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MAY THE HONEY BEES SENSITIVITY TO EARTH’S MAGNETIC FIELD
ASSIST THEM FOR BUILDING?

Bal Arilarinin Diinyanin Manyetik Alanina Duyarliigi Yapimda Yardimci Olabilirmi?
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ABSTRACT

A surprising D12 symmetry inside-hive constructions of honey bees were disclosed. The well-
established sensitivity of bees to the magnetic field led us to supposition that it may play a key role in
steering of such regular architecture.

Key Words: Magnetic field, Apis mellifera carpatica, Magnetic sensitivity, Inside-hive orientation,
Uncommon architecture

0z
Bal arilarinin sasirtici bir D12 simetrisi kovan i¢i yapilari agiklandi. Arilarin manyetik alana karsi koklii

duyarlilhigs, bu tiir diizenli mimarinin yonlendirilmesinde anahtar bir rol oynayabilecegini varsaymamiza
neden oldu.

Anahtar Kelimeler: Manyetik alan, Apis mellifera carpatica, Manyetik hassasiyet, Kovan igci
orayantasyon, Sira digi mimari

Gould and co-workers (1978) discovered the ability hive engineering. In addition, the observations

of the bees to feel subtle variations of the magnetic
field. Gries’'s team demonstrated the honeybees
sensitivity to the polarity of magnetic field (Lambinet
et al. 2017) owing to the magneto-receptor located
in their abdomens (Walker and Bitterman 1985,
Liang et al. 2016). Such property of natural selection
enables bees navigation in the opened environment
and was intensively studied for decades mainly in
that context (Gould, et al. 1980, Walker et al. 1989,
Ferrari 2014). Nevertheless, as appeared, the
established skills could also explain the revealed
recently bees’ behavior related to the unusual inner-

presented herein also supports the earlier expressed
suggestions concerned the behavioral flexibility of
honey bees which, on the other hand, may reflect
their cognitive skills including individual recognition
and observational learning (Tsvetkov et al. 2019,
Feinerman and Korman 2017).

A few years ago, one of us (AP) fed his colonies of
Apis mellifera carpatica (49°34' N, 22°47' E, Eastern
Beskids, Ukraine) with sugar syrup poured in plastic
feeders placed inside six hives The feeders possess
twin truncated cones, each surmounted with a 90
mm top diameter cup (Fig. 1, S1, S2). A 70 mm
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diameter hole at the base of each cone affords to the
bee a safety round-trip from the hive to the syrup
source (Fig. 1, S2). After two weeks, the examination
of feeders led to a surprising observation. The edge
of each cup of one of the feeder was glued to the
feeder’s bottom by propolis gobs, distinctly charting
two perfect dodecagons symmetric to each other
(Figures 1, 2, S1 and S2).

Despite the 115 mm distance between the centers of
these regular dodecagons and shielding from each
other by the walls of the plastic cups (Fig. S2), the
figures (dihedral group D12 of order 24) created by
propolis gobs were identical and furthermore mirror-
image symmetrical (Figures 1, 2 and S1). The shape
of these structures was unusual, differing from the
regular hexagons (dihedral group De of order 12)
commonly constructed by the bees. Moreover, the
direction of imaginary secant lines connecting the

respective opposite propolis gobs coincide with the
cardinal points (Fig. 2).

We assume that the architecture leading to
formation of two symmetrical dodecagons arose
from the bee sensitivity to the local geomagnetic field
fluctuation (Liang et al. 2016). For example, the lines
connecting the pairs of propolis gobs marked ab (left
cone) and a’b’ (right cone) are parallel and coincide
with the N-S cardinal points. Remarkably, the other
connecting lines (e.g. cd, ef and gh as well as c’d’,
e’f"and g’h’) create sectors with identical angles of
30° (Fig. 2). Such constructions, although not so
evident, have been detected also from our other
hives. For example, by inspection the manner by
which the plastic cups were glued to the bottom of
others feeders, one can discern the shapes of
regular dodecagons too (Fig. S3).

Fig. 1. The propolis gobs (brown patches) around the bottom border of the plastic truncated cones chart two regular
dodecagons (red closed chains). For clarity, the cups which covered the cones (the formers were fixed by the gobs to the
feeder’s bottom) were disconnected and one of them was placed in the front of the feeder.

U.Arn D. - U.Bee J. 2022, 22 (1): 1-4
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Fig. 2. Photo of the feeder with a compass over the left truncated cone. The secant ab, and a’b’ dash-lines coincide with

the Nord-South direction.

As we supposed, the circumstance furthered the
developing of the revealed feature was, among
others, the location of apiary in the rural region far
from the faciliies able to generate the
electromagnetic field (i.e. radio, television or cell
tower antennas, high-voltage lines, radar or satellite
stations, etc. For instance, the shortest distance
from the nearest cell tower to the colony was more
than 2 km). The enlisted factors may be a crucial in
view of impact on the bees behavior. According to
Kirschvink et al. (19917) and Abou-Shaara (2018)
investigation, honeybees are able to detect static
intensity fluctuations as weak as 26 nT against the
earth-strength magnetic field. Rendering of that the
local magnetic anomalies may impact not only the
bees navigation in the open environment, but
predictively, inside the hive too. Elimination of such
effect down to zero (i.e. placing the colony far away
from any sources of artificial magnetic fields)
enables the bees to follow of their natural
engineering skills. And the last ones presumably
assist them to construct the exciting figures were
exhibited by this research. On the other hand,
revealed constructional behavior of the honeybees

presumably reflects not only the instinct activity but
may be a result of their ingenuity and engineering
prowess (Gallo and Chittka 2018, Nazzi 2016). For
example, considering that the immobilization of
regular large object (in our case the circle-shaped
edge of cup) demands to use the figure with number
of angles higher than six, they chosen the
dodecagon-shaped one. The intra-hive orientation of
the bees by their magnetoreceptors may please the
execution of the last operation, what was actually
demonstrated with this study.

Acknowledgements: We are thankful to our dads
who introduced us in the life of these exciting
creatures. We appreciate Andriy Zaborovsky
assistance in graphics preparation. AP particularly
thanks Valeriy Petkevych and Bogdan Krvavych for
assistance in photosetting.
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oz

Bu galisma, yemlik kolzanin farkli ekim normlarinin bazi verim 6zelliklerine etkisi, bal arilar arasindaki
karsilikl etkilesimlerinin belirlenmesi ve yemlik kolzanin ari merasi olusturulmasinda alternatif bir bitki
olarak degerlendirilmesi amaci ile yuriitilmustiir. Calismada 400, 800, 1200, 1600, 2000 ve 2400 g/da
ekim normu kullaniimistir. Bitkinin giceklenmesi ile birlikte haftada iki defa gozlemler alinmis ve m?
basina bal arisi sayisi, bal arilarinin gigekte kalma siiresi, bitki boyu, m? basina bitki sayisi, bitki basina
cicek sayisi, m? basina gicek sayisl, yan dal sayisi, bitki basina kapsiil, kapsiilde tohum, tohum verimi
ve bin tane agirligi gibi 6zellikler ele alinmistir. Arastirma sonucunda verim bakimindan 1200-1600 g/da
ekim normu o6ne cikmistir. 26 Nisan tarihi, arilarin yemlik kolzayi en ¢ok ziyaret ettigi, bitkinin en yiiksek
boyuna ulastidi, bitki bagsina ve m? basina en fazla cigege sahip oldugu tarih olarak gorilmiigtiir.
Yemlik kolzanin aricilik faaliyeti agisindan ozellikle erken ilkbahar doneminde kolonilerde olusan
nektar ve polen yetersizliginin ¢oziimiine yonelik ideal bir ari merasi bitkisi oldugu, Bingol ve benzer
ekolojik kosullara sahip bolgelerde 26 Nisan tarihi gegiriimeden bu bitkinin aricilik agisindan
degerlendirilebilecegi sonucuna varilmistir.

Anahtar kelimeler: Yemlik kolza, Brassica napus, Aricilik, Tohum verimi, Ari merasi

ABSTRACT

In this study, the effects of different sowing norms of Forage Rape on some yield characteristics, the
mutual interactions between honey bees and the evaluation of forage rape as an alternative plant in
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the creation of bee pastures were carried out. Sowing norms of 400, 800, 1200, 1600, 2000 and 2400
g/da were used in the study. Data was taken twice a week. The flowering of the plant and the number
of honeybees per m?, the duration of the honeybee in bloom, the plant height, the number of plants
per m?, the number of flowers per plant, the number of flowers per m?, the number of side branches,
capsule per plant, seed in capsule, seed properties such as yield and thousand grain weight were
discussed. This research observed that, 1200-1600 g/da sowing norm produces the highest yield. April
26th was observed as the date when bees visited the Forage Rape the most, reached the highest height
of the plant, and had the most flowers per plant and per m?. It has been concluded that Forage Rape is
an ideal bee pasture plant for the solving nectar and pollen deficiency in beekeeping, especially in
early spring periods in terms of beekeeping activity. it is recommended that this plant should be further
evaluated for beekeeping on dates prior to April 26th in Bingdl and regions with similar ecological

conditions.

Keywords: Forage rape, Brassica napus, Beekeeping, Seed yield, Bee pasture

EXTENDED ABSTRACT

Aim: This study was carried out to examine the
interrelationships between honey bees and forage
rape cultivated in different seed norms and to
evaluate Forage Rape as an alternative plant for
creating bee pastures. In addition, it was aimed at
determining the appropriate sowing norm within the
scope of Forage Rape-bee relationship in Bingdl
ecological conditions and to evaluate the effect of
these sowing norms on the yield and yield elements
of forage rape.

Materials and Methods: Forage rape (Brassica
napus L. ssp. oleifera Metzg) used as plant material
in the study was obtained from a private institution.
A total of six different applications were made as 400
g, 800 g, 1200 g, 1600 g, 2000 g and 2400 g seeds
per decare. Four rows of 20 m each with inter-row
spacing of 40 cm were used on each plot. Sowing
was made on the 2™ October, 2021. Data was taken
between 18" April and 03 May, 2021. The number
of bees per m? and the duration of the bees in the
flower were recorded by taking the average of five
minute observations at 9:00, 12:00 and 15:00 hours
of the day. After the flowering stage, the number of
side branches, average number of capsules per
plant and average number of seeds per capsule,
seed vyield and thousand-seed weight were
determined by harvesting an area of 1 m? per plot.

Results: From the result of this research, highest
number of honeybees per m? were observed on plots
1200, 1600 and 2400 g/da, highest plant height on
plots 1200 and 1600 g/da, highest number of plants
per m? on plot 2400 g/da, highest number of flowers
per plant on plots 1600 and 2000 g/da, highest
number of flowers per m? on plots 1200, 1600 and
2400 g/da and highest seed yield on plots 1200,

1600, 2000 and 2400 g/da respectively. It was
observed that the sowing norm did not have any
effect on the duration of the honeybee's stay in
flower, number of side branches, number of capsule
per plant, number of seeds per capsule and
thousand-seed weight. The first flowers of the
Forage Rape started sprouting as at 13" April with
the ecological condition of the Bingdl province.
Measurements started on April 18 and ended with
the end of flowering on May 07. The average
duration of flowering of Forage Rape in Bingodl
conditions was observed to be 24 days. The highest
number of bees visited the plants on April 26. It was
observed that the duration of stay in flower of bees
was longer between 22" and 29" April. April 26 was
also observed to be the date when the plants
reached the highest plant-height and had the most
flowers per plant and per m2.

Conclusion: As a result, of the evaluated of Forage
Rape for bee pasture from this research, it was
concluded that sowing norms ranging from 1200 to
1600 g/da are ideal for the ecological condition of the
Bingol province. Considering the duration of the
flowering period of Forage Rape, it is understood
that the bees can benefit from this plant significantly
after the winter season, and therefore Forage Rape
can be used as a bee pasture in Bingdl conditions
before the 26th of April.

GiRiS

Meralar, surekli bitki 6rtilerinden dolayi hayvanlar
tarafindan yasam ve beslenme ortami olarak,
insanlar tarafindan ise degisik tarimsal faaliyetler

yapmak amaciyla kullaniimaktadir. Ayrica dogal
mera alanlari, surekli bitki értisu ile kaplh olduklari
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icin topragin korunmasi, atmosferdeki dengenin
surdurdlebilmesi ve ekosistemin  sudrekliliginin
saglanmasinda 6nemli rol oynamaktadir. Zengin
bitki tGrinden meydana gelmis olan meralar, ¢ok
yonli faaliyete imkan saglamakta olup, giftlik
hayvanlarini otlatmak suretiyle
degerlendirilmelerinin yani sira aricilik ve bal Uretimi
icin de degerlendirilebilmektedir (Gokge 2002, Gl
v.d. 2005).

Bitkiler ve arilar arasinda gugli baglar vardir ve
arilarin varligi dogrudan bitkilere baghdir. Genellikle
bu ortakhk karsilikli fayda iliskisine dayanmaktadir.
Ciceklerin  tozlasmak igin arilara, arilarinda
beslenmesi igin ciceklere ihtiyaci vardir (Cengiz
2013). Mera alanlarinda yapilan aricilik faaliyeti,
insan beslenmesi agisindan degerli besin kaynagi
olan bal ve ar Urlnleri elde edilmesinde dnemli rol
oynamaktadir. Mera alanlarindaki aricihk faaliyeti
ayni zamanda mera bitki ortilerinde bulunan,
yabanci tozlasma Ozelligine sahip ve uretim igin
mutlaka arilara ihtiyag duyan bitki turlerinin verimi
agisindan o6nem tasimaktadir (Gengkan 1985,
Ozbek 2002). Ayrica mera alanlari, verimliligi
artirmaya yonelik disaridan herhangi bir girdi
kullanimi s6z konusu olmayan, tamamen dogal
alanlar olduklari i¢in saglkli ve organik bal dretimi
gerceklestirme agisindan da oldukga uygun
alanlardir (Cengiz 2013).

Mera bitki 6rtlleri cok sayida bitki tirinden meydana
gelmekte olup (Gokkus ve Kog¢ 2001), bu bitkiler
polen Ureterek nesillerini devam ettirmektedir.
Polenler bitkilerin tozlagsma sansini artirirken ayni
zamanda arilarin bal dretimi igin énemli bir besin
maddesi gorevini de Ustlenmektedir (Delaplane ve
Mayer 2000). Koloni popllasyon gelisimini saglayan
ana arinin yumurta birakmasi, koloniye gelen polen
ve nektar miktarina bagdh olup, bunlardan birinin
yetersizligi veya eksikligi durumunda ana ari
yumurtlamayi durdurmaktadir. Polen ayni zamanda
yavru arilarin vicut gelisiminde protein kaynagi
olarak gorev yapmaktadir (Kutlu v.d. 2005). Bal
arilarinin polen kaynagi olarak tek kaynaklari dogal
floradir ve floranin polen degeri barindirdigi polenli
bitki tarlerinin gesitliligi, yogunlugu ve ciceklenme
periyodunun uzunluguna es degerdir (Cengiz 2013).

Ot tipi yem salgami, yemlik salgam veya yemlik
kanola gibi isimlerle tanimlanan yemlik kolza
(Brassica napus L. ssp. oleifera Metzg) iklim
degisikliginden en az etkilenen ve polen zengini olan
bitkiler arasinda yer almasi sebebiyle alternatif bir
yem bitkisi olma potansiyeline sahiptir. Yemlik kolza,

hacligiller veya turpgiller (Cruciferae  veya
Brassicaceae) familyasina ait tek yillik bir bitkidir
(Cagan ve Nursoy 2021, Serin ve Tan 2001). Bu
familyanin Brassica cinsi igerisinde yer alan yemlik
kolzanin tohumu, yesil otu, kuru otu, silaji, kiispesi,
yagi ve protein konsantreleri hayvan beslemede
kullaniimaktadir  (Nursoy v.d. 2018). Hayvan
beslemenin yani sira yemlik kolza, floranin yeterli
oldugu alanlarda bal arilari i¢in iyi bir besin kaynagi,
floranin yetersiz oldugu alanlarda ise iyi bir nektar ve
polen kaynagidir (Korkmaz 2003).

Farkas (2008) Macaristan'da (g farkli yaglk kolza
(Brassica napus L. var. napus) gesidinde nektar
Uretimi ve seker bilesimini incelemistir. Calismada
geng ve polen doken cicekler en iyi nektar Ureticisi
olarak belirlenmistir. Polen sagan c¢igekler, 14
Mayis'ta glinegli ve riizgérl hava kosullarinda geng
ciceklere gore iki kat, bulutlu kosullarda, 15 Mayis
2005'te dort kat daha fazla nektar Gretmistir.
Calismada diger iki cesitte de benzer egilimler
g6zlenmis olup, bu da hava kosullarinin nektar
Uretimi/gicek ve nektar seker konsantrasyonu
Uzerinde belirgin bir etkisi oldugunu gdstermigtir.
Nedi¢ v.d. (2013) tarafindan yapilan galismada,
yaglik kolza ciceklerinin nektar o6zellikleri, nektar
uretimi ve bal arisi ziyaretleri ile bal ve tohum
verimine iligkin go&zlemler gibi morfofizyolojik
ozellikleri incelenmistir. Calismada maksimum bal
veriminin hesaplanmasi, c¢ikarilan balin gercek
miktarinin potansiyel verimden c¢ok daha dusik
oldugu ortaya ¢ikmis ve bu ari merasinin yeterince
kullaniimadigini  gdstermigtir.  Ayrica bal arisi
tozlasmasinin, kolza tohum verimini ve tohum
dretimini, tozlayicilarin hari¢ tutuldugu isleme
kiyasla %12 arttirdigi gézlemlenmistir.

Bu calismada bal arilari ile farkli tohum normlarinda
ekimi yapilan yemlik kolza arasindaki karsilikli
iligkileri incelemek ve yemlik kolzanin ari merasi
olusturulmasinda alternatif  bir  bitki  olarak
degerlendiriimesi  hedeflenmigtir. Ayrica Bingol
ekolojik kosullarinda bal arilarinin ihtiyag duydugu
bitki popullasyonuna destek olarak uygun ekim
normunda yemlik kolza ekiminin yapilmasi ve bu
ekim normlarinin verim ve verim 6geleri Uzerinde
etkisinin degerlendiriimesi amaclanmigtir.

GEREG VE YONTEM
Gereg

Aragtirmada bitkisel materyal olarak kullanilan
yemlik kolza (Brassica napus L. ssp. oleifera Metzg)
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Ozel bir kurulustan temin edilmigtir. Arastirma Bingdl
Universitesi Tarimsal Uygulama ve Arastirma
Merkezinde ydrutilmustar. Bu alan Bingdl |l
merkezine 15 km uzakta olup, 38° 32’ 41.85” K ile
40° 32’ 25.58” D koordinatlarinda yer almakta ve
deniz seviyesinden yuksekligi ortalama 1080 m'’dir.

Arastirma alaninin iklim ozellikleri

Bingdl ilinde vyilhk ortalama sicaklik degeri
12.1°C’dir. Ocak ve Subat aylarinda sicaklk
ortalamasi sifirn altinda olmakta, Temmuz ve
Agustos aylari da en sicak aylar olarak
seyretmektedir. Bingdl ilinin yillik toplam yagis
miktari da 948.4 mm’dir. En fazla yagdis kis aylarinda
alinmaktadir. Temmuz ve Adustos aylari en az yagis
alan aylardir.

Arastirma alaninin toprak 6zellikleri

Yapilan toprak analizine gbre toprak yapisinin killi-
tinh yapida oldugu, hafif derecede asidik (pH: 6,26),
tuzsuz (%0.014), organik madde igerigi az (%1,09),
az kiregli (%0,41), potasyum igeriginin az (18,27
kg/da) ve fosfor oraninin orta (7,60 kg/da) oldugu
tespit edilmigtir.

Yontem

Arastirmada yemlik kolzanin farklh  tohumluk
miktarlarinin verim ve verim &geleri Gzerinde etkisi
ve aynl zamanda bitkinin ari merasi olarak
kullaniimasi degerlendirilmistir. Bu amacla arastirma
alaninin yaklagik 50 m uzagina 10 adet bal arisi
kovani, yobnleri glneye bakacak sekilde
yerlestiriimistir. Tohumluk miktar olarak dekara 400
g, 800 g, 1200 g, 1600 g, 2000 g ve 2400 g olmak
Uzere toplam alti farkli uygulama yapilmistir.
Deneme 02 Ekim 2020 tarihinde, her uygulama
parseli 4 sira olarak, sira arasi mesafe 40 cm (Cacan
ve Kokten 2017) ve her siranin uzunlugu 20 m
olacak sekilde kurulmustur. Gozlemler Ug tekerrir
olacak sekilde parsellerde belirlenen 1 m?lik alan
tizerinden yapilmistir. ilk gigeklenme 13 Nisan 2021
tarihinde goralmustur. Parselin giceklenme oraninin
artmasiyla 18 Nisan tarihi itibariyle go&zlemler
alinmaya baslanmigtir. 18 Nisan, 22 Nisan, 26
Nisan, 29 Nisan ve 3 Mayis olmak Uzere bes farkh
glnde, her glnin sabah saat 9:00, 6gle saat 12:00
ve Ogleden sonra saat 15:00'da olacak sekilde 5
dakika stre ile (Tansi ve Kumova 1999, Bakoglu ve
Kutlu 2006, Kutlu v.d. 2018) tg farkl zamanda ve bu
g farkli zamanin ortalamasi olarak m? bagina bal
arisi sayisi ve bal arilarinin gigekte kalma suresi

hesaplanmistir. Bes farkli giinde bitki boyu cm
olarak her tekerrirde 10 bitki olacak sekilde
Olgllmistir. Yine bes farkli glinde m? basina bitki
sayisl, bitki basina gigek sayisi ve m? bagina gigek
sayis| sayllarak ve ortalamasi alinarak veriler elde
edilmistir. Cigceklenme asamasi bittikten sonra
bitkide yan dal sayisi, bitki basina kapsul sayisi,
kapsulde tohum sayisi elde edilmis ve her parselden
1 m?lik alan bigilerek bu alandan elde edilen tohum
verimi, el ile harmanlanarak tohum verimi ve bin tane
agirligi verileri elde edilmistir.

Elde edilen verilere JMP istatistik paket programi
yardimiyla varyans analizi uygulanmigtir.
Ortalamalarin farkhliklari 0.05 seviyesinde LSD testi
ile karsilastinimistir.

BULGULAR

Calismada yemlik kolzanin m? basina bal arisi
sayisl, bal arilarinin gigekte kalma suresi, bitki boyu,
m? bagina bitki sayisl, bitki basina gigek sayisi, m?
basina cicek sayisi, yan dal sayisi, bitki bagina
kapsil, kapsulde tohum, tohum verimi ve bin tane
agirhgi gibi 6zellikler incelenmigtir. Bu dzelliklere ait
varyans analizi Tablo 1'de verilmigtir. Tablo 1'de
verildigi Uzere yan dal sayisi, bitki basina kapsl
sayisl, kapstulde tohum sayisi, bin tane agirhg: ve m?
basina bitki sayisinin sayim zamani disinda kalan
diger Ozelliklerin sayim zamani ve ekim normu
acisindan istatistiksel olarak anlamh farkhlik
gOsterdigi gorulmektedir.

1-m? bagina tespit edilen bal arisi sayisi

Arastirmada farkli sayim zamanlari ve farkh ekim
normuna gbre m?bagina tespit edilen bal arisi sayisi
Tablo 2’de verilmigtir. Tablo 2’de goérildugu tzere
farkli ekim normui ile farkli sayim zamanlarinda tespit
edilen m? basina ari sayilarl arasindaki farkin
istatistiksel olarak anlaml oldugu gdrulmektedir. 26
Nisan tarihinde m?basina en yiiksek ari sayisi tespit
edilmistir ve 29 Nisan-3 Mayis tarihleri en diguk ari
ziyaretinin oldugu tarihler olmustur. Ekim normu
agisindan bakildiginda m? basina en yiksek ari
sayisinin 1200, 1600 ve 2400 g/da tohumluk
kullanilan parsellerde tespit edildigi gorulmektedir.
Genel olarak tohumluk miktarlarinin az kullanildigi
parselleri ziyaret eden ari sayilarinin da az oldugu
gorilmektedir. Sayim zamanlari ve ekim normu
ortalamasi olarak m? basina tespit edilen bal arisi
sayisi 10,9 adet olmustur.
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Tablo 1. incelenen dzelliklerin varyans analizi sonucu elde edilen F degerleri ve énemlilik kontrolii
Table 1. The F values and the significance control obtained as a result of the analysis of variance of the examined features

Serbestli_k Ani sayisi Arinin gigektg Bitki boyu Bitki B_itki basina m?de gicek
Derecesi kalma siiresi sayisl cicek sayisi sayisl
Bloklar 2 0,60 0,04 2,33 2,66 14,2 9,90
Sayim Zamani 4 39,3** 18,3** 11,3** 0,54 25,6** 17,5
Ekim Normu 5 6,89** 1,66 15,6 14,1** 4,85* 5,49*
Serbestlik Yan dal Bitki basina Kapsiilde Tohum Bin tane
Derecesi sayisl kapsiil sayisi tohum sayisi verimi agirhg
Bloklar 2 3,45 0,19 0,58 0,75 0,93
Ekim Normu 5 1,66 1,18 1,21 3,45 2,07

**: P<0.01, *: P<0.05 diizeylerinde 6nemli

Tablo 2. Farkli sayim zamani ve ekim normuna gére m? basina tespit edilen bal arisi sayisi (adet)
Table 2. The number of honeybees detected per m? according to different count times and sowing norms (pieces)

Sayim Zamani

Ekim Normu

18 22 26 29

(g/da) Nisan Nisan Nisan Nisan 3 Mayis Ortalama
400 7,0 7,3 13,7 6,0 4,2 7,6 bc**
800 4,8 6,2 17,8 2,0 0,0 6,2c
1200 13,0 15,5 19,0 8,8 0,3 11,3 abc
1600 10,9 17,3 30,7 5,8 0,7 13,1 ab
2000 9,7 11,0 27,2 3,5 0,3 10,3 be
2400 25,9 30,0 25,0 2,3 0,7 16,8 a

Ortalama 1;,:,? 14,6 b 22,2 a 4,7 c 1,0c 10,9

** P<0.01

2-Bal arilarinnin gicekte kalma siireleri

Farkh sayim zamanlari ve farkli ekim normuna gore
bal arilarinin gigcekte kalma slresi ortalamalari Tablo
3’te verilmistir. Farkli sayim tarihlerinde bal arilarinin
cicekte kalma sureleri arasindaki fark, istatistiki
agidan onemli bulunmustur. 18 Nisan tarihinde
arilarin gicekte kalma suresinin az oldugu, 22 Nisan,
26 Nisan ve 29 Nisan tarihlerinde arilarin en fazla

itibariyle de ddllenmenin gergceklesmesi nedeniyle
arinin ¢gicekte kalma sdresinin oldukga azaldigi
gorulmektedir. Farkli ekim normunun uygulandigi
parsellerde arilarin gicekte kalma sireleri istatistiki
olarak bir farkllik gdstermemistir. Ekimde kullanilan
tohumluk miktarinin azh@ veya ¢oklugunun arinin
cicekte kalma suresi Uzerinde herhangi bir etkisinin
olmadig! anlasiimaktadir. Farkh ekim normu ve

sayim zamanlarinda bal arilarinin gicekte kalma

cicekte kaldiklari zaman oldugu ve 03 Mayis tarihi stireleri ortalama 5,4 saniye olmustur.

Tablo 3. Farkli sayim zamani ve ekim normuna gore bal arilarinin gigekte kalma slreleri (saniye)
Table 3. Duration of honeybees in flower according to different count times and sowing norm (seconds)

Ekim Normu Sayim Zamani

(g/da) Ni158an Nizszan Nizszn Nizszm 3 Mayis Ortalama
400 3,7 7,5 7,5 8,5 53 6,5%
800 3,2 6,8 9,3 6,1 2,6 5,6
1200 4,7 7,8 7,0 6,4 0,0 5,2
1600 4,7 7,2 49 6,8 49 5,7

2000 3,8 53 6,5 8,7 0,0 49
2400 3,3 55 55 6,2 23 4,6
Ortalama 3,9 b** 6,7 a 6,8 a 71a 25b 5,4

**: P<0.01, 6d: Onemli degil
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3-Bitki boyu

Farkli sayim zamani ve ekim normunda tespit edilen
bitki boyu ortalamalari Tablo 4’te verilmigtir. Tabloda
farkl ekim normu ile farkli sayim zamanlarinda tespit
edilen bitki boylari arasindaki farkin istatistiksel
olarak anlamli oldugu goérilmektedir. En disik bitki
boylari 18 Nisan ve 22 Nisan tarihlerinde
Olgulmastir. Zaman ilerledikge bitki boyunda artis
oldugu, 26 Nisan, 29 Nisan ve 03 Mayis tarihlerinde
bitki boyunun istatistiksel olarak ayni grupta oldugu

ve en yuksek degerleri verdigi gorulmektedir. Ekim
normu agisindan bakildiginda en ylksek bitki boyu
ortalamasinin dekara 1200 g ve 1600 g tohumluk
atilan parsellerden alindigi goérdlmektedir. Bu
miktarlardan daha az ve daha ¢ok atilan tohumluk
miktarlarinin bitki boyu Uzerindeki etkisinin daha az
oldugu gorilmektedir. Ekim sikhdi ve saymm
zamanlarinin ortalamasi olarak bitki boyu 69,8 cm
olarak elde edilmistir.

Tablo 4. Farkli sayim zamani ve ekim normuna gore bitki boyu ortalamalari (cm)
Table 4. Plant height averages (cm) according to different count times and sowing norms (cm)

Ekim Normu

Sayim Zamani

18

22

26

29

(g/da) Nisan Nisan Nisan Nisan 3 Mayis Ortalama
400 50,2 52,2 56,7 42,3 65,1 53,3 d**
800 65,0 70,0 71,0 81,3 70,7 71,6 bc
1200 62,7 69,0 85,0 88,2 85,5 78,1 ab
1600 63,8 67,8 81,3 96,0 95,5 80,9 a
2000 55,8 60,2 68,6 65,7 74,9 65,0 c
2400 61,9 65,7 71,8 711 79,6 70,0 c
Ortalama 53:,? 64,2 b 72,4 a 741 a 78,6 a 69,8
**: P<0.01

4-m? basina bitki sayisi

Farkli sayim zamani ve ekim normundaki m? bagina
bitki sayilari Tablo 5'te verilmigtir. Tabloda farkli
ekim normlari ile tespit edilen m? bagina bitki sayisi
arasindaki farkin istatistiksel olarak anlaml oldugu
goriilmektedir. Sayim zamanlari arasinda m? basina
bitki sayilar istatistiksel olarak herhangi bir farkhlik

gOstermemistir. EKim normunda kullanilan tohumluk
miktarinin artmasi ile parsellerde m? basina tespit
edilen bitki sayisinin arttigi ve en yiksek sayinin
2400 g/da uygulama yapilan parselden elde edildigi
belirlenmistir. Sayim zamanlari arasinda m? basina
bitki sayilari 138,8-151,1 adet arasinda degisim
gOstermis ve ortalamasi 142,2 adet olarak tespit
edilmistir.

Tablo 5. Farkli sayim zamani ve ekim normunda m? basina tespit edilen bitki sayisi (adet)
Table 5. The number of plants determined per m? at different count times and sowing norms (pieces)

Ekim Normu

Sayim Zamani

(g/da) 18 Nisan 22 Nisan 26 Nisan 29 Nisan 3 Mayis Ortalama
400 82,7 108,8 106,3 111,3 87,5 99,3 c**
800 97,7 102,5 97,5 175,0 80,0 110,5¢
1200 95,7 187,5 140,0 118,8 92,5 126,9 bc
1600 170,7 145,2 143,8 91,3 170,0 144,2 b
2000 201,0 136,3 128,8 142,5 147,5 151,2 b
2400 209,3 226,2 170,0 193,8 305,0 2209 a
Ortalama 142,8 151,1 131,0 138,8 147 1 142,2
**: P<0.01
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5- Bitki bagina gicek sayisi

Arastirmada farkli sayim zamani ve ekim normundaki bitki basina gigcek sayisinin ortalamalari Tablo 6’da
verilmistir

Tablo 6. Farkli sayim zamani ve ekim normundaki bitki basina cicek sayilari (adet)
Table 6. Number of flowers per plant at different count times and sowing norms (pieces)

Ekim Normu Sayim Zamani
(g/da) 18 Nisan 22 Nisan 26 Nisan 29 Nisan 3 Mayis Ortalama
400 51 7,8 8,7 6,6 1,5 5,9 c**
800 4,9 6,9 10,5 6,6 4,2 6,6 c
1200 7,3 11,0 10,8 5,6 1,6 7,3 bc
1600 6,5 9,2 141 10,5 2,8 8,6 ab
2000 7,6 11,3 16,7 8,4 71 10,2 a
2400 5,4 8,7 10,0 9,9 1,7 7,1 bc
Ortalama 6,1 c** 9,2b 11,8 a 7,9 bc 3,2d 7,6
**: P<0.01
Farkli ekim normu ile farkli sayim zamanlarinda 6- m? basina cicek sayisi
tespit edilen bitki basina gicek sayilari arasindaki

Farkli sayim zamani ve farkli ekim normundaki m?
basina cicek sayisinin ortalamalari Tablo 7'de
verilmistir. Tabloda farkli ekim normu ile farkli sayim
zamanlarinda tespit edilen m? basina gigek sayilari
arasindaki farkin istatistiksel olarak anlaml oldugu
gorilmektedir. Tabloya gére en fazla m? basina
gicek sayilarinin 22 Nisan ve 26 Nisan tarihlerinde
yapilan sayimlarindan elde edildigi goralmastar.
Ekim normu agisindan bakildi§inda m? bagina gigek
sayisinin en gok 1200, 1600 ve 2400 g/da tohumluk
uygulanan parsellerden elde edildigi gorulmektedir.
Ortalama m? bagina gigek sayisi 1123 adet olarak
tespit edilmigtir.

farkin  istatistiksel olarak anlamli  oldugu
gOrulmektedir. Bitki bagina gigek sayisinin 18 Nisan
tarihinden sonra arttigi, en yiksek degerine 26
Nisan tarihinde ulastigi ve bu tarihten sonra da
azaldigi gorilmektedir. En yuksek bitki bagina gicek
sayisi da 1600 g/da ve 2000 g/da ekim normu
uygulanan parsellerden alindigi gdrulmektedir.
Ortalama bitki basina gigek sayisi 7,6 adet olarak
tespit edilmistir (Tablo 6).

Tablo 7. Farkli sayim zamani ve ekim normundaki m? basina gicek sayilari (adet)
Table 7. Number of flowers per m? at different count times and sowing norms (pieces)

Ekim Normu Sayim Zamani
(g/da) 18 Nisan 22 Nisan 26 Nisan 29 Nisan 3 Mayis Ortalama
400 501 825 1306 876 142 730 c**
800 446 904 1166 1135 317 794 c
1200 1302 2517 1399 799 234 1250 ab
1600 1167 1800 2034 1113 476 1318 ab
2000 623 1215 1918 963 620 1068 bc
2400 1114 2682 1725 1862 513 1579 a
Ortalama 859 b** 1657 a 1591 a 1125 b 384 c 1123
**: P<0.01
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7-Yan dal sayisi, bitki basina kapsul, kapsiil
basina tohum, tohum verimi ve bin tane agirlhigi

Farkh ekim normunda yemlik kolza bitkisinde tespit
edilen yan dal, bitki basina kapsul, kapsul basina
tohum, tohum verimi ve bin tane agirliklari Tablo
8'de verilmistir. Bu 6zellikler arasinda sadece tohum
veriminin ekim normu agisindan istatistiksel olarak
farkhihk gosterdigi goértlmistur. Yan dal sayisi 1,33-
1,93 adet, bitki bagina kapsul sayisi 6,8-12,5 adet ve

kapsulde tohum sayisi 10,5-14,1 adet arasinda
degisim gostermigtir. EKim normunun bu &zellikler
arasinda istatistiksel olarak herhangi bir farkliliga yol
acmadigr gorulmektedir. En ylksek tohum verimi
1200 g/da tohum atilan parselden elde edildigi tespit
edilmigtir. Bin tane agirliklari agisindan da
istatistiksel olarak bir farkliik olmadigi, bin tane
agirliklarinin - 2,718-3,043 g arasinda degisim
gosterdigi ve ortalamasinin 2,834 g oldugu
belirlenmigtir.

Tablo 8. Farkli ekim normunda bitkinin yan dal sayisi, bitki bagina kapsul sayisi, kapsulde tohum sayisi, tohum verimi ve

bin tane agirigi ortalamalari

Table 8. The number of side branches of the plant, the number of capsules per plant, the number of seeds in the capsule,
the seed yield and the average weight of one thousand seeds in different sowing norms

Ekim Normu Bitkide Yan dal

Bitki basina

Kapsiilde Tohum verimi  Bin tane agirhg

(g/da) sayisi (adet) kapsiil (adet) tohum (adet) (kg/da) (9)
400 g/da 1,33 6,8 10,5 19,7 ¢* 2,768
400 1,87 8,7 12,1 24,6 bc 2,879
800 1,87 11,0 12,3 40,7 abc 2,725
1200 1,93 12,5 14,1 58,2 a 2,718
1600 1,53 8,9 11,4 36,7 abc 3,043
2000 1,40 9,9 12,8 47,8 ab 2,872
Ortalama 1,66 9,6 12,2 37,9 2,834
*: P<0.05
TARTISMA kullanarak ydratilen iki yilik calismada, bitki

Farkli ekim normlarinda yetigtirilen yemlik kolzada,
m? basina ortalama 10,9 adet bal arisi sayisi tespit
edilmis ve arilarin gicekte kalma sureleri ortalama
5,4 saniye olarak belirlenmistir. Rosa v.d. (2010)
Giiney Brezilya'da, bal arilarinin Brassica napus‘un
basarili bir sekilde tozlasmasi igin yeterli davranis
gOsterip goOstermedigini ortaya koymak ve bal
arilarinin  beslenme davranisini degerlendirmek
amacl ile yurattukleri calismada, bal arilarinin bir
bitkide ortalama iki gicedi ziyaret ettigini ve cgicek
Uzerindeki kalig sdresinin 1-43 saniye arasinda
degistigini beyan etmislerdir.

Calismada yemlik kolzanin boyu ortalama 69,8 cm
olarak belirlenmistir. Basalma v.d. (2003), tarafindan
Ankara kosullarinda kolza ile yapilan 2 yillik ¢calisma
sonucunda, bitki boyu 123,4-129,1 cm olarak tespit
edilmistir. Gizlenci v.d. (2005) tarafindan Samsun
kosullarinda Ug kislik kolza gesidi ile yedi farkli ekim
zamaninda yuruttlen ¢calismada, g¢esitlerin bitki boyu
ortalamalarinin 124,6-169,1 cm, Gizlenci v.d. (2011)
tarafindan Samsun kosullarinda, 52 kolza hat/cesidi
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boyunun 132,1-178,2 cm arasinda oldugu rapor
edilmistir. Sargin (2012), Ordu kosullarinda yaptigi
arastirmada, kislik kolza gesitlerinde bitki boyunun
172,4-202,1 cm arasinda tespit edildigini bildirmistir.
Cacan ve Kokten (2017) tarafindan Bingdl ilinde
yurutilen bir calismada yemlik kolzanin bitki boyu
ortalama 135 cm, Kéymen (2018) tarafindan 3 kiglik
kolza cesidinde, azotun verim ve verim &geleri
Uzerine etkisini belirlemek amaciyla yapilan
¢alismada bitki boyunun 174,16-190,55 cm arasinda
degistigi gdzlemlenmistir. Ozyazici v.d. (2020), Siirt
kosullarinda kiglik kolza Uzerinde yurattikleri
¢alismada, bitki boyunun 144,3-152,5 cm arasinda
degistigini bildirmiglerdir. Bingdl ilinde yurutilen bir
calismada ise yemlik kolzanin bitki boyu ortalama
139 cm (Cagan ve Nursoy 2021) olarak tespit
edilmigtir.  Bitki boyunun daha ©Once yapilan
calismalar ile kiyaslandiginda oldukga duguk oldugu
gorulmektedir. Bunun nedeni 2020-2021 yili
yetistirme periyodunda karsilasilan kurakliktir. Yagis
miktarinin azhdi bitkinin boylanmasini engellemis,
bitkinin vejetatif gelismesinin doruguna ulagsmadan,
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cicek acarak generatif doneme gegmesine yol
acmistir. Dolayisiyla bitki boyu digstk kalmigtir.

Calismada yemlik kolzanin ortalama 24 gun gicekte
kaldi§i, m? bagina 142,2 adet bitki, bitki bagina 7,6
adet e m? basina 1123 adet cigedin oldugu
belirlenmistir. Koltowski (2002), Polonya’da, alti
kolza c¢esidi ile yurattugu calismada; kolza
gesitlerinin, Mayis ayinda giceklenmeye basladigini,
ortalama 15-20 gun cicekte kaldiklarini ve ¢icek
sayisinin 9.150-12.180 adet/m? arasinda oldugunu
beyan etmistir. Korkmaz (2003) Cukurova
kosullarinda, ari otu ve yemlik kolza ile bal arilarinin
bazi iligkilerini belilemek amaciyla iki yil sureyle
yurattigd calismasinda, yemlik Kkolza bitkisinin
Subat ortalarinda gigeklendigini, bitkinin 47 glin stire
ile gigekte kaldigini ve 2955,85 adet/m? gigege sahip
oldugunu belirlemistir. Kumova ve Korkmaz (2003)
Cukurova bolgesinde, kolza bitkileri ile bal arilarinin
bazi iligkilerini belirlemek amaciyla yurattakleri
calismada, kolza bitkisinin Subat-Nisan ortasina
kadar ciceklendigini ve 47-65 gln cicekte kaldigini
belirlemiglerdir. Ayrica kolza bitkisinde gicek sayisini
ortalama 271,20-2955,85 adet/m? oldugunu beyan
etmiglerdir. Kumova ve Korkmaz (2007) Cukurova
kosullarinda kolzanin cigeklenme fenolojisi, gigek
sayisl, nektar ve polen miktari ile nektar ve polen
potansiyellerini kargilastirmak amaciyla yaptiklari iki
yillik calismada, ciceklenme baglangi¢c ve bitis
tarihlerinin her iki yilda farkli aylarda gergeklestigini,
ilk yil kolzanin 47 gin cicekte kaldigini ve ortalama
2955,85+111,11 adet/m? gigege sahip oldugunu
g6zlemlemiglerdir. Ayrica aragtirmanin ikinci yilinda,
kolza bitkisinin 45 gun cicekli kaldigini, ortalama
271,20+43,70 adet/m? gigege sahip oldugunu rapor
etmislerdir.

Calismada yemlik kolzada ortalama yan dal sayisi
1,66 adet, bitki basina kapsul 9,6 adet, kapsilde
tohum 12,2 adet, tohum verimi 37,9 kg/da ve bin
tane agirligi 2,834 g olarak tespit edilmistir. Bagsalma
v.d. (2003) tarafindan Ankara kosullarinda kolza ile
yapilan 2 yillik galisma sonucunda, yan dal sayisini
4,59-5,59 adet, Gizlenci v.d. (2011) Samsun
kosullarinda 52 kolza hat/gesidi  kullanarak
yurattukleri iki yillik ¢galismada yan dal sayisini 5,0-
8,5 adet, Sargin (2012) Ordu kosullarinda yaptigi
arastirmada, kislik kolza gesitlerinde ana sapa bagl
yan dal sayisini 4,7-8,9 adet ve Ozyazici v.d. (2020)
Siirt kosullarinda kishk kolza Uzerinde yaptiklari
arastirmada yan dal sayisini 5,9-9,1 adet olarak
tespit etmislerdir.

Oztiirk (2000) tarafindan Konya kosullarinda dort

farkli ekim zamani, dort yemlik kolza gesidi ve Ug
farkl sira arahidinda yaptidi arastirmada, sayisinin
243,6-308,1 adet, kapsuldeki tohum sayisinin 26,7-
28,3 adet, tohum veriminin 391,9-435,4 kg/da ve bin
tane agirliginin 4,69-5,06 g arasinda oldugunu rapor
etmistir. Bagsalma v.d. (2003), Ankara kosullarinda
kolza Uzerinde yapmis olduklar iki yillik calisma
sonucunda, ana sapta kapsul sayisini 50,24-54,66
adet, kapsulde tohum sayisini 24,96-26,13 adet, en
yuksek tohum verimini dekara 243,59-249,17 kg ve
bin tane tohum agirhdini 3,27-4,34 g olarak beyan
etmislerdir.

Blazyté-Cereskiené v.d. (2010) Litvanya’da, SW
Savann ve Ural kolza cesitlerine ait cicekler
Uzerinde, bal arilarinin besin arama davranislarini
incelediklerinde, yuksek sicakliklarda kolza cgicekleri
Uzerindeki bocek yogunlugunun azaldigini ve tohum
veriminde negatif ydnde bir etkilesimi
gozlemlemislerdir. Gizlenci v.d. (2011) Samsun
kosullarinda, kolza bitkisi Uzerinde yapmis olduklari
iki yillik calismada kapsulde tohum sayisinin 16,5-
29,6 adet, Sargin (2012) Ordu kosullarinda yaptigi
arastirmada, kiglik kolza cesitlerinde bitkide kapsul
sayisinin  175,2-535.3 adet, kapsulde tohum
sayisinin 15,1-19,8 adet, tohum veriminin 128,2-
372,3 kg/da ve bin tane tohum agirhiginin 3,36-4,39
g arasinda oldugunu bildirmiglerdir.

Farkh iklim ve toprak kosullarinda bitkiler, verim
acisindan farkh sonuglar vermektedir. Bu durumun
yani sira 6zellikle 2020 yilinda yasanan kurakhgin ve
yagis azhidinin, mevcut galismada elde edilen bitkide
yan dal sayisl, bitki basina kapsul, kapsilde tohum,
tohum verimi ve bin tane agirhginin literattr
bulgularindan daha dusuk olarak elde edilmesine yol
actigi dusunulmektedir.

Sonug: Yemlik kolzada farkli ekim normlarinin bazi
verim Ozellikleri Uzerine olan etkisinin belirlenmesi
ve yemlik kolzanin ari merasi olarak Bingdl
kosullarinda degerlendirilmesi amaciyla bu ¢alisma
ylrGtilmuastir. Calismada m? bagina en fazla bal
arisi sayisi 1200, 1600 ve 2400 g/da, en yuksek bitki
boyu 1200 ve 1600 g/da, en fazla m? basina bitki
sayisi 2400 g/da, en fazla bitki basina gicek sayisi
1600 ve 2000 g/da, en fazla m? basina gigek sayisi
1200, 1600 ve 2400 g/da ve en fazla tohum verimi
1200, 1600, 2000 ve 2400 g/da ekim normu
uygulanan parsellerden alindigi belirlenmistir. Bal
arilarinin gicekte kalma suresi, yan dal sayisi, bitki
basina kapsul sayisi, kapsulde tohum sayisi ve bin
tane agirligi Gzerinde ekim normunun herhangi bir
etkisinin olmadigi gorulmastar.
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Yemlik kolzada Bingdl kosullarinda 13 Nisan tarihi
itibariyle ilk cicekler gorilmeye baglanmistir.
Sayimlar, 18 Nisan tarihinde baglamis ve 07 Mayis
tarihi itibariyle c¢iceklenmenin son bulmasiyla
bitmistir. Yemlik kolzanin Bingdl kosullarinda gicekli
kalma siresi ortalama 24 gln olarak belirlenmistir.
Bitkiyi en fazla ar 26 Nisan tarihinde ziyaret etmistir.
22-29 Nisan tarihlerinde arilarin ¢igekte kalma
surelerinin daha fazla oldugu goérilmustur. 26 Nisan
tarihi, ayni zamanda bitkinin en yuksek bitki boyuna
ulastigl, bitki bagina ve m? basina en fazla gigege
sahip oldugu zaman olarak belirlenmistir.

Sonug¢ olarak yemlik kolza ari merasi olarak
degerlendirildiginde 1200-1600 g/da ekim normunda
ekim yapilmasinin Bingdl kosullari icin ideal ekim
normu oldugu sonucuna varilmigtir. Yemlik kolzanin
giceklenme periyodundaki siure dikkate alindiginda
arilarin kis mevsiminden sonra bu bitkiden énemli
oranda yararlanabilecegi ve bu nedenle yemlik
kolzanin Bingdl kosullarinda 26 Nisan tarihi
geciriimeden ari merasi olarak kullanilabilecegi
anlasiimaktadir.

Katki ve g¢atisma durumu: Yazarlar esit durumda
katki saglamislardir ve yazarlar arasinda herhangi
bir ihtilafli durum bulunmamaktadir.

Mali kaynak: Bu calisma, Bingdl Universitesi Pilot
Universite Koordinasyon Merkez Birimi Tarafindan
(Proje No: PIKOM-Bitki.2019.001) desteklenmistir.

Etik belgesi: Gerekli degildir.

Tesekkiir: Bu calisma, Bingdl Universitesi Pilot
Universite Koordinasyon Merkez Birimi Tarafindan
(Proje No: PIKOM-Bitki.2019.001) desteklenmistir.
Verilen  destekten dolayr  Pilot  Universite
Koordinasyon Merkez Birimine tesekkir ederiz.
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ABSTRACT

Propolis (bee glue) is considered among bee products with medicinal properties. The majority of plants
in Egypt are field crops which cultivated by farmers. Such crops may supply bee colonies with
nectar/pollen, but are not good sources for resin due to their short life cycles. This study aimed to
explore potential sites for producing high amounts of propolis from bee colonies based on a remote
sensing analysis. The study was performed on a Governorate with intensive agricultural activity in
Egypt (Assiut Governorate). The methodology depended on isolating trees from the satellite image
using unsupervised classification followed by supervised classification based on numerous
geographical coordinates of trees. Trees were transferred into points, and then point density was
calculated to classify the study location into classes according to density. Sites with the very high
numbers of trees were especially recommended for producing propolis on a commercial scale by
beekeepers. Giving more attention to propolis production can enhance the income of beekeepers and
maximize the economic benefit from bee colonies.

Keywords: Resin, GIS, Trees, Density, Beekeeping

oz

Propolis (an tutkali), tibbi 6zellikleri olan ar iiriinleri arasinda sayilmaktadir. Misir'daki bitkilerin cogu,
ciftciler tarafindan yetistirilen tarla bitkileridir. Bu tiir mahsuller, nektar/polen ile ari kolonilerine besin
saglayabilir, ancak kisa yasam dongiileri nedeniyle regine igin iyi kaynaklar degildir. Bu galisma,
uzaktan algilama analizine dayali olarak ari kolonilerinden yiiksek miktarda propolis iiretmek igin
potansiyel alanlan kesfetmeyi amagladi. Calisma Misir'da yogun tarimsal faaliyet gosteren bir Valilik
(Assiut Valiligi) uzerinde gergeklestirilmistir. Metodoloji, agaglarin cok sayida cografi koordinatlarina
dayali olarak denetimli siniflandirmanin ardindan denetimsiz siniflandirma kullanilarak uydu
goruntiusinden agaclarin yahtilmasina dayaniyordu. Agaclar noktalara aktarilmis ve daha sonra
calisma yerinin yogunluga gore siniflara ayirmak igin nokta yogunlugu hesaplanmistir. Cok yiiksek
sayida aga¢ bulunan alanlar, 6zellikle aricilar tarafindan ticari dlgekte propolis uretimi igin tavsiye
edildi. Propolis liretimine daha fazla 6nem verilmesi, aricilarin gelirini artirabilir ve ar kolonilerinden
ekonomik faydayi en list diizeye gikarabilir.

Anahtar kelimeler: Regine, CBS, Agaglar, Yogunluk, Aricilik
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GENISLETILMiS OZET

Calismanin  amaci:  Propolis (ari  tutkall),
antimikrobiyal 6zellikleri nedeniyle 6zel bir 6neme
sahiptir.  Art  kolonilerinden  propolis  Uretimi,
cogunlukla agaclardan elde edilen regine
kaynaklarinin mevcudiyetine baglidir. Misir'daki
bitkilerin ¢odu, ciftgiler tarafindan yetistirilen tarla
bitkileridir. Bu tir mahsuller, nektar/polen ile ari
kolonilerine besin saglayabilir, ancak kisa yasam
donguleri nedeniyle regine icin iyi kaynaklar degildir.
Bu nedenle, bu calisma, ¢ok sayida agag iceren
alanlari belirleyerek uzaktan algilama goérintulerini
analiz etmeye dayali olarak ari kolonilerinden
yuksek miktarda propolis Uretmek igin potansiyel
alanlari kesfetmeyi amagladi.

Gereg ve yontem: Calisma Misir'da yogun tarimsal
faaliyet gosteren bir Valilik (Assiut Valiligi) Gzerinde
gerceklestiriimistir. Bu Valiligi kapsayan Landsat 8
Operasyonel Arazi Gorintuleyici (OLI)Y Termal
Kizilétesi Sensor (TIRS) Koleksiyon 1 (C1) Seviye 1
goruntdlerinden alinan uydu goruntisid 30 metre
¢OzunurlUkla analizde kullaniimigtir. Uydu
goruntisinin bantlar (1'den 5'e ve 7) ArcGIS'te
birlestirildi. 1'den 5'e kadar olan bantlar sirasiyla
ultra mavi, mavi, yesil, kirmizi ve yakin kizil6tesidir;
7 numarall bant ise kisa dalga kizil6tesidir.
Metodoloji, agaglarin  ¢ok sayida  cografi
koordinatlarina dayali olarak denetimli
siniflandirmanin ardindan denetimsiz siniflandirma
kullanilarak ~ uydu  goérintisinden  agaclarin
yaltilmasina dayaniyordu. Adaclar noktalara
aktarilmis ve daha sonra c¢alisma yerini yogunluga
gore siniflara ayirmak igin nokta yogunlugu
hesaplanmistir.

Bulgular: Calisma alani igin haritalar analizlerden
olusturulmustur. Bu haritalar, c¢alisma alanini
agaclarin mevcudiyetine gore kategorilere ayirdi.
Ayrica, ¢alisma alani i¢in ¢ok yuksek sayida agag,
¢ok sayida aga¢ ve orta sayida aga¢ bulunan yerleri
gOsteren cokgenler olusturulmustur. Ari
kolonilerinden ticari yolla propolis Uretimi igin dort
alan ¢ok yiksek olarak kabul edildi. Cok yiiksek ve
yuksek derecede uygun sitelerin cokgenleri, orta
derecede uygun sitelerden farkli olarak ayrildi.
Propolis Uretimine ¢ok uygun olarak siniflandirilan
dort alanin toplam alani 76.83 km2'dir. Bununla
birlikte, orta derecede uygun olarak siniflandirilan
siteler, oldukg¢a uygun veya ¢ok uygun olarak kabul
edilenlere gore en yuksek toplam alana sahipti.

Tartisma ve sonug: Propolis Uretimi i¢in potansiyel
alanlari belirlemek igin ¢alisma yerine (Assiut

Valiligi) uzaktan algilama teknigi uygulandi. Dort
bdlge recine kaynaklari olarak g¢ok uygun olarak
kabul edildi. Bu sahalarin ticari miktarlarda propolis
Uretmeyi amagclayan aricilar tarafindan kullaniimasi
tavsiye edilmektedir. Segilen doért site igin saha
ziyaretleri ve gercek goruntller, buralarda c¢ok
saylda agacin varligini desteklemektedir.
Gelecekteki bir adim olarak, sorumlu kurumlar,
Ozellikle c¢ahsmadan belirtilen alanlari ziyaret
ederek, aricilarin gelirlerini artirmak  igin
kolonilerinden propolis Uretimine yonelik
farkindaliklarini artirmalidir. Gelecekteki
calismalarda mukemmel yerlerde kovan basina
ortalama propolis Uretimi hesaplanabilir

Cok yiksek sayida aga¢ bulunan alanlar, 6zellikle
aricilar tarafindan ticari olgekte propolis Gretimi icin
onerildi. Propolis Uretimine daha fazla 6nem
verilmesi, aricilarin  gelirini  artirabilir  ve ari
kolonilerinden ekonomik faydayr en (st dizeye
cikarabilir. Ayrica, ari saghgdini gelistirmek icin
propolisten ari hastaliklari igin bazi dogal tedaviler
hazirlanabilir.

INTRODUCTION

Beekeeping is among the agricultural activities
which assist in alleviating poverty and boost national
income in many countries (Qaiser et al. 2013, Al-
Ghamdi et al. 2016, Amulen et al. 2019). Beekeeping
is also essential for crop production due to the role
of honeybees, Apis mellifera L., in pollinating plants
(Morse and Calderone 2000, Reyes-Carrillo et al.
2007, Blazyte-Cereskiene et al. 2010, Calderone
2012, Klatt et al. 2014). The major products from
honeybee colonies are honey and pollens. So,
beekeepers transfer their colonies from location to
another in search for good sources of nectar/pollen
(Sharma and Bhatia 2001, Guler and Demir 2005,
Pilati and Prestamburgo 2016). There are other
valuable products with medicinal properties which
can be produced from bee colonies including bee
venom, royal jelly and propolis (bee glue) (Nagai et
al. 2006, Jingli and Zhsgg 2008, Fratellone et al.
2016, Habryka et al. 2016). These products can
increase the profitability form bee colonies especially
beekeepers can produce them after or between
honey seasons. The production of royal jelly and bee
venom depends on the strength of bee colonies
while the production of propolis depends on the
availability of resin-rich plants (resin is the raw
material of propolis) (Bankova et al. 2000, Bankova
et al. 2019). Therefore, propolis can be produced

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 16-24 17



ARASTIRMA MAKALESI / RESEARCH ARTICLE

from specific sites with resin-rich plants (Abou-
Shaara and Eid 2019). The production of propolis is
common in countries with forests while searching for
resin sources is essential in countries without forests
such as Egypt.

There are various sources of resin especially trees
(Bankova et al. 2000, Salatino et al. 2005), as resin
from wounds in tree trunks is collected by bees
(Drescher et al. 2014). The short life cycles of some
plants negatively affect their suitability as major
sources of resin to bee colonies including field crops
which cultivated seasonally by farmers (Abou-
Shaara and Eid, 2019). Honeybees tend to collect
materials resemble resin from wired sources such as
asphalt and artificial paints (Kénig 1985) or recycle
previously used propolis when very few resin
resources are available around colonies (Abou-
Shaara 2014a). In fact, bees use propolis to reduce
hive entrance, fill in hive cracks, cover hive intruders
to prevent their spoilage inside beehives, and to
strength wax combs (Abou-Shaara 2014a, Conrad
2016, Bankova et al. 2019), and can enhance bee
immunity and colony health (Borba et al. 2015).
Propolis has been used by researchers to control
some bee diseases including Varroa mites
(Garedew et al. 2002, Damiani et al. 2010, Abou-
Shaara 2017). Moreover, propolis has anti-microbial,
anti-viral and anti-fungal properties (Grange and
Davey 1990, Cheng and Wong 1996, Jingli and
Zhsgg 2008). Thus, it has many medicinal usages.
Indeed, the commercial production of propolis from
bee colonies requires more attention from
beekeepers especially in developing countries to
increase the profitability from their bee colonies
especially after or between honey seasons.

Recently, computer sciences have been used to
develop beekeeping. In fact, Geographical
Information System (GIS) in combination with
remote sensing have many applications in
beekeeping (Abou-Shaara 2019, Abou-Shaara and
Kelany 2021) including the analysis of land cover
around apiaries (Jo et al. 2001, Abou-Shaara et al.
2013,* Fernandez et al. 2016, Ambarwulan et al.
2017, Zoccali et al. 2017, Ausseil et al. 2018). It is
possible to identify specific plant types from the
satellite images (Abou-Shaara 2013, Abou-Shaara
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and Kelany, 2020). Potential resin sources (mainly
trees) can be identified from satellite images using
unsupervised and supervised classification tools
(Abou-Shaara and Eid 2019). Therefore, this study
aimed to classify the study area (Assiut
Governorate) according to the availability of major
resin sources (trees) using geographical information
system and remote sensing technique. Beekeepers
can increase the profitability from their colonies by
producing propolis on a commercial scale especially
from sites with high resin sources as classified from
this study.

MATERIALS AND METHODS
Location

This study was performed on Assiut Governorate (Lat:
27°15'7.2"°N, Lon: 31° 5' 24" °E) located towards the
South of Egypt (Figure 1). This Governorate has a
good vegetation cover especially with field crops
cultivated seasonally alongside the Nile River by
farmers.

Isolating trees

The analysis was done following the method by
Abou-Shaara and Eid (2019) using the ArcGIS 10.5.
A satellite image from Landsat 8 Operational Land
Imager (OLI)/ Thermal Infrared Sensor (TIRS)
Collection 1 (C1) Level 1 images covering this
Governorate was used in the analysis with 30-meter
resolution. The bands (1 to 5 and 7) of the satellite
image were combined (Figure 2A). These bands are
band 1 (ultra-blue), band 2 (blue), band 3 (green),
band 4 (red), band 5 (near infrared), and band 7
(shortwave infrared). Then, the unsupervised
classification considering high number of classes (15
classes) was used to discriminate between different
land objectives (Figure 2B). After that, coordinates of
trees were tested on the classified image to separate
only classes that represent them (supervised
classification based on field visits and Google earth).
The reclassify tool was used to reclassify all classes
into No Data except those representing trees (i.e. to
show only trees). Then, the trees were converted
into points (Figure 2 C).

U.An D. - U.Bee J. 2022, 22 (1): 16-24



ARASTIRMA MAKALESI / RESEARCH ARTICLE

%

Assiut Governorate \
25°0'0"N— E

-25°0'0"

17687.5 0O 178 350 Kilometers K
N N

Figure 1: Map showing location of Assiut Governorate (green color).
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Figure 2: The satellite image of the study location (A), the unsupervised classification of the image (B), and trees as points
(C).
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Classifying sites according to their suitability for
propolis production

Points represent trees were analyzed using point
density tool. This tool calculates density as number
of points per square map unit. Accordingly, sites
were classified into four equal degrees: very high
suitable (332.81-443.75), high suitable (221.87-
332.81), moderately suitable (110.93-221.87), and
low suitable (0 -110.93) according to the method by
Abou-Shaara and Eid (2019). The very high suitable
sites are especially anticipated to be the perfect
places for beekeepers wishing to produce propolis
from their colonies. Hence, the results focused on
these sites. The four classes were converted into
polygons. Then, areas of these polygons were
calculated in square kilometers.

Verification of the analysis

Real images from Google earth for the sites
classified as very high suitable for producing propolis

Legend
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B Hign
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were firstly inspected to be sure from the presence
of high number of trees at them. This was done
according to Abou-Shaara and Eid (2019).
Additionally, several field visits were conducted to
observe the availability of trees in these sites.

RESULTS
Suitability maps

The study location was divided into four classes
according to numbers of trees (Figure 3A and B). It
is clear that four sites were exclusively considered
as very high suitable for propolis production due to
the presence of high tree numbers at them. Indeed,
these sites are surrounded by other sites with
relatively high numbers of trees enveloped with sites
classified as with moderate numbers of trees. The
rest of the study location was considered as with low
numbers of trees which is not suitable for propolis
production on the commercial scale.

50 10 20 Kilometers

Figure.3: The study location classified into four classes according to numbers of trees: raster image (A), and image as

polygons (B).

In fact, four sites were considered as very high
suitable for commercial production of propolis from
bee colonies (Figure 4A). The polygons of the very
highly and highly suitable sites are separated clearly
than each other (Figure 4A and 4B) unlike the
moderate suitable sites (Figure 4C). The areas of the
four sites classified as very high suitable for propolis
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production were 7.56, 15.03, 22.57, and 31.67 km?
in ascending order with total of 76.83 km?. However,
the sites classified as moderately suitable had the
highest total area than those considered as highly
suitable or very highly suitable (Table 1).
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Figure 4: Polygons showing sites with very high numbers of trees (A), high numbers of trees (B), and moderate numbers

of trees (C).

Table 1. Information about sites with different numbers of trees.

Numbers of trees Number of polygons

Mean of areas + S.D. Sum of area (km?)

Very high 4 19.21+10.32 76.83
High 9 36.94+65.56 332.49
Moderate 4 168.83+337.36 675.32

Verification of locations

The four sites classified as very high and suitable for
propolis production were inspected to ensure the
validity of the study. The four sites are typically located
in agricultural lands with high numbers of trees (Figure
5). The first three sites (Figure 5 A to C) contain
villages which may cause some limitation in utilizing
the whole site area for beekeeping. The 4th site
(Figure 5D) is approximately empty of villages except
some individual houses and can be utilized completely
by beekeepers.

DISCUSSION

It is apparent that agricultural crops are available
beside trees. This indicates that various food
resources are available for bee colonies at these sites
beside permanent resin sources. Generally, there are
various plant species suitable as food sources for
honey bees in Egypt but there are no forests (Abou-
Shaara 2015). Thus, fruit and roadside trees represent
the major resin sources (Abou-Shaara and Eid, 2019).
Accordingly, date palm, banana, casuarina and
eucalyptus are the main resin sources in Assiut.

The first three sites contain villages. It is better for
beekeepers to place their colonies away from
inhabited locations as much as possible. Fortunately,
the foraging distance of honey bees is high (Abou-
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Shaara 2014b), and beehives can be placed
anywhere within the very high suitable sites. Although
the presence of wild bees beside honey bees in the
study location (Assiut area), honey bees represent the
major visitor to many crops (Hussein and Abdel-Aal,
1982). This reflects the importance of beekeeping in
Assiut for crop production. Therefore, producing
propolis from bee colonies is anticipated to be an
additional benefit for beekeepers. Additionally,
Egyptian propolis has shown antimicrobial activity
against some pathogens (Hegazi et al. 2014). This
encourages production and studies on propolis from
different Egyptian locations.

Remote sensing technique was applied on the study
location (Assiut Governorate) to identify potential sites
for propolis production. Four sites were considered as
very high suitable as sources for resin. These sites are
recommended to be utilized by beekeepers aiming to
produce commercial amounts of propolis. Field visits
and real images for the four selected sites support the
presence of high numbers of trees at them. As a future
step, responsible agencies should increase the
awareness of beekeepers towards the production of
propolis from their colonies to increase their income,
especially by visiting the sites specified from the study.
The average production of propolis per beehive at the
perfect sites can be calculated in future studies.
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Figure 5: Google images for the four sites classified as very high suitable for propolis production. Site 1 (A and
A1), site 2 (B and B1), site 3 (C and C1), and site 4 (D and D1).

Conclusions

It can be concluded that the study area contains some
locations which can be further utilized by beekeepers
to produce significant amount of propolis. In the future
studies, bee colonies will be placed in the slected
locations to evluate propolis production per colony.
Also, the perfect season for the production will be
specified. Without any doubt, the use of geogrphical
information system and remote sesning can help in
locating the areas that conatin potential sources for
resin. The methodology described herein are benificial
to other researchers as they can use it in their local
areas to boost propolis production from bee colonies.
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ABSTRACT

Propolis is a natural product collected by honeybees from plants especially flowers and buds by
mixing with wax and resin and used for many purposes in hive. It is known that propolis has been
used in the treatment of various diseases in traditional medicine for many years and has biological
activities such as antioxidant, antimicrobial, antiulcer, antitumor, anti-inflammatory. There is
increasing interest in alternative approaches to inhibit Helicobacter pylori (H. pylori) and thereby treat
many gastric diseases. This study investigated various properties of raw propolis samples from the
Marmara region of Turkey. Anti-urease activity was investigated in propolis samples. The anti-urease
activity of IC50 values ranged from 1.110 to 5.870 mg/mL. As a result, it can be said that propolis extract
is a good inhibitor that can be used in the treatment of H. pylori to improve human health.

Keywords: Propolis, Urease, Enyzme inhibition

oz

Propolis, bal arilan tarafindan bitkilerden 6zellikle gicek ve tomurcuklardan balmumu ve regine ile
karnistinllarak toplanan ve kovanda birgok amag igin kullanilan dogal bir iiriindiir. Propolisin uzun
yillardir geleneksel tipta gesitli hastaliklarin tedavisinde kullanildigi ve antioksidan, antimikrobiyal,
antiiilser, antitimor, antiinflamatuar gibi biyolojik aktiviteleri oldugu bilinmektedir. Helicobakter
pilori'yi (H. pylori) inhibe etmeye ve boylece birgcok mide hastaligini tedavi etmeye yonelik alternatif
yaklasimlara artan bir ilgi vardir. Bu calisma, Tiirkiye'nin Marmara boélgesinden alinan ham propolis
orneklerinin gesitli 6zelliklerini arastirmistir. Propolis 6rneklerinde anti-lireaz aktivitesi arastirildi. ICso
degerlerinin anti-ilireaz aktivitesi 1.110 ila 5.870 mg/mL arahgindaydi. Sonug¢ olarak propolis
ekstraktinin H. pylori tedavisinde insan sagligini iyilestirmek icin kullanilabilecek iyi bir inhibitor
oldugu soylenebilir.

Anahtar Kelimeler: Propolis, Ureaz, Enzim inhibisyonu
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Girig: Mide (Ulserine genellikle asidik ortamlarda
yasayan ve buylUyen Helicobakter pylori'nin neden
oldugu bilinmektedir. H. pylori ireaz enzimi salgilar,
Ureyi amonyaga donusturdr ve drettigi amonyak ile
mide asidinin etkilerinden kendini korur. H. pylori ve
ureazi, kronik gastrit, peptik Ulser, mide kanseri ile
gucll  bir sekilde iligkilidir. Ureaz enzimi (E.C.
3.5.1.5.), Urenin karbon dioksit ve amonyaga
hidrolizini katalize eden ¢ok spesifik bir enzimdir.

Amag: Propolis, bal arilarinin (Apis mellifera L.)
agag, bitkilerin tomurcuklarindan topladiklari 6z
sularini, kendisinde bulunan salgl bezlerinden
salgilanan enzimlerle isleyerek olusturduklari agik
sari renginden koyu rengine kadar degisim gosteren
yapiskan dogal bir Grinddr. Yapilan arastirmalarda
propolisin antioksidan, antibakteriyal,
antienflamatuar, antifungal, antitumor ve antitlser
gibi biyolojik aktiviteye sahip oldugu bildiriimistir.
Cogu hastaligin tedavisi onunla iligkili olan
enzimlerin  inhibisyonu ile  mimkinddr. Bu
gcalismada, Marmara bolgesinin farkli illerindeki

propolislerin  potansiyel Ureaz inhibitdrd olup
olamayacagi incelendi.
Gereg-Yontem: 2018-2019 vyillann  arasinda

Tarkiye’nin Marmara bolgesinin farkli yerlerinden
(Bursa Uludag Universitesi Kamplsl, Bursa
(Merkez), Kapidag peninsula (Balikesir), Bandirma,
iznik, Marmara adasi, Istanbul, Canakkale,
Tekirdag, Yalova, Sakarya) An Yetigtiricileri
Birliklerinden propolis 6rnekleri temin edildi. Herbir
propolis 6rnegi %70lik etanol ¢ozicusiinde
ekstraktlar  hazirlandi. Hazirlanan propolis
orneklerinde Ureaz enzim inhibisyonuna Kkarsi
inhibitor etkisi arastinildi. Standart olarak tiyoture
kullanildt.

Bulgular: Etanolik propolis ektraktlarinin Greaz
enzim varliginda 1Cso 1.110 to 5.870 mg/mL.
degerleri arasinda tespit  edildi. Propolis
ekstraktlarinin ICso degeri rakamsal olarak ne kadar
disuk ise enzimi inhibe etme orani da o derece
yuksektir.

Tartisma ve Sonug: Bu calismada polifenoller
acisindan zengin propolis drnekleri igin inhibisyon
etkileri oldukga guglii oldugu gériilmektedir. Onceki
calismada, cesitli Turk propolis numunelerinin anti-
Ureaz aktivitesi 0.080 ile 1.560 mg/mL arasinda
degismekteydi ve yiksek fenolik igerikli numuneler
daha yuksek anti-Ureaz aktiviteleri sergiledi (Baltas
ve ark., 2016a). Baska bir calismada Baltas ve ark.

26

(2016b), tim EPE'lerin H. pylori Greazini 0.260 ila
1.525 mg/mL gibi genis bir inhibitér aralikla inhibe
ettigini  bildirmigtir. Literatirdeki veriler mevcut
calismadaki verilerden daha farkli gortlmektedir.
Bunun nedeni propolis o6rneklerinin  alindigi
bdlgeden ve toplanma seklinden kaynaklandigini
soyleyebiliriz.

H. pylori'ye kargi ortaya ¢ikan antibiyotik direnci,
arastirmacilari Ulser iyilesmesini hizlandirmak ve
enfeksiyonu ortadan kaldirmak igin bir ajan olarak
propolisi kesfetmeye tesvik ediyor. Yapilan
calismalar 15 farkli propolisin (reaz enziminin
aktivitesini 6nemli dlgtide inhibe ettigini gostermistir
(Baltas ve ark., 2016a). Ureaz inhibit6rlerinin bazi
toksik etkileri gbz 6nlne alindiginda, dogal bir Grtn
olan propolis, H. pylori ile iligkili mide-duodenal
enfeksiyonu baskilamak ve kontrol etmek igin gok
glvenli bir kaynak olma potansiyeline sahiptir.

Bu calismada, Tirkiye’'nin Marmara Bolgesinin fakli
illerinden temin edilen propolis Orneklerinin farkh
oranlarda Ureaz enziminin aktivitesini engelledigi
tespit edildi. Hergegcen gin 6énemi daha ¢ok artan
propolisin, Helikobakteri pilori bakterisinin sebep
oldugu enflamasyon hastaliklarina kargin dogal bir
inhbitér olarak kullanilarak ilaglarin olusturmus
oldugu yan etkilerini ortadan kaldirabilecegini

INTRODUCTION

Bee products such as honey, polen, propolis have
been used for traditional and complementary
treatment since ancient times (Sahin, 2016). In
particular, propolis, one of the bee products, has
antioxidant, antimicrobial, anti-inflammatory and
anticancer properties due to the presence of
phenolic acids, flavonoids (Catchpole et al. 2015).
The chemical composition of propolis varies
depending on the season, geographical and
botanical origins, and the mechanisms used to
collect the material (Bankova, 2005, Ulloa et al.
2017). Until this time, the chemical contents of
propolis samples from different parts of the world
have been investigated and most of them have been
found to have a unique and region-specific
phytochemical profile (Stavropoulou et al. 2021).
The characteristic constituents of propolis are
favonoids such as chrysin, galangin, pinocembrin,
and pinobanksin. Caffeic acid phenethyl ester is a
major constituent of propolis with broad biological
activities (Alanazi et al. 2021). There are about 250
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and even more chemicals in propolis and and most
of them are not known sufficiently.

It is now known that gastric ulcer is generally caused
by Helicobakter pylori, which survives and grows in
acidic environments (Dunn et al. 1997, Mégraud et
al. 1999, Amin et al. 2013). H. pylori secretes urease
enzyme, converts urea into ammonia and protects
itself from the effects of stomach acid with the
ammonia it produces. H. pylori and its urease are
strongly associated with chronic gastritis, peptic
ulcers, gastric cancer. The urease enzyme (E.C.
3.5.1.5.) is a very specific enzyme that catalyzes the
hydrolysis of urea to carbon dioxide and ammonia
(Mareska et al. 2013, Modakh et al. 2015).

H. pylori infection remains a worldwide public health
problem, particularly due to current treatment
inadequacies. This bacterium is an important cause
of ulcer and gastric cancer. Antibiotic treatment is
widely used in the treatment of this disease.
However, some drugs used in the treatment of this
disease have a toxic effect. Increasing antibiotic
resistance is one of the reasons why H. pylori
eradication has failed in most countries (Baltas et al.
2016a). Therefore, it becomes necessary to search
for new H. pylori urease inhibitors with improved
stability and low toxicity in natural products such as
plant extracts, honey, pollen, and propolis.

This study intended to survey the potential inhibitor
activity of the Marmara Region propolis against
urease enzyme inhibition, expanding the therapeutic
use of propolis and thus consolidating the medicinal
properties of propolis type as a possible new therapy
for H. pylori eradication.

MATERIAL AND METHODS
Chemicals

Jack bean urease, urea, acetohydroxamic acid,
sodium nitroprusside and organic solvent were
purchased from Sigma-Aldrich (St. Louis, MO, USA)
and Merck.

Propolis Samples

Propolis samples from 11 different areas in the
Marmara region of Turkey were obtained from
experienced beekeepers between 2018 and 2019 in
Figure 1. The samples, sample codes, and their
geographic origin are given in Table 1. Extraction,
approximately 3 g each propolis sample was taken
and onto 30 mL 70% ethanol was added and stirred

on a shaker (Heidolph Promax 2020, Schwabach).
After 24 hours of extraction at room temperature,
filtration was performed.

Urease enzyme inhibition assay

Urease enzyme inhibition of propolis samples was
determined in UV-Vis spectrophotometer.
(Weatherburn 1967). In summary, 500 L of buffer
solution (pH 8.2), 200 pL urease enzyme solution
and 100 uL sample were incubated for 15 min in test
tube. Then a phenol reagent 500 pL, and alkali
reagent 600 pL were added to each tube
absorbance reading was performed at 625 nm than
incubated 50 min. Thiourea was used as standard
inhibitor. The 1Cso results are given in mg/mL.

RESULTS
Anti-Urease Activity

The urease inhibition potential of propolis extracts
was evaluated in vitro by Jack bean urease assay.
The result of urease inhibitor activity of the test
samples was shown as ICso (mg/mL). The propolis
samples totaling 11 belonged to 10 different

locations. (Figure 1). Exhibited inhibition effects with
ICso values ranged from 1.110 to 5.870 mg/mL in all
samples, and with a mean value of 2.493+1.678
mg/mL (Table 1).

P79~ ;
Iswnhul _

<
2 Kocaeli

iy
@‘ﬁ;i 5
; 5

e

Ballkesir

I~

Figure 1. Distribution of propolis samples locations.

(https://www.alfayapimuhendislik.com/bolge/marmara-
bolgesi.html)
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Table 1. Code, collected region of propolis samples and enzyme inhibition IC50 values.

Code Regions Anti-Urease 1Cso mg/mL
Pr1 Bursa Uludag University Campus 1.420+0.090
Pr2 Bursa (Central) 2.230+0.110
Pr3 Kapidag peninsula (Balikesir) 1.542+0.100
Pr4 Bandirma 1.534+0.080
Pr5 iznik 1.460£0.130
Pré Marmara island 1.900+0.070
Pr7 Istanbul 4.600+0.050
Pr8 Canakkale 5.870+0.700
Pr9 Tekirdag 1.200£0.010
Pr10 Yalova 1.110£0.020
Pr11 Sakarya 4.560+0.130
MeantSD 2.494+1.678
Range 1.110-5.870

Thioure (pg/mL)

DISCUSSION

The enzyme urease is a nickel-containing
metalloenzyme belonging to the hydrolase class.
Ammonia released as a result of the breakdown of
urea by urease assists the colonization of H. pylori
by shifting stomach acid to neutral pH (Baltas et al.
2016a). Urease provides H. pylori with the
opportunity to live in the stomach at low pH, causing
gastritis peptic ulceritus, and especially cancer
(Morishita et al. 2008). A disease caused by
Helicobacter pylori can be prevented through urease
inhibition (Baltas et al. 2016a). Numerous urease
enzyme inhibitors are used as medical drugs, but
many are costly and have side-effects (Romeno et
al. 2019, Song et al. 2020). In recent years, many
investigations have indicated that polyphenol-rich
extracts such as bee products (especially propolis)
have substantial inhibitory effects (Manyi- Loh et al.
2012).

The inhibition effects are quite strong for propolis
samples which are rich in polyphenols in this study.
In previous study, the anti-urease activity of various
Turkish propolis samples ranged from 0.080 to 1.560
mg/mL, and samples with high phenolic contents
exhibited higher anti-urease activities (Baltas et al.
2016a). In another study, Baltas et al. (2016b)
reported that all of the EPEs inhibited H. pylori

28

12.110+£0.090

urease with wide inhibitory ranges that is from 0.260
to 1.525 mg/mL. This data is a little different from
ours. The reason for this, we can say that it is caused
by the region where the propolis samples were taken
and the way it was collected.

Sahin, (2016) reported that was investigate oak,
chestnut and polyfloral honeys the inhibition effect of
oak honey was found to be higher than other honeys.
Another study, it was reported that chestnut honey
inhibition urease with 12.36— 34.20 mg/mL inhibition
values (Kolayli et al. 2016). Another study reported
that the urease enzyme inhibition ICso result of
buckweat polen ana chesnut polen 7.41-5.23mg/mL
respectively (Can, 2018). It is clearly seen that,
propolis a bee product is more effective in urease
inhibition compared to other bee products.

The emerging antibiotic resistance to H. pylori
prompts researchers to explore propolis as an agent
to speed up ulcer healing, and eradicate the
infection. Studies have shown that 15 different
propolis significantly inhibits the activity of urease
enzyme (Baltas et al. 2016a). Considering some of
the toxic effects of urease inhibitors, propolis, a
natural product has the potential to be a very safe
source for suppressing and controlling gastro-
duodenal infection associated with H. pylori. The
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future studies should focus on urease inhibitors of
propolis from different regions.

Future studies should be focusing on propolis from
different regions to treat different health problems
particularly microbial infection problems.
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ABSTRACT

Apis mellifera is one of the species that aid in the maintenance of ecosystem diversity and spread all
around the world, yet their numbers are subjected to a decline in the near future. In this study, A.
mellifera species’ occurrence data obtained from the United Kingdom, Netherlands, France, Germany,
Zambia was studied by using the present and future projection models generated by using principal
component analysis (PCA) on 19 bioclimatic variables. Regarding the future projections, the honey
bee species will be significantly decreased in number in Europe, whereas in North America, the change
from current to future was somewhat ambiguous. Therefore, the growth rates of the bioclimatic
variables from present to the future for both Europe and North America were compared with each other
to conclude the most effective bioclimatic variables on the species’ occurrences. In conclusion, the
most effective bioclimatic variables that caused the major decline in European clades of this species
were assessed as the severity of winters, precipitation seasonality, temperature seasonality, and the
mean temperature of the wettest quarter.

Keywords: Apis mellifera, Climate change, PCA ecological niche modeling, Projections, Bioclimatic
variables, Occurrences

o0z

Ekosistem ¢esitliliginde en 6nemli tiirlerden olan bal arisi, Apis mellifera tiirii diinya genelinde birgok
bolgeye yayilim gostermistir fakat iklim degisikligi sebebiyle yakin gelecekte sayilarinin azalma tehdidi
ile kars1 karsiyadir. Bu nedenle iklimsel degiskenlerin bal arilan tzerindeki etkileri daha detayl
incelenmeli ve potansiyel negatif etki faktorleri belirlenmelidir. Bu galismada Birlesik Krallik, Hollanda,
Fransa, Almanya ve Zambiya’da bulundugu kaydedilen A. mellifera verileri iki farkh izdiisiimii modeli
yardimiyla simdiki zaman ve gelecek tahminlerine yansitildi. Gelecek tahmininde Avrupa genelinde bal
arilarinda gozle goriliir bir niifus azalisi kaydedilirken Kuzey Amerika’da degisim, gliniimiize gore, cok
azdi. Daha sonra PCA analiz yontemi kullanarak 19 iklimsel degisken bir arada degerlendirildi ve
glinimiizden gelecege biiyiime oranlari hesaplandi. Bu ¢alisma dogrultusunda genel olarak Avrupa’da
gelecekte en ¢ok degisiklik gosteren iklimsel degiskenlerin Kuzey Amerika’da gelecekte kritik bir
degisikliJe ugramayacagi sonucuna ulasildi. Sonu¢ olarak, bu tiir icin yiiksek orandaki niifus
azalisinda etkili olan ve etkilerini yakin gelecekte Avrupa’da gosterecek olan degiskenler kiglarin
siddeti, en soguk bolgenin ortalama sicakligi, yagis ve sicaklik mevsimselligi olarak belirlendi.

Anahtar Kelimeler: Apis mellifera, iklim degisikligi, PCA, iklimsel degiskenler, Ekolojik nis modelleme
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GENISLETILMiS OZET

Amag: Bu calismada Birlesik Krallik, Hollanda,
Fransa, Almanya ve Zambiya'da bulundugu
kaydedilen Apis mellifera verileri Gbif veri
tabanindan alindi ve iki farkll izdisimi modeli
kullanarak simdiki zaman ve gelecek tahminlerine
yansitildi.

Girig: Polen tasiyici turler biyolojik cesitliligin
saglanmasi ve devamhhdini saglayan en onemli
etkenlerdendir. Ekosistem cesitliliginde en dnemli
tirlerden olan Apis mellifera, aricilik faaliyetleri
baslica olmak Uzere insan etkisi ile dinya genelinde
birgok bolgeye yayillim gostermistir fakat yine de
insan etkisi ile yakin gelecekte nifuslarinda bir
azalma beklenmektedir. Bal arisi tirleri icin en
onemli olumsuz etken faktorlerinden biri de
binyesindeki bircok dediskenin etkisi ile birlikte,
bitin halinde ekosisteme zarar veren iklim
degisikligidir. Bu nedenle iklimsel degiskenlerin bal
arilari tzerindeki etkileri daha detayli incelenmeli ve
potansiyel negatif etki faktorleri belirlenmelidir.

Yontem ve Gereg: Gelecek tahminleri igin, daha
gercekci bir gelecek Uzerine, arastirilan tir igin
tahminde bulunulmasi amaci ile en olasi senaryo
kosullarini  iceren yakin gelecekteki iklimsel
degiskenleri ifade eden WorldClim veri tabani modeli
tercih edildi. A. mellifera tiriinin potansiyel nifus
dagilimini analiz edebilmek amaciyla kullanilan iki
model random forest (RF) ve generalized linear
model (GLM) olarak belirlendi ve simdiki zaman
projeksiyonlari icin kullanildi. Ayrica genetik ve
cografi olarak 3 e ayrilan, A. mellifera tiriine ait,
Avrupa, Afrika ve Blyik Britanya nesilleri ayri ayr
GLM modeli kullanarak ginimize ve gelecege
yansitildi.

Bulgular: Gelecek tahmininde A. mellifera tirindeki
nifus azalisi, Avrupa genelinde goézle gordlar
dizeyde, yakin gelecekteki tur kaybinin ciddiyet
dizeyini  belirtebilecek  dlcide iken Kuzey
Amerika’da kaydedilen deg@isim gunimuize gore ¢ok
azdi. Daha sonra tahmin analizinde belirleyici olarak
kullanilan iklim degiskenlerinin veri boyutu ve
dogrusalligr degdiskenler arasinda dusurip ayni
zamanda bilgi kaybindan en az miktarda etkilenmek
amaciyla PCA analiz yontemi kullanarak 19 iklimsel
degdisken bir arada de@erlendirildi ve gunumuzden
gelecege buyume oranlari hesaplandi. Tim iklimsel
degdiskenler icin hesaplanan blyume oranlari,
gelecekte en c¢ok degisime ugrayacak Avrupa
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bolgesi, en az degisiklie ugrayacak Kuzey Amerika
Bolgesi ve dinya geneli arasinda karsilagtirma
yontemi ile arastirildi. Bu c¢alisma dogrultusunda,
yakin gelecekte Avrupa’da en c¢ok degisiklige
ugrayacak olan iklimsel degiskenlerin Kuzey
Amerika’da  gelecekte kritk  bir  degisiklige
ugramayacag! sonucuna ulasildi.

Sonug: Bu tir igin yiiksek orandaki niifus azalisinda
etkili olan ve etkilerini yakin gelecekte Avrupa’da
gOsterecek olan degiskenler kislarin siddeti, en
soguk bdlgenin ortalama sicakligi, yagis ve sicaklik
mevsimselligi olarak belirlendi. Blydme oranlari
dogrultusunda en ¢ok farki yaratacagi tespit edilen
degdiskenlerin Avrupa’da, Kuzey Amerika’dan ve
dinyanin geri kalanindan fark edilir derecede artis
veya azalis gosterdigi analizler sonucunda
dogrulanmis ve literatur bilgileri ile karsilastirilarak
bu degiskenlerin arastirilan tir Uzerinde nifus ve
ekolojik nis korumada hélihazirda yuksek tesirli
oldugu tespit edilmigtir.

INTRODUCTION

Apis mellifera is the western honey bee species that
are spread across the world mostly as a result of
beekeeping activities due to its environmental,
agricultural, and economical importance (Han et al.,
2012). Honey bee species are a prerequisite for the
maintenance of the ecosystem and diversity of many
field crops of flowering plants, fruits, nuts, and
vegetables as being one of the most important
pollinators on Earth. However, honey bees are
facing various threats as a result of the exclusively
human effect of habitat destruction, pesticides, loss
of genetic diversity, parasites, and climate change
(Paudel et al., 2015). As a result of the decrease in
the numbers of this species, the world’s economy is
affected negatively due to the decrease in ecological
services. As a result of the beekeeping activities, A.
mellifera species are spread across the world and
diverged over time in Africa, the Middle East, and
Europe, yet their numbers are decreasing with the
changing climatic conditions and human activities
(Arias and Sheppard, 2005). In addition to the direct
effect of climate change, the honey bee populations
are in decline worldwide also due to the indirect
effects such as the infestations of pests and
pathogens that cause honey bee loss (Sharif et al.,
2021). Therefore, comprehensive research should
be focusing on the future projections of quantitative
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analysis on the A. mellifera species and the possible
sources of decline response; in order to protect the
colonies from the current degradation more
importantly in the rather sensitive regions to the
climatic changes such as Mediterranean zones
(Flores et al., 2019).

Due to the diversity of the species’ population that
followed their globalization, the genetic difference
between different lineage groups should also be
considered for the population studies. In accordance
with the comparisons of recent mtDNA and nuclear
diversity data of honey bee species from distinct
regions, several lineage groups were identified for
this species that consist of mainly African and
European clades.

With regard to the previous studies, the African origin
of A. mellifera and the early colonization of west
Europe has followed a regional differentiation during
the intermediate Pleistocene glaciation. As a result,
the extant haplotype frequency and distribution were
influenced at a regional scale following the
adaptations to local climatic conditions, along with
the local beekeeping practices during the last
decades (Jaffé et al, 2019). The significant
evolutionary events that affected the genetic
structure of A. mellifera species are; dispersal and
differentiation after their divergence from the other
cavity-nesting honeybee species, and differentiation
of different clades from their native ranges of
Europe, Africa, and the Middle East followed by the
further dispersal and differentiation by human
activities. The population size is further increased in
Africa while European colonies were restricted in
lower densities (Canovas et al, 2008).

As shown by the previous studies, the 19 bioclimatic
variables are highly correlated in terms of
informativeness. Therefore, the linear combination
of the 19 bioclimatic variables can be used more
efficiently as the indicators for species’ distribution,
instead of selecting all separately (Makori et al.,
2017).

The distribution modeling of species is carried out by
utilizing a special package for programming in R.
The biomod2 package illustrates larger areas than
the initial occurrence data distribution provided by
random sampling of the distribution and is used for
ensemble forecasting of species distributions
(Thuiller et al., 2009). According to the inquired data
and the required output, various predictors are used
in this package, such as Random forest (RF) and
generalized linear model (GLM), and can be used
together to assess the fitness of the environmental

conditions of the species occurrences to the
projection model and for their comparisons. RF is an
ensemble learning algorithm that can be applied only
to decision trees. Since decision trees are likely to
overfit, RF aims to increase the prediction through
random subsampling of rows and columns by
introducing a bias to the training phase. This bias
results generally in higher test accuracy (Breiman,
2001). GLM, on the other hand, assumes the linear
relationship between the expected response and the
explanatory variables (PennState, 2022).

In this study, the present and the future projection
models were applied to A. mellifera occurrence data
by using one of the dimensional reduction methods,
principal component analysis (PCA), on 19
bioclimatic variables. Here the aim was to explain
more than 90% of the 19 bioclimatic variables by
excluding multicollinearity. Additionally, based on
the genetic information of difference and the
distribution based on the location, the occurrence
data of the A. mellifera species was classified as
representing three lineage groups; African clade,
Great Britain clade, and European clade.

METHODS
Acquiring the occurrence data of Apis mellifera

The occurrence data of A. mellifera is downloaded
from the Gbif database (Global Biodiversity
Information Facility, 2022). The date was restricted
from 1981 to 2021, and the countries were restricted
to the United Kingdom, Netherlands, France,
Germany, and Zambia.

Distribution of the lineages on the occurrence
data based on genetic information

The African species occurrence data was
considered as a distinct clade from the European
occurrences. Accordingly, the lineages were
decided based on the geographical occurrence data
and the genetic background of the species. In this
study, the data were taken and classified based on
the countries of origin as follows;

Clade 1: Great Britain

Clade 2: Germany, Belgium, France, and the
Netherlands

Clade 3: South Africa

The distribution map of the A. mellifera species is
plotted by using R studio based on the occurrence
data obtained from Gbif and the 3 different lineages
are colored differently as shown below by the world
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map (Figure 1). The African and European clades with the European clade having 2 distinct clades also
are focused in figures (Figure 2 and 3) respectively that were colored differently.
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Figure 1. The distribution map of the A. mellifera shows the occurrences in Great Britain —as clade_1 in pink color,
Germany, Belgium, France, and Netherlands —as clade_2 in green, and Africa —as clade_3 in blue.
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Figure 2. The focused picture of African clade_3.
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Figure 3. Focus on the European clades, clade_1, and clade_2, depicting the occurrences in Great Britain, Germany,
Belgium, France, and the Netherlands.

Acquiring the historical and future bioclimatic
variables

The data for each of the 19 bioclimatic variables, BIO
1 to 19, for 5-minute spatial resolutions were
obtained manually from the WorldClim database for
the historical bioclimatic variables (WorldClim,
2020). The future bioclimatic variables were also
acquired from the WorldClim database for
longitude/latitude degree of 5-minute spatial
resolutions about 9 km at the equator future (2021-
2040), and for CNRM-CM®6-1 estimations of ssp370
(World Climate Research Programme, 2016).
SSP370 scenario was selected because it is the
closest to the current CO2 emissions, due to the
assumption that in the near future the climatic
conditions will not be able to change drastically in 20
years of the time period. Also, because of the small
lifespan of honey bees, a closer future scenario was
selected to accomplish more realistic results from
the projections. Performing principal component
analysis (PCA) on the bioclimatic variables

In this study, for the utilization of the honey bee
ecological niche model, PCA was performed on all
of the 19 bioclimatic variables and the resulting linear

combination was used as the indicator variables. As
aresult, 4 dimensions were used instead of 19, since
4 eigenvectors were obtained having the eigenvalue
greater than 1, meaning that they can explain more
variability than what they are supposed to explain.
The original space of 19 dimensions was reduced to
4 because the previous dimensions were highly
correlated with each other since they are all coming
from the same family namely the bioclimatic
variable; thus, they all are linear combinations of
each other. The reduced dimension space of 4
provided adequate information by explaining 90%
variability. In terms of interpretability, here,
computational cost and multicollinearity problems
have been excluded along with the problem of
biased results in the algorithm that were used for the
current and future projections. Then, the current and
the future projection models were constructed by
using the 4 dimensions of the explanatory variables.
Figure 4 shows the eigenvalues where the red line is
1 which is the limit for eigenvalues and the
cumulative variance that was explained by the PCA
respectively in the left and right scree diagrams.
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Figure 4. The eigenvalues are shown with the red line showing the limit for eigenvalues, 1 in the left plot. The cumulative
variance is shown in the right plot with the red line showing 90% of the variability.

Additionally, PCA was performed on the future
environmental variables, as well as the historical
bioclimatic variables both by transforming data of the
raster-layer object into a raster-stack object in order
for BIOMOD species distribution models to work and
to perform the current and future projections.

Species distribution modeling and projections

For forecasting of A. mellifera species distribution,
initially, two model classes were used as part of the
biomod2 package processing of modelling in order
to test the fitness of the environmental conditions of
the species occurrences to the projection model.
Also, the pseudo-absence data was generated by
using biomod2 projection models since the
occurrence data acquired for A. mellifera was
presence-only, and the undefined locations in the
map were excluded by this way, otherwise, they
cause manipulations in the projection and decrease
the accuracy of the results.

Even if discussing all the details of such algorithms
is beyond the scope of this paper, we can mention
the bias-variance trade-off in machine learning
algorithms. In general, when one is higher the latter
is lower and vice versa. RF tries to find a good
balance between them by introducing bias through
random subsampling. The strength of the individual
trees and the correlation between them cause
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generalization errors in tree classifiers (Thuiller et
al., 2009). Thus, GLM was also used as a model in
the projection.

Analysis of some of the differences between the
present and the future projections

Based on the changes observed for the present and
the future projections for the species, analysis was
carried out by using the bioclimatic variables. Firstly,
the mean values of the bioclimatic variables for each
location of the presence data were calculated. Then
the comparisons for the calculated growth rate of
each bioclimatic variable from present to future
projections were done between North America,
namely Mexico, and Europe in order to further study
the underlying climatic reasons for the major
declines that were observed for the European
lineages by comparisons done with the regions that
showed no observable change in the near future.

RESULTS
Present and future projections for Apis mellifera

The occurrence status map in Figure 5 illustrates
both current and future distributions of A. mellifera
species, generated by using both RF and GLM
models.
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Figure 5. The distribution maps of the present projection of the species are shown above, and that of the future
projection of the species are shown in the below pictures. Each projection was generated by using RF and GLM models
as labeled RUN1_RF and RUN1_GLM.

Firstly, the GLM model used for both current and Present and future projections for the different
future projections projected the occurrences over a lineages of Apis mellifera

larger area than the RF model. Secondly, for both of

the model projections, a significant decrease in Th(-? GITM model was used for the present E.".]d future

occurrences was observed worldwide for the future projections of the 3 Ime._age_s separately. Inl_tlally, the
present and current projections of the first lineage of

prOJectlons_. EspeC|aII_y, the major decrease was Great Britain are shown below (Figure 6).
observed in the locations where the species were

found less abundant than the locations where more
abundance is projected.
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Figure 6. The distribution maps of the present projection of the species were generated by using the GLM model for the
first lineage, clade_1.

For the clade_1, some slight changes in distribution
from present to future were obtained. Again for the
locations where the species are more abundant, no
change in occurrence was observable, yet in the
locations where the species are found less
abundant, the future projections showed less
occurrence especially around coastal regions of
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southeast America, ltaly, and Turkey Black Sea
region.

Secondly, the present and the future projections for
the second lineage of the occurrences in Germany,
Belgium, France, and the Netherlands are depicted
on the map (Figure 7).
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Figure 7. The distribution maps of the present projection of the species were generated by using the GLM model for the
second lineage, clade_2.

For the second clade (Figure 7), a significant
decrease was observed in the future projection
compared to the present around the eastern coastal
region of North America whereas the changes in the
rest of the world were somewhat ambiguous.
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Lastly, the third lineage of South Africa is shown
below in Figure 8 as projected by the GLM model to
the present and the future.
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Figure 8. The distribution maps of the present projection of the species were generated by using the GLM model for the
first lineage, clade_3.

For the 3™ lineage group, a slight increase in the
occurrences in Argentina, Ghana, Nigeria, and
Mozambique was observed in the future projection
compared to the present, whereas the decrease was
observed in the midland regions of Australia, South
Africa, Mexico, and Europe.

Analysis on the bioclimatic variables that lie on

the locations of the lineages

The mean values of the bioclimatic variables of
present and future that are calculated for each

location are shown below in Table 1.

Table 1. The mean values for current and future bioclimatic variables for each location in the presence data.

BIO1
BIO2
BIO3
BiO4
BIOS
BIO6
BlO7
Bio8
BIOg
BIO10
BiO11
BiO12
BIO13
BiO14
BiO15
BIO16
BIO17
BiO18
BIO19

means_current
10.3136025664475
8.12932007065567
36.0917182126033
553.814401011695
23.0217727425183
0.206130673364563
22.8156420571953
11.9309419711625
7.76488228768998
17.2515062962582
3.73434130250618
760.742233880989
84.7117216622946
44.5579179897832
21.0383202996386
238.510561921856
147.859036310921
198.466519398039
190.357586635372

Table 1 showed the mean values of the bioclimatic
variables for both present and future. According to

means_future

11.4260536559162
8.23656814539118
35.5872033440604
571.786200171954
24.554102847215
1.10327672907893
23.4508261379741
13.2118662566453
8.77732713429388
18.6451892693464
4.73332450768689
775.627674945988
87.1066431822113
44.8745800569606
21.8114940604337
245.029821884364
149.315166361207
201.801785625609
195.477184878682

Table 1, the Annual Mean Temperature will be

increased by 1.1 degrees (BIO1),
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Range (BIO2) will not change remarkably, (BIO3)
isothermality, will decrease by 0.5 points, (BIO4)
temperature seasonality will increase by almost 28
points, Max Temperature of Warmest Month (BIO5)
will increase by 1.5 points, Min Temperature of
Coldest Month (BIO6) will increase by 0.9 points,
Temperature Annual Range (BIO7) will increase by
0.6 points, Mean Temperature of Wettest Quarter
(BIO8) will increase by 1 point, Mean Temperature
of Driest Quarter (BIO9) will increase by 1 point,
Mean Temperature of Warmest Quarter (BIO10) will
increase by 1.4 points, Mean Temperature of
Coldest Quarter (BIO11) will increase by 1 points,
Annual Precipitation (BIO12) will increase by 15
points, Precipitation of Wettest Month (BIO13) will
increase over 2 points, Precipitation of Driest Month
(BIO14) and Precipitation Seasonality (BIO15) will
be almost identical, Precipitation of Wettest Quarter
(BIO16) will increase by 6.5 points, Precipitation of
Driest Quarter (BIO17) will increase by 1.5 points,
Precipitation of Warmest Quarter (BIO 18) will

increase by almost 3 points, and Precipitation of
Coldest Quarter (BIO19) will increase over 5 points.

Analysis on the differences between present and
future projections

The reasons behind the certain differences in the
certain locations were searched by comparing the
growth rates of the bioclimatic variables in such
regions due to the expectation that they differ
significantly. In Europe, there is a visible difference
in the distribution of honey bees therefore, the
analysis was focused in there to conclude whether
they make any difference from present to future. On
the other hand, in North America the change
between the present and future projections was
somewhat ambiguous, the comparisons were done
between the Europe and the North America growth
rates —percentage change. Table 2 shows the
growth rates of Europe and North America, namely
Mexico.

Table 2. The means calculated for the current, and the future bioclimatic variables along with the growth rates for Europe

and North America, Mexico.

means_europe_current  means_future growth_rate
BiO1 10.8418817653946 12.2636349510256  11.5932445095494
BIO2  9.00521080189194 9.06274363948366 0.634828037516847
BIO3  31.7373581274422 31.1618018660173 -1.84699287897233
BIO4 745.662088198472 768.72410220004  3.00003784655199
BIOS 26.3403537017054 28.2765418924246 6.84733019364696
BIO6  -2.51988145970525 -1.22012367564396 -106.526724299099
BIO7  28.8602351615028 29.4966655818685  2.15763513539957
BlOg 11.881519628254 12.9270631148142 8.08802028174513
BIO9  11.1298639062733 13.0459083642299  14.6869378847561
Bio10 20.0183582609496 21.7974579238216 8.16195938576725
BIO71  1.82852994269513 3.0926703327782  40,8753683405845
Bio12 678.735606651858 681.715615077802 0.437133661021393
BIO13  90.5038722459026 91.9474845392017  1.5700400076563
BIO14  29.178843729363 292231644337408 0.151662919593282
BIO15 41.7415474941302 42.2321388960643 1.16165416850316
BIO16  248.402353364952 250.771527479453 0.944754031015557
BIO17 99.6213003542054 100.138640412219 0.516623808635956
BIO18  151.975745932641 149.756073538114  -1.4821919018613
BIO19  184.982169658402 187.802915693467  1.50197137496485

BIO1
BIO2
BIO3
BIO4
BIOS
BIO6
BIo7
Blog
BIOS
BIO10
BlO11
BlO12
BIO13
BIO14
BIO15
BIO16
BIO17
BIO18
BIO19

means_mexica_current

21.2794842010401
9.85852981587287
44.6733844362456
503.715544421963
32.4455969450478
9.13348229702168
23.3121146515363
26.4151459549386
17.9666572097155
27.2069105444283
14.8921839345767
1090.4224137931
160.376588021779
46.4460072595281
46.7948444062699
412.872050816697
164.409255888367
369.714609800363
190.533121597096

means_future

22.6086139103462
9.86313929034231
44.3597974318558
509.941685536379
33.8370765687766
10.4436592651183
23.3934173168591
27.9140879921818
19.3600442166121
28.,6150868376024
16.1823395490646

1096.7277679928
163.690865130693
45.4166666561646
47.8607001828195
420.377646742196

164.66237459297
369.734800473748
190.288377313562

growth_rate
5.87886420006423
0.0467343543850897
-0.706917124388466
1.22095158937002
4.11229268255634
12.54519067347
0.34754505603658
5.36984062550416
7.19723049858009
4.92109739581015
7.97261490266094
0.574924277811894
2.02471720475545
-2.26643802627857
2.22699578668575
1.78544125351697
0.147656747573708

0.00546085284890373

-0.128617568234835

From the above table, it was concluded that more drastic changes were observed from the present to future
bioclimatic variables in Europe, than North America. For example, the Mean Temperature of Coldest Quarter
(BIO11) increases over 40% in Europe whereas that increases almost 8% in North America, and the Min
Temperature of Coldest Month (BIO6) decreases by 106% in Europe whereas that increases 12% in North

America in the future.

Accordingly, the comparisons of the growth rates were done between North America, Europe, and the world

as shown below in Table 3.
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Table 3. The comparison of the growth rates of Europe, the world, and North America respectively.

BIO1
BIO2
BIO3
BIO4
BIOS
BIO6
BIO7
BlO8
BIO9
Bio10
Bio11
BlO12
BIO13
BiO14
BIO15
BIO16
BiO17
BIO18
BIO19
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EU_Growth
11.5932445095494
0.634828037516847
-1.84699287897233
3.00003784655199
6.84733019364696
-106.526724299099
2.15763513539957
8.08802028174513
14.6869378847561
8.16195938576725
40.8753683405845
0.437133661021393
1.5700400076563
0.151662919533282
1.16165416850316
0.944754031015557
0.516623808635956
-1.4821919018613
1.50197137496495

World_Growth
12.7544732551088
-1.18264984163205
-2.41309437332736
-0.672934445273483
5.88263420049868
-532.499634244125
-0.474435526128063
8.51412271860269
17.7520395422023
7.56957335204494
32,5500125543644
1.55001518849285
3.1035018628058
-0.169734199429162
1.36669412550563
2.32598070054787
0.755622928510687
0.0820956787201721
2.05168091391371

NA_Growth
5.87886420006423
0.0467343543850897
-0.706917124388466
1.22095158937002
4.11229268255634
12.54519067347
0.34754505603658
5.36984062550416
7.19723049858009
4.92109739581015
7.97261490266094
0.574924277811894
2.02471720475545
-2.26643802627857
2.22699578668575
1.78544125351697
0.147655747573708
0.00546085284890373
-0.128617568234835

The above table showed how drastic the changes will take place in the future for Europe, from the comparison
that the changes are close to the world growth rates or exceed them even if the regional changes are in

question.

DISCUSSION

From the present and future projections generated
of Apis mellifera species and the 3 lineages of the
species, by both RF and GLM models, overall a
significant decrease in the occurrences was
observed. However, by using the GLM model for the
projections, 3 different lineages were also projected
separately from each other and the whole species
occurrences. From the separate projection models
of each 3 lineages, the changes in the occurrences
were observed more clearly since a limited region
was in question and the projections were more
realistic by working with a smaller group of
occurrences. Additionally, since the lineages were
decided based on the genetic information, for the
ecological niche modeling of the species the genetic
background and the different clade groups should
also be considered alongside the occurrence only
information. The comparative analysis of the
changes in the bioclimatic variables for the least
affected and the most affected regions provided
detailed information on the possible sources of the
major declines within the distinct lineages and
revealed the most vulnerable regions to the climatic
changes in the near future. Also, while performing
PCA on the bioclimatic variables enabled collective
assessment of the effects in the future, the separate

comparisons of each variable enabled to identify
which variable results in more severe effects in the
future.

Regarding the bioclimatic variables used for the
projections, PCA was performed for each of the 19
bioclimatic variables, so that 90% of the variability
was explained by 4 dimensions, instead of using 19
bioclimatic variables separately. As a result, the
projections were done by using the information from
all of the bioclimatic variables as well as using them
all for the research of the factors that caused the
changes between the projections, without facing the
multicollinearity problem or dealing with the
computational problems in terms of interpretability.

The GLM model was preferred over the RF model
for the present and future projections of the 3
lineages since the model projected the occurrence
data over a larger area than the RF model. Even if
the size of the projected area does not necessarily
reflect the accuracy of the method used, since the
distribution of the A. mellifera species was recorded
as they spread all around the world (Techer et al.,
2017), and regardless of the model used, in this
study, the differences in the occurrence projections
over a large area was preferred for comparability of
the results.
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By the bioclimatic variables’ growth rate
comparisons done for Europe, North America, and
the whole world, the reason behind the significant
decrease in this species’ occurrences in Europe was
investigated. Overall, more drastic changes were
calculated in the bioclimatic variables from present
to future projections for Europe; thus, it was
concluded that climate change will be affecting
Europe more than North America which in turn
appeared to affect the species distribution
negatively. Although Europe lineage (clade_2)
accounts for the occurrences in North America, as a
result of the severity of the difference between the
climatic conditions, the same genetic lineage group
responds differently in different locations.

For Europe, some of the bioclimatic variables were
changed severely and predicted as the main causes
of the decreases in the occurrences of the species.
Although the A. mellifera species spread all around
the world and shows great adaptive potential in all
those diverse climates, the evidence demonstrated
that climate change is directly affecting the honey
bee development, behavior, physiology, and
distribution (Le Conte and Navajas, 2008). In the
past, high mortality rates were explained by longer
cold, rainy, and hot weather periods (Kauffeld et al.,
1976), also severe winter weather is reported to be
the most important factor in the winter mortality rates
of honey bees by the direct effect of the weather on
colony productivity (VanEngelsdorp et al., 2008).
This effect is also assessed in this study that the Min
Temperature of Coldest Month (BIO6) decreases by
106% in Europe whereas 12% increase is seen for
North America, also the Mean Temperature of
Coldest Quarter (BIO11) increases over 40% in
Europe whereas that increases almost 8% in North
America. Therefore, Europe will have more severe
winters in the future and this will be observable in the
decrease of the numbers of A. mellifera species.

The other effect is the high temperatures and
precipitation effects that are positively related to
nectar production, accordingly colony productivity
and increase in numbers in honey bees (Shuel,
1992). Therefore, insufficient precipitation at
inappropriate times is expected to affect the
numbers negatively in the future (Meixner, 2010).
However, this precipitation effect is barely seen in
the results, since a minor change is observed in the
precipitation-related bioclimatic variables or it can be
also concluded that, honey bees are vulnerable to
minor changes in precipitation amounts and
seasonality.
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According to previous studies, the Temperature
Seasonality (BIO4), and the Mean Temperature of
Wettest Quarter (BIO8) affect the numbers of honey
bees negatively, whereas the effect of the
Precipitation of Wettest Month (BIO13) is positive
(Delgado et al., 2012). In conjunction with the results
of this study, it can be said that the major decrease
in honey bee occurrences in Europe is also
correlated with the effects of the changes on BIO4
and BIO8. Temperature seasonality is changed by 3
points for Europe, and the mean temperature of the
wettest quarter was increased by 8 points both are
remarkably high in Europe compared to North
America and the world whereas precipitation of the
wettest month increased by 1.5 points less than
North America and the world. Another study showed
that the most effective bioclimatic variables are
mean temperature in the wettest quarter and mean
annual temperature in honey bee numbers (Peil and
Aranda, 2021); for which the severity of the effects
was explained as the reasons for the future decrease
in honey bee occurrences.

Other than the effects of the climatic condition
variations solely on the A. mellifera species itself,
expectedly, these changes will also influence the
other interacting species with honey bees and
influence the honey bee occurrences indirectly.
Such an effect can be observed with the changes in
the annual mean temperature, mean diurnal range,
minimum temperature of the coldest month, and the
mean temperature of the warmest quarter. Even if
the population distribution was assessed based only
on the bioclimatic variables in this study, further
decline effects will be much more likely in the future.
For instance, in the population distribution of
invasive species such as parasitic flies the major
contributions belong to the BIO1, BIO2, BIO6 and
BIO10 variables in the Mediterranean region (Abou-
Shaara and Darwish, 2021). As a result, since these
variables already showed a higher growth rate in the
European clades and contributed to the major
decline in the distribution within the scope of this
study, due to the interconnected effects, these
bioclimatic variables will appear to be more
disruptive in the future.

Regarding the regional future occurrence changes,
whereas the major declines are likely to be observed
in the coastal regions in the future, the South Africa
region was assessed as if the population size there
will be increased in the near future. A. mellifera
species prefer warmer, fewer variable climates and
mainland rather than island sites for visitation (Hung,
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2018) since the species response to temperature
increase are increasing flight departures (Burrill and
Dietz, 1981). This may explain the higher decrease
in numbers around coastal regions and a slight
increase in the numbers of the mainland for the
African clade.

Lastly, step declines are the problem of North
America for a long time as well as Europe and the
risk factors are still affecting the populations’
occurrences (Watanabe, 1994). Thus, in this study,
the severity of the effects was compared between
Europe and North America, yet the changes in North
America cannot be assessed that might cause by the
model performances the fithess to the data, as well
as lack of repetition of the projections while using the
models, and the insufficiency of the data.

Conclusions

Honey bees are one of the most important species
in maintaining biodiversity as pollinators. The Apis
mellifera species has great adaptive potential since
they are spread all around the world mostly by
human activities. However, the numbers of these
species are decreasing mostly because of climate
change, and again mostly because of human
activities. In conclusion, conservation measures
should be taken in order to decrease the loss of this
species that in turn cause the disruption of ecotypes
that are highly dependent on world biodiversity
which is maintained by honey bees all around the
world.
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ABSTRACT

Bee pollen is multiplex blend of floral pollen and nectar agglutinated by bee salivary substances. It is
famously known for being high in proteins, carbs, lipids, vitamins, and phenolic compounds, among
other physiologically dynamic components. Its composition fluctuates incredibly agreeing to both
botanical origins and edaphoclimatic conditions. In this work, the botanical origin, the phenolic
components and the anti-inflammatory activity in vivo of eight bee pollens intended for human
consumption were taken from distinctive apiaries in Algeria’s northeast, were determined and
compared. All samples were detected heterofloral based on the identification of forty pollen types
belonging to 22 botanical families. Total phenolic contents varied between 752.94 + 17.78 and 12247.06
*40.04 mg GAE/ 1009, while the total flavonoid contents ranged from 2680.55 * 12.02 to 8506.94 + 15.56
mg QE/ 100g, and the total flavonol contents were in the interval between 4978.87 * 33.39 and 7903.75
* 24.39 mg QE/ 100g. The obtained results showed that the bulk of the ethanolic extracts had a good
anti-inflammatory activity. As a conclusion, all the aforementioned heterofloral bee pollen samples
could significantly be a wealthy source of polyphenols with a potential anti-inflammatory activity.

Key words: Bee pollen, Palynological analysis, Phenolic contents, Anti-inflammatory activity
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An poleni, cigek poleni ve nektar ile an tiikiiriik maddelerinin karmasik bir karisimidir. Karbonhidratlar,
proteinler, lipidler, vitaminler ve fenolik bilesikler gibi bir¢gok biyolojik olarak aktif maddenin zengin bir
kaynagi olarak itinliidiir. Bilesimi, botanik kokenlere ve edafoklimatik kosullara gore biiyiik oOlgiide
degisir. Bu calismada, Cezayir'in kuzeydogusunda bulunan farklhi ariliklardan toplanan insan
tiiketimine yonelik sekiz ari poleninin botanik orijini, toplam fenolik igerikleri, toplam flavonoid
icerikleri, toplam flavonol igerikleri ve in vivo antiinflamatuar aktiviteleri belirlendi ve karsilastiriidi.
Tiim 6rnekler, 22 botanik familyaya ait kirk polen tiiriiniin tanimlanmasiyla heterofloral olarak saptandi.
Toplam fenolik icerik 752,94 * 17,78 ile 12247,06 * 40,04 mg GAE/ 100 arasinda degisirken, toplam
flavonoid icerigi 2680,55 * 12,02 ila 8506,94 + 15,56 mg QE/ 100g arasinda degismekte ve toplam
flavonol icerigi 4978,87 * 33,39 ile arasinda degismektedir. 7903,75 + 24,39 mg QE/ 100g. Sonuglar
etanolik ekstraktlarin biiyiik kisminin iyi bir anti-inflamatuar aktiviteye sahip oldugunu goéstermektedir.
Sonug olarak, yukarida bahsedilen tiim heterofloral an poleni 6rnekleri, potansiyel bir anti-inflamatuar
aktiviteye sahip zengin bir polifenol kaynagi olabilir.

Anahtar kelimeler: Arn poleni, Palinolojik analiz, Fenolik icerik, Antiinflamatuar aktivite

GENISLETILMiS TURKGE OZET

Calismanin amaci: Ari poleni nektarin ari tikirik
maddeleriyle aglutine edilmis multipleks karigimidir.
Proteinler, karbonhidratlar, lipidler, vitaminler ve
fenolik bilesikler gibi etkileyici fizyolojik olarak
dinamik bilesenlere sahiptir. Ari poleni, bagisiklik
uyarici, antimikrobiyal, antienflamatuar, antioksidan
ve antinosiseptif 06zelliklere sahip oldugundan,
geleneksel Cin tibbinda genellikle apiterapdtik bir
care olarak tavsiye edilir. Bununla birlikte, bilesimi,
botanik kokenlere ve edafoklimatik kosullara gore
inanilmaz derecede dalgalidir. Buna gdre bu
galismada sekiz Cezayir ar poleninin in vivo botanik
orijini, toplam fenolik igerikleri, toplam flavonoid
icerikleri, toplam flavonol igerikleri ve antiinflamatuar
aktiviteleri belirlenmis ve karsilastiriimistir.

Gere¢ ve Yontem: Cezayirin kuzeydogu
bolgesindeki farkli ari  kovanlarindan insan
tuketimine yonelik sekiz ari poleni drnedi toplandi.
Daha sonra, Louveaux ve digerleri tarafindan

belirtildigi  gibi  slaytlarda (asetoliz olmadan
hazirlanmis) 500'den fazla polen tanesinin
degerlendirilmesiyle palinolojik tanimlama

dogrulandi (1978) ve polen frekanslari siniflandirildi
(de Franga Alves ve de Assis Ribeiro DosSantos
2014). Toplam fenolik, flavonoid ve flavonol igerikleri
uc yontem kullanilarak belirlendi: sirasiyla Folin—
Ciocalteu kolorimetrik yontem (Singleton ve Rossi
1965) ve trikloroaliminyum kolorimetrik yontemler
(Topgu ve digerleri 2007) ve (Kumaran ve Joel
Karunakaran 2007). Olasi antienflamatuar aktivite,
sicanlarda formalin testi kullanilarak in vivo olarak
degerlendirildi (Arzi ve ark. 2015).
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Bulgular: Mikroskobik analiz, tim &rneklerin
heterofloral oldugunu ortaya koydu. 22 botanik
familyaya ait toplam kirk polen tipi tespit edilmis olup,
orneklerin tamaminda Cistus tipi mevcuttur. Toplam
fenolik igerikler 752.94 + 17.78 ve 12247.06 + 40.04
mg GAE/ 100g arasinda degisirken, toplam
flavonoid igerikleri 2680.55 + 12.02 ila 8506.94 +
15.56 mg QE/ 100g arasinda degismektedir. Ayrica,
toplam flavonol igerikleri 4978.87 + 33.39 ve 7903.75
+ 24.39 mg QE/ 100g arahgindaydi. Son olarak,
numunelerimizin  etanolik ekstraktlarinin  blyuk
kisminin iyi bir anti-inflamatuar aktiviteye sahip
oldugu bulundu. Ek olarak, en iyi anti-enflamatuar
aktivite, tim degerlendirilen sirelerde, Diklofenak ile
g6zlemlenenden 6nemli dlgiide daha disuk sisme
yuzdeleriyle ekstrak E'de gdzlendi.

Sonug: Bu calismada incelenen heterofloral ari
poleni 6rnekleri, dnemli bir anti-inflamatuar aktivite
sergileyen zengin bir polifenol kaynagi olabilir. Bu
nedenle, ilag ve gida endustrilerinde kullanimi
kesinlikle umut vericidir.

INTRODUCTION

In Algeria, beekeeping is a genealogical hone
although its origin is lost in the mists of time. It has
gained prominence over the last two decades and
has become an indispensably portion for the
sustainable economical advancement of agricultural
and provincial exercises. The Algerian’s apiarian
livestock has jumped from 360000 colonies in 2000
to over 1300000 colonies in 2014, thanks to the
various agricultural and rural development plans
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connected within the nation (Tamali and Ozkinm
2019).

Bee pollen is one of the hive-derived products
(together with honey, propolis, beeswax, royal jelly,
beebread and bee venom) that is expecting more
noteworthy popularity among beekeepers as a result
of the growing request on it from agri-food,
pharmaceutical and cosmetics industries around the
world. Bee pollen is advertised as a nutrient-dense
food with a wide range of medicinal and nutritional
benefits, which is driving up demand (Nogueira et al.,
2012). Commonly designated as “the life-giving
dust”, it is floral pollen gathered by foraging bees,
mixed with nectar then agglutinated by bee salivary
substances. This bee product is harvested in a form
of pellets using a trap installed at the entrance of the
beehives (Thakur and Nanda 2020).

Bee pollen is wusually recommended as an
apitherapeutic remedy in traditional Chinese
medicine since it has immune-stimulating,
antimicrobial, anti-inflammatory, antifungal,
antioxidant, antinociceptive and antiviral properties
(Komosinska-Vassev et al. 2015, Tutun et al. 2021).

It has the potential to provide vital nutrients like
proteins, carbs, lipids and minerals. Furthermore, it
contains some antioxidant vitamins, mainly vitamin
C, E, all B-complex vitamins and provitamin A.
Besides vitamins, it is considered as a rich source of
polyphenols, mainly flavonoids (Khalifa et al. 2021).
The chemical composition of this bee product
fluctuates incredibly agreeing to plant origin and its
nutrient status, geographical region, edaphoclimatic
conditions, storage and degree of processing
(Aylanc et al. 2021, Sattler et al. 2015)

In this context, the current work is devoted to
determine the botanical origins, assess the phenolic
components and evaluate the anti-inflammatory
activities in vivo of eight bee pollens intended for
human consumption with various botanical and
geographical origins. As far as we are mindful, this
could be the first ponder conducted on Algerian bee
pollen aimed to compare and to look up for a
possible relationship between the anti-inflammatory
potential, the botanical origin, and the total phenolic,
flavonoid and flavonol contents. In this regard, this
study has the characteristic of being a preliminary
study.

MATERIALS AND METHODS
Bee pollen samples

Eight bee pollen samples (A-H) intended for human
consumption were collected by beekeepers, during
2019 flowering season, from different apiaries in
Algeria’s  northeastern region: sample A
(Constantine), sample B (Guelma), sample C
(Boumerdés), sample D (Sétif), sample E (Jijel),
sample F (Skikda), sample G (Khenchla) and
sample H (Tizi Ouzou) (Figure 1). After the
beekeepers had dried the bee pollen, the samples
were delivered and kept in the dark at ambient
temperature until their used.

Palynological analysis

A ten-gram sample of each specimen was mixed
with 100 milliliters of warm water. Two hours later,
the pollen was totally macerated with a glass stick.
The supernatant was drawn off after centrifugation
(10 min, 2500 r/min). Water: glycerin solution (50
mL), at ratio 1:1 (v/v), was added to the pollen
residue. After 2 hours and 24 hours, another
centrifugation was done following the same
conditions. Finally, the slides were prepared using
the glycerol jelly method (Riding 2021) with the final
pollen residue. During the slides mounting process,
basic fuchsine was used as dye to stain pollen
grains. Palynological identification of bee pollen
samples was ascertained by examining over 500
pollen grains in slides prepared without acetolysis as
outlined by Louveaux et al. (1978) with some
modifications.

The pollen grains observation was carried out using
an optical microscope, BIOSTAR B4 SP Microscope
(Exacta Optech, Minchen, Germany), at 400X and
a picture analysis system EOS 450 D (CANON Inc.,
Japan). The authors' reference collection was used
to identify pollen types, as well as specialized atlases
and literature when necessary.

When the pollen grains were identified as a
belonging to a particular genus and a specific
species, their scientific names; consisting of the
genus and the species, were applied. However,
when the pollen grains had a similar morphology for
some species and genus or even botanical families,
the nomenclature pollen type was used. Therefore,
a pollen type can be defined as a group of plants with
similar pollen grains under a light microscope.
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Figure 1: Apiaries geopositioning in the study area (Source: Arc Gis 10.7).
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The frequency of occurrence (FO) was assigned to
the types in each sample based on the percentage
of each pollen type's occurrence in the sample set:
De Franga Alves and de Assis Ribeiro DosSantos
(2014) defined Rare (less than 10 percent), Less
Frequent (10-20 percent), Frequent (21-50
percent), and Very Frequent (more than 50 percent).

Extracts preparation

The extracts were prepared by macerating 300 g of
the powdered bee pollen samples with Ethanol
(96%) at a ratio of 1:2 (w/v) for 5 days at room
temperature, with solvent renovation in the third day
and every 24 hours thereafter. The ethanolic
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extracts of bee pollen were obtained by mixing,
filtering, and then concentrating the products of all
extractions for each sample in a rotavap at 40 °C.

Phenolic components
Total phenolic content (TPC)

The total phenolics contents of the eight (8) extracts
were assessed spectrophotometrically using the
Folin—Ciocalteu method (Singleton and Rossi 1965).
In every well of the microtiter plate, 100 pyL of 1/10
(v/v) diluted Folin—Ciocalteu reagent and 7.5uL of
sodium carbonate (7.5%) were added to 20 pL
extract. After incubating the microtiter plate for 2
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hours in the dark, the absorbances of each mixture
were measured at 765 nm using a 96-well microtiter
plate reader (Perkin Elmer, Enspire). The results
were expressed as milligram gallic acid equivalents
per 100 gram of bee pollen extract (mg GAE/100 g).

Total flavonoid content (TFC)

The total flavonoids contents were determined by
the trichloroaluminum colorimetric method (Topgu et
al. 2007). In every well, 130 pL of methanol, 10 pL of
aluminum nitrate (10%) and 10 pL of aqueous
potassium acetate (1 M) were added to 20 pL
extract. After a 40-minutes incubation period, the
absorbances were read at 415 nm using the
microtiter platereader. Results were expressed as
milligram quercetin equivalent per 100 gram of bee
pollen extract (mg QE/100 g).

Total flavonols content (TFIC)

The total flavonols contents were carried out using
the trichloroaluminum colorimetric method with slight
modifications (Kumaran and Joel Karunakaran
2007). In every well, 50 pyL of each extract were
placed then 50 pL of aluminum nitrate (2%) and 150
uL of aqueous sodium acetate (5%) were added.
After a 2-hours incubation period, the absorbances
were recorded at 440 nm using the microtiter
platereader. Results were expressed as milligram
equivalent per 100 gram of bee pollen extract (mg
QE/100 g).

Animals

Fifty male Wistar rats weighing 250-300 g, aged 3—
4 months, were used for in vivo anti- inflammatory
activity. The animals were produced and raised at
the laboratory animal facility of the “Department of
Animal Biology, Faculty of Natural and Life
Sciences, Freres Mentouri Constantine 1 University,
Algeria”. The rats were kept in groups of five per
cage, for acclimatization for seven days before the
start of the experiment, under standard laboratory
condition (temperature 22 + 2 °C, photoperiodic
cycle (light/darkness) of 12h and relative humidity 50
1 5%) and unrestricted access to food and water ad
libitum. This protocol was used in accordance with
the Laboratory Animals Care and Use guidelines
and approved under the PRFU project
(DO1NO1UN250120210003) by the  Ethical
Committee of the DGRSDT at the Algerian Ministry
of Higher Education and Scientific Research.

In vivo Anti-Inflammatory Activity
Formalin-induced paw edema test

The formalin-induced inflammation test was carried
out based on the method of Arzi et al. (2015) with
slight modifications. The Wistar rats were randomly
allocated into ten homogeneous groups (n=5). After
a 12-hours fast period, the rats of each group
received the tested samples intraperitoneally.
Group 1 received normal saline solution (5 mL/kg)
and treated as negative control. Group 2 was
administered by an anti-inflammatory drug
(Diclofenac) in a dose of 20 mg/kg of Body Weight
(BW) and considered as standard. Group 3 to 10
were given different bee pollen extracts in a dose of
200 mg/kg of BW. Thirty minutes later, acute paw
edema was induced on the right hind paw by a
subplantar injection of 1% formalin (100 pL). Paw
volume was measured before and after formalin
injection at 0, 30, 60, 120, 180 and 240 minutes,
using a water displacement plethysmometer
(Fereidoni et al. 2000). The results (% swelling) were
expressed as the proportional rise in paw volume
before formalin injection. The following formula was
used to calculate it:

N Ll
% swelling = v x 100
i

Where Viis the paw volume before formalin injection
and Vi is the paw volume after formalin injection at
different time points.

Statistical analysis

The in vivo experiment was carried out in
quintuplicate and the data were recorded as means
+ standard deviation. The one-Factor ANOVA test
was used to determine whether there were
significant differences between pollen samples, with
the Tukey test serving as post-hoc test. Moreover,
the principal components analysis (PCA) was used
to check the relationships between pollen types,
phenolic components and anti-inflammatory activity.
All statistical analyses were performed using IBM
SPSS Statistics 23.0 software (IBM® SPSS Inc.).
For all analyses, the level of significance was set at
5% (p < 0.05).

RESULTS

Pollen analysis revealed that all samples were
heterofloral. A total of 40 pollen types belonging to
22 botanical families were identified in eight pollen
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samples (Table 1). The most diverse families were
Asteraceae (8 types), Brassicaceae (4 types),
Cistaceae, Fabaceae, and Fagaceae (3 types)
respectively. The other families were represented by
one or two types only.

Cistus type was the most represented, found in all
samples. Bellis, Boraginaceae, Bryonia, Buxus,

Centaurea, Cerinthe major, Convolvulus,
Cucurbitaceae, Euphorbiaceae, Fraxinus,
Galactites,  Helianthemum,  Juglans,  Myrtus
communis, Oxalis, Poaceae, Quercus suber,

Raphanus, Rhamnus, Sonchus, Verbenaceae, Vicia
and Vitex pollen types were in turn observed in only
a single sample.

For sample A, eight different pollen types were
identified, of which Brassicaceae and Cistus types

were the two most frequent pollen types. Twelve
pollen types were recorded in sample B without any
frequent pollen types. The Pistacia lentiscus was the
most frequent pollen type among 10 different pollen
types recorded in sample C. In sample D, the two
most frequent pollen types were Cistus and
Quercus, out of a total of 9 pollen types. Thirteen
different pollen types were found in sample E where
Quercus type was the most frequent type. For
sample F, Brassica was the most repeated type out
of a total of 14 pollen types. The recurrent pollen
types in sample G were Brassica and Pistacia
lentiscus types from 7 pollen types. Finally, ten
different pollen types were found in sample H,
among which three pollen types were frequent:
Bryonia, Cistus and Quercus ilex.

Table 1: Frequency of occurrence data recorded in the eight bee pollen samples

Samples (%)
Family Pollen Type
A B C D E F G H
Anacardiaceae Pistacia - R - -
lentiscus type 9.12%
Anthemis type - - 0.17% - -
Bellis type - - - -
Carduus type - - ) - R
yP 0.33% 0.18%
L.F.
Centaurea type - - - 19.85% - - -
Asteraceae R R R
Cichorium type - - - - 0.33% | 0.36% | 0.66%
. L.F.
Galactites type 10.07% - - - - - -
Picris type - R R R - - -
yp 5.34% 0.64% | 0.72%
R.
Sonchus type 0.72% - - - - - -
Boraginaceae } } } } } ) R.
Boraginaceae type 2:49%
g Cerinthe major } } L.F. } } } } }
type 19.25%
. . R. L.F.
Brassica type - - 451% | 5.14% - 13.95%
Brassicaceae L.F. L.F. } R. } }
type 10.53% 12.05% 3.95%
Brassicaceae 5 Ot.her R. ) LF. R.
’astsy’;:ceae - - - 3.43% 12.11% | 3.99%
R.
Raphanus type - - - - 3.29% - -
R.
Buxaceae Buxus type - 7.07% - - - - -
Cistus tvoe L.F. . R. R. R.
Cistaceas Istustyp 16.20% | 1.64% 3.97% | 955% | 0.36%
Halimium tvoe ) R. } R. R. } )
imium typ 9.90% 343% | 2.96%
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Helianthemum } R. } } } } } }
type 5.97%
R.
Convolvulaceae | Convolvulus type - - - - - - - 581%
Bryonia type - - - - - - -
Cucurbitaceae Cucurbitaceae } } } } R. } } }
type 3.79%
Ericaceae Erica arborea } } R. } } R. } }
type 6.03% 4.28%
. Euphorbiaceae L.F.
Euphorbiaceae type - - - - 19.68 - - -
Fabaceae type ) L.F. R. L.F. ) ) R. )
18.88% 8.49% 13.18% 1.45%
R.
Fabaceae Lotus type - 5.19% - - - - - -
. . R.
Vicia type - - - - 7.04% - - -
Quercus ilex type - - - - - - -
1.08% 8.84% 5.26%
Fagaceae Quercus suber } R. } } } } } }
9 type 2.99%
Quercus type L.F. R. ) L.F. ) )
10.07% 4.25% 16.43%
R.
Juglandaceae Juglans type - - - 7.88% - - - -
. " R.
Lamiaceae Vitex type 557% - - - - - - -
Myrtus R.
Myrtaceae communis type ] ] 2.78% ] ] ] ] ]
. R.
Oleaceae Fraxinus type - - - - 2.17% - - -
. . R.
Oxalidaceae Oxalis type - - - 7.239% - - - -
Papaveraceae Papaver type LI - - - - - - -
11.33% 2.53%
R.
Poaceae Poaceae type - - - - - 3.78% - -
R.
Rhamnaceae Rhamnus type - 4.56% - - - - - -
L.F. R.
Rosaceae Rosaceae type - - 11.10% - - 3.45% - -
Verbenaceae Verbenaceae } } } } L.F. } } }
type 10.29%
Number of pollen types 8 12 10 9 13 14 7 10

The results of phenolic components of the eight
ethanolic extracts indicated significant differences in
their total contents. Whereby, high total phenolics
contents were recorded in the extract D followed by
the extract G then the extracts C and E (12247.06 +
40.04, 9050.98 + 17.93, 7854.90 = 33.05, and
7541.27 + 48.71 mg GAE/100 g; respectively) with
insignificant difference in the two last ones (Table 2),
while the lowest content was obtained in the extract
A (752.94 + 17.78 mg GAE/100 g). For flavonoids,
the extract D provides the highest content (8506.94
+ 15.56 mg QE/100 g), followed by the extract G
(6076.39 + 20.01 mg QE/100 g), whereas low values

* FIErequent, L.F.: Less Frequent, R.: Rare

were registered in extracts A and B (2694.44 + 22.85
and 2680.55 £ 12.02 mg QE/100 g; consecutively).
Flavonols contents values ranged from 4978.87 +
33.39 mg QE/100 g (extract B) to 7903.75 + 24.39
mg QE/100 g (extract D).

In the anti-inflammatory activity, after formalin
injection into the hind paw, the paw edema in the
normal saline group; increased along with the time
course and the peak edema, was registered after
240 min in which the mean of swelling percentage
was 63.99 + 2.98 % (Table 3). Our results showed
that the extract E had the best anti-inflammatory
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activity with the least significant swelling percentage
mean in all assessed time. Followed by extract F
which had also strongly and significantly activity,
compared to the control group, inhibited the formalin
induced paw edema, with comparable effect to the
reference drug (diclofenac at 20 mg/kg BW).

Furthermore, extracts A, D, G, and H exhibited mild
anti-inflammatory effect, with significant statistical
difference when compared to the normal saline
group. However, extracts B and C did not affect the
paw edema with non-significant difference
compared to the control group.

Table 2: Phenolic components contents in the pollen types ethanolic extracts

Extracts TPC TFC TFIC
(mg GAE/100 g) (mg QE /100 g) (mg QE /100 g)
A 752.94 +17.78°¢ 2694.44 + 22.85¢° 5058.68 + 12.97 ¢
B 5913.72 + 19.13¢ 2680.55 £ 12.02 © 4978.87 + 33.39¢
C 7854.90 + 33.05° 5201.39 £ 37.87° 6950.70 + 31.722b
D 12247.06 + 40.04 2 8506.94 + 15.562 7903.75 £ 24.39 @
E 7541.27 £ 48.71° 4847.22 + 36.10¢°4 7406.10 £ 17.132
F 6482.35+ 15.5¢ 4965.28 + 27.43° 5744.13 + 50.46 °¢
G 9050.98 + 17.93 © 6076.39 + 20.01° 6208.92 + 43.97 b
H 6178.43 £ 34.454 4347.22 +27.43 ¢ 748591 £ 54.822

*The outcomes were presented as Means + SD of three measurements. Analysis of variance (One-Factor ANOVA and
Tukey tests) revealed statistical difference (P < 0.05). Different superscripts (a, b, c...) for the values in the same
columns are statistically different.

The obtained data on the main pollen types, the total
bioactive components and the swelling percentages
were ordinated with PCA analysis. In total, 48
standardized variables were introduced to create
covariance matrix. Whereby, Varimex method was
used as a factor analysis rotation technique and the
number of extracted factors was fixed at two
principal components (PCs). The PCA indicated that
the two PCs accounted for 71.16% of the total
variance. The first principal component (PC1)
represented 40.42% and had the highest positive
correlation coefficients with the swilling percentages
(t+30: 0.975; t+120: 0.972; t+60: 0.964; t+180: 0.960
and t+240: 0.947). The PC2 (30.74% of the
variance) had the main correlation coefficients with
the total bioactive components (TPC: 0.985; TFC:
0.908 and TFIC: 0.689). The variables with high
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correlation coefficients appeared together in the
biplot (Figure 2). Focusing on the PC1, the PCA
demonstrated four bee pollen types; Centaurea,
Cucurbitaceae, Euphorbiaceae and Fraxinus, with
negative correlation coefficient (-0.796) with the
swilling percentages which means that these pollen
types were characterized by potent anti-
inflammatory activity. Regarding PC2, it can be
concluded that Oxalis and Juglans types are
positively correlated (0.575) with the total bioactive
components (TPC, TFC, and TFIC) and that their
presence matches up with high total bioactive
components. Whereas, the three pollen types;
Galactites, Sonchus and Vitex had a negative
relationship (-0.777) with the total bioactive
components.

U.An D. - U.Bee J. 2022, 22 (1): 45-58



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Table 3: Effects of bee pollen and diclofenac on formalin-induced paw edema in rats.

Extracts and T+30 T+60 T+120 T+180 T+240
standards (%) (%) (%) (%) (%)
A 19.80 + 1.29 de 26.42 +2.89 be 32.49+257¢ 32.86 + 2.60 ¢4 42.38+2.06°
B 30.84+2.31°2 40.01 £ 1.742 44.44 + 255" 55.59+2.96 2 61.08 + 1.902
C 29.75+2.252b 4240+251° 53.49+2.76° 55.68 + 3.752 63.71+3.282
D 15.12 +1.78 of 23.87 £ 1.93b¢ 35.14+1.51¢ 38.10+1.67° 49.53 +1.03°
E 3.89+0.66" 3.67+0.66¢° 4.22+127° 7.71+1.46" 10.17+£2.31"
F 12.68 +2.74 9 21.97 +1.77°¢ 25.54 +2.474¢ 28.04 +1.89¢ 31.95+2.144¢
G 18.73 +£2.09 & 26.75+ 1.52° 30.18 £ 2.07 ¢d 37.70 £ 2.55b¢ 43.71+£1.90°
H 23.04 +2.90 ¢d 24.29 +2.48 b° 3497 +292¢ 39.02+221° 49.73+2.60°
Control 26.61+2.90"5¢ 37.99+2372 57.81+2.572 59.74 + 1172 63.99 +2.982
Diclofenac 8.74+1.179 12.54 + 2,984 11.53+2.63°¢ 16.50+2.73¢ 22.49+1.94¢

* The swelling percentages values mean + SD (n = 5) were checked by One-Factor ANOVA test followed by multiple
comparison test Turkey (p < 0.05). Outcomes with distinct superscript letters are statistically different.

DISCUSSION

The botanical identification of our samples confirmed
the richness of the northeastern region of Algeria in
important species resulting from the particular
climate (Mediterranean climate for both tell and
steppe regions), orography and human impact. Most
of the found pollen types were from spontaneous
species known by their high melliferous potential
(Ghorabet al. 2021b, Saadia TamaliandOzkirim
2019, Zerrouk et al. 2014). Therefrom, this floral
diversity represents a great feature that favours the
sustainable development of beekeeping activities in
Algeria.

Even if Asteraceae family was the most diverse (8
types), it was not the most frequent plant family

(represents just 5.25% of identified pollen types).
The most abundant families in our samples were
Brassicaceae (its 4 pollen types constituted 23.15%
of identified pollen types), followed by
Anacardiaceae (represented by its unique type
Pistacia lentiscus with 15.53% of identified pollen
types) then Cistaceae (14.99%) and Fagaceae
(14.10%). Excluding Brassicaceae family, all the
cited families are well known as good polliniferous
species. However, most species of Brassicaceae
and Asteraceae families were considered as
nectariferous. Fabaceae family members (6.68% of
identified pollen types) were known as good nectar
and pollen producers (Ghorabet al. 2021a).
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Figure 2: Loading biplot of variables (Pollen types, phenolic components and swilling percentages) included in the

Principal Component Analysis (PCA)

Numerous studies in many countries have been
conducted on bee pollen total bioactive components.
Concerning our bee pollens, the TPCs were ranging
from 752.94 to 12247.06 mg GAE/100 g, TFC
ranging from 2680.55 to 8506.94 mg QE/100 g and
TFIC ranging from 4978.87 to 7903.75 mg QE/100
g. Although different extraction and assay methods
were used, these results were tad higher than those
reported by (Asmae et al. 2021, Eraslan et al. 2009,
Fatrcova-Sramkova et al. 2013, LeBlanc et al. 2009,
Yildiz et al. 2013). Our results can also be
comparable with those obtained by (SahinandKarkar
2019, Zili¢ et al. 2014). Nevertheless, the present
findings were moderately lower than those found on
Turkish bee pollen (Gercek et al. 2021).
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This variation is common and may be ascribed to
variations in geographical origin and edaphoclimatic
condition (Araujo et al. 2017, Nogueira et al. 2012).
However, the most influencing factor remains
botanical origin (Bogdanov 2004, Daoud et al. 2019,
Estevinho et al. 2012).

The anti-inflammatory effect of our ethanolic bee
pollen extracts was investigated by a method of
formalin-induced paw edema in rats. This method is
commonly used as a model for anti-nociceptive and
anti-inflammatory activities assessment which
mainly results from a neurogenic inflammation
mediated by neuropeptides such as substance P
(Damas et al. 1999).

U.Arn D. - U.Bee J. 2022, 22 (1): 45-58



ARASTIRMA MAKALESI / RESEARCH ARTICLE

The diclofenac was chosen as an anti-inflammatory
drug reference. It is a proven nonsteroidal anti-
inflammatory drug (NSAID) with antipyretic, anti-
inflammatory and analgesic properties. Diclofenac
exerts its action via cyclooxygenases (COX-1 and 2)
inhibition with relative equipotency. However,
extensive research shows that the mechanisms of
action of diclofenac goes beyond COX inhibition and
confirms that it can inhibit substance P, inhibit
lipoxygenase enzymes, influence the release and
uptake of arachidonic acid, activate the nitric oxide—
cGMP antinociceptive pathway and alter the
interleukin-6 production (Gan 2010).

The bulk of the tested bee pollen ethanolic extracts
suppressed paw edema. Homogeneous effect was
found in an ethanolic bee pollen extract from Cistus
sp. of Spanish (Maruyama et al. 2010),
hydroethanolic extracts of bee pollen from
M.fasculata (Lopes et al. 2019) and from
S.aff.postica (Lopes et al. 2020) at comparable
doses showed high anti-inflammatory activity in rat
carrageenan-induced paw edema models. These
results confirm the hypothesis that bee pollen extract
may act by COX-2 inhibition and also probably acts
by NO release inhibiton and as H1 histamine
receptor antagonist (Lopes et al. 2019).

In mouse formalin-induced paw edema model, Choi
(2007) noted that the ethanolic extract of pine (Pinus
densiflora) bee pollen has demonstrated at the same
dose (200mg/kg BW) a strong anti-inflammatory
activity significantly better than that of the used anti-
inflammatory drug reference (indomethacin at 10
mg/kg BW). This finding corroborates with the result
observed with extract E.

The results of the PCA showed that there is no
correlation between the total phenolic, flavonoid and
flavonol contents of the samples with the anti-
inflammatory activity (0.057, -0.042 and -0.167
respectively). Therein, the registered variation of the
anti-inflammatory activity in our results between the
eight bee pollen extracts could be explained by the
different botanical origins of our bee pollen which
certainly implies a variation in their secondary
metabolites composition. The high anti-inflammatory
activity registered with extract E compared to
remaining extracts could be attributed to its possible
richness in flavonoids from the subgroup of flavonols
with potent anti-inflammatory effect like quercetin
and kaempherol, likewise their glycosides especially
rutin (Panche et al. 2016; Rzepecka-Stojko et al.
2015). Therefore, additional research is required to

identify the phenolic profile of each extract and thus
clarify the possible mechanism.

This finding gives us more information and details
about the relation between pollen types and phenolic
components and anti-inflammatory activity of a bee
pollen ethanolic extract. However, these results
remain preliminary, whereby future investigations
are needed to affirm them.

Several studies must be launched inside and outside
Algeria on monofloral bee pollens to pinpoint the
biological characteristics and the chemical
composition of each pollen type, for better
comprehension of their anti/pro-inflammatory activity
mechanisms.

Conclusion

All bee pollen samples, intended for human
consumption, collected from the northeast of Algeria,
an area known for its flora diversity, are heterofloral.
The ethanolic extracts of the studied samples are
rich in total phenolic, flavonoid and flavonol contents.
Most extracts exhibited a good anti-inflammatory
activity. In this fact, Algerian bee pollen can be an
important candidate which opens up new
possibilities for developing many food supplements
and pharmaceutical products. It is therefore
advisable to give more attention and support more
research on this bee hive product.
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ABSTRACT

Propolis is a substance collected by honey bees from different parts of plants. Honey bees store it in
their hives in order to defend against different threats. Propolis is a bee-product rich in plant waxes,
esters, fatty acids, volatile components and phenolic compounds. It's rich phenolic content makes
propolis a potential reducer for Ag* to Ag. In this study, propolis-based silver nanoparticles were
obtained using the green synthesis technique. It was determined that the obtained silver nanoparticles
had a maximum absorbance at 425 nm and their sizes ranged from 67 to 75 nm. When the FT-IR data
of propolis extract is examined, the band at 3200 cm™' represents functional -OH groups, the band at
2919-2850 cm™ represents C-H stretching, the band at 1634 cm™ represents C=C, C=0 or NH stretching,
the band at 1508 cm represents aromatic C=C stretching and the band at 1451 cm™' originate from the
C-H stretching of CHs, CH, flavonoids and aromatic rings. Total phenolic content of propolis extract
and silver nanoparticles was determined as 176.4240.18 and 122.63%£0.23 mg GAE/mL, respectively.
ICs0 value of P-AgNPs for a-amylase and a-glycosidase enzyme inhibition was defined as 47.08 + 0.002
and 52.18 * 0.001 ug/mL, respectively. Inhibition of a-Amylase and a-glycosidase is still a valid
approach in the treatment of diabetes. The high inhibition effect of the obtained nanoparticles on the
related enzymes shows that they have diabetes treatment potential. In addition, showing that cheap
and abundant nanoparticles can be obtained by using propolis, this study may contribute to the
development of new products containing nanoparticles that can be used in apitherapy applications.

Key words: Green synthesis, Eco-friendly, Diabetes mellitus, Enzyme inhibition

oz

Propolis; bal arilarinin kovanlarini farkh tehditlere karsi savunmak amaciyla bitkilerin farkl
kisimlarindan topladiklari ve kovanlarinda depoladiklari bir maddedir. Propolis, bitkisel mumlar,
esterler, yag asitleri, ugucu bilesenler ve fenolik bilesiklerce zengin bir iiriindiir. Zengin fenolik igerigi
propolisi potansiyel bir indirgen kilmaktadir. Yapilan bu calismada propolis temelli giimis
nanopartikiiller yesil sentez teknigi kullanilarak elde edildi. Elde edilen giimiis nanopartikiillerin 425
nm’de maksimum absorbansa sahip oldugu ve boyutlarinin 67 ile 75 nm arasinda degistigi tespit edildi.
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Propolis ekstrakti FT-IR verileri incelendiginde 3200 cm™'deki bant fonksiyonel -OH gruplarini temsil
eder. 2919-2850 cm™'deki bant CH gerilmesinden, 1634 cm™'deki bant C=C, C=0O veya NH
gerilmesinden, 1508 cm™"deki bant aromatik C=C gerilmesinden ve 1451 cm™' 'deki bant CHs, CHa,
flavonoidler ve aromatik halkalarin CH gerilmesinden kaynaklanir. Propolis ekstrakti ve giimiis
nanopartikiillerin toplam fenolik madde miktarlan sirasiyla 176,42+0,18 ve 122,63%£0,23 mg GAE/mL
olarak belirlenmigtir. P-AgNPs’lerin a-amilaz ve a-glukozidaz enzimleri ICso degerleri sirasiyla 47,08 *
0,002 ve 52,18 * 0,001 pg/mL olarak tespit edildi. a-Amilaz ve a-glukozidaz inhibisyonu diyabet
tedavisinde hala gegerli bir yaklagimdir. Elde edilen nanopatrtikiillerin ilgili enzimler lUzerine yiiksek
inhibisyon etkisi diyabet tedavisi potansiyelleri oldugunu goéstermektedir. Ayrica bu ¢alismanin,
propolis kullanilarak ucuz ve bol miktarda nanopartikiil elde edilebildigini gostermesi, apiterapi
uygulamalarinda kullanilabilecek nanopartikiil igeren yeni uiriinlerin gelistiriimesine de katki sunacagi

soOylenebilir.

Anahtar Kelimeler: Yesil sentez, Cevre dostu, Diabetes mellitus, Enzim inhibisyonu

GENISLETILMiS OZET

Amag: Nanoteknoloji, tip, dis hekimligi, ila¢ salinim
sistemleri, eczacilik gibi birgok biyomedikal
uygulamalar ile gevre ve muhendislik alanlarinda
yaygin olarak kullanilan gelismis bir teknoloji dalidir.
Nanopartikuller (1-100 nm boyutunda),
nanoteknolojinin  temel yapi taglari  olarak
gorilmektedir. Gimds, altin, ginko gibi metallerin
kullaniimasiyla hazirlanan metalik nanopartikiller
genis kullanim alanina sahiptir. Ozellikle giimis
nanopartikuller, gdstermis olduklari antimikrobiyal
aktiviteleri nedeniyle saglik uygulamalarinda en ¢ok

tercih edilen nanopartikillerden biridir.
Nanopartiklllerin sentezinde farkli fiziksel ve
kimyasal teknikler kullanilmaktadir. Kullanilan
kimyasal teknikler ¢ok miktarda toksik Grun

olusturmaktadir. Bu nedenle cevre dostu Uretim
tekniklerine ihtiyag duyulmaktadir. Yesil sentez
cevre dostu ve biyouyumlu nanopartikillerin elde
edilmesini saglayan hizli ve dusik maliyetli bir
yontemdir. Genellikle funguslar, bakteriler, algler ve
bitkiler yesil sentezde kullanilan dogal Urtnlerdir.
Bitkilerin igerdigi fitokimyasalllar da yesil sentez ile
daha kararli, ekonomik ve genis uygulama alanina
sahip nanopartikillerin elde edilmesine olanak
saglamaktadir. Bal, polen, propolis ve ari situ gibi
fitokimyasallarca zengin ari Uriinleri de yesil sentez
ile  nanopartikil elde edilmesine  olanak
saglamaktadir.

Gere¢ ve Yontem: Calismada kullanilan ham
propolis drnedi 2021 yilinda Bilecik ilinden hasat
edildi. Dondurulmus ve o6gutilmis ham propolis
ornegi %70’lik glikol kullanilarak ekstrakte edildi.
Propolis temelli gimus nanopartikulleri (P-AgNPs)
elde etmek amaciyla 5mM AgNOs ve esit hacimli
propolis ekstrakti karigtirildi  ve reaksiyonun

60

gerceklesmesi beklendi. Propolis bazh gimuis
nanopartikiller UV-Vis spektrofotometre kullanilarak
karakterize edildi. Nanopartikillerin  maksimum
absorbans verdigi dalga boyu de@eri kaydedildi.
Propolis ekstraktinin igerdigi fonksiyonel gruplar FT-
IR kullanilarak belirlendi. 4500 rpm’de
santrifiijlenerek elde edilen nanopartikiller 50°C’de
kurutuldu ve partikil boyutlari SEM ile belirlendi.

Daha sonra propolis ekstrakti ve P-AgNPs’lerin
toplam fenolik madde miktari tespit edildi. Ayrica
propolis ekstrakti ve P-AgNPs’lerin a-amilaz ve o-
glukozidaz enzimleri Uzerine inhibisyon etkileri de
incelendi.

Bulgular: Yapilan bu calismada propolis temelli
gimis  nanopartikiller yesil sentez  teknigi
kullanilarak sentezlendi. Elde edilen gumus
nanopartiktllerin 425 nm’de maksimum absorbans
verdigi ve boyutlarinin 67 ile 75nm arasinda degistigi
tespit edildi. Propolis ekstrakti FT-IR verileri
incelendiginde 3200 cm™"'deki bant fonksiyonel -OH
gruplarini temsil eder. 2919-2850 cm"'deki bant CH
gerilmesinden, 1634 cm™"deki bant C=C, C=0 veya
NH geriimesinden, 1508 cm™deki bant aromatik
C=C gerilmesinden ve 1451 cm™deki bant CHs,
CH., flavonoidler ve aromatik halkalarin CH
gerilmesinden kaynaklanir. Propolis ekstrakti ve
gimus nanopartikillerin  toplam fenolik madde
miktarlari sirasiyla 176,42+0,18 ve 122,63+0,23 mg
GAE/mL olarak belirlendi. P-AgNPs’lerin a-amilaz ve
a-glukozidaz enzimleri icin 1Cso degerleri sirasiyla
47,08+0,002 ve 52,18+0,001 pg/mL olarak tespit
edildi.

Sonug: Yapilan bu galisma ile Bilecik ilinde hasat
edilen ham propolis glikol ile ekstrakte edildi ve yesil
sentez teknigi kullanilarak propolis temelli gimus
nanopartiktller elde edildi. Kullanillan teknik
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nanopartikillerin ekonomik, ¢evre dostu, kolay ve
hizli  bir sekilde sentezlenebilmesine olanak
saglamaktadir. Elde edilen P-AgNPs’lerin a-amilaz
ve a-glukozidaz enzimleri Gzerine inhibisyon etkisi
olmasi, partikillerin Diabetes mellitus tedavisinde
potansiyel bir Grln olabilecegini gostermektedir.
Ayrica elde edilen bulgularin, nanopartikil temelli
farkl Urdnlerin gelistiriimesine imkan saglayabilecegi
de ifade edilebilir.

INTRODUCTION

Nanotechnology is an innovative technology that is
widely used in medicine, dentistry, drug delivery
systems, many biomedical applications,
environment and engineering. Nanoparticles (1-100
nm in size) are seen as the basics of the
nanotechnology (Beykaya and GCaglar 2016).
Metallic nanoparticles prepared by using metal ions
such as silver, gold and zinc have a wide range of
uses. Especially silver nanoparticles are one of the
most preferred nanoparticles in health applications
due to their antimicrobial activities (Rai et al. 2009).
Different physical and chemical techniques are used
in the synthesis of nanoparticles. The chemical
techniques used create a large amount of toxic
products. Therefore, environmentally friendly
production techniques are needed (Ali et al. 2016).
Green synthesis is a fast and low-cost method that
provides environmentally friendly and biocompatible
nanoparticles. Generally, fungi, bacteria, algae and
plants are natural products used in green synthesis.
The phytochemicals contained in plants enable the
production of nanoparticles with green synthesis
resulting more stable, economical and have a wide
range of applications (Mohammadi et al. 2019). Bee
products such as honey, pollen, propolis and royal
jelly are rich in such phytochemicals and they also
could be used to obtain nanoparticles by green
synthesis.

Propolis is a resinous natural bee product that
worker bees collect from various parts of plants and
use to protect their hives against all kinds of dangers
(Keskin and Kolayli 2018). Although the
phytochemical content of propolis varies depending
on the flora of the region where it is collected,
propolis is quite rich in these phytochemicals.
Propolis has been found to contain more than 300
different components up to now and it is very rich in
volatile (terpene, terpenoid, etc.) and phenolic
components (Ozkok et al. 2021). Therefore, propolis

is a very good product that can be used to obtain
nanoparticles.

In this study, silver nanoparticles were synthesized
by green synthesis technique using raw propolis
samples harvested in Bilecik province in 2021. The
synthesized nanoparticles were characterized using
UV-Vis spectrophotometer, FT-IR and SEM
methods. In addition, inhibition effects of propolis-
based nanoparticles on a-amylase and a-
glycosidase enzymes, which are important to be
inhibited in the treatment of Diabetes mellitus, were
determined.

MATERIALS AND METHOD

Raw propolis sample was harvested from Bilecik
province in 2021. Silver nitrate, a-amylase, o-
glycosidase, glycol, Folin reagent and p-nitro phenyl-
a-D-glucopyranoside were purchased from Sigma
Aldrich. All other chemicals used were of analytical
grade. FTIR (Perkin Elmer), UV spectrophotometer
(GENESYS 150) and scanning electron microscope
(SEM, EVO 40 LEQ) were used in the
characterization processes.

Extraction of Raw Propolis

Propolis extraction was performed according to the
method indicated by Yildiz (2020). The frozen and
ground raw propolis sample was extracted by using
70% glycol. For this purpose, 20 g of crude propolis
sample was mixed with 100 mL of 70% glycol. The
mixture was stirred at room temperature under
constant speed for 24 hours. At the end of the period
mixture was filtered and the obtained extract was
stored at +4°C until use.

Green Synthesis of Propolis-Based Silver
Nanoparticles (P-AgNPs)

Propolis based nanoparticles were synthesized
using the method described by Keskin (2022) with
minor modifications. For this purpose, 500 mL of
AgNOs (5 mM) solution and an equal volume of
propolis extract were mixed. The mixture was stirred
in the dark under constant speed for 24 hours. A
color change from light yellow to dark brown was
observed.

Characterization of P-AgNPs

Propolis based silver nanoparticles were
characterized using UV-Vis spectrophotometer. The
wavelength at which the nanoparticles gave
maximum absorbance was recorded. The functional
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groups contained in the propolis extract were
determined using FT-IR. The nanoparticles obtained
by centrifugation at 4500 rpm were dried at 50°C and
particle sizes were determined by SEM.

Determination of Total Phenolic Content of
Propolis extract and P-AgNPs

The total phenolic content of propolis extract and
obtained nanoparticles were determined by the
Folin-Ciocalteu method (Singleton and Rossi 1965,
Singleton et al. 1999). The blue colored complex
formed by the phenolic components with the Folin
reagent gives maximum absorbance at 765 nm. The
calibration curve was prepared using gallic acid.
Solutions of gallic acid at varying concentrations
(0.03125-1.0 mg/mL) were prepared and a graph of
absorbance versus concentration was drawn. The
total phenolic content of propolis extract and P-
AgNPs was calculated using this graph and the
results were expressed in mg GAE/mL

Inhibition Properties of P-AgNPs on a-Amylase

a-Amylase enzyme activity was determined by DNS
method in the presence of soluble starch as
substrate. 300 pL of 1% soluble starch and 300 pL
of enzyme were incubated at 35°C for 30 minutes.
After adding an equal volume of DNS reagent, the
mixture was kept in a boiling water bath. At the end
of the reaction, tubes were cooled to room
temperature and the absorbance values were

recorded at 550 nm (Bernfeld 1955). The ICso values
of propolis extract and P-AgNPs were determined in
triplicate with concentration between 10 to 200
Mg/mL  under the above-mentioned analysis
conditions. Acarbose was used as a reference
inhibitor.

Inhibition Properties
Glycosidase

of P-AgNPs on a-

a-glycosidase enzyme activity was determined by
using the method specified in the Gholamhoseinian
et al. (2008). p-nitro phenyl-a-D-glucopyranoside
was used as substrate. 5 pL of substrate, enzyme
solution (0.1 U) and 900 pL of phosphate buffer 6.8
(50 mM) were mixed. The mixture was incubated at
37 °C and absorbance values at 405 nm were
recorded. The ICsp values of propolis extract and P-
AgNPs were determined in triplicate with
concentration between 10 to 200 pyg/mL under the
above-mentioned analysis conditions. Acarbose was
used as a reference inhibitor.

RESULTS

In this study, propolis-based silver nanoparticles
were synthesized using green synthesis technique.
It was determined that the obtained silver
nanoparticles gave maximum absorbance at 425
nm. The size of the beads varied between 67 and

75nm.

Figure 1. a) Propolis extract b) P-AgNPs synthesis
Sekil 1. a) Propolis ekstrakti b) P-AgNPs sentezi
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Absorbance (A)
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Wavelenght (nm)

Figure 2. UV-VIS spectrum of P-AgNPs
Sekil 2. P-AgNPs UV-Vis spektrumu

I | Mag = 60.00 KX EHT = 20.00 kv  Signal A = SE1 WD = 12 mm

Figure 3. SEM data of P-AgNPs
Sekil 3. P-AgNPs SEM verisi
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When the FT-IR data of propolis extract was
examined, the bands could be explained with the
presence of functional -OH groups at 3200 cm™, the
C-H groups at 2919-2850 cm™, the C=C, C=0 or NH

100:
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yyyyyy

%T
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40

30

groups at 1634 cm™, the aromatic C=C bonds at
1508 cm” and the CHs, CH2, flavonoids and
aromatic ring C-H groups at 1451 cm™ (Corciova et
al. 2019).
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Figure 4. FT-IR data of propolis extract
Sekil 4. Propolis ekstrakti FT-IR verileri

Results for the inhibition effects of P-AgNPs on a-
amylase and a-glycosidase enzymes and total
phenolic content of propolis extract and P-AgNPs
were summarized at Table 1. Lower ICso values

2000 1500 1000 550

obtained for P-AgNPs indicating better inhibition
activity than both propolis extract and acarbose, a
standard inhibitor.

Table 1. Biochemical properties of propolis extract and P-AgNPs

Tablo 1. Propolis ekstrakti ve P-AgNPs’lerin biyokimyasal karakterizasyonu

Total Phenolic

Content a-amylase a-glucosidase
mg GAE/mL ICs0(ng/mL) ICs0 (Mg/mL)
Propolis Extract 176.42+0.18 59.78+0.001 67.43+0.001
P-AgNPs 122.63+0.23 47.08+0.002 52.18+0.001
Acarbose 96.7+0.42 96.7+0.42
DISCUSSION that the inhibition effect of P-AgNPs on a-amylase

Propolis is a natural substance rich in phenolic
compounds especially as flavonoids. Since phenolic
compounds and flavonoids are high-capacity natural
reducing agents, they play a role in AgNPs green
synthesis (Ag* = AgP). In this study, it was observed
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and a-glycosidase enzymes was achieved with a
lower ICso value than propolis extract. Two possible
reasons for this situation can be expressed as the
easy ability of silver to transfer electrons and the high
abundance of biomolecules on the AgNPs surface
(Corciova et al. 2019). Al-Fakeh et al. (2021)
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synthesized silver nanoparticles with green
synthesis from propolis sample harvested from
Saudi Arabia. It was stated that the synthesized
nanoparticles gave maximum absorbance at 437 nm
and had a higher total phenolic substance content
than raw propolis. Corciova et al. (2019) stated that
the silver nanoparticles they synthesized gave a
maximum absorbance of around 480 nm and the
sizes of the nanoparticles ranged from 10 nm to 50
nm. A quite low total phenolic content of the
supernatant remaining after the silver nanoparticle
production was expressed by the authors because
of the fact that the components in the propolis extract
take part in the reduction of silver. Priyadarshini et
al. (2018) obtained propolis-based  silver
nanoparticles by green synthesis. It was stated that
the particle size of the obtained nanoparticles, which
gave maximum absorbance at 420 nm, was smaller
than 100 nm but highly variable. In a study, Al-
Yousef et al. (2020) reported the synthesis of bee
pollen-based silver nanoparticles. It was stated that
the synthesized nanoparticles gave maximum
absorbance at approximately 440 nm and the
particle sizes vary between 10-30 nm on average.
Debnath et al. (2019) synthesized silver
nanoparticles using mushroom extract and
investigated the effects of obtained particles on a-
amylase. They stated that the obtained
nanoparticles gave maximum absorbance at 420 nm
and the particle sizes ranged between 2-20 nm. It
was also stated that silver nanoparticles have an
inhibitory effect on a-amylase enzyme and the
percentage of a-amylase inhibition increases with
the use of nanoparticles with increasing
concentration. Ramkumar et al. (2010) synthesized
Gymnema Montanum-based silver nanoparticles
and investigated the effects of nanoparticles on a-
amylase and a-glycosidase. It was declared by the
authors that the obtained nanoparticles inhibited a-
amylase and a-glycosidase enzymes with [Cso
values as 5 pg/mL and 7 pg/mL, respectively.
Johnson et al. (2018) obtained Bauhinia variegate-
based silver nanoparticles and determined their
inhibition properties on a-amylase enzyme. It was
stated that the nanoparticles obtained in that study
gave maximum absorbance at 430 nm and the
particle size was reported to be ranged between 5-
15 nm. The ICso value for a-amylase enzyme was
declared to be 4.64 pg/mL. Synthesis of silver
nanoparticles based on Enhalus acoroides and
effects of the particles on the a-glycosidase enzyme
was reported by Senthilkumar et al. (2016). It was
stated that the obtained particles gave maximum

absorbance at 419 nm, their sizes varied between 2-
100 nm, and the ICso value for the a-glycosidase
enzyme was 47 ug/mL. Variable ICso values of
AgNPs on a-amylase and a-glycosidase enzymes
have been reported in literature. This variation might
be the result of used enzyme type. It is clear that our
results are compatible with the literature data’s.

Conclusion

In this study, crude propolis harvested in Bilecik
province was extracted with glycol and propolis-
based silver nanoparticles were obtained by using
green synthesis technique. The technique used
enables  nanoparticles to be  synthesized
economically, environmentally friendly, easily and
quickly. The inhibition effect of the obtained P-
AgNPs on a-amylase and a-glycosidase enzymes
shows that the particles have a potential in the
treatment of Diabetes mellitus. It can be concluded
that synthesis of silver nanoparticles by using
propolis extract is a suitable way for the development
of different nanoparticle-based products.
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ABSTRACT

Propolis has been widely accepted to exhibit immunomodulatory activity. However, the activity during
pregnancy has not been investigated yet. This study was a preliminary study that aimed to analyze the
effect of several types of Indonesian propolis on the histological changes of maternal mice spleen. A
total of 25 pregnant mice were divided into 5 groups, control (1% Tween 80) group, low (380 mg/kg)
and high dose (1400 mg/kg) ethanol extract of South Sulawesi propolis groups, and low (380 mg/kg)
and high dose (1400 mg/kg) water extract of Banten propolis groups. Propolis samples were
administered daily during pregnancy. At day 18 of gestation, the mice were sacrificed to obtain spleen
which was used for histological evaluation using hematoxylin and eosin staining. The number and
diameter of white pulp were observed under the 10x magnifying of microscope. The results showed
that all propolis extracts at low dose significantly increased the number of white pulp (p < 0.05).
However, an increase in the diameter was found not significant in all propolis administered groups.
This study suggests that Indonesian propolis may modulate maternal immune system.

Keywords: Imnmunomodulatory, Histology, Pregnancy, Propolis

oz

Propolisin immiinomodiilator aktiviteye sahip oldugu yaygin olarak kabul edilmistir. Bununla birlikte,
hamilelik sirasindaki aktivite heniiz arastinlmamistir. Bu calisma, hamilelik sirasinda propolis
uygulamasinin anne fare dalaginin histolojik degisiklikleri lizerindeki etkisini analiz etmeyi amagcladi.
Toplam 25 hamile fare, Giiney Sulawesi propolisinin kontrol (%1 Tween 80), diigiik (380 mg/kg) ve
yiuksek doz (1400 mg/kg) etanol 6ziitii ve diisiik (380 mg/kg) ve yiiksek dozlu (1400 mg/kg) Banten
propolisinin su o6ziitii olmak tizere 5 gruba ayrildi. Propolis uygulamasi gebelik boyunca giinliik olarak
yapildi. Gebeligin 18. giiniinde fareler, hematoksilen ve eozin boyamasi kullanilarak histolojik
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degerlendirme i¢in kullanilan dalak elde etmek icin sakrifiye edildi. Beyaz pulp sayisi ve ¢api 10x
buyiitmeli mikroskop altinda goézlendi. Sonuglar, diisiik dozdaki tiim propolis ekstraktlarinin beyaz
pulp sayisini 6nemli 6lgiide arttirdigini gésterdi (p < 0.05). Bununla birlikte, propolis uygulanan tiim
gruplarda captaki bir artis anlamli bulunmadi. Bu galigsma, Endonezya propolisinin annenin bagisiklik

sistemini modiile edebilecegini diisiindiirmektedir.

Anahtar kelimeler: Inmunomodulatori, Histoloji, Hamilelik, Propolis

GENISLETILMiS OZET

Amag: Propolis, yodun fitokimyasal bilesenleri
nedeniyle cesitli saghk vyararlari olan dogal bir
Urindir. immiinomodiilatér aktivite, arastirmacilar
tarafindan genis c¢apta rapor edilen propolisin ana
aktivitelerinden biridir. Ancak gebelikte yapilan
inceleme henlz de@erlendiriimemistir. Bu calisma,
gunlik Endonezya propolis uygulamasinin anne fare
dalaginin histolojik dedisiklikleri Gzerindeki etkisini
degerlendirmeyi amacladi.

Gereg ve Yontem: Toplam 25 gebe fare kullanildi
ve kontrol grubu (%1 Tween 80), Giney
Sulawesi’'nin dusuk (380 mg/kg) ve yiksek doz
(1400 mg/kg) propolis etanol 6zl ve Banten'in duigiik
(380 mg/kg) ve yuksek doz (1400 mg/kg) propolisin
su 6z0th grubu olmak Uzere 5 gruba ayrildi. Propolis,
gebeligin 0. guninden 18. gunune kadar gunlik
olarak uygulandi. Uygulamanin sonunda, fareler
dalak elde etmek igin sakrifiye edildi. Dalak,
hematoksilen ve eozin boyama ile muamele edildi ve
beyaz pulpanin sayisini ve ¢apini hesaplamak icin
mikroskop altinda 10x buyitme ile gdzlendi.

Bulgular: Bu calisma, yalnizca distk doz diginda
tum propolis ekstraktlarinin beyaz pulp sayisini
onemli olgiide artirdigini gosterdi (p < 0.05). Ancak,
propolis uygulanan tim gruplarda beyaz pulp
capindaki artis anlamli degildi (p > 0.05). Ayrica, tim

gruplarda  spesifik  histopatolojik  degisiklikler
g6zlenmedi.
Sonug: Bu c¢alisma, disik doz Endonezya

propolisinin (380 mg/kg) annenin bagisiklik sistemini
aktive edebilecedi sonucuna varmistir. Bununla
birlikte, yuksek dozda (1400 mg/kg) alanlar daha az
onemli dedisiklikler gostermistir. Bu calismada
sadece histolojik  degerlendirme  kullanildigi
dusunulerek daha fazla galisma yapilmasi gerektigi
kanisina varilmigstir.

INTRODUCTION

Propolis is a bee product derived from resins of
various plants and provides wide range of health

benefits (Sforcin et al. 2017). Propolis is actually
used by bees for self-defense and nest construction
(Mohammadzadeh et al. 2007). Nonetheless,
propolis has been used for centuries in the fields of
medicine due to its pharmacological properties, such
as anti-microbial, anti-ulcer, anti-inflammatory,
antioxidant, anti-tumor, and cytotoxic activity (Fikri et
al. 2019b, Krdl et al. 2013, Rao Muvva et al. 2021,
Sevim et al. 2021). Moreover, several studies have
reported propolis is safe for consumption (Burdock
1998).

The evaluation of propolis on pregnant conditions
has attracted considerable attention since it has a
great potential on supporting physiological well-
being in pregnancy. Our previous study showed
propolis has a potential to suppress emesis during
early stage of pregnancy (Fikri et al. 2018). Also,
propolis (380 mg/kg) has been reported to support
fetal development and did not show maternal toxicity
in mice (Fikri et al. 2019a, Fikri et al. 2021). In
addition, propolis may improve the pregnancy
outcomes and placental oxidative stress of diabetic
rats (Usman et al. 2018).

However, the effect of propolis on the maternal
immune system has limited evidence. On the other
hand, the immunomodulatory property is one of the
main activities of propolis (Sforcin, 2007). An
adequate immune system is important to prevent
maternal and fetal infection (Morelli et al. 2015).
However, over-activation of the maternal immune
system may lead to fetal rejection and other negative
pregnancy outcomes (Burwick et al. 2021). Thus,
this study aimed to evaluate histological changes in
the spleen after the administration of Indonesian
propolis during pregnancy.

MATERIALS AND METHODS
Propolis Preparation

Propolis samples originated from Banten Province,
and South Sulawesi Province produced by
Tetragonula laeviceps and Tetragonula biroi,
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respectively. Ultrasound-assisted extraction was
applied to obtain two types of propolis extracts, water
extract of Banten propolis and ethanol extract of
South Sulawesi propolis which were previously
described to be potential in the treatment of emesis
during pregnancy (Fikri et al. 2018). The procedure
of extraction followed the method of Fikri et al.
(2018). The propolis sample was cut into small 0.5
cm pieces and subsequently dissolved in a solvent
at a ratio of 1:10 Ultrasound was applied for 3 hours
and the samples were evaporated until dry. Water
extract of Banten popolis contained phenolics (15.64
mg/g), flavonoids (1.80 mg/g), and ICso of 503.93
mg/ L, whereas ethanol extract of South Sulawesi
propolis found to be higher in total phenolics (22.30
mg/g), and total flavonoids (3.39 mg/g) content, but
lower in antioxidant activity with 1Cso of 543.93 mg/L
(Fikri et al. 2019b).

Animals

The present study used mice (Mus musculus)
weighed 25-20 g and aged 8-10 weeks. Female mice
at proestrus and estrus were mated with male mice
for a night and the vaginal plug was checked in the
next morning. If the vaginal plug was found, day 0 of
pregnancy was determined. A total of 25 pregnant
mice were equally divided into 5 groups to receive
1% Tween 80, ethanol extract of South Sulawesi
propolis at low dose (380 mg/kg) and high dose
(1400 mg/kg), and water extract of Banten propolis
at low dose (380) and high dose (1400 mg/kg),
respectively. Dose of 380 mg/kg is an active dose
that commonly used in biological activity studies,
whereas dose of 1400 mg/kg is a non-observed
adverse effect level (NOAEL) of propolis (Burdock,
1998; Eda et al. 2005). Propolis sample was
dissolved in 1% Tween 80 and administered in 5
ml/kg daily during pregnancy. The mice were
sacrificed at day 18 of gestation using 10% ketamine
and 2% xylazine at a ratio of 20:1. Spleen was
harvested after laparotomy and fixed with 10%
neutral buffer formalin.
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Histological Evaluation

Histological evaluation was performed using
hematoxylin and eosin (HE) staining following the
method of Pillai et al. (2011). The spleen was further
dehydrated with alcohol and cleaned with xylene. It
was then infiltrated with paraffin and cut using a
microtome at a thickness of 4-6 ym. The number and
diameter of white pulp were calculated under a
microscope with a 10x magnify and Java Image J
program.

Data Analysis

Data were reported as mean * standard deviation.
The differences between the groups were
determined using ANOVA with Duncan’s multiple
range tests. A significant difference was determined
at a p-value < 0.05.

RESULTS

Our result indicates that propolis administration
during pregnancy could affect the immune system of
mice. Low dose of both types of extract significantly
increased the total number of white pulps (p<0.05).
However, high dose extracts did not change the
number. In addition, a non-significant increase of
white pulp diameter was seen in all groups
administered with propolis (p>0.05) (Table 1).
According to univariate analysis of variance, the type
and dosage of propolis had significantly effect on the
number of white pulps (p<0,05). Regardless of the
dosage, the number of white pulps were found to be
higher in group administered with water extract of
Banten propolis compared to ethanol extract of
South Sulawesi propolis. Meanwhile, regardless of
the type of propolis, higher number of white pulps
were notably observed in low dose group. Both the
type and dosage of propolis, and its interaction did
not have significant effect on the diameter of white
pulp (Table 2). Histopathologically, no specific
changes in the spleen were observed in all groups.
The histological section of the mice’s spleens can be
seen in Figure 1.
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Table 1. Number and diameter of maternal white pulp after propolis administration

Groups Number Diameter (um)

Control 9.40 + 1.82° 326.18 + 51.122
Low dose EE 13.60 + 2.612° 391.95 + 31.362
High dose EE 9.33+3.78° 376.42 + 68.852
Low dose WE 19.00 £ 2.832 348.19 + 91.422
High dose WE 10.25 £ 2.75° 395.13 + 84.032

*Superscript with the different letter in the same column shows significant different at p-value < 0.05 using ANOVA with
Duncan’s multiple range test

Control

Low dose EE
High dose EE
Low dose WE
High dose WE

: 1% Tween 80

: Ethanol extract of South Sulawesi propolis (380 mg/kg)

: Ethanol extract of South Sulawesi propolis (1400 mg/kg BB)
: Water extract of Banten propolis (380 mg/kg BB)

: Water extract of Banten propolis (1400 mg/kg BB)

Table 2. Univariate analysis of variance among factors

Factors p-value

Number of white pulps Diameter of white pulps
Type of propolis 0.046 0.757
Dosage 0.001 0.327
Interaction 0.143 0.551
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A

Figure 1. Histological section of maternal mice spleen at day 18 of gestation after propolis administration during
pregnancy (hematoxylin and eosin staining; black arrow shows white pulp; 10x magnifying). A: control group
(1% Tween 80); B: low-dose of ethanol extract of South Sulawesi propolis (380 mg/kg); C: high-dose of ethanol
extract of South Sulawesi propolis (1400 mg/kg); D: low-dose of water extract of Banten propolis (380 mg/kg);
E: high-dose of water extract of Banten propolis(1400 mg/kg).

DISCUSSION

Spleen is the largest immune organ in the body
which responsible for immune system activation.
The spleen is composed of two main compartments,
the red pulp and the white pulp (Cesta 2006). The
red pulp contains a large number of macrophages
which efficiently remove foreign materials, cellular
debris, and aging erythrocyte. Likewise, the white
pulp contains a periarteriolar lymphatic sheath
(PALS), lymphoid follicles, and a marginal zone,
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where the adaptive immune response can be
initiated (Mebius & Kraal, 2005).

Our study suggests that propolis may activate the
immune system during pregnancy. An increase in
the number and diameter of the white pulp indicates
the activation of the immune system (Horton &
Manning 1974, Makiyah et al. 2014). This is actually
not a surprising result because a lot of studies report
the immunomodulatory action of propolis (Al-Hariri
2019, Conti et al. 2016, Dimov et al. 1991, Orsoli¢ &
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Basi¢ 2003). Using the same samples, Kalsum et al.
(2017) described Trigona propolis at a low dose
(0.16%) could regulate the nitric oxide, IgG antibody
production, and phagocytic index of rats infected
with Staphylococcus aureus, whereas high-dose
(1.44%) did not make any changes. Moreover,
propolis at high dose may act as an
immunosuppressant where the results of the
previous study analyzing the effect of propolis on the
concentrations of CD4, CD8 T cells, and T cell
memory (Rohmawati & Rifa’i 2014).

As the immune system highly affects the maternal
and fetal health, the activation of maternal immune
system by propolis should be further discussed. An
inadequate maternal immune system may increase
the risk of infection, whereas over-activation may
cause fetal rejection (Burwick et al. 2021, Morelli et
al. 2015). However, instead of causing negative
outcomes, the activation of the immune system as
the present study found might support fetal
development. Our previous studies which used the
same type and dose showed that propolis did not
inhibit fetal development and did not show any
indication of maternal toxicity (Fikri et al. 2019a; Fikri
et al. 2021). Specifically, the present results are in
line with our previously published study reporting
that water extract of Banten propolis had better
pregnancy outcomes than ethanol extract of South
Sulawesi propolis (Fikri et al. 2019a). Using pure
water in propolis extraction may produce an extract
with less wax and resin content leading to less
concentrated  phytochemical compounds. In
addition, propolis extracts prepared using water
(100% and 80%) may not contain gallic acid and p-
OH benzoic acid compared to ethanol extract (Kara
et al. 2022). However, the extract may have more
vitamins and minerals that extracted from bee pollen
(Najafi et al. 2007). Nevertheless, water extract of
Banten propolis was reported to possess higher
antioxidant activity than the ethanol extract (Fikri et
al. 2019b). Kara et al. (2022) found that caffeic acid
phenethyl ester (CAPE) content was higher in the
water extract than ethanol extract. Thus, water
extract of Banten propolis might be more tolerated in
pregnant condition which having favorable outcomes
compared to the ethanol extract of South Sulawesi
propolis. Moreover, propolis at high dose provides
no beneficial effect. The previous study showed that
propolis extracts at 1400 mg/kg disrupted placental
development and caused intrauterine growth
retardation (Fikri et al. 2019a). Therefore,

consuming propolis at high dose are not
recommended during pregnancy.

Conclusion

This preliminary study concludes that the maternal
immune system may be modulated by all samples of
Indonesian  propolis.  Moreover, remarkable
activation was found in the group administered with
propolis at low dose (380 mg/kg), whereas propolis
at high dose (1400 mg/kg) did not provide beneficial
effect. However, the results were only based on
histological evaluation of the spleen, thus further
investigation needs to be done.
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oz

Calismanin amaci, bal arisi (Apis mellifera) zehrinin etlik piliclerde kullaniimasina yonelik ¢galigmalarin
sistematik derleme seklinde incelenmesidir. Apiterapi, ari uriinleri ile alternatif tedavi yontemi olarak
tanimlanabilmektedir. Apiterapide bal, polen, propolis ve an siitii gibi yaygin olarak bilinen ve besin
olarak da tiiketilen uiriinlerin yani sira bal arisi zehri (venom) de kullaniimaktadir. Bal arisi zehri igerdigi
peptidler, enzimler ve aktif aminler sayesinde 6zellikle kanser arastirmalarinda siklikla incelenen bir
madde olup bagisiklik sistemi lizerine 6nemli etkileri bulunan bir iriindiir. Bal arisi zehrinin
antimikrobiyal ve antioksidan etkileri ile gelisim performansi ve bagisiklik sistemi lizerine etkilerini
inceleyen cgesitli caligsmalar yapilmistir. Calismalarda bal anisi zehri su ve yem katki maddesi olarak
veya kiimes igerisine piiskiirtiilerek kullanilmigtir. igme suyuna eklenen bal arisi zehrinin, gelisim
performansini 6nemli derecede etkiledigi, yem katki maddesi olarak kullaniimasinin bagisiklik sistemi
ve karaciger fonksiyonlarina olumlu etkiler sagladigi ve diliie edilmis formunun kiimes igerisine
aerosol yol ile verilmesinin Salmonella gallinorum’a karsi etkili oldugu bildirilmistir. Parenteral yollar
ile uygulanan bal arnisi zehri oziitii, biiylime gelisme ve bagisiklik sistemi lizerinde olumlu etki
gostermistir. Bal arisi zehrinin gesitli hayvan tiirlerinde yem katki maddesi olarak kullanilmasina
yonelik calismalar da devam etmektedir. Calismada, etlik pili¢ liretiminde bal arisi zehrinin gesitli yas
donemlerinde, farkl oranlarda ve farkli yontemler ile verilmesinin etkileri incelenmistir.

Anahtar kelimeler: Antimikrobiyal etki, Bal arisi zehri, Civciv gelisimi, Et kalitesi, Salmonella

ABSTRACT

The aim of the study is to examine the studies on the use of honey bee venom (Apis mellifera) in broiler
chickens in the form of a systematic review. Apitherapy can be defined as an alternative treatment
method using bee products. Bee venom (apitoxin) is used in apitherapy as well as commonly known
and consumed products such as honey, pollen, propolis and royal jelly. Thanks to the peptides,
enzymes and active amines it contains, bee venom is a substance that is frequently studied in cancer
research and a product that has important effects on the immune system. Several studies have been
conducted on the antimicrobial and antioxidant effects of bee venom, as well as its effects on
developmental performance. In the studies, honey bee venom was used as a water and feed additive
or by spraying in the hive. Honey bee venom added to drinking water was reported to significantly
affect growth performance, its use as a feed additive had beneficial effects on immune system and
liver functions, and its diluted form was effective against Salmonella gallinorum when sprayed into the
pen by aerosol. Administration of honey bee venom extract to day-old chicks has a positive effect on
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growth, development and immune system. Studies on the use of honey bee venom as a feed additive
in different animal species are also continuing. In this study, the effects of adding honey bee venom
at different ages, in different ratios and in different ways in broiler production were investigated.

Keywords: Antimicrobial effects, Honey bee venom, Chicken development, Meat quality, Salmonella

EXTENDED SUMMARY

Goals: The aim of this study is to investigate the use
of honey bee venom (Apis mallifera) in chicken
farming. For this purpose, studies in which bee
venom was used in broiler farming between 2010-
2021 were searched in the Google Scholar database
using the terms apitherapy, bee venom, honey bee
venom, bee venom and broiler, considering the
PRISMA 2020 guideline. 23 of the 58 studies and
publications found in the search were included in the
scope of the study using the PRISMA 2020 chart
guideline. Apitoxin (honey bee venom) is produced
and stored in the venom sac in the abdominal cavity
of female bees. Production reaches its maximum at
16-19 days of age, but according to some studies as
early as 12 days. With age, a change in apitoxin
content is observed, but production continues.
(Selguk et al. 2010; Bogdanov 2011; Aydin et al.
2017; Sorgucu 2019; Tanugur Saman¢ and
Kekegoglu, 2021). In the study, the chemical
structure of bee venom (apitoxin) used in apitherapy
was also investigated, and in this way, information
about the composition of apitoxin was provided. Bee
venom (apitoxin) is a yellowish, bitter-tasting
substance that crystallizes on contact with air
(Sahinler et al. 2019). More than half of its chemical
structure consists of melittin, a peptide. Melittin has
radioprotective, anti-inflammatory, antifungal,
antiviral, antibacterial, and antitumor effects (Rady et
al. 2017; Socarras et al. 2017; Bogdanov 2020). In
addition to melittin, apitoxin also contains many
organic compounds such as phospholipase A2 and
other enzymes, active amines, volatile compounds,
and sugars. Apamin, a peptide from the constituents,
is reported to have an anti-inflammatory effect by
stimulating the release of cortisone, and also act on
cancer cells with its antiseratonic effect (Sahinler et
al. 2019). Mast cell degranulation peptide (MCD)
inhibits histamine release and has
immunosuppressive and  nociceptive  effects
(Bogdanov 2012; Bellik 2015). The enzyme
hyalurinidase has detoxifying effects and increases
capillary permeability (Bellik 2015; Sahinler et al.
2019).

Discussion: Since apitoxin has many such effects,
it is successfully used against various cancers, joint

and corneal diseases, and various tissue problems
such as mastitis. Apitoxin is recommended as an
alternative to the use of antibiotics, which are the
main problem in animal products produced for food
purposes, especially in broiler production. To this
end, Han et al (2010) showed that the addition of
apitoxin to drinking water resulted in better
performance, antioxidant activity and liver functions
in experimental groups. Jung et al. (2013) sprayed
apitoxin to disinfect chicken houses to prevent
Salmonella gallinarum infections and found an
increase in antibody formation. Ali and Mohanny
(2014) in their study investigated the effects of
apitoxin  extract injection on developmental
performance and immune system of chicks.
Significant differences were observed in the
experimental groups in terms of feed intake, feed
conversion ratio, live weight gain and blood
parameters compared to the control group. Kim et al
(2018) showed that the addition of purified apitoxin
to the diet, its effect on various biological properties
and its contribution to growth and animal health.
Arteaga et al (2019) studied the effect of apitoxin on
strains of Salmonella spp. isolated from chickens
and found that the formation of biofilms was reduced,
while biofilms already formed were highly destroyed.
When frozen apitoxin was tested by inovo injection,
Khalil et al (2021) obtained better results in hatching
performance of hatching eggs compared to control
groups. In conclusion, apitoxin can be used as an
alternative to antimicrobial pharmacological agents
and has positive effects on growth and development.
Conclusions: All studies have shown that the use of
honey bee venom in broiler production has important
benefits. The effects on growth, immune system,
especially T-cells, and pathogenic microorganisms
are increasing, and increasing antibiotic resistance
necessitates the use of alternative antimicrobial
agents, which threatens animal health and healthy
food production. Thanks to the organic compounds
of apitoxin, it seems possible to produce healthy
broiler chickens and healthy food without residual or
resistance risk. And also the use of apitoxin as a feed
additive, aerosol spray, extracts and dried forms in
broilers and as a hygienic agent in the food chain
promise us a healthy and residue-free risk in the
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production of broilers and other livestock animals.
GIRIS

Ari; ekosistemde pek ¢ok iglevi olan ve Ulkemizde
kendisine genis bir yayilim alani bulan bir canhdir.
insan tiiketiminin yani sira pek ¢ok ari Griinii hayvan
beslemede de aktif olarak kullaniimaktadir.
Genellikle yem katki maddesi olarak degerlendirilen
ari Urdnlerinin baginda polen, propolis, arl sutl ve
bal arisi zehri gelmektedir (Sur Arslan v.d. 2017;
Topal v.d. 2015). Ari Urlnlerinin besin maddesi
olarak kullaniimasinin yaninda tedavi amagli
kullanimi 6000 yil Oncesi Antik Misira kadar
uzanmaktadir (Altintag ve Bektas 2019). Ari Grtnleri
cesitli hastaliklarin tedavisi amaciyla Romalilar ve
Yunanlilar tarafindan da yogun olarak kullaniimistir.
GlUnuimuzde artan antibiyotik kullanimi sonucunda
alternatif ¢ozimler aranmaya baslamis ve bdylece
apiterapi tekrar guncellik kazanmistir (Celik ve
Asgun 2016). Apiterapi, ar1 Griinleri ve basta bal arisi
zehrinin cesitli hastaliklarin tedavilerinde
kullaniimasi anlamina gelmekte (Bektas v.d. 2016)
ve temelinde homeopatik tedavi prensibine gore
degerlendiriimektedir (Atalayoglu ve Atalayoglu
2015; Korkmaz ve Korkmaz 2015).

Hayvansal protein eldesi amaciyla hayvanlarin et
verim yonla yetistiriimesi, pek ¢ok i1slah ¢alismasini
da beraberinde getirmistir. Son elli yilda hizla gelisen
etlik pili¢ 1slah1 sonucunda, hibrit hatlar ortaya ¢ikmis
ve 42 gunlik yasta kesime hazir hale gelen piligler
elde edilmigtir. Tavuklarda nesil arahdinin kisa
olmasi, Uretimlerinin hizli olmasina, gelistirilen
hatlarda ortaya ¢ikan hibrit vigor durumu da hatlarin
hizli gelismesine imkan saglamigstir. Antibiyotiklerin
hayvansal uretimde kullanim amaci sadece tedavi
olmayip; koruyucu hekimlik uygulamalari ile
bagisiklik  sistemi ve blylme gelismenin
uyariimasini da saglamaktir. Cok disik dozlarda
verilen antibiyotiklerin, buyiime gelisme tzerine etki
mekanizmalari tam olarak agiklanamasa da
bagirsak  mikrobiatasi  Gzerine olumlu  etki
sagladiklari bilinmektedir (Costa v.d. 2017). Ticari
etlik pilic Uretiminde silrenin kisa olmasi,
hayvanlarda blyume ve gelismenin sagliklh bir
sekilde saglanmasi ve cesitli hastaliklara karsi
onlem amacilyla uygulanan antiparaziter
uygulamalarinin veya antibiyotik ajan kalintilarinin
gida ile insana gec¢cmesi ise cesitli endiseleri
meydana getirmektedir. Bu kaygilar, etlik pilic
uretiminde antibiyotik yerine gecebilecek Urunler
olan prebiyotikler, probiyotikler, sinbiyotikler gibi
biyolojik Grtnlerin kullanimini arttirmigtir.  Apiterapi,
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diger pek c¢ok turin tedavisinde oldugu gibi
antibiyotik alternatifi olarak etlik pili¢ Gretiminde de
kullaniimaktadir (Kim v.d. 2018). Bal arisi zehri,
icerdigi cesitli kimyasal bilesenler sayesinde gelisim
Uzerine de olumlu etkiler gdstermektedir. Antibiyotik
etkinligini, melittin ve fosfolipaz AZ2’nin sinerjist
galisarak hicre zar eritme  Ozelliklerinden
almaktadir (Marques Pereira v.d. 2020). Melittin,
hiicre zarina karsi dusik bir segcicilige sahiptir ve
g6zenek olugsumu sureci yoluyla lipidleri Uzerinde
glclu  bir sekilde etki eder. Bu sureg, hicre
sitoplazmik iceriginin salinmasina neden olarak
hiicre lizisine yol agmaktadir (Ostroumov v.d. 2015).
Yakin zamanda yapilan bir ¢alismada, bal arisi
zehrinin bu 06zelligi kanser hucreleri Uzerinde
denenmis ve bu hlcrelere karsi secici bir etki
gelistirdigi gézlenmigtir. Ayrica ilgili calisma bal arisi
zehrinin kanserde epigenetik tedavi amaci ile DNA
demetilasyon araci olarak kullanilabilecedini ortaya
koyan ilk galisma olarak gorilebilir (Uzuner v.d.
2021). Bal arisi zehrinin hem Gram + hem de Gram
— bakteriler Uzerinde etkili oldugu, yapilan cesitli
calismalar ile ortaya konmustur (Jenkins v.d. 2011).
Gida kaynakli patojen mikroorganizmalardan Gram
pozitif L. monocytogenes’e ait sekiz ve Gram negatif
S. enteritidis’e ait elli susta yapilan bir galismada bes
farkli  bolgeden toplanan bal arisi zehrinin
kullanilmasi ile minimum inhibisyon konsantrasyonu
onemli derecede etkilenmigir (Lamas v.d. 2020).
Yapilan diger ¢alismalarda, kovan igerisindeki tim
alanlardan toplanan bal arisi zehir 6rnekleri benzer
antimikrobiyal etki gostermistir (Hegazi v.d. 2015).
Bal arisi zehri ve melittin ilave edilmis balarisi
zehrinin ile birlikte kullanildigi bir calismada Lyme
hastaliginin etkeni olan Borrelia burgdorferi
bakterisinin tim morfolojik formlari Gzerinde, hatta
antibiyotige direngli eklenmis biyofilmler (zerinde
bile 6nemli etkiler gdsterdigi tespit edilmistir. Farkli
antibiyotiklerin tek basina  veya birlikte
uygulandiginda sinirli etki gdstermeleri, bal arisi
zehrinin kullanilabilirligi agisindan buyuk ©6nem
tasimaktadir (Socarras v.d. 2017). Metisiline direngli
S. aureus'un (MRSA) tedavisinde varolan
antibiyotiklerin kullaniimasi sinirli etki
gostermektedir. Bal arisi  zehri ve  aktif
bilesenlerinden melittinin  antimikrobiyal etkisi,
MRSA olusturulmus fareler lzerinde denenmigtir.
Calismanin sonunda, o6zellikle melittin uygulanan
gruplarda ylksek oranda bakterisidal etki
go6zlenmistir (Choi v.d. 2015). MRSA tedavisinde bal
arisi zehri ve melittin kullanilmasinin inceledigi bir
baska calismada, oksasilin ile sinerjist etkileri
degerlendirilmistir. Calismada enterotoksijenik S.
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aureus suslarinda enterotoksin  olusumunun
azalmadig ancak oksasilin ile kombine edilen bal
arisi zehri ve mellitinin bakterisidal etkinligi arttirdigi
saptanmistir (Marques Pereira v.d. 2020).

Bal arisi zehri ve dider apiterapi yodntemlerinin
insanlarda kanser calismalari ile gesitli hayvan
turlerinde eklem yangilari, gesitli kemik hastaliklari,
sicak stresi ¢alismalari, mastitis gibi hastaliklar ve
durumlarda kullanildigi bilinmektedir (Topal v.d.
2015; Madras-Majewska v.d. 2015; Sur Arslan v.d.
2017). Bal arisi zehri ana bilesenlerinden biri olan
melittinin  antikanserojenik etkileri de preklinik
galismalar ve hayvan deneyleri ile ispatlanmig ancak
insanlar Uzerinde sitotoksite degerlerinin
degiskenligi ve hemolitik aktivitesi nedeniyle
kullanimi sinirlanmistir (Rady v.d. 2017). Prostat
kanseri, meme kanseri, hapatoseliler karsinom,
akciger kanseri, melanom ve I6semi gibi pek ¢ok
karsinojenik hastaligin tedavisinde bal arisi zehri ve
melittin g¢alismalari devam etmektedir (Agan ve
Kekegoglu 2020). Melittinin antibiyotik etkisinin
degerlendirildigi bir bagka calismada ise yanik
lezyonlarinda sekonder enfeksiyon olarak gelisen ve
antibiyotige direncli Acinobacter spp. suslari
Uzerinde o©nemli bakteriyostatik ve bakterisidal
etkileri gozlenmistir (Pashei v.d. 2019). Bu
calismada etlik pili¢ Uretiminde bal arisi zehrinin
kullanildi§i calismalar ve sonuglari ele alinmigtir.

METOD

Calisma, PRISMA 2020 Sistematik Derleme
ydnergesine gore yapilmis ve ¢alismada izlenen yol,
Sekil 1’de verilmistir (Page v.d. 2020). Calismada
Google Akademik veri tabani kullanilarak apiterapi,
bal arisi zehri, etlik pilic, melittin, honeybee venom,
bee venom and broiler, melittin anahtar kelimeleri
kullanilarak hem Tiirkge hem de Ingilizce makaleler
taranmigtir. Calisma verileri 2015-2021 vyillari
arasinda taranmis ancak konu ile ilgili 6ncu
calismalar olmalari nedeni ile 2010 yilina ait 1, 2011
yilina ait 2 ve 2014 yilina ait 2 ¢alisma da derlemeye
dahil edilmistir. Anahtar kelime ile aramada elde
edilen 73 kaynaktan 4’G ayni ¢alisma olmasindan, 1’i
tam metni olmamasindan, 12’si Turkgce veya
ingilizce’den baska bir dilde hazirlanmis olmasindan
kaynakh tam incelemeye dahil ediimemis; kalan
kaynaklar detaylica incelendikten sonra 171'i ilgisiz
icerik icermesinden ve 7’si cesitli sebeplerden
inceleme disi birakilmistir. Calismada ele alinan 38
kaynak 2 kitap bolumu, 3 kongre bildirisi, 2 birlik ve
merkez bildirisi, 1 online makale ve 30 yayimlanmis
makaleden olugsmaktadir.
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BAL ARISI ZEHRI

Bal arisi zehri (venom) apitoksin  olarak
tanimlanmakta ve disi arilarin (isGi ve kralige) karin
boslugundaki zehir bezlerinde dretilip zehir
kesesinde depolanmaktadir. Toplam depolanabilen
zehir miktar1 ortalama 0,3 mg kadardir (Selguk v.d.
2010; Bogdanov 2011). Bazi ¢alismalarda balarisi
zehrinin en ylUksek degdere 12 gunlik yasta eristigi
ve 20 gunluk yastan sonra Uretiminin tamamen bittigi
bildirilirken (Bogdanov 2011; Aydin v.d. 2017;
Sorucu 2019), son dénem c¢alismalarinda retimin 2
gunlik yasta baglayip maksimum Uretim degerine
16-19 glnluk yasta erisildigi ve yasa bagli olarak
icerik ve miktarin azalarak Uretiminin devam ettigi
bildiriimektedir (Tanugur Saman¢ ve Kekegoglu
2021; Caprazh ve Kekegoglu 2021). Bal arisi zehri
fiziksel olarak keskin kokulu, sarimtirak renkte, aci
tada sahip olup hava ile temasi sonucunda kristalize

olabilen bir maddedir (Sahinler v.d. 2019).
Farmakolojik olarak aktif bilesikler iceren bal arisi
zehrinin  kimyasal yapisinin  yaklagik  %50’si

melittindir. Melittin, polipeptit yapisinda olup majoér
peptit olarak tanimlanmakta (Rady v.d. 2017) ve
radyoprotektif, antienflamatuvar, antibakteriyel,
antifungal ve antitimoral etkileri bulunmaktadir
(Rady v.d. 2017; Socarras v.d. 2017). Son yapilan
calismalarda bal arisi zehri icerisindeki melittin ve
fosfolipaz A2 enziminin antviral etki de gosterdigi
saptanmistir (Bogdanov 2020). Bal arisi zehrinin
kimyasal yapisinda bulunan peptidler, enzimler, aktif
aminler, sekerler, yag, aminosit ve g¢esitli ugucu
bilesiklerden olusup, genel iceri§i Tablo 1'de
verilmistir.

Zehir kesesi, ar1 ignesine bagl olup; igne yardimi ile
enjekte edilebilmektedir. Enjekte edilen salginin
%88'i su olup toplam salgida 0,1 mikrogram venom
bulunmaktadir (Sahinler v.d. 2019). Bal arisi zehri
icerisinde yer alan her bilesigin ayri bir etkisi
bulunmaktadir. Ornegin peptidlerden biri olan
apamin, kortizon salinimini uyararak
antienflamatuar etki gostermektedir. Antiseratonin
etkisi de oldugu bilinen bu peptidin kanser hicreleri
Uzerine sitotoksik etki gdsterdigi dusunulmektedir
(Sahinler v.d. 2019). MCD (mast hiicre
degranilasyon) peptid, immunsupresif ve nosiseptif
etki gobstermesinin yaninda histamin salinimini
Onlemektedir (Bogdanov 2012; Bellik 2015).
Hyolurinidaz enzimi detoksik etki gostermekte ve
kilcal damar gegirgenligini arttirmaktadir. Fosfolipaz
A2 enzimi ise Olduriicl etki gosterebilmektedir (Bellik
2015; Sahinler v.d. 2019).
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Sekil 1. Sistematik derlemeler igin PRISMA 2020 hazirlik diyagrami (https://estech.shinyapps.io/prisma_flowdiagram/).

Figure 1. PRISMA 2020 flow diagram for systematic reviews (https://estech.shinyapps.io/prisma_flowdiagram/).
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Tablo 1. Bal anisi zehri kimyasal bilesimi (Bogdanov 2011; Sorucu 2019).

Table 1. Chemical composition of bee venom (Bogdanov,2011; Sorucu 2019).

Molekiil Bilesen % Oran
Melittin ve turevleri 50
Apamin 1-3
MCD peptid 1-2
Sekapin 0,5-2
Peptid Tertiapin 0,1
Adolapin 1
Proteaz inhibitorleri 0,8
Prokamin A-B 1-4
Kardiyopeptin -
Fosfolipaz A2 10-12
Hyalurolinaz 1-3
Enzim Asit fosfomonesteraz 1
Lizofosfolipaz 1
Glikozidaz 0,6
Histamin 0,6-1,6
Aktif amin Dopamin 0,13-1
Norepinefrin 0,1-0,5
Yag 6-fosfolipidler -
. . Alfaaminoasitler 1
Aminoasit . .. .
Aminobutirik asit 0,4
Ucucu bilesikler - 4-8

Bal arisi zehrinin gesitli hayvan turlerinde kullanimi
ile antimikrobial ve antiviral etkinlikleri kanitlanmistir.
Lee v.d. (2014), domuzlarda yardimci T lenfosit tip 1
spesifik immun yanit Gzerine bal arisi zehrinin
etkisini inceledikleri ¢alismada, bagisiklik sistemi
bilesenlerinde ciddi bir olumlu etki elde etmistir.
Benzer sekilde Han v.d. (2009) ineklerde mastitise
bal arisi zehrinin etkisini inceledikleri ¢alismalarinda
12 mg bal arisi zehri verilen ineklerde tedavinin 3.
giininde somatik hicre sayisinda %55 azalma
tespit edilmigtir.

BAL ARISI ZEHRININ ETLIK PiLiGC URETIMINDE
KULLANILMASI

Gida kaynakli  patojen  mikroorganizmalarin
antibiyotik direng gelistirmek ve biyofilm olusturmak
gibi  riskleri bulunmaktadir. Benzer sekilde,
antibiyotik  kalintilan,  ¢esitli ilag  alerjilerinin
gelismesine de neden olabilmektedir. Bu durum,

halk sagligini ciddi anlamda tehdit etmekte, gelisen
cesitli enfeksiyonlarin kétl sonuglar olabilmektedir.
Bu nedenle etlik pilic Uretimi gibi hayvansal gida
dretimlerinin ~ tamaminda  antibiyotik  yerine
kullanilabilecek  alternatif  kaynak  arayislari
bulunmaktadir.

Han v.d. (2010) etlik pili¢ igme suyuna bal arisi
zehrinin ilave edilmesinin performans, antioksidan
aktivitesi ve karaciger fonksiyonlari tzerine etkisini
incelemiglerdir. Denemede bal arisi zehrini 0,5 mg/L
ve 1,0 mg/L oranlarinda, iki ayri deneme grubu
olarak kullanmiglardir. Deneme toplamda 28 gin
surmlds ve gunluk etlik civcivler kullaniimigtir.
Denemenin sonucunda canh agirlik artisinin bal
arisi zehri ilave edilen gruplarda istatistiksel olarak
Onemli derecede yiksek oldugunu; 1,0 mg/L bal
arisi zehri ilave edilen grupta ise en yuksek
sonuglarin alindigi bildirilmigtir. Karaciger
fonksiyonlarinda, karaciger enzimleri ile diger
biyokimyasal parametrelerde ise kontrol grubu ile
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deneme gruplari arasinda herhangi bir fark
bulunamamistir.  Antioksidan aktivitesinde ise,
benzer sekilde, bal arisi zehri ilave edilen grupta
daha ylksek degerler elde edilmistir.

Jung v.d. (2013), etlik pilig Uretiminde Salmonella
gallinarum’a kargl bal arisi zehrinin bagisiklik
sisteminin uyariimasi amagh kullanimini
arastirmistir. Bu amagla kiimes igerisine %95,7
distile su, %3,5 etanol ve %0,8 proplan glikol ile
hazirlanan, 2,1 mg/mL bal arisi zehri igeren karisim
hazirlanmistir. Salmonellosis gegmisi olmayan etlik
civcivlerden olugsan denemede, kontrol grubuna
sadece etanol ve proplan glikol iceren sollisyon;
deneme grubuna ise bal arisi zehri iceren sollisyon
aerosol olarak uygulanmigtir. Aerosol uygulanmasi
3, 9 ve 15. Glinlerde 30 ml, 60 ml ve 90 ml olacak
sekilde tekrarlanmistir. Aerosol uygulamar bittikten
sonra civcivler U¢ alt gruba ayrimis ve U¢ ayri
calisma grubu olusturulmustur. ik grupta formalinle
Oldurdlebilen S. gallinarum’a karg! antikor Gretiminin
degerlendiriimesinde, ikinci grupta  olduricu
olmayan bir S. gallinarum susuna karsi gelistirilen
bagisiklik tepkisi ve son grupta bakterinin minimum
lethal dozuna (LD25,5 x 109 cfu) kars! hayatta kalma
ve patolojik degisiklikler incelenmistir. Calismanin
sonucunda 3 gunlik canli agirlik bakimindan gruplar
arasinda bir farklihk gbézlenmezken, 23 ve 33.
gunlerde bal arisi zehrinin aerosol olarak
uygulandidi grupta kontrol grubuna oranla énemli
derecede farklilik kaydedilmistir. S. gallinorum’a
karsi Uretilen antikor miktari 6nemli derecede artis
gOstermigtir. Benzer sekilde, bal arisi zehrinin
uygulandidi grupta, 6ldiriici olmayan S. gallinorum
susuna karsi T lenfosit oraninda tim deneme
boyunca artis gozlenmistir. Relatif interlokin-18 (IL-
18), interferon gama (INF- y) mRNA
ekspresyonunda, deneme grubunda artis tespit
edilmistir. Son deneme olan ve hayatta kalma
degerleri degerlendirilen gruplarda kontrol grubu
%75; deneme grubu ise %85 hayatta kalma orani
sergilemistir. Patolojik degisiklikler ise deneme
grubunda kontrol grubuna oranla daha az
yogunlukta gézlenmistir.

Ali ve Mohanny (2014), bal arisi zehri 6zitinin
gunlik etlik pilic civcivlere enjeksiyonu ile gelisim
performansi ve bagisilik sistemi gelisimine etkisini
incelemistir. Denemede biri kontrol olmak Uzere
toplam dort grup olusturulmustur. Denemede 0-3.
haftalarda ve 4-6. haftalarda iki ayri besleme
programi uygulanmigtir. Kontrol grubunda yer alan
civcivlere haftalik olarak kas igerisine tuzlu su
¢ozeltisi enjekte edilmis diger gruplara ise sirasi ile

82

0,5; 1,0 ve 1,5 mg bal arisi zehri 6zUtu yine ayni
yontemle kas icerisine uygulanmistir. Enjeksiyonlar
haftallk yapilmis ve 5. haftada enjeksiyon
sonlandiriimigtir. Calismanin sonucunda deneme
gruplarinda kontrol grubuna oranla 3 haftalik yasta
canli agirh@in; 0-3 haftalik dénemde gunliik canli
agirlik artisinin ve 4-6 haftalar ile 0-6. haftalar
arasinda gunlik yem tuketiminin énemli derecede
artis gosterdigi saptanmistir. Ancak 6. hafta canli
agirhkta, 4-6 ve 0-6 haftalarda giinlik canli agirlik
artisinda ve 0-3 haftalarda yem tlketimi ve yemden
yararlanma oraninda; hemaglutinin antikor titresi
(SRBC), aspartat amino transaminaz (AST) ve
alanin amino transaminaz (ALT), serum total protein,
albimin, globdlin, albimin globdlin orani, kolesterol
ile toplam lipidlerde deneme gruplari ile kontrol
grubu arasinda 6nemli bir fark bulunamamisgtir.

Han v.d. (2016), saflastinimis bal arisi zehrinin, 6li
etlik piliclerden izole ettikleri Cl. perfiringens, S.
thyphimurium ve S. Montevideo (izerine etkilerini
incelemisti. Bu amagla, agar kuyusu diflizyon
metodu, minimum inhibitér konsantrasyon, minimum
bakterisidal konsantrasyon ve postantibiyotik etkiler
degerlendirilmistir. Bal arisi zehrinin saflagtiriimis
sekilde minimum inhibitér konsantrasyon miktarlari,
Cl. perfiringens, igin 0,85 pg/mL S. thyphimurium igin
0,68 ug/mL ve S. Montevideo igin 0,69 ug/mL olup,
bakteriyel blyimeyi dnemli derecede baskiladigi
bildiriimigtir. Minimum bakterisidal aktivite igin
degerler sirasiyla 3,33 yg/mL, 2,66 ug/mL ve 2,86
Mg/mL olarak; postantibiyotik etki ise, sirasiyla, 3,5;
4,0 ve 3,5 saat olarak kaydedilmistir. Saflastirimis
ari zehri, 24 saat boyunca pH 1’den pH 8'e kadar
arttinlan asidik ortama maruz birakiimis; maruziyet
sonrasl melittin icerigi ve antibakteriyel aktivesinde
herhangi bir degisiklik gdzlenmemistir. Benzer
sekilde 15 dakika boyunca isitilan saflastiriimis ari
zehrinde 100°C’nin altindaki sicakhk degerlerinde
herhangi bir bozulma meydana gelmedigi de
bildirilmigtir.

Kim v.d. (2018), etlik pili¢ rasyonlarina saflastiriimis
bal arisi zehrini, sirasiyla; 0, 10, 50, 100 ve 500 ug/
kg yem olacak sekilde ilave etmistir. Rasyon icerigi,
denemede olusturulan 5 grupta da ayni olup misir ve
soya fasllyesi kiispesinden olusmustur. Calismanin
sonucunda rasyon bal arisi zehri igerigi arttikga,
yemden yararlanma orani ve canli adirlik artiginin ilk
21 gunde kuadratik olarak 6nemli derecede arttigi
g06zlenmistir. Ancak 21. glinde rasyon bal arisi zehri
arttikga dalak (linear ve kuadritik), bursa fabricius
(kuadratik) ve karaciger (linear ve kuadratik)
agirhiginin azaldigi bildirilmistir. Gogis eti agirhdr 21.
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gun OAlcimlerinde rasyon bal arisi zehri miktarina
paralel olarak kuadratik; 35. gin &lgimlerinde ise
linner olarak artig gézlenmigtir. 21. glinde et kalitesi
Uzerine yapilan ¢alismalarda renk agikhginin lineer
ve kuadratik olarak arttigi gézlenmistir. ileum villus
dlguimlerinde ise 21. guinde villus yukseklidinin lineer
olarak azaldigi; villus genigliginin ise kuadratik
olarak daraldigi bildiriimistir. fleum mukozasi
Uzerindeki IgA sekresyon konsantrasyonunun
lineeer olarak arttigi ve 31 ile 35. gunlerde serum
numulerindeki nitrik oksit igerigini kuadratik olarak
azalttigi gozlenmigtir. Kreatinin haricinde diger
serum parametreleri bal arisi zehri dizeyinden
etkilenmemigtir. Rasyon zehir miktari arttikga
sekumdaki kisa zincirli yag asitlerinde de azalma
gOzlenmistir.

Arteaga v.d. (2019), tavuklardan izole ettikleri on alti
Salmonella sp. susuna ait 11 serotip ve 2 alt tiirden
toplam 16 tip Uzerine bal arisi zehrinin antimikrobiyal
ve antibiyofilm aktivite etkisini incelemistir.
Calismada ayrica, bal arisi zehrinin Salmonella
suglarinin  motilitesi, biyofilm ve virlilans iligkili
genlerin ifadesi Uzerine etkileri de degerlendirilmistir.
Sonuglarda, bal arisi zehrinin minimum etki dozu
S.enterica subsp. Salamaede 1024 pg/mL, S.
thphimurium Lhica T21'de 256 pg/mL, incelenen
diger on dort tipte ise 512 pg/mL olarak
belirlenmigtir. Mobilite Uzerine etkiler incelendiginde
sadece S. isangi IG1 ve S. infantis 117 tiplerinin
etkilenmedigi; diger on dort tipin mobilitesi Gzerine
bal arisi zehrinin dnemli derecede etkili oldugu
gozlenmistir. Bal arisi zehri, on dort tipte biyofilm
olusumunu yavaslatirken, S. enteritidis Lhica ET2 ve
S. enterica subsp. Salamae Lhica SA3 tiplerinin
biyofilm olugsumlarinda herhangi bir degisiklik
gozlenmemistir. Biyofilm olusumu ve virlilans
Uzerine etkili genler olan csgD, sroC, csrB, rprA,
oxyS ve dsrA genlerinde de bal arisi zehrinin etkisi
sonucu gesitli degisikliklerin gézlendigi, transkripyon
sRNA’lar Uzerinde de yeniden dizenlenmeye yol
actigi bildirilmistir.

Khalil v.d. (2021) iki fazda liyofilize edilmis bal arisi
zehrinin in ovo enjeksiyon yontemi ile ¢ikim orani,
yumurta ¢ikim agirhd ve civcivlerde bagisiklik
sistemi gelisimi Uzerine etkilerini incelemiglerdir. In
ovo enjeksiyon 2 gruba ayrilip; 10 yg/yumurta ve 20
Mg /yumurta ve 3. grup kontrol olmak (zere toplam
dokuz yuz doélli yumurtada kulugkanin 18. glininde
uygulanmistir. Sonuglar, 10 pg/yumurta bal arisi
zehri ile in-ovo enjeksiyonun ¢ikim orani (%89,45)
kontrole (%87,5) ve 20 pug/yumurta bal arisi zehrine
(%77,73) gore oOnemli Olguide  arttirdigini
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gostermigtir. En ylUksek bagil civciv agirhdi, kontrol
grubunun yumurtalarinda gdézlenmis, bunu daha
disuk (10 pg) ve daha yiksek (20 pg) dozda bal
arisi zehri gruplari izlemigtir. Doz artiginin goéreceli
civeiv agirhdi tzerinde azaltici etkisi oldugu tespit
edilmistir. Toplam protein ve albimin degerleri 10 ve
20 pg bal arisi zehri/lyumurta gruplarinda kontrol
grubuna gére 6nemli 6lgide azalmistir (P<0.001).
Cikimdaki civciv kaninin triiyodotironin (T3) ve
tiroksin (T4) konsantrasyonlari igin sonuglar, in-ovo
bal arisi zehri enjeksiyonunun ¢ikim civciv
serumundaki hem T3 hem de T4
konsantrasyonlarini  énemli  Olgude azalttigini
gostermigtir. Ayrica, 20 pg doz in-ovo grubunda
dalak nispi agirhdinin kontrol grubuna gore énemli
Olgude arttigi gbézlenmistir. Kontrol grubuna kiyasla
Bursa fabricius nispi agirhdi ile de benzer sonug
alinmistir.  Sonug olarak, 10 pg bal ansi
zehri/lyumurta ile in-ovo enjeksiyon, damizlk
yumurtalarda daha iyi kulugka yuzdesi ile
sonuglanmistir.

SONUG ve ONERILER

Calismada bal arnisi  zehrinin  etlik pilig
yetigtiriciliginde kullanimi Gzerine yapilan ¢alismalar
incelenmistir. Bal arisi zehri ve bilesenlerinin
(melittin, Fosfolipaz A2 gibi) pek ¢ok alanda
kullanilmaya baglamasi ile apiterapiye olan ilgi
giderek artmigtir. Bal arisi zehrinin, insanlarda
Ozellikle kanser aragtirmalarinda ve pek ¢ok hayvan
tdrinde artritis, kornea hastaliklari, mastitis, cesitli
deri hastaliklari gibi problemlere olumlu etkileri
kanitlanmigtir. Bal arisi zehri, icerdigi kimyasal
bilesikler sayesinde bagisiklik sistemi ve buyume
gelisme Uzerine olumlu etkiler gdstermektedir.
Antibiyotik direnci gosteren bazi bakterilere karsi
etkinliginin antibiyotiklere oranla daha yiksek oldugu
belirtilmigtir. Etlik pili¢ yetistiriciliginde Salmonella sp.
basta olmak (zere zoonoz 0&zellikte olan hem
hayvanin hayat kalitesini hem de drinidn kalitesini
distren mikroorganizmalari etkisiz hale getirdigi
tespit edilmistir. Etlik pili¢ Uretiminde énemli olan
yemden yararlanma orani ve canli agirlik artigina
olumlu etkileri, gesitli calismalar ile kanitlanmistir.
Bal arisi zehrinin kanath yetistiriciliginde etkinligine
dair yapilan ¢alismalarin az olmasi nedeni ile, ilgili
calismalarin  timinde daha fazla calisma
hazirlanmasi gerektigi vurgulanmigtir. Bal arisi zehri
0z{tunin gelisim ve fizyolojik parametreler lizerinde
herhangi bir istenmeyen etki gostermedigi ancak bu
konuda daha fazla galisma yapilmasi gerektigi,
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arastiricilar tarafindan bildiriimistir. Gida kaynakli
patojen mikroorganizmalarin ortadan kaldiriimasi
veya patojenite  degerlerinin  azaltilmasinda
sanitasyon amaciyla bal arisi zehrinin kullaniimasi
Onerilmektedir. Bal arisi zehri ana bilesenlerinden
biri olan melittinin 6zellikle biyofilm olusturan ve
antibiyotige direngli mikroorganizma turleri Uzerinde
Onemli etkilerinin gézlenmesi, yem katki maddesi
olarak kullanilmasinin gerek tedavi gerekse
koruyucu hekimlik uygulamalari  kapsaminda
degerlendirilmelidir. Bal arisi zehrinin, etlik pilig
yetistiriciliginde, su ve yeme c¢esitli oranlarda
katilmasi, aerosol olarak uygulanmasi, canli
organizmaya ve in-ovo embriyoya enjekte edilmesi
ile umut vadeden sonugclar alinmigtir. Ancak, etlik
pilic Uretiminde calismalarin az olmasi ve
calismalarda benzer 6zelliklerin incelenmesi, alanda
yapilacak pek c¢ok calismayi gerekli kilmaktadir.
insanlarda kanser arastirmalarinda incelenen
epigenetik mekanizma, ¢evresel mikroorganizmalar
ve Ozellikle etlik pilic tretiminde refah sorunlarinin
basinda gelen sicaklik stresi, taban yaniklari gibi
metabolik hastaliklarin énlenmesi ile tedavisinde bal
arisi zehrinin etkisi incelenmelidir. Sonug¢ olarak,
antibiyotik kullanimi yerine bal arisi zehrinin etlik pili¢
yetigtiriciliinde kullaniilmasi ve yeni ¢alisma
alanlarinin gelistiriimesinin tesvik  edilmesi
Onerilmektedir.
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ABSTRACT

Obesity is a disease that affects people's quality of life and is a risk factor for some fatal diseases. Its
prevalence is increasing in the world and the biggest factor is nutritional problems and a sedentary
lifestyle. Royal jelly (RJ), a natural product for obesity, a preventable disease, has been the subject of
various studies. RJ secreted by young honey bees (worker bees) is the only food source for the queen
bee and the first three days of food for immature bees. Several studies have shown RJ's anti-obesity,
antioxidant, anticarcinogenic, antimicrobial, and anti-inflammatory activities. In addition, RJ is seen as
a promising functional food in the prevention of obesity and protection from its negative effects. This
study is an examination of studies on the effects of RJ on obesity and its accompanying problems.

Keywords: Obesity, Royal jelly, Bee

oz

Obezite insanlarin yagsam kalitesini etkileyen ve bazi 6liimciil hastaliklar i¢in risk faktorii olusturan bir
hastaliktir. Diinyada prevalansi artmaktadir ve en biiyiik etken beslenme sorunlari ve hareketsiz yagam
tarzidir. Onlenebilir bir hastalik olan obezite igin dogal bir iiriin, an siitii (RJ) gesitli caligmalara konu
olmustur. Geng¢ bal anlan (isgi arilar) tarafindan salgilanan RJ kralige arinin tek besin kaynag ve
olgunlagmamis arilarin ilk ti¢ giinliik besinleridir. RJ’nin antioksidan, antikanserojen, antimikrobiyal,
antienflamatuar ve antiobezite aktiviteleri gesitli calismalarla gosterilmistir. Bu gcalisma RJ’nin obezite
ve beraberinde getirdigi sorunlar tizerindeki etkilerini konu alan ¢alismalarin bir derlemesidir.

Anahtar Kelimeler: Obezite, An siitii, Ari

GENISLETILMiS TUKGE OZET

Amag: Ari ve udrinleri antik ¢aglardan beri insan
sagligini  olumlu ydnde etkilemesinden dolayi
tiketilmektedir. Ari triinlerinden RJ’‘nin antioksidan,
antifungal, antibakteriyel, antiviral, antikanserojen,
antienflamatuar ve antiobezite gibi biyoaktif
Ozellikleri cesitli in vitro ve in vivo gesitli calismalarla
gOsterilmistir. RJ geng isci arillarin yasamlarinin ilk
U¢ gunu beslendigi ve kralice arinin ise hayat boyu

beslendigi, arilarin hipofarengeal ve mandibular
bezlerinden salgilanan vizkoz, asidik, sarimsi renkte
karbonhidrat, protein, lipit ve serbest aminoasitlerce
zengin suda c¢Ozunur bir salgi maddesidir. Ari
Urdnlerinin bilesenleri, bulunduklari ekosistem ve
cevre sartlarina gore degisiklik gostermesi nedeniyle
standardize edilememigtir. Fakat RJ igeriginde
bulunan ve diger dogal urinlerde bulunmayan 10-
HDA molekulu kalite belirteci olarak kullanilip miktari
%0.75 ile %3.39 arasinda degismektedir. RJ obezite
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ve getirdigi sorunlarin ¢d6zimi konusunda birgok
arastirmaci tarafindan ilgi ¢ekici bulunmustur.
Ozellikle inslilin benzeri aktivite gdsteren biyoaktif
maddeleri iceriginde bulundurmasi, antioksidan ve
antiinflamatuar aktiviteye sahip olmasi, 0Ostrojen
sinyal yolaginda rol oynamasi gibi potansiyelleri
nedeniyle yardimci ve tamamlayici tedaviler igin
umut vadetmektedir. Bu calismada RJ ve 10-
HDA’nin obezite ve beraberinde getirdigi sorunlari
¢ozmedeki potansiyelini konu alan calismalar
incelenmistir.

Tartigsma: RJ igeriginde genellikle %1,5 mineral,
%7-21,2 karbonhidrat, %8-9 protein ve cesitli
karboksilik asitler, vitaminler ve serbest aminoasitler
bulundurmaktadir. Bunlara ek olarak c¢esitli
polifenoller ve flavonoidler bulundurur. Polifenoller,
flavonoidler ve serbest aminoasitler arastirmacilar
tarafindan antioksidan aktiviteyle iligkili bulunmustur.
icerigindeki yag asitlerinden 10-HDA antibakteriyel,
antiinflamatuar, hicre immin aktivite dizenleyici
role sahip oldugu bulunmustur. RJ’nin htcre
blylimesinde, farkllagsmasinda, hayatta kaliminda
etkili ve insulin benzeri aktiviteye sahip oldugu cesitli
calismalarla gdsterilmistir. RJ, gunlik toplam enerji
alimini  ddsudrmastir, yasa bagh kas zayifigini
azaltmistir. RJ KK-Ay (KK-Ay fareleri: diyabetik KK
ve lethal yellow (Ay) farelerinin melezi. degistiriimis
adipokin ekspresyonu, obezite, dislipidemi ve insulin
direnci gosteren 6zel farelerdir.) farelerinde kismen
vicut  agirhdini - dusudrmastir,  hiperglisemiyi
iyilestirmistir. Yagl obez siganlarda RJ takviyesi
kullanimi kas lipotoksisitesine karsi koruyucu olup,
insulin direncini azaltmistir. Ek olarak di yete bagl
obezitenin etkilerini ve kas iskelet fonksiyonlarini
iyilestirdigi bildirilmistir. 10-HDA, 3 T3-L1 adiposit
hicrelerinde  adipojenik  aktivite — gdstermigtir.
Asemptomatik agsiri kilolu yetigkinlerde RJ takviyesi
lipit profili, tokluk, iltihaplanma ve antioksidan
kapasitesi Uzerindeki olumlu etkiler géstermistir. RJ
sicanlarda oksidatif stresi inhibe etmistir, serum lipit
profilindeki olumsuzluklar, karacigerdeki lipit birikimi,
lipit peroksidasyonu ve sirkadyen gen ifadesindeki
bozukluklari gibi olumsuzluklari iyilegtirmistir. Tam
bu bilgiler RJ’'nin obezite ve beraberinde getirdigi
metabolik problemlerin ¢dzlmuinde etkili
olabilecegini gOstermektedir fakat RJ’nin
standardizasyonu ile ilgili belirsizlikler ve 6rneklem
sayisinin azligi daha c¢ok arastirma sonuglariyla
desteklenmesi gerektigini gostermektedir.

Sonug: Sonug olarak RJ’nin obezite ve metabolik
bozukluklarla muicadele i¢cin umut verici oldugu,
obezite icin terapdtik ilag olma potansiyelinin
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bulundugunu, obeziteyi azaltmak igin yeni bir
secgenek olarak diyete eklenebilecegdini, yag dokusu
disfonksiyonuna ve inflamasyona karsi koruyucu
etkilerinin bulundugunu fakat daha ¢ok galismayla
desteklenmesi gerektigini, obeziteyle ilgili
komplikasyonlari 6nleme ve olumsuz etkilerden
koruma potansiyelinin bulundugunu gostermektedir.
Tdm bu nedenlerden dolayi terapdtik olarak ve bu
hastaligi 6nleme igin umut vadeden fonksiyonel bir
gida oldugu dusunilmektedir. Daha genis 6rneklem
kitlesiyle sonuclar desteklenmelidir.

INTRODUCTION

This review is about the studies on obesity and the
possible prevention and improvement of obesity with
royal jelly (RJ). Bee products and the RJ in these
products have been a source of healing for people
since ancient times (Pasupuleti et al., 2017).
Nowadays, bee products and other similar natural
foods are used as auxiliary, complementary, and
supportive products in the prevention of various
diseases and the treatment of diseases. Various
studies have shown that people improve their
survival and quality of life. Longevity and
procreation, which are thought to be provided by RJ
to the queen bee, are the subjects of much research
(Kunugi & Mohammed Ali, 2019). Apart from these,
one of the benefits that should be taken into account
is the prevention of obesity and increasing the quality
of life by mitigating the consequences of obesity.
This study, in which current publications are
compiled to draw attention to this issue, emphasizes
that RJ is very important and remarkable in obesity.

Obesity

Obesity, which causes various health problems and
reduces the quality of life; is one of the leading
problems in the world. Obesity is defined as
excessive fat accumulation or abnormal distribution
of fat in the body (Li et al., 2020). If an adult's body
mass index is more than 30, it is considered obese,
and increasing obesity is a risk factor for many fatal
diseases (Thomas, 2020). According to WHO data,
approximately 13% of the world's population was
obese in 2016, and the prevalence has tripled
compared to 1975. Obesity is caused by both
genetic and environmental factors, and WHO states
that obesity can be prevented. To prevent it, easy
regulations such as limiting energy intake from fat
and sugar, increasing fruit and vegetable
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consumption, increasing physical activity, and
choosing healthy diets are sufficient.

Many physiological problems, such as obesity,
impaired glucose tolerance, and hyperglycemia, are
metabolic syndromes resulting from disturbances in
the maintenance of glucose homeostasis (Pandey &
Rizvi, 2009). These syndromes are caused by
disorders in diet and sedentary lifestyle, genetic and
environmental factors and insulin resistance
develops (Manach et al., 2004; Sun et al., 2015).
This situation, which develops with the deterioration
of glucose metabolism and insulin resistance,
causes increased oxidative stress and inflammation
in the body, and then muscle and adipose tissue,
liver, etc. causes dysfunction of many organs (Knekt
et al., 2002). An important reason for the disorder in
glucose metabolism is the consumption of a high
glycemic diet, which causes rapid absorption of
glucose, which increases the risk of obesity
(Yarmolinsky et al., 2015). In addition, inflammation
throughout the body is effective in the development
of obesity by increasing the development of free
oxygen species and oxidative stress (Alvehus et al.).
The antioxidant activity ability, which is generally
attributed to polyphenols and flavonoids, has been
proven in various studies to be protective from the
damage of free oxygen species and free radicals (Lin
et al., 2002).

Royal Jelly (RJ)

Named by the Swiss botanist Francois Hubber in
1788, RJ is secreted from the hypopharyngeal and
mandibular glands of young bees and is a
white/yellow viscous, acidic substance (Crane,
1990; Willson, 1955). The secretion secreted by
young worker bees to feed the queen for life and the
immature females for the first 3 days of their lives is
considered responsible for the differentiation of the
queen bee (Kanelis et al., 2018).

RJ is an aqueous emulsion of lipid, protein, sugar,
free amino acids, and vitamins. It contains about
1.5% mineral salts (Fe, Zn, Na, K, Ca, Mn, Cu) and
small amounts of vitamins (B1, B2, B3, B5, B7, folic
acid, inositol, and vitamin E), polyphenols,
flavonoids contains. The flavonides reported to be
present in RJ are: herperetin, isosacuranetin and
naringenin flavanones; acetin, luteolin, apigenin, and
crisis glucoside flavones; kaempferol and
isorhamnetin are the glucoside flavonols, and
coumestrol and genistein are isoflavonoids. It has
been demonstrated that the water content of RJ
varies between 50% and 70%. It has been shown
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that the sugar composition, mainly consisting of
fructose and glucose, varies between 7% and
21.2%. Apart from this, there are also studies
reporting the presence of sucrose, trehalose,
maltose, gentiobiose, isomaltose, raffinose, erlos,
and hybridize oligosaccharides. Major RJ proteins
(MRJP) make up 90% of the protein content of RJ.
The free amino acid composition, which is also
associated with antioxidant activity, has been
reported as alanine, aspartic acid, phenylalanine,
glycine, glutamic acid, glutamine, hydroxyproline,
isoleucine, lysine, leucine, proline, serine, cysteine,
cystine, tyrosine, threonine, valine(lsidorov et al.,
2012). It is estimated that the total content of fat and
fatty acids in RJ is in the range of 7-18%. 80-85% of
RJ fatty acids and the main component of the sieve
residue are lipids. The most important of the fatty
acids contained in RJ and what makes it special is
10-hydroxydecanoic acid (10-HDA), which is not
found in any other natural raw material, and its
content varies between 0.75% and 3.39%. In
addition, 10-HDA is used to determine the product
quality index of RJ (Ramadan & Al-Ghamdi, 2012).

RJ fatty acids exist in solid crystal form at room
temperature, the melting point of 10-HDA is 52°C
(Barker et al., 1959). 10-HDA is antibacterial (Fratini
et al., 2016), anti-inflammatory (Chen et al., 2018),
and cell immune activity regulator (Mihajlovic et al.,
2013). Apart from 10-HDA, there are short hydroxy
fatty acids and dicarboxylic acids with 8-12 carbon
atoms, and 10-hydroxy-2-decenoic acid (10H2DA)
and sebacic acid (Isidorov et al., 2012).

RJ; It contains bioactive substances that are
effective in cell growth, differentiation, survival and
show insulin-like activity proven by various in vivo
and in vitro studies (Dixit & Patel, 1964; Kramer et
al.,, 1977). RJ can activate the estrogen receptor
(ER) and play an active role in the estrogen signaling
pathway (Moutsatsou et al., 2010; Suzuki et al.,
2008). Royalactin, one of the proteins in the RJ
content, was found to be effective in the
differentiation of the queen bee (Kamakura, 2011).
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Table-1. Ingredients in royal jelly

Tablo-1. Ari sutu igerigindeki bilesenler

Fat and fatty acids

Sebacic acid (SA)

10-hydroxy decanoic acid (10-HDA)
10-hydroxy-2-decenoic acid (10-H2DA)

Free amino acids

Alanine, aspartic acid, phenylalanine, glycine, glutamic acid, glutamine,
hydroxyproline, isoleucine, lysine, leucine, proline, serine, cysteine,
cystine, tyrosine, threonine, valine

Saccharides Fructose, glucose, sucrose, trehalose, maltose, gentiobiose,
isomaltose, raffinose, erlose and hybridose

Proteins Major royal jelly proteins (MRJP), royalsin

Vitamins B1, B2, B3, B5, B7, folic acid, inositol and vitamin E

Mineral salts Salts of iron, zinc, copper, sodium, potassium, calcium, manganese

Polyphenols Herperetin, isosacuranetin, naringenin, akacetin, apigenin, crisis,

luteolin, isorhamnetin, kaempferol, coumestrol, genistein

Investigation of the Effects of Royal Jelly on
Obesity

In an eight-week study investigating the effect of RJ
(1000 mg/day) on body weight and daily energy and
macronutrient intake in fifty women (25 RJ, 25
placeboes) volunteers with type 2 diabetes, the body
mass index of the volunteers was calculated before
and after the administration. As a result, it has been
reported that RJ application reduces average body
weight and average daily total energy intake. It can
prevent age-related muscle wasting (Ali & Kunugi,
2020) and researchers state that RJ has the
potential to be beneficial in the weight management
of diabetic patients (Pourmoradian et al., 2012).

Administration of 10 mg/kg RJ for 4 weeks in KK-Ay
mice with type 2 diabetes has been shown to
improve hyperglycemia. The results of the study;
hyperglycemia was improved, insulin resistance did
not develop, and glucose 6-phosphatase mRNA
expression was suppressed in the liver. Induced
expression of adiponectin (AdipoQ) in abdominal fat.
Expression of pAMPK, which suppresses glucose 6-
phosphatase level, and adiponectin receptor-1
expression were induced in the liver of KK-Ay mice.
As a result, the researchers reported that they
improved hyperglycemia and partially reduced body
weight in obese and diabetic KK-Ay mice. In
addition, it has been suggested that activation of
AMPK after activation of AdipoQ and AdioR1
expressions in the liver results in suppression of
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glucose 6-phosphatase expression (Yoshida et al.,
2017).

In a study investigating the protective effects of RJ
on skeletal muscle and adipose tissue metabolism
and inflammation as a result of a high-fat diet in aged
obese rats, the researchers concluded that the use
of RJ suphybridizemay be protective against muscle
lipotoxicity and reduces insulin resistance. In the
study, 40 male rats were divided into 5 groups. The
first group consisted of young rats and was fed a
standard diet (Grup A). The other 4 groups consist
of old rats. The first of these 4 groups were fed a
standard diet (Grup B). The second group was fed
with RJ only (Grup C). The third group was exposed
to a high-fat diet (Grup D). Finally, the fourth group
was both exposed to a high-fat diet and fed with RJ
(Grup E). All diets lasted 8 weeks. From the results
of the study, the order of body weight gain is
A>D>E>B>C and the order of abdominal fat weight
is D>E>B>C>A. The order of increase in tibialis
anterior muscle weight and hind limb muscles weight
is B>E>D in line with only the statistically significant
data reported. Serum triglycerides and total
cholesterol levels were higher in the old group of
normally fed rats (B>A). Serum triglycerides and
total cholesterol levels, which were found to be high
with a high-fat diet in old rats, decreased in those
receiving RJ supplementation (D>E>C). While the
level of muscle triglycerides was higher in the old
and high-fat diet group compared to the young group
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or the group fed with a normal diet, it was found to
be lower in the RJ-fed groups (D>E>B>C>A). In the
evaluation of the amount of insulin in the serum, it
was highest in the old and high-fat diet group, while
it was almost as low in the old fed both high-fat diet
and RJ group as in normally fed rats (D>E). TNFR1
(Tumor necrosis factor-alpha receptor 1) expression
is found quite high in serum and adipose tissue in
rats fed a high-fat diet (D) (respectively
1952.7+106.4; 3385.94+140.61 pg/ml). In young
normally fed rats (A), 1558.7+£75.01;
2117.41+£140.94 pg/ml. In the old group fed with both
a high-fat diet and RJ, 1615.12+123.5;
2809.41+132.1pg/ml. As a result, serum and
adipose TNFR1 levels were found to be lower as a
result of diets in which RJ was added. Therefore,
researchers report that feeding with RJ reduced
adiposity, decreased TNFR1 expression, improved
lipid profile, and insulin resistance. In addition,
musculoskeletal functions improved in older rats
(Metwally Ibrahim & Kosba, 2018).

RJ has been the subject of research on the
prevention of obesity and metabolic disorders
because it increases insulin sensitivity. About this, in
mouse models investigating the anti-obesity effect of
RJ, C57BL/6J mice were exposed to four different
feeding conditions for 17 weeks. The first of these is
a normal diet, the second is a high-fat diet, the third
is a 5% RJ and high-fat diet, and finally the fourth is
a 5% honey bee larva powder. The data obtained by
the researchers as a result of the study: RJ
suppressed the formation of white adipose tissue
and hepatic triglyceride accumulation caused by a
high-fat diet, and improved hyperglycemia and
insulin resistance. In the group with RJ in their diet,
thermogenic uncoupling protein 1 (UCP1) and
mitochondrial cytochrome c oxidase 4 subunit (COX-
4) gene and protein expressions were increased in
brown adipose tissue (BAT). It has been
demonstrated that the use of RJ and honey bee larva
powder does not brown the white adipose tissue. As
a result, it has been reported that RJ is promising for
combating obesity and metabolic disorders
(Yoneshiro et al., 2018).

In the study investigating the antiadipogenic activity
of RJ, researchers demonstrated that adipogenic
transcription factors and leptin were decreased by
10-HDA, triacylglycerol accumulation, and reactive
oxygen species were suppressed in 3T3-L1
adipocyte cells. 10-HDA, one of the most important
compounds of RJ, inhibits the cyclic adenosine
monophosphate/ Protein kinase A (cAMP/PKA)
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pathway and activates insulin-dependent mitogen
with phosphorylated Akt (p-Akt). inhibited the protein
kinase (MAPK) pathway. This adipogenic activity
provides the potential to be a therapeutic drug for
obesity (Pandeya et al., 2019).

In a study investigating the lipid profile, satiety,
inflammation, and antioxidant capacity of RJ in
asymptomatic overweight adults, thirty humans were
given lyophilized RJ (330 mg/capsule, two capsules
daily before breakfast) supplementation for eight
weeks and thirty humans were exposed to placebo.
According to the results compared with placebo, RJ
supplementation provided a significant decrease in
cholesterol and C-reactive protein (CRP) levels.
Serum total antioxidant capacity, adiponectin,
bilirubin, and uric acid showed a significant increase.
As a result, researchers state that RJ has been
beneficial in improving human health with its positive
effects on the lipid profile, satiety, inflammation, and
antioxidant capacity of overweight adults (Petelin et
al., 2019).

RJ inhibited oxidative stress in obese and
ovariectomized rats with non-alcoholic fatty liver
disease. In addition, it was concluded that Per1,
Per2 (Period circadian clock 1, 2) modulate the
expression of periodic circadian genes and
alleviates non-alcoholic fatty liver disease.
Nonalcoholic fatty liver disease is common in
postmenopausal women. In this study, a non-
alcoholic fatty liver disease model was created in
ovariectomized rats and 150, 300, and 450 mg/kg RJ
was administered intragastrically daily for 8 weeks.
After the administration, weekly weight weighing and
elevated plus maze (EPM) test were applied,
together with the examination of blood, liver, brain,
and uterus samples. As a result, researchers report
that RJ can ameliorate the negative effects on serum
lipid profile caused by estrogen deficiency, lipid
accumulation in the liver, lipid peroxidation, and
disturbances in circadian gene expression (You et
al., 2020).

There is a study in which RJ and tocotrienol-rich
fractions were applied in the obesity treatment of 50
obese Wistar rats with calorie restriction. In this
study, BAT activation, browning, and thermogenic
capacity were investigated. Rats were divided into
five groups and exposed to one of the diet types of a
high-fat diet, calorie restriction, RJ + calorie
restriction, tocotrienol + calorie restriction, RJ +
tocotrienol + calorie restriction for 8 weeks.
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Table-2 Results table

Tablo-2 Sonuglar tablosu

Results References

RJ inhibited oxidative stress You et al., 2020.

It attenuated nonalcoholic fatty liver disease by regulating Per1 and Per2

expression.

RJ plays a regulatory role in metabolism through the irisin protein. Irandoost et al., 2020

RJ and tocotrienol consumption decreased developmental and inflammatory

parameters

The daily energy intake to the environment has been reduced. Ali & Kunugi, 2020
Contributed to the reduction of body weight. Pourmoradian et al., 2012

It prevents age-related muscle weakening.

Diets with RJ and RJ and tocotrienol significantly reduced weight gain | Mesri Alamdari et al., 2020
compared to the calorie-restricted diet alone.

UCP1, PRDM16, CREB1, P38MAPK, and BMP8B expressions were
increased.

RJ reduced ER stress. Irandoost et al., 2020

RJ reduced the expression of GRP-78 in the hypothalamus and white
adipose tissue compared to calorie restriction, and the expression of
inflammatory markers in white adipose tissue.

A significant decrease was observed in cholesterol and CRP levels. Petelin et al., 2019

A significant increase was observed in adiponectin, bilirubin, uric acid, and
total antioxidant capacity in serum.

It has been shown that adipogenic transcription factors and leptin are | Pandeya et al., 2019
decreased by 10-HDA in 3 T3-L1 cells.

10-HDA suppressed Triacylglycerol accumulation and reactive oxygen
species.

10-HDA inhibited the cAMP/PKA pathway.
10-HDA inhibited p-Akt and insulin-dependent MAPK pathway.

It has been reported to be protective against muscle lipotoxicity. Metwally Ibrahim & Kosba, 2018
Muscle fat is reduced

TNFR1 expression decreased

It has improved the lipid profile.

Improvement was observed in insulin resistance.

White adipose tissue formation is reduced. Yoneshiro et al., 2018
Hepatic triglyceride accumulation is suppressed.

UCP1 expression is increased in brown adipose tissue.
Mitochondrial COX-4 expression is increased.

It showed a positive effect on hyperglycemia. Yoshida et al., 2017
Induced AdipoQ expression in abdominal fat

In the liver of KK-Ay mice, pAMPK expression, which suppresses glucose 6-
phosphatase level, and adiponectin receptor-1 expression were induced.

It has been reported to partially reduce body weight.
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Researchers have stated that diets containing RJ
and RJ and tocotrienol provide a significant
reduction in weight gain compared to a diet with only
calorie restriction. As a result of the study, it was
observed that the expression of uncoupling protein 1
(UCP1) gene, PR domain genes 16 (PRDM16),
cAMP response element-binding protein1 (CREB1),
P38 mitogen-activated protein kinases (P38MAPK),
and Bone morphogenetic protein8B (BMP8B)
increased significantly. In addition, it was stated that
no significant changes were observed in
CCAAT/enhancer-binding protein beta (CEBP) and
Bone morphogenetic protein7 (BMP7) gene
expressions. When all the results were evaluated, it
was reported that RJ supports white adipose tissue
thermogenesis and browning. In addition, it has
been stated that it can be added to the diet as a new
option to reduce obesity (Mesri Alamdari et al.,
2020).

Irisin protein in RJ may be effective on obesity-
associated inflammation and glucose intolerance.
Forty-five male Wistar rats exposed to 40 high-fat
diets and 5 normal diets were used in the study. In
the high-fat-fed group, the obese model was
provided at the end of 17 weeks, followed by
exposure to RJ and tocotrienol for eight weeks. In
this group, rats were randomly divided into 4 groups.
These are the group fed with 100mg/kg RJ, the
group fed with 85mg/kg tocotrienol, the group fed
with 100mg/kg RJ and 85mg/kg tocotrienol, and the
last group is the group that continues only the high-
fat diet as a control. As a result of the examinations,
the researchers stated that there was no change in
body weight in the group fed with RJ and tocotrienol,
but developmental and inflammatory parameters
decreased. This shows that it can prevent metabolic
disorders caused by obesity. Researchers state that
RJ and tocotrienol consumption can promote healthy
obesity (Irandoost, Mesri Alamdari, Saidpour,
Shidfar, Roshanravan, et al., 2020).

Similarly, as a result of investigating the curative
effect of RJ with a tocotrienol-rich fraction on
inflammation caused by endoplasmic reticulum
stress, it is stated that RJ can prevent some obesity-
related disorders by reducing endoplasmic reticulum
stress. Then, adipose tissues and the hypothalamus
were examined for inflammation. RJ has been
shown to reduce the expression of glucose-
regulated protein-78 (GRP-78) and inflammation
markers in white adipose tissue compared to calorie
restriction in the hypothalamus and white adipose
tissue. Tocotrienol-rich fractions reduced serum
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inflammatory markers without significant effect on
endoplasmic reticulum stress. Researchers state
that RJ has protective effects against adipose tissue
dysfunction and inflammation, prevents some
obesity-related complications, and therefore is
promising  therapeutically = (Irandoost,  Mesri
Alamdari, Saidpour, Shidfar, Farsi, et al., 2020).

RJ has been successful in dealing with obesity and
its various problems. But the sample should be
expanded. In addition to these studies, the results
should be strengthened with animal and human
experiments. Although the mechanisms of success
in preventing obesity and various metabolic
disorders are tried to be revealed in all aspects, there
are many aspects to be clarified (Table-2).
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ABSTRACT

Honey presents exceptionally favorable conditions for a non-enzymatic glycation of proteins or
Maillard reaction (MR), which is a complex network of chemical reactions which is favored during
processing and storage and that often influence the quality and acceptability of honey. One of the
organic compounds produced in the intermediate stages of MR that has been the subject of several
investigations and controversies, due to its relationship with adverse effects on human health, is 5-
hydroxymethylfurfural (HMF), which has become an indicator of honey quality. Conversely
melanoidins, polymeric molecules responsible for non-enzymatic browning and which have been
related to beneficial effects due to the antioxidant and antibacterial properties of honey, are produced
in the final stages of MR. The aim of this article is to provide a review on the formation as well as the
positive and negative effects associated with the formation of HMF and melanoidins as MR products
in honey.

Keywords: Honey, Maillard reaction, Hydroxymethylfurfural, Melanoidins

oz

Bal, proteinlerin enzimatik olmayan glikasyonu veya igsleme ve depolama sirasinda tercih edilen ve
genellikle balin kalitesini ve kabul edilebilirligini etkileyen karmasik bir kimyasal reaksiyonlar agi olan
Maillard reaksiyonu (MR) icin son derece uygun kosullar sunar. insan saghg iizerindeki olumsuz
etkileri nedeniyle birgok arastirma ve tartismaya konu olan MR'In ara asamalarinda iiretilen organik
bilesiklerden biri de bal kalitesinin bir gostergesi haline gelen 5-hidroksimetilfurfural (5-HMF)'dir.
Tersine, enzimatik olmayan esmerlesmeden sorumlu olan ve balin antioksidan ve antibakteriyel
ozelliklerinden dolayi faydali etkileri ile iligkilendirilen polimerik molekiiller olan melanoidinler, MR'In
son asamalarinda uretilir. Bu makalenin amaci, balda MR iriinleri olarak HMF ve melanoidinlerin
olusumu ile ilgili olumlu ve olumsuz etkilerinin yani sira olusumu hakkinda bir inceleme sunmaktir.

Anahtar Kelimeler: Bal, Maillard reaksiyonu, Hidroksimetilfurfural, Melanoidinle
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GENISLETILMIS OZET

Amag: Bu makalenin amaci, balda MR urUnleri
olarak HMF ve melanoidinlerin olusumu ile ilgili
olumlu ve olumsuz etkilerinin yani sira olugsumu
hakkinda bir inceleme sunmaktir.

Google Scholar, PubMed ve ScienceDirect gibi
sunucularda tam erisim saglanan  bilimsel
makalelerde bu bilgilere basvurulmustur. Dahil
edilen anahtar kelimeler sunlardir: tatli, Maillard
reaksiyonu; hidroksimetilfurfural; melanoidinler.

Giris: Gida endustrisi, balin hidrasyon, viskozite,
aroma, renk, higroskopiklik, karigabilirlik ve
yayilabilirlik gibi bazi  6zellikleri destekledigi
gozlemlendiginden birgok farkh gida GrGninde bal
kullanmaktadir (Otles, 2006). Ancak bal, Maillard
reaksiyonu (MR) igin son derece elverisli kosullar
sunar. MR, genellikle gida isleme veya depolama
sirasinda meydana gelen karmasik bir kimyasal
reaksiyonlar agidir (Martins ve digerleri 2001). MR
sirasinda olugan genig Urdn yelpazesi, gidanin
kalitesini ve tuketiciler tarafindan kabulini etkileyen
bir 6neme sahiptir (Martins ve digerleri 2001,
Bertrand ve digerleri 2018).  Organoleptik
Ozelliklerde (aroma ve pigment olusumu), protein
islevselliginde ve sindirilebilirlikteki (Machiels &
Istasse 2002, Lund & Ray 2017) degisikliklerin yani
sira, MR {rinlerinin anti/pro-oksidan potansiyeli
acisindan saglik Gzerinde olumlu veya olumsuz
etkileri olabilir. immiinojenisite, alerjenite ve
kanserojenite (Bertrand ve ark. 2018). Bu nedenle,
bu reaksiyon gida kimyasinda en onemli olarak
kabul edilir (Machiels & Istasse, 2002).

Tartisma: Balda yuksek  konsantrasyonda
indirgeyici sekerler, glukoz ve fruktoz ve proteinlerin
ve serbest amino asitlerin (6zellikle lizin) varligi,
depolama sirasinda ve bazi bal isleme adimlarinda
meydana gelen MR (Turkmen ve ark. 2006) igin
uygun kosullardir (Tirkmen ve ark. 2006). Isiya
maruz kalmayi gerektiren ve nihai Grinin daha
homojen bir sunumunu saglamak (Blidi ve ark.
2017), viskoziteyi azaltmak ve paketleme sirecini
kolaylastirmak (Chua ve ark. 2014), kristallesmeyi
Onlemek (Turhan ve ark. 2008) igin tanitimistir
Escriche ve digerleri 2009). Ayrica ozmofilik
mayalarin yok edilmesi yoluyla fermantasyonun
engellenmesi ve dolayisi ile (Subramanian ve
digerleri. 2007) raf dmrina uzatihr (Guo ve digerleri
2011). Ancak i1sitma, HMF ve diger bilesiklerin
konsantrasyonlarini artirarak bal kalitesini dogrudan
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etkileyebilecek (Chua ve ark. 2014) bir islemdir
(Annapoorani ve ark. 2010).

Sonug: Cok sayida reaksiyon yolu ve urlni ile MR
hala arastirma gerektirmektedir. Balin tretiminde ve
sanayilesmesinde arilarda gozlemlenenin aksine
balin insan sagligina potansiyel olarak zararh bir
gida haline getiren HMF konsantrasyonlari hakkinda
bilgi bulunmamakla birlikte, balin kalitesini mimkun
oldugu kadar uzun sire korumak amagclanmaktadir.
Toksik maddelerin Uretimini 6nlemek ve balin
antioksidan ve antibakteriyel 6zelliklerini glclendiren
arzu edilen bilesenleri olusturmak yerine MR'nin
olusmasini onlemek veya yavaglatmak.
Melanoidinlerle ilgili olarak baldaki olusumlari
hakkinda c¢ok az bilgi vardir. Bu nedenle hasat
sonrasi Isll islemlerin ve depolamanin bu bilesiklerin
bilesimi Gzerindeki etkilerini ve bunlarin balin besin
degeri ve fonksiyonel ozellikleri Gzerindeki etkilerini
belirlemek igin daha fazla arastirmaya ihtiyag vardir.

INTRODUCTION
Maillard reaction: The origin

MR is a non-enzymatic browning reaction involving
proteins and reducing sugars (Bertrand et al. 2018);
where temperature, reaction time, water activity
(Aw), pH, concentration and nature of the reagents
in the food are important factors to consider (van
Boekel, 2001).

MR can be divided into three main stages. The first
corresponds to the reversible formation of a
glucosylamine and its Amadori or Heyns
rearrangements. In the second, degradation of the
Amadori and Heyns rearrangement products occurs,
leading to the formation of aromatic heterocyclic
compounds. In the third, polymerization of the
reactive  intermediates and  production  of
melanoidins is observed (Machiels & Istasse 2002,
Silvan et al. 2011). All stages are interrelated, can
occur simultaneously and are affected by reaction
conditions (Silvan et al., 2011).

Although MR was first described by Louis Maillard in
1912, a first coherent scheme was presented by
Hodge in 1953 (Echavarria et al. 2012, De Oliveira
et al. 2016). However, to facilitate its understanding,
a modification of the scheme proposed by Zamora &
Hidalgo (2005) is presented here in Figure 1.
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Figure. 1. General mechanism of Maillard reaction
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First stage of MR is characterized by an initial
glycosylation reaction (De Oliveira et al. 2016), a
reaction that occurs when functional amino groups
of free amino acids or amino groups of side chains
of peptides and proteins condense with carbonyl
groups of reducing sugars to form a Schiff base
(Bertrand et al. 2018), with the release of a water
molecule (De Oliveira et al. 2016). Schiff base
obtained is in equilibrium with an N-glycosylamine,
which will undergo a different rearrangement
depending on the nature of the initial reducing sugar
involved. If this is an aldose it will give rise to an
aldosamine and then to the Amadori compound, a 1-
amino-1-deoxyketose; whereas a ketose will give
rise to a ketosamine and then to the Heyns
compound, a 2-amino-2-deoxyketose (Echavarria et
al. 2012, Bertrand et al. 2018). This second reaction
is irreversible and obtaining the Amadori and Heyns
intermediates marks the end of the first MR stage
(Bertrand et al. 2018), where no color changes are
observed (Martins et al. 2001, Echavarria et al.
2012;) and the nutritional value may be reduced due
to decreased amino acid availability (De Oliveira et
al. 2016).

Second MR or propagation stage depends on the
reaction conditions, such as pH, temperature and
Aw (Bertrand et al. 2018). With respect to a system
such as honey, the Amadori product degrades
producing mainly a 1, 2-enolysis with the formation
of furfural (when dealing with pentoses) or
hydroxymethylfurfural (HMF) (when dealing with
hexoses) (Martins et al. 2001). All these compounds
are highly reactive, resulting in the carbonyl groups
being able to condense with free amino groups,
leading to the incorporation of nitrogen into the
reaction products, while the dicarbonyl compounds
react with the amino acids to form aldehydes and
aminoketones. This reaction is known as Strecker
degradation (Martins et al. 2001). Bertrand et al.
(2018) concluded that Strecker degradation plays an
important role not only in the generation of aromatic
properties of the product but also in the browning
itself.

Finally, in the final stage of MR, condensation occurs
between some of the formed products or with amino
compounds to form brown pigments and polymers
(Zamora & Hidalgo 2005). Meanwhile, amino acids
could react with the unsaturated carbonyl molecules
resulting in the formation of melanoidins (Bertrand et
al. 2018).
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Hydroxymethylfurfural, really harmful?

5-Hydroxymethyl-2-furaldehyde or, more commonly
named, 5-hydroxymethylfurfural, consists of a furan
ring containing functional groups: aldehyde and
alcohol (Zirbes et al. 2013) and is formed at room
temperature by dehydration of fructose in acidic
media (Huidobro & Simal 1984).

Since the 1950s, the presence of HMF has been
identified in a wide variety of thermally processed
foods, and depending on the production technology
and storage, levels in foods vary considerably
(Abraham et al. 2011).

HMF formation in honey occurs naturally (Sanz &
Sanz 1994) because the pH is set between 3.2 and
4.5 for Apis mellifera (Karabagias et al. 2014) and
from 2.5 to 3.8 for stingless bee honeys (Nordin et
al. 2018), which is accelerated if the honey has been
heated or stored at high temperatures (Sanz & Sanz
1994). Thus, the concentration of HMF is in direct
relation to the degree of heat or aging of honey
(Khalil et al. 2010; Turkut et al. 2018).

From harvesting to packaging, honey can be
exposed to a series of conditions that cause, to a
greater or lesser extent, the deterioration of its
intrinsic ~ qualities  (Visquert  2015). HMF
concentration is one of the parameters that can be
controlled with good practices mainly during storage,
where several factors influence its formation such
as: the use of metallic containers, the environmental
humidity, thermal and/or photochemical stress
(Spano et al. 2006).

European Union (EU 2002) and Codex Alimentarius
have established that the HMF content of Apis
mellifera honey after harvesting and/or blending
should not exceed 40 mg/kg. However, in case of
honey of declared origin from tropical countries or
regions, as well as blends of these honeys, a
maximum of 80 mg/kg is accepted (CXS 12 1981).
Although stingless bee honeys are obtained in
conditions of high humidity and temperature
(Chuttong et al. 2016), Vit et al. (2004) suggested
that for these honeys the maximum should be 40
mg/kg, while the Malaysian Standardization
Department has established that the maximum HMF
content should be 30 mg/kg (Suntiparapop et al.
2012). This is supported by researchers such as
Sousa et al. (2016) and Biluca et al. (2016), who
referred not to have detected quantifiable HMF
concentrations in honeys of the Melipona genus
from southern Brazil. De Almeida et al. (2013)
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reported that low content of HMF in M. subnitida
honey indicate that the samples were collected and
stored under adequate conditions.

This possible resistance to HMF formation in
stingless bee honey can be explained by several
factors, for example, the type of carbohydrates,
higher glucose content instead of fructose, and
higher Aw and acidity which slows down MR (Biluca
et al. 2014).

Considering the properties of honey, it is evident the
need to prolong its shelf life without altering its
nutritional and medicinal properties (Biluca et al.
2014). For this purpose, some applied techniques
such as dehumidification, heat treatment and
refrigeration (Turhan et al. 2008), have been used,
being demonstrated that heat treatment has been
the simplest and most effective (Biluca et al. 2014),
and although the content of high concentrations of
HMF in honey is more related to prolonged storage
in inadequate conditions than to its heating (Turhan
et al. 2008), it is important to establish time and
temperature parameters to avoid loss of honey
quality not only related to HMF production, but also
to the loss of its nutritional (Chua et al. 2014) and
bioactive properties such as antioxidant (Sarié et al.
2013) and antimicrobial (Libonnatti et al. 2014).

Souza et al. (2010) reported that Melipona subnitida
honey subjected to heat treatment at 70°C for 4, 8,
16 and 24 hours caused a reduction in moisture
content and total acidity, but increased the content
of HMF and reducing sugars. Contrarily, Biluca et al.
(2014), reported that HMF concentrations were not
detected in 13 honey samples from stingless bees
subjected to heat treatment of 75, 85 and 95° C for
20, 40 and 60 seconds, oppositely to what was
observed in A. mellifera honey when subjected to the
same conditions. These results suggest that high
temperature associated with a short heat treatment
could be an effective way to prolong shelf life without
affecting the HMF content in stingless bee honey.

Effect of HMF on honey bee hives

Honey production depends to a large extent on the
health, survival and quality of honey bees. Naturally,
the main source of carbohydrates for honey bees is
the nectar flower collected. However, according to
the apibotanical cycle of each region, food and
nutrients decrease at certain times of the year.
Therefore, beekeepers must use alternative sources
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to replace the carbohydrate supply of bees, such as
sucrose, high fructose corn syrup, fruit sugars or
invert sugars (Neupane & Thapa 2005).

In any case, these sources are not safe due to the
formation of HMF and its by-products, being a
potential threat to bees (Neupane & Thapa 2005). As
an example, in Belgium during 2009-2010 abnormal
losses of bee colonies were observed and upon
further analysis it was found that some of these
colonies had been fed over winter with beet invert
sugar syrup, which had a HMF concentration of up
to 475 mg/kg (Zee & Pisa 2010). In fact, HMF
present in bee feeding syrups during critical times
could be a new factor involved in bee mortality,
coupled with the invasive mite Varroa destructor and
pathologies caused by the microsporidium Nosema
spp and viruses (Zirbes et al. 2013).

In the case of A. mellifera honey used as prop food,
mainly in stingless bee colonies, when this is fresh
HMF may be absent or in very low concentrations
(Bogdanov et al. 1999) However, temperatures
inside a hive normally exceed 20°C and can reach
up to more than 40°C, at which time HMF
concentration can reach 10 mg/kg honey (Gregorc
et al. 2020). And while HMF concentrations <10-15
mg/kg in honey pose little risk to bees,
concentrations above 150 mg/kg can cause 50%
colony mortality within 16 days to 19 days
(Jachimowicz & EI Sherbiny 1975) due to induction
of lethal ulceration of the intestinal tract (Le Blanc et
al., 2009).

And although several studies confirm a toxic effect
of HMF on bee health, more research is needed to
evaluate the involvement of HMF in their mortality to
determine the maximum concentration of HMF in
their sustaining food (Zirbes et al. 2013).

Negative effects of HMF on human health

The detection of HMF in several food products
prompted the evaluation of potential health risks
taking into account dietary intake (Abraham et al.
2011). In vitro studies indicate that HMF can be
cytotoxic, mutagenic, carcinogenic and genotoxic
(Capuano & Fogliano 2011) and thus the importance
of controlling its concentrations in foods such as
honey. However, most studies report this toxicity
only at the preclinical level (Shapla et al. 2018), as
presented in Table 1.
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Table 1. Studies demonstrating the carcinogenic-mutagenic effect of HMF

DERLEME / REVIEW

Associated metabolite

Observed effect

Reference

5-hydroxymethylfurfural

Development of lipomatous renal tumors in
rats.

Schoental et al. (1971)

5-hydroxymethylfurfural

Chromosomal aberrations in a Chinese
hamster V79-derived cell line constitutively
expressing human sulfotransferase
SULT1A1 and CYP2E1.

Nishi, Miyakawa & Kato (1989)

5-hydroxymethylfurfural

Induction and promotion of foci of aberrant
colon crypts (preneoplastic lesion) as a
marker of colon cancer in rats.

Archer et al. (1992)
Zhang et al. (1993)
Bruce et al. (1993)

5-chloromethyfural

Induction of hepatocarcinoma in male
B6C3F1 rats.

Surh et al. (1994)

5-sulfo-oximethylfurfural

Induction of cutaneous papillomas in mice.

Surh & Tannenbaum (1994)

5-sulfo-oximethylfurfural

Mutagenicidad en Salmonella typhimurium
TA 104.

Lee et al. (1995)

5-hydroxymethylfurfural

DNA damage in five cell lines possessing
different levels of SULT1A1 activity (mouse
L5178Y, no activity; Chinese hamster:
V79-Hp-PST, high activity; V79, negligible
activity; human: HEK293, highest activity;
and Caco-2, low activity).

Durling, Busk & Hellman (2009)

5-hydroxymethylfurfural

5-sulfo-oximethylfurfural

Increased number of small intestinal
adenomas and flat dysplastic lesions (flat
ACF) in the large intestine of mice.

Svendsen et al. (2009)

2,5 bishidroximethylfuran

Mutagenicity towards S. typhimurium
TA100 expressing human SULT1C2

Glatt et al. (2011)

2,5 dimethylfuran

Genotoxicity in rat hematopoietic cells.

Fromowitz et al. (2012)

5- hydroxymethylfurfural

Genotoxicity in hepatic and renal cells of
FVB/N (FVB) mice expressing
hSULT1A1/1A2.

Hgaie et. al. (2015)

Although information obtained from bioassays have
deduced the toxicity potential of HMF,
epidemiological studies or case reports on the
possible association of HMF and cancer in humans
is insufficient, so in addition is required data to
corroborate this activity also in vivo (Morales 2008).

As HMF is a product of the non-enzymatic reaction,
there is no set concentration in foods, and due to the
various factors involved, its content varies even
among foods of the same type. Nevertheless, honey
is a safe food with respect to HMF concentration

when compared to other processed food products
that require higher processing temperatures as well
as longer times and different additives (Shapla et al.
2018).

As an example, Turhan et al. (2008) demonstrated
that nectar honey processed at 95°C for 90 min and
at 90°C for 75 min showed HMF levels below 40
mg/kg, while foods such as cookies baked at 300° C
can contain up to 1100.1 mg/kg (Ameur et al. 2007);
coffee up to 900 mg/kg roasted at 240°C (Murkovic
& Bornik 2007); bread between 3.4 to 176.1 mg/kg,
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depending on fermentation conditions, leavening
agents added, crust and crumb thickness and type
of bread (Ramirez et al. 2000).

In addition, it should be considered that, except for
countries such as Turkey and Germany with a
consumption 1.246 and 1.034 kg per capita of
honey, the world consumption does not exceed one
kilogram (Sanchez et al. 2018), so it is unlikely that
honey is a high risk factor to be considered.

Positive effects of HMF on human health

Although the adverse effects of HMF have been
studied, some research indicates that, as an
antioxidant, the HMF exhibits free radical
scavenging capacity as well as significant protective
effects on erythrocytes (Zhao et al. 2013) and
hepatocytes (Wang et al. 2010) against reactive
oxygen species (ROS) induced damage.

Li et al. (2010) demonstrated that HMF could be a
potent therapeutic agent against acute mountain
sickness, high-altitude cerebral and pulmonary
edema (HAPE) by observing that HMF increased
mitochondrial membrane potential and decreased
phosphorylated ERK levels in human umbilical cord
cells. While in a murine model, pre-exposure to HMF
significantly attenuated the extent of hypoxia-
induced blood-brain barrier (BBB) permeability and
decreased the extent of neuronal damage in the CA1
region of the hippocampus.

Yamada et al. (2011) demonstrated that HMF acts
as an inhibitor of allergic reactions at different

stages, to inhibit basophil and mast cell
degranulation, interfering with antigen-antibody
cross-linking,  antibody-receptor  binding and

blocking calcium influx in IgE-sensitized cells.

Contrarily to  studies demonstrating the
carcinogenic-mutagenic effect of HMF, a study by
Zhao et al. (2014) using the A375 cell line, indicated
that HMF can induce apoptosis and GO/G1 arrest in
DNA-damaged cells through the ROS mediated
signal transduction pathway.

Regarding the use of HMF for other pathological
conditions, it has been observed that HMF exerts an
anti-inflammatory effect by decreasing nuclear factor
kappa B NFkB activator (Kitts et al. 2012), inhibiting
xanthine oxidase activity (Li et al. 2010) thereby
decreasing purine catabolism and uric acid
production, and thus the risk of hyperuricemia
(Hayden & Tyagi 2004).
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Tolerable daily intake (TDI) of HMF

HMF is found in many foods, with the estimated
intake ranging from 4 to 30 mg per person per day
(Abraham et al. 2011).

Many researches have revealed that the
susceptibility of cells to HMF depends on the
presence and expression levels of receptors,
metabolism, structure and enzymatic activity
(Shapla et al. 2018). At the preclinical level, no toxic
effects have been observed at daily doses ranging
from 80 to 100 mg/kg body weight (Zhao et al. 2014).
Although the TDI for HMF has been established at
132 mg/day using a 40-fold safety margin and
Janzowski et al. (2000) 30-150 mg per person, in a
study carried out in Spain with 268 students, a
statistically significant level of SMF in plasma was
found although the daily intake of HMF of the
students throughout the day was 10-70 mg
(Pastoriza et al. 2016).

Currently, the European Food Safety Authority
(EFSA) has set a threshold of 0.54 mg/day for the
intake of furan derivatives used as flavoring agents
in Europe (EFSA 2005). However, it should be noted
that most of the experiments concerning the health
effects of HMF have been conducted in vitro and in
experimental animals. Therefore, it is not possible to
determine a TDI based on the data available to date,
which is why further research, especially at the
clinical level, needs to be considered and assessed
to update the TDI for HMF (Shapla et al. 2018).

HMF mitigation in the honey industry

There is no concrete strategy to mitigate HMF
formation in honey due to numerous precursor and
types of reaction orders involved. In addition to the
fact that HMF is formed following a zero-order kinetic
process in an exponential manner (Capuano et al.
2008). However, knowing the positive correlation
between elevated temperature-time and acidic pH
parameters for HMF formation is that several
strategies can be adopted to mitigate its formation
(Gokmen et al. 2007). Indeed, since long storage
periods lead to elevated HMF formation in honey
(Khalil et al. 2010) shortening the storage period as
well as decreasing the processing temperature in
case honey is subjected to heat treatment can
significantly decrease HMF formation (Al-Diab &
Jarkas 2015).

Even though more developed methods have been
developed in recent years to mitigate HMF formation
or to remove it from foods, including ultraviolet
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irradiation, addition of phytochemicals, yeast
fermentation, vacuum treatment microwave heating,
non-thermal processing and formula adjustment
(Lee et al. 2019), so far, there are few studies
analyzing the effects of these technologies on
physicochemical properties and sensory attributes in
honey.

What about melanoidins?

Melanoidins are heterogeneous polymers of high
molecular weight (5 kDa) that are formed in the final
stage of MR (Tagliazucchi & Verzenolli 2014),
absorb light at a wavelength of about 420 nm
(Lindenmeier et al. 2002), and are largely
responsible for the characteristic brown color of
foods such as coffee, cocoa, bread or honey
(Lindenmeier et al. 2002), which among other
physical properties, make foods more palatable to
consumers (Friedman 1996).

A critical step for the formation of melanoidins
appears to be the degradation of Amadori products,
in which several highly reactive intermediate
propagators are produced (furans, pyrroles,
pyrazines, dicarbonyl compounds) which, through
reactions with each other and with free amino groups
of amino acids or proteins, ultimately lead to the
formation of melanoidin polymers (Van Boekel
1998).

Although at present, researchers have not been able
to fully describe the structure of melanoidins (Liu et
al. 2020), three main types have been described: the
first consisting of furan or pyrrole repeat units (Tressl
et al. 1998); the second based on cross-linking of
proteins with low molecular weight color compounds
(Hofmann 1998); and the third based on sugar
degradation products forming polymers by aldol
condensation and/or  intact  carbohydrates
(Cammerer et al. 2002).

Little information has been described on the
occurrence and biological activities of melanoidins in
honey; however, it appears to be an ideal natural
system to study melanoidin formation and its
influence on antioxidant activity by containing the
main substrates for MR to occur (Brudzynski 2012).

Identification of melanoidins and methods for their
quantification are usually based on the following
criteria: the degree of browning and color formation
after heat treatment, the molecular size of the
pigments and their antioxidant activity (Manzocco et
al. 2000), observing extremely significant
correlations between these parameters in honey
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(Brudzinsky & Miotto 2011a, Brudzynski & Miotto
2011b, Brudzynski & Miotto 2011c).

Positive effects of melanoidins on human health

In the past, melanoidins were mainly perceived to
cause a decrease in the nutritional value of foods,
mainly due to the inactivation or destruction of amino
acids or proteins or to the reduction of their
absorption in the intestine following the inactivation
of proteolytic enzymes (Martins et al. 2001, Silvan et
al. 2006), including trypsin (Ibarz et al. 2009).

Although the undesirable influence of MR end
products on food quality, melanoidins show a
number of beneficial effects, acting as antioxidant,
antimicrobial, antihypertensive, antiallergic and
prebiotic agents (Silvan et al. 2006, Rufian-Henares
& Morales 2007a). Melanoidins also demonstrate
the ability to bind metal ions (Rufian-Henares &
Pastoriza 2009, Tagliazucchi & Verzenolli 2014) and
are considered antimutagenic compounds and
tumor growth inhibitors (Langner & Rzeski 2013 as
is presented in Table 2.

With respect to honey, in several of their
investigations Brudzynski & Miotto (2011a, b, c)
have demonstrated strong correlations between the
concentrations of melanoidins and phenolic
compounds and thus with their antioxidant and
antibacterial capacity.

To date, the literature is contradictory on the levels
of antibacterial activity of honey during storage, as
some researchers have reported that exposure of
honey to heat or prolonged storage resulted in a loss
of antibacterial activity (Soliman et al. 2019), others
found no correlation between time and antibacterial
activity (Rios et al. 2001). Therefore, Brudzynski
(2012), concludes that the antibacterial and
antioxidant activities of honey are influenced by the
stages of MR (Brudzynski, 2012), since in the
intermediate stage, where the generation of
dicarbonyl compounds such as methylglyoxal, an
important component in Manuka honey from
Leptospermum spp. increases the antibacterial
activity of honey (Adams et al. 2009, Mavric et al.
2008), in the advanced stage, a decrease in
antibacterial activity occurs, associated with
increased protein cross-linking, the formation of
polyphenol-protein complexes and their
incorporation into melanoidins (Brudzynski 2012).

Negative effects of melanoidins on human health

Even though most research has shown that
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melanoidins play a crucial role in different biological
activities, and have diverse functional properties with
potential benefits on human health (Diaz et al. 2020),
recent studies have shown that melanoidins may
exert a pro-oxidant activity, which may be related to
the formation of radicals by a Fenton mechanism
due to the presence of iron or copper cations (lbarz

et al. 2009).

Wen et al. (2005) observed that the decrease of the
antioxidant action based on the metal chelating
activity of melanoidin is lost at high temperatures
resulting in a gain of the cytotoxic pro-oxidant
function.

Table 2. Studies demonstrating some functional properties of melanoidins

Effect Melanoidins source Results Reference
Reaction between  Reduced adhesion and cell density
food protein or of H. pylori in the gastric mucosa of
glycine mice. Hiramoto et al. (2004)
- . and lactose or
Antimicrobial glucose.
Inhibition of in vitro growth of L.
Red wine monocytogenes, Salmonella  Goulas et al. (2018)
Enteritidis and E. col.
Activity monofunctional
Bread crust glutathione-S-tranasferase inducers Lindenmeier, Faist &
. of "pronylated” proteins that are part Hofmann (2002)
Antioxidant of melanoidins.
Malt barley Radical scavenging capacity - by Carvalho et al. (2014)
metamyoglobin assay.
Coffe Inhibitory activity of angiotensin-I- Rufian-Henares &
) ) converting enzyme (ACE) in vitro Morales (2007b)
Antihypertensive — — ; :
. Inhibitory activity of angiotensin-I-
Red wine

converting enzyme (ACE) in vitro.

Goulas et al. (2018)

Pigments derived
from a reaction
between xylose

and glycine

Anti-allergenic

Induction of IFN-y expression in
mouse spleen cells and IL-12 in
macrophages
ovalbumin as allergen.

exposed with Hayase et al. (2005)

Glucose and
L-proline purified

microtubule

Decreased organization and loss of
integrity in
human mammary carcinoma cells.

MCF-7 Marko et al. (2002)

Antitumoral Significant suppression of cell
growth in human colon carcinoma- .
Soy sauce extract derived HCT-15 and human gastric Kamei et al. (1997)
carcinoma-derived AGS.
Bread crust Selective growth of bifidobacteria Borrelli & Fogliano
from bread crust. (2005)
Prebioti mierobiota profies. and. sustained
Malt barley short-chain fatty acid production in Aljahdali et al. (2020)
barley malt-fed rats.
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Also, it has been observed that together with the
chelation of Fe and Mg metal ions interfering with
bacterial growth and survival (Rufian-Henares &
Pastoriza 2009), the antibacterial action of
melanoidins may be the result of the inactivation of
bacterial proteins due to their binding to
semiquinones/quinones, leading to a permanent
destruction of cell membranes (Rufian-Henares &
Morales 2008). However, it should be noted that
these effects have also been observed during plant
and seed development affecting the viability of the
latter during storage (Narayana Murthy & Sun 2000,
Rawel & Rohn 2010). Thus, although this
antibacterial effect could be considered beneficial
during the therapeutic application of honey in the
healing of wounds, the same cytotoxic
characteristics towards human cells would pose a
potential risk (Majtan 2011).

Therefore, although melanoidins have currently
attracted much attention as a functional food
ingredient, like polyphenols and other RM-derived
products, they could also have dual (beneficial and
potentially harmful) functions, depending on the
balance (or lack thereof) between prooxidant and
antioxidant activities (Brudzynski 2012).

CONCLUSION

MR with its multitude of reaction pathways and
products still requires research. Although there is no
information on HMF concentrations in honey that
make it a potentially harmful food for human health,
contrary to what has been observed in bees, in the
production and industrialization of honey, the aim is
to maintain its quality as long as possible, preventing
MR from occurring or slowing it down to avoid the
production of toxic substances and instead forming
desirable components that potentiate the antioxidant
and antibacterial properties of honey. With respect
to melanoidins, there is little information on their
formation in honey, so more research is needed to
determine the effects of post-harvest heat
treatments and storage on the composition of these
compounds and their impact on the nutritional value
and functional properties of honey.

Financial Resource:

Acknowledgements to the Consejo Nacional de
Ciencia y Tecnologia (CONACYT) for the financial
and scholarship support to develop postgraduate
studies.

DERLEME / REVIEW

Conflicting interest

There are no conflicting interests in the realization of
the present work.

Ethics issue:
Ethics certificate is not required for this study.

Author contribution: Ina Ramirez-Miranda:
obtaining information, conceptualization and
translation into English; Yolanda Moguel-Ordofiez:
Information review and analysis; David Betancur-
Ancona: project management, conceptualization
and validation. All the authors participated in the
writing and revision of the article.

Disclosure statement: The authors report no
conflict of interest.

Acknowledgements: The autors acknowledge
doctoral fellowship support from Consejo Nacional
de Ciencia y Tecnologia, CONACyT

REFERENCES

Abraham, K., Girtler, R., Berg, K., Heinemeyer, G.,
Lampen, A., & Appel, K.E. 2011. Toxicology

and risk assessment of 5-
Hydroxymethylfurfural in food. Mol. Nutr. Food
Res. 55(5): 667—678. doi:

10.1002/mnfr.201000564.

Adams, C.J., Manley Harris, M., & Molan, P.C. 2009.
The origin of methylglyoxal in New Zealand
manuka (Leptospermum scoparium) honey.
Carbohydr. Res. 344(8): 1050-1053. doi:
10.1016/j.carres.2009.03.020.

Al-Diab, D., & Jarkas, B. 2015. Effect of storage and
thermal treatment on the quality of some local
brands of honey from Latakia markets. J.
Entomol. Zool. 3(3): 328-334. (Retrieved by:
10.06.2021),
https://www.entomoljournal.com/vol3Issue3/p
df/3-4-48.1.pdf.

Aljahdali, N., Gadonna-Widehem, P., Anton, P.M., &

Carbonero, F. 2020. Gut microbiota
modulation by dietary barley malt
melanoidins. Nutrients. 12(1): 241,

doi:10.3390/nu12010241.

Ameur, L., Mathieu, O., Lalanne, V., Trystram, G., &
Birlouezaragon, I. 2007. Comparison of the
effects of sucrose and hexose on furfural
formation and browning in cookies baked at
different temperatures. Food Chem. 101(4):

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 96-113 105



DERLEME / REVIEW

1407-1416. doi:
10.1016/j.foodchem.2006.03.049.

Annapoorani, A., Anilakumar, K.R., Khanum, F.,
Anjaneya, M.N., & Bawa, A.S. 2010. Studies
on the physicochemical characteristics of
heated honey, honey mixed with ghee and
their food consumption pattern by rats.
Aryuveda J.  31(2): 141-146.  doi:
10.4103/0974-8520.72363.

Archer, M.C., Bruce, W.R., Chan, C.C., Corpet, D.E.,
Medline, A., Roncucci, L., Stamp, D., &
Zhang, X.M. 1992. Aberrant crypt foci and
microadenoma as markers for colon cancer.
Environ. Health Perspect. 98: 195-197. doi:
10.1289/ehp.9298195.

Bertrand, E., El Boustany, P., Faulds, C., &
Berdagué, J.L. 2018. The Maillard reaction in
food: An introduction. In book: Reference
Module in Food Science 1-10. doi:
10.1016/B978-0-08-100596-5.21459-5.

Biluca, F.C., Braghini, F., Gonzaga, L.V., Costa,
A.C.O., & Fett, R. 2016. Physicochemical
profiles, minerals and bioactive compounds of
stingless bee honey (Meliponinae). J. Food
Compos. Anal. 50: 61-69. doi:
10.1016/j.jfca.2016.05.007.

Biluca, F.C., Della Betta, F., de Oliveira, G.P.,
Pereira, L. M., Gonzaga, L. V., Costa, A. C.
0., & Fett, R. 2014. 5-HMF and carbohydrates
content in stingless bee honey by CE before
and after thermal treatment. Food Chem. 159:
244-249, doi:
10.1016/j.foodchem.2014.03.016.

Blidi, S., Gotsiou, P., Loupassaki, S., Grigorakis, S.,
& Calokerinos, A.C. 2017. Effect of thermal
treatment on the quality of honey samples
from Crete. Adv. Food Sci. Eng. 1(1): 1-8. doi:
10.22606/afse.2017.11001.

Bogdanov, S., Lillmann, C., Martin, P., von der Ohe,
W., Russmann, H., Vorwohl, G., et al. 1999.
Honey quality and international regulatory
standards: review by the International Honey
Commission. Bee World. 80(2): 61-69. doi:
10.1080/0005772x.1999.11099428.

Borrelli, R.C., & Fogliano, V. 2005. Bread crust
melanoidins as potential prebiotic ingredients.
Mol. Nutr. Food Res. 49(7): 673-678. doi:
10.1002/mnfr.200500011.

106

Bruce, W.R., Archer, M.C., Corpet, D.E., Medline,
A., Minkin, S., Stamp, D., Yin, Y., & Zhang,
X.M. 1993. Diet, aberrant crypt foci and
colorectal cancer. Mutat. Res. 290(1): 111—
118. doi: 10.1016/0027-5107(93)90038-h.

Brudzynski, K. 2012. Honey melanoidins: Emerging
novel understanding on the mechanism of
antioxidant and antibacterial action of honey.
In book: Honey: Current Research and
Clinical Application. Chapter: 1l. Nova Science
Publishers, Inc. 17-38. (Retrieved by:
27.07.2021),
https://www.researchgate.net/publication/230
899121 _Honey_Melanoidins_Emerging_Nov
el_Understanding_on_the_Mechanism_of A
ntioxidant_and_Antibacterial_Action_of Hon

ey.

Brudzynski, K., & Miotto, D. 2011a. Honey
melanoidins: Analysis of the compositions of
the high molecular weight melanoidins
exhibiting radical-scavenging activity. Food
Chem. 127(3): 1023-1030. doi:
10.1016/j.foodchem.2011.01.075.

Brudzynski, K., & Miotto, D. 2011b. The recognition
of high molecular weight melanoidins as the
main components responsible for radical-
scavenging capacity of unheated and heat-
treated Canadian honeys. Food Chem.
125(2): 570-575. doi:
10.1016/j.foodchem.2010.09.049.

Brudzynski, K., & Miotto, D. 2011c. The relationship
between the content of Maillard reaction-like
products and bioactivity of Canadian honeys.
Food Chem. 124(3): 869-874. doi:
10.1016/j.foodchem.2010.07.009.

Cammerer, B., Jalyschko, W., & Kroh, L.W. 2002.
Intact carbohydrate structures as part of the
melanoidin skeleton. J. Agric. Food Chem.
50(7): 2083—2087. doi: 10.1021/jf011106w.

Capuano, E., & Fogliano, V. 2011. Acrylamide and
5-hydroxymethylfurfural (HMF): A review on
metabolism, toxicity, occurrence in food and
mitigation strategies. LWT - Food Sci.
Technol. 44(4): 793-810. doi:
10.1016/j.lwt.2010.11.002.

Capuano, E., Ferrigno, A., Acampa, |., Ait-Ameur, L.,
& Fogliano, V. 2008. Characterization of the
Maillard reaction in bread crisps. Eur. Food
Res. Technol. 228(2): 311-319. doi:

U.An D. - U.Bee J. 2022, 22 (1): 96-113



10.1007/s00217-008-0936-5.

Carvalho, D.O., Correia, E., Lopes, L., & Guido, L.F.
2014. Further insights into the role of
melanoidins on the antioxidant potential of
barley malt. Food Chem. 160: 127-133. doi:
10.1016/j.foodchem.2014.03.074.

Chua, L.S., Adnan, N.A., Abdul-Rahaman, N.L., &
Sarmidi, M.R. 2014. Effect of thermal
treatment on the biochemical composition of
tropical honey simples. Int. Food Res. J.
21(2): 773-778. doi: 10.18689/mijft-1000124.

Chuttong, B., Chanbang, Y., Sringarm, K., & Burgett,
M. 2016. Physicochemical profiles of stingless
bee (Apidae: Meliponini) honey from South
East Asia (Thailand). Food Chem. 192: 149-
155. doi: 10.1016/j.foodchem.2015.06.089.

CXS 12 1981. Adopted in 1981. Revised in 1987,
2001. Amended in 2019. Standard for Honey.
Codex Alimentarius International Food
Standards. (Access date: 05.09.2019)
https://www.fao.org/fao-who-
codexalimentarius/sh-
proxy/es/?Ink=1&url=https%253A%252F %25
2Fworkspace.fao.org%252F sites%252F code
x%252F Standards%252F CXS%2B12-
1981%252FCXS_012s.pdf.

De Almeida, M.L.B., Stramm, K.M., Horita, A., Barth,
O.M., da Silva de Freitas, A., & Estevinho,
L.M. 2013, Comparative study of the
physicochemical and palynological
characteristics of honey from Melipona
subnitida and Apis mellifera. Int. J. Food Sci.
Technol. 48(8): 1698-1706. doi:
10.1111/ijfs.12140.

De Oliveira, F.C., Coimbra, J.S. dos R., de Oliveira,
E.B., Zuhiga, A.D.G., & Rojas, E.E.G. 2016.
Food protein-polysaccharide  conjugates
obtained via the Maillard reaction: A Review.
Crit. Rev. Food Sci. Nutr. 56(7): 1108-1125.
doi: 10.1080/10408398.2012.755669.

Diaz, M.N., Cavia S.M., Salazar, G., Dolores R.P.M.,
& Muniiz, P. 2020. Cytotoxicity study of bakery
product melanoidins on intestinal and
endothelial cell lines. Food Chem. 343:
128405. doi:
10.1016/j.foodchem.2020.128405.

Durling, L.J.K., Busk, L., & Hellman, B.E. 2009.
Evaluation of the DNA damaging effect of the
heat-induced food toxicant 5-

DERLEME / REVIEW

hydroxymethylfurfural (HMF) in various cell
lines with different activities of
sulfotransferases. Food Chem. Toxicol. 47(4):
880—884. doi; 10.1016/j.fct.2009.01.022.

Echavarria, A.P., Pagan, J., & lbarz, A. 2012.
Melanoidins Formed by Maillard Reaction in
Food and Their Biological Activity. Food Eng.
Rev. 4(4): 203-223. doi: 10.1007/s12393-
012-9057-9.

EFSA 2005. Opinion of the scientific panel on food
additives, flavourings, processing aids and
materials in contact with food (AFC) on a
request from the commission related to
flavouring group evaluation 13: furfuryl and
furan derivatives with and without additional
sidechain substituents and heteroatoms from
chemical group 14. EFSA J. 215, 1-73
(Access 27.07.2019),
https://efsa.onlinelibrary.wiley.com/doi/epdf/1
0.2903/j.efsa.2005.215.

Escriche, I., Visquert, M., Juan-Borras, M., & Fito, P.
2009. Influence of simulated industrial thermal
treatments on the volatile fractions of different
varieties of honey. Food Chem. 112(2): 329—
338. doi: 10.1016/j.foodchem.2008.05.068.

EU 2002. Council Directive 2001/110/EC of 20
December 2001 relating to honey. Official
Journal, L 10, 47-52. (Access date:
18.08.2019),
https://www.fao.org/faolex/results/details/es/c
/LEX-FAOC037441/.

Friedman, M. 1996. Food browning and its
prevention:  An overview. J. Agric. Food
Chem. 44(3): 631-653.

doi: 10.1021/jf950394r.

Fromowitz, M., Shuga, J., Wlassowsky, A.Y., Ji, Z.,
North, M., Vulpe, C.D., Smith, M.T., & Zhang,
L. 2012. Bone marrow genotoxicity of 2, 5-
dimethylfuran, a green biofuel candidate.
Environ. Mol. Mutagen. 53(6): 488—491. doi:
10.1002/em.21707.

Glatt, H., Schneider, H., Murkovic, M., Monien, B.H.,
& Meinl, W. 2011. Hydroxymethyl-substituted
furans: mutagenicity in Salmonella
typhimurium strains engineered for
expression of various human and rodent
sulphotransferases. Mutagenesis. 27(1): 41—
48. doi: 10.1093/mutage/ger054.

Goékmen, V., Cetinkaya Acar, O., Kéksel, H., & Acar,

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 96-113 107



DERLEME / REVIEW

J. 2007. Effects of dough formula and baking
conditions on acrylamide and
hydroxymethylfurfural formation in cookies.
Food Chem. 104(3): 1136-1142. doi:
10.1016/j.foodchem.2007.01.008.

Goulas, V., Nicolaou, D., Botsaris, G., & Barbouti, A.
2018. Straw wine melanoidins as potential
multifunctional agents: insight into antioxidant,
antibacterial, and angiotensin-l-converting
enzyme inhibition effects. Biomedicines. 6(3):
83. doi: 10.3390/biomedicines6030083.

Gregorc, A., JuriSi¢, S., & Sampson, B. 2020.
Hydroxymethylfurfural affects caged honey
bees (Apis mellifera carnica). Diversity 2020,
12(1): 18. doi: 10.3390/d12010018.

Guo, W., Liu, Y. Zhu, X.,, & Wang, S. 2011.
Temperature-dependent dielectric properties
of honey associated with dielectric heating. J.
Food Eng. 102(3): 209-216. doi:
10.1016/j.jfoodeng.2010.08.016.

Hayase, F., Usui, T., Nishiyama, K., Sasaki, S.,
Shirahashi, Y., Tsuchiya, N., et al. 2005.
Chemistry and biological effects of
melanoidins and glyceraldehyde-derived
pyridinium as advanced glycation and
products. Ann. N. Y. Acad. Sci. 1043(1); 104—
110. doi: 10.1196/annals.1333.013.

Hayden, M.R., & Tyagi, S.C. 2004, Uric acid: A new
look at an old risk marker for cardiovascular
disease, metabolic syndrome, and type 2
diabetes mellitus: The urate redox shuttle.
Nutr. Metab. 1(1): 10. doi: 10.1186/1743-
7075-1-10.

Hiramoto, S., Itoh, K., Shizuuchi, S., Kawachi, Y.,
Morishita, Y., Nagase, M., et al. 2004.
Melanoidin, a food protein-derived advanced
Maillard reaction product, suppresses
Helicobacter pylori in vitro and in vivo.
Helicobacter. 9(5): 429-435. doi:
10.1111/j.1083-4389.2004.00263.x.

Hofmann, T. 1998. Studies on melanoidin-type
colorants generated from the Maillard reaction
of protein-bound lysine and furan-2-
carboxaldehyde - chemical characterisation of
a red coloured domaine. Zeitschrift For
Lebensmitteluntersuchung Und -Forschung
A 206 (4): 251-258. doi:
10.1007/s002170050253.

Hgie, A.H., Svendsen, C., Brunborg, G., Glatt, H.,

108

Alexander, J., Meinl, W., & Husay, T. 2015.
Genotoxicity of three food processing
contaminants in transgenic mice expressing
human sulfotransferases 1A1 and 1A2 as
assessed by the in vivo alkaline single cell gel
electrophoresis  assay. Environ.  Mol.
Mutagen. 56(8): 709-714. doi:
10.1002/em.21963.

Huidobro, J.F., & Simal, J. 1984. Parametros de
Calidad de la miel VI: hidroximetilfurfural.
Offarm. 3 (12): 767-781. (Retrevied by:
24.06.2019),
https://www.researchgate.net/publication/235
698354 Parametros_de_calidad_de_la_miel
_VI_Hidroximetilfurfural.

Ibarz, A., Garvin, A., Garza, S., & Pagan, J. 2009.
Toxic effect of melanoidins from glucose—
asparagine on trypsin activity. Food Chem.
Toxicol. 47(8): 2071-2075. doi:
10.1016/j.fct.2009.05.025.

Jachimowicz, T., & El Sherbiny, G. 1975. Zur
problematik der verwendung von invertzucker
fur die bienenfltterung. Apidologie, Springer
Verlag, 6 (2): 121- 143. ffhal-00890379f

(Retrevied by: 20.07.2019),
https://hal.archives-ouvertes.fr/hal-
00890379/document.

Janzowski, C., Glaab, V., Samimi, E., Schlatter, J.,
& Eisenbrand, G. 2000. 5-
Hydroxymethylfurfural: assessment of
mutagenicity, DNA-damaging potential and
reactivity towards cellular glutathione. Food
Chem. Toxicol. 38(9): 801-809. doi:
10.1016/s0278-6915(00)00070-3.

Kamei, H., Koide, T., Hashimoto, Y., Kojima, T.,
Umeda, T., & Hasegawa, M. 1997. Tumor cell
growth-inhibiting effect of melanoidins
extracted from miso and soy sauce. Cancer
Biother. Radiopharm. 12(6): 405-409. doi:
10.1089/cbr.1997.12.405.

Karabagias, [|.K., Badeka, A., Kontakos, S.,
Karabournioti, S., & Kontominas, M.G. 2014.
Characterization and classification of Thymus

capitatus  (L.) honey according to
geographical origin based on volatile
compounds, physicochemical parameters

and chemometrics. Food Res. Int. 55: 363—
372. doi: 10.1016/j.foodres.2013.11.032.

Khalil, M.1., Sulaiman, S.A., & Gan, S.H. 2010. High

U.An D. - U.Bee J. 2022, 22 (1): 96-113



5-hydroxymethylfurfural concentrations are
found in Malaysian honey samples stored for
more than one year. Food Chem. Toxicol.

48(8-9): 2388-2392. doi:
10.1016/j.fct.2010.05.076.

Kitts, D.D., Chen, XM., & Jing, H. 2012
Demonstration of antioxidant and anti-

inflammatory bioactivities from sugar—amino
acid Maillard reaction products. J. Agric. Food
Chem. 60 (27): 6718-6727. doi
10.1021/jf2044636.

Langner, E., & Rzeski, W. 2013. Biological
properties of melanoidins: A review. Int. J.
Food Prop. 17(2): 344-353.
doi: 10.1080/10942912.2011.631253.

Le Blanc, B.W., Eggleston, G., Sammataro, D.,
Cornett, C., Dufault, R., Deeby, T., & St. Cyr,
E. 2009. Formation of hydroxymethylfurfural
in domestic high-fructose corn syrup and its
toxicity to the honey bee (Apis mellifera). J.
Agric. Food Chem. 57 (16): 7369-7376.
doi: 10.1021/jf9014526.

Lee, C.H., Chen, K.T., Lin, J.A., Chen, Y.T., Chen,
Y.A., Wu, J.T., & Hsieh, C.W. 2019. Recent
advances in processing technology to reduce
5-hydroxymethylfurfural in foods. Trends
Food Sci. Technol. 93: 271-280. doi:
10.1016/j.tifs.2019.09.021.

Lee, Y.C., Shlyankevich, M., Jeong, H. K., Douglas,
J. S., & Surh, Y.J. 1995, Bioactivation of 5-
hydroxymethyl-2-furaldehyde to an
electrophilic and mutagenic allylic sulfuric acid
ester. Biochem. Biophys. Res. Commun. 209
(3): 996—1002. doi: 10.1006/bbrc.1995.1596.

Li, M.M., Wu, L.Y., Zhao, T., Xiong, L., Huang, X,
Liu, Z.H., et al. 2010. The protective role of 5-
HMF against hypoxic injury. Cell Stress
Chaperones. 16(3): 267-273. doi:
10.1007/s12192-010-0238-2.

Libonnatti, C., Varela, S., & Basualdo, M. 2014,
Antibacterial activity of honey: A review of
honey around the world. J. Microbiol.
Antimicrob. 6(3): 51-56.
doi: 10.5897/jma2014.0308.

Lindenmeier, M., Faist, V., & Hofmann, T. 2002.
Structural and functional characterization of
pronyl-lysine, a novel protein modification in
bread crust melanoidins showing in vitro
antioxidative and phase /Il enzyme

DERLEME / REVIEW

modulating activity. J. Agric. Food Chem.
50(24): 6997—7006. doi: 10.1021/jf020618n.

Liu, X., Xia, B., Hu, L., Ni, Z., Thakur, K., & Wei, Z.
2020; Maillard conjugates and their potential
in food and nutritional industries: A review.
Food Frontiers. 1(4): 382-397. doi:
10.1002/fft2.43.

Lund, M.N., & Ray, C.A. 2017. Control of Maillard
Reactions in Foods: Strategies and Chemical
Mechanisms. J. Agric. Food Chem. 65(23):
4537-4552. doi: 10.1021/acs.jafc.7b00882.

Machiels, D., & Istasse, L. 2002. La réaction de
Maillard : importance et applications en chimie
des aliments. Ann. Med. Vet. 146(6): 347-352.
Available:
http://www.facmv.ulg.ac.be/amv/articles/2002
_146_6_04.pdf.

Majtan, J. 2011. Methylglyoxal—A potential risk
factor of Manuka honey in healing of diabetic
ulcers. Evid. Based Complement. Alternat.
Med. 1-5. doi: 10.1093/ecam/neq013.

Manzocco, L., Calligaris, S., Mastrocola, D., Nicoli,
M.C., & Lerici, C.R. 2000. Review of non-
enzymatic browning and antioxidant capacity
in processed foods. Trends Food Sci.
Technol. 11(9-10): 340-346. doi:
10.1016/s0924-2244(01)00014-0.

Marko, D., Kemény, M., Bernady, E., Habermeyer,
M., Weyand, U., Meiers, S., Frank, O., &
Hofmann, T. 2002. Studies on the inhibition of
tumor cell growth and microtubule assembly
by 3-hydroxy-4-[(E)-(2-
furyl)methylidene]methyl-3-cyclopentene-1,2-
dione, an intensively coloured Maillard
reaction product. Food Chem. Toxicol. 40(1):
9-18. doi: 10.1016/s0278-6915(01)00093-x.

Martins, S.I.F.S., Jongen, W.M.F., & van Boekel,
M.A.J.S. 2001. A review of Maillard reaction in
food and implications to kenetic modelling.
Trends Food Sci. Technol. 11: 364-373.
doi: 10.1016/S0924-2244(01)00022-X.

Mavric, E., Wittmann, S., Barth, G., & Henle, T.
2008. Identification and quantification of
methylglyoxal as the dominant antibacterial
constituent of Manuka (Leptospermum
scoparium) honeys from New Zealand. Mol.
Nutr. Food Res. 52(4): 483-489. doi:
10.1002/mnfr.200700282.

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 96-113 109



DERLEME / REVIEW

Morales, F.J. 2008. Hydroxymethylfurfural (HMF)
and related compounds. Process-Induced
Food Toxicants: Occurrence, Formation,
Mitigation, and Health Risks. John Wiley &
Sons, USA, 135-174. doi:
10.1002/9780470430101.ch2e.

Murkovic, M., & Bornik, M.A. 2007. Formation of 5-
hydroxymethyl-2-furfural (HMF) and 5-
hydroxymethyl-2-furoic acid during roasting of
coffee. Mol. Nutr. Food Res. 51(4): 390-394.
doi: 10.1002/mnfr.200600251.

Narayana Murthy, U.M., & Sun, W.Q. 2000. Protein
modification by Amadori and Maillard
reactions during seed storage: roles of sugar
hydrolysis and lipid peroxidation. J. Exp. Bot.
51(348): 1221-1228. doi:
10.1093/jexbot/51.348.1221.

Neupane, K., & Thapa, R. 2005. Alternative to off-
season sugar supplement feeding of
honeybees. J Inst Agric Anim Sci. 26: 77-81.
doi: 10.3126/jiaas.v26i0.615.

Nishi, Y., Miyakawa, Y., & Kato, K. 1989.
Chromosome  aberrations induced by
pyrolysates of carbohydrates in Chinese
hamster V79 cells. Mutat. Res. Lett. 227(2):
117-123. doi: 10.1016/0165-7992(89)90007-
9.

Nordin, A., Sainik, N.Q.A\V., Chowdhury, S.R,,
Saim, AB., & Idrus, R.B.H. 2018.
Physicochemical properties of stingless bee
honey from around the globe: A
comprehensive review. J. Food Compos.
Anal. 73: 91-102. doi:
10.1016/j.jfca.2018.06.002.

Otles S. 2006. Antioxidative properties of honey in
poultry meat. Science of honey. (Access date:
16.04.2019),
http://eng.ege.edu.tr/~otles/honey/?hny=hnyl
nk27 [23 April 2019].

Pastoriza de la C.S., Alvarez, J., Végvari, A,
Montilla, G.J., Cruz, L.O., Delgado, A.C., &
Rufian-Henares, J.A.. 2016. Relationship
between HMF intake and SMF formation in
vivo: An animal and human study. Mol. Nutr.
Food Res. 61(3): 1600773. doi:
10.1002/mnfr.201600773.

Ramirez, J.A., Guerra, H.E, & Garcia, V.B. 2000.
Browning Indicators in bread. J. Agric. Food
Chem. 48(9): 4176-4181. doi:

110

10.1021/jf9907687.

Rawel, H.M., & Rohn, S. 2010. Nature of
hydroxycinnamate-protein interactions.
Phytochem. Rev. 9 (1): 93-109. doi:

10.1007/s11101-009-9154-4
https://produccioncientificaluz.org/index.php/
cientifica/article/view/14793.

Rios, A.M., Novoa, M.L., & Vit, P. 2001. Effects of
extraction, storage conditions and heating
treatment on antibacterial activity of
Zanthoxylum fagara honey from Cojedes,
Venezuela. RevicyhLUZ.  11(5): 397-402.
(Retrevied by: 21.07.2019),
https://produccioncientificaluz.org/index.php/
cientifica/article/view/14793.

Rufian-Henares, J.A., & Morales, F.J. 2007.
Angiotensin-l converting enzyme inhibitory
activity of coffee melanoidins. J. Agric. Food
Chem. 55(4): 1480-1485. doi:
10.1021/jf062604d.

Rufian-Henares, J.A., & Morales, F.J. 2007.
Functional properties of melanoidins: In vitro

antioxidant, antimicrobial and
antihypertensive activities. Food Res. Int.
40(8): 995-1002. doi:

10.1016/j.foodres.2007.05.002.

Rufian-Henares. J.A., & Morales, F.J. 2008.
Antimicrobial activity of melanoidins against
Escherichia coli is mediated by a membrane
damage mechanism. J. Agric. Food Chem.
56: 2357-2362 doi: 10.1021/jf073300+.

Rufian-Henares, J.A., & Pastoriza, de la C.S. 2009.
Antimicrobial activity of coffee melanoidins-A
study of their metal-chelating properties. J.
Agric. Food Chem. 57(2): 432-438.
doi: 10.1021/jf8027842.

Sanchez, C., Castignani, H., & Rabaglio, M., 2018.
El mercado apicola internacional. INTA.
Argentina.  (Access date: 11.06.2019)
https://inta.gob.ar/sites/default/files/inta_cicp
es_instdeeconomia_sanchez_mercado_apic
ola_internacional.pdf.

Sanz, C.S., & Sanz C.M.M. 1994. indice de
diastasas y contenido de hidroximetilfurfural
en las mieles de La Rioja. Zubia 12:181-1991.

(Retrieved by: 18.05.2019),
https://dialnet.unirioja.es/servlet/articulo?codi
go=110290.

U.An D. - U.Bee J. 2022, 22 (1): 96-113



Sarié, G., Markovi¢, K., Vukicevi¢, D., Lez, E.,
Hruskar, M., & Vah¢i¢, N. 2013. Changes of
antioxidant activity in honey after heat
treatment. Czech J. Food Sci. 31(6): 601-606.
doi: 10.17221/509/2012-cjfs.

Schoental, R., Hard, G., & Gibbard, S. 1971.
Histopathology of renal lipomatous tumors in
rats treated with the “natural” products,
pyrrolizidine alkaloids and a, B-unsaturated
aldehydes. JNCI: J. Natl. Cancer Inst. 47(5):
1037-1034. doi: 10.1093/jnci/47.5.1037.

Shapla, U.M., Solayman, M., Alam, N., Khalil, M., &
Gan, S.H. 2018. 5-Hydroxymethylfurfural
(HMF) levels in honey and other food
products: effects on bees and human health.
Chem. Cent. J. 12(35). doi: 10.1186/s13065-
018-0408-3.

Silvan, J.M., Assar, S.H., Srey, C., Dolores del
Castillo, M., & Ames, J.M. 2011. Control of the
Maillard reaction by ferulic acid. Food Chem.
128(1): 208-213.
doi: 10.1016/j.foodchem.2011.03.047.

Silvan, J.M., van de Lagemaat, J., Olano, A., & Del
Castillo, M.D. 2006. Analysis and biological
properties of amino acid derivates formed by
Maillard reaction in foods. J. Pharm. Biomed.
Anal. 41(5): 1543-1551.
doi: 10.1016/j.jpba.2006.04.004.

Soliman, W., El-Sharkawy, H., El-Santeel, F., &
Khattaby, A. 2019. Effect of storage and heat
on chemical-physical  properties and
antimicrobial activity of bee honey. J. Prod.
Dev. 24(4): 773-786. doi:
10.21608/jpd.2019.81024.

Sousa, J.M.B. de, Souza, E.L. de, Marques, G.,
Benassi, M. de T., Gullén, B., Pintado, M.M.,
& Magnani, M. 2016. Sugar profile,
physicochemical and sensory aspects of
monofloral honeys produced by different
stingless bee species in Brazilian semi-arid
region. LWT - Food Sci. Technol. 65: 645—
651. doi: 10.1016/j.lwt.2015.08.058.

Souza F.W.E., Mendes, A.E.M., Paiva, S., K. M.,
Barros, M.F.l., Reinaldo, O.V., Ribeiro L.C.,
Aroucha, S.M.C. 2010. Parametros fisico-
quimicos do mel de abelha sem Ferrdao
(Melipona subnitida) apos tratamento termico.
Acta Vet. Bras. 4(3): 153-157. (Access date:
06.06.2019),

DERLEME / REVIEW

https://www.researchgate.net/publication/277
033378_PARAMETROS_FISICO-
QUIMICOS_DO_MEL_DE_ABELHA_SEM_F
ERRAO_Melipona_subnitida_ APOS_TRATA
MENTO_TERMICO.

Spano, N., Casula, L., Panzanelli, A., Pilo, M., Pliu,
P., Scanu, R., Tapparo, A., & Sanna, G. 2006.
An  RP-HPLC determination of 5-
hydroxymethylfurfural in honeyThe case of
strawberry tree honey. Talanta. 68(4): 1390—
1395. doi: 10.1016/j.talanta.2005.08.003.

Subramanian, R., Umesh Hebbar, H., & Rastogi,
N.K. 2007. Processing of Honey: A Review.
Int. J. Food Prop. 10(1): 127-143.
doi: 10.1080/10942910600981708.

Suntiparapop, K., Prapaipong, P, &
Chantawannakul, P. 2012. Chemical and
biological properties of honey from Thai
stingless bee (Tetragonula leaviceps). J. Apic.
Res. 51(1): 45-52. doi:
10.3896/ibra.1.51.1.06.

Surh, Y.J., & Tannenbaum, S.R. 1994. Activation of
the Maillard reaction product 5-
(hydroxymethyl) furfural to strong mutagens
via allylic sulfonation and chlorination. Chem.
Res. Toxicol. 7(3): 313-318. doi:
10.1021/tx00039a007.

Surh, Y. J., Liem, A., Miller, J.A., & Tannenbaum,
S.R. 1994. 5-Sulfooxymethylfurfural as a
possible ultimate mutagenic and carcinogenic
metabolite of the Maillard reaction product, 5-
hydroxymethylfurfural. Carcinogenesis.
15(10): 2375-2377. doi:
10.1093/carcin/15.10.2375.

Svendsen, C., Husgy, T., Glatt, H., Paulsen, J.E., &
Alexander, J. 2009. 5-Hydroxymethylfurfural
and 5-sulfooxymethylfurfural increase
adenoma and flat ACF number in the intestine
of Min/+ mice. Anticancer Res. 29: 1921-1926
(Retrieved by: 19.06.2019),
https://ar.iiarjournals.org/content/anticanres/2
9/6/1921..full.pdf.

Tagliazucchi, D., & Verzelloni, E. 2014. Relationship
between the chemical composition and the
biological activities of food melanoidins. Food
Sci. Biotechnol. 23(2): 561-568. doi:
10.1007/s10068-014-0077-5.

Tressl, R., Wondrak, G.T., Krlger, R.P., & Rewicki,
D. 1998. New Melanoidin-like Maillard

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 96-113 111



DERLEME / REVIEW

Polymers from 2-Deoxypentoses. J. Agric.
Food Chem. 46(1): 104-110. doi:
10.1021/jf970657c.

Turhan, 1., Tetik, N., Karhan, M., Gurel, F., & Reyhan
Tavukcuoglu, H. 2008. Quality of honeys
influenced by thermal treatment. LWT - Food
Sci. Technol. 41(8): 1396-1399. doi:
10.1016/j.lwt.2007.09.008.

Turkmen, N., Sari, F., Poyrazoglu, E.S., & Velioglu,
Y.S. 2006. Effects of prolonged heating on
antioxidant activity and colour of honey. Food
Chem. 95(4): 653-657. doi:
10.1016/j.foodchem.2005.02.004.

Turkut, G.M., Degirmenci1, A, Yildiz, O., Can, Z.,
Cavrar, S., Yaylaci K. F., Kolayli, S. 2018.
Investigating 5-hydroxymethylfurfural
formation kinetic and antioxidant activity in
heat treated honey from different floral
sources. J. Food Meas. Charact. 12:2358—
2365.doi: https://doi.org/10.1007/s11694-
018-9852-y.

Van Boekel, M.A.J.S. 1998. Effect of heating on
Maillard reactions in milk. Food Chem. 62(4):
403-414. doi: 10.1016/s0308-
8146(98)00075-2.

Van Boekel, M.A.J.S. 2001. Kinetic aspects of the
Maillard reaction: a critical review. Nahrung.
45 (3): 150-159. doi: 10.1002/1521-
3803(20010601)45:3<150::AID-
FOOD150>3.0.CO;2-9.

Visquert, F.M. 2015. Influencia de las condiciones
térmicas en la calidad de la miel. Universitat
Politécnica de Valencia. PhD diss., (Retrieved
by: 13.04.2019),
https://dialnet.unirioja.es/servlet/tesis?codigo
=74887#:~text=En%20la%20etapa%20de%
20almacenamiento%2C%20los%20tiempos
%20de%20residencia%20prolongados,condi
ciones%20de%20licuaci%C3%B3n%20y %20
pasteurizaci%C3%B3n.

Vit, P., Medina, M. & Enriquez, M.E. 2004. Quality
standards for medicinal uses of Meliponinae
honey in Guatemala, Mexico and Venezuela.
Bee World. 85(1): 2-5,
doi: 10.1080/0005772x.2004.11099603.

Wang, M.Y., Zhao, F.M., Peng, H.Y., Lou, C.H,, Lj,
Y., Ding, X., et al. 2010. Investigation on the
morphological protective effect of 5-
hydroxymethylfurfural extracted from wine-

112

processed Fructus corni on human L02
hepatocytes. J. Ethnopharmacol. 130(2):
424-428. doi: 10.1016/j.jep.2010.05.024.

Wen, X., Enokizo, A., Hattori, H., Kobayashi, S.,
Murata, M., & Homma, S. 2005. Effect of
roasting on properties of the zinc-chelating
substance in coffee brews. J. Agric. Food
Chem. 53(7): 2684-2689. doi:
10.1021/jf048304i.

Yamada, P., Nemoto, M., Shigemori, H., Yokota, &
Isoda, H. 2011. Isolation of 5-
(Hydroxymethyl)furfural from Lycium
chinense and its inhibitory effect on the
chemical mediator release by basophilic cells.
Planta Med. 77(05): 434—440. doi: 10.1055/s-
0030-1250402.

Zamora, R., & Hidalgo, F.J. 2005. Coordinate
contribution of lipid oxidation and Maillard
reaction to the nonenzymatic food browning.
Crit. Rev. Food Sci. Nutr. 45(1): 49-59. doi:
10.1080/10408690590900117.

Zee van der, R., & Pisa, L. 2010. Bijensterfte 2009-
10 en toxische invertsuikersiroop Onderzoek
naar de schadelijkheid voor bijen van Sint-
Ambrosius (Fructo - Bee) Siroop. Nederlands
Centrum Bijenonderzoek. 1-15. (Retrieved by:
27.06.2019),
https://www.bijenonderzoek.nl/Downloads/Bij
ensterfte%202009-
10_en%20toxische_%20invertsuikersiroop.p
df.

Zhang, X.M., Chan, C.C., Stamp, D., Minkin, S., C.
Archer, M., & Bruce, W.R. 1993. Initiation and
promotion of colonic aberrant crypt foci in rats
by 5-hydroxymethy1-2-furaldehyde in
thermolyzed sucrose. Carcinogenesis. 14(4):
773-775. doi: 10.1093/carcin/14.4.773.

Zhao, L., Chen, J., Su, J., Li, L., Hu, S., Li, B., Zhang,
X., Xu, Z., Chen, T., 2013. In vitro antioxidant
and antiproliferative  activities of 5-
Hydroxymethylfurfural. J. Agric. Food Chem.
61(44), 10604-10611 doi: 10.1021/jf403098y.

Zhao, L., Su, J., Li, L., Chen, J., Hu, S., Zhang, X., &
Chen, T. 2014. Mechanistic elucidation of
apoptosis and cell cycle arrest induced by 5-
hydroxymethylfurfural, the important role of
ROS-mediated signaling pathways. Food
Res. Int. 66: 186—-196. doi:
10.1016/j.foodres.2014.08.051.

U.An D. - U.Bee J. 2022, 22 (1): 96-113



DERLEME / REVIEW

Zirbes, L., Nguyen, B.K., de Graaf, D.C., De cause of honey bee mortality? J. Agric. Food
Meulenaer, B., Reybroeck, W., Haubruge, E., Chem. 61(49): 11865-11870. doi:
& Saegerman, C. 2013. 10.1021/jf403280n.

Hydroxymethylfurfural: A possible emergent

Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (1): 96-113 113



	kapak22-1
	icindekiler22-1
	Dergi 2022.1 Metin (12)

