.
invertaz, glikoz oksidaz ve diastaz aktiviteleri
spektrofotometrik tayinlerle élglldi. Herhangi bir 1sil
isleme tabi tutulmayan ve ham bal olarak ifade edilen
bu drneklerin invertaz aktivitesi, bir substrat olarak p-
nitrofenil-a-D-glikopiranosit  (p-NPG) kullanilarak
belirlenirken, glikoz oksidaz aktivitesi, peroksidaz/o-
dianisidin ile olan reaksiyonu temeline gobre
belirlendi. Ayrica diastaz aktiviteleri, 40°C'de inkiibe

edilen ¢6zunlr nisasta ve bal tampon c¢odzeltisi
kullanilarak 6lgtldi. Geven bali fenolik profili HPLC-
UV'de 19 fenolik standart kullanilarak kalitatif ve
kantitatif olarak belirlenmistir. Fenolik standartlar
olarak katesin, epikatesin, rutin, daidzein, mirisetin,
luteolin, hesperetin, krisin, pinosembrin,
protokatekuik asit, siringik asit, gallik asit, p-OH
benzoik asit, kafeik asit, ferulik asit, p-kumarik asit,
t-sinnamik asit, kafeik asit fenetil ester, resveratrol
kullaniimigtir.

Bulgular: Ballarin palinolojik analizi sonucu %60’in
Uzerinde geven polenine sahip oldugu tespit edildi. L
degeri balin koyulugunu goésteren bir parametredir
ve edinilen galisma sonuglari bu de@eri ortalama
73,40 olarak ortaya koymustur. Ayrica ballarin HMF
seviyelerinin en fazla 1,5 mg/kg ve prolin degerinin
ise 640+54,50 mg/kg oldugu gézlenmistir. Diastaz,
invertaz ve glikoz oksidaz enzimlerinin aktivite
degerleri sirasiyla 18+3,80 DU, 152+12,30 Ul/kg,
3,36+1,22 pg H202/kg'dir. Numunelerin  toplam
polifenol degeri 31 ve 41 mg GAE/100 g arasinda
degismektedir ve ortalama deger 36,50 mg GAE/100
g olarak bulunmusgken; toplam flavonoid miktari ise
0,72 mg QE/100 g olarak bulunmustur. Balin DPPH
ve FRAP analiz sonuglari sirasiyla 146+38 mg/ml
(SC50), 204+64 umol FeS04.7H20/100 g olarak
bulunmustur.  Fenolik igerik analizi sonucunda
geven ballarinda belirlenen ana bilesenler krisin,
myrisetin ve kafeik asit fenetil ester ve luteolindir.
Pinosembrin, sinnamik asit, gallik asit, ferulik asit ve
p-kumarik asit ana Dbilesenleri belirli deger
araliklariyla izlemigtir.

Sonug: Erzincan bolgesine ait geven ballarinin
fiziksel, kimyasal ve biyokimyasal ozellikleri ile
geven poleni bakimindan yuksek monofloral degere
sahip ve ham bal niteliginde bir bal oldugu tespit
edilen bu balin ¢ok sayida c¢icek balindan daha
yuksek antioksidan nitelik tasidigi tespit edildi.
Kisaca c¢alisma verilerinin  Erzincan yoresi
Astragalus (geven) balinin cografi parmak izi
haritasinin ortaya c¢ikardigi gorulmektedir. Bir
drinlin cografi parmak izini belirleyerek bélgenin
jeolojik, fitocografik ve iklim gibi farkli 6zelliklerine
ulasilabilir.

INTRODUCTION

The most produced honey species are blossom
honeys in the world, these are produced as
monofloral and/or polyfloral. Although their
compositions vary according to the flora of the
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collected area, these consist of 98% sugars of
dry weight. Fructose and glucose are two main
sugars of honey and it contains a small portion
different sugars like sucrose, maltose,
arabinose, melezitose, melibiose, trehalose,
e.g. (Kamal and Klein 2011). The agents that
responsible for the honey color, taste, smell and
aroma are herbal oils and volatile compounds
and different polyphenols and pigments.
Polyphenols that are found in honey nearly
0.02-0.20% with depending on honey species
also responsible for its biological activities (Can
et al. 2015). In general, the dark-colored honey
contains high polyphenols. Chestnut, heather,
oak and pine honeys are dark colored and these
have also high antioxidant capacities (Cavrar et
al. 2013, Kaygusuz et al. 2016).

In recent years, the characteristic features of honey
have been classified according to the flora of the
region (Wang et al. 2009, Dinca et al. 2015). The
flora of the area is determined geographic
fingerprints of the honey. In the recent studies,
geographic origins or authenticity of some honeys
can be measured with different specific
biomolecules, while some honeys require a wide of
discriminant analysis (Wang et al. 2009, Cavazza et
al. 2013, Dinca et al. 2015). For example, the
geographic origin of Manuka honey is determined
with methylglyoxal, while the chestnut honey is
determined by the presence of p-
aminoacetophenone (Bonaga et al. 1986, Adams et
al. 2009, Cavazza et al. 2013). But anyway, if any
honey types have received a geographical sign, it
should define its all properties. Turkey has many
different honey plants and honey species.
Astragalus species (Astragalus spp.) are found
widespread in eastern and southeastern Anatolia
and has a high honey yield (Pinar et al. 2009).
Erzincan meadow is in eastern Anatolia and has
become prominent with apicultural activities. One of
the dominant honey plants in the region is
Astragalus. Geographical indication applications in
Turkey's honey production was evaluated and
demonstrated the necessity of this kind of work
(Alparslan and Demirbas 2019). In this context, it is
seen that geographic fingerprint studies belonging to
different types of honey have been carried out
(Gurbiz and Celikel 2018). This study was carried
out to illuminate the authentic structure of the
Astragalus monofloral honey and to find the
geographic fingerprint.
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MATERIALS AND METHODS

Thirty Astragalus honey samples were harvested in
the Erzincan area (39°34'46.8"N 39°45'33.6"E) by
the Erzincan Beekeepers Association in August
2018 and sent to the laboratory for determination
geographical fingerprints. Honeys were obtained
from different beekeepers producing Astragalus
honey in Erzincan. For determination of botanical
origin of the samples melissopalynological analyses
were carried out by microscopic assay (Louveaux et
al. 1978). According to the counting results, the
pollen rates were determined, and the rates were
dominant pollen (45% and more), secondary pollen
(16—44%), minor pollen (3-15%), trace pollen (3%
and less).

For determination of antioxidant tests and phenolic
analysis in honey, 10 g honey sample was weighed
and shaken with 50 ml 70% ethanol into the falcon
tube (Heidolph Promax 2020, Schwabach,
Germany) for 24 hours at the room temperature.
After shaking, the extracts were filtered with a filter
paper (Heidolph Promax 2020, Schwabach,
Germany) and finally, these were kept in the
refrigerator at +4°C until future analysis. Besides
phenolic content analysis, all prepared extracts were
used to the other antioxidant tests and phenolic
analysis.

Physicochemical Properties

Honeys supplied from different floral origins possess
different color parameters. A Hunter
spectrophotometer was used to measure the color
values of the honeys (C400, Minolta, Osaka, Japan).
Hunter L is darkness/lightness (0 black-100 white), a
is greenness/redness, and b is b blueness/
yellowness (Anupama et al. 2003).

The moisture refractometric values that come from
the refractive index were identified by a
refractometer (Atago, Tokyo, Japan). The
conductivities and optic rotations of the honeys were
measured by a conductivity meter (Hanna
Instrument, HI 2030-02, Romania) and a polarimeter
(BetaPPP7, England), respectively. Proline content
was determined with the reaction
spectrophotometrically based on ninhydrin (Ough
1969) (Thermo Scientific EvolutionTM 201, UV-VIS
spectrophotometer, USA).

Raw Honey Enzymes

Honey enzymes activities of invertase, glucose
oxidase and diastase were measured with



spectrophotometric assays (Sahin et al. 2020).
Invertase activity of the raw honey samples was
determined by using p-nitrophenyl-a-D-
glucopyranoside (p-NPG) as a substrate in
Bogdanov’'s method (Bogdanov et al. 2002).
Glucose oxidase activity was determined by the
horseradish peroxidase/o-dianisidine method as
previously described by Flanjak et al. (2016). Finally,
diastase activity was measured according to
Bogdanov et al., (1999)'s protocol.

Total Phenolic Content

Total amount of phenolic substance was measured
by Folin Ciocalteu method (Singleton and Rossi.
1965, Singleton et al. 1999). This method gives the
response to all phenolics including phenolic acids,
flavonoids, anthocyanins, and tannins etc. in the
solution. The results were expressed as mg gallic
acid equivalent (GAE) / 100g by using the intensity
of the blue color at 760 nm readings.

Total Flavonoid Determination

Determination of total flavonoid substance was
applied according to Fukumoto and Mazza (2000)’s
procedure. The graph of different concentration of
quercetin was performed to express the unit as mg
quercetin equivalent (QE)/100 g honey.

FRAP Test

This method is based on the reduction of the Fe (ll1)-
TPTZ complex to Fe (II)-TPTZ complex in the
presence of the antioxidant substance (Benzie and
Strain  1996). Variable  concentrations  of
FeS04.7H20 (from 31.25 to 1.000 uM) were used as
standard. Blue form product was measured at 593
nm.

DPPH Radical Cleaning Activity Determination

This test is based on the investigation of the change
in absorbance by reducing the purple DPPH radical
by an oxidizing antioxidant. Antioxidant activity was
given as 50% reduction of initial DPPH concentration
expressing the amount of antioxidants spent for the
SCso (mg/mL) (Molyneux, 2004).

Analysis of Phenolic Components by HPLC-UV

The phenolic profile of Astragalus honeys was
determined by HPLC-UV. For this purpose, an
individual calibration curve for each 19 phenolic
standards was prepared. Also, the number of
samples was determined according to these curve
values. Catechin, epicatechin, rutin, daidzein,
myricetin, luteolin, hesperetin, chrysin, pinocembrin,

protocatechuic acid, syringic acid, gallic acid, p-OH
benzoic acid, caffeic acid, ferulic acid, p-coumaric
acid, t-cinnamic acid, caffeic acid phenethyl ester,
and resveratrol were used as phenolic standards.

The ethanolic extract was evaporated until dryness
with a rotary evaporator at 40°C. The residue was
dissolved in 15 mL acidified distilled water (pH 2).
Liquid—liquid extraction was carried out with 5x3 mL
diethyl ether and 5x3 mL ethyl acetate,
consecutively (Kim et al. 2006). Both diethyl ether
and ethyl acetate phases were pooled and dried by
rotary evaporation (IKA-Werke, Staufen, Germany)
at 40°C. The pellet was suspended in 2 mL ethanal,
filtered with syringe filters (RC membrane, 0.45 pm),
and injected to HPLC.

HPLC (EliteLaChrom Hitachi, Japan) with UV
detector was used analyzes and conducted reverse
phase Cis column (150 mm x4.6 mm, 5 pm; Fortis)
and acetonitrile, water and by applying a gradient
program with acetic acid was carried out (Malkog et
al. 2019b).

For HPLC analyses, the mobile phase consisted of
(A) 2% acetic acid in water and (B) acetonitrile: water
(70:30). The sample injection volume was 20 pL, the
column temperature 30°C and the flow rate 0.75
mL/min. The programmed solvent used began with
a linear gradient held at 95% A for 3 min, decreasing
to 80% A at 10 min, 60% A at 20 min, 20% A at 30
min and finally 95% A at 50 min. Three injections
were used for each sample. All calibration values for
phenolic components are between 0.998 and 0.999
(Cakir et al., 2018).

RESULTS

Physicochemical parameters and
melissopalynological analysis of the studied honeys
are summarized in Table 1. According to the Hunter
Lab values, the average of L value known as the
darkness of the honey was determined as 73.40.
While the range of “a” value changed from 6.95 to
15.55 (that's meaning was almost greenness
degree), “b” value changed from 58 to 78 (that’s
meaning was almost yellowness degree). Optical
rotation values of the honeys were negative;
actually, these values could be as the evidence for
the blossom honeys. The maximum of HMF level of
honeys was observed to be 1.5 mg / kg. The proline
values of the studied honeys were 585.5, 694.5 and
640 + 54.50 mg / kg, respectively (min, max, mean).
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Table 1. Physicochemical analyses of the Astragalus honey from Erzincan region.
Tablo 1. Erzincan yoresinin Astragalus ballarinin fizikokimyasal analizleri.

min max mean Recommended (IHC /

http://www.ihc-
platform.net/publications.html

pH 4.05 5.30 4.6040.60

Moisture 14.20 18.30 16.40+1.36 Max.20

Conductivity (mS/cm) 0.28 0.46 0.34+0.15 Min.0.30

Optic rotation [ a J?° -2,302 -2,88 -2,40 -blossom + dew

Color (Hunter Lab)

L 71.98 78.80 73.404£3.20

a 6.94 15.55 8.55+3.08

b 58 78 64.40+8.60

HMF (mg/kg) Not detected 1.50 - 40 mg/kg

Proline (mg/kg) 585.5 694.5 640+54.50

Table 2 gives the activity of diastase, invertase and glucose oxidase enzymes. The average values of these
enzymes were 18+3.80 DU, 152+12.30 U/kg, 3.36+1.22 ug H202/kg, respectively.

Table 2. Enzyme activities of the Astragalus honey from Erzincan region.
Tablo 2. Erzincan yéresinin Astragalus ballarinin enzim aktiviteleri.

min max mean
Diastase Unite (DU) 16 24 18+3.80
Invertase (U/kg) 145 164 152+£12.30
Glucose oxidase (ug. H202/h.g) 3.60 5.40 3.36+1.22
The results of total polyphenol content, total substance of honey was found as 0.72 mg QE/100

flavonoid content, DPPH and FRAP are given in g. DPPH and FRAP analysis results of honey were
Table 3. Total polyphenol value was found between 146 + 38 mg / ml (SC50), 204 + 64 pmol
31 and 41 mg GAE/100 g and the mean value was FeS04.7H20 / 100 g, respectively.

36.50 mg GAE/100g. Total amount of flavonoid

Table 3. Antioxidant capacity and activity of the Astragalus honey from Erzincan region.

Tablo 3. Erzincan ydresinin Astragalus ballarinin antioksidan kapasitesi ve aktivitesi.

min max mean
Total Phenolic Content, TPC (mg GAE/100 g) 31 41 36.50+4.60
Total Flavonoid, TF (mg QE/100 g) 0.69 0.75 0.72+0.03
Ferric reducing antioxidant power, FRAP 140 268 20464
(umol FeS04.7H20/100 g)
DPPH radical scavenging activity (mg/ml) 108 184 146138

127



Phenolic profile of the honey samples was
determined according to the 19 phenolic standards
with HPLC-UV method (Malkog et al., 2019b). The
results are given in Table 4. As a result of the
phenolic analysis, the major components were
chrysin, myricetin, and caffeic acid phenethyl ester.

Luteolin, pinocembrin, cinnamic acid, gallic acid,
ferulic acid, and p-coumaric acid followed the major
compounds. Besides these current ones, there were
some compounds which were below the limits of
detection such as catechin, caffeic acid,
protocatechuic acid, and rutin.

Table 4. Phenolic profiles analyses with HPLC-UV of the Astragalus honey from Erzincan region (ug/100g)

Tablo 4. Erzincan ydresinin Astragalus ballarinin HPLC-UV ile fenolik profil analizleri (ug /100g)

Standards
Gallic acid 42.20+20.30
p-Coumaric acid 15.20£3.40
Ferulic acid 24.30+4.50
Cinnamic acid 24.00+3.50
Chrysin 790+240
Luteolin 4651159
Myricetin 670370

3 Pinocembrin 32048

;:3 Caffeic acid phenethyl ester 680164

a)
Syringic acid -
Catechin -
Epicatechin -
Caffeic acid -
Protocatechuic acid -
Rutin -
Daidzein -

Ez Resveratrol -

fé Hesperetin -

%é p-OH benzoic acid -

)

DISCUSSION et al. 2015). In the same study, the L value of

Moisture, pH and conductivity values were found
similar to the type of blossom honeys and these were
also explained as acceptable limits of the honey
codex (Can et al. 2015, Malkog et al. 2019a). There
is a generalization about a light-colored honey class
that L value is 50 or higher than 50. Hence
Astragalus honey is light-colored honey in terms of
the L results. When compared with the literature, it
was seen that the L value was 88 in acacia honey,
78.5 in lime honey, and 78 in highland honey (Can

Astragalus honey was reported as 74. The color of
the honey is an important parameter in the
geographical marking of honey, the color, odor, and
aroma are the characteristic sensory identity for
honey, as well. The Astragalus honeys are a
relatively light color, actually, have greenness and
yellowness.

Many studies have been shown that the optical
rotation of honeydew honey such as pine honey, oak
honey was positive (Can et al. 2015, Serrano et al.
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2019, Degirmenci et al. 2020). There are many
reasons such as the color of honey, the amount of
HMF, and the amount of mineral content that are
formed by various pigments, polyphenols, and non-
enzymatic Maillard reactions (Marcucci, et al. 2019).

There are studies showing the relationship between
the polyphenol content and the darkness of the
honey (Can et al. 2015). Chestnut honey, heather
honey, and oak honey are dark honeys, their total
polyphenol contents are approximately 100 mg
GAE/100 g and their Hunter L values are below 50.
The proline value of honey is a crucial quality
parameter for honey, and it expresses its purity. The
average proline value in Astragalus honeys was 680
mg/kg, and it was found to be higher than many
honeys.

HMF is a Maillard reaction product, responsible for
the freshness of honey and whether it is subjected to
heat treatment. The low HMF value indicates that
honey is a raw and/or a fresh honey (Turkut et al.
2018).

HMF is low in fresh honey. Prolonged storage or
exposure to high temperatures increases the level of
HMF. Studies have shown that the half-life of
diastase activity decreases while the HMF level
increases (Korkmaz and Kuplili 2017). The number
of diastase enzyme that responsible for the
hydrolysis of sugar in honey is at least 8 (Tirk Gida
Kodeksi 2020). During the transfer of nectar from
bee to bee, enzyme content increases. For this
reason, diastasis level may change depending on
the nectar source and colony (Can et al. 2015).
Compared with different honeys, the diastase
activity of Astragalus honey is significantly high and
the HMF value is low, revealing the value of honey.

Some of the important properties to distinguish
honey from other sweet products (jam syrup, etc.)
are some enzymes in the honey. Diastase,
invertase, and glucose oxidase are the main honey
enzymes for honey. These values can be different in
fresh and old honeys and these can affect with
heating treatment. Especially, pasteurized honeys
have almost low activity of diastase an invertase due
to having heating treatment. Briefly, the high
diastase and invertase activities imply that honey is
raw honey that does not heat (Sahin et al. 2020).
Unlike invertase and diastase activities, low glucose
oxidase activity indicates high-quality raw honey
(Bankar et al. 2009, Kamboj et al. 2019).
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When compared with dark-colored flower honeys,
Astragalus honey that does not have high
polyphenol content and flavonoid content is a light-
colored blossom species (Can et al. 2015, Heidari et
al. 2013). Moreover, antioxidant capacity analyzes
also show that Astragalus honeys have a moderate
degree with comparison to other flower honeys. It
cannot be inferred the means that Astragalus honey
is worthless. (Marcucci et al. 2019, Degirmenci et al.
2020). Phenolics may vary depending on the
geography of honey from which is obtained and type.
Researchers say that honey is a valuable product for
geographical markings (Sautier et al. 2018).
Astragalus honey can have a strong potential to
reveal its geographic fingerprint thanks to its
characteristic phenolic components just like our
investigation.

Gallic acid, p-coumaric acid, ferulic acid, cinnamic
acid, chrysin, luteolin, myricetin, pinocembrin, caffeic
acid phenethyl ester were observed in the examined
Astragalus honeys. Chrysin, myricetin, caffeic acid
phenethyl ester phenolics have been found to be
major components. Syringic acid, catechin,
epicatechin, caffeic acid, protocatechuic acid, rutin,
daidzein, resveratrol, hesperetin and p-OH benzoic
acid components were not found in Astragalus
honey. The phenolic content of a honey is not only
dependent on vegetation, but also importantly on the
geographical location where honey is produced (Can
et al. 2015, Mendes et al. 1998). The quality of honey
cannot be fully understood by looking at the honey
communiqué. In addition, the amount and
composition of polyphenols are important in
determining the quality.

CONCLUSION

Depending on the flora types, some differentiation in
antioxidant capacity, physical properties, and
enzyme inhibition properties of honey can be seen.
Our study gives information about the geographic
fingerprint of Astragalus honey obtained from
Erzincan region. By determining the geographic
fingerprint of a product, different features of the
region such as geological, phytogeographical and
climate can be emphasized. Having some different
phenolic compounds and strong enzymatic capacity,
Astragalus honeys supplied from Erzincan region
have a claim to take a geographical fingerprint.
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ABSTRACT

For honeybees (Apis mellifera), food richness and experience have significant impacts on making
foraging decisions. Bees that trace food-rich source they start establishing spatiotemporal memories,
which assist them in revisit the particular site on following days. The present study explored whether
different levels of food richness (10%, 30%, and 50% sugar solution, and unrewarding situation) at a
feeding source affect the number of forager bees for their visitation and how the previous experiences
affect bees for their foraging duration. More bees persist visiting food-rich sources. However, the
diminution in food richness consequence a gradual decline in the number of bees, but they persistently
visiting feeding sites for several days, even if unrewarded with food-rich sources. Regardless of
comparison with the bees visiting a low sugar solution, the number of bees visiting higher sugar
solution decreases with the time. The foraging efficiency of bees in terms of trip duration also
increased with the experiences of previous visits. In conclusion, bees exhibit considerable attachment
with experienced feeding sites that stop providing food anymore, and the duration of the foraging trip
decreases with the experience (19 to 2 min one-way trip for 251 m distance). We, in our current findings,
confer the implications for future investigation on the research gap concerning the altering foraging
situations.

Keywords: Apis mellifera, Population Dynamics, Foraging Behavior, Food and Experience

0oz

Bal arilari (Apis mellifera) igin, besin zenginligi ve deneyimi, yiyecek arama kararlarinda 6nemli etkilere
sahiptir. Besin agisindan zengin kaynagin izini siiren arilar, sonraki giinlerde belirli bélgeyi yeniden
ziyaret etmelerine yardimci olan mekansal-zamansal anilar olusturmaya baslarlar. Bu ¢aligma, bir
besleme kaynagindaki farkli seviyelerde gida zenginliginin (%10, %30 ve %50 seker ¢odzeltisi ve
odiilsiiz durum) ziyaretleri i¢in yayilmaci arn sayisini etkileyip etkilemedigini ve énceki deneyimlerin
anillan yiyecek aramalan igin nasil etkiledigini arastinildi. Daha fazla ar, besin agisindan zengin
kaynaklan ziyaret etmeye devam etmektedir. Bununla birlikte, besin zenginligindeki azalma, ari
sayisinda kademeli bir diisiise neden olur, ancak onlar, besin agisindan zengin kaynaklarla
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odiillendiriimemis olsalar bile, birka¢ giin boyunca beslenme alanlarini 1srarla ziyaret ederler. Diisiik
sekerli bir soliisyonu ziyaret eden arilarla karsilastirlilmasa da daha yiiksek sekerli soliisyonu ziyaret
eden arilarin sayisi zamanla azalir. Arilarin gezi siiresi agisindan yiyecek arama etkinligi de énceki
ziyaretlerin deneyimleriyle artmigtir. Sonug¢ olarak, arilar artik yiyecek saglamayi birakan deneyimli
beslenme alanlan ile hatin sayilir bir baglanma sergilerler ve besin arama gezisinin siiresi deneyimle
birlikte azalir (251 m mesafe icin 19 ila 2 dakika tek yon yolculuk). Mevcut bulgularimizda, degisen
besin arama durumlanyla ilgili aragstirma bosluguna iligkin gelecekteki arastirmalar i¢in ¢ikarimlar

sunmaktayiz.

Anahtar kelimeler: Apis mellifera, Populasyon Dinamigi, Yayilma Davranisi, Gida ve Deneyim

GENISLETILMIS OZET:

Caligmanin amaci: Arastirmamizin temel amaci, bir
beslenme kaynagindaki farkli gida zenginligi
dizeylerinin veya 6dullerin, kogullar 6dllstiz duruma
gectikten sonra bu yeri ziyaret edecek yayllmaci
arilarin sayisini etkileyip etkilemedigini arastirmakti.

Gereg ve Yontemler

Yeni ¢ikan arilar gégus kisminda kirmizi, beyaz ve
yesil renkli organic etiketleme reginesi kullanilarak
isaretlendi ve sabitlendi (Honig Mungersdorff;
Scheiner v.d. 2013). Etiketleri dogru bir sekilde
ayarlamak icin, her arinin kovana girmeden o6nce
kisa bir sure serbestce hareket etmesine izin verildi.

Etiketlemeden sonra, etiketli arilar bir siseye
toplandi, seker sollisyonu puskurtildi ve video ile
izlenen bir ari kovanina sokuldu. Arilara seker
solisyonu yaymanin amaci, yeni arilari istilaci
olarak dusundikleri i¢in  koloninin  saldirisina
ugramalarini dnlemekti. Arilar vicutlarinda seker
sollisyonu igeriyorsa, yasli arilar yeni arilarin besin
kaynagi hakkinda bilgi sahibi oldugunu varsayarlar,
dolayisiyla onlara saldirmazlar; bunun vyerine
yapilan sallanma danslarini izler ve besin alis veris
etkilesimini artirir (Diaz v.d. 2007).

Baslangigta, arilar kovandan besleyici A [FA] 'ya
yaklasik bir hafta boyunca egitildi (yaklasik 30-50
ar). Gunes istikamet acisi dikkate alinarak FA,
kovandan 251 metre uzaklikta konumlandirildi.
Arilara besleyicide %30-50 seker soliisyonu verildi.
Egitim tamamlandiktan sonra, belirli bir stre igindeki
yiyecek arama gezileri sayisi i¢in etiketli arilan
kaydedildi. Besleyicilere esit, farkl sekillerde seker
solusyonlari veya sekesiz su verildi yayllmaci arilar
test edilerek ve ziyaretleri kayidedildi.

Yukarida belirtilen durumlarin saglanmasi sirasinda,
etiketli arilar tespit edildi (kimlik numaralari
araciligiyla). Belli bir besleyiciyi belirli bir ddnemde
(her 10 dakikada bir) ziyaret eden arilarin sayisini ve
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her iki besleyicide de gelis zamanlarini not edildi.
Ayrica, her iki besleyicideki her kosul igin veriler 1
saatlik bir stire boyunca toplandi.

FA ve FB'nin yani sira, izleme sisteminden ve ari
kovaninin ¢ikig-giris kapisindan ari verileri not edildi.
(a) etiketli arlarin kimligi, (b) arinin kovan kapisina
gelis zamani ve (c) arinin kovandan ayrilis saati gibi
bilgileri kaydedildi. Tim veriler sabah ve aksam
saatlerinde toplandi.

Sonug¢

Bu c¢alismada bir beslenme kaynagindaki farkli
seviyelerde besin zenginliginin (%10, %30 ve %50
seker ¢Ozeltisi ve Odulstiz durum) ziyaretleri igin
yayllmaci ari sayisini etkileyip etkilemedigini ve
Onceki deneyimlerin arilari yiyecek aramalari igin
nasil etkiledigini arastirildi. Daha fazla ari, besin
acisindan zengin kaynaklari ziyaret etmeye devam
etti. Ancak dusuk sekerli bir solisyonu ziyaret eden
arilarla karsilastirlmasa da, daha yuksek sekerli
solisyonu ziyaret eden arilarin sayisi zamanla
azaldi. Bununla birlikte, besin zenginligindeki
azalma, arilarin sayisinda kademeli bir dislse
neden oldu, ancak gida bakimindan zengin
kaynaklarla ddullendirilmese bile, birkag gln
boyunca beslenme alanlarini israrla ziyaret ettiler.
Arilarin gezi suresi agisindan yiyecek arama etkinligi
de dnceki ziyaretlerin deneyimleriyle artti. Sonug
olarak, arilar artilk besin saglamayl birakan
deneyimli beslenme alanlari ile hatin sayilir bir
baglanma sergilediler ve bu deneyimle birlikte
yiyecek arama gezisinin suresi azald1.

Yayilmaci arilar besin agisindan zengin kaynaklar
sunan beslenme alanlarini ziyaret etmeye devam
ettiler.  Ayni  zamanda, gida zenginliginin
azalmasiyla, o beslenme alanini ziyaret eden
yayllmaci ari sayisi da azaldi. Yine de dikkate deger
olan sey, yaylmaci arilar yiyecek bakimindan
zengin kaynaklarla édullendiriimeseler bile, yiyecek
arama gezilerine birka¢ giin devam etmeleridir.



Bu g¢alisma, aricilara, ari kovanlarinin maksimum bal
verimi elde etmek igin artirilmis bir nektar seviyesine
gore bdlge degistirmede karar vermelerini ve ayni
zamanda daha etkili tozlasma icin bodlgede bitki
Ortist.  modelini belirlemeye karar vermelerini
Onermektedir. Ayrica sonuglar, seyahat suresi
acisindan arilarin yiyecek arama etkinliginin énceki
ziyaretlerin  deneyimleriyle  artacagini  ortaya
koymaktadir. Son olarak, mevcut c¢alisma, ginin
saati ile an kovani disinda (yiyecek arama)
harcanan zaman oranini karsilastirip
karsilastiramayacagimiz konusunda gelecekte bir
arastirma yapilmasini énermektedir.

INTRODUCTION

Foraging in animals is performed in a dynamic
environment where accessibility of food is neither
exclusively predictable nor random in time or space
(Mobus and Fisher 1999). It is eminent that animals
usually revisit the previous food sources (i.e.,
experienced food sources) and give up those who
become unrewarding (Van Gils et al. 2003). For
example, bumblebees (Bombus impatiens) stop
visiting depleted food sources to search for the
alternative rich food sources, and they do it more
rapidly than honeybees (Townsend-Mehler et al.
2011). Social insects do not attach blindly to merely
one approach. If experienced insect foragers are
unrewarded from their known food sources, they
continue following social location information for
unknown but rewarding food sources and quit
tracking the private location information (Gruter and
Ratnieks 2011, Smolla et al. 2016).

The dynamics in the bee population at a particular
floral cover depend on richness at the feeding site
(Seeley 1995). The handling period of the flowers
varied among the Turkish honeybee subspecies
(i.e., Apis mellifera caucasica, A. m. carnica, and
A.m. syriaca) and amplified with the presence of a
particular quantity of the reward. Moreover, foragers
of the subspecies mentioned above had a more
significant net gain when looking in on flowers with
consistent rewards (Cakmak et al. 2010, 2001). That
is why honeybee colonies make decisions for their
rates of recruitments as well as abandonment to
feeding sites relying on the energy input (i.e.,
richness level) found at feeding source (Seeley et al.
1991). Similar information was described by
Fernandez et al. (2003) that the activation in the
proportion of honeybee foragers depends on the rate
of reward offered to them. Those honeybee foragers

that trace a rich food source they rapidly learn
spatiotemporal memories, which permit them to trip
back to this particular site on the following days.
Bees also exhibit significant persistence at the
feeding site that quit proving rewards. Moreover, the
decision to stop visiting that feeding site relies on the
food richness the forager experienced while the site
was rewarding (Toufailia et al. 2013). There is also
another view by some researchers that honeybees
again return to previously experienced food sites
even after these having no reward anymore (Griter
and Ratnieks 2011, Moore et al. 2011). Similarly,
another research finding articulates that experienced
honeybees (A. mellifera L.) can retreat to previous
profitable food sites after the time of short-term
scarcity caused by unfavorable weather. According
to these findings, activation of the experienced
foragers to revisit the past-profitable food sites were
performed due to the food scents brought back to the
colony by other foragers (Beekman 2005).

Foraging performance and the frequency of trips
enhance through the experience (Klein et al., 2019).
Dukas (2008) and Schippers and M.-P. (2006) also
endorsed the view which describes that the progress
in the performance of honeybee foraging results with
the experience. No doubt, the animals that travel to
multiple foraging sites they have to face some
hurdles in finding an exact route. But as they (i.e.,
bumble bees) learn about the shortcut paths with
experience, their flight duration and distance
become reduced (Woodgate et al. 2017). Studies
mentioned above have stated that the foraging
efficiency of bees enhances with the foraging
experience. Still, no literature is found anywhere
about the exact duration required for each trip with
enhancing experience in honeybees (A. mellifera).
That is why we tested how the trip duration changes
with different days of experience. We reconfirmed it
in A. mellifera along with the exact period of the
foraging trips for a particular distance and remained
successful in obtaining similar results (decrease in
trip duration with experience) in our current
investigation.

One of the primary aims of this study was to explore
whether or not the different levels of food richness or
rewards at a feeding source affect the number of
Apis mellifera foragers to visit food source site once
the conditions are switched to unrewarding.
Moreover, another aim was to see how the previous
foraging trip experiences affect foragers in their
foraging duration and number of foraging trips.
Regarding our first aim, we hypothesized that the
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switching of conditions from high to low level of food
richness at an experienced feeding site would result
in a gradual reduction in the number of visits
performed by forager bees. Moreover, concerning
our second aim, we predicted that the foraging
efficiency of bees would increase (i.e., decrease in
trip duration) with the experiences of the previous
visits.

MATERIALS AND METHODS

Obtaining newly emerged bees, and their
labeling

Honeybee brood frame was obtained from the apiary
of the Silkworm & Bee Research Institute of Yunnan
Academy of Agricultural Sciences. Newly emerged
bees were collected in a bowl/container. After that,
we started labeling bees with number tags on their
thoracic part. Note that the number tags were in
three different colors: red, white, and green, and
were fixed on bees by using organic tagging resin
designated as Shellac (Honig Mungersdorff;
Scheiner et al. 2013). To correctly set the tags, each
bee was allowed to move freely for a short time
before their introduction within the beehive.

Introduction of tagged bees within the beehive

After tagging, the bees were collected in a bottle that
was widely opened from its back and had a narrow
circular hole where it can be screwed up with its lid.
The sugar solution was sprayed on the bees
collected in that bottle via its opened portion. Later,
bees were introduced within a video-monitored
beehive. The introduction of bees was done through
a pipe connected between a bottle’s holes and the
central beehive monitoring system (Fig. 1). The
purpose of spreading sugar solution on bees was to
prevent them from being attacked by the colony as
they think new bees as invaders. If bees contain
sugar solution on their body, then old bees assume
that the new bees have information about the food
source, hence don’t attack them; instead, follow
waggle dances and increase trophallaxes interaction
(Diaz et al. 2007).

Training and feeding of bees on Feeder A

In the beginning, bees were trained (about 30-50
bees) from beehive (N: 23.52608°; E: 103.39670°) to
the feeder A [FA] (N: 23.525457°; E: 103.39908°) for
about a week. Considering the effect of solar
azimuth, FA was positioned (Fig.1) at a distance of
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251 meters from the beehive. Bees were provided
with a 30-50% sugar solution on the feeder. To allow
the colony’s bees to feed on solutions, firstly, we put
the feeder close to the main hive. Some of the
forager bees from the colony were picked and fed
them sitting close to the feeder. Subsequently, we
went on relocating the feeder from one point to
another for training the bees to a distance of 251
meters. Once the training was accomplished, we
started registering tagged bees for their number of
foraging trips within a particular time.

Installation of Feeder B, and data collection

Feeder B was installed (N: 23.525295°; E:
103.39903°) (Fig. 2) nearby FA. Multiple situations
on both feeders were provided. For the first situation,
FA was supplied with a 30% sugar solution at the
first session. In comparison, 50% of this solution at
another session. For the second situation, both the
feeders (FA & FB) were provided with 50% of the
sugar solution at the same time. For the third
situation, FA & FB were supplied with 30% and 50%
of the sugar solutions, respectively. Moreover, for
the fourth situation, FA was provided with a 30%
sugar solution, and FB was supplied with a 50%
sugar solution + 100% pure anise seed essential oil
scent (Phutawan: Thailand). In the case of the fifth
situation, FA was provided with a 10% sugar
solution, and FB was supplied with a 50% sugar
solution. Lastly, in the sixth situation, FA was
unrewarded with a sugar solution (containing merely
pure water), while FB was provided with the same
concentration (50%) of the sugar solution.

During the provision of situations mentioned above,
labeled bees were identified (via their ID numbers).
We noted the number of bees visited a particular
feeder at a certain period (within every 10 min.) and
their time of arrival on both the feeders. Note that
data with three replications of each situation, as
mentioned earlier, were determined. Moreover, data
for each condition on both feeders were collected for
a 1-hour duration.

Data collection from the central beehive

Besides FA and FB, data of bees were noted from
the monitoring system and on the exit-entry gate
(Fig. 1) of the beehive. We registered the information
like (a) identification of tagged bees, (b) time of the
bee’s arrival on the beehive gate, and (c) time of the
bee’s departure from the beehive. All the data were
collected for an hour duration for morning and
evening time.



Bees recognition

’...";. LL'Q I&:

Figure 1: Monitoring system for recognition of labeled bees. Red arrows are directing toward the tagged bees that
were video recorded within the beehive. In contrast, the departure and arrival of forager bees were noted on the exit/entry
gate of the beehive.

Central beehive

— 251m

Coordinates 2
Beehive: 23.526080° N, 103.39670° E '8&\

Feeder A: 23.525457° N, 103.39908° E @\k Feeder A

Feeder B: 23.525295° N, 103.39903° E

Feeder B

Figure 2: Schematic illustration presenting the directional arrangement of beehive and feeding sites (FA and FB).
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Data analysis

Data were analyzed to check the foraging behavior
of bees against the effect of food richness (10-50%)
by using One-Way Repeated Measure ANOVA.
While the comparisons were tested using the
Generalized Linear Model (GLM). Besides, to test
the effect of experience on honeybee foraging trips
(i.e., duration), we calculated the time difference of
bee trips between the feeders and the central
beehive. All the statistical data were analyzed by R
version 3.5.3 (R Development Core Team 2003).

RESULTS
Levels of food-richness effect on bee’s foraging

In the first experiment, even with little variability in
the first 15 minutes, the activity of forager bees fed
on a 50% sugar solution remained higher than bees
fed on a 30% sugar solution (Fig. 3). Foraging action
was found increasing with an increased level of food
richness. ANOVA showed a significant overall
treatment effect on foragers fed on levels of food
richness (df = 1; F = 7.07; bees with food richness
(F) = p=0.0120). Moreover, the number of foragers
bees with time also shown significant effect (bees
with time (T) = F= 89.1; df = 1; p = 0.01; Fig. 3).
Regardless of comparison with the number of bees
visiting a 30% sugar solution, the bees visiting a 50%
sugar solution decreased with the time (Fig. 3).

20 ® 50% sugar solution
O 30% sugar solution

No. of bees visited

10 20 30

40 50 60

Time (minutes)

Figure 3: Variations in the number of bees visiting FA (containing different levels of food richness) at different
time intervals: Redline in the graph is showing variation in the number of bees at 50% sugar solution, while the black line

is showing this variation at 30% sugar solution.
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In the second experiment, the data we took from
both the feeders with the same concentration of
sugar solution (50%) showed that the number of
bees visiting FA versus those visiting FB increased
in the first half an hour but then started decreasing
from about 35 to 60 min. The overall effect of food
richness on bees was highly significant (df = 1; F =
14.6; p = 0.00; Fig. 4a). Regarding our third
experiment, the overall treatment effect of food
richness on forager bees was highly significant (df =
1; F = 84.4; p<0.001; Fig. 4b). The variation in the
number of bees with the time was also calculated as
highly significant (df = 1; F= 7.59; p<0.01; Fig. 4b).
But, with both the food-richness and the time, this
variation was calculated as non-significant (df = 32;
F =1.90; F: T= p = 0.18; Fig. 4b).

In our fourth experiment, it was interesting to
observe that more number of forager bees visited
less experienced feeder “FB” for the first 15 minutes.
But, after this duration, a gradual increase in the
number of bees at FA was noticed, which may be
due to the effect of anise seed oil scent, which was
added with sugar solution offered at feeder B.
Moreover, statistical calculations for bees exhibited
a highly significant impact with the levels of food
richness (df = 1; F = 3.40; p= 0.00; Fig. 4c), while
non-significant effect with the time (df = 1; F = 3.40;
p=0.08; Fig. 4c).

The situation we provided in our fifth experiment
(10% sugar solution at FA, and 50% at the FB)
yielded different results. Overall results of the given
situation exhibited that even a decrease in the
concentration of sugar solution could not decrease
the number of bees at FA as compare to FB, offering
a more concentrated sugar solution. Analysis
showed non-significant overall effects on foragers
with the food richness (df = 1; F = 0.00; p= 0.95; Fig.
4d), time (df = 1; F = 0.60; p= 0.40; Fig. 4d) as well
as between both (df = 1; F = 1.80; F: T= p= 0.20; Fig.
4d).

In the sixth and last experiment, it was the first time
when we observed that there were significantly
fewer bees visiting FA. Still, a significant upsurge in
the number of bees was noted at FB during the
whole period of the experiment. Hopefully, this shift
was due to non-rewarding situations at FA with the
fact that when the bees face such cases, they start
looking for other profitable food options. Also, the
statistical values for the number of bees concerning
food richness and time presented higher significance
(df = 1; F = 13.10; p<0.001; Fig. 4e).

Foraging
experience

performance increases with

Regarding the effect of experience on honeybee
foraging duration, we found exciting results (Table
1). In the initial days of the experiment, foragers
exhibited a long period to complete a one-way trip
between hive to feeders. But with the time (as they
got some experience of food source locations: i.e.,
FA & FB), the duration of one-way foraging trip of
forager bees were started decreasing gradually (Fig.
5). For example, trips of a forager bee (ID no. Red82)
were noted on days 1, 5, and 6, the probable
duration of each one-way trip for this forager was 19,
5, and 3 minutes respectively. Moreover, the gradual
decrease in time of foraging trips was also noticed in
another active forager (ID no. Red 53), the probable
duration of each trip for day 1-, 2-, and 3- were 19 &
12, 11, and 2 minutes respectively. Some other
foragers that visited feeders multiple times in
different days also showed a similar decreasing
pattern in foraging duration (Table 1). And those
foragers that we could recognize merely one time on
a feeder they also covered their trips within less time
as compare to those foragers that visited in previous
days. Statistical analysis confirmed that the
decrease in trip time with the experience is highly
significant (df (between days) = 4; df (within days) =
25; F = 6.24; p = 0.001; Fig. 5).
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Figure 4: Graphs exhibiting variations in the number of bee foragers visiting FA ( ) and FB ( ') (containing
multiple levels of food richness) at different time intervals: a) FA and FB both offering 50% sugar solution. b) FA and
FB are offering 30% and 50% sugar solutions, respectively. ¢) FA offering 30% sugar solution, while FB is offering a 50%
sugar solution + anise seed oil scent. d) FA and FB are offering 10% and 50% sugar solutions, respectively. e) FA and FB
are offering unrewarding conditions (merely water) and a 50% sugar solution, respectively.
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Table 1: Fluctuations in foraging of bees with the experience: data exhibit the duration of one-way foraging trip (between
hive and feeders) of some bees in different days

Days BeelDs Time of Time of Depart from Arrival on hive’s Probable
arrival on arrival on hive’s exit/entry gate duration (min.)
FA (00:00 FB (00:00 exit/entry for a one-way
am/pm) am/pm) gate foraging trip

1 Red 82 10:33 am 10:52 am 19

1 Red 57 10:31 am 10:40 am 9

1 Red 53  10:30 am 10:44 am 14

1 Red29  11:03 am 11:01 am 2

1 Yellow 2:56 pm 3:10 pm 14

10

1 Red 53  3:40 pm 3:52 pm 12

2 Red 73 10:00 am 9:57 am 3

2 Red 53  9:56 am 10:07 am 11

3 Red 60  4:46 pm 4:38 pm 8

3 Red 19  4:41 pm 4:34 pm 7

4 Red 82 10:25 am 10:20 am 5

4 Red 53 10:19 am 10:17 am 2

4 Red 43 10:04 am 9:59 am 5

4 Red 46  4:40 pm 4:27 pm 13

5 White 96  10:25 am 10:19 am 6

5 Red 53 10:51 am 10:46 am 5

5 Red 99 4:36 pm 4:34 pm 2

5 Red 82 4:37 pm 4:34 pm 3

N
o

-
oL

o O

1 2 3 4 5

Experience (days)

Duration (min.) of foraging trips
—
=

Figure 5: Duration of one-way foraging trips of A. mellifera affected by the experience
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DISCUSSION

As animals travel through different environmental
conditions to seek resources, they have to face
multiple challenges of how best to deal with their
time as well as energy among accessible
opportunities. In the case of the natural environment,
animals must frequently select among a group of
behavioral choices available to them to react
efficiently to changes in food resources
(Townsendmehler 2010). Because of different
assumptions regarding bee foraging to recently
unrewarding conditions (i.e., with depleted food
sources) at the food source, we raised a question to
find its answer. The primary purpose of our inquiry
was to explore whether or not the different levels of
food richness or rewards at a feeding source affect
the number of forager bees to visit this location once
the conditions are switched to unrewarding.

The behavior of honeybee foragers largely depends
on the level of food richness they find at their feeding
locations (Frisch 1965). The results revealed that the
persistence in honeybee foraging to the depleted
sources is considerably affected by their previous
experience of that particular site as well as its high
level of food richness. Toufailia et al. (2013) describe
that the bees continue their visits to unrewarding or
empty feeders up to a week after merely a short
duration of training access. Although the overall
number of forager bees in our experiment decreased
with depleted level of food richness at the training
site (FA), even then, according to the result as
mentioned earlier, some bees did not quit visiting
that particular site for certain days. More number of
bees inevitably visited high rewarded feeders (Fig. 3
& 4) as compare to low rewarding feeders. According
to the results of Cakmak et al. (1999), the action of
forager bees altered when they were presented with
different reward frequencies associated. But,
regardless of comparison, the number of bees
visiting high rewarding sites (i.e., 50% sugar
solution) decreased in relation with the time (Fig. 2)
which may be due to the fact that highly
concentrated sugar solutions are viscous, and crop
loads are negatively correlated with the viscosity of
the solution (Nicolson et al. 2013). It also may be
since honeybees do not persistently behave as
projected via simple energy maximization principles;
instead, uniqueness in choice rises at the time when
visiting obstacle becomes more strenuous due to the
enhanced complexity of the problem (Cakmak et al.
2009)
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In a series of variant experiments, it was determined
that the time course of extinction of currently
unrewarding sources is mainly reliant on the amount
of experience gained at a particular food source
(Moore et al. 2011). That is why, in our current
experiment, we observed more number of bees with
a gradually decreased level of food richness at the
experienced feeder (FA) versus less experienced
feeder (FB) with a high level of food richness. It is a
general assumption that time memory in honeybees
promptly loss if not reinforce daily. Hence, it permits
foragers to shift rapidly from non-rich to rich food
sources. Therefore, a characteristic in an animal is
also reported, which describes that they may alter
their behavior according to their understanding of
risk, including predators (Sharif et al. 2020) or
unprofitable food source conditions (Tan et al. 2015).
We observed a sudden decrease in the number of
bees at FA, which switched offering depleted food
source, while a relative increase in the number of
bees was observed at FB switched offering rich food
source. Variant levels of food richness exploited by
a single active forager have an impact on the
performance (frequency and intensity) of its
recruitment-linked behaviors. Within the beehive,
such variation defines a distinctive inspiration of
hive-mates having diverse thresholds to depart from
the hive (Fernandez et al. 2003). From an example
of a field plant (i.e., Brassica campestris var. toria),
the results propose that cultivars offering rich caloric
rewards to bees have a competitive advantage over
others in terms of appealing bee foragers and,
subsequently, in pollination (Abrol 2007).

Multiple factors have been reported that affects
foraging efforts as well as foraging distance in bees.
These factors include experience, wing damage,
environmental factors, and internal condition of
colonies (Klein et al. 2019, Higginson et al. 2011, do
Nascimento and Nascimento 2012, Barbosa et al.
2016). It had been expressed that individual
honeybees increase their foraging performance with
experience. Those studies verified the foraging
behavior of bees in their career, but it focused merely
on individual bee level (Schippers et al., 2006, Dukas
2008). Recently, Klein et al. (2019) explored foraging
activity and the foraging performance of a massive
number of honeybee foragers (A. mellifera) by using
an automated behavioral tracking system. They
concluded with the remarks that bees at the colony
level also improve their foraging performance and
frequency of their foraging trips via experience.
According to Durisko et al. (2011), in the natural



environment, honeybees exhibit gradual
improvement in their foraging performance parallel
to the typical pattern of performance found in the
lifespan of various animals, including humans. They
also stated that the longstanding improvement in the
performance of bees under the natural environment
might be instigated by certain factors like spatial
orientation, locating the best rewarding plant
species, flower patches, etc. Peat and Goulson
(2005) explored Bombus terrestris for the rate of
foraging trips. They ensured that the rate of foraging
trips varies with the experience. In the first few trips,
they observed a low foraging rate but later increased
with the experience. That increase in foraging rate
was smaller initially, but after nearly 30 trips from the
nest, they observed further improvement in foraging
rates. As in our current experiment, the duration of
every one-way foraging trip gradually decreased
with the following days; therefore, we also affirm the
results of previous studies that the performance of
honeybees in foraging increases with the
experience. Which extent of a high level of sugar
concentration (viscosity) causes total foraging
avoidance? Besides food richness and experience,
can we compare the time of the day with the rate of
time spent outside (foraging) the beehive? These
are the essential questions that can be explored in
future investigations.

CONCLUSION

Bee foragers keep on visiting that feeding sites
offering food-rich source. But, regardless of
comparison with the number of bees visiting a low
food-rich source, the bees foraging towards a highly
food-rich source decrease with the time.
Simultaneously, with the reduction in food richness,
the number of foragers visiting that feeding site also
reduced. Still, the notable thing is they continue their
foraging trips for several days, even if they are un-
rewarded with food-rich sources. It is a fantastic
behavior in bees that help re-allocation of colony’s
foragers in altering natural settings. This study
suggests beekeepers for their decision about the
replacement of their apiaries to the fields with an
augmented level of nectars for getting maximum
honey vyield, and also help to decide setting
vegetation pattern in the area for providing full
opportunities for pollination. Furthermore, results
utter that our prediction: foraging efficiency of bees
in terms of trip duration will increase with the
experiences of previous visits, proved correct.

Depending on the level of expertise, the A. mellifera
requires a 19 to 2 minutes duration for a one-way
foraging trip to 251 meters. Lastly, the current study
confers the implications for future investigation on
whether we can compare the time of the day with the
rate of time spent outside (foraging) the beehive.
Which extent of a high level of sugar concentration
(viscosity) causes total foraging avoidance by
honeybees? These are suggested questions for
further exploration in upcoming studies by the
researchers.
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ABSTRACT

The aim of this study was to assess the quality of five propolis samples obtained from Turkey (TP),
China (CP), Brazil (BP1, BP2), and Ethiopia (EP). The phenolic compounds of the propolis were
identified and quantified using the liquid chromatography-tandem mass spectrometry technique (LC-
MS/MS). In addition, quality parameters such as total flavonoid content, total phenolic content, free-
radical scavenging activity and element contents were investigated. As a result of LC-MS/MS analysis,
the extracts were sorted as TP> BP1> BP2> CP> EP in terms of the total concentration of individual
phenolic compounds. Chlorogenic acid was determined as the dominant compound in BP1 and EP, p-
coumaric acid as the dominant compound in the BP2 and trans-ferulic acid as the dominant compound
in the samples from CP and TP. The concentration of DPPH was higher in TP whereas the ABTS
concentration was almost similar to other propolis extracts. The contents of potassium (K), calcium
(Ca), iron (Fe), magnesium (Mg) and sodium (Na) in the propolis samples were in the range of 2416.75-
14416.02 mg/kg, 8.52-613.25 mg/kg, 102.66-1425.82 mg/kg, 523.84-7336.74 mg/kg and 57.65-191.15
mg/kg, respectively. Consequently, it is again supported that chemical characteristics and activity of
propolis varies according to its geographical origin with this study.

Keywords: Chinese propolis, Ethiopia propolis, Brazilian propolis, Turkish propolis, Element
composition, Mineral content, Phenolic compounds.

oz

Bu caligsmada, Tiirkiye (TP), Cin (CP), Brezilya (BP1, BP2) ve Etiyopya'dan (EP) elde edilen bes propolis
orneginin kalitesi degerlendirildi. Propolisin fenolik bilesikleri sivi kromatografi kiitle spektrometresi
(LC-MS/MS) ile kantitatif olarak tespit edildi. Buna ilave olarak, total flavonoid igerik, total fenolik igerik,
antioksidan aktivite ve element icerigi (ICP-MS ile) gibi kalite parametleri de arastirildi. LC-MS/MS
analizinin sonuglarina gore propolis ekstraktlart 24 adet bireysel fenolik bilesigin toplam
konsantrasyonu agisindan TP> BP1> BP2> CP> EP olarak siralandi. BP1 ve EP igin klorogenik asit,
BP2 igin p-kumarik asit, CP ve TP igin ise trans-ferulik asit baskin bilesikler olarak tespit edildi. TP’de
DPPH konsantrasyonu en yiiksek iken, ABTS konsantrasyonu ise diger propolis ornekleri ile benzerlik
gosterdi. Propolis numunelerindeki potasyum (K), kalsiyum (Ca), demir (Fe), magnezyum (Mg) ve
sodyum (Na) igeriklerinin sirasiyla 2416.75-14416.02 mg/kg, 8.52-613.25 mg/kg, 102.66-1425.82 mg/kg,
523.84-7336.74 mg/kg and 57.65-191.15 mg/kg arasinda degisiklik gosterdigi belirlendi. Sonug¢ olarak
bu calisma ile propolisin kimyasal bilesimi ve aktivitesinin cografi kokenine gore degistigi tekrar
desteklendi.

Anahtar kelimeler: Cin propolisi, Etiyopya propolisi, Brazilya propolisi, Tiirkiye propolisi, Element
icerik, Mineral igerik, Fenolik bilesikler.
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GENiSLETILMiS OZET

Amag: Propolis bal arilari tarafindan bitkilerin farkli
kisimlardan toplanan regine benzeri yapiskan koyu
renki bir maddedir. Bu Uriin arilar tarafindan kovan
savunmasli, koloni saghdinin korunmasi, yapi
malzemesi vb. bir ¢ok amag¢ dogrultusunda
kullaniimaktadir. Bununla birlikte insanlar tarafindan
bu Grin yazyllardir kovandan toplanarak saglik
koruyucu/destekleyici ve tedavi edici gibi ozellikleri
nedeniyle kullaniimaktadir. Bu g¢alismada farkli
Ulkelerden (Turkiye, Cin, Brezilya, Etiyopya) elde
edilen propolis 6rneklerinin, total flavonoid igerik,
total fenolik icerik ve serbest radikal temizleme
aktiviteye ek olarak elemental icerik ve bireysel
fenolik  bilesik  konsantrasyonu  bakimindan
degerlendirilmesi amaglandi.

Materyal ve Metot Propolis 6rneklerinin serbest
radikal temizleme aktivitelerinin tespit edilmesi igin
DDPH ve ABTS testleri kullanildi. Propolis
orneklerinin total flavonoid igerigi aliminyum klorur
ve toplam fenolik madde igerigi ise Folin-Ciocalteu
metodu ile tespit edildi. Propolis 6érneklerinde Li, B,
Be, Mg, Na, Al, Cu, Ca, Zn, Cr, K, V, Mn, Co, Fe, Ga,
Ni, Sr, In, Rb, Ru, Ag, Cs, Pd, Cd, Pt, Ba, Hg, Tl ve
Au olmak Uzere toplamda 29 element indiiktif olarak
eslesmis plazma kutle spektrometresi (ICP-MS) ile
tespit edildi. Bununla birlikte 24 adet fenolik bilesigin
(2,5-dihidroksibenzoik asit, 2-hidroksi transsinnamik
asit, kafeik asit, katesin, epikatesin, klorogenik asit,
etil gallat, gallik asit, isorhamnetin, kamferol, luteolin,
mirisetin, naringin, P-kumarik asit, phlorizin, propil
gallat, protokatesik asit, kuersetin, resveratrol, rutin,
salisilik asit ve sinapik asit, siringik asit, trans ferulik
asit) kalitatif ve kantitatif olarak tespiti, sivi
kromatografi-kiitle spektrometresi/kitle
spektrometresi (LC-MS/MS) kullanilarak
gerceklestirildi.

Sonug ve Tartisma: LC-MS/MS analizi sonucunda
ekstraktlar, incelenen 24 adet bireysel fenolik
bilesigin toplam  konsantrasyonu bakimindan
Turkiye > Breziya 1> Brezilya 2> Cin > Etiyopya
propolisi olarak siralandi. Brezilya 1 ve Eyiyopya
propolisinde major bilesik olarak klorojenik asit,
Brezilya 2 propolisinde major bilesik olarak p-
koumarik asit tespit edilirken, Cin ve Turkiye orijinli
propolis érneginde major bilesik olarak trans-ferulik
asit tespit edildi. Bununla birlikte Tarkiye
propolisinde Cin propolisinden farkli olarak kafeik
asit miktan olduk¢a yuksek olarak belirlendi.
Propolis numunelerinde makroelementlerden
potasyum (K), kalsiyum (Ca), demir (Fe),

magnezyum (Mg) ve sodyum (Na) icerikleri sirasiyla
2416,75-14416,02 mg/kg, 8,52-613,25 mg/kg,
102,66-1425,82 mg/kg, 523,84-7336,74 mg/kg ve
57,65-191,15 mg/kg arasinda tespit edildi. Genel
olarak, bu g¢alisma propolisin kimyasal igeriginin
uretildigi cografi bolgeye bagli olarak benzerlik ve
farkhhklara sahip oldugunu gosterdi. Bu durum, farkh
cografi bolgelerdeki arilarin propolis yapmak igin
kullandigi bitkisel kaynaklardan ileri gelebilir. Ayrica
elde edilen sonuglar propolis  drneklerinin
antioksidan aktiviteye sahip oldugu ve propolisin
diyetlerde bir antioksidan kaynagi olarak takviye
gida seklinde kullanilabilecegi destekledi. Bununla
birlikte, propolisin kimyasal i¢erigindeki bilesiklerin
katkilarini anlamak igin daha fazla arastirma
yapilmahdir.

INTRODUCTION

Propolis is a resinous substance collected by bees
and used in their hives as a protective agent and a
building material. This resin is gathered from
different types of plants by honey bees (Apis
mellifera L.) that form it into pellets with their
mandibles, probably mixing it with secretions of their
salivary glands and beeswax (Alamyel et al. 2018).
Until 2018, more than 850 compounds have been
identified in the chemical content of propolis (Sturm
and Ulrih 2019). Propolis is usually composed of
50% resin, 30% wax, 10% essential oils, 5% pollen
and 5% other substances, however, the chemical
content of propolis varies depending on factors such
as botanical and geographical origin (Wang et al.
2016)

Several different types of propolis have been defined
with respect to their chemical profile, plant and
geographical origin. In the tropics, where poplars are
not abundant, bees seek different floral sources for
the production of resin (Coelho et al. 2017). There
are various different types of propolis that are
available, such as poplar propolis which is most
often produced from Popoulus nigra L. in Europe,
North America, non-tropic regions of Asia, New
Zealand, Green; Brazilian propolis predominantly
produced from Baccharis dracunculifolia DC. in
Brazil; Birch propolis produced from Betula
verrucosa Ehrh. in Russia; Red propolis produced
from Dalbergia spp. in Cuba, Brazil and Mexico;
Mediterranean propolis produced from
Cupressaceae in Sicily, Greece, Crete and Malta;
Clusia propolis produced from Clusia spp. in
Venezuela and Cuba; and Pacific propolis produced
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from Macaranga tanarius in the Pacific region. The
major components of these different types of
propolis are flavanones, flavones, cinnamic acids
and esters for poplar propolis; diterpenic acids and
prenylated p-coumaric acids for Brazilian propolis;
flavones and flavonols for Birch propolis;
isoflavonoids for Red propolis; diterpenes for
Mediterranean propolis; polyprenylated
benzophenones for Clusia propolis; c-prenyl-
flavanones for Pacific propolis (Sforcin and Bankova
2011).

Propolis is well known for its diverse and beneficial
biological effects such as antibacterial (Bayram et
al., 2017, Temiz et al. 2011)), antifungal (Silici et al.
2005), anti-Inflammatory (Kolayli et al. 2016), and
antioxidant (Temizer et al., 2017). Itis also known to
stimulate wound healing, reduce tumefaction and
suppresses pain (Zilius et al. 2016). Phenolic
compounds are essential bioactive components of
propolis (Vargas-Sanchez et al. 2015). Phenolics,
aromatic alcohols, terpenes, and aldehydes are
principal components of propolis and their existence
in propolis defines the quality of the propolis as well
as its pharmacological property and possible
application areas (Zilius et al. 2016). However, there
is limited information about the presence/level of
elements that can significantly affect the quality of
propolis (Gonzalez-Martin et al. 2015). Therefore, it
is extremely important to provide detailed
information on the element content of propolis in
order to ensure its safe usage in different areas.

As natural products that contain propolis are rich in
bioactive components such as minerals, vitamins,
polyphenols, amino acids, many efforts have been
made recently to use these products in commercial
products. Products rich in minerals and polyphenols
are of great interest in many fields such as food,
cosmetics and medicine, as some of the mineral
elements listed as bioactive compounds act as
cofactors in most enzymatic events in plants,
animals and humans (Kuppusamy et al. 2016). The
aim of the present study was to assess the total
polyphenol and flavonoid contents, antioxidant
activities and elemental composition of the ethanol
extracts of propolis obtained from four different
countries.
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MATERIAL AND METHODS
Propolis samples

Five propolis samples used in the study were
obtained commercially from Turkey (TP), Brazil
(BP1, BP2), China (CP) and Ethiopia (EP) in 2017.

Preparation of propolis extracts

Extracts were prepared according to Zhou et al.
(2015) with some modification. 1.5 g raw propolis
sample was pulverized and then added in 10 mL
ethanol (95%). Then, ultrasonic assisted extraction
was performed in an ultrasonic cleaning bath for 60
min at 40 °C. The mixture was centrifuged for 30 min.
The supernatant was transferred in a pear-shaped
flask and this procedure was repeated twice.
Supernatants were combined and the total volume
adjusted to 25 mL with ethanol (95%). The final
mixture was filtrated through a 0.45 ym membrane.

Total phenolic assay

The content of total phenolic compounds was
performed according to the Folin-Ciocalteu method
proposed by Magalhaes et al. (2010) with some
modification. 50 pL extract, 50 yL Folin-Ciocalteu
reagent (1:5, v/v) and 100 pL sodium hydroxide
solution (0.35 M) were added in each well,
respectively. After 3 minutes, absorbance was
recorded at 760 nm. The results were expressed as
gallic acid equivalent (mg GAE/qg).

Total flavonoid assay

Total flavonoid analysis of the extracts was
performed as Zhishen et al. (1999) with some
modification. Accordingly, 1 mL extract was mixed
with 0.3 mL AICI;.6H20 (10%) after the addition of
0.3 mL NaNO2 (5%). 2 mL NaOH (1 M) and 2.4 mL
distilled water were added then mixture was stirred
with vortex. The absorbance was measured at 510
nm. Total flavonoid content was expressed as mg
quercetin equivalent (mg QE/Q).

Determination of free-radical scavenging activity

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical

scavenging assay

The DPPH assay was based on the 96-well plate
assay described by Herald et al. (2012) with some
modifications. 15 pL extract and 185 pL of DPPH
solution (150 pmol L") were mixed, and vortexed for
10 s. Absorbance was measured at 517 nm after
being stored in the dark for 45 minutes at room
temperature. The results were expressed as mg



Trolox equivalent antioxidant capacity per g of
samples (mg TE/q).

2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) radical scavenging assay

The ABTS radical cation was reacted with 2.45 mM
potassium persulfate and left in the dark at room
temperature for 12-16 h before use. ABTS solution
was diluted with ethanol to an absorbance of 0.70 at
734 nm and equilibrated at 30 °C. The extracts were
first diluted with 1 mL sample and 1 mL of ABTS
solution, then with methanol to a total volume of 4
mL. The tubes were stored at room temperature for
6 min. Then, absorbance was measured at 734 nm
The results were expressed as mg Trolox equivalent
antioxidant capacity per g of samples (mg TE/g) (Re
et al. 1999).

Determination of individual phenolic compounds

Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) was used for detection individual
phenolic compounds (2,5-dihydroxybenzoic acid, 2-
hydroxytranscinnamic acid, caffeic acid, catechin,
epicatechin, chlorogenic acid, ethyl gallate, gallic
acid, isorhamnetin, kaempferol, luteolin, myricetin,
naringin, p-coumaric acid, phlorizin, propyl gallate,
protocatechuic acid, quercetin, resveratrol, rutin,
salicylic acid, sinapic acid, syringic acid, trans ferulic
acid). LC was performed using an Agilent 6460
(Agilent Technologies, Waldbronn, Germany) LC
system. Chromatographic separation was carried
out with an Agilent Zorbax SB-C8 column (150 x 3.0
mm, 3.5 ym particle size). MS/MS analyses were
accomplished on an Agilent LC-MS (Agilent
Technologies, Waldbronn, Germany) 6460 triple
quadruple mass spectrometer equipped with an
electrospray ionization (ESI) interface.

Determination of element profiles of propolis
samples by inductively coupled plasma mass
spectrometry (ICP-MS)

ICP-MS analysis was performed at the Central
Research Laboratory of Bayburt University. In this
study all reagents used for the elemental analysis of
samples were of analytical grade. The element
standard solutions were prepared by diluting a stock
solution of 1000 mg/L of lithium (Li), boron (B),
beryllium (Be), magnesium (Mg), sodium (Na),
copper (Cu), calcium (Ca), zinc (Zn), chromium (Cr),

potassium (K), vanadium (V), manganese (Mn),
cobalt (Co), iron (Fe), gallium (Ga), nickel (Ni),
strontium (Sr), indium (In), rubidium (Rb), ruthenium
(Ru), silver (Ag), cesium (Cs), palladium (Pd),
cadmium (Cd), platinum (Pt), barium (Ba), mercury
(Hg), thallium (TI) and gold (Au). 0.5 g of propolis
sample, 9 mL of nitric acid (Sigma Aldrich, Germany)
and 1 mL of hydrogen peroxide (Sigma Aldrich,
Germany) were mixed. Then, the digestion
procedures were carried out in a microwave
digestion system. The final volume was completed
to 50 mL with ultrapure water. Analysis of 30
elements was carried out by inductively coupled
plasma mass spectrometry ICP-MS (7800 Series
from Aigelent) (Oroian et al. 2015).

Statistical analysis

Analysis of variance (ANOVA) and post hoc Tukey's
test tests were utilized for analysis of total phenolic,
total flavonoid and antioxidant activity data.

RESULTS

In this study, 24 compounds were identified from
different propolis extracts and the quantitative value
of each compound was determined. BP1 had a
higher concentration of chlorogenic acid (791.69
mg/100g) and p-coumaric acid (495.67 mg/100 g). In
the same way, the sample obtained from Turkey
(TP) had a higher concentration of kaempferol
(156.28 mg/100 g) and quercetin (428.9 mg/100 g)
compared to the other propolis samples.

The highest total concentration (1808.65 mg/100 g)
of screened 24 individual phenolics was found to be
in the TP sample (Table 1). While caffeic acid was a
major component in the TP sample, at a
concentration of 238.52 mg/100 g, it was a minor
component in the propolis sample obtained from
China (CP), at a concentration of 0.76 mg/100 g. In
addition, the concentration of isorhamnetin in the CP
sample was higher (110.33 mg/100 g) compared to
that in the TP sample, which was found at
concentration of 90.58 mg/100g. The component
resveratrol, which was lacking in TP, BP1, BP2 and
EP was present in CP (23.27 mg/100 g). Trans
ferulic acid and quercetin as major component were
both presents in the CP and TP samples in important
concentrations when compared to the BP1, BP2 and
EP samples.
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Table 1. Phenolic composition (mg/100g) of propolis extracts

COMPOUNDS BP1 BP2 EP CP TP
2,5-dihydroxybenzoic acid 7.76 2.70 5.18 12.57 1.76
2-hydroxytranscinnamic acid nd nd nd nd nd
Caffeic acid 243.13 34.99 36.59 0.76 238.52
Catechin nd nd nd 2.28 5.80
Epicatechin nd nd nd 2.52 6.41
Chlorogenic acid 791.69 226.2 619.15 3.94 2.18
Ethyl gallate 0.004 1.44 0.08 0.14 0.07
Gallic acid 14.48 180.63 37.69 7.35 10.88
Isorhamnetin 2.9 23.25 1.42 110.33 90.58
Kaempferol 74.54 80.79 12.79 66.60 156.28
Luteolin 2.45 93.17 11.95 42.80 90.94
Myricetin 0.66 32.54 3.70 7.49 2.47
Naringin nd nd nd nd nd
p-coumaric acid 495.67 279.20 6.13 8.07 84.01
Phlorizin nd 0.38 nd 0.62 0.41
Propyl gallate nd nd nd nd nd
Protocatechuic acid 172.39 88.53 254.10 37.95 60.67
Quercetin 62.21 165.80 27.42 201.38 428.90
Resveratrol nd nd nd 23.27 nd
Rutin 1.67 72.54 1.36 1.05 7.32
Salicylic acid 12.98 4.55 3.10 27.23 0.61
Sinapic acid nd nd nd 11.59 nd
Syringic acid nd nd nd nd nd
Trans ferulic acid 23.70 10.29 0.20 701.60 620.84
TOTAL 1655.35 1296.62 1020.86 1241.26 1808.65

nd: not detected

The TP sample differed with the EP sample in many
ways. Firstly, the main components of the EP sample
were determined as chlorogenic acid (619.2 mg/100
g) and protocatechuic acid (254.1 mg/100 g), while
these components were available in much smaller
concentration in the TP sample. Conversely, the TP
sample contained greater concentrations of trans
ferulic acid (620.84 mg/100 g), quercetin (428.9
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mg/100 g) and caffeic acid (238.52 mg/100 Q)
compared to the EP sample, which contained these
compounds in minor concentrations. In addition, the
TP sample included catechin, epicatechin and
phlorizin, which were absent in the EP sample. It was
determined that the EP and CP samples were
completely different in many aspects. The CP
sample had trans ferulic acid (701.6 mg/100 g),



quercetin  (201.38 mg/100 g) and isorhamnetin
(110.33 mg/100 g) constituting the largest
percentage of its component. These components
were also present in the EP sample, however, they
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were considered as a minor component owing to
their low concentrations (0.2, 27.42 and 1.42 mg/100
g, respectively).
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Figure 1. (a) Total flavonoid content of propolis extracts (mg QE/g). (b) Total phenolic content of propolis extracts (mg

GAE/qg)

The highest total phenolic levels were detected in the
CP, BP1 and TP samples, while the lowest levels
were found in the BP2 and EP samples, respectively
(Figure 1b). The flavonoid content of the propolis
extracts varied from 95.966 to 237.201 mg QE/g
(Figure 1a). Among all the samples, the BP2 sample
had the highest flavonoid content at 237.17 mg
QE/g, which was followed by the EP sample at
160.471 mg/QE g, the BP1 sample at 115.834
mg/QE g, the CP sample at 107.244 mg/QE g and
the TP sample at 95.966 mg/QE g. The descriptive
statistics and comparison results for the DPPH
assay are given in Figure 2a. The TP sample
showed higher DPPH value compared to the other
samples. The DPPH value for the BP2 sample was
75.907 mg TE/g, which made it the lowest among all

of the samples. The ABTS value of the EP sample
was determined as the lowest (Figure 2b).

As seen in Table 2, the main elements in propolis
samples were found to be potassium (K), calcium
(Ca), iron (Fe), magnesium (Mg), and sodium (Na).
The two most significant elements in the propolis
samples were the K macro element with a
concentration of 2416.75-14416.02 mg/kg followed
by the Mg macro element with a concentration of
523.84-7336.74 mg/kg. The highest levels of K were
found in the BP1 and EP samples. The highest
concentrations of Na, Zn, and Fe were found to be
191.15, 74.95 and 1425.82 mg/kg, respectively in
the TP sample.
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Figure 2. (a) Results of DPPH assay of propolis extracts (mg TE/g). (b) Results of ABTS assay of propolis extracts (mg

TE/qg)

Table 2. Elemental compositions of propolis samples (mg/kg)

Elements BP1 BP2 EP CP TP

Li 0.0147 0.06 0.18 0.16 0.64
Be nd 0.004 0.01 0.008 0.01

B 20.16 14.16 27.62 5.07 13.81
Na 57.65 115.14 159.68 182.91 191.15
Mg 1024.64 820.33 7336.74 523.84 1008.47
K 14416.02 6011.08 6087.20 2416.75 2607.41
Ca 293.61 219.66 613.25 8.52 415.24
\") 0.05 0.55 2.14 0.39 4.35
Cr 0.16 0.80 2.26 0.56 3.08
Mn 28.18 60.69 52.52 2.50 35.66
Fe 102.66 347.75 861.97 287.01 1425.82
Co 0.03 0.07 0.68 0.14 1.10

Ni 3.51 3.1 1.36 2.18 2.59
Cu 9.01 5.11 3.68 1.47 4.29
Zn 33.21 25.01 14.10 8.00 74.95
Ga 0.02 0.15 0.36 0.05 0.46
Rb 73.89 23.81 5.79 1.72 3.09

Sr 9.25 6.32 27.79 0.09 9.004
Ru nd nd nd nd nd

Pd nd nd 0.004 nd nd

Ag nd nd 0.006 nd 0.004
Cd 0.66 0.65 1.97 1.07 1.53

In 0.04 0.05 0.01 0.08 0.03
Cs 0.07 0.27 0.04 nd 0.10
Ba 10.68 8.79 18.69 0.006 22.63
Pt nd nd nd nd nd

Au nd nd nd nd nd

Hg nd nd nd nd nd

TI nd nd nd nd nd

*nd: not detected (<0.000)
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DISCUSSION

The potent chemical components associated with
propolis are the phenolic compounds, which differ in
concentration and structure depending on factors
including the geographical location of production, the
season of production, the sources of flora used.
Propolis, which shows powerful antioxidant activity,
contains antioxidative compounds such as caffeic
acid, chlorogenic acid, gallic acid, p-coumaric acid,
kaempferol, quercetin, protocatechuic acid, and
trans-ferulic acid. Flavonoids and phenolic acid
esters, especially caffeic acid, are known for their
antioxidant, antiviral and antibacterial activity (Pietta
2000; Rao et al. 1992; Tapia et al. 2004, Ahn et al.
2007). The findings of this study showed that
regional origin greatly affects the phenolis of the
propolis (Table 1). The propolis samples obtained
from Brazil (BP1 and BP2) were found to be different
in terms of their constituents. The BP1 and BP2
samples had two major components, however the
concentration levels of these components differed.
Correspondingly, the outcomes of this study were in
line with the results of Salatino et al. (2005) who
found that the components of propolis also differ
among the propolis obtained from the same location.
The BP and TP samples differed in regard to the
concentration of trans ferulic acid, quercetin,
kaempferol, luteolin and isorhamnetin, which was
particularly found at a significant concentration in the
TP sample compared to the BP1 and BP2 samples,
in which it was found only in minute concentrations.
Overall, these findings are in agreement with the
findings of Teixeira et al. (2010) who determined that
Brazilian propolis is rich in phenolics. Components
of ethanolic extract of Brazilian green propolis are
artepillin C, p-coumaric acid, ferulic acid, 4-Hydroxy
3-prenylcinnamic acid, kaempferide, caffeic acid,
kaempferol, hesperitin sakuranetin, isorhamnetin,
and pinocembrin (Szliszka et al. 2013). Quercetin,
benzoic acid, ferulic acid, caffeic acid and coumaric
acid were determined in high concentrations in the
Turkish propolis samples, while chlorogenic acid,
vanillic acid, syringic acid, epicatechin, rutin, and o-
coumaric acid were found to be in small amounts
and catechin was not found at all (Aliyazicioglu et al.
2013).

Propolis is a natural source of phenolic compounds,
which are associated with important health benefits.
The total content of phenols provides an index of
various measurable properties of propolis such as
antioxidant capacity, antibacterial activity and ability
to scavenge free radicals (Gardini et al. 2018). The

variation of total phenolic and flavonoid content for
propolis samples from different locations was quite
large. The total phenolic and total flavonoid content
in the extracts showed statistically significant
differences in accordance with the regions and
ranged from 13.764 to 129.368 mg GAE/g. Similar to
the present study, Wang et al. (2016) found the total
phenolic content of propolis extract obtained from
China to be 132.1 + 3.28 mg/GAE g. They also
revealed that the total phenolic content of a propolis
extract obtained from Brazil was higher (126.8 +4.12
mg GAE/g) than the value obtained in the present
study. Furthermore, they determined that the total
flavonoid content of Chinese (32.5 + 0.53 mg/QE g)
and Brazilian (53.0 + 0.22 mg QE/g) propolis
samples were lower than the values determined in
the present study. The total phenolic data, presented
in Figure 1b, were in agreement with the data
obtained for the propolis samples obtained in China
(42.9 + 0.8- 302 + 8.3 mg GAE/g) (Ahn et al. 2007)
and Turkey (0.1038-86.807 mg GAE/g), but lower
than those obtained for the propolis samples
obtained in Brazil (307.63+£0.92-398.31£11.15 mg
GAE/g) (De Oliveira Reis 2019). On the other hand,
the total phenolic content of the EP sample used in
the present study was higher than the content
determined by Liben et al. (2018). Similarly, the
results of the present study suggested that the total
phenolic and flavonoid contents of the propolis
samples varied by region. This indicates that the
phenolic compounds present in the chemical
structure of the different plant sources, most likely in
flora, are included in the chemical structure of
propolis and consequently are an important factor in
determining the quality of propolis.

The DPPH values for the samples evaluated in this
study were between 75.907 and 167.225 mg TE/g.
Similarly, Banskota et al. (2000) reported that the
DPPH activity of propolis obtained from China was
higher than that of the propolis obtained in Brazil.
The ABTS values of the samples ranged from
19.163 to 33.747 mg TE/g. The results of the present
study are compatible with the results put forward by
Yang et al. (2011), who studied the high antioxidant
activity in propolis obtained from China. It is possible
that in regions where climatic conditions vary, there
are sources of phenolic compounds with bioactive
properties that vary accordingly. Therefore, propolis
samples produced in different regions of the World
cannot be expected to be the same in terms of
chemical content and thus biological capacity. These
differences may be reflected in the antioxidant
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activity of the propolis and may cause the biological
spectra to vary, as supported by the results of this
study.

Mineral diversity is reflected in the composition of
propolis through the transfer of the mineral
composition of the soil to the plants from which the
propolis is obtained. For this reason, plant sources
affect the elemental composition of propolis to a
great extent (Lovakovi¢ et al. 2018). As a result, the
elemental content of propolis is used to develop
distinctive features and reliable traceability methods
of the geographical areas where it was produced as
an indicator of environmental pollution (Golubkina et
al. 2016). In the present study, when the elemental
composition of the propolis samples were examined,
it was observed that although there were quantitative
differences, they had qualitatively similar content. All
of the samples lacked ruthenium (Ru), platinum (Pt),
gold (Au), mercury (Hg) and thallium (TI). Moreover,
minor concentrations of lithium (Li), beryllium (Be),
vanadium (V), chromium (Cr), cobalt (Co), nickel
(Ni), copper (Cu), gallium (Ga), strontium (Sr),
cadmium (Cd), indium (In), cesium (Cs), palladium
(Pd), silver (Ag) were determined in the propolis
samples. Overall, the concentrations of many
elements in the TP sample were generally higher
than those in the other samples. There are limited
reports on the mineral content of propolis. Gong et
al. (2012) determined that Ca, Mg, K, Fe, Na and Zn
levels in the propolis samples obtained from Brazil
were higher than 160 mg/kg, which is accordance
with the results of the present study. In contrast, the
present study also found lower concentrations of Zn
and Na in the BP2 sample and a lower concentration
of Fe in the BP1 sample. Dogan et al. (2006)
investigated the content of Na, K, Ca, Mg, N, Cu and
Zn in propolis samples from Turkey and found that
the highest element rate in all of the samples to be
Na. However, the present study found that the
highest element rate in the TP sample was K. Dogan
et al. (2006) also determined the Ca content of the
propolis samples at a lower concentration than those
obtained in the present study. Cantarelli et al. (2011)
reported that trace element level provides sufficient
information for the identification of propolis.
Similarly, in this study, although differences in the
trace element contents of the propolis samples were
observed, more samples were required to make a
clear geographic distinction. The elemental
composition of the propolis samples may vary
depending on many factors such as vegetation,
environmental factors (pollution, industrialization,
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etc.), beekeeping equipment, beehive production
material (plastic, wood, etc.) and differences in
sample collection methods (scraping or trapping
method, etc.).

CONCLUSION

In this study, the major components of the propolis
samples were detected as trans ferulic acid and
quercetin for the TP and CP samples, chlorogenic
acid for the EP and BP1 samples and p-coumaric
acid for the BP2 sample. Caffeic acid, which is an
important component for the quality determination of
propolis, was found to be the highest in the BP1 and
TP samples, respectively. In addition, the results
confirmed that the individual phenolics of propolis
contribute to antioxidant activity in particular, and
that propolis can also be used as a supplement in
diets as an antioxidant source. It is thought that the
elemental compositions of propolis samples can be
important in distinguishing their regional origin and
also providing an idea of the quality of the product
and where it should be used. Overall, this study
confirmed that the chemical content of propolis has
significant  differences  depending on the
geographical location it was produced. The reason
for this could be that bees in different geographical
locations use different flowers and trees to make the
propolis. However, further research must be
conducted to understand the contributions of the
valuable compounds of propolis.
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ABSTRACT

Honey production and beekeeping practices are more common in the Eastern Black Sea region. This
study was conducted to determine the knowledge, experience and attitudes the use of personal and
professional apitherapy of pediatric nurses working in the pediatric clinics of the largest hospitals in
the Eastern Black Sea region. The study was conducted with 227 pediatric nurses who volunteered to
participate in the study, working in six hospitals in Turkey's Eastern Black Sea region. In this study,
there is a correlation between gender, having child, clinical experience, and the use of apitherapy.
Honey is the most common apitherapeutic product used by nurses both for personal (40,4%) and
clinical use (39,1%). Nurses stated that they do not know bee venom, and they know very little about
propolis and royal jelly. The nurses listed their positive experiences concerning honey’s capacity to
“alleviate cough symptoms, treat gastritis, strengthen immune system, effectively heal wounds and
burns” and their negative experiences concerning its side effects, such as allergy, dizziness,
headache, and itching”. It is important that nurses take responsibility for the apitherapy method
included in complementary and alternative medicine methods and that nurses can use evidence-based
apitherapy methods. It was recommended that nurses should be knowledgeable and careful about the
benefits and side effects of apitherapy.

Keywords: Apitherapy, Attitude, Knowledge, Nurses, Pediatric

OzZET

Bal iiretimi ve aricilik uygulamalari Dogu Karadeniz bélgesinde daha fazla yapilmaktadir. Bu aragtirma,
Dogu Karadeniz bolgesinde bulunan hasta kapasitesi en biiyiik hastanelerinin pediatri kliniklerinde
calisan pediatri hemsirelerinin kisisel ve profesyonel apiterapi kullanimina iligkin bilgi, deneyim ve
tutumlarinin belirlenmesi amaciyla yapilmigtir. Arastirma, Tiirkiye'nin Dogu Karadeniz Bolgesi'ndeki
alti hastanede galisan, calismaya katilmaya goniillii 227 pediatri hemsiresi ile gergeklestirilmistir. Bu
arastirmada, cinsiyet, cocuk sahibi olma ve klinik deneyim ile apiterapi kullanimi arasinda korelesyon
bulunmaktadir. Bal hemsirelerin hem kisisel (%40,4) hem de klinik kullanimda (%39,1) kullandigi en
yaygin apiterapotik bir tGiriindiir. Hemsireler ari zehirini bilmediklerini, propolis ve ari siitii hakkinda ise
cok az sey bildiklerini ifade etmislerdir. Hemsgireler, balin “6kstiriik semptomlarini hafifletme, gastriti
tedavi etme, bagisiklik sistemini giiclendirme, yaralari ve yaniklan etkili bir sekilde iyilestirme” gibi
olumlu deneyimlerini ve “alerji, bas donmesi, bas agrisi ve kasinti” gibi yan etkileriyle ilgili olumsuz
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deneyimlerini belirtmiglerdir. Tamamlayici ve alternatif tip yontemlerinde yer alan apiterapi yontemi
hakkinda hemsirelerin sorumluluk almasi ve kanita dayali apiterapi yontemlerini kullanabilmeleri
oldukga onemlidir. Hemsirelerin apiterapinin yararlan ve yan etkileri konusunda bilgili ve dikkatli

olmalar 6nerilmektedir.

Anahtar Kelimeler: Apiterapi, Tutum, Bilgi, Hemgireler, Pediatrik

GENISLETILMiS OZET

Amag: Apitherapy (Apis ari anlamina gelen Latince
bir kelimedir) bal, polen, propolis, arl sitli ve ari
zehiri gibi ar1 Urunlerini hastalik 6nleme ya da tedavi
Onerileri icin kullanma pratigidir. Apiterapi Urdnleri,
yuzyillardir farkli kilturlerde saghgi sirdirme ve
bircok saglik problemi icin kullaniimaktadir
(Cherbuliez, 2013, Ozkan and Bancar 2015).
Apiterapi UrUnlerinin sikhikla kullaniimasi nedeniyle,
toplumun ihtiyaclarini karsilamakla sorumlu olan
saghk profesyonellerinin  bu  konudaki bilgi
dlzeylerini artirmalari bir zorunluluk haline geldigi
dusunulmektedir. Dogu Karadeniz'de bal Uretiminin
ve aricilik uygulamalarinin fazla olmasi nedeniyle bu
aragtirma Dogu Karadeniz bodlgesinde bulunan
hasta kapasitesi en blylk hastanelerinin pediatri
kliniklerinde galisan pediatri hemsirelerinin kisisel ve
profesyonel apiterapi yontemlerini kullanimina iligkin
bilgi, deneyim ve tutumlarinin belirlenmesi amaciyla
yapilmigtir.

Yontem: Arastirmada, kesitsel ve korelasyonel bir
tasarim kullaniimistir. Arastirma, Turkiye'nin Dogu
Karadeniz Bodlgesi'ndeki Rize Recep Tayyip
Erdogan Universitesi Egitim ve Arastirma Hastanesi,
Giresun Universitesi Prof.Dr. A. ilhan Ozdemir
Egitim ve Arastirma Hastanesi, Karadeniz Teknik
Universitesi Tip Fakiiltesi Farabi Hastanesi, Ordu
Universitesi Egitim ve Arastirma Hastanesi, Bayburt
Devlet Hastanesi, Giimishane Devlet Hastanesi ve
Artvin Devlet Hastanesi’nde gergeklestiriimistir.
Veriler, Temmuz 2019-Mart 2020 tarihleri arasinda
arastirmacilar tarafindan gelistirilen bir anket formu
kullanilarak  toplanmisgtir.  Calismaya  katilan
hemsirelerden bir hafta igerisinde anketi iade
etmeleri ve diger hemsirelerle anket hakkinda
gérusmemeleri  istenilmisti.  Anket  sirasinda
bdlgedeki hastanelerde 251 c¢alisan hemsire
bulunmaktadir. Arastirmanin 6rneklemini ise 227
hemsire (%90) olusturmustur.

Bulgular: Cinsiyet, gocuk sahibi olma ve klinik
deneyim ile apiterapi kullanimi arasinda korelesyon
bulunmaktadir. Apiterapi yonteminin kisisel kullanma
durumunun hemesirelerin cinsiyetinden etkilendigini,
cinsiyeti kadin olan hemsirelerin énemli dizeyde

kisisel olarak apiterapi yontemini  kullandig
saptamistir  (p<0.01). Cocugu olan pediatri
hemsirelerinin - %62,2’si  kisisel olarak apiterapi
yontemini kullanirken, %65’i profesyonel olarak
apiterapi  yontemini  kullanmaktadir.  Apiterapi
yonteminin  kigisel kullanimi ile c¢ocudu olma
degiskeni arasinda istatistiksel olarak anlamli bir fark
bulunmaktadir (p<0.05). 6-10 yil klinik deneyime
sahip pediatri hemsirelerinin kisisel olarak apiterapi
yobntemini daha fazla kullandigini ve bu durumunda
istatistiksel olarak anlamh oldugu bulunmustur
(p<0.05). Bal, hemsirelerin hem kisisel (%40,4) hem
de klinik ortamda (%39,1) kullandigi en yaygin
apiterap6tik bir Granddr. Hemsireler ari  zehirini
bilmediklerini, propolis ve ari sutl hakkinda ise gok

az sey bildiklerini ifade etmiglerdir. Pediatri
hemsirelerinin %75,3'U solunum yolu
enfeksiyonlarini  énlemek, %49,3'0  bagisiklik

sistemini gliglendirmek, %40,1’i anemiyi 6nlemek ve
%37’si zihinsel aktiviteyi artirmak igin apiterapi
drinlerinden  biri  olan bali  kigisel olarak
kullanmaktadir.  Pediatri hemsireleri  apiterapi
drGnlerinden  bali;  %83,7'si  solunum  yolu
enfeksiyonlarini ~ onlemek, %69,81 bagisikhk
sistemini glglendirmek, %18,6’s1 anemiyi dnlemek
ve %11,6’s1 zihinsel aktiviteyi artirmak igin klinikte
profesyonel olarak kullanmaktadir. Hemsireler, balin
“Oksurik semptomlarini hafifletme, gastriti tedavi
etme, bagisiklik sistemini guglendirme, yaralari ve
yaniklari etkili bir sekilde iyilestirme” gibi olumlu
deneyimlerini ve “alerji, bag donmesi, bas agrisi ve
kasinti” gibi yan etkileriyle ilgili olumsuz
deneyimlerini belirtmislerdir.

Sonug: Tirkiye’de Apiterap6tik merkezlerin ve
yénetmeliklerin varligina ragmen, az sayida pediatri
hemsiresi apiterapi  yontemlerinin  farkindadir.
Tamamlayici ve alternatif tip ydntemlerinde yer alan
apiterapi yontemi hakkinda hemsirelerin sorumluluk
almasi ve kanita dayali apiterapi yontemlerini
kullanabilmeleri olduk¢ga &nemlidir. Hemsgirelerin
apiterapinin yararlari ve yan etkileri konusunda bilgili
ve dikkatli olmalari 6nerilmektedir.
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INTRODUCTION

An alternative medicine branch, called apitherapy,
has developed in recent years, offering treatments
based on honey and the other bee products against
many diseases (Bogdanov et al., 2008). Apitherapy
is the science (and art) of the use of honey, pollen,
propolis, royal jelly and bee venom” (Bogdanov et
al., 2008, Fratellone et al., 2016). In addition,
apitherapy are used to help protect health
(Cherbuliez, 2013). In most ancient cultures, honey
and other bee products were used for both nutritional
and medical purposes. Therefore, it can be said that
apitherapeutic products are used for a long time as
a nutritional supplement in addition to its medical
use. The favorable climate conditions and
abundance of honey plants essential to apiculture
and apicultural products are notable advantages of
Turkey. Turkey’s hosting 75% of the honey plants
species and types in the world is considered to
signify its remarkably diverse nature (Semerci,
2017). According to the General Directorate of
Agricultural Research and Policies (2019), Turkey in
the second with 115 thousand tons, and Argentine in
the third with 76 thousand tons (General Directorate
of Agricultural Research and Policies, 2019).

Apitherapy has been described in Turkey under the
Decree-Law, which was enacted by the Ministry of
Health on October 27, 2014” (Resmi Gazete, 27
October 2014). In Turkey, the use of apitherapeutic
products for the treatment of diseases is not
common (Boliktepe and Yilmaz 2008, Tunca et al.,
2015). The earliest information on the use of honey
in children’s nutrition dates back to about the ninth
century. In a study, 29% of parents with children
under the age of five spontaneously give their
children honey, which is a product of apitherapy,
without a disease (Kumar et al., 2011). In a
randomized controlled experimental study, honey,
which is a product of apitherapy, has been found to
reduce upper respiratory tract infections, cough and
regulate children's sleep comfort (Cohen et al.,
2012). Although some types of honey are innocuous
to bees, they can be toxic to humans (especially
under 12 months of age) (Cohen et al., 2012;
Cherbuliez, 2013, Godart et al., 2014). For this
reason, it is important to use honey in children very
carefully and to inform parents of its potential harms.
In this regard, it is thought that pediatric nurses, who
are in constant communication with parents, have a
great role.
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Parents often prefer apitherapeutic products,
especially for their children, as they think they are
traditional, accessible, natural, safer, and more
effective than medicines (Ozkan and Bancar 2015).
Pharmacological agents (dextromethorphan and
codeine) used in the treatment of cough, especially
in young children, can cause life-threatening side
effects with serious potential. Therefore, their use in
young children is not recommended and other
alternatives are needed for the prevention or
treatment of upper respiratory infections (Shadkam
et al. 2010). Royal jelly, as another apitherapeutic
product, is a honeybee product that contains basic
cell elements (Park et al. 2011). Especially pollens
are known for their antiseptic, diuretic, menstrual,
laxative, myocardial, and sedative effects
(Cherbuliez, 2013). Bee venom treatment is an
apitherapy method that gives the opportunity to
observe various effects in each sting and has effects
in reducing pain (Cherbuliez, 2013). Despite the
effectiveness of the other apitherapeutic products,
these products are not used frequently and
information on these methods is insufficient in
Turkey (Kavurmaci and Tan 2019). The
apitherapeutic product most frequently used by
nurses using apitherapeutic products is honey in
Turkey. It has been found that the other
apitherapeutic products used by nurses are pollen,
propolis, and royal jelly. On the other hand, bee
bread and bee venom are not used by nurses
(Kavurmaci and Tan 2019).

Due to the frequent use of apitherapeutic products,
it is thought that health professionals who are
responsible for meeting the needs of the society
should increase their level of knowledge on this
issue. Physicians who are certified in Turkey are
allowed to practice apitherapy. However, nurses
have not been given legal responsibility and
enforcement permission in this regard (Resmi
Gazete, 27 October 2014). Although pediatric
nurses are not given a legal responsibility, the level
of knowledge and attitudes of nurses are very
important since they are in constant communication
with child patients and their parent. For this reason,
together with the changing roles of pediatric nursing,
there is a great responsibility for nurses who provide
24-hour care to patients, work focused on care, and
apply evidence-based methods. Nursing plays a
notable role in complementary treatment practices
as an independent, research-based field in health
care (Khorshid and Yapucu 2005). Nevertheless, in
a study carried out in Turkey, pediatric nurses have



expressed that health care professionals are not
responsible about these products (Cirik et al 2017).
In another study, almost half (40%) of the primary
healthcare practitioners have mentioned that honey
is used for children, but few perceive it as a
treatment. In addition, some practitioners have
stated that they have difficulty communicating the
risks of these methods to parents (Kumar et al.,
2011). Itis more important than ever to train pediatric
nurses for the use of apitherapy in children, raise
awareness of, promote the use of evidence-based
practices, and provide holistic approaches with other
team members. However, there has been no
research on pediatric nurses’ knowledge of and
attitudes to apitherapy and their experience of
apitherapy. Pediatric nurses’ knowledge, attitudes
and experiences may affect the level of children’s
exposure to apitherapy. The aim of this study was to
define the knowledge, experiences and attitudes of
pediatric nurses working at multicenter hospitals
related to personal/professional use of apitherapy.

MATERIAL and METHODS
Research Design

Cross-sectional and descriptive design was used in
this study. We conducted descriptive correlation
analyses to investigate the relationships among
nurses’ socio-demographic variables and use of
apitherapy.

In the research, pediatric nurses;

1. What are the knowledge levels and attitudes
regarding apitherapy methods?

2. What are the personnel and professional uses of
apitherapy methods?

3. What are the personnel and professional
experiences of apitherapy methods?

4. Which variables affect the use of apitherapy
methods? Questions were evaluated.

Setting and Participants

Honey production and beekeeping due to more
research in the Eastern Black Sea Region of Turkey
are widely practiced in this region. In Turkey, the
region occupies the first place in honey production,
accounting for 21% of the national production. The
region’s geographical location, climate conditions,
and highly diverse vegetation make it favorable for
apicultural activities. There are seven provinces in

the Eastern Black Sea Region, namely Ordu,
Giresun, Trabzon, Rize, Gimishane, Bayburt and
Artvin, known for apiculture.

The pediatric nurses working at the hospitals with the
highest patient/bed capacity in these provinces
constitute the population of the study. All the nurses
who volunteered to participate in the study were
included in the sample of the study without being
subjected to a sample selection method. The
necessary institution permit could not be obtained
from one of the seven hospitals. Therefore, the
multicenter study was carried out in six. The
population of the study consists of 251 pediatric
nurses working in six hospitals. The study was
conducted with 227 (90%) pediatric nurses who
agreed to participate in the study between July 2019
and March 2020.

Data Collection Tools

After detailed literature review (Boliktepe and
Yilmaz 2008; Kumar et al., 2011; Cohen et al., 2012;
Cherbuliez, 2013; Ozkan and Bancar 2015; Cirik et
al 2017, Kavurmaci et al. 2019) it was decided to
perform a new questionnaire. The questionnaire
consisted of three parts and a total of 21 items. The
first section included the items about descriptive
characteristics of the nurses (gender, age,
educational status, having children, identity of clinic
in which the nurse worked, and working time of work
unit). The second section included the items
regarding the nurses’ level of knowledge about
apitherapy, their knowledge source, apitherapeutic
products used by them (for them, their family
members, and their patients), and their intended use
of these products. In addition, there was a table with
15 statements in this section. In this table, the nurses
were asked to respond to the items about
apitherapeutic products and their application as ‘I
agree”, “I am neutral” and “l disagree”. In the third
part, they were also asked to evaluate whether the
methods they used were “effective” or “ineffective”
based on their experiences. First of all, the
questionnaire was finalized by making a pilot
application. After making the necessary explanation
about the research, the questionnaire was
distributed to the nurses by the researchers and
asked to fill it in a week. In the process of filling the
questionnaire, the nurses were asked not to
communicate with each other about the
questionnaire in this process in order not to affect
each other.
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Statistical Analysis

The data were analyzed using the Statistical
Package for the Social Sciences software for
Windows (version 25.0). The descriptive statistics
were produced using totals and percentages for the
categorical variables. The nominal data were
evaluated in view of frequencies and percentages.
Pearson’s chi square test was performed to
determine the correlation between the personal and
professional use of apitherapy and socio-
demographic  characteristics.  Binary logistic
regression analysis was conducted to create a
prediction model based on the cause-effect
relationship  between the socio-demographic
characteristics of pediatric nurses and their personal
apitherapy method use cases. In the logistic model
in this study, the independent variables are he socio-
demographic characteristics of pediatric nurses. The
predicted dependent variable has two categories: (0)
Using the personal apitherapy method, (1) not using
the personal apitherapy method. Variables that differ
significantly from the socio-demographic
characteristics of pediatric nurses according to the
use and non-use of personal apitherapy method
were included in the model as a predictor variable.
The p value was set at .05, the confidence intervals
(Cls) surrounding odd ratios (ORs) of 95% were
reported.

Ethical Considerations

The study was approved by the respective hospitals
and a university ethics committee (Date: 2019,
Number: 95674917-108.99-E.25355). The
participants were also assured of their right to refuse
participation and that all the information obtained
would be used for research purposes only. The study
was carried out in accordance with the Helsinki
Declaration Principles.

RESULTS

Socio-Demographic Characteristics of Pediatric
Nurses According to Apitherapy Use

The relationship between the socio-demographic
characteristics of the pediatric nurses and the
personal and professional use of apitherapy
methods is given in Table 1.

161

When the pediatric nurses participating in the study
were examined according to age variable, it was
found that 53,6% of the pediatric nurses in the 30-39
age group used the apitherapy method personally,
while 53,5% of the nurses in the same age group
used the apitherapy method in the professional. It
was also revealed that the pediatric nurses of 30-39
years of age personally used apitherapy more
frequently than the other age groups and that this
difference was considerably significant (p<0.01).
However, no statistically significant difference was
found between professional use of apitherapy
method and age (p>0.05). When the pediatric nurses
participating in the study were examined by gender
variable, 87.6% of female pediatric nurses
personally use the apitherapy method, while 90,7%
of the same sex nurses use the apitherapy method
professionally. Moreover, the female nurses were
found to resort to apitherapy methods more
frequently than the male ones, which refers to a
statistically significant difference (p<0.05). There is
no statistically significant difference between
professional use of the apitherapy method and
gender (X?=1.007, p=0.316).

When the personal and professional use of
apitherapy method is compared according to the
educational status of pediatric nurses; 58,9% of the
nurses with undergraduate and above education use
apitherapy method personally and 55,8%
professionally. There is no statistically significant
difference between educational status and personal
and professional use of apitherapy [(X?=.123,
p=0.940), (X?=.237, p= 0.888)]. The higher
educational levels of the nurses were revealed to
signify increased use of apitherapy. When pediatric
nurses are examined according to the variable of
having a child, 62,2% of the nurses with children use
the apitherapy method personally, while 65% use
the apitherapy method professionally. It was found
that the nurses with children personally adopted
apitherapy methods more frequently and this
difference was calculated to be considerably
statistically significant (p<0.01). However, there was
no statistically significant difference between
professional use of apitherapy and having a child
(p>0.05).



Table 1: Socio-demographic characteristics of pediatric nurses according to personal and professional apitherapy use

Personal use’ X2 Professional use™ X2
Used Not used o] Used Not used o]
Variable n(%) n(%) n(%) n(%)
Age, years
18-29 65 (%31.1) 14 (%77.8) 15.920 14 (%32.6) 65 (%35.3) 173
30-39 112 (%53.6) 3 (%16.7) p<0.01 23 (%53.5) 92 (%50.0) 0.917
40-59 32 (%15.3) 1 (%5.6) 6 (%14.0) 27 (%14.7)
Gender
Female 183 (%87.6) 12 (%66.7) 5.974 39 (%90.7) 156 (%84.8) 1.007
Male 26 (%12.4) 6 (%33.3) 0.015 4 (%9.3) 28 (%15.2) 0.316
Educational attainment
Vocational school of 44 (%21.1) 4 (%22.2) 123 10 (%23.3) 38 (%20.7) .237
health 0.940 0.888
Associate degree 42 (%20.0) 3 (%16.7) 9 (%20.9) 36 (%19.6)
Bachelor's degree 123 (%58.9) 11 (%61.1) 24 (%55.8) 110 (%59.8)
and Postgraduate
qualification
Having children
Yes 130 (%62.2) 5 (%27.8) 8.148 28 (%65.1) 107 (%58.2) .701
No 79 (%37.8) 13 (%72.2) p<0.01 15 (%34.9) 77 (%41.8) 0.402
Service
Emergency 34 (%16.3) 9 (%50.0) 3.265 22 (%51.2) 73 (%39.7) 3.042
Intensive Care Unit 89 (%42.6) 5 (%27.8) 0.195 4 (%9.3) 35 (%19.0) 0.218
Pediatric service 86 (%41.1) 4 (%22.2) 17 (%39.5) 76 (%41.3)
Experience as a nurse, years
1-5 75 (%35.9) 13 (%72.2) 9.537 20 (%46.5) 68 (%37.0) 1.730
6-10 83 (%39.7) 4 (%22.2) p<0.01 13 (%30.2) 74 (%40.2) 0.421
112 51 (%24.4) 1 (%5.6) 10 (%23.3) 42 (%22.8)
Knowing about apitherapy methods
Honey 209 (%40.4) 18 (%43.9) 1.534 43 (%39.1) 184 (%41.1) 2.498
Pollen 178 (%34.4) 15 (%36.6) 0.821 36 (%32.7) 157 (%35.0) 0.645
Propolis 107 (%20.7) 7 (%17.1) 24 (%21.8) 90 (%20.1)
Royal jelly 23 (%4.4) 1 (%2.4) 7 (%6.4) 17 (%3.8)
Learning about apitherapy method
Family 160 (%27.1) 17 (%34.7) 6.801 33 (%25.6) 144 (%28.2) 7.549
Doctor 161 (%27.3) 15 (%30.6) 0.236 37 (%28.7) 139 (%27.3) 0.183
Nurse 114 (%19.3) 8 (%16.3) 26 (%20.2) 96 (%18.8)
Television 84 (%14.2) 7 (%14.3) 18 (%14.0) 73 (%14.3)
Internet 71 (%12.0) 2 (%41) 15 (%11.6) 58 (%11.4)
Personal use’ X2 Professional use™ X2
Used Not used o] Used Not used o]
Variable n(%) n(%) n(%) n(%)
Age, years
18-29 65(%31,1) 14(%77,8) 15,920 14(%32,6) 65(%35,3) 173
30-39 112(%53,6) 3(%16,7) p<0.01 23(%53,5) 92(%50,0) 0.917
40-59 32(%15,3) 1(%5,6) 6(%14,0) 27(%14,7)
Gender
Female 183(%87,6) 12(%66,7) 5,974 39(%90,7) 156(%84,8) 1.007
Male 26(%12,4) 6(%33,3) 0,015 4(%9,3) 28(%15,2) 0,316

Educational attainment
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Vocational school of 44(%21,1) 4(%22,2) .123 10(%23,3) 38(%20,7) .237
health 0.940 0,888
Associate degree 42(%,20,0) 3(%16,7) 9(%20,9) 36(%19,6)
Bachelor’'s degree  123(% 58,9) 11(%61,1) 24(%55,8) 110(%59,8)
and Postgraduate
qualification
Having children
Yes 130(%62,2) 5(%27,8) 8.148 28(%65,1) 107(%58,2) .701
No 79(%37,8) 13(%72,2) p<0.01 15(%34,9) 77(%41,8) 0.402
Service
Emergency 34(%16,3) 9(%50,0) 3.265 22(%51,2) 73(%39,7) 3.042
Intensive Care Unit 89(%42,6) 5(%27,8) 0,195 4(%9,3) 35(%19,0) 0,218
Pediatric service 86(%41,1) 4(%22,2) 17(%39,5) 76(%41,3)
Experience as a nurse, years
1-5 75(%35,9) 13(%72,2) 9.537 20(%46,5) 68(%37,0) 1.730
6-10 83(%39,7) 4(%22,2) p<0.01 13(%30,2) 74(%40,2) 0,421
112 51(%24,4) 1(%5,6) 10(%23,3) 42(%22,8)
Knowing about apitherapy methods
Honey 209(%40,4) 18(%43,9) 1.534 43(%39,1) 184(%41,1) 2.498
Pollen 178(%34,4)  15(%36,6) 0,821 36(%32,7) 157(%35,0) 0,645
Propolis 107(%20,7) 7(%17,1) 24(%21,8) 90(%20,1)
Royal jelly 23(%4,4) 1(%2,4) 7(%6,4) 17(%3,8)
Learning about apitherapy method
Family 160(%27,1) 17(%34,7) 6.801 33(%25,6) 144(%28,2) 7.549
Doctor 161(%27,3)  15(%30,6) 0,236 37(%28,7) 139(%27,3) 0,183
Nurse 114(%19,3) 8(%16,3) 26(%20,2) 96(%18,8)
Television 84(%14,2) 7(%14,3) 18(%14,0) 73(%14,3)
Internet 71(%12,0) 2(%4,1) 15(%11,6) 58(%11,4)

"Personal use: It includes nurses themselves and their family members.

“ Professional use: It covers the clinics and patients of the nurses.

When the personal and professional use of years were revealed to personally employ

apitherapy method is compared according to the
service status of the pediatric nurses; 1t was
determined that 42.6% of the nurses who used the
apitherapy method personally worked in the
intensive care unit, and 51.2% of the nurses using
professional work in the emergency department.
There is no statistically significant difference
between the service worked and the use of
apitherapy method personally and professionally
[(X?=3.265, p=0.195), (X?=3.042, p=0.218)]. When
the pediatric nurses are examined according to the
working time variable, 39.7% of the nurses working
for 6-10 years use the apitherapy method personally,
while 46,5% of the nurses working for 1-5 years use
the apitherapy method professionally. However,
there was no statistically significant difference
between the professional use of the apitherapy
method and the duration of study (p> 0.05). Besides,
the pediatric nurses with clinical experience of 6-10
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apitherapy methods more frequently, which referred
to a considerably statistically significant difference
(p<0.01). When examined by pediatric nurses'
knowledge of apitherapy products; 40,4% of the
nurses who use the apitherapy method personally
know honey, 34.4% pollen, 20.7% propolis and 4.4%
royal jelly. 39.1% of the nurses who use apitherapy
professionally know honey, 32.7% pollen, 21.8%
propolis and 6.4% royal jelly as apitherapy product.
None were observed to know about bee venom as
an apitherapeutic product. The participants knowing
of honey as an apitherapeutic product were revealed
to use apitherapy method more frequently. There is
no statistically significant difference between
knowing apitherapy products and using apitherapy
method personally and professionally [(X?=1.534,
p=0.821), (X?=2.498, p=0.645)].




It was understood that the pediatric nurses
personally and professionally using apitherapy
methods learned about these methods from doctors,
their family members, nurses, television, and
internet. There is no statistically significant
difference between learning the apitherapy method
and using the apitherapy method personally and
professionally [(X?=6.801, p=0.236), (X°=7.549,
p=0.183)]. The data showed that 91,6% of the
pediatric nurses did not receive training on

apitherapy methods, whereas 81,5% wished to be
trained.

Factors Affecting The Use of Personal

Apitherapy Method

The logistic regression analysis findings made to
determine the factors affecting the use of personal
apitherapy method are shown in Table 2.

Table 2: Factors affecting the use of personal apitherapy method

Using Personal Apitherapy Method

Variable OR 95% Cl
Age, years
18-29 3.42* 0.11-106.22
30-39 0.38* 0.02-7.01
40-59 Referent
Gender
Female 0.25* 0.07-0.87
Male Referent
Having children
Yes 0.58* 0.14-2.30
No Referent
Experience as a nurse, years 0.97* 0.78-2.30

* p>0.05

As a result of the analysis, it was found that the
binary logistic regression model established was
statistically significant (-2 log L=96.70, X?=24.11,
p<0.05). The Hosmer-Lemeshow test findings
indicate that the model has an acceptable fit and the
model-data fit is sufficient (X?=15.335, p>0.05). The
Nagelkerke R? value is shows that all of the
independent variables explain 24% of the variance
in the dependent variable. When the classification
table is examined; It is seen that the total correct
classification rate for the intended model is 92,5%.
Whereas the logistic regression model was
statistically  significant, excluding the socio-
demographic characteristics of the pediatric nurses
from the logistic regression model did not cause a
significant change. This implies that the predictor
variables were highly correlated. The fact that the
initial values of confidence intervals are below 1 and
do not show statistical significance can be shown as
evidence. This finding shows that the socio-
demographic characteristics of the pediatric nurses

do not have a significant predictive power in
predicting whether to use the personal apitherapy
method.

The Reasons of Pediatric Nurses to Use
Apitherapy Methods

Among the reasons why the pediatric nurses
personally and professionally use apitherapy
methods are to prevent respiratory tract infection, to
increase mental activity, to strengthen the immune
system, and to prevent anemia. Moreover, to
strengthen immune system, to prevent anemia, and
to promote mental activity were found to be among
the reasons why the nurses used propolis for
personal purposes (Table 3).

The pediatric nurses were observed not to use
propolis in their respective clinics. Furthermore, it
was revealed that the pediatric nurses did not use
royal jelly, pollen grain, bee bread, and bee venom
for personal and professional purposes.
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Table 3: The reasons of pediatric nurses to use apitherapy methods

Reasons

Honey

Preventing respiratory infections / Cough
Strengthening the immune system
Preventing anemia

Increasing mental activity

Propolis

Strengthening the immune system
Preventing anemia

Increasing mental activity

Personal use
n(%)

171 (%75.3)
112 (%49.3)
91 (%40.1)
84 (%37.0)

23 (%10.1)
16 (%7.0)
11 (%4.8)

Professional use
n(%)

36 (%83.7)
30 (%69.8)
8 (%18.6)
5 (%11.6)

Pediatric Nurses’ Knowledge on Apitherapy
Methods

The data on the pediatric nurses’ knowledge
regarding the apitherapy methods are presented in
Table 4.

78,9%, 65,2%, 63%, and 23,8% of the pediatric
nurses were found to present the right answer by
agreeing with “In Turkey, apitherapeutic products,
such as honey, pollen, and propolis, are available at
drug stores”, “If used in the recommended doses,
apitherapy exhibits fewer counter indications than
medical drugs/therapies”, “Intake of honey under a
certain age is known to be harmful”, and “Apitherapy

is described in the Turkish regulations”, respectively.

Moreover, 61,2%, 54,2%, and 35,2% gave the
wrong answer by agreeing with “There are
apitherapy centers in Turkey”, “It is known that all
apicultural products have positive effects on healing
wounds and burns”, and “Nurses are certified to

practice apitherapy at medical centers”, respectively.

Personal and Professional Experiences of
Pediatric Nurses Regarding Apitherapy Methods

183 pediatric nurses personally using apitherapy
methods stated that they benefited from them. 56 of
these nurses expressed their experiences as
follows: “I used honey to ameliorate diarrhea in my
child” (n=4), “I applied honey to my face, and the
acnes decreased in number” (n=6), “l used honey for
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my gastritis and it was relieved. | feel much better”
(n=4), “I strengthened my and my child’s immune
system by using honey” (n=10), “I used honey for
such conditions as cough and cold and | easily
recovered from them” (n=12), “Honey reduced the
occurrence of respiratory system diseases in my
child” (n=12), “Honey helped my child put on weight”
(n=8).

34,9% (15) of the nurses professionally applying
apitherapy in their respective clinics stated that they
benefited from apitherapy. 14 commented as
follows: “I used honey in the occurrence of oral
mucositis in cancer patients and it helped ameliorate
and treat the mucositis (n=8) and “| used it to treat
wounds and burns and it was quite effective” (n=6).
71,4% of the pediatric nurses recommended
apitherapy method for personal and professional
use.

22 pediatric nurses personally using apitherapy
methods remarked that they did not observe positive
effects. 14 of them commented as follows: “My child
was one-year-old. It caused rashes after he/she ate
honey and started to itch” (n=5), “One day | ate too
much honey, which gave me dizziness and
headache” (n=2), “I gave propolis to my two-year-old
and he/she developed allergy and suffered from
rashes” (n=2), and “I used honey to treat cold in my
child and it proved no good” (n=5).



Table 4: Knowledge of pediatric nurses on apitherapy methods

Item

There are apitherapy centers in Turkey. (T)’
Apitherapy is described in the Turkish regulations. (T)

Nurses are certified to practice apitherapy at medical
centers. (F)”

The use of honey has been introduced into the modern
medicine. (T)

The recommended daily intake of honey is 0.8-1.2 grams per
liter for adults and children. (T)

The limited use of honey for the pediatric population is
known to result from botulism, honey intoxication, and
allergic reactions. (T)

Royal jelly is used as an antibacterial and antifungal agent.
(F)

Bee venom is
subcutaneously. (T)

Bee venom is used to treat musculoskeletal pains. (T)

administered  intradermally and

It is known that all apicultural products have positive effects
on healing wounds and burns. (F)

In Turkey, apitherapeutic products, such as honey, pollen,
and propolis, are available at drug stores (T)

In Turkey, apitherapeutic products, such as royal jelly, bee
poison, and bee bread, are available at drug stores. (F)

Agree
n(%)
41 (%18.1)
54 (%23.8)
80 (%35.2)
54 (%23.8)

84 (%37.0)

106 (%46.7)

91 (%40.1)
68 (%30.0)
34 (%15.0)

123 (%54.2)

179 (%78.9)

76 (%33.5)

126 (%55.5)

148 (%65.2)

143 (%63.0)

Neutral
n(%)

47 (%20.7)

80 (%35.2)

78 (%34.4)

44 (%19.4)

54 (%23.8)

91 (%40.1)

54 (%23.8)
47 (%20.7)
52 (%22.9)

51 (%22.5)

32 (%14.1)

107 (%47.1)

55 (%24.2)

41 (%18.1)

37 (%16.3)

Disagree
n(%)
139 (%61.2)
93 (%41.0)
69 (%30.4)
129 (%56.8)

89 (%39.2)

30 (%13.2)

82 (%36.1)
112 (%49.3)
141 (%62.1)

53 (%23.3)

16 (%7.0)

44 (%19.4)

46 (%20.3)

38 (%16.7)

47 (%20.7)

At pediatric clinics, parents should be encouraged to use

3 apitherapeutic products. (F)
1 If used in the recommended doses, apitherapy exhibits
4 fewer counter indications than medical drugs/therapies. (T)
1 Intake of honey under a certain age is known to be harmful.
5 (M

*T: True

**F: False

DISCUSSION

This study investigated what the pediatric nurses in
the Eastern Black Sea Region, which is listed, in the
first place of honey production and consumption,
know about apitherapy methods, whether and how
they use them, and what their attitudes and
experiences concerning these methods are.

Honey is the best known bee product among
apitherapy products (Marangoz and Dolu 2019).
Turkey is a study of bee products in the consumer, it
was found that 39,6% of participants consume
honey on a monthly basis between 0-500 grams. In
addition, when asked which product is the first to
associate with bee products in the study, 64% of the
respondents stated only honey (Tunca et al., 2015).
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Honey is the most common apitherapeutic product
personally and professionally used by the nurses. A
study on consumers of apitherapeutic products has
revealed the most commonly known product to be
honey (99,4%) (Boliktepe and Yilmaz 2008). In a
study conducted with consumers, they stated that
among apitherapy products, the bee products they
know best are “Petek Honey”, “Filtered Honey” and
“Polen”, while the least known bee product is “Bee
Venom” (Marangoz and Dolu 2019). In a study,
almost half (40%) of primary healthcare practitioners
have mentioned the use of honey for children
(Kumar et al, 2011). In another study, the
apitherapeutic product most commonly used by
nurses has been detected to be honey (Kavurmaci
and Tan 2019). Honey is one of the most commonly
used traditional complementary approaches, which
is similarly perceived as a ‘natural’, ‘safe’ and
‘traditional’ remedy (Kumar et al., 2011; Godart et al.,
2014; Ozkan and Bancar 2015; Minstedt et al.,
2019). Honey is very important because it has high
nutritive components and is a sweet food ingredient
(Pasupuleti et al., 2017). Another reason for the
predominant use of honey may be the fact that the
other apitherapeutic products have come to be
known and used in Turkey over the last years.
Additionally, the structure of Turkish society based
on culture and tradition may have caused mothers to
prefer solutions commonly used in Turkish society
over Western medicine (Sener and Karaca 2020).
Since honey contains numerous nutritional and
biological effects (antimicrobial, antioxidant,
antiviral, antiparasitic, antiinflammatory,
antimutagenic, anticancer and immunosuppressive
activities), it is especially important for children
(Bogdanov et al., 2008). As found in the present
study, among the reasons why the pediatric nurses
personally and professionally used apitherapy
methods were to prevent respiratory tract infection,
to strengthen the immune system, and to prevent
anemia. Honey remain important as a healing
product, e.g. to prevent radiation induced mucositis
(Song et al., 2012) and to heal wounds in bacteria-
contaminated full-thickness (Sukur et al., 2011). The
findings by Badet and Quero (2011) suggest that
manuka honey might be able to reduce oral
pathogens within dental plaque (Badet and Quero
2011). Since honey, one of the bee products, is used
as a medicine against various diseases outside of
human nutrition, it has gained an increasing value
(Albayrak and Albayrak, 2008). The nurses herein
positively elaborated that honey “ameliorates
diarrhea and coughs, reduces acnes, treats gastritis
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and respiratory system diseases, strengthens
immune system, and helps put on weight”. Further,
some of the nurses shared their positive experiences
pertaining to honey’s “help to treat and prevent oral
mucositis and effectiveness in healing wounds and
burns”. Contrary to these positive attitudes and
experiences, 22 pediatric nurses listed such
negative experiences as “allergy, dizziness,
headache, itching, and rashes”. Despite honey’s
popularity, honey should not be fed to infants
because of botulism risk (Kumar et al., 2011; Ozkan
and Bancar 2015). Almost half the pediatric nurses
in this study did not know about the harms
associated with honey intake under one year of age.
In addition, almost half is not knowledgeable about
the recommended doses of apitherapeutic products.
Therefore, its use should be acknowledged in order
to investigate potential adverse effects (Kumar et al.,
2011). Although honey obtained from various plant
species generally gains importance as a health and
energy source in human body due to its content
(Dogaroglu, 2009; Alvarez-Suarez et al., 2013), it is
extremely important to use apitherapy very carefully.

The nurses in the current study did not know of bee
venom and knew very little about propolis and royal
jelly. It was also found that the pediatric nurses did
not use propolis, royal jelly, pollen, bee bread, and
bee venom for clinical purposes. A study has
revealed that bee venom (16,3%) and propolis
(8,9%) are less commonly known than the other
apitherapeutic products (Boliktepe and Yilmaz
2008). In another study, they found that among
Apitherapy products, honey, pollen, beeswax and
royal jelly are the most known, while propolis and
bee venom are the least known (Niyaz and
Demirbas, 2017). In a study about apitherapy, 78%
of the consumers stated that they did not know heard
of propolis, 76,7% of royal jelly, 56,8% of bee venom
(Tunca et al., 2015). Although propolis and royal jelly
have important benefits on human health, it should
be used with caution to allergen effects and daily
doses (Pasupuleti et al., 2017). Bee venom is a
product used traditionally in the treatment of back
pain, skin diseases and rheumatism, anti-
carcinogenic activity against prostate, and liver and
breast cancer (Park et al., 2011; Jo et al., 2012).
However, bee venom treatment should be employed
very carefully due to its allergic reaction. Similarly,
although pollen does not have a toxic effect even in
long-term application and high dosage, it may cause
diarrhea and gastric pain in the first uses
(Cherbuliez, 2013). In a randomized controlled



study, it was found that the use of royal jelly
developed erythropoiesis, glucose tolerance, and
mental health (Morita et al., 2012). Despite the
positive effects of bee venom, pollen, and royal jelly
products, they are apitherapeutic products that
should be used with caution. Although every
apitherapy method exhibits varying degrees of
efficacy, more than half the nurses in this research
claimed that “all apicultural products exert positive
effects on recovery from wounds and burns”.
Therefore, pediatric nurses must reinforce the useful
apitherapy approaches. Especially, informing the
public about bee products other than honey and the
health benefits of these products seems to be
important in terms of bee economy and health (Niyaz
and Demirbas, 2017). Health professionals,
particularly nurses, have a great role and
responsibility in informing the public.

Another reason why the pediatric nurses do not
employ apitherapy methods may be the absence of
legal responsibilities. Although nurses are not legally
held responsible for the administration of apitherapy
methods, 35,2% of the participating nurses thought
of being certified. The nurses’ being knowledgeable
about the apitherapy methods although they are not
legally responsible is greatly important considering
that they are responsible for the care of pediatric
patients. It was revealed that the pediatric nurses
learned about the apitherapy methods from doctors,
their families, nurses, television, and the internet and
81,5% wished to receive training on these methods.
Sener and Karaca (2020) have determined that the
information sources affecting complementary and
alternative medicine use were family members, and
friends/neighbors (Sener and Karaca 2020).
Marangoz and Dolu have stated that while
purchasing the apitherapy products, the consumers
were affected mostly by
“Friends/Relatives/Neighbors”, “Promotional Sales”,
“Discount Days”, and least “Newspaper/Magazine
Ads” (Marangoz and Dolu 2019). In another study,
although half the participants had experience using
complementary medicine methods, they stated that
they did not consult nurses (Jeon et al., 2019). In this
study, the higher educational levels of the nurses
were considered to signify increased use of
apitherapy. In a study involving 1112 people, a
significant relationship was found between the
honey consumption and education levels of the
participants (Tunca et al., 2015). In a study, it was
determined that the level of education is important in
using the complementary alternative medicine (Ince

et al.,, 2020). It is important that nurses take
responsibility for the apitherapy method included in
complementary and alternative medicine methods
and that nurses can use evidence-based apitherapy
methods. Additionally, Since bee products have
been used in many fields, especially in nutrition, the
evidence-based studies in this field are very
important. It may be recommended to follow up the
results of these evidence-based studies and to
inform the public about the recommended
apitherapy products by the nurses.

Limitations

The study has three limitations. One limitation of this
study was that it was conducted in the pediatric
clinics of only six hospitals. Therefore, the results of
the study cannot be generalized to all pediatric
nurses in Turkey.

CONCLUSION

Variables such as gender, having child, and clinical
experience did correlate with apitherapy use. The
logistic regression finding shows that the socio-
demographic characteristics of the pediatric nurses
do not have a significant predictive power in
predicting whether to use the personal apitherapy
method.  Therefore, the  socio-demographic
characteristics may be recommended for future
studies to be examined in large sample groups.

The educational levels among the nurses using
apitherapy methods were high. The most common
type of apitherapy methods was honey. The nurses
did not know of bee venom and knew very little about
propolis and royal jelly. The nurses noted as their
positive experiences that honey ameliorated
diarrhea, treated gastritis, respiratory system
diseases, and oral mucositis, strengthened immune
system, and helped heal wounds and burns.
Contrary to these positive experiences, pediatric
nurses reported such negative experiences as
“allergy, dizziness, headache, itching, and rashes”.
Almost half the nurses did not know that intake of
honey products under one year of age was harmful
and were not knowledgeable about the
recommended doses of apitherapeutic products. It
was determined that nurses learned apitherapy from
doctors, family members, nurses, television and
internet.

Turkey incorporates a diverse culture of the
production and consumption of honey and the other
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apicultural products thanks to its natural climate
conditions. Despite the presence of apitherapeutic
centers and regulations, a small number of pediatric
nurses are aware of the current condition. The most
important result is that although nurses are not
legally held responsible for the administration of
apitherapy methods, 35,2% of the participating
nurses thought of being certified. Furthermore,
81,5% of the pediatric nurses expressed their
interest in receiving training on apitherapy methods.

Since apitherapy products are produced naturally by
bees, the benefit to children's health has been
proven by many studies. Pediatric nurses play an
important role in the protection and development of
child health. Therefore, the knowledge, attitude and
experience of pediatric nurses about apitherapy
methods are very important. Pediatric nurses have a
great role in helping parents to obtain information
about apitherapy products, the use of the products
and the beneficial and harmful side effects that may
occur due to the use of the product. The results of
this study provide valuable baseline information for
pediatric nurses to refer to and use for apitherapy. In
conclusion, the effectiveness of apitherapeutic
products should be proved by conducting more
experimental research studies, certificate programs
should be offered, and nurses should be given
roles/responsibilities and encouraged to employ
apitherapy methods for personal and professional
use.
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oz

Bu g¢alismanin amaci, liniversite ogrencilerinin ari uriinlerini (bal, polen, propolis, an siitii, ari zehri ve
bal mumu) tanima durumu ve kullanim aligkanliklarini belirlemektir. Galigma Rize’deki bir tiniversitede
2018-2019 Akademik yilinda 6grenime devam eden ve galismaya katilmayi kabul eden 641 6grenci ile
yapilmigtir. Arastirmanin verileri e-posta yontemi ile anket yoluyla toplanmistir. Katimcilarin yas
ortalamasinin 20.32 oldugu, %63.5’inin kadin, %49.6’sinin Karadeniz Bolgesi’nden, %65.7’sinin lisans
egitim seviyesinden, %66.1’inin 6grenci yurdunda kalan 6grencilerden olustugu bulunmustur. Ari
iriinlerinden en fazla balin (%30.0) tanindigi, saghk icin 6neminden dolay tiiketmeyi tercih ettikleri
(%48.4), aile/ arkadas/komsulyakinlarin onerisi ile tiikettikleri (%61.1) ve ar uriinlerini satin alirken ari
yetistiricilerinden almayi tercih ettikleri (%39.8) belirlenmistir. Universite 6grencileri arasinda bal
disindaki diger an iiriinlerinin bilinirliginin artinlmasi ve sadece saglik igin 6nemi degil besleyici
yoniiniin de anlatilmasi i¢in daha fazla tanitima yer verilmelidir.

Anahtar kelimeler: Ari iiriinleri, Beslenme, Saghk, Ogrenci.

ABSTRACT

The aim of this study is to determine recognition status and usage habits of the university students
for bee products (honey, pollen, propolis, royal jelly, bee venom and beeswax). The study was
conducted with 641 students who attended a university in Rize in 2018-2019 academic year and agreed
to participate in the study. The data of the study was collected by e-mail method through a survey. It
was found that the average age of the participants was 20.32%; 63.5% were women; 49.6% were from
the Black Sea Region, 65.7% were from the undergraduate education level, and 66.1% were students
staying in the dormitory. It was determined honey among bee products (30.0%) is known, they prefer
to consume honey (48.4%) due to its importance for health, consume it with the suggestion of family /
friends / neighbors / relatives (61.1%), and prefer to buy bee products from bee breeders (39.8%). It
should be promoted more to increase the awareness of university students about bee products except
honey and to explain that they are not only importance for health but also nutritious.

Key words: Bee products, Nutrition, Health, Student.
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EXTENDED ABSRACT

Introduction: University years are known as a
period in which a significant part of the youth period
passes, physical growth and development is
completed and psychological maturity is reached.
Although the eating habits start in family, lifestyle
that differs with the university life and food culture of
the city where the university is located can change
the nutritional behavior of students. Bee products
are extremely important products for human life and
health. In our country, there is limited information
about use of honey and other bee products among
young people.

Most of the studies on the use and recognition of bee
products have been conducted with adult
consumers. We planned this study on university
students due to the scarcity of studies and the fact
that most of them were conducted with adult
consumers.

Material and Method: The population of the
research consists of 16807 students at the associate
and undergraduate level who continue their
education in the 2018-2019 academic year of a
university in Rize. The sample size was calculated to
be at least 641 students with 99% confidence
interval at an, error level of 0.05 and the ability to
represent the population was calculated to be 80%.
The data was obtained by sending the survey form
created by the researchers on the Google survey to
the students of e-mail.

Results and Discussion: It was found that the
average age of the participants was 20.32%, 63.5%
were women, 49.6% were from the Black Sea
Region, 65.7% were from the undergraduate
education level, and 66.1% were students staying in
dormitory. It was determined taht honey among bee
products (30.0%) is known, they prefer to consume
honey (48.4%) due to its importance for health,
consume with the suggestion of family / friends /
neighbors / relatives (61.1%), and prefer to buy bee
products from bee breeders (39.8%). It was found
that 80.2% of the participants thought that bee
products were liked and 26.6% thought that they
were not loved because of the unconsciousness of
the bee products consumer. It was determined that
the participants consumed flower honey at a rate of
38.4%, albeit rarely, from bee products. It was
determined that the bee product that is not
consumed at all is bee venom with a rate of 87.1%.
When the meal preferred by the participants in
consuming bee products was examined, it was
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determined that 57.9% of the participants consumed
flower honey at breakfast.

Conclusion: More promotions should be included in
order to increase the awareness of other bee
products other than honey among university
students and to explain not only their importance for
health but also their nutritional aspect. With these
promotions, the nutritional use of these bee products
by young people and adults can be increased. Thus,
it contributes to the beekeeping industry.

GiRiS
Universite yillari genglik déneminin énemli bir
boliminin gectigi, fiziksel blylime ve gelismenin
tamamlandigi ve psikolojik olgunluda erisildigi bir
doénemidir. Her ne kadar beslenme aligkanhg ailede
baslasa da Universite hayatiyla birlikte farklilasan
yasam sekli, Universitenin oldugu sehrin yemek
kaltird  6grencilerin ~ beslenme  davraniglarini
degistirebilmektedir (Kartal v.d. 2017).

Ari drinleri insan yasami ve sagligi acisindan son
derece 6nemli Urinlerdir. Ozellikle bal insanlar
arasinda en c¢ok taninan ve sofralarimizda
tatlandirici olarak ta kullanilan bir Grinddr. Balin
icerigi cografi ve botanik kaynagina gore farkhlik
g6stermekle birlikte genel olarak karbonhidrat,
mineral, vitamin, organik asit, enzim ve fenolik
bilesikler icermektedir (Mutlu v.d. 2017). Bal
antifungal, antimikrobiyal (Isla v.d. 2011),
antioksidan (Saral v.d. 2016) aktivite gdstermesinin
yani sira yara iyilesmesi (Molan ve Betts, 2004) ve
ulser tedavisinde (Ajibola v.d. 2012)
kullaniimaktadir. Polen zengin bir protein kaynagi
olmasinin yani sira karbohidrat, lipid, vitamin ve
mineral igermektedir (Campos v.d. 2003). Polenin
antibakteriyel, antifungal (Garcia v.d. 2001) ve
antioksidan (Saral v.d. 2016) Ozelliklere sahip
oldugu bildiriimektedir. Propolis arilarin topladiklari
bitki sizintilarini bal mumu ve kendi tikuruk salgilari
ile karigtirarak elde ettikleri reginemsi bir Grindar
(Bankova v.d. 2002). Genel olarak propolis regine,
bal mumu, ugucu yag ve diger organik bilesiklerden
olugsmaktadir (Gomez-Caravaca v.d. 2006). Propolis
diger ari UrGnlerine gore daha yuksek antioksidan ve
antimikrobiyal etki gdstermektedir (Banskota v.d.
2001). Ayrica yapilan arastirmalarda kanserli hiicre
gelisimlerini  engelledigi, tumoér  hicrelerinin
cogalmasini azalttidi ve karacider hasarini 6nledigi
bildirilmistir (Inoue v.d. 2008; Saral v.d. 2016). Ari
sutl 5-15 gunlik isgi anlarin hipofaringeal ve



mandibular bezlerinde salgilanan ve ana ari ile
larvalarinin beslenmesinde kullanilan bir Grindar.
Yapisinda protein, seker, lipid vitamin, serbest
amino asitler ve biyoaktif bilesenler gibi pek gok
madde icermektedir (Zong ve Wu, 2014). Ari zehiri
apamin, mellitin, fosfolipaz A2 gibi farmakolojik
olarak 6nemli bilesenlere sahiptir. Geleneksel tipta
romatoid artirit, MS (Multiple Sclerosis), agr ve
kanser gibi  bircok hastaligin  tedavisinde
kullaniimaktadir (Son v.d. 2007). Bal mumu ylksek
oranda alkali esterler, serbest yad asitleri ve
hidrokarbonlar ile az miktarda serbest alkoller ve
bilinmeyen maddeler igerir (Dogaroglu, 2008).
Curidkleri, iltihaplan ve yaniklar iyilestirmede etkili
oldugu ve antimikrobiyal ekiye sahip oldugu
dusundlmektedir (Fratini v.d. 2016).

Ulkemizde genclerde bal ve diger ari Grinleri
kullanim  tercihleri ile ilgili bilgiler sinirhdir.
Calismalarin  geneli  yetiskin  tiketiciler ile
gergeklestirilmistir (Sahinler v.d. 2004; Boliktepe ve
Yilmaz, 2008; Sayili, 2013; Niyaz ve Demirbas,
2017). Soylu ve Silici (2018) ise yapilan galismanin
aragtirma grubu olan Universite 6grencilerinde bal
tuketimi hakkinda Kayseri ilinde anket calismasi
yapmislardir. Buradan elde edilen sonuglara gore
ogrencilerin -~ %12.1'i  bali  hi¢  tlketmezken
%47.9'sinin tuketimi seyrek olarak bulunmustur.
Ayrica Universite 6grencileri arasinda balin tercih
edilmesinin en 6nemli sebebi ise besleyici 6zellidinin
olmasidir (%54.8).

Yapilan calismalarin azligi ve genelinin yetiskin
tuketiciler ile gergeklestiriimis olmasi nedeni ile bu

calisma planladi. Amacimiz Universite égrencilerinin
ari  Ur0nlerini  tanima  durumlari,  kullanim
aliskanliklari ve satin alma tercihleri belirlemek ve
elde edilen sonuglar literatiire kazandirarak aricilik
sektorine katkida bulunmaktir.

MATERYAL ve METOT
Calisma Tasarimi

Bu arastirma, Universite 6grencilerinin ari Grunleri
tanima durumu ve kullanim aliskanliklarini belirmek
amaciyla tanimlayici niteliktedir.  Arastirmanin
evrenini; Rize'deki bir Gniversitenin  2018-2019
akademik yilinda 6grenime devam eden Onlisans ve
lisans egitim  seviyesindeki 16807  6grenci
olusturmaktadir. Orneklem bulyUkIigil; %99 giiven
araligi, 0.05 yanilgr dizeyi ve %80 evreni temsil
etme yetenedi ile en az 639 0&grenci olarak
hesaplanmistir ve c¢alisma 641 kisi ile
tamamlanmigtir. Katilimcilar 6grenim dizeyine goére
onlisans ve lisans tabakalara ayrildi ve her
tabakanin temsil oranini benzer kilmak igin orantil
secim Tabakall Rastgele Ornekleme yontemi
kullanildi. Tabakalarda yer alan 6grenci sayisina
gére, tabaka buyudkligine uygun olarak her
tabakadan ornekleme girecek 06grenci sayilari
belirlenmis ve tabakalardaki 6grenciler basit rastgele
ornekleme yontemi ile segilmistir (Tablo 1) (Erdogan
v.d. 2015).

Tablo 1. Calismada yapilan tabakali rastgele 6rnekleme iglemleri

Tabaka | Tabaka Ogrenci Lo Ornekleme giren Ornek
Tabaka agirhgi .
no adi sayisl ogrenci sayisi sayisl
1 Onlisans 5735 16807/5735=0.341 0.341x639=218 220
2 Lisans 11072 16807/11072=0.658 0.658x639=420 421
Toplam 2 16807 1.00 639 641

Verilerin Toplanmasi

Veriler, arastirmacilar tarafindan Google anket
Uzerinde olusturulan anket formunun 6grencilerin e-
postasina génderilmesiyle elde edilmistir.
Arastirmaya alinma  kriterleri;  Rize’deki  bir
Universitenin  2018-2019 akademik vyilinda aktif

6grenime devam eden onlisans ve lisans 6grencisi
ve galismaya katilmayi kabul ediyor olmaktir.

Veri Toplama Araglar

Anket formu katihmcilarin yas, cinsiyet, memleket,
o6grenim goérdugu programi, surekli yasadigi yeri,
gelir durumunu, medeni durumunu, dizenli ilag
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kullanimi ve kronik hastalik durumunu sorgulayici
sosyo-demografik sorulardan ve ari  Urlinlerine
yonelik hangi ari Urdnlerini tanidiklari, tiketim
sikliklari, en sik tiketilen ara 6gun, tiketim amaci,
tuketimine yonelik bilginin nereden alindidi, nereden
satin alinmasinin tercih edildigi, satin alinirken
nelere dikkat edildigi ve ari Urdnlerinin tiketinin nasil
artirilabilecegine yonelik goriglerini sorgulayici 20
sorudan olusmaktadir.

Verilerin Analizi

Arastirmanin verileri, SPSS 23.0 Windows yazilimi
(SPSS Inc., Chicago, IL, USA) ile degerlendirildi.
Verilerin degerlendiriimesinde tanimlayici
istatistikler (ylzde, frekans, ortalama) kullanildi
(Erdogan v.d. 2015).

Arastirmanin Etik ilkeleri

Calismaya etik kurul izni (02.11.2018 tarih ve
2018/147 nolu karar) ve Universite ydnetiminden
gerekli izinler alindiktan sonra baglanmistir. Ayrica
ogrencilerden gonullt katilim esas alinmigtir.

Arastirmanin Sinirhliklan

Arastirma, calismaya alinan Rize'deki  bir
Universitede aktif 6grenime devam etmekte olan
ogrenciler ile sinirlidir.

BULGULAR

Orneklem  blyUkligi 639  6grenci  olarak
hesaplanmis olup calismaya toplam 641 6grenci
katiimistir. Ogrencilerin sosyo-demografik
Ozelliklerine Tablo 2de vyer verilmistir. Yas
ortalamasi 20.32+1.77 olan o&grencilerin %63.5’i
kadin, %36.5i erkek ve %98.3'0 bekardir.
Ogrencilerin memleketlerine bakildiginda en fazla
Karadeniz Bolgesinden (%49.6), en az Ege
Bolgesinden  (%3.3) olduklari  gorilmektedir.
Ogrencilerin %65.7’sinin lisans egitim seviyesinden
oldugu, %66.1’inin 6grenci yurdunda kaldigi,
%51.4’0 gelir kaynaginin ailesi oldugu ve %54.4’U
gelir durumunda geliri giderine esit oldugu belirlendi.
%89.5'u kronik bir hastaliga sahip olmadigini beyan
etmistir.

Tablo 2- Ogrencilerin sosyo-demografik dzelliklerin dagilimi

Ort+SS n %
Yas 20.3241.77
Cinsiyet Kadin 407 63.5
Erkek 234 36.5
Memleket ic Anadolu Bélgesi 85 13.3
Karadeniz Bolgesi 318 49.6
Akdeniz Bdlgesi 72 11.2
Ege Bolgesi 21 3.3
Dogu Anadolu Boélgesi 64 10.0
Glineydogu Anadolu Bolgesi 53 8.3
Marmara Bélgesi 28 4.4
Ogrenim gériilen program Onlisans 220 34.3
Lisans 421 65.7
Siirekli yaganilan yer Ogrenci yurdu 424 66.1
Evde yalniz 19 3.0
Evde arkadas ile 60 9.4
Aile/ akraba ile 138 21.5
Gelir kaynagr* Aile 393 51.4
Burs/ kredi 330 43.2
Calisarak 41 54
Ailenin aylik gelir durumu Geliri giderinden fazla 129 201
Geliri giderine esit 349 54.4
Geliri giderinden az 163 254
Medeni durum Evli 11 1.7
Bekar 630 98.3
Kronik hastalik durumu Var 67 10.5
Yok 574 89.5

*Coklu yanit Gizerinden hesaplandi
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Ogrencilerin ari Grunlerinin bilinirligi ve satin alma
davraniglarinin ~ dagihmi incelendiginde;  ari
drlinlerinden %30.0 oraninda en fazla balin tanindigi
bulunmustur. En az bilinen ari Uriini %5.4 orani ile
propolis olarak gérilmektedir. Ogrenciler ari
drlnlerini %48.4 oraninda saglik icin 6éneminden
dolay! tuketmeyi tercih ettikleri, %61.1oraninda
tiketimine yonelik aile/ arkadas/komsu/yakinlarin
Onerisi ile tlkettiklerini bildirmiglerdir. Ayrica ari
drGnlerini  satin alirken %39.8 oraninda ari
yetistiricilerinden almayi tercih ettikleri ve %17.9

oraninda ari UrUnlerinin _tat hususuna dikkat
ettiklerini de bildirmiglerdir. Ogrencilerin %80.2 gibi

buyik bir kismi ari drdnlerinin  sevildigini
distndukleri ve sevilmedigini digUnenlerin ise
sevilmeme nedenlerinin ari Urdnleri tuketicisinin

bilingsiz olmasindan kaynakl (%26.6) oldugunu
dusindukleri bulunmustur. Ogrencilere  ari
aranlerinin  tiketiminin  artirilabilmesine  ydnelik
gérusleri soruldugunda ise ari UrUnlerinin saghk

desteginde kullaniimasi

ile  kullanim oraninin

artirilabilecegi cevabi 6ne ¢ikmistir (Tablo 3).

Tablo 3. Ogrencilerin ani Griinlerinin bilinirligi ve satin alma davranislarinin dagilimi

An iiriinlerini tanima* ‘ n ‘ % | Satin alirken tercih edilen yerler* ‘ n ‘ %

Ari siti 334  15.9 | An yetistiricisi 314 39.8

Polen 514  24.5 | Market 215 274

Propolis 114 5.4 | Aricilikla ugrasan kooperatif 76 9.7

Bal 628  30.0 | Ari drdnleri satan dukkan 113 144

Ari zehri 136 6.5 | Kendi Uretimi 68 8.7

Bal mumu 369 17.6

Ari Uiriinleri tiiketim amacr* Satin alirken dikkat edilen hususlar®

Saglik igin 6nemi 399  48.4 | Herhangi bir 6zellige dikkat edilmiyor 77 4.1

Besleyici 186 22,5 | Kivam 277 148

Tadini begenmek 235 28.5 | Goruntu ve renk 302 1641

Diger 5 0.6 Tat 336 17.9

Tiiketime yonelik bilgi alinan kaynaklar® Fiyat 195 104

Saglik calisanlari (Doktor, hemsire vb) 75 9.4 Marka/saticiya glivenme 58 3.1

Aile/ arkadas/komsu/yakinlarin 6nerisi 488  61.1 | Katki maddesi varligi 279 149

Yazili ve gérsel basin (TV, gazete vb) 216 27.0 | Uretim yeri 191 10.2

Diger (Aktar vb) 20 2.5 Uretim tarihi/ Son kullanma tarihi 162 8.6

Ar Uriinlerinin sevildigini diiginme durumu*

Evet 514 80.2

Hayir 127 19.8

Arni Uiriinlerinin sevilmedigini diigiinme nedenleri* | Tiiketimin artinlabilmesi ile ilgili gorigler*

Ureticisi bilincli olmadig iin 26 15.0 | Herhangi bir fikrim yok 47 5.3

Piyasada denetimi yapiimadigi icin 21 12.1 | Pazarlama ve tanitim organizasyonu 251 285

Piyasada standart olmadigi igin 9 5.2 | Sahada aktif galisacak teknik eleman 190 215
yetistiriimesi

Sertifikali Griin olmadigi igin 9 5.2 | Ari Urdnleriyle saglik destegi 373 423

Tuketicisi bilingsiz oldugu igin 46 26.6 | Uretim artiriimali 21 24

Fiyati ylksek oldugu igin 44 254

Alerji oldugu igin 5 29

Sevilmeme 13 7.5

*Coklu yanit Gizerinden hesaplandi

Ogrencilerin ari Griinlerinden en fazla %28.5 orani ile
gicek balini, en az %3.1 orani ile propolis tiikettikleri
belirlenmigstir (Sekil 1). Ari Grlinleri tiketiminde tercih
ettikleri 6gln incelendiginde %57.9 oraninda sabah
kahvaltisinda tukettikleri belirlenmistir. Bu soruda ari

artnleri ayirimi yapiimamistir. Bal mumu tiuketimi
petekli bal tercihini yansitmaktadir. Ari Grtnlerini hi¢
tiketmedigini belirtenlerin orani ise %26.7 dir (Sekil
2).
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Ari Uriinlerinin Tiketim Sikhigi*
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Sekil 1. Ari Uriinlerinin tuketim sikhigr (*Coklu yanit Gzerinden hesaplandi)
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Sekil 2. Ari Urlinlerinin tuketiminde tercih edilen 6gun

TARTISMA

Turkiye cografik konumu ve zengin floraya sahip
olmasindan 6tura aricilik i¢in uygun bir konumdadir.
2018 Dunya aricilik verilerine bakildiginda bal
uretiminde Gglinct siradadir (Anonim, 2020). Ulke
genelindeki ari  Urdnleri  tiketim tercihlerinin
belirlenmesi aricilik sektoriine katki sagdlamasi
acisindan énemlidir.
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Aklina
geldikge

Beslenme aligkanliginin belirlenmesinde ilk etken
ailenin yeme aliskanligidir. Universite yasami ile
birlikte 6grencinin ekonomik durumu, bulundugu
sehrin yemek kultlrd ve arkadas gevresi beslenme
aligkanliklarinin degismesine yol agabilir (Kartal v.d.
2017). Universite donemi ileriye yonelik beslenme
aliskanliklarinin  yerlestidi  kritk bir  dénemdir
(Mazicioglu ve Oztiirk, 2003; Ermis v.d. 2015).



Ulkemizde yetersiz ve dengesiz beslenme 6nemli bir
sorun olmakla birlikte, Gniversite o6grencileri
beslenme sorunlarinin  en fazla gorildigi
gruplardan biridir (Ermis v.d. 2015). An Urinlerinin
besleyici ve enerji verici 6zelliginin yani sira
icerdikleri biyolojik aktif maddeleri nedeniyle de
saglik agisindan 6nemli bir yere sahiptir (Karlidag ve
Keskin, 2020). Bu nedenle yapilan ¢alismada
Universite oOgrencilerinin ar1  Urlnleri tanima ve
kullanim tercihleri arastiridi.

Yapilan arastirmada en ¢ok bilinen ari Griinindn bal
oldugu goérulmektedir. Bal gok eski zamanlardan beri
gida ve ilag olarak kullaniimaktadir. Ayrica bal en
eski tatlandiricidir (Ajibola v.d. 2012). En az bilinen
arl Urdnleri ise propolis ve ari zehiri olarak
bulunmustur. Bal digindaki diger ari Urunlerinin de
saglik agisindan 6nemli faydalari vardir (Mutlu v.d.
2017). Bu nedenle bal digindaki ari drinlerinin
taninirhi@inin ve talebin artinlabilmesi gerekmektedir.
Bu durum tuketici 6zellikleri ve tercihlerinin bilinmesi
ile dogrudan iligkilidir. Yapilan dider calismalarda
Tuarkiye'de en ¢ok bilinen ari Griinindn bal oldugunu
gostermektedir (Sahinler v.d. 2004; Bodliktepe ve
Yilmaz, 2008; Sayil, 2013; Tunca v.d. 2015; Niyaz
ve Demirbas, 2017). Niyaz ve Demirbas, 2017 ve
Boluktepe ve Yilmaz, 2008’de propolis ve ari zehiri
bilinirliginin az oldugunu tespit etmistir. Ulkemizdeki
11 ilde yapilan farkh bir galisma da ise ari zehirinin
bilinirliginin az oldugu bildirilmistir (Tunca v.d. 2015).

Ari drinlerini temin konusunda katilimcilara sorulan
sorulara genellikle verilen cevaplar ar yetistiricisi
(Sayili, 2013; Niyaz ve Demirbag, 2017; Soylu ve
Silici, 2018) ve market (Sahinler v.d. 2004; Baki v.d.
2017) olarak bildirilmigtir. Mevcut galismada da ari
yetistiricileri ve marketten satin alma cevabi orani
yuksek bulunmustur. Televizyonlarda g¢ikan sahte
bal haberlerinin satin alma tercihlerini etkiledigini
disinmekteyiz. Tunca v.d. 2015 yaptiklari
calismada tlketicilerin %94.1'lik  kisminin
televizyondan ari Grlinleri siparig etmenin iyi bir fikir
olmadigi sonucuna varmistir. Farkl bir ¢alismada
ise bu oran %98.3’tir (Niyaz ve Demirbag, 2017).

Satin alirken dikkat edilen hususlara bakildiginda
ogrenciler tada, goérintu ve renge 6nem verdigini
bildirmistir. Diger ¢alismalarda bu sonuglardan farkli
olarak balin orijini (Baki v.d. 2017), Uretim tarihi
(Soylu ve Silici, 2018), kalite (Sahinler v.d. 2004),
saglik agisindan guvenebilme (Sayil, 2013) ve
marka (Tunca v.d. 2015) cevaplari 6ne gikmaktadir.

Ogrencilerin  ari  Grdnlerini  tiiketim  sikigina
bakildiginda tercihlerinin baldan yana oldugu

goérulmektedir. Ballar arasinda ise cicek balinin
(%89.1) diger ballara oranla daha ¢ok tercih edildigi
tespit edildi. Cigek balini sirasi ile kestane (%48.0)
ve ¢am bali (%43.1) takip etmektedir. Anzer balinin
tercih edilebilirligi de %34.7'dir. Balin duyusal
niteligini yani tat, renk koku gibi 6zelliklerini Uretildigi
bdlgenin bitki cesitliligi, rakimi, iklim sartlari ve
aricinin Uretim teknigi etkilemektedir (Gller, 2005).
Bu sonuglar hafif ve aromatik tada sahip ballarin
(cicek, anzer, narenciye) yakici tada sahip olan
ballara (¢cam ve kestane) gore daha c¢ok tercih
edildigini gostermektedir (Sekil 1). Ayni zamanda
ogrencilere  ari  arind  tdketip tuketmedikleri
soruldugunda hi¢ tuketmiyorum diyenlerin orani
%26.7’dir. Tlketiyorum cevabi verenler ise tiketilen
6gun olarak sabah kahvaltisini tercih etmektedir
(Sekil 2). Farkli galismalarda da ari Urdinlerini en gok
sabah kahvaltisinda tuketmeyi tercih edenlerin
sayisi yuksek bulunmustur (Baki v.d. 2017; Soylu ve
Silici, 2018).

Literatirden farkh olarak ari Grinlerinin sevilip
sevilmeme durumu ve tuketimi artirmaya yonelik
gorislerde alinmigtir. Ogrencilerin gogunlugu ari
dranlerinin  sevildigini, sevilmedigini dusunenlerin
neden olarak fiyat yiksekligi ve tiketici bilingsizligi
cevabini vermigtir. Ari UrinunU tiketim amaglarinin
saglik icin 6nemi oldugunu bildirmislerdir. Tuketimi
artirma yonunde %47’lik bir kisim fikir beyan
etmezken %37’lik kisim ari drlnleri ile saglik
desteginin dne c¢ikarilmasini dnermistir. Yapilan
calismalarda drUnlerin tanitimlarinin inandiriciligi
arastirimis ve TV ve internette satilan Urlnlere
glvenmedikleri sonucu ortaya c¢ikmistir (Sayilh,
2013; Tunca v.d. 2015; Niyaz ve Demirbas, 2017).

SONUG VE ONERILER

Ulkemizde yapilan ari Uriinlerini tanima ve tiiketim
aliskanliklar tespit calismalarinda ortak sonug balin
en cok bilinen Urin olmasidir. Diger ari drlnlerinin
de tanitimi yapilarak hem aricilik sektériine katkida
bulunulabilir hem de genglerin ve yetiskinlerin bu ari
artnlerini beslenme amagh kullanimi artirilabilir. Bu
tanitimlarda da tiketiciye gtiven verilmelidir. Cunku
sahte bal haberleri tiketiciyi olumsuz etkilemektedir.

Ari Urlnleri  biyoaktif iceriginden dolayr saglik
acisindan 6nemli bir yere sahiptir. Son glinlerde
yasanilan ve tim diinyay! etkisi altina alan COVID-
19 salgininin ari Urtnlerine talebi artirabilecegi
duslncesindeyiz. Bu nedenle calismanin devami
olarak yasanilan sirecte ar Urunleri taninirigr ve
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tuketimi tespit calismasi yapilarak énceki sonuglarla
karsilastinima yapilmasi yararh olacaktir.
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ABSTRACT

In plant and animal production, sodium or potassium compounds which are soluble forms of humic
substances are used. Sodium humates are used because of the sodium content which is important for
animals in animal production. This study was carried out to investigate the effects of sodium humate
added to sugar syrup in the development of adult honey bees, brood production and honey yield.
Experimental colonies were randomly selected, and 5 study groups were formed with 6 colonies in
each group. In the study, 4 different doses of sodium humate (5 cc, 10 cc, 20 cc, 50 cc/L and control 0
cc/L) were added to 1 liter 1:1 ratio of sucrose syrup and given to the experimental colonies. The
highest brood production was obtained at a dose of 10 cc. In addition to, high dose (50 cc) negatively
affected brood production. The average honey yield for the 5 cc, 10 cc, 20 cc, 50 cc and control groups
was determined as 19.15%1.48, 26.35%1,83, 22.50%1.86, 8.75%1.29 and, 18.50%1.57 kg/colony,
respectively. The highest honey yield was obtained from the group of 10 cc. For this group, the honey
yield was 29.79 % higher than the control group.

Keywords: Brood area, colony development, honey bee, honey yield, sodium humate

oz

Bitkisel ve hayvansal iiretimde, humik maddelerin ¢o6ziiniir formlari olan sodyum veya potasyum
bilesikleri kullanilir. Hayvansal iiretimde hayvanlar i¢in 6nemli olan sodyum igerigi nedeniyle sodyum
humatlar kullaniimaktadir. Bu ¢aligma, seker surubuna eklenen sodyum humatin ergin bal arilarinin
geligimi, kulugka uiretimi ve bal verimindeki etkilerini aragtirmak amaciyla yapilmistir. Deney kolonileri
rastgele secgilmis ve her grupta 6 tekeriirlii koloni ile 5 galigma grubu olusturulmustur. Galismada 1
litre 1:1 oraninda siikroz surubuna 4 farkli doz sodyum humat (5 cc, 10 cc, 20 cc, 50 cc/L ve kontrol 0
cc/L) ilave edilerek deney kolonilerine verilmistir. En yiiksek kulugka uretimi 10 cc'lik dozda elde
edilmistir. Ayrica yiiksek doz (50 cc) kulugka liretimini olumsuz etkilemistir. Ortalama bal verimi 5 cc,
10 cc, 20 cc, 50 cc ve kontrol gruplari igin sirasiyla 19.15%+1.48, 26.35%+1,83, 22.50+1.86, 8.75+1.29 ve
18.50%1.57 kg / koloni olarak belirlendi. En yiiksek bal verimi 10 cc grubundan elde edildi. Bu grup i¢in
bal verimi, kontrol grubuna gore %29.79 daha yiiksekti.

Anahtar kelimeler: Bal Arisi, Bal Verimi, Kulugka Alani, Koloni Gelisimi, Sodyum Humat
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GENISLETILMiS OZET

Amag: Bal arilarinin temel gida Uridnleri nektar,
polen ve baldir. Bitki kaynaklari yeterli oldugunda
arilar kendi ihtiyaclarini karsilayabilir. Ancak ari
kolonileri dogada vyeterli nektar ve polen
bulamadiklarinda, bal akis donemine kadar
kolonilere ek yemleme yapilmalidir. Ari kolonileri
icin ek yem genellikle polen, bal, soya unu, st tozu,
vitaminler ve mineral katkili ari keki veya seker
surubu ile yapilir. Beslenme bal arilarinin (Apis
mellifera L.) gelisiminde oldugu kadar bal veriminde
de O6nemlidir. Bu sebepten dolayl beslenmenin
etkinligini artirmak amaciyla verim artirici yem katki
maddeleri kullaniimaya baslanmigtir. Ancak, ari
beslenmesinde verimi artirici yem katki maddeleri
daha ©6nce arastinlmamistir. Humatlar birgok
hayvanda verim artirici yem katki maddesi olarak
kullanilimigtir.  Bu ¢alismada, sodyum humat
katkisinin ergin ari gelisimi, kulucka Uretimi ve bal
verimi Uzerine etkileri arastirnimistir.

Yontem: Arastirma, Mart-Haziran 2018 tarihleri
arasinda Artvin ili Ardanug ilgesinde, Haziran-EylUl
aylari arasinda Ardahan Universitesi aricilik ve
arastirma merkezinde gerceklestirildi. Denemede,
esit glcte arilarin bulundugu 10 gerceveli standart
Langstroth tipi kovanlar kullaniimigtir. Bu ¢alisma,
24 test ve 6 kontrol olarak rastgele segilen 30 Kafkas
bal arisi (Apis mellifera caucasica) kolonisinde
gergeklestirildi. Her grup 6 tekrardan (alt gruplar)
olusmustur. Deneyde 1 litre 1: 1 siikroz surubuna (1
birim seker +1 birim su) 5 cc, 10 cc, 20 cc, 50 cc/L
oranlarinda 4 farkli doz sodyum humat katkil gruplar
ile kontrol (0 cc/L) grubu kulaniimistir. Nisan'dan
Ekim'e kadar olan ddénemde arilar ile kapl petek
sayisi 21 gunlik araliklarla belirlendi. Elde edilen
degerler yetigkin ari gelisiminin bir 6lglsu olarak
kullaniimigtir. Kulugka alani Nisan'dan Ekim'e kadar
21 gln araliklarla PUCHTA yontemi
(S=3.14xA/2xa/2) ile cm cinsinden O&lglimustdr.
Alinan veriler, kulugka alaninin gelisiminin bir dlgtsu
olarak kullaniimistir. Bal verimi, kig ihtiyaclari i¢in bal
disinda kolonilerin bal haznelerinde depoladiklari bal
miktarina goére belirlenir. Bu amacla her koloninin bal
odas! numaralandiriimig ve toplu olarak hasat
edilmigtir. Kolonilerin tam bal odasi agirliklari
belirlendi. Bos cerceveler kendi bal haznelerine
yerlestirildi ve bos c¢ergeveli agirliklar bulundu.
Ortalama bal verimi, iki tartim arasindaki farka gore
belirlendi

Sonug: Belirli dozlarda (5 cc, 10 cc ve 20 cc)
sodyum humat, bal arilarinda yetigkin arilarin
gelisimini, kulugka Uretimini ve toplam bal Uretimini
arttirir. Ancak yiiksek doz sodyum humat (50 cc) bal
arilarinin fizyolojik 6zellikleri Gzerinde olumsuz bir
etkiye neden olur. Aricilar, ilkbaharin baglarinda bal
arisi kolonilerini gu¢lendirmek igin surup i¢inde ideal
dozda (10 cc) humat kullanabilirler, bu da énemli bir
maliyet artisi olmadan bal Gretimini artirabilir (1 litre
sodyum hiimat yaklagik 1 $ 'dir).

INTRODUCTION

Nutrition is important in the development of honey
bees (Apis mellifera L.) as well as in honey yields.
The main food products of honey bees are nectar,
pollen and honey (Silva et al. 2017). Bees can meet
their own needs when plant resources are sufficient.
However, when the bee colonies do not find enough
nectar and pollen in nature, supplemental feeding
should be done to the colonies until the honey flow
period (Bonoan et al. 2018). Supplemental feed for
bee colonies is usually made with pollen, honey, soy
flour, milk powder, vitamins and minaral added bee
cake or sugar syrup (Akyol et al. 2006; Geng and
Dodologlu 2017). In one study (Kumova 2000),
antibiotics were added to the cake or syrup used in
the supplemental feeding of bee colonies because of
their ability to kill pathogenic bacteria or to prevent
their growth. As a result of the use of antibiotics as a
feed additive, antibiotic residues have been found in
animal products and some microorganisms have
been found to be cross-resistant against antibiotics
in humans (Moudgil et al. 2018). The use of
antibiotics as feed additives in bees is prohibited in
Europe due to their risks to human health (Higes et
al. 2014; Suwannapong et al. 2018). For this reason,
organic feed additives that have no negative effect
on human and animal health have been used. One
of these organic feed additives is humates, which are
organic matter of high molecular weight; they are
also hydrophilic, black or dark brown in color and
originate from certain substances such as phenol,
carbohydrate and amino acid, which are formed by
the decomposition and decomposition of organic
matter in the soil over time (Islam et al. 2005). It is
reported that humates increase cell membrane
permeability and increase the absorption of nutrients
as a result of changes in the metabolism of some
nutrients such as carbohydrates (De Melo et al.
2016). Soluble sodium humates are generally used
in animal production since they increase the use of
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animal feed and stabilize intestinal flora. Humic
acids have anti-bacterial properties (Tung and Yorik
2017) as well as anti-inflammatory ones (Van
Rensburg 2015). In a study conducted in chickens,
humic acid has a positive effect on the immune
system (Sanmiguel and Rondén 2016). Due to these
characteristics, humates have been used as a feed
additive for many livestock. However, no feed
additives have been studied that are an important
source for bees and are necessary for crop
production. In this study, the effects of the sodium
humate additive on the adult bee development, the
brood production, and the honey vyield were
investigated.

MATERIALS and METHODS
Creation of experiment groups

The research was carried out between March and
June 2018 in the Ardanug district of Artvin province
and between June and September at the
beekeeping and research center in Ardahan
University, Turkey. In the study, 10-frame standard
Langstroth type hives with the presence of bees of
equal strength were used. Experimental colonies
were formed with sister bees who were reared from
the same breeder colony in 2017. This study was
conducted on 30 Caucasian honey bee (Apis
mellifera caucasia) colonies, which were randomly
selected as 24 tests and 6 controls. Each group
consisted of 6 replicates (subgroups). The
experiment started on 15 March 2018 and ended on
6 October 2018. At the beginning of the experiment
(15 March) the colonies were equalized in terms of
food stock, the number of comb with bees and the
brood areas.

Feeding program

In the experiment, 4 different doses of sodium
humate (5 cc, 10 cc, 20 cc, 50 cc/L and control 0
cc/L) were added to1 litre 1:1 sucrose syrup (1 unit
sugar +1 unit water). The spring feeding program
was applied to colonies during 6 weeks (between 21
March and 4 May). In addition, periodic maintenance
and control of all colonies were conducted during the
research. The sodium humate preparation used in
the study was taken from Humat Chemistry
Pharmaceutical Industry Trade Limited Company
Limited Company. The specification of the
preparation is given in the table below;
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Table 1. Specification of sodium humate

Tablo 1. Sodyum humatin spesifikasyonu

Sodium humate 12%
Organic C 8.5%
pH 11-12
Density 1.12 kg/L
The size of the colloid particles <100 ym
Color Dark brown -black
Product type Sodium suspension
Energy 195 kcal/100 g
Protein 2,6g/100 g
Fat none
Carbohydrate 46,1 mg/kg
Ferrous (Fe) 6776 mg/kg
Zinc (Zn) 40,2 mg/kg
Magnesium (Mg) 2017 mg/kg
Selenium (Se) 18587 ug /kg
Molybdenum (Mo) 2300 ug kg

Taking data from experimental colonies

During the period from April to October, the number
of combs covered with bees was determined at 21-
day intervals. The obtained values were used as a
measure of adult bee development (Akyol et al.,
2014). The brood area was measured by PUCHTA
method (S = 3.14xA/2xa/2) in cm at 21 days intervals
from April to October (YUcel & Kdsoglu, 2011; Akyol
et al., 2014; Cengiz & Erdogan, 2017). The obtained
values were used as a measurement of the
development of the brood area. Approximately 15-
16 kg of honey is left to each colony for winter needs.
Honey yield is determined by the amount of honey
that colonies store in their honey chamber, except
the honey for their winter needs. For this purpose,
the honey chamber of each colony was numbered
and mass harvested. The full honey chamber
weights of the colonies were determined. Empty
frames were placed in their own honey chamber and
empty framed weights were found. Average honey
yields were determined by the difference between
the two weighings (Akyol et al. 2014; Cengiz and
Dilger 2018).



Statistical analysis

SPSS 17.0 package program was used in the
statistical calculations. The data about the
development of adult bee and brood production were
analyzed by univariate analysis of variance and one-
way ANOVA was used for analyzing the honey yield.
Ducan multiple comparison test was performed for
the features with a significant effect (Ergiin and
Aktas 2009; Mendes and Akkartal 2010).

5cc 10cc

25

20

15

10

0

RESULT
Development of Adult Bee

According to the amount of sodium humate applied
to colonies; the average number of combs covered
with bees for 5cc, 10 cc, 20 cc, 50 and control groups

was determined as 11.711£0.75, 13.74+0.88,
12.61+0.82, 9.34+0.43 and 10.95+0.66
number/colony, respectively. The difference

between groups was statistically significant (F4, 265=
119.67; p<0.01), according to applied sodium
humate amount. Among the groups, the best result
was observed in colonies fed with 10 cc of sodium
humate (Fig 1).

20cc 50cc == CC

4.20.2018 5.11.2018 6.1.2018 6.22.2018 7.13.2018 8.3.2018 8.24.2018 9.14.2018 10.5.2018

Figure 1.The average number of combs covered with bees of the groups

Figir 1. Gruplarin ortalama ari ile kapli gergeve sayisi

Development of Brood Area

The average brood areas for 5 cc, 10 cc, 20 cc, 50
cc and the control group was determined as
2009.5+£189.7, 2417 .41240.3, 2207.31£222.3,
1604.14+147.1 and, 1806.56+164.1cm?/colony,
respectively. The differences in the brood production

between the groups according to the applied sodium
humate doses were also statistically significant (Fa,
265= 34.58; P <0.01). The highest brood production
was obtained at a dose of 10 cc, followed by 20 cc
and 5 cc doses (Fig. 2). High dose (50 cc) negatively
affected brood production.
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Figure 2. The average brood areas (cm?/colony) of the groups

Figiir 2. Gruplarin ortalama kulugka alanlari (cm2/koloni)

Honey Yield

Figure 3 shows the average honey yields of the
groups. The average honey yields for 5 cc, 10 cc,
20 cc, 50 cc, and the control group were determined
as 19.15+1.48, 26.35+1,83, 22.50+1.86, 8.75+1.29
and, 18.50+1.57 kg/colony, respectively. The effect

40
35
30

25 .
26,35
20

15 19,15

22,5

10

5cc 10 cc 20 cc

Figure 3. Average honey yield (kg/colony) of the groups

Figiir 3. Gruplarin ortalama bal verimi (kg/koloni)
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of applied sodium humate on honey yield was
statistically significant (F425= 16.24; P<0.01). The
optimum dose for honey production was determined
as 10 cc, and the 5 cc and 20 cc groups also
increased honey production compared to the control

group (Fig.3).

l 18,5
c

8,75

50 cc Kontrol



DISCUSSION

In this study, the average number of combs covered
with bees for the control group was found to be
10.95+0.66 number/colony. However, this finding was
found to be lower than the one reported by Geng et
al. (1999) for Caucasian honey bees (15.62
number/colony). The average number of combs of
Caucasian honey bees in our research was
consistent with the previous studies reported by
Arslan (2003) and Yeninar et al. (2009) (informed as
10.40 and, 11.06 number/colony). In addition, in
previous studies, sugar syrup and feed additives were
reported to increase the development of adult bees
(Guler 2000; Sahinler and Kaya 2001). These
findings were consistent with our study. The results
show that the optimal dose of sodium humate for
honey bees is 10 cc. On the other hand, a high dose
of sodium humate (50 cc) has a negative effect on the
development of adult bees. According to these
results, the addition of 10 cc humate to the sugar
syrup will increase the development of adult bee in
the spring feeding.

In the study, the average brood area for the control
group was determined as 1806.56+164.1 cm?%colony.
This finding was found to be higher than the average
value (1184.8 cm?/colony) reported for Caucasian
honey bees by Giler and Kaftanoglu (1999). The
average brood area of Caucasian honey bees in our
research was consistent with the previous results
reported by Akyol et al. (2014) (informed as 1701.9
cm?/colony). In this study, the highest brood area was
obtained in the 10 cc sodium humate group. In this
case, it can be said that adding 10 cc of humate to
sugar syrup increases the brood production activity in
colonies in the spring feeding. The results obtained in
this study are parallel with the findings of previous
studies: supplementary feeding increased brood
production in honey bees (Kumova 2000; Karacaoglu
et al. 2003; Mortensen et al. 2018).

The average honey yield in the control group was
18.50+1.57 kg/colony. The honey production of
Caucasian honey bees was found to be lower than
the findings by Geng et al. (1999), and Yeninar et al.
(2009) (reported as 30.6 and 36.3 kg/colony,
respectively), but they were consistent with the
previous results reported by Kutluca (2003), Cengiz
and Erdogan (2017) (informed as 18.13 and 19.28
kg/colony, respectively). In addition, it has been
reported that supplementary feeding increased the
total honey yield in previous studies (Karacaoglu et
al. 2003; Dodologlu et al. 2004). The average honey

yield in the dose of 10 cc of the sodium humate was
29.79% higher compared to the control group.
According to these results, it can be said that certain
doses of sodium humate (5 cc, 10 cc and 20 cc)
increase the total honey vyield but high dose (50 cc)
has the opposite effect.

CONCLUSIONS

As a result, certain doses (5 cc, 10 cc and 20 cc) of
sodium humate increase the development of adult
bees, the brood production and total honey
production in honey bees. However, a high dose of
sodium humate (50 cc) causes a negative effect on
the physiological properties of honey bees.
Beekeepers can use the ideal dose (10 cc) of humate
in syrup to strengthen their honey bee colonies in the
early spring, which could increase honey production
without a significant cost increase (1 liter of sodium
humate is approximately $ 0.97).
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oz

Propolis bal anilan tarafindan ¢am, okaliptiis, akgaagac, kavak, kestane, erik gibi agaclarin tomurcuk,
yaprak ya da kabuk c¢atlaklarindan toplanan bitki reginelerinin, mum, arilarin ¢esitli salgilari ve kismen
polen ile kanigtirimasiyla iiretilen ve kovanda gesitli amaglarla kullanilan bir an iiriinidiir. Yapisinda
bulunan bilesenler propolise antimikrobiyal, antitimoral, antifungal, antiseptik o6zellikler
kazandirmistir. Bu nedenle ¢ok eski caglardan beri yaralarin iyilestirilmesi, dis ¢tiriiklerinin tedavisi ya
da dezenfeksiyon amaciyla kullanilmaktadir. Giiniimiizde de yapilan g¢aligmalar ile immiin sistemi
destekledigi belirlenen propolisin kullanimi daha ¢ok yayginlasmisgtir. Propolis kullanilarak iiretilen
birgok iiriiniin olmasi kullanilabilirligini de kolaylastirmigtir. Son yillarda uiretilen propolis katkili krem,
losyon, dis macunu gibi iiriinler gesitli hastaliklarin tedavisinde olumlu yonde katki saglamaktadir.
Ozellikle son yillarda her alti kisiden birinin éliimiine sebep olan kanserin tedavisi ve iyilestiriimesinde
propolisin kullanimi dikkat cekmis ve bu konuda birgok aragtirma yapilmistir. Yaralarin iyilestirilmesi,
dermatolojik sorunlarin giderilmesi, agiz ve dis saglhiginin korunmasi gibi farkli alanlarda da
propolisten faydalaniimaktadir. Bu derlemede propolisin iyilestirici ve onleyici etkilerininden
bahsedilmistir.

Anahtar kelimeler: Propolis, Kanser, Apiterapi, Antimikrobiyal, Antifungal

ABSTRACT

Propolis is used plant resins collected by honey bees from the buds, leaves or shell cracks of trees
such as pine, eucalyptus, maple, poplar, chestnut, plum; wax is a bee product produced by mixing
bees with various secretions and partially with pollen and used for various purposes in the hive. The
components in its structure gave the propolis antimicrobial, antitumoral, antifungal and antiseptic
properties. For this reason, it has been used for the healing of wounds, the treatment of dental caries
or disinfection since ancient times. Today, the use of propolis, which is determined to support the
immune system, has become more common. The availability of many products produced using propolis
has also facilitated its usability. Products such as cream, lotion, and toothpaste produced in recent years
contribute positively to the treatment of various diseases. Especially in recent years, the use of propolis
in the treatment and recovery of cancer that causes the death of one out of every six people has drawn
attention and many studies have been conducted on this subject. Propolis is also used in different
areas such as healing wounds, eliminating dermatological problems, protecting oral and dental health.
In this review, the healing and preventive effects of propolis are mentioned.

Keywords: Propolis, Cancer, Apitherapy, Antimicrobial, Antifungal
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EXTENDED ABSTRACT

Goal: Propolis is a functional product produced by
honey bees (Apis mellifera L.) by mixing resins of
various trees with enzymes and other secretions of
bees. In recent years, propolis, which has attracted
the attention of researchers and stands out among
bee products, has been widely used in many sectors.
It contains minerals such as Mg, Ca, Fe besides
vitamin B, C, A and E in the propolis structure that
bees produce to protect their hives. In addition to its
various vitamins and minerals, it contains bioactive
components such as luteolin, galangin and caffeic
acid. Propolis has been found to prevent dental
caries in studies on oral and dental health. In the light
of this useful information, the use of toothpastes
produced by adding propolis is becoming
widespread. In this study, nowadays the effect of
propolis on health has been tried to be discussed.

Discussion: It is used in food industry, cosmetics
industry and pharmaceutical industry due to its
antimicrobial, antifungal, antitumoral and anti-
carcinogenic bioactive components. It can be used
to prevent the degradation of beverages such as fruit
juices or meat products such as salami by
microorganisms as well as to add functional
properties to other food products. The presence of a
stopping effect on cancer, which is a disease of our
age, caused by various factors, has been a source
of hope for these patients. Positive effects have been
determined in studies on breast, colon, lung,
pancreatic cancer. It has been determined that
bioactive components such as caffeic acid phenyl
ester (CAPE), galangin, luteolin, caffeic acid,
artepillin C have a stopping effect on cancer cells. It
has also been reported that it helps to heal mouth
microflora by reducing tooth sensitivity. It is also
used safely in cosmetic products such as skin
creams and lip protectors, since it has a benefit on
skin health, has no toxic effect and does not show
an allergic reaction.

Conclusion: With the introduction of supportive
treatments such as apitherapy, the use of natural
products in treatment has gained great importance.
Propolis, which has been used for years in the
treatment of diseases and prevention of
inflammation due to its antimicrobial effect, is of
great importance in terms of supporting modern
medicine. It can be discovered by researches on the
components of propolis, in which the bioactive
components in its structure can contribute to many
diseases other than cancer. Ensuring its

standardization with the studies conducted will make
it possible to use a natural and effective substance
in the pharmaceutical industry. With the expansion
of the usage area, it will be collected by the
beekeepers more consciously and this valuable
product will be brought to the industry.

GiRiS
Gidanin  duyusal  o6zelliklerinin iyilestiriimesi,
faydaliliginin arttinlmasi amaciyla katkilandiriimasi
ya da yararli Ozelliklerinin arttinimasi, fizyolojik
Ozelliklerinin iyilestiriimesi gibi amaclarla Uretilen
drinlere ilk kez 1984 yilinda Japonya'da
“fonksiyonel gida” adi verilmistir (Bigliardi ve Galati
2013). Bal, ari sitd, polen, propolis gibi ari Grinleri,
insanhdin ilk ¢aglarindan beri beslenme, sagligin
korunmasi ve hastaliklarin tedavisi amaciyla
kullaniimaktadir. Bu nedenle bir ¢ok ari Grind hem
fonksiyonel gida olarak degerlendirimekte hem de
son yillarda 6n plana c¢ikan apiterapinin temelini
olusturmaktadir (Kumova v.d. 2002, Dogan ve
Hayoglu 2012, Mehmetoglu v.d. 2017). Saghk
Bakanligi tarafindan 2014 yilinda yayinlanan
“Geleneksel ve Tamamlayici Tip Uygulamalar”
yénetmeliginde apiterapi alaninda sekonder immun
yetmezliklerinde  immun  destekleyici  olarak
degerlendirilen propolisin  yapilan ¢alismalarda
antibakteriyel, antifungal, antiviral, antitimoral ve
antioksidan  aktivite gibi  biyolojik  6zellikleri
belirlenmigtir (Dogan ve Hayoglu 2012, Anonim
2014, Mollahaliloglu v.d. 2015). (Dogan ve Hayoglu
2012., Anonim 2014, Mollahaliloglu v.d. 2015).
Ayrica propolisin sahip oldugu faydal o&zellikleri
nedeniyle 21. yy’in baglangicindan ginimuze kadar
uygulamali bilimler ile ilgilenen akademisyenlerin
basvurdugu “Web of Science’da yaklasik 5200
makale hazirlanmig ve bunlarin %18,8’i farmakoloji
alaninda olmak Uzere birinci sirada yer alirken;
%13,6 ile gida alaninda yapilan galismalar ikinci
sirada  bulunmaktadir. Saghk ile ilgilenen
akademisyenlerin  taramalar icin  basvurdugu
“Pubmed’e gore ise 2001’den glinUmuze propolis ile
ilgili yaklagik 2900 makale hazirlanmistir.

Propolis bal arilari (Apis mellifera L.) tarafindan
bitkilerin yaprak, gbévde, tomurcuk gibi farkli
kisimlarindan toplanan salgilarin enzimler ve bal
mumu gibi maddeler ile birlestiriimesi sonucunda
Urettikleri regcinemsi maddedir (Bayram 2015, Chen
v.d. 2018, Olegario v.d. 2019).
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Yunanca bir kelime olan propolis; “pro” (6n,
savunma) ve “polis” (sehir) kelimelerin birlesmesiyle
olusmus olup, ari kolonileri i¢in sehrin savunulmasi
anlamina gelmektedir. Ayni zamanda propolis
Yunanca’da “art zamki” anlamina da gelmekte ve
kovanin acikliklarinin kapatiimasi icin
kullaniimaktadir (Bogdanov 2017). Kovan girigini
daraltarak kovan igerisine yagmaci canlilarin girigini
onlemek, kovan sicakhgini sabitlemek, kovan i¢inde
6len ve tasinamayacak Ozellikteki canlilarin
mumyalanmasi gibi amagclarla kullanilan propolisin
fiziksel ve kimyasal o6zellikleri ile Uretim miktari elde
edildigi  bdlgenin  ekolojik  kosullarina, koloni
Ozelliklerine, yila, mevsime ve tuzak tipine goére
farklilik gosterebilmektedir (Usman v.d. 2016,
Bogdanov 2017, Popova v.d. 2017).

Bal arilarinin kovan guvenlidi icin Urettigi propolis
eski caglardan beri yaygin olarak kullaniimaktadir.
Son yillarda kullanimi hakkinda birgok arastirmanin
yapildidi propolis ginimizde gittikgce 6nem kazanan
dogal bir Grandur. Yapisinda bulunan bilesenler
nedeniyle gida, ilag, kozmetik sanayi gibi farkl
alanlarin ilgisini ¢ekmis olup farkli amaglarla
kullaniimaktadir. Yapilan arastirmalarda
antikanserojen, antitiimoral etkisinin kesfedilmesiyle
de gunimizde en c¢ok O&lime sebep olan
hastaliklardan biri olan kanser ig¢in bir umut 1511
olmustur. Bunun vyaninda biyoaktif bilesenleri
nedeniyle farkli hastaliklarin tedavisinde ve
destekleyici tip uygulamalarinda kullaniimaktadir.
Bu derlemede propolisin saglik Uzerine etkisi
hakkinda bilgi veriimesi amaglanmaktadir.

Propolisin Yapisi

Propolisin fiziksel 6zellikleri sicakliga bagh olarak
degismekle birlikte 10 C’nin altinda kirilgan ve sert
bir 6zellige sahipken, 15-25C’de yumusak, mum
kivaminda bir 6zellik kazanmaktadir, 60-80C’de
kismen erimekle birlikte bu bazi érneklerde 100 C’ yi
bulabilmektedir (Kumova v.d. 2002). Yapigkan
Ozelligi nedeniyle propolis bazi aricilar tarafindan
sorun olarak goérulmekte ve kovandan kazinarak
atilmaktadir (Kumova v.d. 2002, Dogan ve Hayoglu
2012). Sekil 1'de toplanan propolisin yapisi
gorulmektedir.

Propolis metanol, etanol, hegzan, etil asetat gibi
gOzlicllerde buyik Olgide ¢dziinmektedir. Suda ya
hi¢c ¢6zinmemekte ya da ¢ok az ¢ézinebilmektedir.
Bunun yaninda metilen klorlr, dikolormetan, aseton,
zeytinyagi, kloroform, propilen glikol, polietilen glikol,
dimetilsulfoksit, ¢esitli mineral tuzlar gibi ¢ozicller
ile ekstraksiyonu yapilabilmektedir (Arslan v.d. 2010,
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Bakkaloglu ve Arici 2019, Keskin ve Kolayli 2019).
Metanol, hegzan, kloroform gibi ¢gézuculer saglik igin
zararll olmasi nedeniyle kimyasal analizlerde tercih
edilmektedir.

Sekil 1: Propolis

Propolis elde edildigi kaynaga bagh olarak %40-70
regine; %3-5 ugucu yag; %25-30 balmumu; %5
mineral madde, protein ve vitamin gibi diger
maddeler bulunabilmektedir (Albayrak ve Albayrak
2008, Bogdanov 2017, Keskin v.d. 2020).
Bilesenlerin oranini ve g¢esidini bitkilerin ¢esidi, ari
irki, toplandigr mevsim gibi faktorler etkilemektedir.
Bu faktorlere bagli olarak ham propoliste 300’den
fazla bilesen tespit edilmis olup bunlarin 180°'den
fazlasi polifenoller, 20’den fazlasi mineral madde ve
farkh miktarlarda vitamin, protein, aminoasit,
karbonhidrat gibi bilesenlerden meydana
gelmektedir (Kumova v.d. 2002, Dogan ve Hayoglu
2012, Bogdanov 2017, Mehmetoglu v.d. 2017,
Kamatou v.d. 2019). Bu bilesenlerin farkliligi
propolisin renginin ve kokusunun da degismesine
neden olmaktadir (Keskin 2018).

Yapisinda Bi1, Bz, Bs, C, A ve E vitamini gibi
vitaminlerin yaninda Mg, Ca, Mn, K, Na, Fe, | ve Zn
vb. yararli mineraller gibi viicuda alinmasi gereken
22 besin bulunduran propoliste; polifenoller,
aminoasitler, steroidler ve kumarinler bulunmaktadir
(Dogan ve Hayoglu 2012, Bayram v.d. 2015,
Mehmetoglu v.d. 2017). Turkiye’den toplanan
propolislerde agirlikli olarak naringenin, kuarsetin,
kumarik asit, galangin, ferulik asit gibi fenolik
maddelere rastlanmakla birlikte (Popova v.d. 2005,
Katircioglu ve Mercan 2006, Keskin v.d. 2020) Turk
propolisi ve farkh llkelerden toplanan propolislerinin
yapisinda  Kkrisin, rutin, luteolin, mirisetin,
pinosembrin, sinnamik asit gibi fenolik maddeler



tespit edilmistir (Zabaiou v.d. 2017, Gargouri v.d.
2019, Santos v.d. 2019).

Propolis ve ekstraktlarinin biyolojik aktivitesinde
etkili olan pinosembrin, galangin, kafeik asit, kafeik
asit fenil ester, kuersetin, luteolin, kamferol gibi
flavonoidler, aromatik asitler ve bunlarin esterleri

Tablo 1: Propolisin biyolojik aktiviteleri

Table 1: Biological activities of propolis

farkli biyolojik akitiviteye sahiptiler. Bu bilesenler
icerisinde propoliste 38 farkli bileseni bulunan
flavonoidler, farmakolojik olarak daha yiksek etkiye
sahip olup yuksek anti mikrobiyal etkiye sahiptir ve
propoliste bu bilesenlerin bir arada bulunmasi
etkisinin artmasini saglamaktadir (Yucel v.d. 2014).
Tablo 1’de propolisin biyolojik aktiviteleri verilmistir.

Biyolojik Aktivite

Kaynaklar

Antimikrobiyal

Antifungal
Antialerjik
Antikanserojen

Antitimoral

Antimikotik

Antiviral

Yara iyilestirici ve Hucre yenileyici

Albayrak ve Albayrak 2008, Celik 2016, Yang v.d.
2017, Escriche ve Juan-Borras 2018

Moreno v.d. 2020
Walgrave v.d. 2005, Naz v.d. 2019

Padmavathi v.d. 2006, Kouidhi v.d. 2010, Catchpole
v.d. 2018, Vukovic v.d. 2018

Sforcin 2016, Silva Frozza 2017
Kumova v.d. 2002, Hochheim v.d. 2019
Kumova v.d. 2002, Hochheim v.d. 2019
Dogan ve Hayoglu 2012

Propolis daha cok Streptococcus, ve
Staphylococcus gibi Gram (+) bakteriler Uzerine
antibakteriyel  etki  gosterdigi  arastirmalarda
belirlenmis olsa da Escheria coli, Pseudomonas
aeruginosa gibi Gram (-) bakteriler Gzerine de Gram
(+)'e gbre az da olsa aktivite gdstermistir (Albayrak
ve Albayrak 2008. Chen v.d. 2018). Bagka bir
galismada ise Fusarium oxysporium f. sp. malonis
ve Alternaria altarnata (Moreno v.d. 2020), Candida
albicans (Katircioglu ve Mercan 2006) U(zerine
antifungal; Influenza, HIV-1 (Anjum v.d. 2019,
Mojarab v.d. 2020) gibi virlsler (izerine de antiviral
etki gosterdigi bildirilmistir. Ayrica SARS ve Cov-2
virUsleri Uzerine etkisi hakkinda calismalar devam
etmektedir (Kumar v.d 2020). SARS-Cov-2
tedavisinde propolisi etkisinin arastirildigr  bir
galismada (Maaroufi 2020) yiizey koronavirls spike
(S) proteininin reseptér tanima ve memran
fuzyonuna aracilik etmesi nedeniyle konakgl
Ozgulliginde faktor kabul edildigi bildiriimigtir.
SARS-Cov-2 spike proteininin analizi sirasinda
iylesmeye yardimci olan fosfotaz 2 A (PP2A)yi
hedef aldidi ve konakgida sirekli enfeksiyona neden
oldugu belirtilmistir. Akut enflamasyonunun kontrol

altina alinmasinin konakg¢ida meydana gelebilecek
tehlikelerin ortadan kaldirilabilecegdi agiklanmigtir.
Calismada Brezilya yesil propolisi kullanilarak
propolisin yapisinda bulunan artepilin C maddesinin
anti-enflamatuar etkiye sahip oldugunu bildirilmistir.
Konakgl hdcrenin taninmasinda spike proteininin
(1300 aminoasit) yani sira aminopeptidaz N, i1s1 sok
proteini A 5 (HSPA 5), furin, heperan siilfat
proteoglikanlar  gibi  farkh koronaviruslerde
bulunmaktadir.  Propolisin  yapisinda  bulunan
bilesenler yardimiyla yaslilar, kanser hastalari ya da
on saflarda bulunan saglik personeli igin riski
azaltmak amaciyla kullanilabilece@i bildirilmistir
(Elfiky 2020).

Apiterapi

Ruhsal ve fiziksel olarak hastaliklardan korunma,
tani koyma, tedavi etmede farkh kiltdrlerin inanglari,
teorileri ya da tecrubeleri barindiran bilgi, beceri ve
uygulamalarina “geleneksel tip” adi verilirken
yapilan tedavi Ulke geleneklerinin parcasi degilse ve
hakim saglik sistemi ile birlikte yUrutiimeyen bir
islem igeriyorsa  “tamamlayici  tip”  olarak
adlandiriimaktadir. Akupunktur, apiterapi, hipnoz,
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masaj gibi yontemler “alternatif/tamamlayici tip”
yontemlerindendir (Aydin ve Tekeoglu 2018). Eski
¢aglardan beri tibbi amacla kullanilan propolis tedavi
edilecek hastaliga bagh olarak krem, damla, kapstuil,
macun, gargara, losyon, sprey, sakiz, sampuan gibi
cesitli sekillerde kullanilabilmektedir (Ydcel v.d.
2014, Caglayan v.d. 2017). Yapilan galismalar ile
propolisin kalp hastaliklari, seker hastalidi, nérolojik
hastaliklar, deri hastaliklari, kanser, cesitli
enfeksiyonlar, glrlklerin ve yaralarin iyilestiriimesi
Uzerine olumlu ybnde katkisinin bulundudunu
bildiriimektedir ve bu hastaliklar Gzerine etkisi bu
derlemede 6zetlenmeye calisiimigtir.

Propolisin Kullanim Alanlan ve Etkileri

Onemi her gegen glin anlagilan propolis hastaliklarin
tedavisinde, vicut direncini artirmada; fonksiyonel
Ozellik kazandirmasi ve muhafaza siresinin
uzatilmasi amaciyla gidalarda; yumrulu bitkilerin
cimlenmesini  6nlemesi nedeniyle  bitkilerin
saklanmasinda; kozmetik sanayinde, mobilyalarin
cilalanmasinda ve hayvanlarin beslenmesinde
kullanilabilmektedir (Atik ve Gumis 2017).

Propolisin Cesitli Sektorlerde Kullanimi ve Etkisi

Propolisin yukarida belirtilen faydalari ve insanlarin
editim seviyesinin artmasiyla birlikte daha saglikli
gida tuketmek istemeleri Gzerine birgok arastirmaci
propolisin gidalarda kullanilabilirligini arastirmistir.
Belirlenen biyoaktif 6zellikleri nedeniyle propolis ve
ekstraktlari da fonksiyonel gida olarak ginimuzde
de kullaniimaktadir.

Ghebleh (2019) tarafindan propolis ilave edilmig
kitosanla kaplanan tavuk etinin kalitesinin ve raf
omrinin arastirildigi calismada bakteriyel
Uremenin, lipit oksidasyonunun ve pH degisiminin
azaldigi bildirilmigtir. Brezilya’da salama katilan
propolisin  etkisinin  incelendigi  calismalarda
depolama ve fermantasyon slresi boyunca
oksidasyonun azaldigi bildirilmigtir (Kunrath v.d.
2017).

Yogurt ve ayran (Celik 2016); meyveli yogurt (Giiney
2016) gibi propolis katkisi yapilarak Uretilen st
urinlerinde antimikrobiyal aktivite, antioksidan
aktivite ve depolama siresi incelenmistir. Yapilan
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galismalarda depolama siresinin, fenolik madde
miktarinin ve antioksidan aktivitenin propolis katkisi
yapilarak dretilen Urtnlerde arttigi kimyasal ve
duyusal olarak onemli bir farkhlik bulunmadigi
bildirilmigtir.

Portakal suyuna (Yang v.d. 2017) propolis ilave
edilerek koruyucu etkisi incelenmigtir. Arastirma
sonucunda propolisin portakal sularinda yuksek
antifungal ve  antibakteriyel etkisi  oldugu
saptanmistir. Propolisin ¢esitli Urlnlerde kullanim
limitlerinin ve etkileri Tablo 2’de verilmistir.

Propolis ektrakti ve enkapstle edilmis propolisin
muffin Uretiminde kullanildii galismada (Bagdatli
2019) enkapsile edilen orneklerin antioksidan ve
fenolik madde igeriginin depolama sirasinda daha
yuksek ¢iktigr belirlenmistir.

Propolis gida sanayinde kullanilabildigi gibi losyon,
sampuan, dis macunu ve sabun Uretimi olmak lUzere
kozmetik sanayinde; yanik tedavisi, dis saglhigi ve
deri saghdi gibi sorunlarin tedavisinde kullaniimasi
amaciyla da ilag sanayinde de 6n plana ¢ikmaktadir
(Dogan ve Hayoglu 2012).

insan sagligi ve beslenmesi (izerine kullanilan
propolisin hayvan beslenmesi ve saghgi Uzerine de
etkisi arastiriimistir. 1,2-Dimetilhidrazin (DMH), 7,12
dimetilbenz[a]antrasen (DMBA) and N-butil-N-(4-
hidroksibutil) nitrozamin (BBN) 2,2 -Dihidroksi-di-n-
propilnitrozamin (DHPN) disi ratlarin icme suyuna 3
hafta eklenerek meme kanseri olusturulmustur.
Sonraki 33 hafta boyunca hayvanlarin diyetlerine
%0,1-0.01 oraninda propolis ilavesi yapilmis ve
beslenme sonucunda propolisin etkisi incelenmistir.
Ylksek dozda kullanilan propolisin idrar kesesinde
timor olmayan hicre buyumesini arttirdiyi ancak
dlsik dozda kullaniminin meme karsinomlarinin
Onlendigi belirlenmistir (Kimoto v.d. 1999).

Hayvan beslenmesinde yem katkisinin kullaniimasi
neredeyse zorunlu hale geldiginden, rasyonlarda
kimyasal katki maddeleri  yaygin  olarak
kullaniimaktadir. Ancak son yillarda hayvansal
Uretimde organik drGnlere olan talebin artmasiyla
cesitli dogal kaynak arayisina gidilmis ve toksik
Ozelligi olmayan propolis alternatif olarak 6n plana
ctkmistir (Arslan v.d. 2017, Silici ve Gugli 2018).



Tablo 2: Propolisin farkli Griinlerde kullanim oranlari ve etkisi

Table 2: Usage rates and effect of propolis in different products

Kullanilan érnek Katki limiti ve ¢ézucu gesidi  Etkisi Kaynak
Hazir corba %0,1 etanol ekstrakti Staphylococcus aureus inhibisyonu  Apaydin
(Domates, Ezogelin, 2015
iskembe, Tarhana,

Kremali tavuk, Yayla)

Ahududu 0,5 mg/ml etanolle ekstakte P. digitatum, P. expansum, P. Moreno v.d.
edilmis zein ile enkapstle italicum, A. alternata, A. carbonarius, 2020
edilmis propolis ve B. cinerea inhibisyonu

Ras peyniri 250, 500, 1000 ppm etanol  Aspergillus versicolor inhibisyonu Aly ve
ekstrakti Elewa 2007

Yogurt 1000 ppm etanol ekstrakti Staphylococcus aureus ve Gao v.d.

Eschericiha coli inhibisyonu 2011

Patates puresi 400 ppm etanol ekstrakti Yuksek antimikrobiyal aktivite Bahtiti 2013

Dondurma %0,1, 0,2, 0,3, 0,4, 0,5 Antioksidan aktivitesinde artis Mehmetoglu
etanol ekstrakti 2019

Kiyma (Dana eti) %1,5, 2, 2,5 su ekstrakti Listeria monocytogenes, El-Demery

Pseudomonas aeroginosa, Fusarium v.d. 2016
oxysporum ve Saccharomyces
cerevisia inhibisyonu.
Portakal suyu 0,6 mg/ml etanol ekstrakti Bacillus inhibisyonu Yang v.d.
2017

Balik koftesi (burger) %5 mikroenkapstile Toplam fenolik madde miktarinda ve  Spinelli v.d.

etanolik propolis ekstrakti antioksidan aktivitede artis 2015

Propolisin Saghk Uzerine Etkisi
Propolisin Kronik Hastaliklar Uzerine Etkisi

WHO ve CDC (Hastalik Koruma ve Kontrol Merkezi)
tarafindan kronik hastalik; bulasici olmayan, genel
olarak bir yil ve daha uzun slren ve surekli tibbi
mudahale gerektiren gunlik yasami ve aktiviteleri

sinirlandiran durumlar olarak tanimlamaktadir. En
yaygin gorilen kronik rahatsizliklar ise kalp
hastaliklari, kanser, Tip 2 diyabet ve kronik obstriktif
akciger hastahd (KOAH) olarak siralamigtir.
Bunlarin haricinde astim, felg, bobrek yetmezligi,
hipertansiyon, obezite, alzheimer gibi hastaliklarinda
dlnya capinda yaygin gorulen ve 6lime sebep olan

194



kronik hastaliklar arasinda oldugu bildirilmigtir.
Dinyada 17,7 milyon kisi yil" kardiyovaskuler
hastaliklar, 3,9 milyon kisi yiI"" solunum hastaliklari
ve 1,6 milyon kisi yiI'! de diyabet nedeniyle hayatini
kaybetmektedir. Turkiye'de ise diyabet, kalp damar
hastaliklari, kanser, kronik solunum yolu hastaliklar
nedeni ile meydana gelen Olimler 6lum oraninin
%86’ sini olusturmaktadir (Anonim, 2019).

Su ve etanol kullanilarak ekstrakte edilen propolisin
seker hastaligi olan siganlarda kan sekerini, toplam
kolestroll, dusik yogunluklu lipoprotein kolestroll
(LDL-C) ve trigliserit seviyesini azalttigi, yuksek
yogunluklu lipoprotein  kolestrol (HDL-C) ve
sliperoksit dismutaz (SOD) serum seviyesini
arttirdigi  bildirilmistir (Fuliang v.d. 2005). CAPE
tedavisinin diyabet kaynakli kérlugun énlenmesinde
retinadaki stresi azalttigi bildirilmistir (Durmus v.d.
2008).

Kardiyovaskuler hastaliklarda yaygin  gorilen
hastaliklardan biridir ve vicut yad oraninin artmasi
kardiyovaskiler hastaliklara neden olur. Oral yolla
propolisin etanolik ekstraksiyonu (50 mg kg™ 30 gin-
") verilen farelerin agirliklarinda ve karacigerde lipit
birikiminde azalma belirlenmis, kardiyovaskuler
sistem Uzerinde ise propolis ekstratinin koruyucu
etkisinin oldugu bildirilmistir. Bu bilgilere dayanarak
propolisin hiperlipidemik bozukluklara yardimci gida
takviyesi olarak kullanilabilmesi mimkundir (Orsolic
v.d. 2019).

Dunya capinda giderek daha yaygin goérulen astim
bir baska kronik hastaliktir ve astim hastalari
glinimizde medikal yontemlerin yaninda alternatif
tedavi yontemlerine bagvurmaktadir. Bir ay boyunca
guinde 3 defa 75 mg kg™' gtin™! propolis tableti verilen
on bes yasindan blyuk elli iki astim hastasinin orta
derecede inatgl astiminin klinik ve fizyolojik olarak
iyilestigi belirlenmistir (Mirsadraee v.d. 2019). Yine
alerjik astimin T2 hdcreleri Uzerinde etkisinin
incelendigi baska bir galismada propolisin vicudun
kendi bagisiklik sisteminin arttinldigi bildirilmigtir
(Pineros v.d. 2020). Astiml fareler Gizerinde %70’lik
etanolik propolis ekstraktinin on dért gin boyunca
glinde 50 mg/ kg ve 200 mg kg olarak uygulandig
calismada her iki dozun murin astimla baglantili
patolojiyi azalttigini tespit etmislerdir (Cavalcante de
Farias v.d. 2014). Yapilan galismalarda bulunan
histolojik kanitlar propolisin bronsiyal astim icin
alternatif terapdtik ajan olarak kullanilabilecegini
gostermistir (Abdelrazeg v.d. 2020).

Oksidatif stres beyin hicrelerinde zarara yol
acmakta ve bunun sonucunda olugsan iskemi
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nedeniyle felg ve serebral enfarktiis gibi yaygin
gorulen veya dlumcil olabilen hastaliklar meydana
gelmektedir. Propolis ve yapisinda bulunan etken
maddeler beyindeki hiicrelerin néroproktif etkisini
arttirarak beyin hasarini azaltmaktadir (Lotfy 2006,
Kakoolaki v.d. 2013, Sun v.d., 2016, Bazmandegan
v.d. 2017, Bazmandegan v.d. 2020). On mikromol
kg CAPE verilen farelerin terapétik olarak beyin
hasarina karsi tokoferol gibi farkli antioksidan
maddelere gore avantaj sagladigi bildirilmistir (Ilhan
v.d. 1999, Lotfy 2006). Spermetin kullanilarak
baliklarin beyninde olusturulan hasarin tedavi
edilmesi amaciyla %30 etanolde ¢ozindiriimis 10
ppm propolis 96 saat slreyle uygulanmis ve hasar
olusturulan hacrelerin propolis kullanimindan sonra
oksidatif strese bagl biyokimyasal belirtecleri
iyilestirdigi ifade edilmistir (Kakoolaki v.d. 2013).

Felce sebep olan oksidatif strese bagli hicre
zararlanmalarinin azaltilmasi igin propolisin farkli
¢bzicl konsantrasyonlari ve bilesenlerinin etkisinin
incelendigi calismada énce propolisin ekstraksiyonu
icin %40, %70 ve %95 etanol konsantrasyonlari
kullanilmigtir. En yilksek etkiyi %70 etanol ile
ekstrakte edilen propolisin gosterdigi belirlenmis ve
daha sonra %70 etanol ile ekstrakte edilen
propolisten diklorometan ile pinosemobrin,
pinobanksin,  pinobanksin-3-asetat, krisin ve
galangin saflastinimistir. Saflastirilan bilesenler
strese maruz kalan hucrelere uygulanmis ve tim
monomerlerin  koruyucu etkisi oldugu ancak
pinosembrinin daha ylUksek koruyucu etki gésterdigi
bildirilmistir (Sun v.d. 2016).

Farkli bolgelerden elde edilen propolisin sulu
gozeltisi 30, 100 ve 200 mg kg™ olarak Ug farkli
dozda iskemiden 48, 24 ve 1 saat 6nce ve iskemiden
4 saat sonra farelere uygulanmistir. Deneme
sonunda propolis uygulanan farelerde kilo kaybi,
beyin 6deminde azalma ve ndrolojik testlerde
iyilesme belirlenmistir. 100 ve 200 mg kg’
seviyesinde uygulanan propolisin daha yuksek etki
go6sterdigi  bildirilmistir.  Yapisinda  kuarsetin,
propanoik asit, naringenin bulunan propolisin,
yapisinda pinobanksin, 3,7 dihidroksil metoksi
flavanon, pinobanksin 3 asetat, pinobanksin 3
buteonat belirlenen propolise gére daha yuksek etki
gosterdigi belirtiimistir (Bazmandegan v.d. 2020).

Propolis ve propolisin etken maddeleri birgok
hastaligin  tedavisinde  kullaniimaktadir.  Bu
hastaliklarin tedavisinde kullanilan etken maddeler
ve calismalarda kullanilan dozlar Tablo 3 te
verilmigtir.



Tablo 3: Propolisin saglik tzerine etkisi

Table 3: Effects on health of propolis

Saglik Uzerine Etkisi Etken Maddesi

Uygulama dozu Kaynak

CAPE ve kemrefol
Kafeik asit ve CAPE
Krisin, Kafeik asit,

Kanser tedavisi (Kolon)
Kanser tedavisi (Meme)
Kanser (Agiz)

kumarik asit, ferulik asit

1000 pmol Budisan v.d. 2019

100 pmol Kabala-Dzik v.d. 2017
Krisin: Celinska-Janowicz v.d.
5,25,50,80 uygmL"' 2018

Ferulik acid:

50, 100, 150 pyg mL"*

Kafeik acid:

65, 130, 190 yg mL"’

p-kumarik asit:
70, 140, 210 pg mL™

Felc Pinosembrin 10 ug ml’ Ma v.d. 2018
Diyabetik Nefropati Pinosembrin 10 mg kg™’ Granados-Pineda v.d.
2018
Tip 2 diyabet Galangin ve pinosembrin 80 ymol Liu v.d. 2018
Beyin hasari CAPE 10 mg kg™’ Palaz ve Akgay 2020
Karaciger ve Bdbrek doku Propolis 100 mg kg’ Seven v.d. 2018
hasari
Kanser ve Kanser Tedavisinde Kullanilan olmasi ve antimetastatik ve antianjiyonik ajan olarak

Yoéntemler Uzerine Etkisi

WHO (Diinya Saglik Orglti)ya gére 2018 yilinda
9,6 milyon kisinin kanserden 6ldugu ve dunyadaki
altr élumden birinin kanser nedeniyle gergeklestigi
bildirimektedir. Oliime sebep olan ve en yaygin
goérulen kanserler sirasiyla akciger, kolon, mide,
karaciger ve gogus kanseridir. Kansere sebep olan
bes faktor arasinda ise yuksek vicut kitle indeksi,
disik meyve-sebze tiketimi, fiziksel aktivite
eksikligi, tatin kullanimi  ve alkol kullanimi
sayllmaktadir. Son yillarda yapilan arastirmalar ile
antikanserojen, antitimoral etkisi tespit edilen,
kanser tedavisinde umut vaad eden ve dogal
fonksiyonel bir Griin olan propolisin ginlik diyete
alinmasinin faydali olaca@i arastirmacilar tarafindan
ortaya konulmaktadir (Onur v.d. 2018).

Yapilan calismalarda propolisin tatinden
kaynaklanan hastaliklarin veya kanserin
gideriimesinde etkili oldugu belirlenmistir (Putra v.d.
2015, Barroso v.d. 2017, Koo v.d. 2019). Yine
yapillan bagka bir calisma; propolisin etken
maddelerinden biri olan CAPE (kafeik asit fenil
ester)’in normal hiicrelerde disik toksisiteye sahip

deger tasimasi nedeniyle akut lenfoblastik I6semi
tedavisinde kullanilabilecegini goéstermistir (Biray
v.d. 2006).

Elli bes gin boyunca dimetilbenz(a)antrasen
(DMBA) verilerek g6glis kanseri olusturulan
farelerde kansere kargi kullanilan bir ilag olan
paksitaksel ve propolisin etkisi arastiriimis ve 30 gun
boyunca “50 mg kg™ vicut agirh@” verilen farelerin
kanser tedavisine olumlu yanit verdigi belirlenmistir.
Ayrica paksitaksel ile birlikte propolisin kullaniimasi

ilacinin  etkisinin artmasina neden olmustur
(Padmavathi v.d. 2006).
Superkritik ~ karbondioksit  ekstraksiyonu ile

saflastirilan propolis bilesenlerinin kansere kargi
etkisinin incelendigi ¢alismada, ekstrakt propolisin
biyolojik aktif bir bileseni olan artepilin C bakimindan
zenginlestirilerek kolon ve gégus kanser hucrelerinin
blylimesi Uzerine etkisi incelenmigtir. Belirlenen
kanser hucrelerinin  ekstraktin  kullaniimasiyla
blylimesinin azaldidi bildiriimistir (Wu v.d. 2009).

Ginde 20’den fazla sigara igen 20-28 yas arasi
kisilerin tltun kanserojenlerinin idrarla atiimasinin
(BaP ve kotin gibi bagimliik yapan uyaricilarin)
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incelendigi calismada aloe vera polisakkaritleri,
propolis ve ikisinin birlikte etkisi incelenmistir. Diyetin
takviye edilmesiyle zamana bagli olarak propolis
kullanan kigsilerde BaP atimi kontrol grubuna goére
1,30 kat, kotin atimi 2,08 kat artmistir (Koo v.d.
2019).

Kolon ve gégus kanseri hiicrelerine karsi propolisten
izole edilmis flavonoidlerin sitotoksik, proapoptik ve
antioksidatif 6zelliklerinin incelendigi ¢alismada
secilen flavonoidlerden luteolin, galangin ve
mirisetinin kanserin 6nlenmesinde antikanserojen
etkisi gosteren ilag icin iyi bir aday oldugu
belirlenmistir (Vukovic v.d. 2018).

Keskin kokusu ve tadi nedeniyle siklodekstrin ile
enkapsule edilerek kullanilan propolisin  anti-
gastrointestinal kanser aktivitesinin  incelendigi
galismada 4 insan gastrointestinal hicresi (DLD-1:
kalin bagirsak kanser hicresi; HTC-116: kolon
kanser hiicresi; KYSE-30: yemek borusu kanser
hiicresi; NCI-N87: mide kanser hicresi) test
edilmistir. a-p- ve 0O-siklodekstrin kullanilarak
enkapsdule edilen propolisin kanserli hiicreler (izerine
etkisinin faydali oldugu bulunmustur (Catchpole v.d.
2018).

Propolisten elde edilen pinobanksin ve tlrevlerinin
lenfoma hicreleri (izerine etkisinin arastinldigi
calismada pinobanskin ve turevlerinin ayrica
galangin ve krisinin apoptoza neden oldugu
bildiriimistir (Alday v.d. 2015). Hep-2 kanser
hiicresine karsi propolisin fraksiyonlarinin antitimor
aktivitesinin incelendigi calismada da propolisin
kanser tedavisini olumlu ydnde etkilendidi tespit
edilmistir (Silva Frozza v.d. 2017).

Kafeik asit fenil ester, krisin, artepilin C, galangin gibi
propolis bilesenlerinin  antidiyabetik, antialerjik,
laksatif etkilerinin yaninda beyin, deri, gogus,
pankreas, bdbrek, karaciger, prostat, kolon ve kan
kanserine karsl koruyucu ve iyilestirici etkisinin
oldugu bildirilmistir (Patel 2016).

Radyoterapi uygulanan goédus kanseri hastalarina
propolis destedi uygulanarak radyasyona Kkarsi
koruyucu etkisinin incelendigi calismada,
kemoterapi almig bir grup hastaya radyasyon
tedavisi, diger gruba ise radyasyon tedavisine ek
olarak propolis takviyesi yapilmistir. Propolis destegi
alan hastalarda radyasyonun sebep oldugu DNA
hasarinin azaldigi; demir, hemoglobin, trombosit ve
beyaz hiicre sayisinin arttigi belirlenmistir (Ebeid
v.d. 2016).
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Propolisin kan zehirlenmesi gegiren hastalarin akut
kalp rahatsizligi, organ yetmezligi, beslenme 6zelligi
ve oksidatif stres faktorleri Uzerine etkisinin
incelendigi calismada, propolisin enfeksiyon ve
iitihabr azaltip iyilesmeyi hizlandirdidi bildirilmistir
(Pahlavani v.d. 2019).

Androjene bagl olarak insan prostat timor hicresi
olan LNCaP hiicrelerinin azaltiimasi tzerine yapilan
calismada 0,005-0,1-0,05-0,1 mg ml" seviyesinde
propolis ekstrakti uygulanmis ve 24-48-72. saatlerde
hicre indirgenmesi takip edilmistir. Konsantrasyon
seviyesi arttikga indirgenme hizinin arttigi, 24 saatte
hicrelerin yariya inmesi igin gerekli konsatrasyon
seviyesinin ise 0,04 mg ml' oldugu belirlenmistir
(Zabaiou v.d. 2017).

Agiz ve Dis Saghigi Hastaliklar1 Uzerine Etkisi

Propolisin dis sagligi ve oral kanserler Uzerine etkisi
ile ilgili ¢ok fazla calisma yapilmis olup asir
hassasiyet, dis gecirgenligi, tubulllerin tikanmasi,
kemoterapi sonucu azalan oral mukozanin
arttirlmasi, dis eti hastaliklari ve plak olusumunun

onlenmesine olumlu ybdnde katki sagdladidi
bildirilmistir (Vagish Kumar 2014).
Propolis ekstraktinin kanser hicrelerinin

¢ogalmasina kargi potansiyel koruyucu etkisi ve
clrik onleyici ve antibiyofilm aktivitesinin belirlendigi
calismada Streprokok ve Enterokoklar dahil olmak
Uzere 33 oral patojen incelenmigtir. Arastirma
sonucunda kanser hucrelerinin ¢ogalmasinin ve
curik yapan bakterilerin 6nlendidi bildirilmigtir
(Kouidhi v.d. 2010).

Normal kosullarda iki saatte olusan agiz
mikroflorasinin dis macununa %1-10 oraninda
propolis ¢ozeltisinin eklenmesi sonucunda slrenin
alti saate ¢iktigi bildirilmistir (Kumova v.d. 2002).
Saglikli 30 +dis hekimligi ©6gdrencisine bir hafta
sureyle 1 dakika boyunca dislerini ticari bir dig
macunu ile fircalamis sonrasinda 1 dakika da test
edilen Urln ile firgalama yapmistir. Siire sonunda
propolisin ticari dis macunu ve misvakll dis
macununa gére daha guvenli ve plak olusumunu
azaltan bir etkiye sahip oldugu bildirilmistir (Bhat v.d.
2015).

%5 oraninda propolis tozu eklenerek (retilen
ksilitolli sakizlarin demineralize olmus lezyonlarda
remineralizasyon o6zellikleri incelenmis ve sonucta
propolisin demineralize dis kemigi
biyomineralizasyonunu arttigi belirlenmigtir
(Gargouri v.d. 2020).



Nérolojik Hastaliklar Uzerine Etkisi

Norolojik hastaliklar felg, kaslarda zayiflama, biligsel
ve motor gerileme, hafiza kaybi, nébetler, degisen
biling seviyesi gibi semptomlarla sonuclanan sinir
sistemi anormallikleri g&stermektedir. Polifenol
kaynaklari bakimindan zengin igerie sahip olan
propolis geriatrik ve norolojik birgok hastalikta
olumlu sonug gostermektedir. Clinki polifenollerin
yaslanmay onleyici oksidatif steresi azaltan ve sinir
hiicrelerini koruyan etkisi bulunmaktadir (Farooqui
ve Farooqui 2012, Ycel v.d 2014).

Antioksidan, néromodulatér ve néroprotektif dzelligi
nedeniyle parkinson, prion, alzehimer, huntington
gibi noérodejenaratif hastaliklarin tedavisinde ve
onlenmesinde propolis ve izole edilen bilesenlerinin
olumlu katkisinin oldugu belirlenmistir. Giderek daha
yasl bir nifusa sahip olan diinyada bu hastaliklarin
onlemesi igin propolis iyi bir katki oldugu
disinulmektedir (Caglayan v.d. 2017, EI-Seedi v.d.
2020).

Omurilik yaralanmalari (izerine propolisin etkisinin
arastinldigr  bir c¢alismada  propolisin  aktif
bilesenlerinden biri olan kafeik asit fenil esterin (10
umol kg™) omurilik travmasinda apoptozu Onledigi
belirlenmistir. Ayrica ayni galismada kafeik asit fenil
esterin, glutomat seviyesini azalttigi icin omurilik
yaralanmasindan sonra glutamat kaynakli sekonder
hasar ve norotoksisiteyi azaltacagr ongorulmuastar
(Aydin 2013).

Dermatolojik Hastaliklar Uzerine Etkisi

Akne cogunlukla ergenlik débneminde ortaya ¢ikan,
psikolojik strese neden olan ve pilosebasdz Uniteyi
etkileyen yaygin bir cilt hastaligidir ve noéduller,
kister ya da iltihaplar barindirabilmektedir.
Propolisin akne tedavisinde kullanilabilirliginin
incelendigi calismada (Mohammad Ali v.d. 2015)
yuz aknesi bulunan 40 hasta Uzerinde inceleme
yapmislardir. iki gruba ayrilan hastalarin bir grubuna
propolis ekstrakti uygulanirken, kontrol grubu olarak
belirlenen diger gruba yalnizca etanol uygulamasi
yapiimistir. Calismanin Oncesinde ve sonrasinda
bakteriyolojik inceleme yapilmig olup propolis
ekstraktinin uygulandigi hastalarda Staphylococcus
epidermidis ve Propionibacterium acnes bakterileri
Uzerine 6nemli dizeyde bakteriyolojik etkisi oldugu
bildirilmigtir.

Deri hastaliklarinda propolisin harici kullaniminin
diger tedavi yontemleri ya da ilaglarla birlikte
uygulandiginda hastaligin iyilesmesinde &énemli
farkhhklar meydana getirdigi ifade edilmistir. Ayni

sekilde propolisin genital hastaliklarda harici
kullaniminin plaseboya karsi 6nemli dizeyde olumlu
fark olusturdugu tespit edilmistir (Sung v.d. 2017).

Sindirim Sistemi Hastaliklari Uzerine Etkisi

Helicobacter pylori sindirim kanalinda yasayan ve
Ureaz dUreten bir bakteridir. Bakterinin aside
alismasinda etkili olan iki enzimden biri Ureaz digeri
karbonik anhidrazdir. Bu enzimler bakteri i¢in pH
degerini noéturler ve bakterinin gastrik epitelde
kolonize olmasi igin ortam saglar. Bu nedenle bakteri
ve Urettigi Ureaz enzimi kronik gastrit, peptik Ulser,
gastrik kanser, mide adenokarsinomu, Uniner
katater, lenfoma olusumundan sorumludur. Bu
amacla Helicobacter pylori tedavisinde Ureaz
aktivitesini durdurucu yontemler tercih edilmektedir
ve tedavi amaciyla antibiyotik ve toksit ve stabilitesi
zayif olan dreaz inhibitorleri fosforodiamidatlar,
hidrosamik asit turevleri kullaniimaktadir. Ayrica
Helicobacter pylori antibiyotik direnci gelistirdigi i¢in
tedavi edilmesi zorlagsmaktadir. Hatta Diinya Saglik
Orgiith tarafindan antibiyotige direngli bakterilerin
kiresel oOncelik listesinde ikinci sirada yer
almaktadir. Bu nedenle, propolis igerisinde var olan
kafeik asit fenil ester, krisin, artepilin C, daidzain gibi
antioksidan, antimikrobiyal 6zellige sahip bilesenler
yardimiyla iyi bir farmasotik ajan olarak
gortlmektedir (Baltag v.d. 2016, Tacconelli v.d.
2017, Romeo v.d. 2019).

Helicobacter pylori ve onun Ureaz Uretimi Uzerine
propolisin etkisinin arastirildigi ¢calismada, 15 farkl
bolgeden toplanan propolisin %70 etanol ile
ekstraksiyonu yapilmig ve etkisinin incelenmesi
amaciyla 75 mg ml" ekstrakt kullaniimigtir. Calisma
sonunda tum propolislerin Helicobacter pylori
tedavisinde kullanilabilecegi bildirilmistir (Baltag v.d.
2016). Helicobacter pylori'nin canliigini ve yapisini
etkileyen propolis fenoliklerinin incelendigi bir diger
galismada pinosembrin, krisin, galangin ve kafeik
asit fenil ester tanimlanarak etkisi incelenmistir.
Bilesenlerin 256-1024 pg ml*! seviyesinde minimum
inhibe edici etkisinin oldugu bildirilmigtir. Propolisin
belirtilen ana bilesenlerinin tek tek ve kombine
edilerek kullanildidinda Helicobacter pylori Uzerine
bakteriosidal etkisinin oldugu belirtiimistir (Romeo
v.d. 2019).

Helicobacter pylori peptid deformilaz (HpPDF),
Helicobacter pylorinin hayatta kalmasini saglayan
yeni olusan polipeptid zincirinin N terminalinden
formil grubunun gikariimasini katalize eder. Yapilan
bir calismada bu durumdan faydalanilarak
hastaliklarin tedavisinde propolisin kullanilabilirligi
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arastinlmistir.  Bu amagla propolisin  édnemli
bilesenlerinden biri olan kafeik asit fenil esterin
Helicobacter pylori peptid deformilazi durdurucu
etkisi incelenmis ve kafeik asit fenil esterin HpPDF
Uzerine etkisinin oldugu belirlenmis ve 1Cso degerinin
4,02 pyM oldugu bildirilmistir (Chu v.d. 2013).

Uriner Sistem Hastaliklari Uzerine Etkisi

Uriner sistem hastaliklari, 6zellikle kadinlarda
tekrarlayan yaygin bir hastaliktir ve morbidite
oranininin yani sira ¢oklu antibiyotik kullanimi ve
masraflarinin artmasina neden olmaktadir. Temel
patojen olarak goérulen Uropatolojik Escherichia coli
tedavide kullanilan B-laktam ve florokinonlara karsi
direng mekanizmasi gelistirmesi nedeniyle alternatif
yontemlerin  kullanimina  ihtiyag  duyulmustur.
Propolisin antibakteriyel etkisi nedeniyle driner
sistem enfeksiyonlarinda kullanimi tedavide olumlu
yonde etki gostermistir (Lavigne v.d. 2011, Yicel
v.d. 2014).

Kadinlarda agri ve kasintiya neden olan vajinitis,
iitihaplanma ve tekrarlama egilimindedir.
Tekrarlayan  vajinitisin  tedavisinde  propolisin
etkisinin arastinldigi bir galismada 54 hastaya yedi
glin boyunca 500 ml %5 sulu propolis soliisyonu
uygulamasi yaptiriimistir. Tedaviden alti ay sonra 33
hastanin baska bir tedavi gdrmeden durumlarindan
memnun oldugu bildirilmistir (Imhof v.d. 2005).

Tikaniklik siddeti ve suresine bagli olarak bdbrek
hasarlanmasiyla sonuglanan Uriner sistem obstriktif
hastaligi Gzerine propolisin fenolik maddelerinden
biri olan kafeik asit fenil esterin etkisi incelenmis ve
denek tavsanlara 10 umol kg™ dlizeyinde kafeik asit
fenil ester verilmigtir. Calisma sonucunda kafeik asit
fenil esterin doku ve organ hasarina karsi koruyucu
etkisinin oldugu bildirilmistir (Akgora v.d. 2010).

Yine fareler (zerine vyapilan bir c¢alismada
siklofosfamid etkisiyle olugturulan hemorajik sistitisin
tedavisinde propolisin etkisi incelenmis ve hemorajik
sistitis olusturulan farelere giinde gavaj yoluyla 200
mg kg propolis 7 giin slreyle verilmistir. Sonucta
propolisin kematoérapik bir ilag olan siklofosfamid
tedavisinden kaynaklanan toksisiteyi iyilestirmede
etkili oldugu bildiriimistir (Yilmaz ve Kaya 2018).

Solunum Sistemi Hastaliklari Uzerine Etkisi

Ust solunum yolu enfeksiyonu toplumda yaygin
olarak gorulmekte ve antitussif ilaglar
kullaniimaktadir. Bes-12 yas arasindaki 104 ¢ocuk
hasta (zerinde ari drUnlerinin Ust solunum yolu
enfeksiyonu Uzerine etkisinin incelendigi calismada
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ari urdnlerinin tedavide etkili oldugu belirlenmistir.
Tedavide kullanilan kimyasal ilaglarin alerjen
etkisine  karsilik propolisin  alerjik reaksiyon
gOstermemesi nedeniyle iyi bir alternatif oldugu
bildirilmistir (Segilmis ve Silici 2020).

Geniz eti blyumesi olan cocuklarda tekrarlayan
kronik orta kulak enfeksiyonu ve Ust solunum yoluna
egilim gosterdigi bildirilmigtir. Yapilan calismada
geniz eti buyumesi olan c¢ocuklarin tedavisinde
toplam polifenol igerigini arttirmak igin N-asetilsistein
ile birlikte propolis ekstrakti, bal, hatmi ve kusburnu
ekstresi iceren bir oral sprey kullanmalari istenmis
ve tedavi siiresince takip edilmislerdir. isitme kaybi,
mikrobiyolojik analiz, burun ve farenks incelemesi
yapilmis ve propolis kullaniminin burun tikanikhgi,
hapsirma ve burun akintisina olumlu yoénde etkisi
oldugu bildirilmistir (Folic v.d. 2020).

Dolasim Sistemi Hastaliklar Uzerine Etkisi

Kardiyovaskuler, immun ve sinir sisteminde etkili bir
rol oynayan nitrik oksitin (NO) vaskdller sistemde
antiinflamatuar ve antiaterojenik etkisi
bulunmaktadir. NO sentezi Nw-nitro-I-arginine metill
ester (-NAME) ile inhibe edilmektedir. NO
seviyesinin degisimi hipertansiyon, septik sok,
diyabet gibi sorunlara sebep olmaktadir. Bu nedenle
NO’ nun biyoyararlihginin arttirlimasi énemlidir. Bu
amagla yapilan bir galismada farelere 15 gin
sureyle I-NAME (40mg kg™) verilmis ve son 5 giin
200 mg kg etanollii propolis ekstrakti verilmistir.
Sire sonunda propolis verileren farelerin katalaz ve
malonaldehit seviyelerinde azalma oldugu ve
propolisin  endotelyal NO Uretimini etkiledigi
bildirilmistir (Talas v.d. 20014)

Antitimaor antibiyotik olarak kullanilan Doksorubisin
konjeksif kalp yetmezligi ve mikrokardiyopatiye
sebep olmaktadir (Kaldir v.d. 2002). Serbest
radikaller ve oksidatif stres sonucunda ortaya ¢ikan
Doksorubisin kaynakh mikrokardiyopatinin
onlenebilmesi i¢in propolisin etkisinin incelendigi
gaismada 10 mg kg' Dokrorubisin verilerek
kardiyomikropati olusturulan siganlara 50 ve 100 mg
kg™ propolis verilmistir. Calismada propolis verilen
sicanlarda  Doksorubisinin  kan  serumunda
yukselttigi kreatin fosfokinaz, aspartat
aminotransferaz, kan ve doku glutatyonu ve
tiyobarbiturik asit seviyelerini azalttigi tespit etmigler
ve propolisin  kardyoprotektif etkisi oldugunu
bildirmislerdir (Chopra v.d. 1995).

Propolisin fenolik ekstraktinin kullanildigi bagka bir
calismada kalp uyarict ve astim ataklarinda



kullanilan izoproteranol kaynakli patolojik hipertrofik
kardiyomiyopati (kalp kasinin anormal kalinlagmasi)
ve kalp yetmezligini azaltabilecegi bildirilmistir (Sun
v.d. 2016).

Propolisin Kullanim Dozu ve Toksisitesi

in vivo ve klinik calismalar ile propolisin insan ve
sicanlarda alerjik reaksiyon gdstermeden guvenle
kullanilabilecegini ya da yuksek miktarlarda
uygulanmadik¢a toksik etkisinin gorilmeyecegini
belirlenmistir (Cao v.d. 2015, Cornara v.d. 2017,
Braakhuis 2019).

Ham propolisin ve ekstraktlarinin
standartlastinlamamis olmasi nedeniyle
toksisitesinde farkliliklar goérulmektedir. Bunun
yaninda farkli arastirmacilar tarafindan yapilan
calismalarda elde edilen veriler bulunmaktadir
(Burdock 1998). Propolisin giinde 15 gramdan fazla
kullaniimasi cilt tahrigi ve alerjilere neden olacagi
bildirilirken, astim ve egzama rahatsizligi bulunan
kisilerde kullanimina dikkat edilmesi gerektigi
belirtiimigtir (Castaldo ve Capasso 2002). Yine
kolanjiyokarsinomu bulunan ve boébrek yetmezligi
nedeniyle diyalize ihtiyag duyan bir hastanin propolis
kullanimi ile bobrek fonksiyonlarinin bozuldugu ve
kullaniminin durdurulmasindan sonra dizeldigi ve
buna propolisin yapisinda bulunan CAPE’in sebep
olabilecegi bildirilmigtir (Li v.d. 2005). Propolisin
ekstraksiyonu ile elde edilen pinosembrin
kullaniminda ise ginde 120 mg kullanilmasi tavsiye
edilmistir (Cao v.d. 2015).

Antiseptik, iltihap giderici ve anestezik etkisi
bulunan, kozmetik ve medikal hazirlik Grtnlerinde
kullanilan propolise karsi kisilerin alerjik reaksiyon
Ozelligi incelenmis ve alerjik reaksiyon gosteren
hastalarin 3-metil-2-bltenil kafeat ve feniletil kafeat
bilesenlerine karsi %1,2-6,6 oraninda alerjik
reaksiyon  gosterdigi  bildirilmistir.  Arastirma
sonucunda dudak koruyucu, kozmetik losyon,
sampuan, sa¢ kremi ve dis macununda propolisin en
iyi dogal drin oldugu bildirilmistir (Walgrave v.d.
2005, Kuropatnicki v.d. 2013). Genel olarak
kullaniminin gavenli oldugu bildirilen propolisin
cesitli arastirmalarda belirlenen toksik etkileri
nedeniyle kullaniminda tibbi tavsiye almasi
gerekmektedir (Braakhuis 2019).

SONUG

Fonksiyonel gidalar ginimuzde énem tasidigi icin
tuketiciler dogal artnlerinin tuketimine

yonelmektedir. Bu noktada tamamlayici tip
yéntemlerinden biri olan apiterapide de kullanilan ari
dranlerinin kullanimi yayginlagsmaktadir.  Propolis
gunimizde dogal iyilestirici olarak  dikkat
cekmektedir. Birgok hastalik (zerinde vyapilan

calismalarda hastaliklarin iyilestiriimesi ya da
onlenmesi yonunde olumlu yonde katkida
bulundugu belirlenmisgtir. [Itihapl yaralarin

iyilestiriimesi, dis hassasiyetinin gideriimesi ya da
curuklerin 6nlenmesinde, kalp-damar saghgdinin
desteklenmesinde propolis dogal tedavi ilacidir.
Yapilan ¢alismalarin ¢odu propolisin alerjik etkisinin
olmadigini bildirse de aksi durumlarin bildirildigi
calismalarda mevcuttur. Bu nedenle 2014 yilinda
yurdrlige giren yénetmelik geregi tedavi amaciyla
kullaniminda sertifikali hekim/dis hekimi goézetimi
onem tasimaktadir. Konu hakkinda ayrintili bilgi
sahibi kisilerin yonlendirmesiyle profesyonel bir
ortamda ari Urinlerinden faydalanilabilmesi igin
yasal sinirlari belirlenen alternatif tip merkezlerinin
kurulmasi ve yayginlasmasi 6nemlidir.
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oz

Bal mumu an kolonisinin yagamsal faaliyetlerini lizerinde yiirittiigi petegin ham maddesidir. Aricilik
isletmeleri igin bal, polen, ar siitii ve ari ekmegi gibi bal mumu da bir an uriniidiir. Bal mumu absorbe
etme yetenegi kaynakh kovan ici ve disi kirleticileri biinyesinde biriktirebilmektedir. Bu sekilde kalinti
iceren peteklerden liretilen an iiriinleri insan ve an saghgi igin risk olusturmaktadir. Ayni zamanda eski
petekler patojen mikroorganizmalar igin konak islevi gorebilmektedir. Ozellikle petek isleme tesisleri
eski peteklerin hijyenik hale gelmesi agisindan oldukga onemli bir sorumluluk tasimaktadir. Bal
mumunun ¢ok genis bir kullanim alani icermesi dikkatleri de lizerine ¢ekmistir. Gida sektoriinde
kaplayici ajan olarak, kozmetikte sabun ve kremlerde genis kullaniminin yanisira, tekstil, boya, kagit
sanayinde ve saglik sektoriinde birgok alanda kullanilan bir iiriindiir. Bal mumundan yapilan birgok
siis esyasi da bulunmaktadir. Bu cgaligmada bal mumu ile ilgili son c¢alismalar 1siginda ilgili
sektorlerinde faydalanabilecekleri yeni bakig agilari sunulmasi amaglanmigtir.

Anahtar Kelimeler: Bal mumu, an saghgi, kalinti, gida kaplama,

ABSTRACT

Beeswax is the raw material of the honeycomb that the bee colony carries out in its vital activities.
Beeswax is also a bee product, such as honey, pollen, royal jelly and bee bread for beekeeping.
Because beeswax is an absorbent, it can collect pollutants inside and outside the hive. The bee
products produced from this honeycomb pose a risk to human and bee health. Older combs can also
provide shelter from pathogenic microorganisms. In particular, honeycomb processing equipments
have a very important responsibility for the hygiene of old honeycombs. Beeswax attracts attention
with its wide usage area. As a coating agent in the food industry, it is a product used in cosmetics,
soap, candle, cream, textile, paint, paper industry, health and many other fields, such as wax
sculptures. This study aims to present new perspectives that can be used in relevant fields in the light
of recent studies.

Keywords: Beeswax, Bee health, Residues, Food coatings.
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EXTENDED ABSTRACT

Introduction: Beeswax is the component of the
honeycomb, in which the honeybee keeps its vital
needs (honey, pollen) in order to maintain the
colony, to regulate vital activities and maintain its
hatching activity. The strength of the colony is
demonstrated by the number of honeycomb frames
in the hive. Beeswax is used as a raw material in
many fields. There are many factors, both during
production and in the environment, that might
threaten the natural state of wax. Honeycombs, the
center of many activities in the hive, are exposed to
veterinary drug residues and external pollutants
applied by beekeepers. In some accommodation
areas, the time that bee colonies remain on
pollutants and the usage period of old honeycombs
can reach levels that threaten sustainable
beekeeping and a healthy product production.

Methods and results: In this review, the
composition of wax, its usage areas, national and
international studies that reveal basic issues are
examined. The results are persented in a way to
emphasize the importance of beeswax in multiple
fields of study.

Beeswax is a component produced by the wax
glands in the stomach of young worker bees and
created by adding saliva secretions when chewing
wax scales. The structure and composition of the
wax varies depending on the feeding pattern of the
bees, the environment in which they live
(floratpollutants) and the lifespan of the basic
combs. Natural wax is a health-promoting product,
used in cosmetics, food and many other sectors. It is
used as a cream in cosmetics, skin problems, burn
treatments and toothpaste in the health sector, in the
production of antibacterial fabrics, the textile industry
and as a coating base in animal and herbal
production. Particularly in the food sector, intensive
research has been carried out in order to extend the
storage period of fruits and vegetables and increase
their shelf life. It has also been used in many
products such as eggs, cheddar cheese, salami to
improve quality and preserve food.

Beeswax, with its wide usage area, faces multiple
negative factors in the production stages and
factories where old honeycombs are processed. In
particular, the remains of veterinary medicines used
for bee diseases/pests and external pollutants are
trapped in the wax and appear as residues in
products such as honey, pollen, propolis. If old
honeycombs collected from beekeepers do not

undergo the correct treatment, the risk of spreading
diseases and causing many problems in the
honeycombs increases.

Conclusion: The most important problems of
sustainable beekeeping are insufficient floral
resources and pollutants. The original and
outsourced pollution by beekeepers contaminates
flower and water sources, eventually becoming an
environmental crisis. This situation disrupts the
continuity of beekeeping and causes the production
of residual products. The risk of drug residues should
be minimized through accurate diagnosis and timely
application of products against pests and diseases.
The use of authorized medicines according to the
usage instructions and unnecessary use of
medicines should be avoided. Instead of saving our
day, we should use solutions that save our future.
Preventive medicine, which is an important health
problem, should also be applied in beekeeping.
Therefore, beeswax is a product with a wide usage
area and can provide a continuous profit in a
residue-free production.

GiRiS
Bal mumu, bal arisi kolonisi i¢cin gida depolama,
kulugka yetistirme, termoregllasyon alani olmasi
yanisira, arilarin iletisimine arabuluculuk eden ve
birgok kirletici (patojen, toksin ve atik) igin absorban
olan cok bilesenli bir malzemedir (Svec€njak v.d.
2019, Buchwald v.d. 2006). Bal mumu birgok farkh
Ozelligi nedeniyle degisik sektorlerde farkl amaglarla
kullanilmaktadir. Tekstil, boya, saglik, kozmetik,
gida endustrisi gibi sektdrlerin yaninda, agac kalip
islemlerinde, ahsap koruyucu olarak, kagit
sanayinde, mum ve balmumundan heykellerin
yapiminda kullaniimaktadir (Szulc v.d. 2020,
Marquez v.d. 2019, Kurtuldu ve Yildinm 2019,
Zhang v.d. 2019, Sen 2019; Eshete ve Eshetie 2018,
Souza v.d. 2017, Teker 2015, Khanzadi v.d. 2015,
Zhang v.d. 2014, El Sakka v.d. 2013, Tezel 2009,
Attam ve Adikwu 2007, Petric v.d. 2004).

Bal mumu ile ilgili tarihi dénemlere ait bircok ize
rastlaniimigtir. Antik Misir kaltart icindeki en bayuk
kullanim alanlarindan biri de mumyalamadir.
Olllerin igine kondugu lahid kapaklarinin hava
almasini 6nlemek igin bal mumunun yodun olarak
kullanildigi bilinmektedir (Benson v.d. 1978). Cin'de
yapilan kazilarda M.O. 6 yiizyillda turkuaz kakmali
bronz kiling sapinda baglayici ajan olarak saf bal
mumu kullanildigi tespit edilmistir (Luo v.d. 2012).
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Yine Almanya’da buzul déneminde yapistirici ajan
olarak bal mumu kullanildidi tespit edilmistir (Baales
v.d. 2017).

Bal mumu, bal ve dider ari drlnleri gibi ekonomik
degeri olan bir Grindur. Bir kilogram bal mumundan
uretilen petek bir kilogram baldan daha degerlidir
(Eshete ve Eshetie 2018). Bal gibi bal mumu da
bayuk ilgi goéren birkag terapétik 6zellik tagimaktadir.
Ozellikle dis gurikleri ile iltihap ve yaniklarin
iyilestiriimesinde etkili oldugu diistinilmektedir. Son
yillarda yapilan arastirmalarda bal mumu ve bal
mumu/zeytinyadi ve bal mumu/bal kombinasyonlari
halinde antimikrobiyal ve antifungal etkileri agiga
cikariimistir (Fratini v.d. 2016).

Bal mumunda ana kirlenme kaynagi aricilikta
kullanilan akarisitlerdir (Bogdanov 2004). Bal
mumundan temel petek eldesi sirecinde 2 énemli
nokta bulunmaktadir. Birincisi bal mumunun, ari
hastaliklarinin bulasmasi agisindan yuksek riskli
tagiyici olmasi ve buna bagl olarak, bal mumundaki
patojenlerin saptanmasi 6nemlidir (Svecnjak v.d.
2019). Farkli ari igletmelerinden toplanan kullaniimis
petekler dogru islemlerden gegcmezse patojenlerin
diger ar igletmelerine yayilmasina neden olabilir.
ikincisi ise dogal Uriin olarak nitelendirilen bal
mumunda cevresel kirleticiler ve ari yetistiricilerinin
bilingsiz ve gelisi glzel ilag kullanimi sonucu kalinti
birikmesidir (Valdovinos-Flores v.d. 2017,
Karazafiris v.d. 2011).

BAL MUMUNUN BILESiMi

Bal mumu, geng isgi arilarin karninda (12 ila 18 giin
arasinda, yani arilarin hemsire olarak hareket ettigi
slirenin sonunda) 6zel bal mumu bezleri tarafindan
sentezlenir. Bal arlarinin 6n ayaklarn ile alt
¢enelerine aktardigi bal mumu pullari ¢ignendiginde
tukarik salgilar da insa edilecek temel petege
eklenir (Hepburn v.d. 2014, Chauvin 1968). Arilar
tarafindan salgilandiginda, saf bal mumu biyik
oranda beyazdir. Sadece bal ve polen ile temas
ettikten sonra yodun sarimsi renk alir ve birkag yil
sonra kahverengiye donusmektedir (Hepburn v.d.
1991). Renk degisikliginde kulugka faaliyeti etkili
olmaktadir. Cok kullanilan petekler kisa sirede
kahverengi renk almaktadir. Absorbe 6zelliginden
dolay! kalinti riskinin artmasi ve kullanildikga yavru
g6zlerinde gorulen kugulmeler nedeniyle peteklerin
2 yil kullanilmasi 6nerilmektedir.

Dort bal anisi turtne ait (Apis mellifera L., Apis
andreniformis L., Apis dorsata L. ve Apis cerana
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L'nin iki alt tard) bal mumlarinin mekanik 6zellikleri
karakterize edilmistir. Apis dorsata bal mumu daha
sert ve oransal sinirda diger bal mumlarinin
hepsinden daha yluksek akma gerilimi ve stresine
sahipken A. cerana ve A. mellifera mumlari ara
mukavemet ve sertlige sahip bulunmustur. A.
Andreniformis bal mumu ise en az gugll, sert ve
dirence sahip bal mumudur. Mumlarin timd, oransal
sinir ve akma noktasinda benzer gerilim degerleri
go6stermistir. Bal mumunun mekanik 6zelliklerinde
gbzlenen farkhliklarin, bu tirlerin yuvalama ekolojisi
ile iligkili oldugu bildiriimigtir. A. mellifera ve A.
cerana, yuvayl cevresel streslerden koruyan
bosluklarda yuva yaparken, en gugli ve sert bal
mumu olan tdrler A. dorsata, uzun agagclarin
dallarina bagh nispeten agir yuvalar insa ederek,
onlari buyUk 6l¢cide daha blyuk mekanik kuvvetlere
maruz birakmaktadir. (Buchwald v.d. 2006).

Asya ve Avrupa bal arilarindan elde edilen bal
mumlarinin fiziksel 6zelliklerinin karsilastinldigi bir
calismada, karbon zinciri uzunlugunun ortalama
olarak Asya bal mumlarinda A. mellifera'dan daha
kisa oldugu ve daha dlusik erime noktalarina sahip
olduklari gorilirken, Avrupa mumlari A. mellifera' ya
daha benzer bulunmustur. Bal mumundaki ana
bilesik gruplari alkanlar, alkenler, serbest yag
asitleri, monoesterler, diesterler ve
hidroksimonesterler iken, yad alkolleri ve
hidroksodiesterler mindr bilesenlerdir. Bal arisi
turleri arasinda bal mumu tirlerinde belirgin turlere
6zgl farklihklar bulunsa da hepsi homolog nétr
lipitlerin  kompleks bir karisimidir (Hepburn v.d.
2014).

Bal mumu, hidrokarbonlar (%14), monoesterler
(%35), diesterler (14-0), triesterler (%3), hidroksi
monoesterler (%4), hidroksipoliesterler (%8),
serbest asitler (%12), asit monoesterler (%1), asit
polyesterler (%2) ve tanimlanmamis maddelerden
(%7) olusmaktadir (Tulloch 1971). Bal mumunda
bulunan flavonoidler ilk defa Tomas-Barberan v.d.
(1993) tarafindan  pinokembrin,  pinobanksin,
pinobanksin  3-asetat, chrysin, galangin ve
techtochrysin ana flavonoid bilesenleri olarak tespit
edilmistir. Ayni flavonoid bilesiklerinin genellikle ayni
cografi boélgeden toplanan bal, propolis ve bitkilerde
de bulundugu bildirilmigtir.

isci bal arilar, 6grenilen bir petek ile genetik
benzerlik temelinde petekler arasinda ayrim
yapabilir. Petekten (bal mumundan) aldiklar yuva
arkadas! tanima ipuglarinin da genetik olarak iligkili
bir bileseni vardir. isaretler petekte ¢ok kisa maruz



kalma surelerinde (5 dakika veya daha az) alinir ve
fiziksel temasta olan arilar arasinda
aktarilabilmektedir. Bu sonuglar bal arisi kovan
arkadasi tanimada petekten tdretiimis tanima
ipuclarinin  oldukga 6nemli oldudu hipotezini
desteklemektedir. Bu ipuglari, bal mumu tarafindan
emilen ¢icek kokularindan ziyade, en azindan
kismen bal mumunun kendisinden
kaynaklanmaktadir  (Breed v.d. 1995). Bal
mumundaki yag asitleri de sosyal sinyaller olarak
hizmet ettiginden, yag asitlerinin fonksiyonel énemi
bulunmaktadir. Yag asitlerinin bal mumundan
cikarilmasi, bal mumu &rneklerinin verim stresi,
esnekligi, sertligi ve oransal limit stresinde azalma ile
sonuglanmaktadir. Bal mumuna stearik asit
eklenmesi, esneklik haric tim bu o6zellikleri
arttirmaktadir. Yapay bal mumu karigimlari, bal
mumu karigsimindaki stearik asit miktari ile akma
gerilimi arasinda pozitif bir korelasyon
g6stermektedir. Bal mumunda bulunan doymamis
yag asitleri, yapay balmumu karigimlarinin mekanik
Ozellikleri Gzerindeki etkileri agisindan benzerdir.
Yag asidi konsantrasyonu koloniler arasinda énemli
farkhhklar gostermektedir (Buchwald v.d. 2009).

Farkh enerji besleme tirlerinin T1 (seker kamigi
suyu), T2 (seker surubu) ve T3 (ters seker-invert
seker) bal mumu Uretimi ve ekonomik fizibilitesine
etkisinin degderlendirildigi calismada; ortalama ters
seker tuketimi, diger gruplardan 6nemli lgiide daha
dustUk bulunmustur. En ylksek bal mumu Uretim
ortalamasi seker surubu grubunda elde edilmistir.
Seker kamigl suyunda, ters seker ve seker
surubunda sirasiyla en yuksek kul, kuru madde ve
indirgeyici seker ortaya ¢ikmistir. Seker kamisi suyu
daha karli olmasina ragmen, bal mumu dretimi icin
alternatif bir enerji kaynagi olabilecegi bildirilmistir
(Carrillo v.d. 2015).

BAL MUMUNUN KULLANIM ALANLARI
Gida Sektoriinde Kullanim

Biyopolimerik kaplamalar, meyve ve sebzelerin
kimyasal ve duyusal O&zelliklerinin uzun surel
depolanmalarda korunma agisindan etkilidir. Bal
mumunun (BW), c¢alismada kullanilan diger
biyopolimerlere kiyasla hidrofobik bir ajan olarak
%10 oraninda ilave edildiinde su buhari iletim
hizinda en iyi sonuglari verdigi tespit edilmistir. Yine
kontrolll ortamda 15 glin boyunca meyvelerin yeterli
olgunlasmasini gosteren kilo kaybini en aza indirdigi
gorulmustlr (Oliveira v.d. 2018). Tayvan'da %2 bal

mumu ile kaplanmig yesil hiinnap meyvesinin su
kaybini énemli Olgiide azaltabildigini ve solunum
yogunlugunu o6nleyebildigini, ayrica brix ve titre
edilebilir asit igerigini etkili bir sekilde korudugu ifade
edilmistir (Zhao v.d. 2011). Nektarin meyvelerinin raf
Omrinin arttinlmasinda %4.5 CaClz ile %3 bal
mumu  karisiminin  kullanilabilecedi  bildirilmigtir
(Seleshi v.d. 2019). Papaya solunum hizinin,
karides kabugu atiklarindan elde edilen kitosan veya
bal mumundan tdretiimis  bir  polisakkaritin
meyvelerin ylzeyinde kaplanmasi sayesinde inhibe
edildigi rapor edilmistir. Yapilan ¢alisma sonuglari,
kitosan ve bal mumu ile meyve kaplamasinin
Papaya callina'nin raf 6mriinii, depolama sirasinda
papaya meyvelerinin solunum hizini inhibisyonuna
kiyasla dort ila beg gun uzatabildigi belirlenmigtir
(Mukdisari v.d. 2016).

Bir bagka ¢alismada ise hindistan cevizi yagi ve bal
mumu kaplamasi ile modifiye atmosferik ambalajin
(MAP), ortam depolamasinda limonun hasat sonrasi
depolama kalitesi Uzerindeki etkisi incelenmistir.
Calisma sonuglari yalnizca hindistan cevizi yaginin
ve Ozellikle MAP ile bal mumu hindistan cevizi
kanigimhi (10:90 veya 20:80) kaplamalarin
limonlarda, vyesil renk tutulmasi, solunum
azaltilmasi, etilen Uretimi, kilo kaybi ve buzulme,
depolama boyunca limonun sikiidini ve nem
iceriginin korunmasinda faydal etkiler gosterdigini
ortaya gikarmistir (Nasrin v.d. 2020).

Gliserol igeren filmler hazirlamak igin jelatin igine
farkli oranlarda balmumu veya karnauba mumu ilave
edilmistir. Bal mumu ilavesi ile jelatin filmlerin
opakligi ve sariigr artmig, hem UV / gorinir 1sik
hem de su buhari bariyerleri, artan bal mumu
seviyeleri ile kademeli olarak basarili bir sekilde
iyilesmistir. Bal mumu seviyesi arttikga, filmler daha
kirilgan, sert ve daha az gerilebilir hale gelmigtir.
Tdm filmlerin DPPH ve demir indirgeme testleri
antioksidan aktivite igerdiklerini gdstermistir. Jelatin
bal mumu filmlerinin gelismis bariyer 6zellikleri ve
termal stabilite acgisindan gidalarin bozulmasina
kars! kullanilabilecegini ve jelatin filmlere ilave
edildiginde bal mumunun karnauba mumundan
daha etkili oldugu bulunmustur (Zhang v.d. 2018).

Fistikta bal mumu kullaniminin halen kullanimda
olan hidrojene veya tropikal yaglar gibi mevcut
stabilizatorlerin - degistiriimesine yol acabilecedi,
bdylece doymus yadlarin azaltiilmasi sonucu
drlnlerin daha saghkli olacagi bildirilmistir (Winkler-
Moser v.d. 2019).
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Tavuk yumurtalarinin saglkli ve uzun raf émri igin
bal mumunun jelatine gbére daha iyi bir kaplama
malzemesi oldugu ve bu yumurtalarin 6 hafta
boyunca 30 °C'de basaril bir sekilde saklanabilecegi
rapor edilmistir (Mudannayaka v.d. 2016).

Yapilan bir galismada kasar peyniri olgunlastiriimasi
sirasinda (120 gun) bal mumu ile kaplamanin
mikrobiyolojik, fizikokimyasal ve duyusal 6zelliklere
etkileri arastiriimistir. Kasar peyniri ornekleri iki farkli
kalinlikta bal mumu (tek katmanl kaplama -BW1 ve
cift katmanli kaplama- BW2) ile kaplanmigtir.
Karsilastirma amaciyla vakumla ambalajlanmis (VP)
ve ambalaj malzemesi olmadan (kontrol) kasar
peyniri ornekleri kullaniimistir. Calisma sonuglari bal
mumu ile kaplanmig ve vakumla ambalajlanmis
kasar peynirleri arasinda, toplam aerobik mezofilik
bakteriler, laktobasiller, koli form bakteriler ve S.
aureus sayilarinda herhangi bir farklilik olmadigini
goOstermistir. Mikrobiyolojik analizler ayrica bal
mumu kapli peynirlerin 120. giinde kontrole kiyasla
mikrobiyal yukte 2.5 logaritmik birim azalma
sagladigint  ortaya ¢ikarmistir. Kontrol ~ kasar
peynirinde onemli Olglide (P<0.05) yiksek kuru
madde, yad ve protein igerigi tespit edilirken bal
mumu (BW1) uygulamasi nem kaybini geciktirerek
kalin bir kabuk  tabakasinin olusumunu
azaltmigtir. Diger uygulama &rneklerine kiyasla,
kontrol ve BW1 kasar peynirlerinin depolama
sonunda daha ylksek suda ¢6zlinur azot (WSN) ve
olgunlasma indeksine sahip oldugu
belirlenmigtir. Duyusal analiz sonucunda, BW1
kasar peyniri ve kontrol uygulamasi panelistler
tarafindan daha ¢ok tercih edilirken, vakum
uygulamasi yapilan érnek en distk puani almistir
(Yilmaz ve Dagdemir 2012).

Farkh bir calismada ise bal mumunun farkli gliserol
molekdlleri iceren soya protein filmlerinin fonksiyonel
ve yapisal 6zelliklerine etkisi incelenmistir. Kaplama
yapisinda balmumu arttiginda elastikiyetin, su
buhari gecirgenliginin ve saydamligin azaldigini,
ancak gerilme mukavemeti ve oksijen gegirgenliginin
arttigi tespit edilmistir. Gliserol miktarinin artmasi
filmde su buhar gegirgenligini, oksijen gegirgenligini
ve seffafligi arttirmaktadir. Diferansiyel tarama
kolorimetrisi ve Fourier doénisimi kizilétesi
spektroskopi sonuglari bal mumunun film matrisini
olusturmak icin gliserol ile baglanip soya proteini ile
capraz baglar yaptigini géstermistir (Li v.d. 2011).

Gidalarin bal mumu ile kaplanmasi, yag ve
pigmentlerin oksidasyonunu ve su kaybini énlemeye
yardimci olacak oksijen, i1sik ve buhara karsi bir

213

engel olusturmaktadir. italyan salaminda bal mumu
ile kaplamanin 2-tiyobarbitiirik asit reaktif madde
(TBARS) ve su aktivitesi (Aw) miktarlari Gzerinde 55
gunliuk olgunlasma suresince etkilerini
degerlendirmek icin bir calisma yapilmigtir. Ayrica 5,
6 ve 7 ayhk raf Omrindeki kontrollerle
karsilastinimigtir. Sonuglar duyusal kalite
calismalari ile dogrulanmistir. Bal mumu kapli
salamda 6 aylik olgunlasmaya kadar (medyan
0.697, max 0.795) TBARS seviyeleri 0.8 mg kg ~'
altinda iken kaplanmamis salamda (medyan 1.176,
max 1.227) gibi énemli 6l¢lide daha yuksek degerler
tespit edilmistir. Calisma sonucunda bal mumu
kaplamasinin italyan salaminin  sertlesmesini
Onledigi ve soyulmayi kolaylastirdigi bildirilmistir
(Trevisani v.d. 2017).

Elmanin soduk hava depolarinda saklanmasi igin
yenilebilir bir kaplama karisimi (% 5 propolis ve % 95
bal mumu) hazirlanmis ve bu kaplamaya Drosophila
melanogaster Meigen (1830) larvalari asilanarak
yasama gelisimi takip edilmigtir. Yeni kaplama
karisiminin larvalarin gelisim surelerini yaklasik bir
gln geciktirmistir. Dider kaplama materyali ile
beslenen ergin bireyler deney grubunda bulunanlara
oranla daha sert tespit edilmistir. Bu sonuglara gore
kaplama olarak bal mumunun kullaniimasinin,
beslenme sonrasi Urinin dogaya atildiginda diger
canllara da zarar vermeyeceginden uygun olacagi
bildirilmistir (Glnes v.d. 2019).

Hayvancilikta Kullanim

Hayvancilikta besin  maddelerin  yararlihigini
arttirmak amaciyla cesitli uygulamalar
yapilimaktadir. Ozellikle besin maddesinin istenilen
yerde sindirimin yapilmasi ve emilimin saglanmasi
amaglanmaktadir. Yetiskin koyunlarin
beslenmesinde bal mumuna mikro kapsullenmis
yavas salinan (dre dahil edilmesinin alim,
sindirilebilirik ve azot (N) dengesi uzerindeki
etkilerini  degerlendirmek icin  bir  galisma
yurtilmastir. Cekirdek (lre) ve enkapsilan (bal
mumu) arasinda 1:2 (Uwe 1:2) ve 1:2+kikirt (Uve
1:2+8) oranlari ile iki mikro kapsullenmis sistem
formilasyonu gelistirilmigtir. Ume 1.2
formilasyonunun, Uwme 1:2+S'den daha yuksek
verim deg@erlerine, mikro kapsulleme verimliligine ve
termal kararliiga sahip oldugu bildirilmigtir. En
verimli formilasyon (Uwe1:2) ortalama vicut agirigi
28.2 kg £ 0.6 kg olan yirmi dort adet yetigkin erkek
koyun diyetine eklenmistir. Bal mumuna mikro
kapsullenmis Ure dahil edilmesi kurumadde, ham
protein, eter 6zutd, kdl, toplam karbonhidrat, ham



enerji alimi veya sindirilebilirlidi etkilenmedigi
bildiriimistir (P>0.05). Kapsillenmis Ure igerme
seviyesi %0'dan 4.5'e yukseldiginden nétr deterjan
lifi (NDF) (P= 0.031) ve asit deterjan lifi (ADF) (P=
0.004) sindirilebilirlikte  dogrusal  bir  artig
olmustur. Lifsiz karbonhidrat (NFC) sindirilebilirligi
ikinci dereceden bir artis gostermistir (P<0.001).
%3.0 mikro kapsulli ure ile en buyik sindirilebilirlige
sahip oldugu bildirilmigtir. Bal mumunun Ure iceren
mikro partikiller elde etmek igin etkili bir mikro
kapstilleyici oldugu gosterilmis ve S ilave edilmeden
Uwme 1:2 formilasyonu, S ile yapilan formulasyondan
daha iyi verim gosterdiginden %4.5'e kadar dahil
edilmesi 6nerilmistir. Bal mumu lipit matrisinde mikro
kapsullenmis Ure, alim ve N dengesini etkilemeden
NDF ve ADF sindirilebilirligini artirmak icin tavsiye
edilmistir (Carvalho v.d. 2019).

Baska bir calismada taze polen topaklarinin (kofte)
ve polen toplarinin bal mumu ile kaplanmasinin
bombus arilarinin yasam parametreleri ve polen
tuketimleri Gzerine olasi etkileri ele alinmistir. Koloni
baslangic asamasinda balmumu ile kapl polenleri
kullanmamig ancak sonraki iki agamada yani koloni
temel asamasi ve koloni olgunlagsma evresinde, bir
kat bal mumu igeren polen koftesini tercih etmistir.
Calisma sonucunda iki asamada, yaban arisi
yetigtiriciligi icin en iyi kaplama materyalinin bal
mumu oldug@u rapor edilmistir (Imran v.d. 2015).

Yaniklar, dinyada kuresel bir halk saghgdi sorunu
olup ve tedavi maliyeti yanik sargilarinin pahali
olmasi nedeniyle yiiksektir. Ozellikle ikinci derece
yaniklarin tedavisi ¢ok aci verici olmakla birlikte bu
yaniklar i¢cin ideal pansuman materyali tespit
edilememistir. Bu konuda yapilan bir ¢alismada,
glimus silfadiazin (SSD) ve bal ile balmumu ve
zeytinyagi (MHBO) karisimlarinin ikinci derece
yaniklarda etkisi deney hayvanlari Uzerinde
denenmistir. Deney hayvanlari lzerinde MHBO,
SSD %1 krem ve kontrol grubu (topikal tedavi yoktur)
olugturulmustur. Tedavinin etkinligi yaranin iyilesme
yuzdesi, yara iyilesmesini tamamlama siresine ve
itihaplanma ve eksudasyon derecesine gore
degerlendirilmistir. Yaranin tam olarak kapanmasi
icin ortalama sureler MHBO ve SSD igin sirasiyla
21.9+2.23 ve 24.7+2.39 gun olarak bulunmugtur.
Klinik olarak, inflamatuar reaksiyon ve eksiidasyon
MHBO grubunda SSD ve kontrol grubuna gére daha
azdir. Topikal MHBO kullanimi, hem kontrol hem de
SSD gruplarina kiyasla yanik yara iyilesme sirecini
hizlandirmis ve gelecekte yardimci veya alternatif bir
ajan olarak kullanilabilecegi bildiriimistir (Moustafa
ve Atiba 2015). Bir baska calismada diyabetik

tavsanlarin  yaralarinda  balmumu  merhemi
kullaniminin pozitif bir iyilesmeye (terapétik etki)
yardimci oldugu tespit edilmistir (Fu v.d. 2005).

Bitkisel Uretimde Kullanim

Boylu maviyemis (Vaccinium corymbosum L.)'in
celikle Uretilmesinde hormon ve ortamin etkisinin
tespit edildigi bir calismada ¢elik uglarinin su kaybini
onlemek igin bal mumu kullaniimigtir (Turna v.d.
2013).

Saghkta Kullanim

Bal mumunun saghk amach kullanimi cgesitlilik
gostermektedir. Slovenya’da tespit edilen insan
cene fosillerinde 6500 yil 6nce dis dolgusu olarak
olarak kullanildigi bildirilmistir (Bernardini v.d. 2012).

Bal mumu-zeytinyagi-tereyadi karisiminin deney
sicanlarinda olusturulan ikinci derece vyanik
dokularinda yanik yara iyilesmesini gelistirdigini ve
TGF-B1(Donlstirict biyime faktorid) ve VEGF-a
(Vaskuler endotelyal bliyime faktori-alfa) modile
edici doku yoluyla cilt yenilenmesini tesvik ettigini
bildirilmistir (Bayir v.d. 2019). Yine bal mumu,
zeytinyagi ve A.tinctoria (L.) Tausch karisimi ikinci
derece yanik vakalarinda epitel doku gelisimini
hizlandirmig, pansuman degisiklikligi sirasinda
yasanan agriyl azaltmis ve hastalarin daha kisa
slrede taburcu olmasini saglamistir (Gimus ve
Ozl 2017). Bal mumu ve bitkisel yag kreminin, yanik
sonrasi kasinti semptomlarinda tibbi kremlerden
daha etkili oldugu bildirilmigtir. Bal mumu ve bitkisel
yag kreminin etkinligini inceleyen daha genis bir
galisma yapilmasinin gerekli oldugu ifade edilmistir
(Lewis v.d. 2012).

Bal, bal mumu ve zeytinyagdi karisiminin (1:1:1, v/v)
bebek bezi dermatiti, sedef hastaligi ve egzama
tedavisinde faydali oldugu (Al-Waili 2005) mantar
enfeksiyonlarinin tedavisinde bal, zeytinyadi ve bal
mumu (1:1:1) kullanildiginda; Pitriyazis versikoloriu
(PV) hastalarin %86'sinda, Tinea cruris’li hastalarin
%78'inde ve Tinea corporis’li hastalarin %75'inde
klinik yanit alindigi bildirilmistir (Al-Waili 2004).
Hemoroit ve anal fisslr tedavisinde bal, zeytinyagi
ve bal mumu karisiminin gtvenli ve klinik olarak etkili
oldugu bildiriimistir (Al-Waili v.d. 2006). Yine bal,
propolis, zeytinyagi ve bal mumu karisiminin
kemoterapideki hastalarin oral mukozit tedavisinde
kullanilabilecegi rapor edilmistir (Abdulrhman v.d.
2012).

Bal mumu geri déntsum isleminden elde edilen iki
yan Urdnin (MUD 1 ve MUD 2 kodlu) fitokimyasal
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icerikleri, antioksidan etkileri ile kanser hucreleri ve
sitotoksik etkilerinin incelendigi calismada MUD 1'in
en ylksek (P <.05) lif, protein, karbonhidrat, polifenol
ve flavonoid konsantrasyonuna sahip oldugu, doza
bagli bir sekilde mitokondriyal islevselligi etkileyerek
HepG2 hiicreleri (izerinde antikanser aktivitesi
gosterdigi bildirilmistir (Giampieri v.d. 2018).

Bal mumu ilk kez polyester / pamuk / viskon ve
polyester kumasa uygulanmis ve bu kumaslarin
antimikrobiyal etkinlik olarak dusuk biyostatik aktivite
icerdikleri bildirilmistir. Istisna olarak, Aspergillus
niger kifl ve Bacillus subtilis bakterisine karsi
polyester kumas biyostatik etki gostermigtir. Elde
edilen sonuglar bal mumu igeren kumasglarin saglhk
ve sosyal bakim kurumlarinda ve O&zellikle
sporcularin ve hassas cilt enfeksiyonlari olan kisiler
icin Uretilecek tekstil Grlnlerde kullanilabilecegini
ortaya koymustur (Szulc v.d. 2020).

BAL MUMUNUN TEMEL SORUNLARI

Ar1 hastalik ve zararlilarina karsi aricilarin kullandigi
veteriner ilaglar i¢ kaynakli ve ciftciler tarafindan
kullanilan bitki koruma ilaglari da dis kaynakli olarak
balmumuna gecmekte ve kalinti sorunlarina yol
acmaktadir.

Ciftci Kaynakl Kirleticiler

ispanya’da farkli gevre kosullarinda yapilan
Uretimlerde alinan polen ve bal mumu 6rneklerinde
ilag kalinti dizeyleri incelenmisg, pestisitlerin yogun
olarak polen érneklerinde oldugu ve bitki ¢esitlerine
gore tespit edilen ilacin degistigi belirlenmigtir. Bal
mumu  6rneklerinin - %75'inden fazlasinda ise
yogunlukla koumaphos, klorfenvinfos, fluvalinat ve
akrinatrin  gibi yuUksek seviyelerde mitisitleri
saptanmistir. Bal mumunun en kirli ve bal arilari igin
en yilksek ortalama tehlike skorlarini (HQ> 5000)
sahip oldugu belirlenirken polen numuneleri en fazla
sayida pestisit kalintisi ve arilar igin tehlike (HQ>50)
icerdigi  belirlenmigtir. Bal mumu ve polen
orneklerinde tehlike katsayisi puanlarina en dnemli
katkiyr akinatrin yapmistir (Calatayud-Vernich v.d.
2018).

2013-2015 yillari arasinda italyan kovanlarindan
elde edilen balmumunda kalinti miktari belirlenmesi
amaciyla toplanan 178 bal mumu Orneginde 247
pestisit aranmistir. Orneklerin %73.6'sinda bir veya
daha fazla pestisit bulunmus olup numunelerde
ortalama olarak Avrupa'da yasaklanmis veya
italya'da izin verimeyen on dért bilesik igeren
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ortalama g farkh pestisit tespit edilmistir. Bu
tespitler kumaraphos (numunelerin %60.7'si), tau-
fluvalinat (% 50) ve klorfenvinfos (%35.4) ile
iliskilendirilmigtir (Perugini v.d. 2018).

Bal ve bal mumunda eser elementlerin ve
pestisitlerin  bulunmasi tlketiciler i¢in saghk
agisindan tehlike olusturabilmektedir. israil’de bir
calismada bal ve bal mumu O6rneklerindeki
pestisitlerin ve eser elementlerin insanlar igin risk
degerlendirmesi amagclanmigtir. Bulgular en az iki
pestisitin, bal ve bal mumu &rneklerini ayni anda
kontamine  ettidini, amitraz metabolitleri ve
coumaphos’inda siklikla tespit edildigi bildirilmigtir.
Neonikotinoid insektisitler ve 2,4-
diklorofenoksiasetik asit sadece bal ©rneklerinde
bulunurken, daha fazla lipofilik bocek ilaci agirhkli
olarak bal mumunda tespit edilmistir. Balda krom ve
¢inko metalleri en ylksek konsantrasyonda iken bal
mumunda sadece kursun ve molibden belirlenmistir.
Sonug olarak glnlik bal ve bal mumu tiiketiminin
birlikte c¢ocuk saghgini tehlikeye atabilecedi
bildirilmistir (Bommuraj v.d. 2019).

Kirklareli ili civarinda aricilik yapan 57 dreticiden
petek  Orneklerinde  streptomisin, tetrasiklin,
kloramfenikol  antibiyotikleri ile  imidacloprid,
tribenuron metil, propargit ve pendimethalin pestisit
kalinti varligi izlenmistir. Analiz sonuglari boélgeden
toplanan peteklerde herhangi bir antibiyotik
kalintisinin  bulunmadidini gostermistir. Pestisitler
acisindan  bakildiginda ise imidacloprid ve
tribenuron metil analizine gore 57 0Ornedin 4
tanesinde pendimethalin seviyesi maksimum kalinti
seviyesi (MRL) duzeyi olan 50 ppb‘nin Uzerinde
tespit edilmistir. Propargit Avrupa Komisyonu
tarafindan yasaklanmig bir akarisittir. Analizi yapilan
57 ornedin 11 tanesinde bu akarisite sinir degerin
Uzerinde rastlanmistir (Saygili 2017).

Arici Kaynakli Kirleticiler

Temel balmumu tabakalarinin igslenmis temel petege
gore daha yuksek kirletici konsantrasyonlari ve daha
fazla bilesik gesitliligi icerdigi bildiriimektedir. Yapilan
bir calismada kirleticiler ile eklenmis saflastinimis
bal mumunun kaynar suyunda tekrarlanan erime,
amitraz ve klordimeform harig, bal mumundaki
kirletici maddelerin gogunun igerigini énemli dél¢cide
degistirmedigi ve bu da kirleticilerin kararli oldugunu
ve saflagtinlmis bal mumunda bulundugunu
gostermektedir (Jiménez v.d. 2005).

ispanya’da bal mumu érneklerinden fizikokimyasal
parametrelerin parafin, stearik asit, karnauba mumu



ve donyagi ile karigimlari tespit etmek icin yrutilen
calismada %5 veya daha ylksek diizeyde karistirma
oldugu belirlenmistir. Arilar tarafindan reddedilen
veya kotu kabul géren temel peteklerde 27 bal mumu
orneginden 25'i en az bir parametre icin anormal
degerler gostermistir (Bernal v.d. 2005). Yine
ispanya’da 2016 yili boyunca toplanan temel petek,
eski petek, dogal peteklerde pestisit icerikleri
incelenmistir. Dogal petekler en az kirlenmeye
maruz kalmigtir. En yogun kalinti eski petek
mumunda tespit edilmistir. Kovan igine uygulanan
mitisitlerin ortalama pestisit ylkine %95'in lizerinde
bir katkisi oldugu bildiriimistir. Akarisit olarak yaygin
olarak kullanilan koumaphos (%100), fluvalinat
(%86) ve amitraz (%83) en sik saptanan bdcek
ilaglandir. Klorfenvinfos %77, akrinatrin %71 ve
flumetrin %54 ve ayrica akarisitler tespit edilmigtir.
Bitkilerde  kullanilan  pestisitlerin ~ frekanslari
klorpirifos igin %40, diklofenthion igin %29,
malathion i¢in %9, fenthion-silfoksit igcin %6 ve
azinfos-metil, karbendazim, etion, hexythiazox,
imazalil ve priproksifen igin %3 dizeylerde oldugu
bildirilmistir (Calatayud-Vernich v.d. 2017).

Bal mumunda coumaphos kalintisi 6zellikle kralice
arilarin gelisimini olumsuz etkilemektedir. Bu konuda
yapilan bir ¢alisma bir kralice hari¢ tim kralice
arilarin 1000 mg/kg coumaphos'un gelisme ve pupa
dénemi agirhgini olumsuz etkiledigi bildirilmistir.
Kralice vyetistirme hicrelerinde coumaphos’un
varligi, alti ayda kolonilerde hala islev goren kralige
sayisinl %75'e kadar azaltabilmistir (Collins v.d.
2004). Bal mumunda akarisitlerin varliginin,
yavrularin hayatta kalmasini olumsuz etkiledigi
bildirilmigtir. Pestisit konsantrasyonu azaldiginda,
hayatta kalma oraninda bir iyilesme olmaktadir.
Parafin mumu icermeyen bal mumu temelinde
gelistirilen, daha  yuksek  Kirletici kalinti
konsantrasyonunda maruz kalan larvalar,
akarisitlerin toksik etkilerine kargi daha savunmasiz
olmaktadir (Medici v.d. 2012).

Belcika'da rastgele 124 bal mumu 6rnedinde
flumetrin kalintisinin saglk riski agisindan analiz
edilmistir. Bal mumu saghiginda flumetrin
kalintilarinin maruz kaldig risk bir tehlike oraninin
hesaplanmasiyla degerlendirilmigtir. Bireysel
tuketim verilerinin eksikligi nedeniyle bal mumu
tuketimi icin olasiliksal yaklasim mumkin olmadigi
ve tahmin edilen en yiksek maruziyet, teorik
maksimum glnlik alim miktarinin %0.1'inden az
oldugu bununda insan sagligi igin higbir risk
olusturmayacagi ifade edilmistir (EI Agrebi v.d.
2019).

Bal mumu glivesi (Galleria mellonella L.) larva
evrelerinde balli, polenli ve yavrulu petekler Gzerinde
beslenirken, bal mumunda da zarara neden olur.
Yapilan bir galismada, eski kabartiimis peteklerden,
temel petek Ureten 4 isletmeden alinan temel
peteklerin, baslangi¢ dizeyleri kalinti miktarlarindaki
degisim  havalandiriima  sonucundaki  kalinti
miktarlari belirlenmistir. Baglangigta ortalama kalinti
miktari, 21.48+3.657 ppb iken, 60 gin havalandirma
sonrasinda 7.97+0.764 ppb, 120 gun sonra
6.22+0.290 ppb ve 180 glin sonra da 5.41+0.332
ppb olarak saptanmistir. Sonug¢ olarak, temel
peteklerin 60 gun havalandirma ile kalinti miktarinin
6nemli dizeyde (P<0,05) azaldigi belirlenmistir
(Bagge 2008).

SONUG

Tarim ve hayvancilikta verimi arttirmak ve Ust
dizeye clkarmak icin son zamanlarda yogun
kullanilan insektisit, herbisit, fungisit ve bakterisitler
kullanildidi bitkiyi korusa da gevrede yarattigi blyuk
kirlilik tUketilecek olan gida Grtnlerinde kalinti olarak
geri donmektedir. Kirleticiler (pestisit, toksinler, agir
metaller, organik kirleticiler) insan saghigi icin buylk
bir sorun haline gelmistir.

Avrupa Ulkelerinde, aricilikta kullanilabilecek izinli
kimyasallar ve asilmamasi gereken limitler (MRL)
bulunmaktadir. Ulkemizde de o&zellikle varroaya
kargi bilingsizce ilag kullanimi  kalinti  riskini
arttirmaktadir. Bu riskin kontrol altina alinmasi
yetkisiz Urtnlerin kullanimina son verilmesi ve bilingli
kullaniimasi ile en aza indirilebilir. Ari Grdnlerinde bir
diger sorun aricilarin eski petekleri bal mumu guvesi
larvalarindan korumak i¢in depolarda kullanilan
ucucu boécek ilaglari ve diger kimyasallari
kullanmalidir. Depolama sirasinda kullanilan birkag
kimyasal fumigant risk kaynagidir. Aricilar bu
bilesikleri kullanmay! biraksalar da, kalintilar yillarca
hala eski peteklerde bulunmakta ve gelecek yillarda
uretilecek urtnlerde kalinti riskinin devamina neden
olabilmektedir.

Kirleticiler ve aricilarin ruhsatsiz ilaglari kuralsiz ve
keyfi uygulamalari kovanda mevcut ari rdnlerinin
absorbe etme 6zelligi nedeniyle sagdlk agisindan risk
olusturmaktadir. Bu nedenle aricilarin Uretimlerini
kimyasal ilaglama alanlarindan uzak bdlgelerde
yapmalari teknik aricilik uygulamalarini kullanmalari
kalinti riskini en ¢ok barindiran bal mumu igin kritik
bir 6énemdedir. Genis kullanim alanlari olan bal
mumu kalinti riski bulundurmamal ve kullananlar
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igin risk ve sliphe tasimamalidir. Kisacas! kovanin
gelecegi ve sagligimiz igin temiz bal mumu Uretimi
ve temiz gevre sarttir.
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oz

Kanser, insan saghgini tehdit eden en 6nemli saglik sorunlarindan birisi olmaya devam etmektedir.
Giinimiizde kanser hastaligini tedavilerinde cerrahi yontemler, kemoterapi, radyoterapi,
immunoterapi, kanser asilar gibi yontemler kullaniimaktadir. Ancak basta kemoterapi olmak lizere bu
tedavi yontemlerinin bazi yan etkilere neden olmasi, dogal uriinlere olan ilgiyi arttirmistir. Ari zehrinin
peptit bilesenlerinden biri olan melittin, kanser tedavisinde kullanilan en 6nemli etken maddelerinin
basinda gelir. Melittinin anti-kanser etkinligi daha 6nce yapilan arastirmalarla gesitli kanser tiirlerinin
tedavisinde pre-klinik olarak test edilmistir. Ancak bu pre-klinik sonuglarin klinige uygulanabilmesi
icin, basta melittinin neden oldugu hemolitik aktivite, spesifik olmayan toksisite ve bozunma gibi
sorunlarin listesinden gelinmelidir. Bu amagla melittinin ¢esitli nanopatrtikiiller ile bir araya getirilerek,
melittinin kanserli hiicreyi hedefleyebilecegi platformlar sunulmustur. Bu derlemede, heniiz ¢ok
giincel ve halen gelistiriimekte olan ari zehri bilegenlerinin ¢esitli kanser tiirlerinin tedavisine yonelik
in-vitro ve in-vivo uygulamalarina dair mevcut literatiir, nanoteknolojik uygulamalar agisindan bir araya
getirilmigtir.

Anahtar kelimeler: Kanser, Ari Zehri, Melittin, Nanoteknoloji.

ABSTRACT

Cancer continues to be one of the most important health problems threatening human health.
Recently, methods such as surgical methods, chemotherapy, radiotherapy, immunotherapy, cancer
vaccines are used in the treatment of cancer. However, the fact that these treatment methods,
especially chemotherapy, cause some side effects, the interest in natural products has incrased.
Melittin, one of the peptide components of bee venom, is one of the most important active ingredients
used in cancer treatment. The anti-cancer efficacy of Melittin has been pre-clinically tested in treatment
of various types of cancer with previous research. However, in order for these pre-clinical results to
be applied to the clinic, problems such as hemolytic activity caused by melittin primarily, nonspecific
toxicity and degradation should be overcome. In this review, the current literature on the in-vitro and
in-vivo applications of bee venom components for the treatment of various cancer types, which are
very current and still under development, are brought together in terms of nanotechnological
applications.

Key words: Cancer, Bee Venom, Melittin, Nanotechnology.
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EXTENDED ABSTRACT

Goal: Anti-cancer activity of bee venom has been
revealed in many different studies from past to
present. Bee venom contains more than 15 different
peptides, among them, the anti-cancer potential of
melittin has been revealed. Due to the lytic structure
of melittin, it affects the healthy cell structure with its
release to the body. In this review, where the cancer
cell-focused release of melittin is targeted, it is
focused on targeting cancer cells by combining
melittin with different nanotechnological platforms.

Discussion: Although the subject of
nanotechnology is still developing and new materials
are discovered in the world, it is quite an innovative
approach to combine such materials with natural
components known to have anti-cancer activity. In
addition, it can be quite difficult to synthesize
nanoparticles and synthesize them together with
melittin, a natural peptide. The research that melittin-
nanoparticle complexes synthesized by overcoming
such difficulties target cancer tissue has been the
subject of this review. Nanoparticles, which are very
current in biomedical use in recent years, have been
brought together with melittin and anti-cancer
activities have been tried to be revealed.

Conclusion: Besides the use of natural products,
the use of active ingredients obtained from natural
products is quite common in chemotherapeutic drug
development  researches. Combining these
components with the nanoparticle is a highly
innovative approach, but the synthesis of these
nanoparticle complexes requires knowledge and
experience. Therefore, multidisciplinary work in
academia and industry is expected to yield much
more productive results in cancer research.

GiRiS
Kanser, dinya c¢apinda en o6nemli saglk
sorunlarindan birisidir. Saghkli hiicrelerin kontrolsiiz
bir sekilde farklilasip gogalmasi sonucu, farkli
dokulara yayilabilen (metastaz) olimcul  bir
hastaliktir. Kanser vakalarina sebep olabilecek pek
cok farkli etken olabilmekle beraber, bunlarin
basinda genetik faktorler gelmektedir. Bu faktorleri
sagliksiz  beslenme ve c¢evresel Kirleticiler
izlemektedir (Frankish, 2003). Bu etkenler tek
basina kanser sebebi olabildigi gibi gogunlukla farkli
etkenlerin bir araya gelmesiyle ortaya cikarlar
(Siegel, Miller, ve Jemal, 2016). Her yil 10 milyondan
fazla yeni hastaya kanser teshisi konulmaktadir.

Diinya gapinda 6limlerin yaklasik %12’lik bir kismini
ise kanser vakalari olusturmaktadir (Frankish,
2003). 2030 yilina kadar yaklasik 21,7 milyon kisinin
kanser dolayisiyla Olebilecegi tahmin edilmektedir
(Torre vd., 2015). Dolayisiyla her gegen glin daha az
yan etkiye sahip olan ve daha etkili tedavi
protokolleri arastiriimaktadir. Kanser hastalarinda
radyasyon tedavisi, cerrahi, kemoterapi,
immunoterapi ve hormon tedavileri kullaniimaktadir.
Bu tedaviler icerisinde kemoterapi halen en etkin
kullanilan tedavi yontemidir. Kemoterapi
uygulamalarinda kullanilan kemoterapdtikler
hastanin immun sistemini baskilamasi nedeniyle gok
ciddi yan etkilere sebep olabilmektedir (Ferlay vd.,
2015; Lai, Visser-Grieve, ve Yang, 2012; Siegel vd.,
2016). Bu durum kanser tedavisinde alternatif
tedavilere yonelimi arttirmistir (Aliyazicioglu, 2019;
Kim, Park, ve Lee, 2019; C. C. Liu vd., 2014; Phan,
2014). Bu anlamda; dogal Urtinlerden elde edilen bir
takim etkin bilesikler kanser tedavisinde umut
vadedici olmustur.

Cesitli canli organizmalarin genellikle kendini
savunmak amaciyla kullanmis oldugu toksinler;
diger organizmalar dldurebilen veya yaralayabilen
protein ve peptitleri igerir. Bu bilesenlerin kanser
Uzerindeki etkisi anti-kanser aktivite olabiliyorken
bazi bilesenleri anjiyogenezi ve timor gelisimini
inhibe edebilmektedir (Orsoli¢, 2012). Bu baglamda
Ozellikle ar1 zehri anti-kanser etkinligi agisindan ciddi
bir potansiyele sahiptir (Aliyazicioglu, 2019; Gajski
ve Garaj-Vrhovac, 2013; Le, Suh, ve Oh, 2019;
Moga, Dimienescu, Arvatescu, Ifteni, ve Ples, 2018;
Orsoli¢, 2012). Bu anti-kanser etki gesitli patolojik
fizyolojik durumlarda ortaya ¢ikan apoptoza bagh
olarak ortaya ¢ikmaktadir (Wong, 2011). Bu slre¢
cesitli  hicresel sinyal mekanizmalarinin etkisi
altinda ortaya ¢ikmaktadir. Ari zehrinin NCI-H1299
akciger kanseri Uzerinde etkisinin arastirildigi
calismada kanserli hlcrelerin apoptoza ugradigi,
COX-2 mRNA ekspresyonun ve PGE2 sentezinin ari
zehri tarafindan inhibe edildigi belirlenmistir (Jang
vd., 2003). Diger bir akciger kanseri hicreleri
Uzerine gergeklestirilen arastirmada, 6lum reseptdru
3 (DR3) ekspresyonu artmasi NF-kB yolaginin
inhibisyonu  ile  apoptotik  hlicre  6limunu
indiklenmistir (Kollipara vd., 2014). Arn zehrinin
prostat kanseri Uzerinde etkileri in-vitro ve in-vivo
kosullarda arastirimasi sonucu NF-kB yolaginin
inaktivasyonu yoluyla kanserli hicre Olumindn
gergeklestigi ileri strtlmistir (Choi vd., 2014). An
zehri ve melittinin SKOV3 ve PA-1 yumurtalik
kanseri hicrelerinde olum reseptorlerinin
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indiksiyonu ve JAK2/STAT3 yolaginin inhibisyonu
yoluyla apoptotik hiicre 6limuna indikledigini tespit
edilmistir (Jo vd., 2012a).

An Zehri

Art  zehri, arilarin  kendilerini  korumak igin
kullandiklari kimyasal bir savunma maddesidir. Ari
zehri, arinin karn boslugunda bulunan zehir
bezinden salgilanir. Oldukga etkili ve karmasik bir
karisim olan bu toksin igeriginde melittin (zehir
iceriginin en blylk bileseni), apamin, adolapin, mast
hiicresi degraniile edici (MCD) peptit, enzimler
(fosfolipaz A2 ve hiyallronidaz) ve ayrica gesitli
farmasotik 6zelliklere sahip olan histamin, dopamin
ve norepinefrin gibi peptit olmayan bilesenleri
icermektedir (Habermann, 1972; Raghuraman ve
Chattopadhyay, 2007).

Melittin ar1 zehri igerisinde en fazla bulunan 26
aminoasitten olusan bir peptittir. Melittinin aminoasit
dizisi Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-
Gly-Leu-Pro-Ala-Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-
Arg-GIn-GIn olarak tanimlanmistir (Gevod, 1984).
Fosfolipaz A2, kuru zehrin %10-12’lik bir kismini
olusturan ylUksek alerjen 06zellie sahip olmasi
dolayisiyla canli hiicre membranini harap etmektedir
(Lad ve Thomas Shier, 1979). Apamin ise en kiigik
norotoksik bileseni olmakla beraber en iyi bilinen
Ozelligi Ca*? ile aktive olan K* kanallarini inhibe
etmektedir (Banks vd., 1979). Adolapin anti-
inflamatuar, agn kesici ve COX inhibitér olmasiyla
bilinmektedir. Ayni zamanda fosfolipaz A2
inhibitéridur (K. Koburova, S. Michailova, 1985).
MCD peptit ise c¢ok dislik oranda histamin
salgilamaktadir. Ote yandan mast hiicrelerini inhibe
etmektedir (Billingham, Morley, Hanson, Shipolini,
ve Vernon, 1973; Habermann, 1972; Hanson,
Morley, ve Soria-Herrera, 1974).

Ar zehri; geleneksel tipta romatoid artrit, multiple
skleroz gibi kronik rahatsizliklarinin yani sira timor
ve cilt hastaliklari da dahil olmak Uzere cesitli
hastaliklari tedavi etmek igin kullaniimaktadir (J.
Chen ve Lariviere, 2010; S. Y. Chen, Zhou, ve Qin,
2018; Senel, Kuyucu, ve Susli, 2014). An zehrinin
kanserin 6nlenmesinde etkili olan hicresel 6lim
mekanizmalarini (apoptozu ve nekroz) tetikledigi
tespit edilmistir (Park vd., 2011). Ari zehrinin in-vitro
ve in-vivo ortamda gerceklestiriimis  olan
aragtirmalarda kanser hucrelerinin gogalmasini ve
timor blyUmesini inhibe ettigi ortaya konmustur
(Huh vd., 2010; Ip vd., 2008; Li vd., 2006; Ling vd.,
2005; Moon vd., 2006; Moreno ve Giralt, 2015;
Or3oli¢, Sver, Verstovéek, Terzié, ve Basié, 2003;
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Russell vd., 2004; Soman vd., 2009; Tu, Wu, Hsieh,
Chen, ve Hsu, 2008). Ari zehrinin kendisi nosiseptif
ve norotoksik olarak etki ederken, glncel
calismalarla beraber ari zehrinin anti-mutajenik, anti-
inflamatuar ve anti-nosiseptif ve anti-kanser etkileri
ortaya konmustur (Huh vd., 2010; Ip vd., 2008; Li vd.,
2006; Ling vd., 2005; Moon vd., 2006; Moreno ve
Giralt, 2015; Orsoli¢ vd., 2003; Russell vd., 2004;
Soman vd., 2009; Tu vd., 2008; Varanda, Monti, ve
Tavares, 1999).

An Zehrinin Anti Kanser Etkisi

Son dénemde kanser arastirmalarinda alternatif ve
dogal drinlerin rolG oldukga artmigtir. Ari zehri timaor
hicresi buyumesini inhibe etmekle beraber,
apoptozu indUkleyerek hicre o6limine sebep
olabilmektedirler. Bu dogal bilesiklerin insan
timorlerinde alternatif bir ilag olarak kullanimi
Uzerine arastirmalar ginden gune artmaktadir
(Gajski, Domijan, ve Garaj-Vrhovac, 2010; Gajski ve
Garaj-vrhovac, 2015; Gajski ve Garaj-Vrhovac,
2008, 2010, 2011; X. Liu, Chen, Xie, ve Zhang,
2002; Orsoli¢, 2012; Orsolic vd., 2003; Orsoli¢ vd.,
2003; Orsolic v.d. 2003a, Orsolic v.d. 2003b , Son
vd., 2007). An zehrinin apoptozu indiklemesiyle
kanser hucrelerinin proliferasyonunu inhibe ettigi
one surlilmids ve bu alanda etkinliginin ortaya
konulmasini amaglayan arastirmalar; meme (Jeong
vd., 2014), hepatoselliiler karsinom (X. Wang vd.,
2015), yumurtalik (Jo vd., 2012b), prostat (Park vd.,
2011), melanom (Tu vd., 2008), akciger (Choi vd.,
2014), 16semi (Moon vd., 2006) ve servikal (OrSoli¢,
2009) kanser tlrlerinde ortaya konmustur.

Ari zehrinin anti-kanser 6zelligi bilinmesine ragmen
nano-platformlar ile bulusturularak doku ya da organ
spesifik kullanimina yénelik sinirli sayida galisma
bulunmaktadir (Biniecka vd., 2017; Daniluk vd.,
2019; H. Liu vd., 2019; Qi vd., 2019; Rady vd., 2017).

Anti Kanser Tedavi ve Nanomalzeme

Bircok canlinin kendini korumak amaciyla Uretmis
oldugu, farmakolojik olarak aktif peptit ve proteinler
biyoteknoloji ve genetik muhendisliginin
gelismesiyle, terapdtik ila¢ tedavisi icin iyi bir aday
olmustur. Bu ilaglarin oral yolla uygulanmasinda
ilacin bir kismi sindirim sisteminde pargalanarak
elimine oldugundan beklenen etki
saglanamamaktadir. Bu etkiyi azaltabilmek ya da
ortadan kaldirabilmek amaciyla lipozom,
mikroemulsiyonlar, mikropartikil tasiyicilar ve
nanopartiktller kullaniimaktadir. Diger yandan
nanopartikullerin polimer yapisi ilaci dis etkenlerden



koruyarak salinimini kolaylastirmaktadir (Yang, Cui,
Shi, Cun, ve Wang, 2009). Nanopartikiller
aracihgiyla; ila¢ saliniminda ilacin bozunmasi, gesitli
toksik olabilecek etkileri ya da dusuk terapdtik
etkinlik gibi bir takim sorunlar asilabilecektir
(McClements, 2018; Muhamad, Plengsuriyakarn, ve
Na-Bangchang, 2018; Riley ve Vermerris, 2017; L.
Wang, Zheng, ve Xie, 2018).

Nanopartikillerin kanser tedavisinde kullanimi pek
gok farkh yaklagimla arastinimaktadir (Peer vd.,
2007; Yezhelyev vd., 2006). ideal bir nanotasiyic,
melittin gibi sitolitik 6zellik gosteren peptitlerin
sitotoksisitesini glvenli bir gekilde iletmek icin
koruma yetenegdine sahip olmakla kalmayacak, ayni
zamanda nanopartikillin kullanim oranini ve anti-
kanser verimliligini artirmak igin fizikokimyasal
Ozellikleri optimize edecektir (Huang vd., 2013).

Bal arisi zehrinden elde edilen melittin, membran
yapisini fiziksel ve kimyasal olarak bozar ve hicre
membraninin gegirgenligini arttinr (Soman vd.,
2009). Melittin hiicre zarinin fosfolid yapisini
eriterek, hizlica hlcre igerisine tasinir, organel
zarlarini deforme eder ve biyokimyasal degisikliklere
sebep olabilir (Soman vd., 2009). Melittinin
lipofilikligini arttirmak i¢cin sodyum dodesil siilfat
(SDS) ile birlestiriimis ve melittin/SDS kompleksinin
fizikokimyasal ve biyolojik 6zellikleri meme kanseri
hiicresi MCF-7 (izerinde MTT (3- (4,5-dimetiltiyazol-
2-il) -2,5-difenil tetrazolium bromdar) yontemi ile test
edilmigtir. Bu c¢alismada melittin ve Mel/SDS
arasinda anlaml bir fark tespit edilememistir (Yang
vd., 2009).

Diger bir yandan farkli bir nanopartikilden
faydalanilan arastirmada; sitolitik peptitler ve
standart kemoterapdtik ilaglarla kombine terapisinin
sinerjik etkili olabilecedi nanoemdulsiyon-peptit
kompleksi arastiriimistir. Bu kompleks spesifik
olmayan amfipatik peptit melittini bir perflorokarbon
nanopargacigin dis lipid tek tabakasina dahil
edilerek sitolitik peptitler icin bir nano odlgekli salinim
araci gelistiriimesi amaclanmistir. Perflorokarbon
nanopartikulleri gibi sentetik nano dlgekli araclarin,
hem yerlesik kati timorleri hem de prekanser6z
lezyonlari oldirmek igin esnek, pasif ve aktif
molekiler hedefleme ile gugli bir sitolitik peptit
(melittin) modeli saglayabildigi gosterilmistir (Soman
vd., 2009).

Kanser tedavilerinde yeni yaklagimlardan birisi olan
tam (complete) ya da pargalanmis (fragmentated)
antikorlarin lipozomlara konjuge edilmesi araciligiyla
ilaglarin neden oldugdu yan etkiler azaltilabilmektedir.

Bu amagla; kotu prognozlu meme ve yumurtalik
kanserlerinde kullanillan ilaglardan birisi olan
transtuzumab, insan epidermal blylime faktorini
(HER2) hedeflemektedir. Transtuzumab tasiyan ve
melittin iceren pegile immuinolipozomlar insan
epidermal bliyime faktorini (HER2) hedefleyerek,
HER2 ekspresyon seviyelerinde korelasyon halinde
azalma tespit edilmistir (Barrajon-Catalan vd., 2010).

Melittin bazi kanser tedavilerinde 6zellikle in-vivo
uygulamalarda hiicre zarini pargalayici (sitolitik)
etkisinden 6tlrl kan hicrelerinde hemolize sebep
olabilmektedir. Hemolitik etkiyi  azaltabilmek
amaciyla hedef proteine odaklanan antikorlar ile
konjuge edilen melittin formilasyonu ¢6zim
olmustur. Bu konjugasyonlarin lipozom ile
olusturulmasi fosfolipid iki tabakali membranlar
melittin  tarafindan  bozulabilecedi igin uygun
olmamistir. Arastirma verilerine goére R-melittin
pozitif yikinin ve sitotoksisitesinin ¢ok kigik lipit
nanopartiktller icinde basarii  bir  sekilde
korundugunu ortaya koymustur. R-melittin damar igi
enjeksiyon yoluyla uygulanmasiyla tumor
blylimesini inhibe ettigi ortaya konmustur (Huang
vd., 2013).

Kanser dokusunun hedeflendigi arastirmalarda
dolasima verilen etken maddenin etkin bir sekilde
ulastirilabilmesi icin arastirmalar devam etmektedir.
Bu aragtirmalardan nano Olgekli dlizeyde, sert
cekirdekli misel (RCM) sistemleri amfifilik PS67-b-
PAA27 (polistiren-b-poliakrilik asit) (PRCM) veya
fosfolipidler (lesitin PC) (LRCM) ile kapsulleme
yapiimigtir. In-vitro deneylerde meme kanseri hiicre
hatlari MDA-MB-231 ve MCF7 kullaniimistir.
Melittinin lipid kapstllenmis (Lipobee) ve polimerik
kapsullenmis  (Polybee) formilasyonlari  hicre
sitotoksisite deneyleri MTT (3- (4,5-dimetiltiyazol-2-
i) -2,5-difenil tetrazolium bromdr) testi ile
gerceklestirimis ve sonugta Lipobee, kapsule
edilmemis melittine kiyasla 6nemli Olgide daha
yuksek anti-kanser etkinlik gostermistir (Misra, Ye,
Kim, ve Pan, 2015).

Jallouk’un 2015 yilinda gergeklestirdigi
arastirmasinda tiumoér dokusunda asiri eksprese
edilen 6nemli bir proteaz matris metalloproteinaz-9
(MMP-9) tarafindan aktive edilebilen bir melittin
tirevi sentezlemistir, bu melittinin perflorokarbon
nanopartikiller Uzerinde ylUklenmesi saglanmistir.
Bu sayede daha 6nceki arastirmalarda karsilagilan
sistemik uygulama zorluklari ve zayif farmakokinetik
Ozelliklerinin sebep oldugu olumsuzluklar ortadan
kaldirilabilecektir. In-vivo denemelerinde melanom
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fare modelinde damar i¢i uygulanmis ve timor
biyime oranini énemli dlgide azalttigr tespit
edilmistir. Nanopartiklllere bagh ilag doért kat daha
hizli bir sekilde MMP-9 aktivasyonunu saglamistir
(Jallouk 2015).

Mellitinin hemolitik etkisini dolagimda da gostermis
oldugu igin bu sorunun Ustesinden gelebilmek ve
ayni zamanda da etkisini kaybetmeden kanserli
dokuya ulasabilmesini  sadlamak amaciyla
arastirmalar devam etmektedir. Bei ve ark. 2015, bu
ikilemi ortadan kaldirmaya yénelik Snemli bir gelisme
kaydetmislerdir. Zitteriyonik glikol kitosani disulfir
bagi ile bir araya getirerek mellittin tasinimi
saglamaya calismigtir. Zitteriyonik  6zelligi
dolayisiyla suksinik anhidrid modifiye glikol kitosan
(SA-GCS) fizyolojik pHda negatif yiklenirken,
melittin pozitif ylklenir ve birlikte kompleks bir yapi
olusturabilirler. Bu yapi hava oksidasyonu ile daha
da stabil bir hal alir. Bu formilasyonlar HCT-116
kolon kanseri hiicresi, MCF-7 meme Kkanseri
hicreleri, SKOV-3 yumurtalik kanseri hiicrelerinde
uygulanmis ve 6zellikle kolon kanseri hicrelerinde
(HCT-116) 5 uM'lik konsantrasyonu %100 etKkili
bulunmustur. Bu arastirma sonucu melittinin
dolasimda neden oldugu hemolitik etki biylik oranda
ortadan kaldiriimistir (Bei, Bindu, Remant, ve
Peisheng, 2015).

iran bal arisi zehrinden melittin saflastirimis ve akim
sitometri analizi sonuclarina goére, melittinin 1
ug/ml'den daha yiiksek konsantrasyonlarda servikal
kanser hucrelerinde apoptozu indukledigi tespit
edilmistir (Zarrinnahad vd., 2018).

ilag salinimindaki zorluklari asmak amaciyla pek gok
farkli  nanopartikil kullaniimakla birlikte son
zamanlarda iki boyutlu nanopartikillerin ilag
saliniminda kullanimi gindeme gelmistir. Karbon
nanopartikillerinin  biyouyumlulugu ve  kuguk
boyutlari sayesinde biyomedikal alanda kullanimi
artmaktadir. Grafen oksitli nano tasiyicilar, kanser
ilaci, doksorubisini dogrudan hucrenin ¢ekirdegine
iletmek icin kullaniimistir (Zhou, Zhou, ve Xing,
2014). Nanodiamond aracili doksorubisinin meme
kanserinin akciger metastazini inhibe ettigi tespit
edilmistir (Xiao vd., 2013). Diger taraftan karbon
nanopartikullerinin, in-vitro hdcre kaltirinde glioma
hucreleri Gzerinde litk ajan olan melittin ile
nanopartiktller —aracih  salinimi arastirilmistir.
Melittinin ~ U87 insan glial tumo6r hicresi
hedefleyebilmesi amaciyla saf grafen (GN),
nanografen oksit (nGO), grafit (G), nanodiamond
(UDD) ve hiyerarsik nanopordz karbonlar (HNC'ler)
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kullaniimigtir. Bu arastirma sonucunda UDD, GN ve
nGO nanopartikilleri melittine kiyasla ¢ok daha
oldurict olmakla beraber karbon nanopartikillerin
kanser tedavisinde kullanimi igin umut verici oldugu
tespit edilmistir (Biniecka vd., 2017).

Meme kanseri hiuicre hatti (MCF-7 ve MDA-MB-231)
Uzerinde  gerceklestirlen  arastirmada  nano
partiklllerin kanser hicreleri Uzerindeki etkileri
ortaya konmustur. Bu amagla grafen oksit, saf
grafen ve elmas kullaniimistir. Arastirmada gegirimli
elektron mikroskopisi, zeta potansiyeli élgimleri ve
hicre  canhlig ve membran butlnlagu
degerlendirilmistir. Sonugta nano grafen oksit ile
melittin kompleksinin melittine gdre daha gucli
toksik etkiye sahip oldugu ortaya konulmustur.
Grafen oksit, saf grafen ve elmas ve melittin
kompleksleri melittine kiyasla nekroz seviyesini
azaltmig fakat tamamen ortadan kaldirmamigtir
(Daniluk vd., 2019).

Diger bir glincel arastirmada ise grafen oksit (GO)
bazli manyetik nanokompozitlerin (PEG-GO-Fe304)
ve PEG-GO-Fe304/MEL kompleksleri insan rahim
agzi kanseri Hela hicrelerinde incelenmigtir.
Sonucta PEG-GO-Fe304/MEL'in HelLa hiicreleri
Uzerindeki toksik etkisini belirgin  bir sekilde
artirmakla kalmayip ayni zamanda hicre zarinda
hicre lizisi yaparak por olusumuna neden olmustur
(Qivd., 2019).

Nanopartikil aracihidi ile kanser tedavisinde farkh bir
yaklasim olan  fototermal terapi (FTT),
nanomateryallerin fotosensisitizator olarak
kullanilarak reaktif oksijen tirlerinin (ROS) Uretilmesi
araciligiyla immunojenik hicre  6lumadur.
Glioblastoma tedavisine yonelik dusik toksisite ve
yuksek biyouyumlulugu olan, fototermal kanser
tedavisin hedeflendigi arastirmada, Melittin-RADA32-
Indocyanine green (ICG) hidrojel (MRI hidrojel)
sentezlenmistir. Bu ¢alismada, glioblastomalarin
FTT'si icin peptit hidrojel omurgasinda mellitin ve
hidrojel matrisinde ICG igceren yeni bir Melittin-
RADA32-Indosiyanin yesili (ICG) hidrojel (“MRI
hidrojel”) sentezlenmistir. C6 glioma hiicresinde in-
vitro ve in-vivo analizleri gerceklestirilen arastirmada
sitotoksik 6zellikleri karsilastiriidiginda yakin 6zellik
goOstermistir. In-vivo analizlerinde MRI hidrojeli
uygulanan  hayvanlarda  biyodagilimi,  timor
baydklugu, PAT goéruntlleri analiz edilmigstir.
Sonugta MRI hidrojeli gruplarn kontrol gruplarina
kiyasla tim&r boyutunu ve timor reklrrens oranini
Onemli olglide azalttigr tespit edilmistir (Jin vd.,
2017). Aljinat, biyouyumluluk, digik immunojenite



ve suda ¢ozunulrluk gibi énemli biyolojik 6zellikleri
nedeniyle kanser tedavisinde alternatif bir tasiyici
olarak 6nem kazanmistir. Bu ¢alisma aljinattan bir
oligopeptid-yan zincirinin turetilmesinin melittin icin
spesifik bir baglanma yeri sundugunu ve kanser
kemoterapisinde daha etkin rol alabildigini
goOstermistir (Wattanakul vd., 2019a). Bu alanda
gelistirilen oligopeptit-aljinat nano partikullerine,
melittinin  yUklenmesi ile doksorubisin yukleme
etkinligi iki kattan fazla attirabilmistir. Bunu test
etmek amaciyla Caco-2 hicresinde 2.5 uM serbest
melittin uygulanmis ve neredeyse higbir etkinlik
gOstermemisgtir. Bu oligopeptit-aljinat
nanopartikillerine  melittinin ~ yuklenmesi  ile
hiicrelerin %80’'inden fazlasi 6Imistir. (Wattanakul

vd., 2019)

SONUG VE ONERILER

Kanser biyolojisi arastirmalarindaki ilerlemelere
ragmen kanser halen yaygin ve 6lumcul bir hastalik
olmaya devam etmektedir. Gincel tedavilerde
karsilasilan  sorunlarin  basinda ise tedavi
yontemlerinin kanser hUlcresinin yaninda normal
saglikh hucreyi de olumsuz etkilemesidir. Bu
nedenle de kanser tedavilerinde yeni yaklagimlara
ihtiyag duyulmaktadir. Nanopartikullerin biyomedikal
anlamda kullanimi son glnlerde kanser tedavisinde
umut vadeden bir yaklagimdir.  Teknolojik
yontemlerin yani sira dogal UrUnlerin kullanimi da
kanser hastalarinin tercih ettigi yaklagimlardir.

Melittin bal arisi zehrinden elde edilen dogal bir
arinddr. Ayrica yapilan galismalara gore potansiyel
bir anti-kanser ajandir. Ancak mellitinin in-vivo ve in-
vitro olarak dogrudan uygulamasi bazi olumsuz
sonuglari dogurmustur. Bunu ortadan kaldirmak icin
melittin lipozoma konjuge edilmis ya da lipozom
icerisine gdomulmastir. Bu arastirmalar sonucu
melittinin anti-kanser etkinligi artirilirken melittinin
lipofilikliginin artirimasinin hedeflendigi arastirmada
herhangi bir degisiklik tespit edilememistir. Ote
yandan melittin, grafen ve turevleri gibi iki boyutlu
nanopartikullere tutturularak olusturulan
komplekslerinde anti-kanser etkinligi oldukga fazla
artmistir. Kanser tedavisinde kullanilacak melittin iki
boyutlu nanopartikiller ile birlikte uygulandiginda
terapotik etkinligi arttirlabilecek hatta kemoterapotik
ajan olarak kullanimi Onerilebilecektir. Pek ¢ok
kemoterapdtik ajan gibi melittin hicre o6liminde
etkili olup kanser metastazinin durdurulmasi ve
invazyonunun  Onlemesinde  etkili  olmustur.
Nanopartikdllerin belli dalga boylarinda

fotosensitizator 6zelliginden faydalanilarak kanserli
hiicreleri hedeflemesi ve reaktif oksijen turleri (ROS)
Ureterek hicre 6lumune sebep oldugu bilinmektedir.
Bu arastirmalara en glincel yaklasim ise
nanopartiktlin etkinligini arttirmak Gzere mellitin ile
iki boyutlu fototermal o6zellik gdsteren iki boyutlu
nanopartikilin bir araya getirilerek hem spesifik
Isima alaninin olusturuldugu hem de hemolizin
Onlenebildigi konjugasyanlar olusturulmustur. Bu
konudaki  arastirmalar  yenilikgi iki  boyutlu
nanopartiktllerin  kullanimi ile terapdtik etkinligi
arttinlabilecek hatta kemoterapdtik ajan olarak
kullanimi  onerilebilecektir.  Sonug¢ olarak, bu
derlemede melittin ve nanopartikil kombinasyonlari
kullaniminin, saglikli  hucreye zarar vermeden
kanser hiicresini hedefleyebilecegi bdylece melittinin
terapdtik etkinligi artirabilecedi ortaya konmustur. Ari
zehrinin ~ batincul  olarak veya igerisindeki
bilesenlerin  (melittin, apamin vb.) ayn ayn
nanoteknolojik yontemler ile daha fazla calisma
yapilarak arastiriimasi gerekmektedir.
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oz

Bal arilar, dogal ekosistem ve tarimsal alanda tozlasmada olduk¢a 6nemli rol oynarlar. Patojenler
(Parazit, mantar, viriis ve bakteriler), ekosistem degisikligi ya da kayiplari, zirai kimyasal kullanim gibi
birgcok biyotik ve abiyotik stres faktorii tek basina ya da birlikte ari kolonisinin, saglik ve yagsamini
olumsuz olarak etkilemektedir. Tiim bu faktorler arilarin bagisiklik sistemini etkileyerek savunma
mekanizmalarini degistirir. Bal arilan kendilerini infeksiy6z ve paraziter etkenlere kargi korumak igin
fiziksel bariyerler, genellesmis hiicresel ve humoral immiin yanittan olugsan dogal bir immiin sisteme
sahiptir. Patojenler, akarisitler, fungisitler, herbisitler ve diger bocek ilaglari ari bagisiklik sistemini ve
dolayisiyla ari saghgini etkiler. An bagisiklik sisteminin savunma mekanizmalari sinyal yollarini,
patojen tanima reseptorlerini ve dogal bagisiklik sistemi efektorlerini icerir. Bal arisi kolonilerindeki,
salgin infeksiyon riski, bireysel ve sosyal bagisiklik ile azaltilir. Her iki bagisiklik turii birlikte cesitli
diizeylerde hastaliklardan korur, olusan paraziter ya da diger infeksiyoz hastaliklara kargi immun yanit
olusmasinda 6nemli rol oynarlar.

Anahtar Kelimeler: Bal Arisi, Patojen, Bireysel Bagisiklik, Sosyal Bagisiklik

ABSTRACT

Honey bees play an important role in pollination in the natural ecosystem and agricultural field. Many
biotic and abiotic stress factors such as pathogens (parasites, fungi, viruses and bacteria), ecosystem
changes or losses, use of agricultural chemicals, alone or in combination, adversely affect the health
and life of the bee colony. All these factors affect the immune system of the bees and change their
defense mechanisms. Honey bees have a natural immune system consisting of physical barriers,
generalized cellular and humoral immune response to protect themselves against infectious and
parasitic agents. Pathogens, acaricides, fungicides, herbicides and other pesticides affect the bee
immune system and hence bee health. Defense mechanisms of the bee immune system include
signaling pathways, pathogen recognition receptors and innate immune system effectors. The risk of
epidemic infection in honey bee colonies is reduced by individual and social immunity. Both types of
immunity protect from diseases at various levels and play an important role in the formation of immune
response against parasitic or other infectious diseases.

Keywords: Honey Bees, Pathogen, Individual Immunity, Social Immunity

EXTENDED ABSTRACT themselves against infectious and parasitic agents.
Pathogens, acaricides, fungicides, herbicides and
other pesticides affect the bee immune system and
hence bee health. Defense mechanisms of the bee
immune system include signaling pathways,

Goal: Honey bees have a natural immune system
consisting of physical barriers, generalized cellular
and humoral immune response to protect
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pathogen recognition receptors and innate immune
system effectors. Honey bees have an innate
immune system also known as individual immunity.
This system is physical barriers and cellular and
humoral immunity that play a role in defense against
a wide variety of infectious and parasitic
microorganisms. In addition to various pathogens
that affect bees and stimulate the immune system,
xenobiotics such as acaricides, fungicides,
herbicides and pesticides are also effective on bee
health and immune system. Defense mechanisms
include signaling pathways, pathogen recognition
receptors, and innate immune system effectors. In
order to make bees stronger on their own, these
natural defenses should be supported, focusing not
only on a single resistance trait, but also focusing on
the selection of breeds with many traits such as
productivity and resistance traits (e.g. hygienic
behavior, grooming, propolis picking). For these

various characteristics, rapid and effective
evaluation methods of colonies should be
developed.

Discussion: The first response of individual

immunity is to distinguish between foreign and self.
The bee immune system distinguishes infectious
agents by recognizing specific proteins present in
each pathogen type. The innate immune system of
insects includes a variety of responses, including
production and secretion of antimicrobial peptides,
phagocytosis and pathogens disruption,
melanization and encapsulation. When combined
with physical barriers, humoral defense mechanisms
and different cellular processes, they act together to
neutralize parasites, pathogens and xenobiotics,
forming a powerful defense. Pathogens and
xenobiotics must first cross the physical barriers of
honey bees such as the exoskeleton, tracheal tubes,
and intestinal mucosa. Bees have basic and natural
defenses such as enzymes and hematocytes readily
available in hemolymph. Cellular immunity is
provided by hemocytes, which are cells carried by
hemolymph that perform processes such as
phagocytosis, encapsulation and melanization.
Humoral immune response is the second category
of innate immunity and is the most important defense
system of insects including honey bees. It is
mediated by chemicals and antimicrobial peptides
(AMPs). These are small, highly conserved proteins,
usually between 12 and 50 amino acids, produced in
response to bacterial and fungal infections and
released into insect hemolymph but can be
synthesized during viral infections. As social insects,
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in honey bee colonies, colony individuals cooperate
and form superoganisms by displaying collective
behavior to combat factors. The term "social
immunity" is used to describe the colony level
disease protection achieved through the collective
defenses of colony members. These defenses
include behavioral, organizational, and physiological
components.

Conclusion: The risk of epidemic infection in honey
bee colonies is reduced by individual and social
immunity. Both types of immunity protect from
diseases at various levels, and play an important role
in the formation of immune response against
parasitic or other infectious diseases. There are two
types of immune systems in developed vertebrates:
natural and acquired immunity. While both act
against pathogens, the only line of defense in insects
such as honey bees is natural immunity. There are
several natural lines of immunity against foreign
pathogens at the individual level. Physical and
chemical barriers consisting of peritrophic
membranes lining the digestive system, the
exoskeleton cuticle, are the first lines of defense that
prevent pathogens from adhering and entering the
body.Social immune processes practiced by honey
bees include nest hygiene, secretion of antiseptic
compounds to reduce or prevent disease, the
collection of plant-derived compounds that improve
colony health, thermoregulation changes associated
with disease detection and control, and defensive
behaviors to protect the nest. We will talk about the
immun systems of honey bee from infections play a
role.

GIRIS
Bal arilari, dogal ekosistem ve tarimsal alanda
tozlasmada oldukga 6nemli rol oynarlar (Evans v.d.
2018). Son yillarda dinyada ari populasyonu ve
koloni kayiplari artmigtir. Patojenler (parazit, mantar,
virls ve bakteriler), ekosistem degisikligi ya da
kayiplari, zirai kimyasal kullanimi gibi bir¢ok biyotik
ve abiyotik stres faktorl tek basina ya da birlikte ari
kolonisi saglik ve yagsamini olumsuz olarak
etkilemektedir. Tidm bu faktorler arilarin bagisiklik
sistemini etkileyerek savunma mekanizmalarini
degistirir (Brutcher v.d. 2015, Li v.d. 2018, Larsen
v.d. 2019).

Tarih boyunca insektler, insan gibi omurgalilardan
farkli olarak guglli ve etkili bir immin sistem
gelistirmistir. Insektlerin  cesitli patojenlerle



micadele eden essiz bagisiklik sistemi, onlari
dunyadaki en cesitli ve basarili hayvanlar haline
getirmistir. insan dahil omurgalilar, 'immiinolojik
hafiza' ile hem dogustan hem de uyarilabilir
bagisikliga sahipken, insektler antikor Uretme
yetenegdine sahip degildir. Antijenik hafiza eksik gibi
gorinse de insektler, patojenlere kargl spesifik
olmayan bagisiklik reaksiyonlari ile karakterize
dodustan gelen bagisikiga sahiptir. insektlerdeki
savunma mekanizmasl hlcresel ve humoral
bagisikhiktan olusur (Evans ve Armstrong., 2005,
Schmid v.d. 2008, Wilson-Rich v.d. 2008).

Bal arisi kolonilerindeki, salgin infeksiyon riski,
bireysel ve sosyal bagisiklik ile azaltilir. Her iki
bagisiklik  tarG  birlikte  c¢esitli  dlzeylerde
hastaliklardan korur, olusan paraziter ya da diger
infeksiydz  hastaliklara  karsi  immun  yanit
olusmasinda 6nemli rol oynarlar (DeGrandi-Hoffman
ve Chen 2015, Larsen v.d. 2019).

BIREYSEL BAGISIKLIK

Bal arlar kendilerini infeksiydz ve paraziter
etkenlere karsi korumak igin fiziksel bariyerler,

genellesmis hlcresel ve humoral immun yanittan
olusan dogal bir immun sisteme sahiptir.

Patojenler, akarisitler, fungisitler, herbisitler ve diger
bocek ilaglari ari badisiklik sistemini ve dolayisiyla
art  saghgini etkiler. Ari bagisikhk sisteminin
savunma mekanizmalari sinyal yollarini, patojen
tanima reseptorlerini ve dogal bagisiklik sistemi
efektorlerini igerir. Apis mellifera (A. mellifera)’nin
bagisiklik sistemi Drosophila sineklerine ve
Anopheles sivrisineklerine ¢ok benzese de, bu
cinslerde tanimlanan bagisiklik sistemi genlerinin
sadece Ucte birine sahiptir. Bu nispeten disuk
saylda gen, muhtemelen A. mellifera'nin sosyal
bagisiklik gelistirmesinin bir sonucudur. Sosyal
badisiklik savunma stratejisi, arlarin bireysel
bagdisiklik sistemi Uzerindeki baskiyi azaltir.

Gelismis omurgalilarda dogal ve kazanilan
bagisiklik olmak Uzere iki tip immun sistem vardir.
Patojenlere kargi her ikisi de etki gosterirken bal arisi
gibi insektlerde tek savunma hatti dogal bagisikliktir
(Larsen v.d. 2019). (Tablo 1)

Tablo1. insektler ile yiikksek omurgalilardaki dogal bagisikigin ézellikleri (Larsen v.d. 2019)

Table1. Features of natural immunity in higher vertebrates by insects

Ozellikler insektler Gelismis omurgahlar
(Apis mellifera)
Spesifiklik Akraba mikroorganizma gruplarinin ortak Akraba mikroorganizma gruplarinin
yapilarina spesifiktir ortak yapilarina spesifiktir
Reseptor Gesitliligi | Sinirli Sinirli
Hafiza Onemsiz Onemsiz

Self reaksiyon Non-spesifik yan zarar

Non-spesifik yan zarar

Humoral efektor
komponentleri

Antimikrobiyal peptitler, tioester baglanti
proteinleri, melanizasyon ve pihtilasma proteinleri

Tamamlayici sistem. Sitokinler.
interferon sistemi. Kemokinler.

Akut faz proteinleri. Pihtilagsma
sistemi

Hiicresel efektor
komponentleri

Fagositler
Hemositler

Makrofaj

Dentritik hiicreler
Noétrofiller

Dogal bagisiklik lenfositleri
Mastositler

Bireysel duzeyde yabanci patojenlere karsi birkag
dogal immunite hatti vardir. Dis iskelet kitikulasi,

sindirim sistemini kaplayan peritrofik
membranlardan olusan fiziksel ve kimyasal
bariyerler, patojenlerin vicuda yapismasi ve

girmesini engelleyen ilk savunma hatlaridir (Evans
v.d. 2006*, Barribeau v.d. 2015, DeGrandi-Hoffman
ve Chen 2015, Negri v.d. 2019). Parazit ya da
patojenler, fiziksel ve kimyasal korunma
sistemlerinden gecerse bal arilari ikinci bir savunma
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hatti olan hucresel ve humoral bagdisiklik tepkileriyle
kendilerini koruyabilirler (Barribeau v.d. 2015).
Bireysel immunitenin ilk tepkisi yabanci ve
kendinden olani ayirt etmektir. Ari immudn sistemi;
infeksiy6z etkenleri, her bir patojende mevcut olan
spesifik proteinlerini  taniyarak ayinr.  Arilar,
hemolenfte hazir bulunan enzim ve hemositler gibi
temel ve dogal savunmalara sahiptir (Strand 2008,
Larsen v.d. 2019).

Insektlerin dogustan gelen bagisiklik sistemi,
antimikrobiyal peptitlerin Gretimi ve salgillanmasi,
fagositoz  ve patojenlerin imha edilmesi,
melanizasyon ve kapsulleme dahil olmak Uzere
cesitli tepkiler igerir (Hoffmann 2003).

Fiziksel ve Mekanik Korunma Sistemleri

Fiziksel bariyerler, humoral savunma mekanizmalari
ve farkl hiicresel siireglerle birlestiginde, parazitleri,
patojenleri ve ksenobiyotikleri nétralize etmek icin
birlikte hareket ederek gugli bir savunma
olustururlar. Patojenler ve ksenobiyotikler ilk énce
bal arilarinin dis iskelet, tracheal tipler ve intestinal
mukozasi gibi fiziksel sistemleri asmaldir. Ozellikle
virUsler, Varroa ile tasinir ve bu sistemlerden
rahatlikla gegebilirler (Larsen v.d. 2019).

Cogu zaman an kitikulasi ve epiteliyal katmanlar
gibi mekanik savunma sistemleri, patojenlerin
vicuda yapismasini ve girmesini 6nler. Ari kitikulasi
oldukga gUglu ve suya dayaniklidir. Bu gugli katikula
zarar goérmedigi slrece birgcok patojeni tutabilir.
Trachea bile su gegirebilen kitikula ile kaphdir.
Kitikula yaralanirsa, agiga ¢ikan hemolenf (insekt
vicut boslugunu dolduran sivi, hem “kan” hem de
hiicre ici lenf iglevi gorlr, ancak oksijen tasimaz)
memelilere benzer sekilde hizla pihtilagir. immun
sistem hucreleri (hemosit) yara kenarindan
patojenleri icine alir, sonra fenoloksidaz enzimi ile
kimyasal asama baglatilir, hareketsiz ve gecirgen
olmayan bariyer olusturulur. Bu yapi ar vicut
thylerinin kiriimasina, hemolenfin agiga ¢ikmasina
ve dogal olarak da patojenlerin 6zellikle de virUslerin
vicuda girmesine neden olur (Crailsheim ve
Riessberger-Gallé 2001, Hoffmann 2003, Larsen
v.d. 2019).

Arinin en zayf fiziksel savunma sistemi, dig
dinyadan gelen sayisiz patojenin bulundugu ari
bagirsagidir. Agizdan mideye kadar olan sindirim
sistemi, patojenler bu bdlgeye yapistiginda
degisebilen bir kiitikulaya sahiptir. insekt bagirsag
peritrofik membran olarak isimlendirilen i¢ kollardan
olugan kitindz bir yapi ile korunur. Ari bagirsak

235

[imeni; hafif asidik yapida, epitelyum hicreleri
tarafindan Uretilen sindirim enzimleri, savunma
peptidleri ve baglayici proteinler ile patojen
baglanmasini engelleyici etki gosteren fiziksel,
kimyasal ve mekanik savunma sistemleridir
(Crailsheim ve Riessberger-Gallé 2001, Haine v.d.
2008, Wilson-Rich v.d. 2008).

Ari larvalarinda midgut (mide) ve malpighi tupleri
arka bagirsaga bagh degildir. Bu nedenle sindirim ve
nitrojenli metabolik kalintilar vicutta depolanir,
boylece larvalarin etrafindaki gidalan fekal
kontaminasyondan korunur. Larvalar beslenme
periyotlarini tamamladiktan sonra ve prepupa
doéneminden 6nce mideleri ile malpighi tipleri fekal
materyali atmak icin ands ile bir baglanti olusturur.
Larvalarin sindirim sistemindeki bu anatomik
degisiklik hijyen saglar ve gidalarin
mikroorganizmalar i¢in Ureme alanina dondsmesini
Onler. Prepupal dénemden o6nce, mide ve arka
bagirsak arasinda baglanti olmamasi sonucu olugan
sindirim sistemindeki anaerobik kosullar, genc¢
larvalarin yagh larvalardan ¢ok daha direngli
olmasini saglar.

Larva sindirim sistemi, vejetatif bakteri formlarinin
bdyimesi igin uygun degildir. Larva gelistikge,
ventrikllin i¢ yuzeyini kaplayan peritrofik zar
kalinlagir ve bu da vejetatif bakteri formlarinin yasli
larvalar igin enfektif hale gelmesini 6nler (Silici 2011,
Geng ve Geng 2019).

Hiicresel immiinite

Patojenlere karsi korunmada immidn sistem
hicrelerinin rol aldigi bagisikhik taradur. Hicresel
bagisiklk, fagositoz, kapsilleme ve melanizasyon
gibi islemleri gergeklestiren hicreler olan hemositler
hemolenf tarafindan tasinir (Strand 2008).

insektlerde hemositler, tiikiiriik bezleri ve viicut yagi
gibi bagisiklik sisteminin eriyebilir diger efektor
kaynaklari ile birlikte antimikrobiyal peptitler gibi
humoral efektérleri sentezler ve depolar. Hemositler
ayrica patojenlerle savagmak igin protein Uretir bu da
yiksek omurgalilardaki karacigerin fonksiyonel
analogudur (Gillespie v.d. 1997, Brown ve Gordon
2003, Korayem v.d. 2004, Lemaitre ve Hoffmann
2007, Larsen v.d. 2019).

Hicresel mekanizma infeksiydz ya da yabanci
ajanlarin elimine edilmesinde 6nemli rol oynar,
hemositler bu patojenleri  fagosite  ederek,
parcalayarak ya da ndétralize etmek igin yutarak
etkisiz hale getirir (Strand 2008, Marmaras ve
Lampropoulou 2009).



Kiglik yabanci maddeler hemositler tarafindan
fagosite edilerek uzaklastirilirlar. Daha buyukleri ya
da kiclk maddelerin meydana getirdigi kiimelerin
uzaklastiriimasi igin farkli hemositlerin isbirligi ile
nodulasyon ve enkapsulasyon baglatilabilir. Bu
islem yabanci madde ylzeyindeki hemositlerin kismi
parcalamasi ve kimelesmesi ile uzaklastirilmasini
saglar. Mikroorganizmalari etkileyen oksijen ve azot
aracilari serbest birakilir, ayni zamanda antioksidan
gbrevi gbéren proses duzenleyici maddeler
eszamanli olarak dretilir ve bdylece yabanci
etkenlerden gelebilecek potansiyel zararlar en aza
indirilir (Eleftherianos v.d. 2009, Negri v.d., 2013,
Dubovskiy v.d. 2016, Larsen v.d. 2019). isgi, kralice
ve erkek arilar vyaslandikga hemosit sayilari
degismekle birlikte kapsulasyon mekanizmasi
etkilenmez (Schmid v.d. 2008).

insekt hemositleri; morfolojik, histokimyasal ve
fonksiyonel  oOzellikleri ile  tanimlanmis ve
siniflandirimistir.  Ozellikle arilarda, hemolenf
sitolojisi farkli yontemler kullanilarak karakterize
edilmistir. ik calismalarda, %90' plazmositlerle
temsil edilen bes ana hemosit tipini tanimlanmigtir
(Van Steenkiste, 1988). Daha sonra dort alt tipe
ayrilmistir: Prohemositler, pihti hemositleri, graniler
hicreler ve oenositoidler; son ikisi kapsulleme iglemi
sirasinda ve sonrasinda melanizasyonla ilgilidir
(Dubovskiy v.d. 2016). Akis sitometri analizlerinin
kullanildigi  bir aragtirmada hemositler arasinda
onemli morfolojik farkhliklar bulamamis ancak iki tip
plazmosit tanimlamistir (de Graaf v.d. 2002). Bagka
bir g¢alismada ise hemolenf hicre gruplari,
proleukositler, eozinofiller, bazofiller, notrofiller,
piknonUkleotitler, adipoldkositler, spherukositler,
granulositler, makronukleotitler, mikroldkositler ve i§
tipi hicreler olarak siniflandiriimistir (Zakaria 2007).

Melanizasyon, kapsllleme veya nodulasyon ile
iyilesme sirasinda ortaya ¢ikan humoral ve hucresel
sureglerin bir kombinasyonudur, patojenler veya
farkli hasarlarla miicadeleyi amaglamaktadir. insekt
savunma sistemindeki bu hlcresel reaksiyon, ¢ok
sayida bakteri hiicresini, paraziti ve ksenobiyotikleri
ortadan kaldinr  (Eleftherianos v.d. 2009).
Melanizasyonun esas iglevi, patojen yayilimini
sinirlamak ve eliminasyon igin saklamaktir (Strand
2008).

insektlerin bagisikiginda énemli bir rol oynadigi
bildirlen en &nemli bagisiklik tepkilerinden biri,
fenoloksidazin (PO) etkisine dayanan yanittir (Nappi
ve Christensen 2005, Chan v.d. 2009). PO
pigmentasyon Ureten melanin olusumunda rol oynar,

ancak patojen ve parazitlere karsi koymak icin
immun yanitta da kullanilabilir. Pihtilagsma ve
melanizasyon; yaralanma sonucu, yara iyilesme
surecinde entegre edilen karakteristik yanitlardir
(Gonzalez-Santoyo, 2012).

Profenoloksidaz (proPO), melanizasyona aracilik
eden bir hemolenf proteinidir. insektlerde proPO'nun
aktivasyonu, hemositler tarafindan harekete
gegcirilen patojen tanima reseptorleri (pathogen-
recognition receptors-PRRs) tarafindan patojene
bagli molekiler modellerin (pathogen-associated
molecular patterns-PAMPs) taninmasiyla baslayan
asamall  aktivasyon yoluyla gergeklesir. Bu
aktivasyon patojen ve yabanci maddeler Uzerinde
yapisma islemine baglar, Ust Uste binen bir tabaka
olugturur, maddeleri degranile etmek veya
pargalamak icin proPO (iretip salgilar. istilaci ajani
kapsullemek icin melanin olusumu ve
polimerizasyonu (diger proteinlerle birlikte) ile
birlikte, sUperoksit anyonu, hidrojen peroksit
(Dubovskiy v.d. 2016) ve nitrik oksit (Negri v.d.
2012, Negri v.d. 2013) gibi oksijen ve azotun reaktif
aracilar  uretilir. Bunlar, etkenlerin yikimi ve
melanizasyonun baglatilmasi konularinda igbirligi
yaparlar. Arilar tek bir proPO genine sahipken,
Drosophila sp. Ug, Anopheles sp.'de ise dokuz tane
bulunmaktadir.

proPO-kodlu gen, yetiskin arilarda larva veya
pupalara gére daha gugli bir sekilde eksprese edilir
(Lourenco v.d. 2013, Larsen v.d. 2019). Larva
gelisiminin  erken evrelerinde PO'nun disik
aktivitesi, infeksiyona yatkinlikla iligkili ~ gibi
gorinmektedir (Chan v.d. 2009).

PO aktivasyonunun melanin sentezi ve dolayisiyla
A. mellifera bagisiklidi ile ilgisi, arilarin ontojenisi ile
iligkilidir (Schmid v.d. 2008, Wilson-Rich v.d. 2008,
Laughton v.d. 2011). Gergekten de melanizasyonun
erigkin arilarda enzim aktivitesinin degerlendiriimesi
yoluyla 6nemli bir bagisiklik yaniti oldugu ileri
sUrtlmustir. Bu PO tepkisinin, insekt igin ylksek
enerjik bir maliyete sahip oldugunu belirtmek
o6nemlidir; enzimin ana aktivasyon sistemi (pro-PO),
sadece sindirilen gidalardan elde edilebilen bir
bilesik olan fenilalaninden Uretilen tirozin'e baglhdir
(Gonzalez-Santoyo ve Coérdoba-Aguilar 2012).

Humoral ve Kimyasal immiinite

Humoral imman yanit, dogal bagisiklhidin ikinci
kategorisidir ve bal arilari da dahil olmak Uzere
insektlerin  en  6nemli savunma  sistemidir.
Kimyasallar ve antimikrobiyal peptitler (AMP'ler)

236



aracihk eder. Bunlar, bakteriyel ve fungal
enfeksiyonlara yanit olarak Uretilen ve insekt
hemolenfine salinan, ayrica viral infeksiyonlar
sirasinda sentezlenebilen, genellikle 12 ila 50 amino
asit arasindaki kuguk, yuksek oranda korunmus
proteinlerdir (Steinmann v.d. 2015). Bu humoral
efektérler insektlerde dogal bagisikhdin temelidir.
Bombus pascuorum gibi bazi tozlasma yapan
insektlerde, humoral tepki infeksiyondan sonraki 24
ila 48 saat icinde tespit edilir. Humoral efektorler;
hemositler, epiteliyal hicreler ve tukurik bezlerinde
Uretilebilir, ancak dorsal bogluktaki yagd goévdesi
efektér sentezinin ana organidir (Blum v.d. 1959,
Lihoreau v.d. 2015).

Cecropinler, attacinler, dipterisin ve defensinler gibi
birkag AMP ailesi vardir. Bu aktivite birka¢ gun
sirebilir. Memeli karacigerinin fonksiyonel analogu,
insekt boslugunda vyeralan ve acik dolasim
sisteminin icinde yer alan blyUk bir biyosentetik
organdir. Drosophila'da 20'den fazla immin-
induklenebilir AMP tanimlanmistir ve bunlar yedi
gruba ayrilmistir. Kiiguktirler (<10 kDa) ve genis bir
anti-bakteriyel spektrum yelpazesi gosterirler. Bal
arisinda bulunan toplam 4 AMP vardir; apidaecin,
abaecin, hymenoptaecin ve defensin (Wilson-Rich,
v.d. 2009, Negri v.d. 2019).

Defensinler, Gram-pozitifleri  ve  mantarlari
etkilemelerine ragmen, esas olarak E. coli gibi
Gram-negatif bakterilere karsi etki eden kigik
AMP'lerdir (Yi v.d. 2014). Defensinler igin Defensin1
ile Defensin 29 arasinda 29 farkh cDNA dizisi vardir.
Acabain ve AcAb2 adi verilen iki, abaecin igin ise
abaecin peptidini kodlayan 11 cDNA dizisi vardir.
Apidaecin, dort peptidi kodlayan on ¢ cDNA dizisine
sahiptir: AcAp1 ila AcAp4. Son olarak, 13 farkli
peptidi kodlayan hmenoptaekin igin 34 farkh cDNA
dizisi vardir (Xu v.d. 2009).

Bal arilarinin antioksidan enzimleri de ilgingtir, gink
bunlar reaktif oksijen tirlerinin (reactive oxygen
species-ROS) detoksifikasyonundan sorumludur.
Tdm aerobik organizmalar oksidatif metabolizma
prosesi ile ROS Uretir (Korayem v.d. 2012, Weirich
v.d. 2002). Bu reaktif oksijen tirleri, siiperoksit
anyonu (O2), hidroperoksil radikali (HOz2), hidrojen
peroksit (H202) ve hidroksil radikalini (OH) igerir.

ROS, proteinlerin, RNA'larin ve DNA'larin
oksidasyonuna ve membran lipitlerinin
peroksidasyonuna neden olabilir. Serbest

radikallerin Uretimi ile antioksidan Uretimi arasindaki
dengesizlikler (reaktif ara maddeleri detoksifiye
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etmek veya ortaya gikan hasari onarmak igin) canli
hiicrelerde oksidatif strese neden olur (Korayem v.d.
2012). Hem superoksit dismutazlar (SOD'ler) hem
de katalaz (CAT), oksijensiz radikallere karsi ilk
savunma hatlaridir. insektlerde ayrica glutatyon S-
transferaz, glutatyon peroksidaz ve glutatyon
redilktaz da olusur. Ilging bir sekilde, melanojenik
surecler insektlerlerde etkili bir immun tepki
olusturmak icin ROS ve reaktif azot turleri (RNS) ile
etkilesime girme kapasitesine sahip sitotoksik
molekiillerin olusumunda rol oynar. Gergekten de
melanogenez sirasinda retilen ROS ve RNS,
parazitlerin insektler tarafindan oldirilmesinde rol
oynar (Nappi ve Christensen 2005).

Nitrik oksit (NO), L-argininin NO sentaz (NOS)
enziminin aracilik ettidi citrulin oksidasyonu ile
uretilen kararsiz bir serbest radikal gaz olan olduk¢a
reaktif bir RNS'dir (Rivero v.d. 2006, Negri v.d.
2019). NO her bir hicre igin ya ikinci haberci ya da
bitisik hiicreler arasinda sinyal olarak galigabilir. NO
gucla bir bakterisidaldir ve parazitlere de etkilidir
(Rivero v.d. 2006). Bal arlarinda NO, non-self
taninmadan sonra hemosit aktivitesinin ilk
basamaginda sinyal molekull olarak gérev yapar,
Ozellikle yaralarda iyilesmede, enkapsulasyon ve
lipopolisakkarit (LPS) girisine tepkide rol oynar
(Negri v.d. 2008, Negri v.d. 2013, Negri v.d. 2017).

Bal arilarindaki humoral immun sistem hakkinda
bircok bilgi var iken, hucresel bagisiklik hakkinda
bilgiler sinirlidir. Hucresel bagisiklik; yara iyilesmesi,
fagositoz, viris o6ldirme, nodilasyon ve yabanci
maddelerin  kapsullenmesini igerir. Tum bu
reaksiyonlarda insekt kan hdcreleri, hemositler
aracilik eder ve guclu bir bagisiklik olugmasini
saglar (Strand 2008, Burritt v.d. 2016, Gabor v.d.
2017, Walderdorff v.d. 2018, Koleoglu v.d. 2018,
Annoscia v.d. 2019).

immiin yanit genellikle (ic asamali gergeklesen
olaylari igerir; Tanima, sinyal yollarinin aktivasyonu
ve patojenleri ortadan kaldirmayr amaclayan
hicresel ve humoral efektér mekanizmalar
(Guzman-Novoa 2011). immiin yanit, PAMP'lerin
immun sistem hicrelerindeki PRR'ler tarafindan
tanima islemiyle baglatiir. Humoral ve hicresel
bagisiklikta rol oynayan efektorlerin ve reseptorlerin
yani sira peptidoglikan tanima proteinlerinin
(Peptidoglycan recognition proteins-PGRP)
sentezini tesvik eden farkl sinyal yollari etkinlestirilir
(Dubovskiy 2016). (Sekil1).
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Drosophila'da PGRP ailesinin bazi Gyeleri gibi ¢coklu
PRR'ler olusur. Drosophila'daki 13 PRR'den, bal
arilari doérdind paylasir, bunlardan ikisi
infeksiyonlara yanit olarak sentezlenir (Toll pathway
icin PGRP-S2 ve Imd pathway igin PGRP-LC).
Gram-negatif bakterilerdeki 1,3 glukani taniyan
GNBP1 gibi diger proteinler, mantarlar ve baz
Gram-pozitif bakterilerin taninmasinda rol oynar
(Wang v.d. 2006, Stokes v.d. 2015). Bu tanima
proteinleri, Spaetzle ve Tollun Drosophila'daki
endojen ligandinin bdélinmesini baslatan
serinproteazlarla iligkili olabilir; bunlarin her ikisi de
embriyogenez ve immin vyanitta aktive edilir
(Valanne v.d. 2011). An genomunda Spaetzle
familyasindan iki ortolog gen tanimlanmistir
(Gravely v.d. 2004, Evans ve Armstrong 2006,
Evans 2006, Richard v.d. 2012, Brutscher v.d.
2015).

Dogal immun sistem, etkenlerin Lipopolisakkarit
(LPS), lipotheicoic acid, zymosan, glycolipidler,
glycoproteinler ve ¢ift sarmalli RNA gibi PAMP’lari
tanir (Murphy v.d. 2017). Dogustan gelen bagisiklk
sistemi, termal sok proteini gibi infeksiy6éz veya
infeksiydz olmayan hasar gérmus hicrelerde ortaya
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gtkan hasara bagli molekilleri (Damage-associated

molecular patterns-DAMPs) de tanir. Bununla
birlikte, insektlerde, virtsle iligkili molekuller
paternleri (Virus-associated molecular patterns-

VAMP) igeren mikroorganizma ile iligkili molekuler
paternleri (Microbe-associated molecular patterns-
MAMP) belitmek daha yaygindir (Brutscher v.d.
2015).

Mikrobiyal yapilarin taninmasi iki ana olayi tetikler:
1) Toll ve /veya IMD reseptorleri uyarildiginda
meydana gelen sinyal olaylan ve 2) Fagositoz
olaylari. Down syndrome cell adhesion molecule
(DSCAM) ve Eater genleri, arilardaki endositoz ile
ilgili iki gen 6rnegidir. Drosophila'daki DSCAM'in
hemositler tarafindan bakteri taninmasinda rol
oynadigi  bilinmektedir (Gravely v.d. 2004,
Boncristiani v.d. 2012). Peptidoglikanlar, LPS ve
zymosan da MAMP'lari tanir. Vitellogenin, bakteriyel
fragmanlarin tasiyici proteinleridir; transgenerasyon
yoluyla kazanllirlar, yeni nesilde dodustan gelen
bagisiklik  sisteminin  duyarllagtirimasi  veya
baslatilmasinda rol oynarlar. Bu yapilar ekzojen
ligandlar olarak islev gorir, ¢ézindr formda veya
bagisiklik sistemi hicrelerinde bulunan proteinler
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veya PRR'ler tarafindan taninir (Hernandez Lépez
v.d. 2014, Salmela v.d. 2015).

Bal Arilarinda immiin Sistem Sinyal Yollan

Hucre ici sinyal yollari, dig sinyalleri veya uyaranlari
hicreler igindeki eylemlere doénusturerek 6rnegin
konak savunma sistemleriyle iligkili proteinleri
kodlayan bir dizi geni aktive ederek badisiklik
tepkisini indukler. Bal arlari diger insektler gibi
baslica doért sinyal yoluna sahiptir. Bunlar; Toll,
immun yetersizlik (IMD), Janus kinaz-sinyal gevirici
(Janus kinase/Signal transducer) ve transkripsiyon
aktivatori (Activator of transcription-JAK-STAT) ve
Jun N-terminal kinazlar (JNKs) ile iligkilidir. Diger
insektler ile karsilastinldiginda bal arilarinda
bagisiklik ile ilgili genlerin sayisi insektlerin Ggte biri
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Sekil 2.Sinyal yollari, molekdiler ayrinti (Larsen v.d. 2019).

Figure 2.Signaling pathways, molecular detail

Toll Sinyal Yolu:

Hucre zarindaki toll reseptorleri hem ontojenik
gelisimde hem de bagisiklik sisteminde kritik bir rol
oynar. Arilarda Toll ile iligkili yalnizca bes gen
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kadardir (Evans v.d. 2006). Bu durum bal arilarinin
patojenlerle micadele kapasitesini sinirlayabilir ya
da bal arilarindaki bagisiklik mekanizmalarinin
henlz tam belirlenemedidi anlaminda da gelebilir.

Bal arisi genomu, insekt bagigiklik yollarinin énemli
dyelerini kodlar: RNAi (RNA interference), Jak /
STAT (Janus kinase/Signal Transducer and
Activator of Transcription), Toll, NFkB (Nuclear
Factor kB), JNK (c-Jun N-terminal kinase); ve MAPK
(Mitogen-Activated Protein Kinases) ve ayrica
otofaji, eikosanoid biyosentez, endositoz ve
melanizasyonda rol oynayan ortolog genler
(Brutscher v.d. 2015). (Sekil2)
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tanimlanmistir (Toll-1, -6, -2/7, -8, -10); bunlar ayni
zamanda birkag istisna disinda Diptera, Lepidoptera
ve Coleoptera takimlarina ait diger insektlerin
genomunda, bulunur. Bu insektlerde bulunan ve



bulunmayan Toll genlerinin kombinasyonu, bes
genin ortak atalarinda bulunan temel Toll
reseptorlerini kodladigini gostermektedir (Evans v.d.
2006, Brutscher v.d. 2015).

Aktivasyon yollari, cekirdek faktorlerin
aktivasyonuna yol agan kinazlari aktive eden ve
AMP biyume faktorleri gibi bagisiklik sistemi
efektorlerini kodlayan genlerin deregilasyonuna yol
acan sitoplazmik adaptor proteinlerinin gliglenmesini
icerir. Drosophila'da, sitokin benzeri molekl
Spaetzle, transmembran reseptori Toll'un hiicre digi
alanina baglandiginda, Toll sinyal yolu devreye
girer. Drosophila genomu, dokuz Drosophila Toll
reseptord icin ligand olarak islev gérdigu dusindlen
alti Spaetzle ile ilgili molekdl ailesini kodlar (Parker
v.d. 2001). An genomunda (GB15688 ve GB13503)
iki Spaetzle ortologu belirgindir ve hangisinin Toll-
baglayici sitokinler olarak hareket ettigini belirlemek
icin fonksiyonel testlere ihtiyag duyulur (Gravely v.d.
2004, Larsen v.d. 2019).

Aktive  edilmis  reseptdrin  konformasyonel
degisikliklerini takiben, bir reseptdr kompleksi
olusturmak igin birkag hiicre igi 6lim alani (death
domain proteins-DD) igeren protein alinir. Aktive
edilmis reseptérin konformasyonel degisikliklerini
takiben, bir reseptdr kompleksi olusturmak icin
birkag hiicre i¢i 6lim alani (DD) igeren protein alinir.
Bu kompleksin aktivasyonu, CACTUS (counterpart
of the NF-kB inhibitor protein, IkB) bozulmasina yol
acar ve daha sonra Drosophiladda NF-kB
transkripsiyon faktérie DORSAL'In (Dorsal-related
immune factor-Dif) niikleer translokasyonunu saglar.
Bu da AMP ve lizozimleri aktive eder. Bal arisi
genomunda DORSAL'In iki homologu bulunmustur
(Royet v.d. 2005). Hicre ici bilesenlerin Tollip,
Pellino, Kaktin ve TNF reseptori ile iligkili faktor-
2'nin (TRAF-2) bu sinyal yolunda esas elemanlara
yardimci olduguna inanilmaktadir ve hepsinin her iki
sinek turinde ve bal ansinda oldugu goérulmektedir.
Bal arilarinda bagisiklik ile iligkili Toll yolu i¢in aday
efektdrler arasinda bir antimikrobiyal peptit,
melanize edici ajan filoksidaz ve (g lizozim
bulunmaktadir. Bu efektorlerin diger yollarin aksine
Toll pathway tarafindan tetiklendigi kanitlanmamis
olsa da ar efektorlerinin  bazilarinin arilarin
patojenlerine ya da mekanik yaralanmasina tepki
verdigi kesindir (Evans v.d. 2006).

Imd Sinyal Yolu (Immune-deficiency signaling
pathway):

Ari ve sineklerde bagisiklik yetersizligi sinyal yolu
(Imd) RELISH transkripsiyon faktorini (NF-kB

transkripsiyon faktoériine homolog) aktive eder.
Sineklerde, ¢gogu AMP'nin ekspresyonunu kontrol
eden bu yol mikroorganizmalara karsi bagisiklik
tepkisi icin zorunludur. Transkripsiyon faktorl
inhibitort olarak CACTUS'in varligi da gosterilmigtir.
Bu yol, tim bilesenler igin olasi ortologlara sahip
arilarda olduk¢a korunmustur. Bu durum, sinekler ve
arilardaki sinyal yollarinin benzer oldugunu guglu bir
sekilde gostermesine ragmen, mutlaka ayni biyolojik
fonksiyonlari paylastiklari anlamina gelmez (Evans
v.d. 2006). Peptid-glukan tanima proteini (Peptide-
glucan recognition protein PGRP-LC) araciligi ile
mikroorganizma tanima, Imd sinyali yolunu aktive
eder. Imd yolunun aktivasyonu ayrica JNK sinyal
yolunun bilesenlerinin aktivasyonuna yol acgar ve
sonraki kontroller AMP sentezinin ekspresyonunu
hem pozitif hem de negatif feedback ile kontrol eder.
Basket, JNK ve JNK-protein 1 etkilesimi gibi
ortologlarinin arillarda bulundugu bilinmektedir
(Ryabov v.d. 2014, Larsen v.d. 2019).

Drosophila'da, Imd sinyallemesinin genellikle Gram-
negatif bakteriler igin spesifik oldugu soylenir, ancak
diaminopimelik asit tipi peptidoglikanlara sahip
Gram-pozitif bakteriler en az elisitorler kadar
glcludar. Diger peptidoglikan turlerine ve hatta
mantarlara daha zayif bir tepki de gordlir (Hultmark
2003, Werner v.d. 2003).

Imd sinyal vyolu, bal arisinda tim bilesenleri
ortologlar ile gugla bir sekilde korunmustur. Imd
yolunun uyarilmasinin, sineklerde ve arilarda benzer
oldugu dusuncesi guglidur, ancak benzer biyolojik
rolleri olmayabilir (Larsen v.d. 2019).

JAK/STAT Sinyal Yolu:

insektlerde, JAK /  STAT (Janus-family
tyirosinkinases [JAK] / transkripsiyon aktivator
proteinleri (Transcription activator proteinsSTAT)
sinyalleme yolu, komplement sisteme benzer
efektérlerin sentezinde, kan htcreleri tarafindan
fagositozun proliferasyonunda, indiiklenmesinde ve
antiviral yanitta rol oynar (Evans v.d. 2006).
Baslangigta gelisim ve hemosit proliferasyonunda
rol oynayan JAK-STAT yolu ayni zamanda
bakteriyel ve viral infeksiyonlara da yanit verir
(Kingsolver v.d. 2013). JAK/ STAT sinyal yolu ayrica
kompleman benzeri faktorlerin indiklenmesi ve
hemositlerin asiri cogalmasiyla dogal bagisiklikta rol
oynar. JAK / STAT'In kan hicrelerindeki sitokin
benzeri molekdller yoluyla baglatildigr gérilmektedir
(Agaisse v.d. 2004). interleukinler ve interferonlar
gibi sitokinler, bu yol boyunca bagisiklik yanitinin
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dizenlenmesinde ve koordine edilmesinde merkezi
bir rol oynar (Negri v.d. 2019, Gupta v.d. 2009).

Sineklerde, ekstrasellller glikozile protein Upd,
hemositlerin fagositik aktivitesini destekleyen JAK /
STAT yolunu aktive eden bir ligand goérevi gordr.
Arilarda, JAK / STAT yolu bilesenleri igin Drosophila
ile bes homolog gen vardir: 1) DOMELESS sitokin
reseptori (DOMELESS cytokine receptor-dom), 2)
JAK tirozin kinaz (JAK tyrosine kinase-hopscotch),
3) STAT92E transkripsiyon faktérl, 4) Sitokin
sinyalinin (Suppressors of cytokine signaling SOCS)
baskilayicilari, 5) Aktive edilmis STAT (Protein
inhibitor of activated STAT-PIAS) protein inhibitori
gibi negatif yol diizenleyici proteinler. Bu yolun iki
ana bileseni tyrosine phosphatase Ptp61F
(XP392429) ve WD40- and bromo-domain-
containing protein BRWD3 (XP395263) ortologdur
(Larsen v.d. 2019). JAK / STAT yolu igin anahtar
ligand (Upd) bal arisi genomunda bulunmasa da
gp130 sitokin reseptér homologu Domeless ve
sinyal yolunun diger tim Uyeleri bu mekanizmanin
insektler arasinda ortak olabilir. Bu yol, arilardaki
cesitli tioester tasiyan proteinler (TEP'ler) gibi
bagisiklik sistemi humoral efektorlerini kodlayan
genlerin  deregulasyonu ile sona ermektedir.
Drosophila'daki JAK / STAT yolu, siddetli stresin
neden oldugu humoral faktorleri (Ekengren ve
Hultmark 2001, Ekengren v.d. 2001) kodlayan
Turandot (Tot) genlerinin ekspresyonunu dizenler.
Bal arilarinda Tot faktorlerinin hicbiri (Tot A-Z)
gorilmez (Evans v.d. 2006).

RNAi sinyal yolu

Arilardaki VAMP'lerin taninmasi, gen replikasyonu
icin, virGs replikasyon déngusinu engelleyerek, viral
enfeksiyonlara karsi fizyolojik bir savunma
mekanizmasi olan RNA girisim sistemine (RNAI)
baglhdir. Ana RNAI yolu bilesenleri arilardaki viral
infeksiyonlarda bulunur; bu islem sirasinda cift
sarmalli RNA'lar (double-stranded RNAs-dsRNA)
arillardaki DICER like gen tarafindan uretilen bir
dsRNA sensoérl tarafindan taninir (Cornman v.d.
2009, Larsen v.d. 2019). Bu sensor, memelilerde
PRR ailesi veya RIG-1 sitosolik sensorler (DICER)
ile ilgilidir. DICER dsRNA'y kestikten sonra, kigik
RNA'lar (siRNA) ve microRNA (miRNA) olarak
bilinen kiiglik dsRNA fragmanlari, RNA'nin neden
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oldugu engelleme kompleksi (RISC) tarafindan
taninir.  ikincisi, AGO2 ailesinin (argonaute-2)
proteinlerini igerir, bunlar kiguk tek iplikli RNA'lara
(ssRNA) donisir. Bu kigik ssRNA, tamamlayici
diziler iceren mRNA transkriptlerine baglanir,
bdylece protein sentezini 6nler. Arilardaki bu yolun
aktivasyonu, Drosophila'da bulunan bir ortolog olan
vago geninin ekspresyonunun artmasiyla
sonuglanir, bu da viral replikasyonun
baskilanmasina neden olur (Ryabov v.d. 2014,
Galbraith v.d. 2015). Antiviral fonksiyona sahip
arillardaki bir bagka epigenetik mekanizma, antiviral
yanitin bir pargasi olan DNA metilasyonudur
(Galbraith v.d. 2015).

SOSYAL BAGISIKLIK

Sosyal insektler olarak, bal arisi kolonilerinde, koloni
bireyleri igbirligi yapar ve etkenlerle savasmak icin
kolektif davraniglari gostererek slperoganizmalari
olusturur. Koloni Uyelerinin toplu savunmalari
yoluyla elde edilen koloni dizeyinde hastalik
korumasini tanimlamak igin “sosyal bagisiklik” terimi

kullaniimaktadir. Bu savunmalar  arasinda
davranigsal, orgitsel ve fizyolojik bilesenler
bulunmaktadir  (Cremer v.d. 2007). Sosyal

dokunulmazlik davraniglari, her bir arinin iletisim
kurma ve yuva kosullarina cevap verme, daha sonra
kolektif siiperoganizmay: etkileyen bireysel segimler
yapma yetenegine dayanir (Negri v.d. 2019).

Sosyal bagisiklik, parazit ve hastalik bulagsmasinin
kolektif eylemler ve yuva igindeki bireylerin self
organizasyon ile nasil azaltilabilecegini anlamak icin
yapicli bir gergeve saglar. Bu kolektif savunmalar ya
temel ya da uyarimis olabilir (Simone-Finstrom
2017) ve bireysel bir organizma igindeki bagisiklik
sisteminin etkilerine benzerdir (Cremer v.d. 2009).

Bal arilari tarafindan uygulanan sosyal bagisiklik
suregleri arasinda yuva hijyeni, hastalidi azaltmak
veya Onlemek icin  antiseptik  bilesiklerin
salgilanmasi, koloni saghgini gelistiren bitki kaynakli
bilesiklerin toplanmasi, hastalik tespiti ve kontrolu ile
iliskili termoregulasyon degigiklikleri ve yuvayi
korumak igin savunma davranislari bulunur (Negri
v.d. 2019). (Sekil2).
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Sekil2. Bal arilarinda sosyal bagisikliga genel bakis (All photos were taken by M. Simone-Finstrom. (Simone-Finstrom 2017).

Figure2. An overview of social immunity in honey bees

Bir bal arisi kolonisindeki ylzlerce veya binlerce
birey etkilesime girdidinde, koloni duzeyindeki
sosyal bagisiklik tepkileri, cok hicreli bir organizma
icindeki karmasik humoral ve hlcresel bagisiklik
sistemlerine benzer 6zelliklere sahiptir (Cremer v.d.
2009).

1.Polyandry ve Genetik Gesitlilik Durumu:

Bal arilarinda kralige birden fazla erkek ile giftlesir ve
bu durum polyandry olarak isimlendirilir. Kraligenin
ciftlestigi erkeklerin sayisi, bir koloni igerisindeki
baba soylarinin veya alt ailelerin sayisini, bu da
genetik gesitlilik dizeyini belirler. Bir kralice ne kadar
cok erkekle ciftlesirse, yavrulari genetik olarak o
kadar cesitli olur. Kraliceler yaklasik 5 ila 35 erkekle
ciftlesir (ortalama 14) (Tarpy v.d. 2004, Tarpy v.d.
2013). Bu da bazi kolonilerde diusik genetik
cesitlilige, bazilarinda ise asin ylksek genetik
seviyelere neden olur. Artmis genetik cesitlilik
dlzeyine sahip kolonilerin, yiyecek arama verimliligi
artar (Eckholm v.d. 2011), arnlar daha saglikh
bagirsak mikrobiyomuna sahip olur (Mattila v.d.
2012). Boyle koloniler genel olarak daha yulksek
saglik ve Uretkenlik diizeyine sahip olur (Mattila v.d.
2007). Ayrica ticari ancilikta koloninin hayatini
devam ettirme olasiligi daha yuksektir (Tarpy v.d.
2013).

Genetik cesitliligi yuksek olan koloniler
infeksiyonlara daha direnglidir ve bdyle kolonilerde
infeksiyonlar daha az ve hafif gorilir (Bailey 1999,

Tarpy 2003, Tarpy ve Seeley 2006). Yiksek genetik
cesitlilik seviyelerine sahip koloniler, birden fazla
patojen, parazit ve tek bir patojenin farkli suslariyla
daha iyi miicadele edebilir (Bailey 1999, Vojvodic
v.d. 2011, Evison v.d. 2013, Lee, v.d. 2013).

2.Kolonide Gorev Dagihmi (Sosyal
Organizasyon):
Koloni icinde is bdlimd, koloni  verimliligini

arttirmanin yani sira, koloniler i¢cinde patojenlerin ve
parazitlerin yayilmasina karsi énemli bir etkisi vardir.
isci arilara arasinda “polyethism” adi verilen ari
yasina gore gorev dagilimi vardir. En geng isci arilar
kovan i¢inde gorevlidir. Kovan bakimi, nektar isleme
ve son olarak yiyecek bulma gorevlerini yerine
getirir, boylece koloninin disindaki hastaliklardan ve
parazitlerden korunurlar. Arilar yiyecek aramayla
ilgili gérevlere gectikce patojenlere maruz kalma riski
daha yUksek olur, ancak bu dénemde geng¢ arilarla
temas daha az oldudu icin geng arilar ve yavrular
korunur (Johnson 2010, Simone-Finstrom 2017).

Hijyenik davranis sergileyen (Arathi v.d. 2000) ve
infekte bireyleri uzaklastiran (Visscher 1983)

orta yasli arilar daha sonra bakici arilar ve larvalarla
etkilesime girmez veya yiyecek paylasmaz, bu da
patojen bulagsma riskini azaltir. Bayuk ve kalabalik
koloniler ergonomik olarak daha verimli olsalar da,
patojenlerle daha yiksek temas ve infeksiyon
oranlarina sahiptir (Evans v.d. 2010).
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3.Temizleme (Timar) ve Bakim Davranisi:

Temizlenme genellikle istilaci mikroorganizmalara
karsi ilk savunma hattidir (Zhukovskaya v.d. 2013).
Tek bir ar kendini temizleyebilir (otomatik timar)
veya bir ari bagka bir ariy1 temizleyebilir (genel
timar). Kendini temizleme, yabanci partikilleri ve
poleni viicuttan uzaklastirmak igin kullanilir (Jander
1976). Kendini temizleme davranisi daha yaygindir.
Ari bacaklarini ve ¢enesini kullanarak dis parazitleri
vicuttan uzaklastinr (Guzman-Novoa 2011, de
Roode ve Lefévre 2012).

Sosyal bagisiklikta timar yapmanin iki biyik etkisi
vardir. Ilki, bal arisi kolonilerini isgal eden trakeal
akar, Acarapis woodi ve V. destructor gibi
ektoparazitler Uzerinedir. Trakeal akarlar i¢in, kendi
kendine timarlama, bireysel infeksiyonu énleyen ana
savunmadir (Danka ve Villa 1998, Pettis ve Pankiw
1998, Danka ve Villa 2000). Arinin bireysel bakimi,
kolonideki akarlari da etkili bir sekilde ortadan
kaldirabilir. Bu mikroskobik akarlara genetik direng
gGsteren arilar, akarlari protorasik solungagtan
cikarirken mezotorasik bacaklariyla kendilerini
temizler, bdylece akarlarin diger koloni bireylerine
bulasmasini 6nler (Evans v.d. 2010). Genel bakim
sirasinda yetigkin arilar yabanci partikllleri ve
parazitleri birbirlerinden uzaklagtirirlar (Boecking ve
Spivak 1999). Bir ar, diger arlarin o6zellikle
kanatlarin dibini timar etmesine neden olan titreme
hareketlerini iceren bir "timar dansi" (Haydak 1945,
Milium 1955) ile timarlamayi baglatabilir. Timar
etmenin akarlara kargi etkili bir savunma olmasi igin,
arilar sadece koloni bireyinden foretik akari
clkarmakla kalmamali, ayni zamanda akarin
idiyomasini veya bacaklarini i1sirarak akara zarar
vermelidir. Bu durum avantaj olabildigi gibi
parazitlerin ve bu parazitlerin tasidigr viral
infeksiyonlarin  bulagsmasina da sebep olabilir
(Rosenkranz v.d. 1997, Aumeier, v.d. 2000). (Sekil2)

Timar etmenin koloni sagligi ve hastalik direnci
Uzerinde sahip olacag diger etki ise, sosyal
bagisikhktir. Bazi durumlarda hasta bireylerin timar
edilmesi, sonraki patojen tehdidinde bireyin hayatta
kalma sansini arttirir (Traniello v.d. 2002, Konrad
v.d. 2012).
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Sekil2. Varroa, timar hasarina karsi hassastir. Timar
etmek genellikle ¢ignenmis bacaklara veya akar
kitikline baska hasarlara neden olur (ist: hasar
goérmemis akar; alt: birkag bacak koparilmis akar) USDA
photos. (Simone-Finstrom 2017)

Figure 2. Varroa is susceptible to grooming damage. Grooming
often causes chewed legs or other damage to the mite cuticle

(upper: mite undamaged; lower: mite with several legs plucked
off) USDA photos.

4. Yiiksek Diizeyde Uyariimis Koloni Yanitlari:
Termoregiilasyon ve Terk Etmek:

Bal arilari, kulugka gelisimini desteklemek icin
yuvalarinin iginde dogru sicakliklari koruyarak yuva
sicakliklarini ylksek hassasiyetle dlUzenleyebilirler
(Stabentheiner v.d. 2010).

Bal arilari, 1sitma, sogutma ve havalandirma yoluyla
yuvalarinin i¢ ortamini dizenlemek icin stratejiler
gelistirmislerdir (Seeley ve Visscher 1985). Yuvada
yavru oldugunda, peteklerin sicakligini 32-34°C
civarinda tutarlar ve nemdeki dalgalanmalar
azaltmak igin caba gosterirler. Ozellikle 1siyla
dizenleme yetenegi, biyolojik tehditlere karsi bir
savunma olarak da kullanilir. Bal arilan tek tek, bir
kime iginde toplanarak, yaban arisi, yabanci bir
kralige veya yirtici hayvanin etrafinda sicakhigi en az
45°C'ye ylkseltebilir (Esch 1960, Zono v.d. 2005).

Ayrica, termoregllasyon, ‘"davranigsal ates
(Behavioral Fever)" olarak bilinen yodntemle
patojenlere kargl savunmada 6nemli bir rol oynar.
Davranigsal ates, arilarin yuvada ek 1si



Uretmesinden  kaynaklanir.  Yuva sicakhgdinin
yukseltiimesi, Ozellikle yavrularda kire¢ hastaligi
etkeni Ascosphaera apis'in kontroliine yardimci olur.
Ascosphaera apis'in infekte ettigi kolonilerde
kulugka sicakhiginda bir artis bildirilmistir (Starks v.d.
2000).

Bu "davranigsal ateg" tepkisi, yalnizca sicaklik
degisimlerine duyarh olabilen kire¢ hastaligi mantar
sporlarinin varligindan kaynaklaniyor gibi
gérinmektedir. Bununla birlikte ates tepkisi
karmasiktir ve muhtemelen diger cevresel
kosullardan etkilenir (Starks v.d. 2000, Simone-
Finstrom v.d. 2014).

Bu davranigin tutarliigi, genetik gecis olup olmadigi,
diger patojenlere ve parazitlere olasi tepkisi, 6zellikle
bir koloninin yuvay! dizgin ve tutarli bir gsekilde
termoreglle etme kabiliyetiyle ilgi oldugu i¢in daha
fazla arastirimaldir (Jones v.d. 2004, Simone-
Finstrom, 2014).

Kolonide infeksiyon, bal arilarinin hastahdi yuvadan
uzaklastirmak icin ates, hijyenik davranig, resin
toplama gibi 6zellikler baslatmasina neden olur.
Bunlar etkili olmuyorsa ya da infeksiyon siddetli ise
diger strateji infekte yuvayi geride birakmak, yeni ve
hastaliksiz bir kovanda yeni koloni olusturmaktir.
Koloninin tamami yuvayi terk edebilir, yeni bir yuva
bulmak icin infekte kovanda yavrulu petekler ve
depolanmis gida maddelerini birakabilirler. Terk
etmek, Afrika ve bazi Asya bal arilarinda daha
yaygin bir 6zelliktir. YUksek dizeyde patojen, parazit
veya zararlilar koloniyi isgal ettiginde Avrupa bal
arilarinda da goralir. Bu durum genetik olabilir,
ancak arn yetistirciligi bakimindan tercih edilir bir
Ozellik degildir (Winston v.d. 1983, Ellis v.d. 2003).

5.Antimikrobiyal Bilesik Kullanimi:

iiging bir sekilde, sosyal insekt yuva mimarisi iginde
antimikrobiyal resinler gibi bitki bilesiklerinin
kullanimi, birden fazla tir igin bir sosyal bagisiklik
bicimi olarak kabul edilmigtir (Christe v.d. 2003,
Simone v.d. 2009, Drescher v.d. 2014). Bu bilesikler
kolonideki bireyler arasinda paylasilir ve tiketilirse,
bu da koloninin sagligini, hayatta kalma oranini ve
etkenlerle savasma yetenegini arttirirsa sosyal
bagisiklik olarak kabul edilmelidir (Spivak v.d. 2019).

a. Bal ansinin kendi rettigi bilesikleri
kullanmasi:  Insektler  kendilerini  infeksiy6z
etkenlerden korumak igin c¢esitli antimikrobiyal
bilesikler Uretir. Sosyal insektlerde, bu bilesiklerin
gogunun birden fazla islevi vardir ve bazi
durumlarda, daha sonra koloni duzeyinde

patojenlere ve parazitlere karsi bir savunma igin
secilen bireysel savunmada kullaniimaktadir (Stow
v.d. 2007, Oftti, v.d. 2014). Yakin zamandaki
calismalarda bal arisi kutiktlinde zehirli peptitler
bulunmustur (Baracchi ve Cini 2014). Ari venomu
antimikrobiyal 6zelliklere sahiptir (Moreau 2013) ve
ari katikulasina yayllmasinin, bazi karinca turlerinde
géruldagu gibi patojenlere karsi dogrudan etkisi
olabilir (Tragust v.d. 2013).

Defensin-1 gibi antimikrobiyal peptidler de immun
yanitta 6nem tagir. Bu antimikrobiyal sekresyonlar,
bazi karincalarda ve termitlerde goéruldagu gibi
trophallaxis (aridan ariya oral transfer) yoluyla
transfer edilirse patojen direncini de artirabilir
(Hamilton v.d. 2011, Mirabito ve Rosengaus 2016).
Benzer sekilde mikrobiyotanin trophallaxis veya
kovan drlnlerinin tiketimi yoluyla degisimi hastalk
duyarhligini etkileyebilir ve ayrica patojenlere karsi
koloni diizeyinde direncte bir faktor olabilir (Koch ve
Schimid-Hempel 2011, Powell v.d. 2014).

b. Bitki Bazli Savunma Bilesiklerinin Toplanmasi
ve Kullanimi: Cesitli agacglar ve odunsu bitkilerin
yaprak tomurcuklarini, yaralarini patojen ve pestlere
karsi korumak igin kimyasal olarak karmasik resinler
Uretir (Barnett 2004). Bal arlari bu resinleri
yuvalarina tasiyarak gida olarak kullanir, cesitli
miktarlarda balmumu ile karistirir ve yuva yapimina
dahil eder, bu asamada karisim propolis olarak
adlandirihr (Seeley ve Morse 1976, Ghisalberti
1979, Simone-Finstrom v.d. 2014). Resin ile zengin
kolonilerin toplam mikrobiyal yukd daha dusuktar, bu
durum arilarin  bireysel immun sistemlerinin
zayiflamasina sebep olabilir (Simone v.d. 2009).
Propolis Amerikan yavru ¢urikluga ve kireg
hastaligina karsi direkt etki gosterir (Lindenfelser
1968, Antunez v.d. 2008, Simone-Finstrom v.d.
2014, Borba 2015). Yine farkli bilegenleri olan resin
Varroa destructora kargi direng mekanizmasi
olusturur (Popova v.d. 2014).

Bal arilarinda propolisin, mikrobiyal yuku azalttigr,
immun sistemi diizenledigi, ayrica chalkbrood (Kireg
Hastaligi) infeksiyonlarinda bal arilarinin resin
toplamayi arttirdidi bildiriimistir (Simone-Finstrom
v.d. 2010, Borba 2015). Bu durum, koloni veya
sUperorganizma dizeyinde calisan benzersiz bir
kendi kendine ilaglama turudir. Kire¢ hastaligi ile
infekte olmayan erigkin bal arilari, larvalari
infeksiyondan korumak igin antimikrobiyal resin
toplanmasini arttinir. Bal arilarinin ayrica Varroa ve
Deforme Kanat Virlsiine karsi da kendi kendine
tedavi (self-medicate) uyguladiklari bildirilmistir
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(Drescher v.d. 2017). Bal arilari yuvalarinda bitkiler
tarafindan uretilen bu resinleri toplar ve kullanir. Bal
arilari bu resinlerden besin yapar, ¢esitli miktarlarda
balmumu ile karigtirir ve yuva mimarisine dahil eder,
bu noktada karigim artik propolis olarak adlandirilir
(Seeley ve Morse 1976, Ghisalberti 1979, Simone-
Finstrom v.d. 2010).

Polen, nektar ve bunlarla iligkili mikrobiyal
topluluklar, arilar i¢in besindir, beslenme saglar ve
bagisiklik ve detoksifikasyon sistemi iglevini
destekler (Brodschneider ve Crailsheim 2010,
Anderson v.d. 2013, Corby-Harris v.d. 2014, Vaudo
v.d. 2016, Dolezal ve Toth 2018). Arilarin bireysel
yiyecek arama tercihleri, koloni diizeyindeki patojen
yukinl ve koloni yagsam siresini etkileyebilir (Koch
v.d. 2017, Dolezal v.d. 2018), bu nedenle beslenme
basl basina bir sosyal bagisiklik bicimi olabilir.
Patojen yUkunU azaltmak igin gesitli antimikrobiyal
Ozelliklere sahip nektar ve balin tiketilmesi,
muhtemelen tim sosyal arilar igin koloni dizeyinde
sosyal bagisiklik Gzerinde etkili olabilir.

6.Hijyenik Davraniglar:

Hijyenik davranis, isci arilarin hastalikli veya parazit

ile enfeste vyavrulari (larva ve pupa) petek
hicrelerinden tespit etme ve uzaklastirma
yetenegidir. Bu, ki asamali bir savunma

mekanizmasidir. ilk olarak, isgiler hastalikli veya
parazit ile enfeste olmus larva veya pupa igeren
hicreleri acar ve sonra bunlari yuvadan c¢ikarir
(Guzman-Novoa 2011). Farkli genotiplere sahip
arllarda, bu davranis farklilik gosterir. Hijyenik
davranig, en az yedi genden olusan bir gruptan
etkilenir, yani karmasik bir genetik kodlamaya
sahiptir.  Ayrica anneden yavrulara geger.
(Rothenbuhler 1964, Lapidge v.d. 2002, Unger ve
Guzman-Novoa 2010).

Hijyenik davranis (Rothenbuhler 1964, Spivak v.d.
1998), ilk olarak Amerikan yavru ¢urdklagu
hastaliginda tanimlanmigtir. Varroa ile enfekte
olmus pupanin tespiti durumunda da infekte birey
uzaklastirilir, bdylece akarin Uremesi azaltilir veya
onlenir (Boecking ve Drescher 1991, Harbo ve
Harris 2005). Bu son durum genellikle Varroa duyarli
hijyen (Varroa sensitive hygiene-VSH) veya
baskilanmis akar Uremesi (Suppressed mite
reproduction-SMR) olarak bilinen kalitsal bir 6zelliktir
(Panziera v.d. 2017). Bu davranisa nekroforik
davranig da denir. isgi arilar bir koloni iginde hijyenik
davranis sergilediklerinde, bu davranis ari kulugka
hastaliklarina karsi koloni dizeyinde direng saglar.
Ancak kapall yavru gozlerindeki anormallikleri
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saptamak zordur, bu da infekte bireyin
uzaklastiriimasini engelleyebilir (Wilson-Rich v.d.
2009).

Hijyenik davranig, dondurarak oldurdlmis kulugka
yontemi kullanilarak kolayca degerlendirilebilir;
burada petekteki bir kulugka bolimid sivi nitrojen
kullanilarak dondurulur ve bu 6li pupalarin 24 saat
sonra uzaklastiriimasi belirlenir (Spivak v.d. 1998,
Wilson-Rich v.d. 2009). Bu davranigin i¢ agsamasi
vardir: algilama, kulugka kapagini agcma ve
uzaklastirma (Arathi v.d. 2000). Ko&ti hijyenik
davranigli kolonilerde arilar genellikle hastalikli pupa
hicrelerini tekrar kapatir, bu nedenle tam etki icin bu
U¢ asamanin da yapilmasi gereklidir. Agma ve
uzaklastirma, parazitlerin ve patojenlerin varliginda
blylk dlgtde artarken, sirekli denetleme davranigi
olarak da gergeklesir (Arathi v.d. 2006).

Varroa Duyarli Hijyen (VSH), 1990'larin ortalarindan
beri ari 1slah programinin pargasi olarak segilen bir
Ozelliktir (Harbo ve Harris 2005, Danka v.d. 2016).
Bu secim programinin odak noktasi, O6zellikle
uzaklastirilan akar istilasina ugramis pupalarin
oranini belirlemektir. Bu yontem, kulugka dondurma
yonteminden ¢ok daha zaman alir, ancak yuksek
VSH ekspresyonuna sahip kolonilerde, bir sezon
boyunca popullasyondaki akar oraninin oldukca
distik oldugu géralmastir. Bu o6zelligin diger
patojenlere kargi da etkili oldugu dusunulmektedir
(Harbo ve Harris 2001, Ward v.d. 2008).

Hijyenik davranigin diger bir yonl, hasta veya
parazit ile enfeste yetiskin bal arlarinin
uzaklastiriimasidir (Simone-Finstrom 2017). Hasta
bireylerin kendilerinin koloniden uzaklastiklari veya
koloniye geri donemedikleri bilinmektedir (Rueppell
v.d. 2010). Ayrica infeksiyon semptomlari gosteren
eriskin arilar da aktif olarak uzaklastirilir (Baracchi,
v.d. 2012). Saghkh arilar, infekte bireylerdeki
katikular hidrokarbon degisikliklerini veya parazit ile
enfeste bireyler tarafindan Uretilen diger kimyasal
isaretleri  belirleyebilme yetenegine sahiptir. Bu
degisiklikler infekte bireylerin uzaklastirimasi igin
saglikh arilari uyarici etki gosterir (Salvy v.d. 2001,
Richard, v.d. 2008, Swanson v.d. 2009, Schoning
v.d. 2012, Mondet v.d. 2016).

Bazen bu davranig, hijyenik kabiliyeti az olan patojen
tasiyan bireye temas sonucu koloniye etkenin
bulasmasina sebep olabilir (Evans v.d. 2010).
Ancak, infekte yavru ve bireyleri uzaklastiran arilar
genellikle 15-18 glnlik oldudu i¢in yavru beslemesi
yapan arilardan daha vyash olmalar nedeniyle
yavrulara bulagma riskini azaltir (Arathi v.d. 2000).



7.Yuva Savunmaciligi:

Yetigkin arilar, yirticilara ve yagmacilara karsi tepki
verirler, yuvay! topluca ve alt tire bagh olarak az ya
da ¢ok saldirgan bir sekilde savunurlar. Bu
savunmaci davranig, O©ncelikle genetiktir, ayni
zamanda sosyal olarak feromonlar tarafindan
moddile edilir ve ekolojik kosullara yanit olarak ortaya
cikar (Alaux ve Robinson 2007, Nouvian v.d. 2016).
Bazi arastirmalar, ylksek saldirganhgin V.
destructor tarafindan disik enfestasyon, disik
saldirganh@in ise artan pestisit duyarliligi ile
baglantili olabilecegini ileri sirmektedir (Martin ve
Medina 2004, Rittschof v.d. 2015). Sonug olarak,
yuksek saldirganlik gdsteren kolonilerde, akarlarin
yayllmasi erigkinlerdeki bakim veya hijyenik
davraniglardaki varyasyona gdre dizenlenerek akar
Uremesini  azaltir.  (Arechavaleta-Velasco ve
Guzman-Novoa 2001). Ayrica, daha agresif
koloniler, daha ylksek oranlarda yiyecek arama
egiliminde olduklari i¢in daha iyi gida kaynaklarina
sahip olabilirler (Negri v.d. 2019).

8.Simbiyotik Bakteri

Her canlida oldugu gibi bal arilarinin da vicut ve
sistemlerinin bir mikroflorasi vardir (Gilliam 1997,
Olofsson ve Vasquez 2008). Bu bakteriler ari saghgi
Uzerinde olumlu ya da olumsuz rol oynayabilir ve
saglikh beslenmede de 6énemlidir (Evans v.d. 2010).
Arilardaki bakteriyel mikroflora, kireg hastalig
(Reynaldi v.d. 2004) ve Amerikan yavru ¢Urikligu
(Evans, v.d. 2005. Evans v.d. 2006) etkenlerinin
gelismesini inhibe eder. Yararli mikroorganizmalarin
Uremesi desteklenerek patojenlerin  gelismesi
engellenir (Evans v.d. 2006).

Bal arilari hem bireysel hem de koloni dizeyinde
bagisiklik yetenegine sahiptir. Aricilar tarafindan
patojenleri ve parazitleri kontrol etmek icin antibiyotik
ve pestisid uygulamalari sik sik yapilir. Bu durum
kovan Urunleri ve kovan ekipmanlarinda kalinti
problemine, patojen ve parazitlerde ise direng
gelisimine neden olur.

Bal arilari, bireysel badisiklik olarak da bilinen
dogustan gelen bir badisiklik sistemine sahiptir. Bu
sistem, c¢ok cesiti bulasict ve parazitik
mikroorganizmalara karsi savunmada rol oynayan
fiziksel bariyeler ile hiicresel ve hiimoral bagisikliktir.
Arilari etkileyen ve bagdisiklik sistemini harekete
geciren cesitli patojenlerin yani sira akarisitler,
fungisitler, herbisitler ve pestisitler gibi
ksenobiyotikler de ari sagligr ve bagisiklik sistemi
Uzerinde etkilidir. Savunma mekanizmalar sinyal

yollarini, patojen tanima reseptérlerini ve dogustan
gelen bagisikhk sistemi efektorlerini igerir (Larsen
v.d. 2019).

Bal arisi yuvalarinin kalabalik olmasi, yiyecek
depolarinin  varligr ile birlikte, kovanlari farkh
patojenler icin c¢ekici kilar. Bununla birlikte, bu
kosullar ayni zamanda, koloni i¢inde sosyal ates,
timarlama davranisi, hijyenik davranis ve propolisin
toplanmasi ve kullanilmasi gibi farkli mekanizmalar
aracihigiyla isbirligi davranisi olan sosyal bagisikligi
da tesvik eder. Sosyal bagisiklik, arilarin bireysel
bagisiklik sistemi Gzerindeki baskiyr buyuk oOlgude
azaltir (Larsen v.d. 2019). Koloni bireyleri arasindaki
koordineli davraniglar, koloni duzeyindeki sosyal
bagisikhdin sekillenmesinde rol oynarken, bireysel
bagisiklik tepkisinin de artmasini saglar. Bir bal arisi
kolonisindeki yUzlerce veya binlerce birey etkilesime
girdiginde, koloni dlzeyindeki sosyal bagisiklik
tepkileri, cok hlcreli bir organizma igindeki karmagsik
humoral ve hlcresel bagisiklik sistemlerine benzer
Ozelliklere sahiptir (Cremer v.d. 2009). Kolonideki bir
bireyin saglik durumuna yanit verme yetenegi, bir
superorganizma olarak genel bagdisiklik yanitini
artirabilir.

Ayrica modern ari kovanlari, bireysel ve sosyal
bagisikhk  Uzerinde dogrudan etkileri olan
antimikrobiyal katmani olusturan propolis yapimina
izin verecek sekilde modifiye edilmigtir. Propolis
koloni dlizeyinde savunmada ve sosyal bagisiklikta
onemli bir rol oynar. Ayni zamanada patojen ve
pestisidlerin balmumunda birikmesini engellemek
icin eski peteklerin yillik olarak degistiriimesi uygun
olacaktir.

Bal arilari, patojenler, parazitler, insektisidler ve
yanlis bakim-besleme kaynakl tim stres etkenlerine
ragmen, direnclidir ve tehditlerle strekli micadele
etmek igin sayisiz 6zellige sahiptir. Arilar kendi
baslarina daha gugli hale getirmek igin bu dogal
savunmalar1 desteklenmeli, sadece tek bir direng
Ozelligine odaklaniimayip, ayni zamanda Uretkenlik
ve direng Ozellikleri (6rnegin hijyenik davranis,
timarlama, propolis toplama) gibi birgok 6zellligi
barindiran irklarin segimi 6n planda olmalidir. Bu
cesitli  6zellikler icin kolonilerin  hizli  ve etkili
degerlendirme yontemleri gelistiriimelidir (Evans v.d.
2010).
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