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ABSTRACT

Antioxidants play a crucial function in fighting free radicals that can harm biomolecules in the human
body and damage cells, which can lead to immunological disorders including inflammation. In this
research, we evaluated bee pollen extracts from six stingless bees (Heterotrigona itama, Tetragonula
reepeni, Tetragonula testaceitarsis, Tetragonula fuscobalteata, Tetragonula iridipennis, and
Tetragonula pagdeni) processed using different drying methods for antioxidant and anti-inflammatory
activity. Each sample was divided into two specimens, where one was processed by ovendrying at
40°C and the second was chilled at 4 °C, then extracted by ethanol. The extracts of T. fuscobalteata
had the highest antioxidant activity when dried in an oven with an ICso value of 36.47 ug/mL, while T.
reepeni using a chiller was 41.30 mg/mL. The highest anti-inflammatory activity was for oven-dried T.
fuscobalteata with an I1Cso of 39.70 mg/mL, while chilled T. reepeni was 34.30 ug/mL. Different drying
techniques can affect the antioxidant and anti-inflammatory activity of bee pollen extracts as well as
their potential as food, pharmaceutical and cosmetic ingredients.
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oz

Antioksidanlar, insan viicudundaki biyomolekiillere zarar verebilecek ve hiicrelere zarar verebilecek,
iltihaplanma dahil dejeneratif hastaliklara yol agabilecek serbest radikallerle savagsmada ¢ok 6nemli
bir islev oynamaktadir. Bu arastirmada, farkli kurutma ydntemleriyle iglenmis alti ignesiz aridan
(Heterotrigona itama, Tetragonula reepeni, Tetragonula testaceitarsis, Tetragonula fuscobalteata,
Tetragonula iridipennis ve Tetragonula pagdeni) ari poleni ekstraktlarini antioksidan ve anti-
inflamatuvar olarak degerlendirilmistir. Ar polenleri, 40°C'de firinda kurutma yoluyla kurutulmus ve
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4°C'de sogutularak, ardindan etanol ile 6ziimlenmistir. Firinda T. fuscobalteata ekstreleri 36.47 pg/mL
ICso degerleri ile en yiiksek antioksidan degerine sahipken, sogutma grubu T. reepeni 41.30 mg/mL
olarak bulunmustur. En yiiksek anti-inflamatuvar etki firrna gére T. fuscobalteata, ICso degeri 39.70
mg/mL ve sogutucuya gore T. reepeni 34.30 pg/mL belirlenmistir. Bu bulgular, farkhi kurutma
tekniklerinin ari polenlerinin antioksidan ve anti-inflamatuvar 6zelliklerini etkiledigini ve gida, ilag ve
kozmetik icin gli¢lii bir malzemeye sahip oldugunu ileri siirmektedir.

Anahtar Kelimeler: Antioksidan, Anti-inflamatuvar, Ari poleni, Kurutma yéntemi, ignesiz arilar

GENISLETILMiS OZET

Amag: Dejeneratif hastaliklarin artan yayginhg,
pahali tedavi masraflari ve geleneksel ilaglarin
kullanimindan kaynaklanan 6énemli yan etki riski,
gidanin ilag olarak e konusunda halkin farkindahgini
artirmigtir. Arilarin yan Urdnlerinden biri olan ari
poleni, fenolik bilesikler ve protein, amino asitler,
lipitler, makro-mikro bilesenler ve viicudun bagisiklik
sistemini desteklemek igcin ¢ok 6nemli olan diger
vitaminler gibi besinler igerdiginden tam bir gida
oldugu dusunulmektedir. Ari poleni, biylk miktarda
aktif madde icerdiginden gunlik yemek takviyeleri
icin alternatif bir kaynaktir. Ancak Kellut ar
ciftcilerinin Urettigi ar poleni, bu an ciftcilerinin ari
polenini faydal &6zelliklere sahip gida drinlerine
nasil donustireceklerini anlamadiklar igin siklikla
israf edilmektedir. Bu ¢alismanin amaci alti ignesiz
aridan (Heterotrigona itama, Tetragonula reepeni,
Tetragonula testaceitarsis, Tetragonula
fuscobalteata, Tetragonula iridipennis ve

Tetragonula pagdeni) elde edilen ari poleni
ekstraktlarinin  farkli  kurutma yontemleri ile
antioksidan ve anti-inflamatuar olarak

degerlendiriimesidir.

Gere¢ ve Yontem: Dogu Kalimantan Eyaleti,
Samarinda sehrinin Lempake ilgesindeki ignesiz ari
ciftgileri, ignesiz ari poleni (H. itama, T. reepenni, T.
pagdeni, T. iridipennis, T. fuscobalteata ve T.
testaceitarsis), daha sonra Haziran 2022'de
toplandi.

Bulgular ve tartigma: Ekstraksiyon oncesi ari
poleninin verim degeri 14,89-61,29 % (40°C'de
etuvde) ve 40,91-78,44 % (4°C'de sogutucu)
arasinda degismektedir. Ari poleni ekstraktinin
verim degeri 12,00-47,11 % (40 °C'de firin) ve 18,18-
77,59 % (4°C'de sogutucu) arasinda degismektedir.
Ari poleninin besin degeri, tim ari polen tirlerinin
chiller 4°C ve firin 40°C yonteminde nem igerigi, kil
icerigi, lipid icerigi ve protein icerigi icerdigini
gOstermektedir. ignesiz ar poleni ekstraktlarinin
fitokimyasal taramasinin sonuglari, alti ignesiz
aridan 40°C etivde kurutulan etanolik ekstraktin
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alkaloidler, flavonoidler, kumarinler, tanenler
icerdigini ve sogutucu 4°C kurutma yontemi
ekstraktinin alkaloidler, flavonoidler, triterpenoidler,
steroidler igerdigini  gdstermistir,  kumarinler,
saponinler, tanenler. 40°C etivde ve 4°C chiller
kurutma yontemi kullanilarak  kurutulmus ari
poleninin antioksidan ve anti-inflamatuvar aktivitesi,
4°C chiller kurutma yodnteminin IC50'sinin 40°C
etivde kurutma ybntemine gbére daha yiksek
antioksidan ve anti-inflamatuvar aktivite degeri
gosterdigini gostermektedir. Antioksidan aktivitenin
en yiksek orani, 73,14 % 'lik bir inhibisyon
ylzdesine ve 36,47 ug/mL'lik bir ICso deg@erine
sahiptir. Boylece, en disik 1Cso 34,30 ug/mL ve en
yuksek anti-inflamatuar inhibisyon yizdesi 85,54 %
olmustur.

Sonug: Alti ignesiz ari ekstresi, 4°C'de sogutucular
ve 40°C'de fininlar kullanilarak kurutuldu ve her ikisi
de cesitli fitobilesenlerin varligi nedeniyle cesitli
antioksidan sistemlere karsi potansiyel in vitro
antioksidan aktivite gosterdi. Bu aktivite ayni
zamanda gucgli membran stabilize edici ve anti-
inflamatuar etkiler géstermistir. Tim sonuglara gore,
alti ar1 poleni (ignesiz ar) ekstraktinin aktivitesi her
iki kurutma islemi icin doza bagimlidir. Bu nedenle
gida takviyesi, ilag ve kozmetik kaynagi olarak

kullaniimak Uzere alti ari poleni mustahzar
Onerilebilir.
INTRODUCTION

Several physiological processes in the body,
including the activation of enzymes, the release of
mediators, diapedesis, or the circulation of white
blood cells through capillaries to areas of
inflammation, are the body's natural protective
response to injured tissue (Singh, et al. 2019). The
earliest reaction to tissue injury is the acute
inflammatory phase, which causes local vasodilation
and increased capillary permeability, leading to fluid
build-up in the affected area. If left unchecked, it
might result in the progressive deterioration of tissue
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or turn into a chronic phase that harms crucial body
organs. Leukocyte and phagocytic infiltration into the
area of inflammation can result in increased oxygen
reception stimulation and the production of reactive
oxygen species (ROS) like superoxide ion radicals
(02°*), hydroxyl (OH*®), hydroperoxyl (OOH?®),
peroxyl (ROO*), and alkoxy (RO®) radicals as
characteristics of chronic inflammation during cell
metabolism (Tutun, et al. 2021). Primary cell
molecules can be affected by excessive production
of ROS, which can lead to the oxidation of proteins,
amino acid changes, peptide chain disintegration,
enzyme inactivation, denaturation  and lipid
peroxidation; and changes to membrane processes,
glucose autooxidation, DNA filament fragmentation,
base mutation, and modifications of gene
expression (Martemucci, et al. 2022). Then, it can
cause cell membrane damage. The role of
antioxidant and anti-inflammatory molecules is
important in neutralizing free radicals that can cause
cell and biomolecule damage in the body.

Bee pollen is a functional food source that has strong
nutrition and therapeutic properties (Rao 2020). It
contains large numbers of compounds such as
phytosterols, carbohydrates, enzymes, phenolic
compounds, flavonoids, nucleic acids, triterpenes,
and vitamins. These chemical components have
various effects, including antioxidant and anti-
inflammatory activity, thus showing considerable
biological potential to be studied as new drug
sources. However, the antioxidant and anti-
inflammatory activity of these factors influences the
antioxidant and anti-inflammatory activity of bee
pollen, such as chemical composition, geographical
conditions, botanical origin, and treatment methods
(Kalaycioglu, et al. 2017) (Spulber, et al. 2018).

Traditional drying techniques are hardly
standardized and mostly rely on pollen being
exposed to hot air flow ( Castagna, et al. 2020),
which has a negative harmful effect on the nutritional
quality of bee pollen (Dias, et al. 2016; Cinkmanis,
Dimins and Mikelsone 2017; Barajas, Cortes-
Rodriguez and Rodriguez-Sandova 2012). Recent
studies have proposed novel techniques that
operate at lower temperatures, such as 40°C ovens
(Anjos, et al. 2019); and 4°C chillers (Rzepecka-
Stojko, et al. 2014), to decrease the water content in
bee-collected pollen and also to be acceptable to
consumers in order to address these issues.

Hot air drying of bee pollen may lead to a decrease
in the antioxidant and anti-inflammatory activity of

bee pollen extracts. On the other hand, the freeze-
drying technique preserves total amino acid, proline,
and rutin content, and only removes the water
content of bee pollen (Ranieri, et al. 2017). In
addition, freeze drying supports higher levels of total
phenolic, total flavonoids, and antioxidant activity
(Dias, et al. 2016). In vitro, anti-inflammatory testing
using bee pollen extract from Scaptotrigona affinis
postica (stingless bee), when first reported, showed
antioxidant activity in all treatments and was able to
block cyclooxygenase (COX) enzyme ( Lopes, et al.
2020).

The extract of stingless bee Tetragonula
sarawakensis has antioxidant activity with an
inhibitory concentration value of 39% at 100 mg/mL
(Sari, et al. 2021). However, to the best of the
authors' knowledge, studies of the antioxidant and
anti-inflammatory activity of bee pollen extracts (H.
itama, T. reepeni, T. pagdeni, T. iridipennis, T.
fuscobalteata, and T. testaceitarsis stingless bee)
from East Kalimantan, Indonesia, processed using
an oven drying method at 40°C and a chiller drying
method at 4°C, have not been reported. Thus, the
present study aims to determine the antioxidant and
anti-inflammatory activity and conduct
phytochemicals analyses of the extracts of six
stingless bee pollen processed by oven drying at
40°C and chilling at 4°C.

MATERIALS AND METHODS
Reagents and chemicals

Ethanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
phosphate buffer, potassium dihydrogen
orthophosphate, sodium carbonate, sodium
monohydrogen orthophosphate, ethanol, and
sodium chloride were purchased from Sigma
Aldrich, Germany. Distilled water was used to
prepare all of the solutions, reagents, and buffers.
Indomethacin, a standard non-steroidal anti-
inflammatory drug, was obtained from the Faculty of
Pharmacy at Mulawarman University, Indonesia.

Bee pollen material

Stingless bee pollen samples (H. itama, T. reepenni,
T. pagdeni, T. iridipennis, T. fuscobalteata, and T.
testaceitarsis) were collected in June 2022 from
stingless bee farmers in the Lempake area,
Samarinda city, East Kalimantan Province,
Indonesia. Bee pollen (Fig. 1) was taken using a
stainless-steel spoon, then put in polyethylene
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plastic, and stored in the refrigerator for onr day
before the drying process. Then, the next day, the
bee pollen was separated from the propolis,
weighed, and dried in an oven (Memert UN 50,
Germany) at a temperature of 40°C for 8-10 days or
a chiller (Modenna SC 1303, Italy) at a temperature
of 4°C for 15-22 days. Bee pollen samples were
weighed to determine the yield (Eq.1). Then, they
were stored in glass vials before further testing.

weight of the fresh bee pollen

Yield (%) = x100 ()

weight of dried bee pollen

i aa W
Figure 1. H. itama coloni (arrow: honey and bee
pollen)

Blood Sample

Red blood samples of patient volunteers and healthy
people were used in this study. They were collected
by the Indonesian Red Cross Society (PMI). The
venepuncture method was used for blood collection.
Blood (5 mL) was taken from every healthy patient
using a new syringe and needle, a spirit swab, and a
tourniquet. The samples were collected in ethylene
diamine tetra acetate (EDTA) and plain bottles and
then gently inverted for mixing. All experiments were
performed within 72 hours of blood collection.

U.An D. - U.Bee J. 2023, 23 (2): 153-166

Extraction

Dried bee pollen (30g dry weight) was extracted by
a cold maceration (soaking) method using 96%
ethanol (1:2 w/v ratios) as a solvent and shaking for
3 x 24 hours at room temperature. Then, the extract
solution was filtered to get the filtrate from the
solvent. The filtrate was then concentrated using a
rotary vacuum evaporator to obtain a crude ethanolic
extract of bee pollen. Furthermore, the crude extract
was put into a sample bottle that had been weighed
and put in an oven at 40°C for 3-4 days to produce a
yield of the extracted sample, as presented in Eq.

weight of the bee pollen extract

Yield (%) =

: : x100 2)
weight of dried bee pollen

Proximate Analysis

The common method for determining the water
content, ash content, lipid content, and protein of six
bee pollen dried was utilized to estimate the
samples’ proximate composition using a different
approach. Measurements were done in triplicate,
and results were reported on a dry basis (AOAC
2006).

Phytochemical Analysis

To identify the phytochemicals present in all
extracts, qualitative chemical analysis was used to
evaluate each one.

Determination of alkaloids

Four drops of Dragendorff and diluted sulphuric acid
(H2S04) 2 N were added to a sample (5 mL), and the
mixture was agitated. A prominent orange-red
precipitate indicated the presence of alkaloids. A
standard alkaloid, quinine, was used as a positive
control (Harbone 1987).

Determination of flavonoids

Five drops of diluted sodium hydroxide (1% NaOH)
were added to 1 mL of 96% ethanol with 1 mg of bee
pollen extract. Flavonoids are indicated by the
appearance of a yellow fluorescence color (Kokate
2001).

Determination of triterpenoid and steroid

Liebermann-Burchard reagent enables identifying
these compounds, after boiling and cooling the bee
pollen extract mixture with a few drops of acetic
anhydride, concentrated H.SO4 was added vis the
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test tube's sides. At the intersection of two layers, a
brown ring developed. Steroids were detected via
the upper layer's shift to green, while triterpenoids
were detected via the layer's deep red coloration
(Harbone 1987).

Determination of coumarins

A total of 1 mg of bee pollen extract in 1 mL of
ethanol extract was mixed with a few drops of 1%
NaOH and then added to ethanol. The formation of
a yellow color indicated the presence of coumarin
(Senthilmurugan, Vasanthe and Suresh 2013).

Determination of saponins

Ten mL of distilled water was used to dilute a 1 mL
sample of extract. The formation of a stable foam
upon vigorously shaking of the mixture indicates the
presence of saponins (Harbone 1987).

Determination of tannins

Ten mg of the extract solution was dissolved in 10
mL of ethanol 96% in a test tube and lead acetate
(CH3COO)2Pb 1% w/v was added. Tannins were
declared positive if the reaction caused an extract
precipitate to form (Kokate 2001).

control absorbance—sample absorbance

Determination of carotenoids

One mg of bee pollen extract dissolved in 1 mL of
ethanol 96 % had 5 mL of chloroform added in a test
tube, this was then shaken and filtered, and then
85% wi/v H2SO4 was added. The formation of a blue
color on the surface indicated the presence of
carotenoids (Senthilmurugan, Vasanthe and Suresh
2013).

Antioxidant activity

The free radical scavenging activity of bee pollen
extracts was measured by 1,1-Diphenyl-2-
picrylhydrazil (DPPH) according to Arung et al.
(2008), with modification. Samples were prepared by
adjusting the concentration of crude extracts to 100
ppm by diluting them in 98% v/v ethanol. 100 pL of
each diluted sample was added to 3 mL of 0.1 mM
DPPH ethanolic solution and shaken vigorously. The
mixture of samples and DPPH was placed in dark
conditions at room temperature for 30 min. The
absorbance of the resulting solution was measured
at 517 nm by a UV-visible spectrophotometer.
Vitamin C was used as a positive control. The
percentage of DPPH scavenging effect was
calculated as follows (Eg.3):

% DPPH Scavenging =

control absorbance

The inhibition concentration (ICso value, mg/mL) is
the level at which the figure was obtained after 50%
of the DPPH radicals were scavenged, with the aid
of interpolation from a linear regression analysis.

Membrane stabilization activity as an anti-
inflammatory Test

The technique of stabilizing the erythrocyte
membrane was used to study anti-inflammatory
efficacy in vitro according to Oyedapo et al. (2010)
with modification. The reference sample, control,
and different concentrations of extract (6.25-100
pg/mL) were each combined with 1 mL of phosphate

100—{Abs of test drug—Abs of drug control

x100 (3)

buffer, 2 mL of hyposaline, and 0.5 mL of hRBC
suspension. The typical medication was
indomethacin (100 pg/mL). All the assay solutions
were centrifuged for 10 minutes at 5,000 rpm after
30 minutes of incubation at 37°C. A
spectrophotometer operating at 560 nm was used to
determine the haemoglobin concentration after the
supernatant liquid was decanted. Assuming that
100% of the hemolysis produced in the control was
created, the percentage of membrane hemolysis
was estimated and calculated by the formula as
follows (Eq. 4)

Inhibition of hemolysis % = 100 x

For each sample, the maximal inhibitory
concentration (IC50) was determined by plotting the
concentration against the percentage inhibition of
hemolysis.

{Abs blood control}

Statistical analysis

Assays for anti-inflammatory and antioxidant activity
were performed in triplicate (n = 3), and the results
were presented as mean and standard deviation.
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ANOVA techniques were used to perform a one-way
analysis of variance. A least significant difference
(LSD) test was wused to identify significant
differences between means. Statistics were deemed
to be "statistically significant” if p<0.05.

RESULTS
Percentage yield of bee pollen

Table 1 shows the yield values of six types of bee
pollen processed with the OD method at 40°C and

CH at 4°C and their ethanol extracts. This table
shows that the highest bee pollen extract is found in
the 4°C CH method for the bee pollen types T.
testaceitarsis (78.44%) and T. fuscobalteata
(77.59%). While the lowest yield value was found in
the 40°C OD method for the bee pollen extracts T.
testaceitarsis (14.89%) and T. testaceitarsis
(12.00%). The yield value of bee pollen before
extraction ranges from 14.89-61.29% (OD at 40 °C)
and 40.91-78.44% (CH at 4°C). While the yield
value of the extract of bee pollen ranges from 12.00—
47.11% (OD at 40 °C) and 18.18-77.59% (CH at
4°C).

Table 1. Yields of stingless bee pollen processed by oven drying and chilling, and ethanol extracts.

Yield of drying bee pollen (g)

Yield of ethanol extracts of bee pollen (g)

Oven 40°C

Chiller 4°C

Species

Oven 40°C Chiller 4°C
H. itama 1.21 (61.29%) 45.9 (70.59%)
T. reepeni 14.12 (33.71%) 17.8 (45.51%)
T. pagdeni 5.51 (44.84%) 45.3 (70.86%)
T. iridipennis 16.69 (28.48%) 41.5 (74.22%)

0.93 (47.11%)
10.69 (25.42%)
3.88 (31.58%)

14.15 (24.15%)

6.21 (53.23%)
5.50 (43.64%)
6.21 (22.03%)

6.60 (18.18%)

T. fuscobalteata 16.69 (29.15%)

T. testaceitarsis 34.01 (14.89%)

13.2 (40.91%)

37.1 (78.44%)

14.13 (24.69%) 5.81 (77.59%)

27.39 (12.00%) 6.42 (46.88%)

*The percentage value of the yield produced on a dry basis is shown by the numbers in brackets.

Proximate composition

Table 2 shows the water content, ash content, lipid
content, and protein content using the CH drying
method, which is higher than the OD method. The
highest water content is found in bee pollen
T.testaceitarsis at 46.2%, and the lowest is in bee
pollen T.reepeni at 9.93%. The highest ash content
is in bee pollen T.reepeni at 1.41% and the lowest is
in T.fuscobalteata at 0.24%. The highest lipid
content, in T.testaceitarsis, was 7.54%, and the

U.An D. - U.Bee J. 2023, 23 (2): 153-166

lowest was in bee pollen T.fuscobalteata at 3.37%.
The highest protein content was in bee pollen
H.itama with a value of 17.25% and the lowest was
in T.testaceitarsis at 16.20%. With oven drying, bee
pollen T.testaceitarsis has a higher moisture content
of 10.05%, while there were higher levels of ash,
lipid, and protein in T.reepeni bee pollen, with values
of 2.37%, 7.06%, and 20.02 %, respectively.
Meanwhile, the lowest values of water, ash, lipid,
and protein content were found in T. pagdeni,
T.fuscobaltetata, and T.testaceitarsis.
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Table 2. Composition of the proximate value of dry bee pollen using two different methods

Chiller 4°C Oven 40°C
Bee pollen Wat Ash Cipid Ash Cipid
samples ater S o Protein Water S P! Protein
content content content content (0/) content (0/) content content content (0/)
(%) %) %) ; ; (%) (%) i
H. itama 418+012 136107  4.97:091  17.25:0.09 324120  1.60+124  455:0.88  842+0.02
T. reepeni 9.93+3.96 1.41+014  7.34+0.14  17.08t0.10 10.05+7.80 2.37+2.08  7.06+4.20  10.02+0.04
T. pagdeni 40.6£0.09 0.27+0.06  6.12:+0.13  16.98+0.35 28.6+1.01  2.07+1.09  3.13:t0.88  7.56+0.03
T. iridipennis 31.9+0.47 050011  7.41:0.83  16.28+0.18 31.4+1.00  1.55+1.02 4.97+0.97  7.95+0.07
Tfuscobalteata  29.1#0.48 0.24:+0.01  3.37+0.07  16.55:0.26 28.7:+0.99  0.45:0.09  2.12+0.83  7.39:0.04
T testaceitarsis  46.2:0.09 1.34+1.05 7.54+235  16.20:0.09 39.9+0.04  217+0.21  2.93+0.84  5.84+0.06

*Data are presented as averages from triplicate experiments + SD

Phytochemical screening

Table 3 shows the results for phytochemical
screening of stingless bee pollen extracts. The
results indicate that the ethanolic extract from six
stingless bees (H. itama, T. reepeni, T. pagdeni, T.
iridipennis, T. fuscobalteata, T. testaceitarsis) with

40°C OD contains alkaloids, flavonoids, coumarins
and tannins; and the CH dried sample extracts
contain alkaloids, flavonoids, triterpenoids, steroids,
coumarins, saponins, and tannins. However, the
extracts from the oven at 40°C do not show saponins
and alkaloids for H. itama and T. reepeni.

Table 3. Phytochemicals of pollen from six stingless bees from East Kalimantan, Indonesia

Sample Phytochemical screening
Oven 40°C Chiller 4°C
Al FI Tr St Ku Sa Ta Ka| Al Fl Tr St Ku Sa Ta Ka
H. itama - + - - + - +++ - +H+ +  + ++ + +++ -
T. reepeni - + - - ++ - ++ - +++ +  + o+ + -
T. pagdeni ++ 4+ - - ++ - ++ - ++ ++ + + o+ + + -
T. iridipennis ++ + - - + - + - +++  ++ +  + 4+ - ++ -
T.fuscobalteata ++ +++ - - ++ - + - ++ +++ + 4+ ++ + ++ -
T.testaceintasis + ++ - - +++ - + - ++ +++ + - +++  + ++ -

Description: Al = Alkaloid, FI =Flavonoid, Tr = Triterpenoid, St = Steroid, Ku = Coumarin, Sa = Saponin, Ta = Tannin, Ka
= Karotenoid (-) = no compound, (+) = compound (weak), (++) = compound (medium), (+++) = compound (strong).

Antioxidant activity

Determination of the antioxidant activity of extracts
from pollen from stingless bees was carried out by
examining free radical scavenging activity using
DPPH assays. Figure 2 shows that the antioxidant
activity of dried bee pollen using the OD 40°C
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method was significantly different (p<0.05) from the
CH 4°C treatment. Bee pollen from T. fuscobalteata
and T. pagdeni, had no significant differences in the
40°C OD treatment, where the inhibition values were
93.95% and 93.87%, respectively. Bee pollen from
T. testaceitarsis, T. iridipennis, T. reepeni, and H.
itama are all quite different, with inhibition
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percentages of 43.31%, 31.52%, 83.54%, and
51.70%, respectively. Thus, all varieties of bee
pollen in the CH 4°C method were significantly
different, with T. reepenni having the highest
inhibition value (94.60%), followed by H. Itama
(82.11%), T. pagdeni (73.14%), T.fuscobalteata
(70.68%), T.iridipennis (58.31%), and
T.testaceitarsis (45.70%). The vitamin C control in
both drying methods was not significantly different
from T.pagdeni, T.fusbalteata, and T.reepenni.
However, it was significantly different from bee
pollen from T. testaceitarisis, T. iridipennis, and H.
itama. Table 4 shows the ICsp of each sample, the
OD 40°C method shows a lower IC%° compared to
the CH 4°C method. T.fuscobalteata bee pollen had

a
_ Vitamin C R 91/75i
%b T.pagdenl ........................................... 93,87”
3 T.testaceitarsis |
o
= T.iridipennis I
v
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£
x
w

T.reepeni [N 83,548h

T.itama

0 20 40 60 80 100

% Activities antioxidant

a concentration of 36.47 ug/mL using the 40°C OD
technique, followed by T. pagdeni 47.93 ug/mL, T.
reepeni 76.93 pg/mL, T.tama 92.33 pg/mL, T.
testaceitarsis 116.83 ug/mL, and T. iridipennis
158.98 ug/mL. Bee pollen T. reepeni had a lower
ICs0 in the CH 4°C method with a value of 41.30
pg/mL, followed by H.itama 53.64 ug/mL, T.pagdeni
60.10 ug/mL, T.fuscobalteata 66.72 pg/mL, and
T.iridipennis 85.51 pg/mL. When comparing [Cso
values, the OD 40 °C approach vyielded a lower
antioxidant activity value than the CH 4°C method,
despite the fact that, statistically, the two procedures
have quite different effects on each type of bee
pollen.

Vitamin € e T 194,61
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Figure 2. Antioxidant activity of dried crude extracts of bee pollen using different methods: (a) OD 40°C and (b) CH 4°C

Table 4. Antioxidant and Anti-inflammatory Activity of Dried Six Bee Pollen Extracts using Different Drying Methods

Species Antioxidant activity 1Cso (ug/mL) Activity of anti-inflammatory ICso (mg/mL)
Oven drying at Chiller drying at Oven drying at 40°C Chiller drying at 4 °C
40°C 4°C
T. itama 92.331+0.768 53.649+2.777 56.40%+7.182 44.109+0.178
T. reepeni 76.939£5.942 41.30°+4.155 54.13%'+1.272 34.30°+0.179
T. pagdeni 47.93°+0.712 60.10°+0.540 54.90°+8.997 54.76'+4.983
T. iridipennis 158.98'+1.832 85.51"+6.843 78.35"+0.844 115.231+2.721
T. fuscobalteata 36.47°+0.708 66.72+4.026 39.70°+0.850 68.259+0.542
T. testaceitarsis 116.83+1.804 102.24i+1.569 53.99°+0.823 78.53"+2.268
Vitamin C 4.752+0.099 - - -
Indomethacin - - 23.16°+2.391 -
Membrane stabilization profile (Anti- and T.testaceitarsis) using OD 40°C and CH 4°C

inflammatory activity)

Figure 3 shows the in vitro membrane stabilization of
bee pollen extracts from six stingless bees (H. itama
T.reepeni, T.pagdeni, T.iridipennis, T.fuscobalteata,
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methods, and then indomethacin (standard drug) on
human sickle erythrocytes exposed to hyposaline
solution (induced lysis). The results show that the
anti-inflammatory activity of the six types of bee
pollen was significantly different (p<0.05) in the two
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drying methods. For method OD 40°C on bee pollen
T.itama it was 81.36%, for T.fuscobalteata 76.24%,
for T. pagdeni of 72.64%, and for T. reepenni of
71.68%, significantly different from T. testaceitarisis
at 58.28%, T. iridipennis at 43.50% and
indomethacin as treatment controls. While the CH
4°C method for bee pollen T. itama at 85.85%, T.
reepenni at 86.54%, and indomethacin were not
significantly different compared to bee pollen T.
testaceitarisis at 61.86%, and T. iridipennis at
46.80%, which was significantly different from T.
pagdeni at 73.83% and T. fuscobalteata at 74.62%.
Table 4 shows the anti-inflammatory activity of six
bee pollen extracts with half the maximum
concentration (ICso). T. fuscobalteata bee pollen

a

’E‘ Indometasin 88,34¢f
> T.pagdeni [ 3 72,649
3
o T. testaceitarsis FEFFrmrrrrrr] 58,280
=
Al T. iridipennis 43,502
% T. fuscobalteata Ty 76,244
g T. reepeni FrTTTTETETeTSl 71,680
7}
I .
] T. itama !g : : : .I 81,3:6d

0 20 40 60 80 100

% Membrane Stability

Ekstracts (100 ug/ml)

extract using the OD 40°C method showed the
lowest ICso value of 39.70 ug/mL at a dose of 100
pg/mL, followed by T. testaceitarisis at 53.99 ug/mL,
T. reepeni at 54.13 pg/mL, T. Iltama at 56.40 pg/mL,
and T. iridipennis at 78.35 yg/mL. Whereas in the
CH 4°C method, the lowest stabilizing membrane
was found in bee pollen T. reepeni with an ICso value
of 34.30 yg/mL at a dose of 100 ug/mL, followed by
H. itama at 44.10 ug/mL. T.pagdeni at 54.76 ug/mL,
T. fuscobalteata at 68.25 ug/mL, T. testaceitarissis
at 78.53 pg/mL, and T. iridipennis at 115 yg/mL. The
absorbance results for indomethacin membrane
stabilization show that the lowest positive control at
a dose of 100 yg /mL was 23.16 pg/mL, with an
inhibition percentage of 88.34%.

b

Indomethacin AR R R R R R sy ww%] 88,34¢f
73,83¢
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Figure 3. Effect of different dryer methods, (a) oven 40°C, and (b) chiller 4°C, on the stabilization membrane of crude
extracts of bee pollen.

DISCUSSION
Percentage yield of bee pollen

All extracts in Table 1 were used to evaluate their
phytochemical content and antioxidant activity on
free radicals as well as anti-inflammatory activity on
red blood cell membrane stabilization. The CH
method at 4°C gave a higher yield value than the
40°C OD method, both before and after the
extraction of bee pollen. This result is higher than
that of Arung et al. (2021), who reported that the
yield of bee pollen extract without the drying process
ranged from 30.2—-67.7%. The high yield value in this
study is due to differences in the processing
methods carried out before and after extraction,
resulting in different residual water content (Ranieri,
et al. 2017).
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Proximate compaosition

The results show that six types of kelulut bee pollen
contained nutritional value, such as moisture
content, ash content, fat content, and protein
content, when stored at 4°C and 40°C. The
nutritional content of the chiller 4°C method with all
types of bee pollen showed the highest value
compared to the oven 40°C method. The chiller 4°C
method uses a low temperature, where the cooling
process occurs due to the release of heat in the bee
pollen into the cooling room environment, and the
release of heat from the cooling room environment
to the outside of the cooling system until it reaches a
certain desired temperature so that the bee pollen is
dry and the nutritional content is little changed. In the
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drying process with the chiller 4°C method, there is
also no discernible heat exchange (heat to change
the temperature without changing the phase), so the
temperature of the drying room with the chiller
method of 4°C can be used. In chiller drying, the
water content component was between 9.93-
46.20%, ash content 0.24-1.36%, lipid content
3.37-7.54%, and protein 16.20-17.25%; while for
the oven method, water content was 10.05-39.9%,
ash content 0.45-2.37%; lipid 2.12-7.06%, and
5.84-10.02% for protein. This is almost the same as
in (Campos, et al. 2015), who found that protein and
lipid range from 10-40% and 1-13%, respectively.
The nutritional range of bee pollen originating from
East Kalimantan in Indonesia has so far not been
identified by the authors. However, in Brazil and
Colombia, the nutritional composition of bee pollen
was almost the same, namely in the range of 16.1—
32.1% for protein (Almeida-Muradian, et al. 2005)
and 2.8-9.7% for lipids (Fuenmayor, et al. 2014)..

Phytochemical screening

The results showe that alkaloids, flavonoids,
coumarins, and tannins were found in high
concentrations in bee pollen extracts. This may be
due to their diuretic role and early phytochemical
analysis revealed the existence of antioxidant
components or other bioactive chemicals that may
explain bee pollen use in treating inflammatory
diseases. The difference in the number of
phytochemicals produced may be influenced by the
drying factor, where the temperature can maintain
the color and quality of the dried food product. The
differences between treatments could depend on
different residual water content, which negatively
affected the content of flavonoid compounds
(Ranieri, et al. 2017). Thus, each phytochemical will
show its potential for biological action, such as
flavonoids playing a role in antioxidant potential
(Ranieri, et al. 2017), and alkaloids being important
in other antimicrobial, analgesic, and antispasmodic
processes (Hassan, Akmal and Khan 2020).

A recent study reported that the main compound in
bee pollen, benzoic acid, might enhance its
antibacterial, antifungal and antioxidant properties
(Kahraman, et al. 2022). The presence of
phytochemicals in extracts of bee pollen dried by the
OD method at 40°C and the CH 4°C drying method
might show novel biological behaviour that increases
the possibility of discovering new compounds such
as antioxidants and anti-inflammatories.
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Antioxidant activity

Antioxidant testing of six dried bee pollen extracts
from stingless bees with OD 40°C and CH 4°C
methods showed significant differences. The lowest
ICso value was found in the OD 40°C method,
followed by the CH 4°C method, for T. reepeni bee
pollen. It is suspected that the OD 40°C method can
remove the water content contained in bee pollen,
which might affect the antioxidant levels in T. repeeni
bee pollen. Minarti et al. (2022) reported that the
method of drying bee pollen at an oven temperature
of 60°C can affect its chemical content. Additionally,
Isik and Doymaz (2018) found that drying bee pollen
at 40°C might preserve well its quality sensory
attributes, and physicochemical properties. The
findings of an Anova test on Vitamin C ICsp values
were substantially different from those of six bee
pollen crude extracts. This is assumed to be a result
of the six bee pollen extracts having varying
antioxidant capabilities due to the various drying
techniques. Antioxidant activity depends on the
pollen content of various sites (Kocot, et al. 2018)
(Saral, et al. 2019).

In this study, six types of bee pollen were used,
which means that each type will show a different
antioxidant capacity. The use of a cold temperature
method is reported to be able to maintain the
biological capacity of phytochemical compounds
contained in bee pollen. In contrast, using heat and
a temperature of 40°C will reduce the effectiveness
of the compounds in bee pollen extracts. Even
though hot air drying is one of the most popular
techniques for preserving bee pollen quality, it can
negatively impact on the food value of bee pollen
(Cinkmanis, Dimins and Mikelsone 2017).

Bee pollen contains phytochemical compounds such
as flavonoids, phenolic acids, phytoalexins, and
vitamins, and these compounds are sensitive to
heat, so that bee pollen is easily damaged (Tutun, et
al. 2021). The findings of ICso calculations indicate
that the extent of free radical inhibition by the extract
decreases with decreasing test concentration. The
ICs0 values indicate having ery strong antioxidant
activity if the I1Cso value is less than 50 ppm
(Sukandar, et al. 2017).

The percentage of free radical scavenging and ICso
in all bee pollen extracts was significantly different to
the 1Csp of vitamin C. It is suspected that vitamin C is
easily soluble, while bee pollen extract is rather
difficult to dissolve, so that the compounds available
in bee pollen extract may not dissolve completely.
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The free radical scavenging capacity of the six bee
pollen extracts will increase depending on the
concentration of the treatment. In the DPPH assay,
the ability of crude extracts of the six bee pollens
examined to act as hydrogen atoms or electron
donors in the transformation of DPPHe to the
reduced form of DPPH-H was investigated. All
samples assessed were able to reduce purple stable
radical DPPH to yellow DPPH. The in vitro test
method with DPPH (Kocot, et al. 2018) (Ozcan, et al.
2019) increased the antioxidant activity compared to
the other methods (A. O. Lopes, et al. 2020)

In addition, this study also used ethanol as a solvent
for bee pollen extract. Ethanol extract showed DPPH
radical scavenging activity of 93.60% compared to
other solvents (Mohammad, Mahmud-Ab-Rashid
and Zawawi 2021). Thus, the relationship of
percentage inhibition of the six crude extracts of bee
pollen to the positive control of 100 pyg/mL gave a
high active capability comparable to that of the
positive control.

Membrane stabilization
inflammatory activity)

profile (Anti-

Stabilization of blood membranes (erythrocytes) has
been used as a method to determine anti-
inflammatory activity in vitro. Anti-inflammatory
activity in the OD 40°C and CH 4°C methods showed
significantly different effects (P<0.05) on the six bee
pollen extracts. Figures 2a and 2b show the results
of percentage tests on the activity of stabilizing the
erythrocyte membrane of extracts of T.reepeni (CH
4°C) and T.fuscobalteata (OD 40°C), which had the
lowest ICso values of 34.30 pg/mL and 39.70 ug/mL
compared to the other bee pollens. And these values
were higher than the positive control (Indomethacin),
which had an IC50 value of 23.16 ug/mL. The
relationship between the percentage inhibition of the
six crude extracts of bee pollen and the positive
control of 100 pg/ml showed a high active capability
comparable to that of the positive control. So the six
crude bee pollen ethanol extracts may be able to
inhibit completely at a concentration of 100 ppm in
the CH 4°C and OD 40°C methods. These results
indicate that the membrane stabilization activity of
bee pollen extracts using the OD 40 °C drying
method was significantly different compared to
extracts using the CH 4°C method. This is
presumably because the drying method with a low
temperature and long time can maintain the
characteristics and stability of bee pollen. (Ranieri,
et al. 2017) explain that the use of a low temperature

and a long time can prevent a Maillard reaction,
which in this case may affect anti-inflammatory
activity. To the best of the author's knowledge, the
anti-inflammatory activity of six varieties of bee
pollen from East Kalimantan (H. itama, T. reepeni, T.
pagdeni, T. iridipennis, T. fuscobalteata, T.
testaceitarsis) has not previously been reported.
Both the oven at 40°C and the chiller at 4°C drying
methods demonstrate the presence of powerful
flavonoids, which are expected to play a significant
role in stabilizing red blood cells and are related to
the results of phytochemical studies on the six bee
pollen extracts (inflammation) as presented in Table
3. According to research by Denisow and Denisow-
Pietrzyk (2016), quercetin, a type of flavonoid with
anti-inflammatory characteristics, can inhibit the
metabolism of arachidonic acid in bee pollen. When
arachidonic acid levels drop, the acid level lowers
the production of proinflammatory prostaglandins
and has an anti-inflammatory impact. Thus, the
effect is good for local pain elimination and the
prevention of platelet aggregation after bee pollen
administration. The alkaloid content in six bee pollen
extracts with different drying methods also showed
an influence on the inflammatory process, because
alkaloids are secondary metabolites derived from
the primary metabolites of amino acids, especially
amino acids, through biosynthetic pathways (Bai, et
al. 2021).

Alkaloids can act on leukocytes, neutrophils, and
endothelial cells to block inflammation at the cellular
level. In addition, coumarin content also affects the
anti-inflammatory properties of cells, so that
phytoconstituents such as umbelliferone, scopoletin,
columbiatnetin, visniadin, marmin, and many others,
derived from the coumarin nucleus, were found to
have anti-inflammatory and antioxidant activity
(Bansal, Sethi and Bansal 2012).

As a strong antioxidant, the coumarin nucleus has
potential as a candidate for the development of anti-
inflammatory drugs. This is in line with the results of
testing the antioxidant activity of six bee pollen
extracts with different drying methods showing a
high percentage of free radical inhibition at 94.60%
and a low ICsp of 36.47 ug/mL (Table 2). Bee pollen
extract shows a high antioxidant capacity,
suggesting it is able to handle excess ROS that can
cause imbalance processes, such as cell damage
that causes inflammatory diseases and others. The
highest percentage of anti-inflammatory inhibition
was 85.54% and the lowest ICso was 34.30 pg/mL.
This means that the value of the highest percentage
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of erythrocyte membrane stabilization of the six bee
pollen extracts is close to the value of indomethacin
as a positive control.

Conclusion

With the presence of diverse phytoconstituents, both
an oven at 40°C and a chiller at 4°C drying methods
for six stingless bee extracts had potential for in vitro
antioxidant activity in different antioxidant systems.
Furthermore, this activity demonstrated strong
membrane stabilization as an anti-inflammatory
action. All of the findings presented indicate that the
activity of both drying methods for six bee pollen
(stingless bee) extracts is dosage-dependent. Thus,
the six bee pollen extracts have potential as
antioxidants and anti-inflammatory and can be
recommended for use as a source of food
supplements, drugs, and possibly cosmetics.
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ABSTRACT

In the bitter gourd cropping system, honey bees are the primary pollinators. In southern India, a field study
was conducted at Coimbatore district at 10° 58 46.164'N latitude and 76° 55 53.562 E longitude, to record
the foraging activity and pollination efficiency of the stingless bee Tetragonula iridipennis in bitter gourd.
Bee foraging activity was recorded separately in male and female flowers, with the number of
foragers/flower/min, and fruit set and yield were assessed under three different conditions: pollinator
exclusion, bee pollination and open pollination. The abundance of pollinators and foraging rate of
stingless bees observed on male flowers was 1.71 bees/ flower/ minute and flower handling time in
seconds (37.86 sec) was higher than female flowers (1.22 bees / flower/ minute) and (25.73 sec),
respectively. The peak foraging activity of stingless bees was observed between 08:00-10:00 hours with
3.30 bees/ 5 mins. The pollination efficiency index of stingless bees in bitter gourd flowers was 41600
pollen grains. The foraging activity of bees at the hive entrance was at its peak from 08:00 to 10:00 hours.
T. Iridipennis colony growth parameters showed increased honey sealed area of 1464.5 g and brood
development. The experiment results showed that yield was higher in the managed bee-
pollinated condition in terms of the number of fruits/plant (18.2 fruits) and fruit yield per hectare (44.08
t/ha) than in the open-pollinated condition (16.5 fruits) and (38.30 t/ha), and with pollinators excluded, no
fruit set was recorded.

Key words: Bitter gourd, T. iridipennis, Pollination efficacy, Foraging activity

o0z

Aci kabak yetistirme sisteminde, bal arilar birincil tozlayicilardir. Giiney Hindistan'da, Coimbatore
bolgesinde, 10° 58 46.164'N enlem ve 76° 55 53.562 E boylaminda, aci kabakta ari Tetragonulairidipennis'in
yiyecek arama aktivitesini ve tozlagsma verimliligini kaydetmek icin bir saha galismasi yapilmistir. An

tozlasma aktivitesi erkek ve disi giceklerde ayri ayri kaydedilmis, tozlagma sayisi/cigek/dakika olarak
belirlenmis ve meyve tutumu ve verimi i¢ farkli kosul altinda degerlendirilmistir: tozlayicilarin diglanmasi,
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ar1 tozlagmasi ve agik tozlagsma. Erkek ciceklerde goézlenen tozlayici bollugu ve ignesiz arilarin yiyecek
arama orani sirasiyla 1,71 anl/gicek/dakika ve saniye cinsinden ¢igek tagima siiresi (37,86 sn) disi
ciceklerden (1,22 ari/gicek/dakika) ve (25,73 sn) daha yliksek olarak belirlenmistir. Erkek arilarin en yogun
yiyecek arama faaliyeti 3,30 ar/ 5 dakika ile 08:00-10:00 saatleri arasinda godzlenmistir. Aci kabak
ciceklerinde ignesiz arilarin tozlagma etkinligi indeksi 41600 polen tanesi, kovan girisindeki arilarin
yiyecek arama aktivitesi 08:00-10:00 saatleri arasinda en yiiksek seviyede kaydedilmistir. T. Iridipennis
koloni biiyiime parametreleri 1464.5 g bal sizdirmaz alan ve kulugka gelisiminde artis gostermistir. Deney
sonuglan meyve/bitki sayisi (18,2 meyve) ve hektar basina meyve verimi (44,08 t/ha) acisindan yonetilen
ar1 tozlagsmasi kosulunda verimin agik tozlagsma kosuluna (16,5 meyve) ve (38,30 t/ha) gore daha yiiksek

oldugunu, tozlastricilar olmadan ise meyve olugsmadigini gostermistir.

Anahtar kelimeler: Aci kabak, T. iridipennis, Tozlagma etkinligi, Yayilma faaliyeti

GENISLETILMiS OZET

Calismanin amaci: Calismanin amaci, bal arisi
Tetragonula iridipennis'in Hindistan'daki aci kabak
yetistirme sisteminde yiyecek arama davranisini ve
tozlasma etkinligini degerlendirmektir.

Gere¢ ve yontem: Tozlayici yiyecek arama
davranisini incelemek icin, her bitkide haftalik
araliklarla G¢ ¢icek gdbzlemlenirken, gliney
Hindistan'in Coimbatore bolgesinde 10° 58 46.164'N
enleminde ve 76° 55 53.562'de rastgele segilen on
bitki calisma icin etiketlenmistir.

Bes dakikalik bir slire boyunca ziyaret edilen/gicek
toplayici sayisi, en ylksek tozlayici faaliyeti
sirasinda toplayicinin cicek/dakika sayisl
(tozlayicllarin ~ bollugu) ve  her bir arn
tozlayici/gigek/dakika (toplama hizi) tarafindan
harcanan zaman olarak haftalik araliklarla bir
kronometre ile kaydedilmistir. Tozlagsma etkinlik
indeksi, vucuttaki gevsek polen tanelerinin sayisi ile
acl kabak ciceklerindeki tozlayicilarin yiyecek arama
orani ve bollugu cgarpilarak hesaplanmistir. Arilarin
vicutlarindaki gevsek polen taneleri élgliimustr.

Muamele basina 350 disi ¢gigek, verim
degerlendirmesi yapmak icin ciceklenme
baslangicindan sonra etiketlenmistir. Tozlayicl
dislama (T1), ar tozlasmasi (T2) ve agik tozlasma
durumu (T3), her bir tozlasma modunda yonetilen
arilarin tozlasma etkinligini degerlendirmek igin
kullaniimigtir. 08:00-10:00, 12:00-13:00 ve 16:00—
18:00 saatlerinde kovan girisindeki yiyecek arama
faaliyetleri, koloni blylime parametreleri, koloninin
baslangi¢ agirligi ve son agirhgi alinarak sayilmistir.

Bulgular: Aci kabak mahsulinin monoecious
dogasi, dogal tozlayicillarin daha az aktivitesi
nedeniyle acgik tozlasma kosullarinda zayif meyve
tutumu ile sonuglanmistir. Bu galismanin bulgulari,
cicek Uzerindeki T. iridipennis aktivitesinin 8:00 ile
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10:00 saatleri arasinda zirve yaptigini ve 16:00 ile
17:00 saatleri arasinda herhangi bir aktivite
olmadigini gbéstermistir. Verimi ve meyve tutumunu
arttird1d1 icin T. iridipennis acl kabak ekosisteminde
etkili bir tozlayici olarak kabul edilir. Kovan
girisindeki aktivite, toplayici aktivitenin 8:00 ile 10:00
arasinda zirve yaptigini goéstermistir. Deney slresi
boyunca, kapali bal alani igin koloni bliyimesi %4,8
olmustur. Yoénetilen ari tozlasma alani, acik
tozlasma ile karsilagtirildiginda en ylksek meyve
tutumuna (bitki basina 18,2), meyve agirhdina
(261,6 g/meyve) ve verime (44,08 t/ha) sahip oldugu
belirlenmistir.

Sonug: Acik tozlasma kosullari ve tozlayici dislama
gibi diger tozlasma modlariyla karsilastirildiginda,
mevcut ¢alismamiz, T. iridipennis ile yonetilen ari
tozlasma kosullarinin daha ylksek meyve tutumu ve
meyve agirhgr Urettigini ortay koymustur. Buna
karsilik, tozlayici dislama kullanildiginda higbir
meyve tutumu gézlenmemistir.

INTRODUCTION

Bitter gourd has been mainly cultivated for its unique
bitter taste and its high nutrient content, but
nowadays it is gaining importance as a medicinal
plant in India. Which is majorly cultivated in states
like Maharashtra, Tamil Nadu, Kerala, Karnataka,
Andhra Pradesh, West Bengal, Uttar Pradesh and
Guijarat. The cultivated area in India is 109 ha with a
productivity is 1330 MT/ ha (Agricoop). Fruits and
seeds have important pharmacological uses with
antidiabetic anthelminthic, antimalarial,
antiulcerogenic and immunomodulatory effects. It
also contains vitamin A, vitamin C, vitamin B
complex, minerals, iron, magnesium, potassium and
flavonoids like B-carotene, a-carotene, zea-xanthin,
and lutein (USDA). All these acts as protective
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scavengers against oxygen-derived free radicals
and reactive oxygen species (ROS) which act
against cancer, aging and other diseases. It is
effectively utilized in Ayurvedic medicines. Itis a day-
neutral plant, monoecious and herbaceous annual
climber. It generally has male flowers more than the
female flowers with a mean ratio of 19:1 or 25:1.
Anthesis starts between 3.30 am to 7.30 am and
receptivity of stigma lasts up to 24 h after anthesis
(Deyto and Cervancia, 2019).

The Monoecious nature of bitter gourd crops
requires pollinators for pollination and seed set. The
presence of more staminate flowers favours efficient
pollination. Pollinators are attracted by the bright
yellow-colored flowers. Honey bees are the
predominant pollinator in the bitter gourd cropping
system. In successful pollinated condition, fruit
development starts from second to fifth day and
develops into an entire fruit. Insufficient pollination
leads to flower drops or development of irregular
shape fruits, which later turn yellow and fall off.
Recent observations show that the fruit yield was
78% under open pollination and 80% in hand
pollination conditions but higher fruit weight was
reported in insect-pollinated condition (Deyto and
Cervancia, 2009). Hence, the field study was
conducted, to observe the foraging activity,
pollination efficiency and colony growth parameters
of the managed bee-pollinated condition of T.
iridipennis in bitter gourd.

MATERIALS AND METHODS

Pollination potential of managed stingless bee, T.
iridipennis in enhancing the yield of bitter gourd was
conducted in farmer’s field at Coimbatore district in
Southern India, at an altitude of 430 m above the

MSL, at 10° 58 46.164"N latitude and 76° 55 53.562

E longitude. Bitter gourd is a direct sown vegetable
crop cultivated in pandal system. Surrounding crops
in nearby fields were Coconut, Areca nut, Tomato.
For this study, the observation of ten randomly
tagged plants and three flowers per plant was
monitored at weekly interval.

Foraging activity of T. iridipennis on bitter gourd

Pollinator abundance was recorded as number of
foragers/ flower/ minute and foraging rate was
recorded in both male and female flowers as
average time spent by the individual bee pollinators/
flower/ minute (Fig. 1). Observations were taken at
weekly intervals and the timings were recorded

using stop watch during peak activity of pollinator.
Peak foraging activity was recorded at an hourly
interval from 06:00-18:00 h number of foragers
visited/flower for a period of five minutes at
fortnightly intervals (Yogapriya et al. 2019).

Pollination efficiency index

The foraging bees visiting the bitter gourd flowers
during peak foraging time between 08:00 and 10:00
h were collected using a sweep net and were
transferred to a glass vial containing 70% alcohol,
shaken vigorously to unload the pollen grains from
their body (Fig. 2a). The volume made up to 5 ml by
adding distilled water and from this aliquot 0.01 ml
was taken and placed over a hemocytometer and
observed under a stereo zoom microscope (Fig. 2b).
A total of five observations were made and the total
number of pollen grains in 5 ml of solution was
calculated (Balina et al. 2012).

Pollination efficiency index= No. of loose pollen
grains on the body x foraging rate x abundance of
the pollinators on flowers.

Evaluation of pollination potential of managed
stingless bees

The pollination potential of managed stingless bees
in enhancing the yield of bitter gourd was assessed
for T. iridipennis. The experiment was conducted in
a randomized block design with three treatments
and seven replications. In each replication, ten
flowers from five plants were selected and
observations were recorded at periodical intervals.
The treatments are T1 pollinator exclusion, female
flower buds were covered with sleeve net cages (Fig.
3) before blooming to prevent the entry of pollinators
accessing the flowers and one week after flowering
the cages were removed, T2 bee pollination, two
colonies of stingless bees were shifted and placed in
bitter gourd field selected (Fig. 4), at 10% of the
flowering stage of the crop and T3 open pollinated
condition was controlled.

Yield parameters
Number of fruits per plant, fruit weight and yield

In tagged plants, the number of fruits was counted,
and the mean fruit set was noted. Randomly picked
fruits from tagged plants were weighed separately
using a weighing scale, and the weight of the fruits
was noted. Each tagged plant's fruits were
harvested, weighed, and the yield per hectare was
computed.
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Colony growth parameter of T. iridipennis in
bitter gourd field.

Colony growth of stingless bees was taken by
calculating the initial and final weight of the shifted
colony at 15 days intervals (Fig. 5a & 5b).

Foraging activity at the hive entrance

The foraging activity of T. iridipennis at the hive
entrance was counted as the number of returning
foragers with nectar, pollen and the number of

outgoing bees for the day during 08:00-10:00, 12:00-
13:00 and 16:00-18:00 for a period of five minutes
was recorded (Fig. 6).

Statistical Analysis

The recorded data were analyzed using the ANOVA
(Analysis of Variance) and least significant
difference (LSD) performed at P=0.05 levels of
significance. Other calculations are computed using
MS Excel.

Figure 1. Foraging activity of Stingless bee on bitter gourd

(2a) Bitter gourd pollen collected in corbicula

(2b) Loose pollen grains counted using hemocytometer

Figure 2. Pollination efficiency Index of stingless bee

U.An D. - U.Bee J. 2023, 23 (2):167-177
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Figure 3. Sleeve cage

(5a) Colony growth after 15 days (5b) Colony growth after 30 days

Figure 5. Colony growth of stingless bees in bitter gourd field
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(7a) Pollinator exclusion (7b) Bee pollination (7c) Open pollination

Figure 7. Fruit set in different modes of pollination
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RESULTS

The findings indicated that T. iridipennis activity was
higher in bitter gourd male flowers (1.71 bees/
flower/ minute) than female flowers (1.22 bees/
flower/ minute). The stingless bee population was
abundant on the 75" day in male flowers (2.53 bees/
flower/ minute) and female flowers (1.82 bees/
flower/ minute), and found minimum during the 15®
day of the flowering period (1.05 bees/ male flower/
minute and 0.54 bees/ female flower/ minute) (Table
1).

The average time spent by a forager per male flower
was 37.86 seconds and in female flowers was 25.73
seconds. The floral handling time for the collection of
rewards by a forager per flower was maximum on
the 75" day in male flowers (43.1 seconds) and
female flowers (32.4 seconds) (Table 2).

The observations on the peak foraging activity of T.
iridipennis revealed that the peak activity of stingless
bees occurred from 06:00 to 12:00 h (number of
foragers/flowers/5 minutes). Maximum activity was
(3.30 bees) observed during 08:00-10:00 h followed
by 06:00-08:00 h (3.04 bees) and at 10:00-12:00 h
(2.77 bees) (Fig. 8). Overall activity of bees between
13.00-16.00 (0.55 bees). The number of foragers
visiting per flower gradually declined during evening
hours with a minimum activity at 16:00-17:00 h.

Pollination Efficiency Index (PEI)

The number of loose pollen grains adhering on a T.
iridipennis collected while foraging on bitter gourd
flowers was 41600 pollen grains. The pollination
efficiency index of T. iridipennis was worked out by
multiplying the number of loose pollen grains
counted with the abundance of pollinator (1.71) and
by foraging rate (37.86 seconds) (Table 3)
Pollination Efficiency Index of T. iridipennis was
26,93,208.96 pollen grains.

Foraging activity of T. iridipennis at the hive
entrance

The foraging activity of T. iridipennis was observed
at the hive entrance in a day at different time
intervals. The result showed that the mean number
of outgoing bees was higher (38.76) and maximum
during 08:00 — 10:00 h (Table 4). Among the
incoming forgers, the nectar foragers were more
(36.39), than pollen foragers (13.6). Forager
movement was high at 08:00 to 10:00 h (41.16)
followed by 12:00 to 13:00 h(25.4) and compared to
evening hours 16:00 to 18:00 h(25.53).

Colony growth of T. iridipennis

The colony growth parameters of two T. iridipennis
colonies placed in a bitter gourd field at Coimbatore
district were periodically observed. The initial weight
of the colonies before shifting to the bitter gourd field
was 1397 g. After shifting the average weight of the
colonies increased to 1464.5 g. The colonies gained
4.8% weight during the study period in bitter gourd
(Table 5).

Effect of T. iridipennis on Pollination and Yield of
bitter gourd

The observations on different treatments of
pollination were given in Table 6. The bee pollination
plot placed with two stingless bee colonies recorded
significantly high fruit set of 18.2 fruits/plant while the
open pollination plot recorded 16.5 fruits/plant (Fig.
7b &7c). The fruit weight was also higher (261.6
g/fruit) in the bee pollination plot compared to open
pollination condition (250.7 g/fruit) and the fruits
formed were 4.3 % heavier in weight under bee
pollination than open pollination. The fruit yield
recorded in the bee pollination plot was 44.08 t/ha
compared to open pollination plot of 38.30 t/ha. The
fruit yield obtained in the bee pollination plot was
15.09 % more than the open pollination plot. In
pollinator exclusion treatment, no fruit set was

observed under sleeve caged condition (Fig.7a).

Table 1. Abundance of T. iridipennis in bitter gourd flowers

No. of foragers/flower/min

15" day 30" day 45 day 60" day 75" day 90" day 105" day 120" day Mean
Male flower 1.05+£0.02* 1.16+£0.09 1.40+0.05 1.9+0.23 2.53+0.34 2.35+0.12 1.92#0.16 1.36x0.09 1.71
Female flower 0.54+0.01 0.7240.14 1.19+0.17 1.16£0.02 1.82+0.23 1.70+0.23 1.32+0.4 1.28+0.19 1.22
Mean 0.80 0.94 1.30 1.53 2.18 2.03 1.62 1.32 1.46

Note: *Mean of 10 plant observations. Values followed by + indicated standard deviation.
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Table 2. Foraging activity of T. iridipennis in bitter gourd flowers

Time spent by a forager/flower/min (seconds)

15th day 30" day 45"day 60"day 75"day 90" day 105" day 120" day Mean
fll\g\?\:gr 33.2+1.6* 34.7+#1.3 38.1#0.8 38.4+1.10 43.1%1.32 40.5+1.89 40.1£1.52 34.8+1.45 37.86
Female
flower 19.3£1.5 22625 252+2.6 31.31+1.1 3244198 294423 25.3+0.52 20.39+0.6 25.73
Mean 26.23 28.64 31.65 34.86 37.75 34.95 32.72 27.6 31.80
Note: *Mean of 10 plant observations. Values followed by + indicated standard deviation.
Table 3. Pollination efficiency index of T. iridipennis in bitter gourd
Abundance Foraging rate Number of loose Pollination index
Bee (No. of foragers/ (Foraging activity in ~ pollen grains on (Abundance x Foraging rate
species min) flower /seconds) the body* x Loose pollen grains)
T.iridipennis 171 37.86 41600 26,93,208.96
Note: *Mean of five observations under stereo zoom microscope
Table 4. Foraging activity of T. iridipennis at hive entrance
Foraging Time 0800-1000h 1200-1300h 1600-1800h Mean
Incoming nectar 49.78* 23.7 45.7 36.39
forager (7.049)2 (5.45) (6.75)2
Incoming Pollen 22 14 4.8 13.6
forager (4.68)2 (3.74)° (2.17)¢
Outaoing bees 51.7 38.5 26.1 38.76
going (7.181) (6.203)° (5.008)°
Mean 41.16 25.4 25.53 -
Note: *Mean of five observations; Figures in parentheses are v(x+0.5) transformed values.
In rows means followed by different letters are significantly different at 5% level LSD
Table 5. Colony growth parameter of T. iridipennis colonies placed in bitter gourd field
Period of observations Weight of the colony (g)* Per cent increase in colony weight
Initial weight 1397.0 -
15" day 1421.5 1.75
30" day 1446.0 35
45" day 1464.5 4.8
Note: *Mean of two colony observations
U.An D. - U.Bee J. 2023, 23 (2):167-177 174
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Table 6. Effect of different mode of pollination on bitter gourd yield

Modes of pollination No. of No. of No. of fruits  Fruit Per cent Yield of Yield Per cent
female picking Iplants* weight increase 10 plants (t/ha) increase in
flowers /plant* (9)* in fruit (kg)* yield (t/ha)
Observed weight

0 0 0 - 0 0

Pollinator Exclusion 350 (0.71)° (0.71)° (0.71)° (0.71)¢

Bee pollination 14.77 18.2 261.6 4.3 47.54 44.08 15.09

T. iridipennis 350 (3.9)2 (4.34)2 (16.2)2 (68.96)2

Open pollinated 10.86 16.5 250.7 - 41.36 38.30

condition 350 (3.55)° (4.23)° (15.8)° (63.23)°

S.E (d) 0.013 0.026 0.055 - 0.69

C.D. (P=0.05) 0.03 0.060 0.13 - 0.314

Note: *Mean of five observations. Figures in parentheses are v(x+0.5) transformed values.
In column, means followed by letters are significantly different at 5% levels of LSD.
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Figure 8. Peak foraging activity of T. fridipennis

DISCUSSION

The abundance and peak foraging activity of T.
iridipennis on bitter gourd flowers was 2.18 bees/
flower/ minutes and 37.75 seconds respectively and
it was recorded on the 75" day of the flowering
period. T. iridipennis activity was higher in bitter
gourd male flowers (1.71 bees/ flower/ minute) than
female flowers (1.22 bees/ flower/ minute) are due to
male flowers produce both pollen grains and nectar
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whereas female flowers produce only nectar.
Pollinator spent more time for pollen collection than
nectar was reported by Bomfim et al. (2015) The
present study exhibits the maximum activity of bees
during peak flowering time which is in agreement
with the results of Yogapriya et al. (2019) who also
reported that the abundance of T. iridipennis in bitter
gourd flowers was 2.78 individual/ 5mins/ m?2.
Subhakar and Sreedevi (2015) also stated that T.
iridipennis was the most abundant flower visitor.
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The foraging activity of T. iridipennis was at its peak
during 08:00-10:00 h (3.33-3.28 seconds) in
accordance with Subhakar (2011) who reported that
peak foraging activity of T. iridipennis occurred
during 09:00 h (24.41bees/m?/5minutes) followed by
10:00 h with (21.40 bees/m?/5minutes). Yogapriya et
al. (2019) also recorded that maximum foraging
activity was observed at 08:00 — 10:00 h (6.26/ m?/
5min). A similar observation was also reported by
Deyto and Cervancia (2009) who recorded
maximum foraging activity of T. iridipennis at 0630 h
and the time spent per flower was 23.23 seconds.
Similarly, Chauhan et al. (2021) also reported
maximum activity at 08:00 h (31.66 bees) and
minimum activity at 10:00 h (29.33 bees) in
Nagaland.

The pollination efficiency index of T. iridipennis
(26,93,208.96) was higher compared to A. cerana
indica. Pangestika et al. (2017) also recorded similar
observations that the pollination efficiency of three
different species of stingless bees with a higher
number of pollen grains in Heterotrigona itama
(31392 pollen grains) followed by Lepidotrigona
terminate (23017 pollen grains) and T. laeviceps
(8015 pollen grains).

Stingless bee colonies placed in a bitter gourd field
recorded a significant increase in the weight of the
colonies from 1397 g to 1464.5 g. Previously
Vasanthakumar et al. (2015) also reported that the
colony growth of stingless bees placed in mango
orchards has a substantial increase in colony weight
from 1514.67 g to 1611.67 g in two months period of
mango flowering.

Maximum activity of incoming nectar foragers, pollen
foragers and outgoing bees was observed from
08:00 to 10:00 h (41.16) due to the synchronization
of bees activity and flower opening time. Lintu et al.
(2020) reported similar observations in cucumber
where the incoming and outgoing foragers were
maximum at 13:00 to 14:00 h (67.0 and 58.0
respectively).

Managed bee pollination with T. iridipennis resulted
in an increased number of fruits per plant, fruit weight
and yield in bitter gourd than in open pollination plots
as Layek et al. (2021) also reported that managed
bee pollination of T. iridipennis in water melon
increased the fruit set by 14%. and fruit length 26.04
cm compared to open pollinated condition (24.48
cm), yield of watermelon also significantly increased
(36.05%) after the introduction of stingless bee
colonies for pollination. Bisui and Layek (2020)
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reported that the number of fruit sets and the yield
was a maximum of 86+11.74 in managed bee
pollination with T. iridipennis compared to open
pollinated condition (75+£12.69).

Conclusion

The lower vyield of bitter gourd is caused by a
pollination deficit under open pollination conditions.
The cross-pollination activity of T. iridipennis in bitter
gourd, significantly improved the yield. During the
experimentation period, T. iridipennis colony growth
also increased. Therefore, managed bee pollination
of T. iridipennis is a successful approach for farmers
and beekeepers to increase the yields of bitter gourd
and honey, respectively.
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ABSTRACT

An experiment is conducted in bitter gourd cropping system at Coimbatore district in India, to study
bitter gourd floral character, the foraging ecology of native pollinators and their modes of pollination.
Bitter gourd is a monoecious plant bears separate male and female flowers. Male flower blooms early
followed by female flowers. Stigma receptivity of pistillate flowers was confirmed on 4" day old flower
showed yellowish-green stigma with shining stigmatic exudation. The stigma receptivity lasts up to 24
hours after anthesis. Pollen viability test done with 2 per cent acetocarmine solution indicated that
pollen collected during morning hours (06:00 h) were more viable and were deeply stained, whereas
pollens collected at evening hours (17:00 h) remained unstained and considered as nonviable. The
foraging activities of Apis cerana indica Fabricius and Tetragonula iridipennis begin at 06:00 h and
06:30 h respectively and ceased by evening 17:00 h. T. iridipennis foragers spent more time in pollen
collection (31.1 seconds/ flower) and nectar collection (26.14 seconds/ flower) whereas, A. cerana
indica spent less time in pollen collection (8.62 seconds/ flowers) and nectar collection (3.56 seconds/
flower) respectively. A total of 17 pollinator species belongs to four orders viz., Hymenoptera, Diptera,
Lepidoptera and Coleoptera have been documented and grouped based on their mode of foraging in
bitter gourd flowers.

Key words: Abundance, Bitter gourd, Foraging ecology, Pollination

oz

Aci kabak cicek karakterini, yerli tozlayicilarin yiyecek arama ekolojisini ve bunlarin tozlagma
bicimlerini incelemek amaciyla Coimbatore Boélgesi’nde aci kabak yetistirme alaninda bir ¢alisma
yapiimigtir. Aci kabak, ayri erkek ve disi ¢igekler tagsiyan monoik bir bitkidir. Erkek cicek, disi gicekten
daha erken agmaktadir. Stigmanin polen kabulu pistillat gigekler 4 giinliikken stigmatik eksiidasyon
sonucu ¢icek stigmalari sarimsi-yesil hal aldiginda baglamaktadir. Stigma aliciligi, antezden sonraki
24 saate kadar siirer. % 2'lik asetokarmin ¢o6zeltisi ile yapilan polen canlihig testi, sabah saatlerinde
(06:00 saat) toplanan polenlerin daha canh ve derin boyanmis oldugunu, aksam saatlerinde (17:00
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saat) toplanan polenlerin ise lekesiz kaldigini ve cansiz olarak kabul edildigini gostermistir. A. cerana
indica ve T. iridipennis'in yiyecek arama aktivitesi sirasiyla 06:00 ve 06:30'da baglar ve aksam 17:00'de
sona erer. T. iridipennis toplayicilari polen toplama (31,1 saniye/gicek) ve nektar toplama (26,14
saniye/gicek) icin daha fazla zaman harcarken, A. cerana indica sirasiyla polen toplama (8,62
saniye/cicek) ve nektar toplama (3,56 saniye/gicek) icin daha az zaman harcamigtir. Hymenoptera,
Diptera, Lepidoptera ve Coleoptera olmak lizere dort takima ait toplam 17 boécek tiiriiniin aci kabak
ciceklerini ziyaret ettigi belirlenmis, bunlarin beslenme tarzlar izlenmistir.

Anahtar kelimeler: Bolluk, Aci kabak, Yayllma ekolojisi, Tozlagma

GENISLETILMiS OZET

Calismanin amaci: Calismanin amacil,
Hindistan'daki aci kabak yetistirme sistemindeki yerli
tozlayicilarin gigek karakterinin, yiyecek arama
ekolojisinin ve tozlagma bigimlerinin incelenmesidir.

Gere¢ ve yontem: Bu calisma aci kabak cigek
karakterini, polen canliigini ve tozlayicilarin
cesitliligini incelemek igin Coimbatore,
Telugupalayam bdlgesinde yapilimistir Aci kabak
ciceklerini ziyaret eden tozlayicilar 15 gliin arayla
kaydedilmigtir. Parlayan stigmatik salgiya sahip
sarimsi-yesil stigma, aliciigin bir isaretiydi. Dort
glnlik (toplam 10 gigek/glin) cicedin stigmatik
yuzeyi el mercegi ile gorsel olarak incelenmis ve
goézlemler kaydedilmigtir. Agmadan bir giin énce 10
gicek toplanmis ve laboratuvar kosullarinda oda
sicakliginda bir petri kabinda saklanmistir. Polen
canhhgi, %2 asetokarmin solisyonu kullanilarak
degerlendirilmistir. Asetokarmin yalnizca saglikli
canli polen tanelerini boyayabilir.

Arilarin aci kabak c¢iceklerinde nektar ve polen
toplama faaliyetleri go6zlemlenmistir. Tozlayici
arilarin anter veya stigma ile vicut temasi Ust
¢alisma ve yan c¢alisma olarak nitelendirilmistir. Aci
kabak cigcegini ziyaret eden her turin bireyleri ve
yiyecek arama bicimleri asagidakilere gore
kaydedilmistir: Ust igci/yan isci, Nektar toplayici veya
polen toplayici, Hem nektar hem de polen toplayici.
Cicek isleme siresi, bireysel ari tozlayicilari
tarafindan Urdnlerin, yani polen ve nektarin
toplanmasi icin hem erkek hem de disi cicekler
Uzerinde harcanan sire, cicek/dakika bir sayacg
kullanilarak kaydedilmistir. En yuUksek cgiceklenme
doneminde rastgele segilen ginde dort goézlem
yapildmistir.

Bulgular ve tartigma: Parlayan stigmatik salgiya
sahip sarimsi-yesil stigmali disi gicekler, stigmanin
polen kabul etmeye hazir oldugunu géstermektedir.
Canli ve cansiz polenleri ayirt etmek icin %2’lik
asetokarmin sollsyonu ile yapilan polen canlilik testi

g6zlemlenmis ve canli polenlerin koyu boyandigi
caniz polenlerin ise ya hi¢c boyanmadidi ya da zayif
bir sekilde boyandigi goésterilmistir. Toplayicilik
dénemi ve gicek tutumuna iligkin gézleme goére A.
cerana indica ve T. iridipennis aci kabakta en fazla
bulunan tozlayicilar olduklari belilenmis olup A.
cerana indica ve T. iridipennis'in yiyecek arama
faaliyeti sabah 06.00 ve 06.30'unda baslamis ve
aksam 17.00'de durmustur. T. iridipennis isci arilari
polen toplamada (31,1 saniye/cicek) nektar
toplamadan (26,14 saniye/cigek) daha fazla zaman
harcamiglardir. Ancak A. cerana indica, polen
toplama (8,62 saniye/gicek) ve nektar toplama (3,56
saniye/gicek) igin T. iridipennis'ten daha az zaman
harcamistir. Coimbatore ilgesi, Telugupalyam
kdyunde yetistirilen aci kabak bitkisinde toplam 17
bdcek turindn bu bitkiyi ziyaret ettigi belirlenmigtir.
Bu turler, Hymenoptera, Diptera, Lepidoptera ve
Coleoptera takimlarina ait 10 familyadan
olugsmaktadir.

INTRODUCTION

Pollinators play a vital role in regulating the
pollination services by transferring pollen grains from
anther to stigma, which warrants productivity
(Delaplane, et al., 2000). In cucurbits, pollination is a
major problem due to the monoecious flowering
habit and huge variance in male and female flower
ratio. These factors lead to insufficient pollination
and poor fruit set, which permits an agent as
pollinator for fruit sets.

Bitter gourd (Momordica charantia L.) is grown well
in tropical and subtropical regions of India, China,
Japan, Thailand, Brazil, Central, and South America
Momordica charantia is often called Bitter melon,
Ampalaya, Balsam pear and Karela (Walters and
Decker-Walters, 1988; Shan et al., 2012) belongs to
Cucurbitaceae family, which comprises of 130
genera and 900 species (Jeffrey, 1980). Apart from
Momordica dioica wild species, all are monoecious
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(Shrivastava, 1990). Male flower (staminate) blooms
first followed by female flowers (Pistillate) in the ratio
of 19:1 (Deyto and Cervancia, 2009) or 25:1 (Palada
and Chang, 2003). Staminate flowers were bright
yellow, solitary, perfect, actinomorphic, anthers are
bell-shaped and sweetly scented at the time of
anthesis. Pistillate flowers were confessed by the
presence of an ovary that resembles the small fruit,
a stronger scent than a staminate flower. The bright
yellow color flower fascinates the pollinators

Cucurbit flowers were widely visited by insect
pollinators like bees, butterflies, wasps, flies, beetles
and bugs. Bees are the most reliable and exploited
pollinators in bitter gourd. Bee pollinators observed
in the bitter gourd cropping system were Apis cerana
indica Fabricius, Tetragonula iridipennis Smith, Apis
mellifera Linnaeus, Apis florea Fabricius, and Apis
dorsata Fabricius. The most abundant non-apis
pollinators were Halictus sp., Xylocopa violacea
Linnaeus, Amegilla cingulate Fabricius, Episyrphus
balteatus De Geer, Aulacophora sp., and Eristalinus
tabanoides Jaennicke observed (Yogapriya et al.,
2019). Present study was conducted to study the
floral character of bitter gourd and to record the
ecology and abundance of native pollinators in bitter
gourd cropping system.

MATERIALS AND METHODS

Field research was conducted at Telugupalayam
area of Coimbatore district, to study the bitter gourd
floral character, pollen viability and diversity of
pollinators

Floral character studies: The following floral
characters were studied in both the field and
laboratory condition (Fig. 1).

Stigma receptivity

Yellowish-green stigma with shining stigmatic
exudation was a symbol of receptivity. The stigmatic
surface of 4day aged flower, (totally 10 flowers/day)
were visually inspected with a hand lens and
observations recorded. Dull and dark brown colour
stigma was considered as non-receptive.

Pollen viability-Preparation

Two percent acetocarmine solution was prepared by
dissolving 2g of carmine powder in 95ml of Glacial
acetic acid and volume make up to 100 ml by adding
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distilled water. The solution was boiled, cooled, and
filtered. Two to three drops of stain were placed on
the centre of the slide and pollen grains were dusted
and covered with coverslip and kept for 5 to 10
minutes (Fig. 3) and observed under stereo zoom
leica microscope. Deeply stained were viable pollen
and inadequately stained or unstained were
considered as non-viable pollen.

Foraging ecology of pollinators

The foraging activity of pollinators was observed in
10 randomly selected plants. In each selected plants
three flowers were tagged and observations
documented.

Initiation and cessation time of foraging

Initiation and cessation time of foraging activity of
bee pollinators were recorded on selected flowers
and the total working hours of pollinators were
calculated for 10 days daily during the peak flowering
period and mean was worked out.

Flower handling time

The time spent by individual bee pollinators/ flower/
minute on both male and female flowers for
collection of rewards viz., pollen and nectar were
recorded by means of a stopwatch. Four
observations were recorded at randomly selected
day during the peak flowering period.

Foraging modes of pollinators and flower
visitors

Foraging activity of bees and flower visitors on
flowers for nectar and pollen gathering was
observed. The body contact of the pollinators with
anther or stigma was documented as a top worker
and side worker.

Top worker: Pollinators land on the anther of a
flower and collect the pollen grains with the help of
their foragial legs and body hairs.

Side worker: Pollinators stand on the petal with their
meso and metathoracic legs and push their tongue
towards nectarines to sip the nectar. Individuals of
each species visiting bitter gourd flower and their
modes of foraging were recorded based on:

1. Top worker/side worker
2. Nectar collector or pollen gatherer
3. Both nectar and pollen gatherer.
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la. Male flower 2b. Female flower

1c. Anther 1d. Stigma
Figure 1. Floral character of bitter gourd
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Receptive stigma - Yellowish-green

Stigma with shining stigmatic exudation
Figure 2. Stigma receptivity Test

== wz:—m-l-u-x

Non receptive stigma- Dark brown colour stigma

3a. Preparation of 2% acetocarmine 3b. Drops of stain on glass slide dusted with pollen grains

Figure 3. Preaparation of acetocarmine for pollen viability test

Table 1. Initiation, cessation period and flower handling time of A. cerana indica and T. iridipennis in bitter gourd

flowers.
Species Flower handling time*(sec) Foraging time
Nectar Pollen Initiation Cessation
A. cerana indica 3.56£1.05 8.62+1.47 0600 h 1700 h
T. iridipennis 26.141+4.5 31.1£2.70 0630 h 1700 h

Mean of 10 days observation, * time spent by a forager/ flower

U.An D. - U.Bee J. 2023, 23 (2):178-189
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Deeply stained — viable pollen Unstained — non-viable pollen

Figure 4. Pollen viability Test

Table 2. Pollinators in bitter gourd crop and their foraging modes

Pollinators Family Role Foraging mode
Nectar | Pollen
Hymenoptera
Apis dorsata Apidae + + Top & Side worker
Apis cerana indica Apidae + + Top & Side worker
Apis florea Apidae + + Top & Side worker
Tetragonula iridipennis Apidae + + Top & Side worker
Amegilla cingulate Apidae + + Top & Side worker
Nomia melandari Apidae + + Top & Side worker
Halictus sp. Halicitidae + + Top & Side worker
Diptera
Syrphus ribesii Syrphidae - + Top worker
Eristalinus tabanoides Syrphidae - + Top worker
Ischiodon scutellaris Syrphidae - + Top worker
Chrysomya sp. Calliphoridae - + Top worker
Lepidoptera
Eurema hecabe Nymphalidae + - Side worker
Diaphania indica Pyrallidae + - Side worker
Pelopidas mathias Hesperiidae + - Side worker
Lampedes boeticus Lycaenidae + - Side worker
Coleoptera
Aulacophora foveicollis Chrysomelidae | + - Side worker
Henosepilachna vigintioctopunctata | Coccinellidae + - Side worker
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Apis cerana indica Tetragonula iridipennis

Apis florea Halictus sp

Figure 5. Foraging modes of bee pollinators, (Top workers)
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Other flower visitors: Pollen gatherers

Amegilla cingulate (Side workers) Nomia melandari

Apis cerana indica Tetragonula iridipennis
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Apis florea Halictus sp

Eristalinus tabanoides Ischiodon scutellaris
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Chrysomya sp.

RESULTS
Study on bitter gourd floral character
a) Stigma receptivity

Female flowers exhibited that the yellowish-green
stigma with shining stigmatic exudation facilitates
the adhering of pollens as soon as the stigma
becomes receptive which preceding for 24 h after
anthesis (Fig.2).

b) Pollen viability

Pollen viability test conducted with 2% acetocarmine
solution to distinguish the viable and non-viable
pollen grains. The observation specified that viable
pollen was deeply stained (Fig. 3), whereas non-
viable pollen grains remained unstained or weakly
stained. Pollen collected during morning hours 06:00
h were more viable than pollen collected in evening
hours (17:00 h) (Fig. 4).

Foraging ecology of major pollinator in bitter
gourd.

Initiation and cessation time of foraging activity

The observation on the foraging period and flower
handling are given in (Table 1). A. cerana indica and
T. iridipennis are the most abundant pollinators in
bitter gourd. The foraging activity of A. cerana indica
and T. iridipennis instigates at 06:00 h and 06:30 h
of the day, and the foraging activity was totally
stopped by evening 17:00 h.

The flower handling time of A. cerana indica and T.
iridipennis depend on the type of floral rewards, they
collect. Generally, bees spent more time in pollen
collection than for nectar. The workers of T.
iridipennis spent more time in pollen collection (31.1

Aulacophora sp.

Henosepilachna vigintiopunctata

seconds/ flower) than for nectar collection (26.14
seconds/ flower). But A. cerana indica spent less
time than T. iridipennis for pollen collection (8.62
seconds/ flower) and nectar collection (3.56
seconds/ flower).

Foraging modes of pollinators and flower
visitors

A total of 17 pollinator species have been recorded
in bitter gourd crop raised in Telugupalyam village,
Coimbatore district (Table 2). These pollinators
encompassing 10 families belongs to four orders
viz., Hymenoptera, Diptera, Lepidoptera and
Coleoptera. Based on their flower handling
behaviour they were grouped as Side worker (nectar
gatherer), Top worker (pollen gatherer) and Top side
worker (both nectar and pollen gatherers) (Fig. 5).

Among these 17 pollinators Apis dorsata, A. cerana
indica, A. florea, Tetragonula iridipennis. Amegilla
cingulate, Nomia melandari and Halictus sp. were
found collecting both nectar and pollen. whereas
Syrphus ribesii, Eristalinus tabanoides, Ischiodon
scutellaris, Chrysomya sp. were involved in pollen
gathering alone and Eurema hecabe, Diaphania
indica, Pelopidas mathias and Lampedes boeticus,
Aulacophora foveicollis and Henosepilachna
vigintioctopunctata were found gathering nectar from
bitter gourd flowers.
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DISCUSSION

Study on bitter gourd floral character - Stigma
receptivity and pollen viability test in bitter gourd
flower

The stigma receptivity was confirmed during
morning hours with yellowish-green stigma and
shining stigmatic exudation favours attachment of
pollen grains. Delaplane et al. (2000) also described
that the stigma receptivity of cucurbits observed
during the time of anthesis (06:00 h to 14:00 h) of the
day.

The pollen viability of bitter gourd was maximum in
pollen collected during morning hours (06:00 h) than
pollen collected in evening hours (17:00 h).
Correspondingly, Nepi and Pacini (1993) recorded
that pollen viability was higher in newly opened
flower at 07:00h (92%) and very low (10%) during
12:00 h of the day.

Foraging ecology of A. cerana indica and T.
iridipennis - Initiation and cessation time of
foraging

The foraging activity of A. cerana indica and T.
iridipennis in bitter gourd flowers started at 06:00 h
and 06:30 h respectively and found declining from
12:30h and completely terminated by 17:00 h (Table
1). Peak activity of bees in morning hours might be
due to the anthesis time of the bitter gourd flowers
which commenced by 05:30h. The opened flower
starts drying at 12:30 h and by evening anthers dried
at 17:00 h and flowers partly curled and fell off. The
findings are in accord with the results of Deyto and
Cervancia (2009) who have reported that foraging
activity of A. cerana indica and T. iridipennis starts at
0600h and 06:30 h respectively. In the same way,
they recorded maximum foraging activity of A.
cerana indica and T. iridipennis at 06:00 — 08:00 h
and lasted upto 16:00 h in bitter gourd. Vijayan et al.
(2018) and Lintu et al. (2020) also opined similar
views that the foraging activity of T. iridipennis starts
after anthesis of flowers by 07:50 h.

Bees spent more time in pollen collection than nectar
foraging in bitter gourd. The nature and size of pollen
grains of bitter gourd are suitable for insect foraging.

Foraging modes of pollinators and flower
visitors

The bitter gourd flowers were recurrently visited by
17 pollinators during the study period and they were
regarded as, based on their mode of foraging viz.,
nectar gatherer, pollen gatherer and both pollen and
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nectar gatherers (Table 2). These results are in
agreement with the discoveries of Yogapriya et al.
(2019) who has reported 11 species of pollinators in
bitter gourd. Among them A. cerana indica, A.
dorsata, A. florea, T. iridipennis, Amegilla zonata,
Xylocopa violacea, Halictus sp. were nectar and
pollen foragers. Syrphus ribesii, Danaius chrysippus,
Tirumala limniace and Aulacophora sp. were nectar
foragers.

Similarly, Bisui and Layek (2020) listed 21 species of
flower visitors in bitter gourd flower found to collect
both flower rewards and they belongs to four orders
viz., Hymenopteran, Diptera, Lepidoptera and
Coleoptera. Balina et al. (2012) also observed that
the peak activity of pollen foragers starts from 08:00
to 10:00h, higher population of Halictus sp. (21 bees)
at 08:00 — 10:00 h followed by A. dorsata (16 bees)
at 06:00 — 08:00 h and Megachile sp. (14 bees) at
08:00 — 10:00 h. The activity of nectar foraging was
maximum in Halictus sp. was (9 bees) at 10:00 —
12:00 h and minimum in A. dorsata and Megachile
sp. was (8 bees) at 10:00 — 12:00 h.

Conclusion

Monoecious nature of bitter gourd crop results in
discrepancy yield. To overcome the issue of lower
yield in bitter gourd our present research exposed
that among 17 pollinators identified in bitter gourd
cropping system A. cerana indica and T. iridipennis
were the most active pollinators in bitter gourd.
Hence, this research will help beekeepers in
managing controlled bee pollinators in the
ecosystem of bitter gourds, increasing crop yield and
honey production.
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ABSTRACT

This study was carried out to determine the honey, pollen and propolis amounts and honey qualities
obtained from the bee pasture established in Bing6l University between the years 2021-2022 and
highland and to compare the bee pasture and the highland in terms of these characteristics. 10
beehives were used in the study. Five beehives were left in the bee pasture, and 5 of them were taken
to the highland for comparison. The quantities of honey, pollen, and propolis per hive and the
moisture, diastase, HMF, commercial glucose, C13 sugar, C4 sugar, and the difference between raw
protein in honey and delta C13 sugar of honeys were determined for both locations. These quality
parameters obtained were evaluated according to the Turkish Food Codex Honey Communiqué. As a
result of the research, it was determined that there was no statistical difference between the amounts
of pollen and propolis obtained from the bee pasture and the highland, and the amount of honey
obtained from the highland was higher than the bee pasture. In addition, it has been determined that
the honey obtained from both bee pasture and highland is at the "appropriate" level in terms of the
limit values determined by the Turkish Food Codex Honey Communiqué in terms of quality criteria. In
the light of these data, it has been understood that although the honey yield from bee pasture is low,
it is sustainable and can be an alternative to migratory or highland beekeeping.

Keywords: Bee pasture, Honey yield, Honey quality, Settled beekeeping, Migratory beekeeping
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0z

Bingél Universitesi biinyesinde 2021-2022 yillari arasinda kurulan ari merasi ile yayladan elde edilen
bal, polen ve propolis miktarlari ile bal kalitesinin belirlenmesi ve bu 6zellikler agisindan ari merasi ile
yaylanin karsilasgtirlimasi amaciyla bu calisma yiiratilmustir. Arastirmada 10 adet ari kovani
kullanilimigtir. Ari kovanlarindan 5 tanesi ari merasinda birakilmig, bes tanesi de karsilagtirma yapmak
amaciyla yaylaya ¢ikarilmigtir. Her iki lokasyona ait kovan basina bal, polen ve propolis miktarlari elde
edilmis ve yine her iki lokasyona ait ballarin nem, diastaz, HMF, ticari glikoz, C13 sekeri, C4 sekeri ve
balda protein ile ham bal delta C13 sekeri arasindaki fark tespit edilmistir. Elde edilen bu kalite
parametreleri Tiirk Gida Kodeksi Bal Tebligi’ne gore degerlendirilmistir. Arastirma sonucunda ari
merasi ve yayladan elde edilen polen ve propolis miktarlari arasinda istatistiksel bir fark olmadigi,
yayladan elde edilen bal miktarinin ari merasindan daha yiiksek oldugu ve yine hem ari merasi hem de
yayladan elde edilen ballarin kalite kriterleri agisindan Tiirk Gida Kodeksi Bal Tebligi’nin belirledigi
sinir degerler agisindan “uygun” seviyede olduklari belirlenmistir. Bu veriler isiginda ari merasindan
elde edilen bal veriminin disiik olmasina ragmen siirdiiriilebilir oldugu ve yayla ariciigina ya da

gezginci ariciliga alternatif olabilecegi sonucuna variimistir.

Anahtar kelimeler: Ari merasi, Bal verimi, Bal kalitesi, Sabit aricilik, Gezginci aricilik

GENISLETILMiS OZET

Amag¢: Arastirmada gezginci aricilik ile sabit
ariciliktan elde edilen bal, polen ve propolis
miktarlari ile bal kalitesinin belirlenmesi ve bu
Ozellikler agisindan gerek ari merasinin gerekse de
yaylanin karsilastirilmasi amaciyla bu c¢alisma
yarataimastar.

Gereg-Yontem: Arastirma Bingél Universitesi
binyesinde 2021-2022 yillari arasinda kurulan ari
merasinda ve Bingdl il merkezi sinirlari igerisinde yer
alan Hasarek daginda (yayla) yuratilmistir.
Arastirmada 10 adet Langstroth tipi ahsap ari kovani
kullaniimistir. Kolonilerin ana arilari Anadolu ekotipi
ana arilari ile degistirilmistir. 2021 ve 2022 yillarinda
bu ar kovanlarindan 5 tanesi ari merasinda
birakiimig, bes tanesi de karsilastirma yapmak
amaclyla Haziran ayinin ilk haftasinda yaylaya
cikariimistir. Her iki lokasyonda ve her iki yilda da
agustos ayinda bal hasadi yapilmistir. Yayladan ve
arl merasindan elde edilen bal miktarlari kg, polen
ve propolis miktarlari ise g olarak tartilarak koloni
basina ortalama bal, polen ve propolis verimleri elde
edilmistir. Ayrica yayladan ve ari merasindan elde
edilen ballarin kalite 6zelliklerinden nem, diastaz,
HMF (hidroksimetilfurfural), ticari glikoz, C13 ve C4
sekerleri ile balda protein ve ham bal delta C13
sekeri arasindaki fark tespit edilmistir.

Ari merasinda elde edilen ballarin Kkalitesini
belirlemeye yonelik bu analizler, Bingdl Universitesi
Merkezi Laboratuvar Uygulama ve Arastirma
Merkezinde yapiimigtir. HMF analizi igin IHC (Ch.
5.1), diastaz sayisi igin TS 3036, nem igerigi icin TS

13365, ticari glikoz icin TS 3036, C13 ve C4 sekerleri
ile balda protein ve ham bal delta C13 sekeri
arasindaki fark icin ise AOAC 998.12 analiz
yontemleri esas alinarak sonuglar elde edilmistir. Ari
merasi ve yayladan alinan ballarda tespit edilen
nem, diastaz, HMF, ticari glikoz, C13 ve C4 seker
icerikleri ile balda protein ve ham bal delta C13
sekeri arasindaki fark, Tirk Gida Kodeksi Bal
Tebligi'ne goére “uygun” seviyelerde olup, olmadigi
degerlendirilmistir. Yayladan ve ari merasindan elde
edilen verilere varyans analiz uygulanmis ve
aralarindaki fark 0.05 seviyesinde LSD testi ile
karsilastiriimistir.

Bulgular ve Sonug: Arastirma sonucunda ari
meras| ve yayladan elde edilen polen ve propolis
miktarlari arasinda istatistiksel bir fark olmadigi,
yayladan elde edilen bal miktarinin ari merasindan,
2022 yilinda elde edilen bal miktarinin ise 2021
yilina gore istatistiksel olarak daha yuksek oldugu
belirlenmistir. Bal verimi agisindan yillar arasinda
ortaya gikan bu farkhhgin, 2021 yilinda yasanan
kurakliktan ileri geldigi 6n gértulmektedir. Balin kalite
kriterleri acisindan ise sadece C13 sekerinin ari
merasl ve yayla ile yillar arasinda istatistiksel olarak
bir farklihk gosterdigi, diger parametrelerin ise
istatistiksel bir farklilik gdstermedigi belirlenmistir.

Hem ari merasi hem de yayladan elde edilen ballarin
kalite kriterleri agisindan Tirk Gida Kodeksi Bal
Tebligi'nin  belirledigi sinir degerler agisindan
“uygun” seviyede olduklari belirlenmistir. Elde edilen
veriler 1siginda ari merasindan elde edilen bal
veriminin dusUk olmasina ragmen sirdirulebilir
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oldudu ve yayla ariciligina ya da gezginci ariciliga
alternatif olabilecegi sonucuna varilmistir.

INTRODUCTION

As in many parts of the world, beekeeping has been
practiced in Bingdl province of Tlrkiye for thousands
of years. Bingodl province has a rich plant species
diversity (lranian-Turanian flora) due to its
geographical location and creates a suitable
potential for beekeeping (Sandal and Kan, 2013).

Beekeeping activities in Bingdl and its surroundings
are generally carried out in the form of migratory
beekeeping. In order not to be affected by colony
losses, beekeepers overwinter their bees in
Cukurova and similar places, and they come back to
Bingdl and its surroundings at the end of April and
the beginning of May. Beekeepers who spend the
month of May in and around Bingdl take their
beehives to the highlands in early June, before the
main nectar flow, and they harvest honey in August.
In general, beekeeping activities in the region are
shaped on this method. This structure makes it
impossible to do beekeeping for hobby purposes, to
carry out beekeeping activities that will provide a
livelihood in the rural area where the producer lives,
or to engage in beekeeping activities for women
entrepreneurs who are disadvantaged in the region.
Because people in this situation do not have the
opportunity to spend the winter in the Cukurova
region, the spring in Bingdl and its surroundings, and
the summer in the highlands.

In a study carried out in Bingdl, it was reported that
84% of beekeeping activities are carried out by
migratory and 16% are settled and 78% of
beekeepers engaged in migratory beekeeping
activities have accommodation problems (Ségut et
al. 2019). Therefore, when a solution is sought for
the problems of beekeepers in the region, it comes
to the fore that priority should be given to finding
solutions to problems directly related to
accommodation or creating alternatives to migratory
beekeeping. It is also obvious that migratory
beekeeping is much more costly than settled
beekeeping, as beekeepers have to stay in multiple
places throughout the year and eventually migrate.
In order to offer a solution to these problems, a bee
pasture was established in Bingdl University
research area between 2019-2022 (Project No:
PIKOM-Bitki.2019.001) and an example of settled
beekeeping activities was created as an alternative
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to migratory beekeeping. Within the scope of this
study, bee products obtained from this bee pasture
were compared with bee products obtained from
migratory beekeeping.

According to 2022 statistics, there were 95.386
beekeeping enterprises in Turkey, and they produce
118.297 tons of honey annually with 8.984.676
hives. In the province of Bingdl, there were 1.033
beekeeping enterprises, and these enterprises
produce 161.009 hives and 1.488 tons of honey
annually (TUIK 2023). In the light of this information,
when the amount of honey obtained was divided by
the number of hives, it turns out that the honey yield
per hive in Turkey was 13.16 kg, and the honey yield
per hive in Bingdl was 9.24 kg. In a study conducted
in Bingdl province, 87 beekeeping enterprises were
handled, and it was reported that the average honey
yield of the enterprises was 11.1 kg/colony (S6gUt et
al. 2019).

It is seen that pH, moisture, acidity, HMF, diastase,
proline, glucose, commercial glucose, fructose,
sucrose, fructose/glucose, fructose + glucose, C4
sugar, protein in honey and "difference between raw
honey delta C13 values" are considered as quality
criteria of honey obtained in Turkiye (Cetin et al.
2011; Kutlu and Bengu, 2015; Karahan Yilmaz and
Eskici, 2017; Bengl and Kutlu, 2018; Cift¢i and
Parlat, 2018; Yasar and So6gutli, 2020; Giltekin
Ozgliven et al. 2020).

These previous studies generally focused on
determining the quality characteristics of honey
obtained from certain regions or organizations. The
difference of current study from the other studies is
that it presents a comparison between honey, pollen,
propolis quantities and honey quality characteristics
obtained from the traditional migratory beekeeping
(highland beekeeping) in the region and honey,
pollen, propolis quantities and honey quality
characteristics obtained from bee pasture which is
an alternative to migratory beekeeping.

In the light of this information, the aim of this study
is to determine the honey, pollen and propolis yields
and quality characteristics of honey obtained from
bee pastures and highland and to compare
migratory beekeeping and settled beekeeping in
terms of these characteristics.
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MATERIALS AND METHODS
Materials

The research was carried out in the bee pasture
(38°, 48, 46" N, 40°, 32°, 26" E and 1078 meters
altitude) located in the Bingdl University Agricultural
Research and Application Center, and the highland
area of the province of Bingol, the Hasarek ski resort
(38°, 53, 21" N, 40°, 17', 13" E and 1911 meters
altitude) in 2021 and 2022.

The bee pasture consists of 10 decares and
rapeseed, Hungarian vetch, sainfoin, thyme, basil,
white clover, sage, buckwheat and lavender were
sown and planted in the pasture area during the
year. Rapeseed and Hungarian vetch were grown
without irrigation and other plants were grown with
irrigation conditions. When selecting the plants used
in the bee pasture, care was taken to select species
adapted to the region and to ensure a continuous
flowering environment in the pasture from April to
October. In addition, it was ensured that the plants
were species that could be utilized after the flowering
stage. For example, the residues of rapeseed,
sainfoin and Hungarian vetch after flowering can be
used as fodder plants, while other species can be
used as medicinal and aromatic plants. In the
research, 10 Langstroth type wooden beehives were
used as material. The queen bees of the colonies
were replaced with the Anatolian ecotype queens
and the maintenance, control and fight against
diseases/pests of the colonies were carried out
periodically.

In the province of Bingdl, where the research was
conducted, the annual average temperature value
for many years is 12.3 °C. In January and February,
the average temperature is below zero, and July and
August are the hottest months. The average
temperature was recorded as 14.2 °C in 2021 and
13.4 °C in 2022, when the research was conducted.
The average annual total precipitation of Bingdl
province for many years is 932 mm. The most
precipitation is received during the winter months.
July and August are the months with the least
rainfall. The average precipitation amount was
recorded as 668 mm in 2021 and 830 mm in 2022,
when the research was conducted. It has been
recorded that 2021 and 2022 are hotter and drier
than the long-term average (MGM 2023).

Methods

Ten beehives were used in the study. In 2021 and
2022, five beehives were left in the bee pasture and
five of them were taken to the highland in the first
week of June in order to make comparisons. In both
locations, honey harvest was done on 06.08.2021 in
2021 and on 15.08.2022 in 2022. The average
honey yield per colony was determined by weighing
the amount of honey obtained from the highland and
bee pastures in kg. Pollen traps attached to the front
of the hive were used to obtain pollen. Pollens
obtained daily were stored on the hive basis and
weighed. Propolis production was obtained with the
help of a propolis grid attached to the colonies.
Propolis production continued until October. In the
last week of October, the propolis in the propolis
grids were kept in the deep freezer for 12 hours, a
large part of the plastic grid was bent, the remaining
small part was excavated, and the colony yield was
calculated by weighing.

The difference between moisture, diastase, HMF
(hydroxymethylfurfural), commercial glucose, C13
and C4 sugars, protein in honey and delta C13 sugar
in raw honey was determined from the quality
properties of honey obtained from highland and bee
pastures. These parameters were also used by
Bengl and Kutlu (2018) to determine the quality
criteria of honey. Analyses to determine the quality
of honey obtained from bee pasture and highland
were done at Bingdl University Central Laboratory
Application and Research Center. IHC (Ch. 5.1) for
HMF analysis, TS 3036 for diastase number, TS
13365 for moisture content, TS 3036 for commercial
glucose, AOAC 998.12 to determine the difference
between C13 and C4 sugars in honey and protein in
honey and delta C13 sugar in raw honey, analysis
methods used and the results were obtained.

Moisture, diastase, HMF, commercial glucose, C13-
C4 sugar contents and "the difference between
protein in honey and raw honey delta C13 sugar"
detected in honey from bee pasture and highland
were evaluated according to the Turkish Food
Codex Honey Communiqué. According to the
Turkish Food Codex Honey Communiqué, the
quality criteria that flower honeys should have are
given in Table 1 (TGKBT, 2020).

Statistical Evaluation

Variance analysis was applied to the data obtained
from the highland and bee pasture, and the
difference between them was compared with the
Student’s t-test at the 0.05 level (JMP 2018).
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Table 1. According to the Turkish Food Codex Honey Communique, the quality criteria that flower honey must have

HMF (mg kg?)

Moisture (%)

Diastasis (piece)
Commercial Glucose (%)
C4 sugar (%)

C13 sugar (%)

Difference between protein in honey and delta
C13 sugar in raw honey

Max. 40 mg kg

Max. %20

Min. 8 number
Negative (Shouldn't be)
Max. %7

-23 and more negative

-1.0 or more positive

RESULTS

Honey, pollen and propolis yields from bee
pasture and highland

The amounts of honey, pollen and propolis taken
from beehives in bee pasture and highland were
given in Table 2. In 2021 and 2022, the amounts of
honey, pollen and propolis obtained from bee

pasture and highland did not show a statistical
difference. However, in terms of years, only the
amount of honey obtained in 2022 was statistically
higher than in 2021, and in terms of bee
pasture/highland, only the amount of honey obtained
from the highland was statistically higher than the
amount of honey obtained from the bee pasture.

Table 2. Amounts of honey, pollen and propolis per hive taken from beehives left on bee-pasture and highland in 2021

and 2022
2021 2022 Year Pasture/Highland
Average Average
Pasture Highland Pasture Highland 2021 2022 Pasture  Highland
Honey (kg) ~ 541:04 558108 6.46+1.1 1398s3.4  ooe 0 1022540 591:0.9 - 978550
Pollen (g) 272+38.3 293+19.8 2824454  316+39.1 283+30.8 299+43.8 277+10.1 305+31.6
Propolis (g) 17.4+43 21.316.4 16.3+2.1 17.312.5 19.415.6 16.842.28  16.9+3.3  19.315.1

The averages shown with the same letter are not different from each other within the error limits of *: P<0.05 **: P<0.01 according to the

Student’s t-test.

In this study, an average of 5.50 kg honey, 283 g
pollen and 19.4 g propolis were taken per hive in the
first year, while an average of 10.22 kg honey, 299 g
pollen and 16.8 g propolis were taken per hive in the
second year. As an average of two years, 5.94 kg of
honey, 277 g of pollen and 16.9 g of propolis were
taken from the bee pasture on average per beehive,
while an average of 9.78 kg of honey, 305 g of pollen
and 19.3 g of propolis were taken from the beehives
brought to the highland. It has been observed that
the amount of honey taken in 2022 is statistically
higher than the amount of honey obtained from the
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highland compared to 2021, and the amount of
honey obtained from the bee pasture (Table 2).

Quality characteristics of honey obtained from
bee pasture and highland

The difference between the quality criteria of
moisture, diastase, HMF, commercial glucose, C13
sugar, C4 sugar, protein in honey and delta C13 in
raw honey, which are among the quality criteria of
honey taken from beehives in bee pasture and
highland in the years 2021 and 2022, were given in
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Table 3. As seen in Table 3, it is evident that the “the
difference between protein in honey and raw honey
delta C13 sugar” content obtained from the bee
pasture in 2022 is statistically higher than that in the
highland. Regarding the years, it can be observed
that the HMF content obtained in 2021 was higher

than that in 2022, while the C13 sugar content was
statistically lower. In terms of bee pasture/highland,
it is noticeable that the C13 sugar content obtained
from the highland was statistically higher than that
obtained from the bee pasture.

Table 3. The difference between moisture, diastase, HMF, commercial glucose, C13 sugar, C4 sugar and protein in honey and delta
C13 sugar in raw honey detected in honey obtained from bee pasture and highland in 2021 and 2022

2021 2022 Year Pasture/Highland
Average Average

Pasture Highland Pasture Highland 2021 2022 Pasture Highland
Moisture (%) 15.0+1.2 15.4+1.0 15.5+0.6 14.8+0.6 15.2+1.0 15.2+0.7 15.3+0.9 15.1+0.8
Diastase 18.2¢6.5  18.3:4.0  235:114  24.6+43 18.3t51  24.1#8.1  20.9+9.2 21.545.1
(Number)

-1 8.97+6.7
HMF (mg kg™) 7.48+6.1 10.46+7.7 4.14+3.3 3.03+2.0 Ax 3.59+2.6 B 5.81+4.9 6.75+6.6
Commercial ) ) ) )
Glucose (%)
Raw Honey -25.8+0.4 -26.3+0.3 -26.3+0.4
A13C -26.0+£0.4 -25.7£0.4 -26.5+0.2 -26.1£0.2 B* A B* -25.9+0.3 A
C4 (%) 2.48+2.6 2.29+3.4 0.00+0.0 1.70x1.5 2.39+2.8 0.85+1.3 1.24+2.1 2.00+2.5
. 0.82+0.6

A13C Differ. -0.28+0.6 -0.13+0.8 nx -0.19¢0.4B  -0.21+0.6 0.32+0.7 0.27+0.8 -0.16+0.6

The averages shown with the same letter are not different from each other within the error limits of *: P<0.05 according to the Student’s t-

test.

In this study, an average of 15.2% of moisture, 18.3
of diastase, 8.97 mg kg?! of HMF, negative of
commercial glucose, -25.8 of C13 sugar, 2.39% of
C4 sugar and -0.21 of the difference between protein
in honey and raw honey delta C13 sugars were
taken per hive in the first year, while an average of
15.2% of moisture, 24.1 of diastase, 3.59 mg kg of
HMF, negative of commercial glucose, -26.3 of C13
sugar, 0.85% of C4 sugar and 0.32 of the difference
between protein in honey and raw honey delta C13
sugars were taken per hive in the second year. As
an average of two years, 15.3% of moisture, 20.9
diastase, 5.81 mg kg' of HMF, negative of
commercial glucose, -26.3 of C13 sugar, 1.24% of
C4 sugar and 0.27 of the difference between protein
in honey and raw honey delta C13 sugars were
taken from the bee pasture on average per beehive,
while an average of 15.1% of moisture, 21.5 of
diastase, 6.75 mg kg' of HMF, negative of
commercial glucose, -25.9 of C13 sugar, 2.00% of
C4 sugar and -0.16 of the difference between protein
in honey and raw honey delta C13 sugars were

taken from the beehives brought to the highland. It
has been observed that the amount of “the difference
between protein in honey and raw honey delta C13
sugar” taken in 2022 was statistically higher than the
amount of “the difference between protein in honey
and raw honey delta C13 sugar” obtained from the
highland compared to 2021, and the amount of “the
difference between protein in honey and raw honey
delta C13 sugar’ obtained from the bee pasture
(Table 3).

DISCUSSION

In general, it is seen that the average amounts of
honey, pollen and propolis taken from both the bee
pastures and the highland in the first year are close
to each other. However, it was observed that the
amounts of honey, pollen and propolis taken from
the bee pasture in the second year were lower than
the amounts obtained from the highland. It is seen
that the amount of honey taken from the highland in
the second year is about twice the amount of honey
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taken from the pasture. In the first year, drought was
experienced in the whole region due to insufficient
rainfall. The effect of this drought was felt both in the
bee pastures and in the highlands. For this reason,
it has been observed that the honey yields obtained
from both bee pastures and highland in the first year
are close to each other and low. In the second year,
the highland showed its potential and thus higher
honey amounts were obtained compared to bee
pastures. Pollen yield was also lower than expected.
The drought experienced throughout the country in
2021 caused the bees to not be able to carry enough
nectar and pollen to the colonies as a result of
affecting the plants that are the food source. As in
other beekeeping products, pollen production was
below the expected level.

Pollen is the male reproductive unit of plants and is
used to develop offspring in the colony. It contains
protein, fat, minerals, vitamins and sugars. Pollen is
a nutrient for the protein need of the bee, and it is
used as a feeding tool with honey in the 3-6 days
period of the larva, as well as the nutrient that the
worker bees consume with honey to ensure muscle
development until the 18th day after they emerge
from the cells in the honeycombs (Korkmaz 2013).
Propolis is an important bee product. Bees use
propolis for closing holes and cracks in hives,
repairing frames, colony defense, narrowing the hive
entrance, covering the colony pests that enter the
hive but cannot be thrown out by bees, disinfection
of honeycomb cells which are the brood production
area, and bees carry an average of 10 mg of propolis
to hive each time and propolis yield per colony varies
between 50-250 g (Kumova et al. 2002).

Nicodemo et al. (2014) reported that the annual
propolis yield per hive varied between 300 g and
1450 g, Bankova et al. (1982) and Tutkun (2000)
reported that propolis yield varied between 10 g and
300 g per hive, depending on the breeds. Similarly,
Kutluca et al. (2008) reported that propolis yield
varied between 10-300 g on average and pollen
yield varied between 219-236 g/colony in a study.

Similar to this study; Kekegoglu et al. (2014 ) reported
average honey vyield per colony in Diizce province
between 2010 and 2011 as 7.79-8.83 kg, Emir and
Ceyhan (2016) reported average honey yield per
hive in Turkey as 19.8 kg, pollen yield as 1.13 kg and
propolis yield as 0.16 kg, Onug¢ et al. (2019)
determined the average honey yield per hive as
19.27 kg, pollen yield as 135 g and propolis yield as
5.71 g in izmir province, Kutlu (2019) determined the
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average honey vyield per hive as 10.4 kg in Sirnak
province. Akturk and Aydin (2019) reported that
1895 kg of honey, 64 kg of pollen and 2.14 kg of
propolis were produced on average in Canakkale
province and honey yield per hive was 16.2 kg. Yildiz
et al. (2022) determined the average honey yield per
hive as 14.97 kg in Yozgat province and reported
that other beekeeping products such as pollen and
propolis are not produced enough to be
commercially evaluated or recorded.

Although Turkey is among the leading countries in
terms of the number of beehives and honey
production, it is behind in terms of other beekeeping
products such as pollen, propolis, bee venom and
royal jelly (Kutlu 2019). It is seen that the amounts of
pollen and propolis obtained in low amounts in our
country, both from bee pastures and from the
highland, are even lower when compared to other
studies. Yavuz (2011) stated that factors such as
climatic conditions, bee species and breed, plant
source, and production and marketing are the
factors affecting propolis production. Propolis yield
increases or decreases in line with the suitability of
these factors.

The importance of moisture content in honey is a
quality criterion. High humidity causes the honey to
ferment and shorten its shelf life. At the same time,
high humidity gives an idea that honey is harvested
before it matures in the comb, that is, early. The low
humidity causes the honey to crystallize and a
granular structure to form in the honey (Kaplan
2014). According to the Turkish Food Codex Honey
Communique, the moisture content of honey is
required to be at most 20%. In the first and second
years of the study, the humidity rate was 15.2%, the
moisture content of honey obtained from bee
pastures was 15.3%, the moisture content of honey
obtained from the highland was 15.1%, and the
average moisture content of honey in general in the
research was 15.2%. It is seen that the results
regarding the humidity obtained from both the bee
pastures and the highland are within the limit values
determined by the Turkish Food Codex Honey
Communique (Table 1, Table 3).

Previous studies determined that moisture content of
flower honey offered for consumption in Turkey was
14.8%-21.6 (Cetin et al. 2011), moisture content of
honeys from Eastern Anatolia and Eastern Black
Sea Regions was 14.01-17.12% (Batu et al. 2013),
moisture content of honey produced in Gaziantep
was % 13.0-20.4 (Kutlu and Bengt 2015), moisture
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content of honey produced in Erzincan province was
16.9-21.4% (Karahan Yimaz and Eskici 2017),
moisture content of honey from five different
companies sold in markets in Konya region was
15.48-17.63% (Ciftci and Parlat 2018), average
moisture content of honey produced in Bingdl was
15.39% (Bengu and Kutlu 2018), moisture content of
honey produced in Mugla was 14.6-20.9% (Belli
2019), moisture content of some honeys collected
from 12 different regions was 16.4%-19.9%
(Gliltekin Ozgiiven et al. 2020), moisture content of
honeys from Igdir region was 13.55-16.75% (Yurt
and Cakir 2020), moisture content of honeys from
Corum region was 14.5%-21.7% (Guzel and
Bahgeci 2020) and moisture content of honeys from
Tokat region was between 13.0%-20.0% (Kara et al.
2022). Itis understood that the results obtained from
these previous studies are compatible with the
current study findings and some of them were
slightly above the limit values determined by the
Turkish Food Codex Honey Communique.

Diastase is a natural enzyme found in honey.
Diastase gives an idea about whether the honey is
fresh or not. It is a parameter that helps to determine
whether the honey is exposed to heat until it is
packaged and reaches the consumer (Ciftci 2014).
According to the Turkish Food Codex Honey
Communiqué, the number of diastases in honey
should be at least 8. Diastase numbers were
obtained as 18.3 in the first year of the study, 24.1 in
the second year, 20.9 in bee pasture honeys, 21.5in
highland honeys and 21.2 in honeys as the general
average of the research. It was determined that the
results regarding the diastase numbers obtained
from both bee pasture and highland were at an
appropriate level according to the Turkish Food
Codex Honey Communique (Table 1, Table 3).

Looking at the previous studies; diastase number of
flower honeys offered for consumption in Turkey was
1.0-20.0 (Cetin et al. 2011), diastase number of
honeys from Eastern Anatolia and Eastern Black
Sea Regions was 8.30-17.9 (Batu et al. 2013),
diastase number of honeys produced in Gaziantep
was 2.5-38.5 (Kutlu and Bengu 2015), diastase
numbers of honey produced in Erzincan province
were 4.5-19.4 (Karahan Yilmaz and Eskici 2017),
diastase numbers of honeys belonging to five
different companies sold in markets in Konya region
were 12.86-22.45 (Ciftgi and Parlat 2018), the
average diastase number of honeys produced in
Bingdl was 18.39 (Bengl and Kutlu 2018), the
diastase number of honeys produced in Mugla

province was 3.38-13.18 (Belli 2019), the diastase
number of honeys taken from the center and districts
of Bingdl was 1-17.9 (Yasar and S6gutli 2020), the
diastase number of some honeys collected from 12
different regions was 9.0-25.4 (Gliltekin Ozgiiven et
al. 2020), the average diastase number in honey
produced in Mus was 19.84 (Kutlu and Bengii 2020),
the diastase number in honeys from Corum region
was 0.1-32.2 (Guzel and Bahgegi 2020) and the
diastase numbers of Tokat honeys were determined
to be 0.0-10.9 (Kara et al. 2022). Some of the results
obtained in these previous studies (Cetin et al. 2011;
Kutlu and Bengu 2025; Karahan Yilmaz and Eskici
2017; Belli, 2019; Yasar and Sogutli 2020; Gizel
and Bahgeci 2020; Kara et al. 2022) diastase
numbers were found to be below the limit values
determined by the Turkish Food Codex Honey
Communique.

HMF (Hydroxy methyl furfurol) content gives
information about the temperature applied to honey.
Heat treatment is applied to neutralize the
microorganisms that contaminate honey. Newly
produced honey generally does not contain HMF.
However, over time, the amount of HMF increases
depending on the storage conditions and the heat
treatment used (Kaplan 2014; Ceylan 2016).
According to the Turkish Food Codex Honey
Communique, the amount of HMF in honey should
be at most 40 mg kg'. The HMF content was 8.97
mg kg in the first year of the study and 3.59 mg kg
Lin the second year. It was observed that the amount
of HMF obtained in the first year was statistically
higher than the amount of HMF obtained in the
second year. The average HFM content of the honey
obtained from the bee-pasture was 5.81 mg kg%, the
HMF content of the honey obtained from the
highland was 6.75 mg kg*, and the general average
of the study was 6.28 mg kg™. It is seen that the
results regarding HMF obtained from both bee
pasture and highland are in accordance with the
Turkish Food Codex Honey Communique (Table 1,
Table 3).

The literature review showed that HMF amount of
honeys from Eastern Anatolia and Eastern Black
Sea Regions was 0.14-24.39 mg kg* (Batu et al.
2013), HMF amount of honey produced in Gaziantep
province was 14.3-51.5 mg kg (Kutlu and Bengi
2015), honey produced in Erzincan province HMF
amounts were 1.54-47.81 m kg* (Karahan Yilmaz
and Eskici 2017), HMF content of honeys belonging
to five different companies sold in markets in Konya
region was 4.17-23.75 mg kg (Ciftci and Parlat
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2018), average amount of HMF in honey produced
in Bingdl province was 36.37 mg kg (Bengl and
Kutlu 2018), HMF content of honey produced in
Mugla province was 0-93.8 mg kg (Belli 2019),
HMF amount of honey taken from central and
districts of Bingdl was 27.01-42.2 mg kg* (Yasar and
So6gatli 2020), the HMF content of some honeys
collected from 12 different regions was 0.1-1.22 mg
kg (Giiltekin Ozgiiven et al. 2020), the average
amount of HMF in honey produced in Mus was 1.99
ppm (Kutlu and Bengl 2020), HMF amount in
honeys of Idir region was 13.70-129.0 mg kg™ (Yurt
and Cakir 2020), HMF amount in honeys from
Corum region was 0.3-36.5 mg kg (Guzel and
Bahgeci 2020), HMF amounts in honeys from Tokat
region was 0.05-8.69 mg kg (Kara et al. 2022). In
some of the results obtained in these previous
studies (Karahan Yilmaz and Eskici 2017; Belli,
2019; Yasar and Sogutli 2020; Yurt and Cakir
2020), it was understood that the HMF amounts
were above the limit values determined by the
Turkish Food Codex Honey Communique.

Sugars constitute a large part of the composition of
honey. The most proportional sugars in honey are
fructose and glucose (Cetin et al. 2011). According
to the Turkish Food Codex Honey Communique, it
has been reported that the amount of fructose +
glucose in flower honey should be at least 60%
(TGKBT 2020). In a study, it was determined that the
sum of fructose and glucose in honeys varied
between 56.3% and 81.6% (Glltekin Ozgiiven et al.
2020). However, what is in question here is not the
sugars that make up the natural structure of honey,
but the commercial sugars or starches added to the
honey afterwards. Commercial glucose or starches
added to honey reduce the value of honey and
endanger human health (Karadal and Yildirim
2012).

According to the Turkish Food Codex Honey
Communiqué, commercial glucose should not be
presentin honey (Table 1). Commercial glucose was
not detected in honey obtained from bee pastures
and highland in both years (Table 3). Similarly, in a
study examining the physicochemical properties of
some honeys collected from 12 different regions, it
was reported that commercial glucose was not
detected in the content of honey (Giiltekin Ozgiiven
et al. 2020).

In the past years, beet sugar (sucrose - tea sugar -
granulated sugar) was used to feed honeybees,
while in recent years, fructose and glucose syrups
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obtained from invert syrup or corn starch have been
fed. In addition, in order to increase the amount of
naturally produced honey and reduce the cost; corn
syrups, which can be produced cheaply and have a
taste and fluidity close to honey, are added to honey
and honey-like products are obtained. The most
common and reliable method of detecting cheating
with these methods is carbon isotope (C13) analysis
and C4 sugar ratio analysis in honey (Padovan et al.
2003). By analyzing the C13/C12 isotope ratios in
honey, the sugar syrup (C4 sugar) ratio likely to be
added to the honey can be determined (White and
Winters 1989).

C13/C12 value varies between -22 and -33 in C3
plants, and C13/C12 value varies between -10 and -
20 in C4 plants. Since most of the nectar plants are
in the C3 group, the C13/C12 value in honey is
around -25. If corn syrup is added to honey, this ratio
goes up to -10. When corn syrup is added to honey,
the carbon isotope ratio of honey changes, but the
carbon isotope ratio of protein in honey does not
change. For this reason, by comparing the carbon
isotope ratios of honey and protein in honey, it can
be determined whether corn syrup is added to honey
and if the difference between these two values is
more than -1, it is understood that corn syrup is
added to honey (Gurel 2015).

According to the Turkish Food Codex Honey
Communiqué, the C13 sugar in honey should be -23
or more negative, the C4 sugar ratio calculated from
the C13 value should be at most 7%, and the
difference between the protein and raw honey delta
C13 values in honey should be -1.0 or more (TGKBT
2020). In the first year of the study, the average C4
sugar was 2.39%, C13 sugar -25.8, and the
difference between protein in honey and raw honey
delta C13 sugars was -0.21, in the second year the
average C4 sugar was 0.85%, C13 sugar -26.3, and
the difference between protein in honey and raw
honey delta C13 sugars was 0.32. Average C4 sugar
was 1.24%, C13 sugar -26.3 in honey, the difference
between protein and raw honey delta C13 values
was 0.27, average C4 sugar in highland honey was
2.00%, C13 sugar was -25.9 and the difference
between protein and raw honey delta C13 values in
honey was - 0.16. It was observed that the rate of
C13 sugar was statistically higher in the second year
compared to the first year, and the C13 sugar
obtained from highland honey was statistically
higher than the C13 sugar obtained from bee
pasture. It was determined that the difference
between C4 and C13 sugars obtained from both bee
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pasture and highland and protein and delta C13
values in honey was at a suitable level according to
the Turkish Food Codex Honey Communique (Table
1, Table 3).

The previous studies showed that, C4 sugar content
of honey produced in Gaziantep province was 0.33-
6.48% (Kutlu and Bengu 2015), the glucose ratio of
the honeys sold in the markets in Konya region by
five different companies was 29.65-35.22%, the C4
sugar ratio was 0.00-3.53%, the difference between
protein and raw honey C13 value was -0.55 to -0.25
(Ciftci and Parlat 2018), the average C4 sugar
content of honeys produced in Bingdl was 1.37%
(Bengi and Kutlu 2018), the C4 sugar content of
honeys produced in Mugla was 0-16.8% and the
difference between raw honey and C13 values was
-0.28 to -2.52 (Belli, 2019) and the C4 sugar rate of
the honeys of the Tokat region was 0.0-5.26%, the
C13 sugar values of raw honey were -25.32 to -
27.32, and the difference between the raw honey
and C13 values was -0.84 to -1.23 (Kara et al. 2022).
It has been observed that the difference between C4
sugar ratio and raw honey and C13 sugar in some
honeys produced in Mugla province by Belli (2019)
was high, and other honeys are within the limit
values determined by the Turkish Food Codex
Honey Communique.

Conclusion

The aim of the research is to determine the yield and
quality of honey and other bee products obtained
from bee pastures and highland. Five of the ten
beehives used in the research were taken to the
highland during the summer period, and five of them
were left in the pasture for comparison purposes.
Then, the amount of honey taken from both places
and the quality of honey were determined. In
addition, pollen and propolis amounts of ten
beehives were determined. In this context, it has
been determined that the average honey yields per
colony obtained from the bee pasture and the
highland in the first year are quite close to each
other. However, the honey yield obtained from the
bee pasture in the second year was lower than the
honey vyield obtained from the highland. Although
honey vyield is low, considering the transportation
and housing costs, it has been understood that bee
pasture is sustainable and an alternative to highland
beekeeping. It was determined that the difference
between HMF, moisture, diastase, commercial
glucose, C4 and C13 sugar contents, protein in
honey and delta C13 sugars in raw honey in honey

taken from both bee pastures and highland were at
an "appropriate" level according to the Turkish Food
Codex Honey Communique.
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ABSTRACT

This article examines the physicochemical and nutritional characteristics of honey produced in
different regions of Kosovo. The aim of this study is to investigate the physicochemical properties and
nutritional characteristics of honey from various regions in Kosovo, shedding light on the factors
influencing its composition and quality. It also underscores the importance of local beekeepers in
sustaining honey production and environmental preservation. A total of 26 samples were gathered
from various locations, and beekeepers were interviewed about their honey-production techniques
and bee-feeding practices. The samples underwent analysis to determine parameters such as moisture
content, total solids, pH, acidity, ash content, proteins, electrical conductivity, and dissolved solids
content %. Notably, the physicochemical properties of honey differed significantly across the regions.
Moisture content ranged from 15.02% to 18.80%, with the lowest found in Ferizaji and the highest in
Sharri. Dissolved solids content % concentration at 20°C varied from 79.50% to 82.60%, with Sharri
exhibiting the lowest and Prishtina displaying the highest value. The acidity and pH levels of all honey
samples were measured between 4.97 and 5.63, and 3.56 to 5.60, respectively. Additionally, the Pfund
scale was employed to evaluate the color of the honey, indicating white hues for Sharri, extremely light
white or white for Prishtina and Ferizaj, and exceptionally white for Skenderaj. This study concludes
that geographical location, feeding systems, nectar sources, honey age, and beekeeper processing
methods significantly impact the physicochemical and nutritional properties of honey, including its
color.

Keywords: Honey, Kosovo region, Physicochemical composition, Nutritional aspects, Color grading
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Bu makale Kosova'nin farkh bélgelerinde uretilen balin fizikokimyasal ve besinsel o6zelliklerini
incelemektedir. Bu ¢alismanin amaci, Kosova'nin gesitli bélgelerinden elde edilen balin fizikokimyasal
ozelliklerini ve besinsel o6zelliklerini arastirarak bilegimini ve kalitesini etkileyen faktorlere 1gik
tutmaktir. Ayrica yerel aricilarin bal liretiminin sirdiriilmesi ve gevrenin korunmasindaki 6neminin
altini gcizmektedir. Cesitli yerlerden toplam 26 6rnek toplanmis ve aricilarla bal tiretim teknikleri ve ar
besleme uygulamalari hakkinda goriisiilmiistiir. Numuneler nem igerigi, toplam kati madde, pH, asitlik,
kiil icerigi, proteinler, elektrik iletkenligi ve % c¢o6ziinmiis kati madde igerigi gibi parametreleri
belirlemek lizere analize tabi tutulmustur. Balin fizikokimyasal 6zellikleri bolgeler arasinda 6nemli
olcude farkhihk gostermistir. Nem igerigi %15,02 ile %18,80 arasinda degismekte olup en diisiuk
Ferizaji'de ve en yiuksek Sharri'de bulunmustur. 20°C'deki ¢oziinmiis kati madde igerigi %
konsantrasyonu %79,50 ile %82,60 arasinda degisirken, en diisiik degeri Sharri, en yiliksek degeri ise
Prishtina géstermistir. Tium bal 6rneklerinin asitlik ve pH seviyeleri sirasiyla 4.97 ila 5.63 ve 3.56 ila
5.60 arasinda dl¢iilmiustiir. Ayrica, balin rengini degerlendirmek i¢in Pfund 6l¢egi kullaniimig ve Sharri
icin beyaz tonlar, Prishtina ve Ferizaj i¢in son derece a¢ik beyaz veya beyaz ve Skenderaj icin son
derece beyaz tonlar belirlenmistir. Bu ¢alisma, cografi konum, besleme sistemleri, nektar kaynaklari,
bal yasi ve arici igsleme yontemlerinin balin rengi de dahil olmak iizere fizikokimyasal ve besinsel
ozelliklerini onemli dlgiide etkiledigi sonucuna varmaktadir.

Anahtar Kelimeler: Bal, Kosova bolgesi, Fizikokimyasal bilesim, Besinsel oOzellikler, Renk
derecelendirmesi

GENISLETILMiS OZET

Amag: Bu kapsamli g¢alismanin amaci, gelisen
aricilik enduistrisi ile taninan Kosova'ya odaklanarak
balin ¢ok yonli dinyasini incelemektir. Calisma,
balin cgesitli 6zelliklerini ve kdkenlerini ve hem
mutfaktaki hem de geleneksel tiptaki rolinu
kesfetmeyi amacglamaktadir. Ayrica, 6zellikle
Kosova'nin aricilik endustrisi baglaminda, balin
metal kirliligini tespit etmek icin g¢evresel bir uyarici
olarak dnemini vurgulamay1 amaglamaktadir.

Gereg ve yontem: Calismada, Kosova'nin 10 farkli
bélgesinden 26 bal 6rnegini incelemek icin titiz
yontemler kullaniimigtir. Bal 6rneklerinin  gesitli
Ozelliklerini degerlendirmek i¢in hem fiziksel hem de
kimyasal analizler yapilmistir. Fiziksel analizler nem
icerigi, % briks konsantrasyonu, pH, titre edilebilir
asitlik, kul icerigi, toplam proteinler, iletkenlik ve
Pfund 0Olgegi kullanilarak bal rengini kapsamaktadir.
Kimyasal analizler toplam protein, kil ve sodyum,
manganez, potasyum, kalsiyum, magnezyum, bakir,
demir ve c¢inko gibi mineral elementlerin
konsantrasyonlari incelenmigtir.

Bulgular: Caligmanin sonuglari, bal &rneklerinin
fiziksel ozelliklerinde cografi farkliliklari yansitan
Onemli farkliliklar oldugunu ortaya koymustur. Nem
icerigi %15,02 ile %18,80 arasinda degisirken,
%briks konsantrasyonu %79,5 ile %82,6 arasinda
degismistir. pH, Titre edilebilir asitlik ve Pfund 6l¢egi

kullanilarak yapilan renk analizi de érnekler arasinda
farkhliklar gostermistir. Ayrica, kimyasal analizler,
%0,03 ile %3,17 arasinda degisen toplam protein
icerigi ve %0,01 ile %0,78 arasinda degisen kil
icerigi ile farkl profiller ortaya koymustur. Sodyum,
manganez, potasyum, kalsiyum, magnezyum, bakir,
demir ve ¢inko dahil olmak Uzere mineral element
konsantrasyonlari bal 6rnekleri arasinda 6nemli
farkliliklar sergilemistir.

Tartisma ve sonug: Bu ¢alisma, Kosova'da gelisen
aricilik endistrisine 6zel olarak odaklanarak balin
¢ok yonli dunyasina iligkin degerli bilgiler
sunmaktadir. Balin benzersiz 6zelliklerini, hem
mutfak hem de geleneksel tiptaki rolini ve metal
kirliligini tespit etmek igin gevresel bir uyarici olarak
onemini vurgulamaktadir. Bal érneklerinin fiziksel ve
kimyasal 6zelliklerinde gozlemlenen farkliliklar, balin
cografi kokenini anlamanin  éneminin  altini
gizmektedir. Bu bulgularin hem Kosova'daki aricilik
endustrisi hem de daha genis ¢evresel izleme alani
icin etkileri vardir.

Sonu¢ olarak, Kosova'da yuritilen bu calisma,
ulkenin  farkh  yerlerinden toplanan ballarin
fizikokimyasal Ozellikleri ve besinsel yonleri
hakkinda degerli bilgiler saglamaktadir. Bulgular,
balin fiziksel ve kimyasal &zelliklerinin arilarin
beslendigi bolgeye ve o bélgenin cografi 6zelliklerine
bagh olarak degistigini gostermektedir. Calisma,
balin nem igerigi, ¢c6zinmus kati madde igerigi %
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konsantrasyonu, asitligi ve pH'sinin bdlgeden
bdlgeye degistigini ve Kosova'da balin rengini
belirlemek igin Pfund 6lgeginin kullanildigini ortaya
koymustur. Balin rengi, nektar kaynagi, balin yagi ve
aricinin igsleme ydntemleri de dahil olmak Uzere
cesitli faktérlerden etkilenmektedir. Calisma ayrica
Sharri'den toplanan balin beyaz renkli oldugunu,
Prishtina'dan toplanan balin ise 6zellikle agik beyaz
ve ekstra beyaz oldugunu gOstermektedir.
Calismanin sonugclari, iyi besin degerine sahip
yuksek kaliteli bal Uretiminde yerel aricilari
desteklemek igin kullanilabilir.

Bu c¢alismanin bazi sinirlamalarini kabul etmek
dnemlidir. Orneklem biyikligli, Kosova'nin gesitli
bdlgelerini temsil etse de nispeten kuguktar.
Gelecekte daha buyik bir 6érneklem blyikligiyle
yapilacak arastirmalar, bal 6zelliklerindeki cografi
farklilklar hakkinda daha kapsamh bilgiler
saglayabilir. Ayrica, bu ¢alisma bal bilesimindeki bu
farkhliklarla iligkili potansiyel saglik faydalarini
arastirmamistir.  ileride yapilacak arastirmalar
Kosova'nin farkli bélgelerinden elde edilen ballarin
besleyici ve tibbi dzelliklerini inceleyebilir.

INTRODUCTION

Honey is a natural sweetener made by bees from
floral nectar. It has been utilized for thousands of
years because of its distinct flavor and several health
benefits. Honey is a complex blend of sugars,
enzymes, amino acids, vitamins, and minerals that
contribute to its particular flavor and therapeutic
benefits (Kasprzyk, et al. 2018,Bernolo 2020).
Honey is available in a range of hues and tastes,
depending on the type of floral nectar gathered by
the bees. Clover honey, wildflower honey, and
Manuka honey are some of the most prevalent
varieties of honey. Each type of honey has a distinct
flavor and nutritional value (Nascimento, et al.
2018,Bucekova, et al. 2018,Cheung, et al. 2019).

Honey is a common component in many different
cuisines across the world. It is a natural sweetener
that may be used in tea, coffee, and baked products.
It may also be used as a meat glaze, a vegetable
marinade, and a topping for yogurt and porridge
(Magdalena Kunat-Budzynska 2023,Gela, et al.
2021,Noiset, et al. 2022). Honey is well-known for its
numerous health advantages in addition to its
culinary applications. Honey has been used for
generations in traditional medicine to cure a number
of diseases, including sore throats, coughs, and
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wounds (Karabagias, et al. 2014,Karabagias and
Karabournioti 2018). It has a high concentration of
antioxidants, which can help protect the body from
free radical damage and lower the risk of chronic
illnesses including cancer and heart disease. Honey
is also recognized for its anti-infammatory
characteristics, which can aid in the reduction of
inflammation in the body and the relief of symptoms
associated with illnesses such as arthritis (Alaerjani,
et al. 2022,Pauliuc, et al. 2022).

Overall, honey is a tasty and healthy natural
sweetener with several health advantages. Honey is
a flexible and pleasant complement to any diet,
whether consumed raw or used in cooking and
baking. Because of its unique qualities, it is an
important element in both traditional and modern
medicine (McLoone, et al. 2016,Pasupuleti, et al.
2017). Many studies have demonstrated that
particular physicochemical characteristics and
mineral content in various locations across the
world, together with chemometric analysis, can be a
valuable tool in determining the botanical or
geographical origin of honey that enters the market.
Moisture, sugar, hydroxy-methyl furfural (HMF),
mineral composition, and a variety of other factors
influence honey quality in terms of both sugar and
microbiological  qualities  (Beretta, et al.
2007,Gasparrini, et al. 2017).

Kosovo is landlocked and located in the heart of the
Balkan Peninsula in Southeast Europe, with a
diverse climate and a high concentration of nectar-
giving plants (Ibrahimi and Hajdari 2020). Kosovo
offers good breeding circumstances; according to
the Statistical Agency of Kosovo (ASK 2015), the
number of beehives has steadily grown, resulting in
higher production from year to year. In 2015, local
output totaled 2,120 tons, an increase over the
previous year's total of 1,568 tons (Rama, et al.
2022). Because bees collect nectar from flora within
a 3-5 km radius, tracing the origin of honey can offer
vital information about probable contamination of the
region from where the honey production material
derives is a useful indication for environmental
pollution from hazardous metals. Honey can be
utilized as an indication of metal pollution,
particularly harmful contaminants, due to its bio
accumulative capacity (Dizman, et al. 2020).

Honey is being promoted in Kosovo as a pure natural
product. Although finding honey from the blooms of
a single plant species, known as miofloral honey, is
almost impossible, beekeepers understand the
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major nectar sources of their region and frequently
design crops to keep the really great ones distinct.
As a consequence, chestnut honey, acacia honey,
mountain honey, meadow honey, and other honeys
may be found in markets (Mladenovi¢ and
Simeonova 2014). The Codex Alimentarius standard
(Codex Alimentarius Commission 2001) and the EU
Honey Directive (Council Directive 2001/110 of the
Council of the European Union, 2001) govern the
standards for the identity and quality of honey.
Kosovo wants to boost agri-food industry
competitiveness in conformity with EU veterinary,
phytosanitary, and food safety requirements.
Consequently, the physicochemical and
microbiological qualities of specific food items are
evaluated in various ways (Rysha, et al.
2022 Kastrati, et al. 2021).

MATERIALS AND METHODS
Reagents and chemicals

Reagents and chemicals of analytical quality, as well
as deionized distiled water, were employed
throughout this investigation.

Sampling

A total of 26 samples of honey from semi-
commercial producers were collected from 10
different towns in Kosovo between March and
September 2022. Decan, Drenas, Skenderaj,
Pristina, Peja, Obilig, Fushe-kosove, Rahovec,
Sharri, Ferizaji, and Shtime were chosen as example
locations. The samples were collected in clean,
washed plastic bottles and delivered to the
laboratory for examination. A questionnaire was
designed and filled during personal interviews with
the owners to obtain information regarding herd size,
geographical location, bees transportation, health
state, honey numbers, and honey sell site. Honey
samples were utilized in triplicate to create a valid
and consistent data set, and their average results
were assessed.

Physical analysis

The physical properties of several honey samples
were evaluated soon after they arrived at the
laboratory. All determinations were made using the
AOAC (2000) procedures. In a nutshell, moisture
content was calculated by subtracting the known
weight of the honey sample from the determined
weight of the whole solid after evaporating the liquid
component of the honey sample on a hot plate. The

International Honey Harmonized Methodologies
Commission was used to analyze the
physicochemical parameters electrical electrical
conductivity (EC), free acidity (FA), moisture, ash,
and dissolved solids content % (Juszczak, et al.
20009).

In summary, a digital pH-meter (HI 8314, Hanna
Instruments, Italy) calibrated with pH 4 and 7 buffers
was used to test pH and electric electrical
conductivity. Titratable acidity was calculated as a
percentage of lactic acid using the titrimetric
technigue. The conventional procedures were used
to determine specific gravity, and electrical
conductivity. Electric electrical conductivity is a
characteristic that determines an ion's capacity to
conduct an electric current between two electrodes.
Titrimetric analysis was used to assess free acidity.
The honey sample (10 g diluted with 75 mL of
distiled water) is titrated with 0.1 N sodium
hydroxide in the presence of phenolphthalein as an
indicator in this procedure.

An ABBE refractometer 220 V BOE 32,400 Model
RMT was used to evaluate moisture content. At a
constant temperature of 20 °C, the refractive index
of the sample was measured using a refractometer.
The quantity of water (% m/m) was determined using
atable based on the refractive index. If the index was
not determined at 20°C, the temperature correction
was applied, and the values were decreased to that
temperature (JAOAC Official Method 52.729). Brix
levels were calculated using the BRIX Method using
a Refractometer -AABE Atago at a temperature of
20°C, +/- 2°C, and the results were read immediately
on the instrument.

The color of the honey samples was analyzed using
a spectrophotometer according to the Pfund scale
according to the USDA categorization by measuring
the absorbance at 560 nm and multiplying it by the
factor 3.15 compared to the procedures of the Codex
Alimentarius Commission Standards (2001). As a
control, honey samples were evaluated against
deionized water. To compare to the Sample result
range, the absorbance of the sample is measured at
560 nm and multiplied by a factor of 3.15.

Chemical analysis

The nitrogen concentration (N) in honey samples
was determined using the Kjeldahl (1983) technique,
and crude protein content was calculated as N6.25
using the AOAC 969.37 method using a Kjeldahl
Apparatus (FOSS Kjeltec 8420 autosampler
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systems) (Magida Tabbara 2022). Whereas,
according to the AOAC 920.181 method, Ash is
assessed by using 10 g of honey sample and adding
10 mL warm distilled water, evaporation (100-300
°C), and Ash in an electrical furnace (Protherm) at
550 °C until Ash is complete.

The honey samples were collected and digested
with two liters of concentrated nitric acid for mineral
analysis. After adding one volume of perchloric acid,
the contents were gently cooked on a hot plate
before being vigorously heated until dry (about 12
ml). This digestive method makes no attempt to
dissolve any silicate-based substance found in the
samples. The digested materials were quantitatively
transferred to a flask after cooling and diluted to 100
ml with deionized double distilled water before being
filtered. The collected samples are homogenized
and placed in another 10.0mL of 65% HNO3 and 1
mL of 35% H202 in the Teflon microwave tube
(vessel) after mineralization and dilution, then placed
in the microwave for mineralization of the samples.
MPAES 4200 atomic absorption spectrophotometer
(Microwave Plasma Atomic Emission) For mineral
examination, spectroscopy with conventional burner,
air-acetylene flame, and hollow cathode lamps was
utilized as a radiation source.

Statistical analysis

The results were reported as the mean SD of three
different determinations. The statistical tool SPSS
17.0 was used to analyze the data (SPSS Statistics
for Windows, Version 17.0. SPSS Inc., Chicago, IL,
USA).

RESULTS
Physical characteristics

Kosovo has a varied geographical location with hilly
mountains, grassland regions, and meadows and
mountains. In total, 26 samples of honey were
utilized in Kosovo from March to September 2022,
and they were spread over 10 distinct locations of
the country. All of the farmers were originally farmers
who produced honey for the local market or for sale
inside Kosovo (different regions or municipality).
First, the farmers were interviewed and questioned
about the health benefits of the bees as well as the
location in which they fed the bees. Six farmers out
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of the 26 interviewees had feed bees in difficult
mountains, which are largely covered with tree and
mountain flora. 7 out of 26 farmers are instructed that
bees are always fed in grassland regions that
dominate this sort of flower (Vicia cracca, V.
pannonica, Trifolium pratense, T. repens, T.
medium, Medicago sativa, Robinia pseudoacacia,
Helianthus tuberosus, Cardus crispus, Centaurea
stoebe, Taraxacum officinale, Cirsium arvense, C.
vulgare, Prunella vulgaris, Mentha longifolia, M.
Aquatica, Ajuga reptans, Origanum vulgare,
Teucrium montanum, T. chamaedrys, Sinapis alba,
Malva sylvestris, Knautia arvensis, Verbascum
thapsus, V, phlomoides, V. blattaria, Melampyrum
pratensae, M. nemorosum), however the remaining
13 out of 26 samples feed the bees in mixed areas
such as grassland, steep mountains, and grasslands
areas.

Moisture, total solids, pH, titratable acidity, Ash
content, total proteins, electrical conductivity, and
dissolved solids content % are significant metrics to
consider while examining the physicochemical
composition and nutritional aspects of honey. Table
1 displays the physical properties of the various
honey samples gathered throughout Kosovo. The
moisture content of the samples ranged from
(15.0220%) to (18.802%). The lowest values were
discovered in the Ferizaji municipality, where bees
are departing between grassland areas and
mountains, while the greatest values were
discovered in the Sharri municipality, where the
terrain is mountains with an ideal height of roughly
1200-1500 meters.

The dissolved solids content % concentration range
at 20 °C ranged from (79.5£0.23 %) to (82.6£0.2 %),
as shown in Table 1. The lowest values were
observed in the Sharri area where the bees feed in
the mountainous highlands (79.5+0.23)% followed
by honey bees from the same places with the same
feeding system, and the highest in the Prishtina
municipality with a range of 82.6+£0.2%.

The specific acidity and pH of all honey samples
were determined to be 4.97+0.2 to 56.3+0.2 and
3.560+.2 to 5.60+.2, respectively (Table 1). All of the
honey samples had minor differences in the two
metrics. The changes in specific acidity and pH are
considerable. The sample acidity and alkalinity of
honey bees are determined by these two criteria.
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Table 1. Chemical parameters of honeys in Kosovo.

Location Moisture Brix % at 20°C  Acidity pH at Electrical Total  proteins Ash

% mmol/kg 20°C conductivity (19/100g) content

uS cm™ 20°C (%)

SH-1 16.8+0.1  81.8+0.01 25.7+0.01 4.53 652.5+2.5 0.35+0.01 0.32+0.01
SH-2 18.84£0.1 79.5+0.01 27.0£0.01 4.57 607.8+2.5 0.4+0.01 0.51+0.01
SH-3 18.0£0.1 79.5+0.01 36.8+0.01 3.89 419.742.5 0.23+0.01 0.04+0.01
SH-4 17.8+¢0.1  80.7+0.01 14.6+0.01 5.18 645+2.5 0.11%0.01 0.2+0.01
SH-5 16.4+0.1 82.2+0.01 36.2+0.01 3.86 254.9+2.5 0.33+0.01 0.08+0.01
PE-1 16.2+0.1  82.3+0.01 26.4+0.01 4.35 713.242.5 0.51+0.01 0.39+0.01
Pz-1 17.020.1  81.5+0.01 25.30.01 4.06 580.4+2.5 0.67+0.01 0.41+0.01
DE-1 18.0£0.1 80.5+0.01 27.4+0.01 5.06 1375.0+2.5 0.49+0.01 0.78+0.01
PR-1 18.0¢0.1  80.5+0.01 4.97+0.01 4.03 41.22+25 0.34+0.01 0.01+0.01
ST-1 16.0£0.1 82.5+0.01 43.1+0.01 4.07 509.1£2.5 0.49+0.01 0.28+0.01
SK-1 16.2#0.1 82.3+0.01 47.4+0.01 4.15 488.0£2.5 0.5+0.01 0.31+0.01
SK-1 15.8+¢0.1 82.7+0.01 48.1£0.01 4.32 690.4+2.5 0.75+0.01 0.34+0.01
DR-1 18.2#0.1 80.2+0.01 8.28+0.01 3.77 59.42+2.5 0.35+0.01 0.37+0.01
DR-3 17.2¢0.1  81.2+0.01 14.0+0.01 4.01 206.9+2.5 0.28+0.01 0.1£0.002
PR-2 15.8+0.1  82.60.01 42.00.01 4.45 640.8+2.5 0.47+0.01 0.47+0.01
OB-1 16.8+0.1 81.7+0.01 33.5+0.01 3.8 412.0£2.5 0.62+0.01 0.13+0.001
OB-2 18.2+0.1  80.2+0.01 33.2+0.01 3.69 389.6+2.5 1.84+0.01 0.13+0.002
OB-3 17.2#0.1 81.3+0.01 29.8+0.01 3.78 341.5+£2.5 0.63+0.01 0.12+0.01
DR-2 16.6+0.1 81.9+0.01 15.7+0.01 3.81 194.442.5 0.36+0.01 0.09+0.01
RV-1 16.2+0.1  82.3x0.01 17.6+0.01 3.63 169.6+2.5 0.41%0.01 0.07+0.01
FK-1 17.8+0.1 80.7+0.01 20.2+0.01 3.77 284.2+2.5 0.87+0.01 0.02+0.001
FK-2 16.6+0.1  81.9+0.01 18.1+0.01 3.56 57.58+2.5 0.03+0.01 0.01+0.001
Fz-1 15.020.1  79.6%0.01 56.3+0.01 4.07 733.8+2.5 3.1740.01 0.68+0.01
Fz-2 16.0£0.1 82.4+0.01 37.2+0.01 4.54 620.8+2.5 1.75+0.01 0.29+0.01
Fz-3 17.6+0.1  81.0+0.01 14.5+0.01 3.81 171.6+2.5 0.19+0.01 0.35+0.01
Fz-4 16.8+0.1 81.7+0.01 13.9+0.01 4.29 181.542.5 0.24+0.01 0.27+0.01

SH-Sharri, PZ-Prizren; PR-Prishtina, FZ-Ferizaj; OB-Obiliq, FK-Fushé Kosova, SK-Skenderaj, DR-Drenas. Each reading
represents the mean standard deviation of three replicate studies.

Color Determination

The Pfund scale is a color grading method for honey
that is used to identify its color. Wilbur L. Pfund
invented it in the early twentieth century, and it is still
frequently used today. The scale goes from 0 to 140,
with 0 being the lightest and 140 representing the
darkest. A honey sample is placed in a Pfund color
grader, which is a glass tube about 5 inches long and
1 inch in diameter, to determine the hue of honey

using the Pfund scale. The honey is next tested
against a set of colored glass standards ranging from
water white to dark amber.

The quantity of light that goes through the sample in
relation to the colored glass standards determines
the hue of the honey. The Pfund scale is based on
the honey sample's light absorption, with darker
honey absorbing more light than lighter honey.
Water white or very light amber honey is honey that
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falls between 0 and 34 on the Pfund scale. Honey in
the 35-50 range is light amber, whereas honey in the
51-85 range is medium amber. Honey in the 86-114
range is dark amber, while honey in the 115-140
range is very dark amber or virtually black.

The color of honey may be impacted by a number of
factors, including the nectar source, the age of the
honey, and the beekeeper's processing processes.
Lighter honey is often thought to have a gentler
flavor, but darker honey is more powerful and may
have a stronger flavour. Several color grading
schemes, in addition to the Pfund scale, can be used
to identify the hue of honey. The USDA color grading
system, which goes from Grade A (light) to Grade C
(dark), and the European Commission color grading
system, which goes from Extremely White to Dark,
are two examples.

The honey samples collected at Sharri had a Pfund
interval of 24.58 - 33.129 mm. This signifies that the
honey collected in Sharri is white in hue. The mean
interval of the honey samples collected in Prishtina
was a Pfund interval of 13.074 - 38.32 mm. This
signifies that honey from the Prishtina region is
particularly light white and extra white. The honey
samples collected in the Prizren area are white in
hue.

The honey samples collected at Ferizaj had a Pfund
interval of 22.73 - 38.32 mm. This signifies that the
honey gathered in the Ferizaj area is white or
extremely light white in hue. The honey samples
obtained at the Obilig area had a Pfund interval of
28.3 - 30.53 mm. This signifies that the honey
collected in the Obilig area is white. The mean
spacing of the honey samples collected in Fushe-
Kosovo a Pfund interval of 30.52 - 35.72 mm. This
signifies that the honey obtained in the Fushe-
Kosovo region is white or extremely light white in
hue.

The mean interval of the honey samples collected at
Skenderaj had a Pfund interval of 13.074 - 30.158
mm. This signifies that the honey gathered from the
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Skenderaj site is white and exceptionally white in
hue. The honey samples collected in the Drena area
had a Pfund interval of 33.87 - 36.1 mm. This
signifies that the honey gathered in the Drena area
is white or especially light white in hue.

Chemical components

The honey samples were analyzed for several
chemical components, including total proteins, ash,
and mineral elements (Na, Ca, K, Mg, Mn, Fe, Cu,
and Zn), as shown in Table 3. We attempted to
analyze Cr, As, Pb, and Cd but were unable to do so
since the levels were below the detection limit. The
chemical properties of the samples differed
significantly, and each sample excelled in one or
more areas. The amount of total protein was found
to be in the range of (0.03+£0.001%) to (3.17+0.02%).
Most of the samples has the lowest range (17
samples) until 0.5, other groups until 1g/100g are 6
samples and 3 honey samples are more then
19g/100g and that are; 1.75, 1.84 and 3.17,
respectively (Table 3).

Similarly, the ash content range are slightly
significant and between (0.01£0.01%) to
(0.784£0.02%). The lowest values are coming from
Prishtina municipality 0.01+£0.01% while the highest
from Decani municipality 0.78+0.02%. The lowest
level of ash contains are coming from are where
bees located on the grasslands area (area combined
with the meadows and several type of flowers) while
the highest level are from the area which bees are
feedings from hilly mountains (combined with
mountains, grasslands area located with trees).

The concentration of Na is in range (170.03+0.001
mg/kg) to (600.00+0.02 mg/kg) and concentration of
Mn it was differently. 3 out of 26 samples was not
detected, 3 below 0.1 and others are in range
(0.11£0.001%) to (18.24£0.02%).
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Table 2. The determination color of honey based on a Pfund scale.

Location USDA colour Standard designation Color scale,Pfound (mm)
SH-1 White 33.129
SH-2 White 32.015
SH-3 White 30.27
SH-4 White 24.58
SH-5 White 31.272
PE-1 White 21.987
Pz-1 White 26.44
DE-1 White 32.75
PR-1 Extra light white 38.32
ST-1 White 22.73
SK-1 White 30.158
SK-1 Extra white 13.074
DR-1 Extra light white 36.1
DR-3 white 34.98
PR-2 Extra white 13.074
OB-1 White 28.67
OB-2 White 28.3
OB-3 White 30.53
DR-2 White 33.87
RV-1 Extra light white 41.67
FK-1 White 30.52
FK-2 Extra light white 35.72
Fz-1 white 22.73
Fz-2 white 33.129
Fz-3 Extra light white 38.32
Fz-4 White 29.043

SH-Sharri, PZ-Prizren; PR-Prishtina, FZ-Ferizaj; OB-Obiliq, FK-Fushé Kosova, SK-Skenderaj, DR-Drenas

Compared to Na and Mn,

differences were found in K. The range of K are in
range concentration of K was detected on honey and
in range of (19.4+0.001 mg/kg) to (1898.00+0.02

mg/kg).

shown from honey which bees has feed in
grasslands are while highest are in Obiliq
municipality  indicated for grasslands and
contaminated area. Level of Mg variate in range
(5.051£0.001 mg/kg) to (97.9+0.02 mg/kg). There are
significant differences between the lower level and

Concentration of Ca was found to be (89.2+0.001
mg/kg) to (295.7£0.02 mg/kg). The lower level was

the higher level, 92.85 mg/kg being the highest level.
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Table 3. Concentration of heavy metals (mg/kg) in honey samples from Kosovo.

Zn Ca Fe Cu K Mg Mn Na
Location 21385 43025 37199 32475 769.89 38382 403.07 589.59 Description
code 7nm 3nm 3nm 4 nm 7nm 9nm 6 nm 2nm
SH-1 2.44 1832 0.4 0.28 1719 534 2.28 600 ?qigﬁ'mainous
SHo2 3.24 2273 nd. <0.1 1642 50.7 1.99 516 ﬂi(')'ﬁhtainous
ha 319 2075 nd. 017 1050 376 134 446 O
SH4 3.37 1213 nd. 0.55 1739 286 1.25 388 gic':ﬁ'mainous
SHS 4.05 2176  nd. 0.52 631 26.4 0.66 558 ?qigﬁ'mainous
- 534 289 119 044 1898 645 333 251 MO
pz-1 3.16 256 0.55 0.31 1406  57.1 3.53 366 Grassland
DE-1 6.17 4597  1.06 0.2 3484 435 11.4 765 ﬂi(')'mtainous
PR-1 2.24 1458  nd. n.d. 19.4 5.81 n.d. 409 Grassland
or1 464 3266 180 028 1197 823 720 554 MW
SK-1 4.22 186.8  0.19 0.25 1201 43.1 3.15 415 Mixed
SK-1 3.45 136.4  0.39 0.39 1759 102 10 190 Mixed
DR-1 2.28 146.4  nd. n.d. 33.2 13.4 n.d. 298 Mixed
DR-3 5.09 127.8  1.89 n.d. 265 29.6 1.19 362 Mixed
PR-2 3.53 2613 174 0.37 1764  76.2 3.66 345 Grassland
OB-1 3.64 144 2.8 n.d. 807 39.5 2.99 153 Grassland
OB-2 3.58 1813  3.46 0.05 765 46.4 3.71 290 Grassland
OB-3 3.89 295.7 n.d. n.d. 638 45.2 0.11 457 Grassland
DR-2 3.71 1969  1.58 n.d. 278 43.3 1.04 428 Mixed
RV-1 451 1124 nd. n.d. 293 9.98 <0.1 352 Grassland
FK-1 3.32 149.8  0.03 n.d. 429 19 <0.1 326 Grassland
FK-2 3.01 89.2 n.d. n.d. 22.3 5.05 n.d. 171 Grassland
FZ-1 6.2 2341 098 0.58 1739 97.9 13.4 469 Mixed
FZ.2 3.41 184 1.61 0.7 1532 139 18.2 321 Mixed
F7-3 3.84 116 2237 nd. 356 105 <0.1 252 Mixed
F7-4 3.44 166.1  nd. 0.64 457 21.6 1.75 354 Mixed

Level of Cu in 10 out of 26 samples was not able to
detect, 1 sample was below 0.1 and others are in
range (0.17.03+0.001) to (0.58+0.02). Concentration
of Fe in honey level it was different. Total 10 out of
26 samples not able to detect, while others are in
range (0.19+0.001) to (22.37+0.02). The result
indicates significant differences because differences
level is 22.18mg/kg. Higher level of Fe is shown from
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one sample in capital of Kosovo-Pristina, Ferizaj,
Obilic and Peja.

The level of Zn is detected to all of the samples and
significant differences it ranges from (2.44+0.001) to
(6.2+0.02) mg/kg. highest level was from Decani
municipality from where bees are feed from hilly
mountains included different trees.
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DISCUSSION

The results of this study provide valuable insights
into the physical characteristics and chemical
composition of honey samples collected from
various regions in Kosovo. The discussion section
will delve into the implications of these findings, their
significance in the context of honey production, and
potential implications for consumer health. One of
the noteworthy observations from this study is the
geographical variation in honey characteristics
across different regions of Kosovo. Kosovo's diverse
topography, comprising hilly mountains, grassland
regions, and meadows, significantly influences the
composition of honey. This variation can be
attributed to the differing flora and foraging patterns
of bees in these regions.

The moisture content of honey is a crucial parameter
as it impacts its shelf life and overall quality. In this
study, honey samples from various regions of
Kosovo exhibited moisture content ranging from
15.02% to 18.80%. Notably, honey from the Ferizaji
municipality, characterized by bees foraging in
grassland areas and mountains, had the lowest
moisture content. Conversely, honey from the Sharri
municipality, where bees forage in mountainous
terrains, had the highest moisture content. The
variation in moisture content can be attributed to
environmental factors, such as humidity levels and
temperature, which affect the rate of water
evaporation in nectar. Lower moisture content is
generally desirable as it contributes to the
preservation of honey. However, excessively low
moisture content can result in crystallization,
impacting the honey's texture and appearance.
Therefore, beekeepers in regions with higher
moisture content may need to employ strategies to
reduce moisture levels.

The standard moisture content in honey is around
17-18%, but it can vary based on several factors,
including environmental conditions, floral sources,
and harvesting methods. If the moisture content is
too high (above 20%), the risk of fermentation and
spoilage increases, leading to a reduced shelf life
and undesirable flavor changes. On the other hand,
honey with excessively low moisture content (below
16%) tends to crystallize rapidly, affecting its texture
and making it less appealing to consumers (Keckes,
et al. 2013).

The dissolved solids content of honey is closely
related to its sweetness and nutritional value. In this
study, the concentration of dissolved solids ranged

from 79.5% to 82.6%. Honey from the Sharri
municipality had the lowest dissolved solids content,
whereas honey from the Prishtina municipality had
the highest. The variation in dissolved solids content
may be attributed to the diversity of nectar sources
available to bees in different regions. Bees foraging
in areas with a wide variety of floral sources may
produce honey with higher dissolved solids content,
resulting in a richer flavor profile. Understanding
these variations is essential for beekeepers seeking
to market honey with specific taste profiles.

The pH and acidity of honey are critical parameters
that influence its taste and stability. The honey
samples in this study exhibited pH values ranging
from 3.56 to 5.60 and specific acidity values ranging
from 4.97 to 56.3. While these values remained
within acceptable ranges for honey, it is essential to
note that even minor differences in pH and acidity
can significantly impact flavor and shelf life. The
observed variations in pH and acidity can be
attributed to differences in the nectar sources and
bee foraging behaviors across the regions. Honey
from areas with a prevalence of specific types of
flowers may exhibit distinct pH and acidity profiles,
leading to unique flavor characteristics. Beekeepers
may consider these variations when marketing
honey for specific culinary or medicinal purposes.

The pH of honey typically falls in the range of 3.2 to
4.5, making it acidic in nature. This low pH
contributes to honey's long shelf life by inhibiting the
growth of many microorganisms. Honey's natural
acidity also lends to its distinct flavor profile. The
specific pH value of a honey sample can vary based
on several factors, including the floral sources bees
forage from and the geographical region of
production (Annamaria Perna 2013).

Honey color is a prominent attribute that influences
consumer preferences and marketability. In this
study, the Pfund scale was used to determine honey
color, with the results indicating variations across
different regions of Kosovo. Honey from the Sharri,
Prishtina, and Prizren municipalities exhibited white
to extra white hues, while honey from Ferizaj, Obiliq,
and Fushe-Kosovo regions ranged from white to
extremely light white. Skenderaj and Drena regions
also produced honey with exceptionally light white
hues. These variations in honey color can be
attributed to several factors, including the types of
flowers and plants visited by bees, the age of the
honey, and the beekeeping practices employed.
Consumers often associate lighter honey with milder
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flavors, while darker honey is perceived as having a
more robust taste. Beekeepers can leverage these
color variations to cater to different consumer
preferences.

The chemical composition of honey, including its
total protein, ash content, and mineral elements,
provides insights into its nutritional value and
potential health benefits.

Total protein content in honey is relatively low,
typically ranging from 0.03% to 3.17%. Most honey
samples in this study fell within the lower end of this
range, with 17 samples containing less than 0.5g of
total protein per 100g of honey. Only six samples
had protein content between 0.5g and 1g per 100g,
while three samples had protein content exceeding
1g per 100g. The variation in total protein content
can be attributed to the diversity of nectar sources.
Honey produced from the nectar of certain plants
may have higher protein content. While honey is not
a significant source of dietary protein, it may still
contribute to overall nutrient intake.

In the different studies, the total protein content in
honey is relatively low compared to other
components like sugars and water. The protein
content typically ranges from 0.02% to 0.5% of
honey's total composition, making it a minor but
significant fraction (Pasupuleti, et al. 2017).

The ash content of honey, which ranged from 0.01%
to 0.78%, reflects the presence of mineral elements
in the honey. Honey from Prishtina had the lowest
ash content, while honey from Decani exhibited the
highest. The ash content is influenced by both the
floral sources of nectar and the geographical
characteristics of the regions. Honey produced in
grassland areas, where mineral-rich soil may be
more prevalent, could exhibit higher ash content.
Understanding these variations can help
beekeepers and consumers make informed choices
based on their nutritional preferences. The ash
content of honey is a significant aspect of its
composition, representing the inorganic mineral and
trace element content. Ash content typically
accounts for a small fraction of honey, generally
ranging from 0.02% to 0.5% (da Silva, et al. 2016).

The presence of various mineral elements in honey,
including sodium (Na), manganese (Mn), potassium
(K), calcium (Ca), magnesium (Mg), copper (Cu),
iron (Fe), and zinc (Zn), contributes to its nutritional
value. Sodium content in honey ranged from
170.03mg/kg to 600.00mg/kg, reflecting differences
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in the mineral composition of the regions. Similarly,
manganese levels varied, with some samples
exhibiting concentrations below 0.1mg/kg and others
ranging from 0.11% to 18.2mg/kg. Potassium levels
exhibited significant differences, with concentrations
ranging from 19.4mg/kg to 1898.00mg/kg. These
variations may be attributed to the types of plants
and soil compositions in the respective regions.
Calcium content ranged from 89.2mg/kg to
295.7mg/kg, with lower levels observed in honey
produced in grassland areas and higher levels in
honey from regions with hilly terrain.

Magnesium levels varied between 5.05mg/kg and
97.9mg/kg, with some regions exhibiting substantial
differences. The highest magnesium levels were
observed in a sample, highlighting the potential
impact of geological factors on mineral content.
Copper levels varied, with ten samples showing
concentrations below detection limits and others
ranging from 0.17mg/kg to 0.58mg/kg. Iron content
displayed significant differences, with concentrations
ranging from 0.19mg/kg to 22.37mg/kg. Higher iron
levels were observed in several samples, with
notable concentrations in the capital city of Pristina
and other regions.

Zinc levels ranged from 2.44mg/kg to 6.2mg/kg, with
the highest levels detected in honey produced in the
Decani municipality. The variations in mineral
elements can be attributed to the specific geological
and environmental conditions in each region. Soil
composition, mineral deposits, and plant diversity all
play roles in influencing the mineral content of
honey. Consumers seeking honey with specific
mineral profiles can use this information to make
informed choices.

It is important to acknowledge some limitations of
this study. The sample size, while representative of
various regions in Kosovo, is relatively small. Future
research with a larger sample size could provide
more comprehensive insights into geographical
variations in honey characteristics. Additionally, the
study did not investigate the potential health benefits
associated with these variations in honey
composition. Further research could explore the
nutritional and medicinal properties of honey from
different regions in Kosovo.

Conclusion

In conclusion, the study conducted in Kosovo
provides valuable information on the
physicochemical properties and nutritional aspects
of honey gathered from different locations in the
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country. The results indicate that the physical and
chemical properties of honey vary depending on the
region where the bees feed and the geographical
characteristics of that area. The study found that the
moisture content, dissolved solids content %
concentration, acidity, and pH of honey vary from
region to region, and the Pfund scale is used to
determine the color of honey in Kosovo. The color of
honey is affected by various factors, including the
nectar source, age of the honey, and beekeeper's
processing methods. The study also shows that
honey collected from Sharri is white in color, while
honey from Prishtina is particularly light white and
extra white. The results of the study can be used to
support local beekeepers in producing high-quality
honey with good nutritional value.

Overall, the study highlights the importance of
understanding the properties of honey from different
regions to determine its nutritional value and quality.
It also emphasizes the significance of local
beekeepers who play a crucial role in maintaining the
bee population, producing honey, and preserving the
environment. By supporting these beekeepers, we
can not only ensure the availability of high-quality
honey but also contribute to environmental
conservation efforts. The study provides a starting
point for future research that can explore further the
factors that affect the physicochemical properties
and nutritional value of honey in Kosovo and other
regions.
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ABSTRACT

The study conducted to evaluate the parasitisation potential of egg (Trichogramma chilonis Ishii) and
larval parasitoids (Bracon brevicornis Wesmael and Apanteles galleriae Wilkinson) on the
developmental stages of lesser wax moth, Achroia grisella F. The results indicated that a maximum
parasitisation of 46.67% was noticed on egg masses released with seven pairs of T. chilonis, with an
overall mean of 28.89 % and also the adult emergence was recorded about 59.49 %. Among the two
larval parasitoids taken, the per cent parasitisation of lesser wax moth larvae by A. galleriae was
maximum (38.68% overall mean) than by B. brevicornis (33.14%) with a mean adult emergence of
71.16% and 64.78% respectively.

Key words: Lesser wax moth, Achroia grisella, Bio-control agents, Parasitisation

oz

Yumurta (Trichogramma chilonis Ishii) ve larva parazitoitlerinin (Bracon brevicornis Wesmael ve
Apanteles galleriae Wilkinson) kiigiik mum giivesi Achroia grisella F'nin gelisim evreleri lizerindeki
parazitlenme potansiyelini degerlendirmek igin yiiritiilen bir galiglma yapilmistir. Sonuglar maksimum
parazitlenmenin %46,67 oldugunu goéstermektedir. Yedi ¢ift T. chilonis ile salinan yumurta kiitlelerinde
toplam ortalama %28.89 ile fark edilmig ve ayrica ergin ¢ikisi yaklasik %59.49 olarak kaydedilmigtir.
Alnan iki larva parazitoidi arasinda, kig¢iik mum givesi larvalarinin A. galleriae tarafindan
parazitlenme yiizdesi, B. brevicornis'e (%33.14) gore maksimum (toplam ortalama %38.68), sirasiyla
ortalama %71.16 ve %64.78'lik bir ergin ¢ikis orani belirlenmigtir.

Anahtar kelimeler: Kiigiik mum guivesi, Achroia grisella, Biyo-kontrol ajanlari, Parazitlenme
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GENISLETILMiS OZET

Calismanin Amaci: Balmumu givesi Achroia
grisella Fabricius (Lepidoptera: Pyralidae), bal arisi
kolonileri igin ciddi tehditlerden biridir ve kolonilerin
tamamen tahrip olmasina ve bal veriminin
diismesine neden olur. Daha kiiglik mum glivelerine
kargi sentetik pestisitlerin  kullaniimasi, balin
kirlenmesine ve bal arisi kolonileri ve hedef olmayan
organizmalar Gzerinde zararli etkilere neden olur. Bu
sorunlarin  Ustesinden gelmek igin, bodcek
zararlilarini kontrol etmek igin biyolojik kontrol
ajanlan  kullaniimaktadir. Bu amagla, yumurta
(Trichogramma chilonis Ishii) ve larva
parazitoitlerinin (Bracon brevicornis Wesmael ve
Apanteles galleriae Wilkinson) daha az ¢evre dostu
ve uygun maliyetli mum givesine kargl parazitleme
potansiyeli Gizerinde deneyler yapilmigtir.

Gereg ve yontemler: Kiclik balmumu glvesinin ve
olgunlasmamis asamalarinin toplu kiltirl, bocek
kafeslerinde bir yillik bal toplanmis peteklerde
surdurdldu. T. chilonis'in parazitlenme potansiyeli,
farkh guclerde (bir cift ila yedi ¢ift) yetigkin
parazitoidlerin replikasyon basina 50 yumurtadan
olusan mum guvesi yumurta Kkutleleri Uzerine
salinmasiyla degerlendirildi. Larva parazitoitlerinin
potansiyelinin  degerlendirilmesi igin  “sandvi¢
yéntemi” izlendi; bu ydntemde gebe disi parazitoitler,
besin kaynagdi goérevi goren bal ve suya (1:1
oraninda) batiriimis bir pamuklu cgubukla plastik
kaplara aktarildi.

Bulgular: Toplam ortalama %28.89 ve 9%59.49
parazitoid ergin cikis ile yedi ¢ift T. chilonis ile
salinan yumurta kutlelerinde %46.67'lik maksimum
parazitlenme fark edildi. YlUzde parazitlenme ve
ergin c¢ikisinin salinan parazitoitlerin  sayisina
karsilik geldigi belirlendi. Denenen iki larval
parazitoit arasinda, ku¢cik mum guvesi larvalarinin
A. galleriae tarafindan parazitlenme vyizdesi,
sirasiyla %71.16 ve %64.78'lik ortalama ergin
cikisiyla B. brevicornis'e (%33.14) gore maksimum
(toplam ortalama %38.68) olarak bulunmustur.

Sonug: Mevcut calismamiz, biyolojik kontrol
ajanlarinin, depolanmis durumda Achroia grisella
Fabricius'u kontrol etmek icin en iyi alternatif
olabilecegini, ¢liinkli hedef olmayan organizmalara
ve insanlara zararl bir etki olugturmadigini ortaya
koymaktadir.

U.An D. - U.Bee J. 2023, 23 (2): 215-223

INTRODUCTION

According to Steffan-Dewenter et al. (2006), honey
bees (Apis sp.) are dependable pollinators who
pollinate nearly 70% of the world's important crops.
They are also resourceful insects who produce
honey, wax, resin, royal jelly, and other products.
According to Raina (2006), honey bees are essential
for ecosystem stability, poverty reduction, and food
security. Honey bee pests viz., small hive beetle,
Aethina tumida Murray (Coleoptera: Nitidulidae),
large hive beetle, Oplostomus haroldi Witte
(Coleoptera: Cetoniidae), the greater wax moth
(GWM), Galleria mellonella Linnaeus (Lepidoptera:
Pyralidae), lesser wax moth (LWM), Achroia grisella
Fabricius and an invasive mite, Varroa destructor
Anderson and Trueman (Parasitiformes: Varroidae)
have all been reported to cause significant economic
losses in honey bee colonies (Shimanuki et al.,
1980).

Wax moths are the potential threat to bee keeping
due to its prolific development of larvae which devour
wax, pollen and larvae of bees. Similar to the greater
wax moth G. mellonella L. the coexistence and
invasion by lesser wax moth, Achroia grisella F. is an
additional concern to the beekeepers due to their
extensive damage, resulting in heap of webs
(Galleriasis) both under field and stored conditions.
Both chemical and non-chemical management
strategies applied to lessen the losses associated
with wax moths’ infestation are limited by various
challenges due to the high degree of sensitive nature
of honey bees and hive environment (Flint and
Merkle, 1983 and Jafari et al., 2010).

An exploitation of synthetic pesticides against lesser
wax moth results in the contamination of honey, and
detrimental effects on honey bee colonies and non-
target organisms. However, it's essential to note that
pesticides are not the sole treatment option for
managing the lesser wax moth. There are three
primary alternative methods such as, Biological
control: Bacillus thuringiensis, a bacterium with
commercially available spore preparations can be
applied using a hand sprayer through which bacteria
effectively invade and eliminate all wax moth larvae.
Physical control: Chilling or freezing can be
employed by placing combs in a freezer or relying on
winter frosts in cold regions. Chemical control:
Fumes of sulfur and strong acetic acid can be placed
above boxes containing drawn comb, which are then
sealed. These fumes penetrate the combs and help
control the wax moth population. Additionally,
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chemical volatile oils and gaseous treatments like
carbon dioxide, ozone, and nitrogen have been
explored as treatment options (Ellis et al., 2013 and
Ghimire and Phillips, 2010). Hence, in order to find a
suitable alternative to contain lesser wax moth
infestation  under  stored conditions, the
parasitisation  potential of egg parasitoid,
Trichogramma chilonis Ishii and two larval
parasitoids Bracon brevicornis Wesmael and
Apanteles galleriae Wilkinson were evaluated.

MATERIALS AND METHODS
Experimental location

An experiment was done at the Apiary of the
Department of Entomology under Tamil Nadu
Agricultural University, Coimbatore, Tamil Nadu,
India.

Mass culturing of lesser wax moth

Lesser wax moths were mass cultured, together with
their embryonic stages, on honey harvest combs
from a year prior in insect cages (Fig. 2a), in a lab
setting with a constant temperature of 27°C. A.
grisella was mass cultured in plastic insect rearing
boxes (Fig. 2b). The several instars of the larvae
were distinguished based on their size and length.
According to Paddock (1918), the diameter and
length of the larvae were 1-30mm and 0.12-7.0mm,
respectively. The larvae of the later instar (Fig. 1d)
start to spin the cocoon (Fig. 1e), which they
afterwards pupate (Fig. 1f) inside the cocoon.
Development of the larvae takes 6-7 weeks. The

Number of larvae parasitized

plastic lid's edges were where the pupation was
located. The last two instars were when growth and
size increased most frequently. Throughout its
development, the larva goes through seven moults
(Ellis et al. 2013). Moths were moved into a separate
plastic container for the purpose of mating after
becoming adults (Fig. 1g&h). To offer a surface for
egg laying in the mating cage, paper scraps were
introduced. Clusters of eggs are laid (Fig. 1a&b). In
order to determine the parasitisation capacity of
parasitoids on the developmental phases of the
lesser wax moth, the newly hatched larvae were
cultured and allowed to grow continuously (Fig. 1c).

Experimental setup for Parasitisation potential
assessment

The parasitisation potential of T. chilonis was
assessed by releasing the adult parasitoids in
different strengths (one pair to seven pairs) on the
wax moth egg masses comprising of 50 eggs per
replication and the observations on percent egg
parasitized and mean adult parasitoids emerged
from wax moth eggs were recorded.

For assessing the potential of larval parasitoids
“sandwich method” (Fig. 3) was followed, in which
gravid females parasitoids were transferred to
plastic containers with a cotton swab soaked in
honey and water (at 1:1 ratio) which acted as a food
source. The container was covered with khada cloth
and secured with the rubber bands and the wax moth
larvae were placed above the khada cloth and then
covered with another layer of khada cloth. This setup
was kept undisturbed and observations were taken
on third, fifth and seventh day after release.

x 100

% Parasitisation =

Total number of larvae taken
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la. Egg mass 1b. Egg mass (Magnified)

1c. Larval instars 1d. Larva (Magnified)
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le. Pupal cocoon 1f. Pupa

1g. Adult moth 1h. Adult (Magnified)

Figure 1. Developmental stages of Lesser Wax Moth
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2a. Wax moth culture under Rearing cage

2b. Lesser Wax Moth larvae feed on honey comb

Figure 2. Mass Culturing of Lesser Wax Moth

Figure 3. Sandwich method

Statistical Analysis

The experiments were set up using a Completely
Randomised Block Design (CRBD) with three
replications, and the means were sorted using
Duncan's Multiple Range Test (DMRT) after the data
were statistically analysed using Analysis of
Variance (ANOVA) methods (Khan & Khanum,

U.An D. - U.Bee J. 2023, 23 (2): 215-223

1994). Furthermore, F test is used to compare the
variance.

RESULTS

The results showed that when compared to the
experimented strength of egg parasitoid, a maximum
parasitisation of 46.67% was noticed on egg masses
released with seven pairs of T. chilonis, with an
overall mean of 28.89 % and 59.49 % of parasitoid
adult emergence. It was noticed that the per cent
parasitisation and adult emergence were
corresponding to the number of parasitoids released
(Table 1). Among the two larval parasitoids tried, the
per cent parasitisation of lesser wax moth larvae by
A. galleriae was maximum (38.68% overall mean)
than by B. brevicornis (33.14%) (Fig. 4) with a mean
adult emergence of 71.16% and 64.78%
respectively (Fig. 5). Among different larval instars,
the late instars (IV-VII) were preferred for higher
level of parasitisation. There was nil per cent
parasitisation in control which is maintained without
the release of parasitoids. The study inferred the
possible use of egg and larval parasitoids for the
successful management of lesser wax moth under
the storage conditions.
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4a. Pupae of B. brevicornis on host larva 4b. Parasitized wax moth larva with punctures

Figure 4. Parasitisation of Lesser Wax Moth larva by Bracon brevicornis
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Figure 5. Evaluation of bio-control agents against lesser wax moth larvae
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Table 1. Parasitisation potential of parasitoids on egg and larvae of wax moths A. grisella

Egg parasitoid
Treatment / Per cent Larval parasitisation (A. grisella)* Mean (% Mean adult
larval parasitisation) | emergence
instars I Il Il \Y, Y, VI Wl (%)
Larval parasitoids
Bracon 0.00 10.00 30.00 43.33 63.33 46.73 40.00 33.14 64.78
brevicornis (4.06) | (18.43)* | (33.21)2 | (41.17)° | (52.73)* | (43.13)* | (39.23)*
Apanteles 0.00 16.67 40.00 60.00 70.00 63.33 46.67 38.68 71.16
galleriae (4.06) (24.09)2 (39.23)* | (50.77)* | (56.81)* (52.73)2 (43.09)2
mean 4.06 21.26 36.22 45.97 54.77 47.93 41.16
SD 0.00 4.72 7.07 11.79 4.72 11.74 4.72
Egg parasitoid
Mean Mean adult
1 pair 2 pairs 3 pairs 4 pairs 5 pairs 6 pairs 7 pairs parasitisation emergence
(%) (%)
T. chilonis 4.23 6.67 23.33 26.67 33.33 36.67 46.67 28.89 50.49
(8.48)° | (10.71)° (28.56)° | (30.79)* | (34.98)° | (43.02)* | (43.05)2 ' ’
F test for larval parasitoids Vs larval instars
Treatment (Larval parasitoids) 0.46
CD at 5% Larval instars 0.87
T*L 1.23

Note: *Mean of five replications. Figures with brackets represent values that have undergone arc sine transformation; SD—
Standard Deviation, CD-Critical Difference; those without the same alphabetical letters in the same column differ
significantly from one another at p < 0.05. Here, alphabets used for DMRT test.

DISCUSSION

In general, reports on the application of bio-control
agents against wax moths are sporadic and limited
due to the fact that employing parasitoids in a live
colony has least scope. However, attempts were
made to evaluate the parasitisation efficiency of egg
and larval parasitoids under storage conditions due
to its practicality.

In addition, the present experiment exhibited a
positive correlation between host size and per cent
parasitisation by B. brevicornis which deposited
supplementary eggs on superior hosts (later instar)
than the smaller ones (early instar), which is in
conformity with the findings of Taylor (1988).
Presumably, the parasitoid adjusts their clutch size
as per the nutritional value of the host insect, thereby
avoiding larval competition among progeny (Taylor,
1988). The oviposition rate and percent emergence
of B. brevicornis was observed to be maximum on
5th instar larvae of lesser wax moths (63.33%) and

U.An D. - U.Bee J. 2023, 23 (2): 215-223

the successful parasitisation decreased drastically
with host age after 5th instar. Accordingly, the
parasitisation by A. galleriae was observed to be
minimum on early stage larvae (1st-3rd instar) as the
parasitoids require long time to complete their larval
development (Acevedo-Gonzalez et al., 2019). The
5th larval instar of lesser wax moth was found to be
most suitable for parasitisation due to its optimum
size.

The parasitisation potential of T. chilonis, inferred
that it could be a potential biological control agent
against eggs of wax moths under storage conditions.
The rate of parasitisation increased with respect to
the enhanced number of pairs released on the target
pest. Release of seven pairs of T. chilonis resulted
in higher parasitisation of 46.67% on A. grisella
eggs. The role of egg parasitoids for the pest
management was well established and reported as
a dependable and safer method (Hood et al., 2003).
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The present study could be the best one among all
other control measures when compared to the
outcome of Kumar and Khan (2020) who stated that
management of the wax moth in order to reduce
losses in storage conditions, it is recommended that
the combs should be treated with Neem oil (3%) or
Sulphur fumigation. These control measure will lead
to the detrimental effect on honey bee colonies in
terms of inducing feeding deterrence.

Conclusion

Our present study revealed that biological control
agents could be the best alternative to control
Achroia grisella Fabricius when compared to
chemical methods under stored condition as it does
not pose any harmful effect to non target organisms
and also human beings. Furthermore,
Trichogramma chilonis (egg parasitoid) and
Apanteles galleriae (larval parasitoid) which can be
highly recommended as bio-control agents among
other egg and larval parasitoids for the successful
management of lesser wax moths under stored
condition.

Acknowledgement: | express my sincere gratitude
to my beloved chairman, Dr. G. Umapathy,
Entomologist (TNAU) and my research co-guide Dr.
P.A. Saravanan, Entomologist (TCRS, TNAU) for
their immense guidance and valuable support
throughout the research work which was the part of
my master’s thesis.

Author contribution: P. Sabatina: Data collection,
analysis and result interpretation; Dr. G. Umapathy:
Study conception and manuscript correction; Dr.
P.A. Saravanan: Study design and manuscript
editing.

Conflict of interest: The authors have no conflict of
interest to declare.

Data availability: Not applicable
Ethical issues: Not applicable

Source of finance for the study: Not applicable

REFERENCES

Acevedo-Gonzalez JP, Galindo-Cardona A, Avalos
A, Whitfield CW, Rodriguez DM, Uribe-Rubio
JL, Giray T. Colonization history and
population differentiation of the Honey Bees
(Apis mellifera L.) in Puerto Rico. Ecology and
Evolution, 2019;9(19), pp.10895-10902

Ellis JD, Graham JR, Mortenson A. Standard
methods for Wax moth research. J. Apic. Res.
2013;52:1-17

Flint H, Merkle J. Mating behavior, sex pheromone
responses, and radiation sterilization of the
greater wax moth (Lepidoptera: Pyralidae).
Journal of economic entomology, 1983;76(3):
67-472

Ghimire, MN, Phillips, TW. Suitability of different
lepidopteran host species for development of
Bracon hebetor (Hymenoptera: Braconidae).
Environmental Entomology, 2010;39(2):449-
458

Hood WM, Horton PM, McCreadie JW. Field
evaluation of the red imported fire ant
(Hymenoptera: Formicidae) for the control of
wax moths (Lepidoptera: Pyralidae) in stored
honey bee comb. Journal of agricultural and
urban entomology. 2003;20(2):93-103

Jafari R, Goldasteh S, Afrogheh S. Control of the
wax moth Galleria mellonella L.(Lepidoptera:
Pyralidae) by the male sterile technique
(MST). Archives of Biological Sciences.
2010;62(2):309-313

Khan 1A, Khanum A. Fundamentals of Bio-statistics.
Vkaaz Publication, Hyderabad, India, 1994,
pp. 3492-431

Kumar, G., & Khan, M.S. Ecofriendly Management
of Greater Wax Moth (Galleria mellonella)
Infesting Combs Under Storage, Ind. J. Pure
App. Biosci, 2020;8(4):237-245

Paddock FB. The Beemoth or Waxworm; Texas
Agricultural Experiment Stations: College
Station, TX, US, 1918

Raina S. Role of the commercial insects program.
IDB/IFAD International ~ Workshop on
Promotion of income Generation Activities in
the NENA Region Based on Sericulture and
Apiculture, 2006

Shimanuki H, Knox D, Furgala B, Caron D, Williams
J. Diseases and pests of honey bees.
Beekeeping in the United States. Agriculture
Handbook, 1980, 335:118-128

Taylor CR. Speed, stride frequency and energy cost
per stride: how do they change with body size
and gait? Journal of Experimental Biology,
1988;138(1):301-318

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (2): 215-223 223



Citation (Atif): Boyraci GM, Degirmenci A, Yildiz O, Celebi ZB. Propolis ve ari sitl iceren cilt kremi: antioksidan, anti-hyalironidaz ve
antimikrobiyal aktivitelerin degerlendirmesi (Propolis and royal jelly containing skin cream: The evaluation of antioxidant, anti-
hyaluronidase, and antimicrobial activities). U. Ari D. / U. Bee J. 2023, 23(2):224-238 DOI: 10.31467/uluaricilik.1355264

ARASTIRMA MAKALESI / RESEARCH ARTICLE
PROPOLIS VE ARI SUTU iGEREN CILT KREMi: ANTIOKSIDAN, ANTi-
HYALURONIDAZ VE ANTIMIKROBIYAL AKTIVITELERIN
DEGERLENDIRMESI

Propolis and royal jelly containing skin cream: The evaluation of antioxidant, anti-
hyaluronidase, and antimicrobial activities

Gililsiim Merve BOYRACI'*, Atiye DEGiRMI_ENCil, Oktay YILDIZ?3,
Zeynep Berin CELEBI*

1Gida isleme Bélimii, Magka Meslek Yiiksekokulu, Karadeniz Teknik Universitesi, Trabzon, TURKIYE, Yazisma
yazari/Corresponding author E-posta: merveturkut@ktu.edu.tr, ORCID No: 0000-0002-6036-8072; E-posta:
atiyeyaygaz@ktu.edu.tr, ORCID No: 0000-0003-4767-2667.

2Biyokimya Bolimu, Temel Eczacilik, Eczacilik Fakiiltesi, Karadeniz Teknik Universitesi, Trabzon, TURKIYE.

3Oktanatura Ar-Ge Miihendislik Hizmetleri Anonim Sirketi, Trabzon, TURKIYE, E-posta: oktayyildiz@ktu.edu.tr, ORCID
No: 0000-0003-0436-682X.

“4Eczacllik Fakiiltesi, Karadeniz Teknik Universitesi, Trabzon, TURKIYE, E-posta: zeynepberincelebi@gmail.com, ORCID
No: 0009-0001-2606-8973.

Gelis Tarihi / Received: 04.09.2023  Kabul Tarihi / Accepted: 24.10.2023 DOI: 10.31467/uluaricilik.1355264

oz

Propolis ve an siiti eski ¢gaglardan beri geleneksel ve modern tipta gesitli biyolojik aktivitelerinden
dolayi kullaniimisgtir. Giiniimiizde yapilan son ¢aligmalar bu Uriinlerin cilt tedavisi ve bakimi alanindaki
potansiyel uygulamalarini ortaya koymustur. Bu galismanin amaci, cilt kremi uretiminde propolis ve
ar1 sitinun potansiyel kullanimini incelemek ve an (Uriinleriyle zenginlestirilmis cilt kremi
formilasyonunun anti-hiyaliironidaz, antioksidan ve antimikrobiyal aktivitesini degerlendirmektir.
Ayrica kremlerin farkhh depolama sicakhgi ve suresindeki fiziksel stabilitesi de incelenmigtir. Krem
formiilasyonunda an suti orani (%0,5) sabit tutulurken propolis 6ziitii %0,5-1,0-1,5 oranlarinda
kullanilmigtir. Caligmada uretilen kremlerin pH degerleri 5,56 ile 6,02 araliinda degigsmekte olup cilt
pH degerine uygun bulunmustur. Krem formiilasyonunda propolis orani arttikga antioksidan aktivite
degerlerinin istatistiksel olarak arttigi goriilmiistiir (p<0,05). Krem orneklerinin anti-hiyaliironidaz
aktivite analizi sonucu ICso degerleri 0,1667-3,3460 g/mL krem olarak belirlenmis ve en yiiksek aktivite
%1,5 propolis oziitii ilaveli 6rnekte bulunmustur. Propolis ve ari siitii ilaveli krem 6rneklerinin tamami
Bacillus cereus, Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis ve Candida
albicans mikroorganizmalarina karsi inhibisyon gostermistir. Hizlandirilmis stabilite testleri krem
formilasyonun tiim stres kosullarina karsi dikkate deger bir stabiliteye sahip oldugunu gostermistir.
Bu ¢alisma kozmetik sektoriinde dogal, siirdiiriilebilir ve glivenli cilt bakim tiriinleri liretebilmek igin
krem formiilasyonuna ari urriinlerini entegre etmenin uygulanabilirligine dair kanit saglamaktadir.

Anahtar Kelimeler: Propolis, An siitii, Krem, Cilt yenileyici etki, Anti-hiyaluronidaz aktivite
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ABSTRACT

Propolis and royal jelly have been used in traditional and modern medical practices since earlier times,
owing to their diverse range of biological activities. Recent studies have demonstrated the potential
application of these products in the field of skin treatment and care. The purpose of this study is to
examine the potential application of propolis and royal jelly in cream formulation and to evaluate the
anti-hyaluronidase, antioxidant, and antimicrobial activities of skin cream formulation enriched with
bee products. It was also investigated the physical stability of creams at various storage temperatures
and durations. The cream formulation maintained a ratio of royal jelly at 0,5% while varying amounts
of propolis extract ranging from 0,5% to 1,0% to 1,5% were utilized. The pH values of the creams
examined in the study ranged from 5,56 to 6,02, indicating that they were compatible with the pH value
of the skin. It was observed that the antioxidant activity values increased statistically as the propolis
ratio increased in the cream formulation. As a result of the antihyaluronidase activity analysis of the
cream samples, the ICso values were determined as 0,1667-3,3460 g/mL cream and the sample with
1,5% propolis extract showed the highest activity. The cream samples with propolis and royal jelly
exhibited inhibitory activity against Bacillus cereus, Escherichia coli, Staphylococcus aureus,
Staphylococcus epidermidis, and Candida albicans. The results of accelerated stability testing
indicate that the cream formulation exhibits exceptional stability when subjected to various stress
situations. This study provides evidence of the feasibility of integrating bee products into cream
formulation to produce natural, sustainable, and safe skin care products in the cosmetics industry.

Keywords: Propolis, Royal jelly, Cream, Skin regenerating effect, Anti-hyaluronidase activity

EXTENDED ABSTRACT

Aim: Today, there is a growing interest in cosmetics
containing natural biologically active substances
derived from bee products. Propolis and royal jelly,
which are bee products, are utilized in numerous
therapeutic and cosmetic skin products, including
balms, creams, lotions, and lipsticks, due to their
moisturizing, skin regenerating, and antiseptic
properties.

The objective of this study is to investigate the
potential utilization of propolis and royal jelly in the
formulation of creams, as well as to assess the
effects of these bee products on the anti-
hyaluronidase, antioxidant, and antibacterial
properties of the creams.

Material and Method: In present study developed a
design of a cream formulation comprising various
ratios (0,5%,1%, and 1,5%) of propolis extract
combined with a fixed ratio (0,5%) of royal jelly. In
order to assess the physicochemical and
biochemical impacts of royal jelly and propolis on the
cream formulation, a control sample was employed.
Propolis extract was prepared with 70% glycol
solvent and lyophilized royal jelly was used in this
study. The Folin—Ciocalteu method was employed to
measure the total phenols content, whereas the
determination of total flavonoid content was
conducted using the aluminum chloride colorimetric

method. The inhibition of the hyaluronidase enzyme
was conducted with the methodology suggested by
the Sigma protocol, and the results are reported as
ICs0 values. The antibacterial activity of creams was
tested with the disc diffusion method against B.
cereus, E. coli, S. aureus, S. epidermis, and C.
albicans.

Results: The pH values of the creams containing
propolis and royal jelly exhibited a range of 5,26 to
5,54. According to statistical analysis, the cream
sample containing 1,5% propolis extract exhibited
the greatest total phenolic content (TPC), total
flavonoid (TF) content, and ferric-reducing
antioxidant power (FRAP) values. The TPC, TF, and
FRAP values were determined to be 0,786+0,101
mg GAE/g cream, 0,489+0,033 mg QE/g cream, and
4,0041+0,378 umol TE/g cream, respectively. All
cream samples displayed antihyaluronidase activity,
with Cream 3 having the lowest ICso value of 0,16672
g/mL. Furthermore, the ICso values of propolis and
royal jelly were found to be 0,00632 and 0,00504
g/mL, respectively. A significant enhancement in the
inhibitory effect against S. aureus and S. epidermis
bacteria was seen when the concentration of
propolis extract was raised from 0,5% to 1.5%. The
cream formulations were subjected to storage at
temperatures of 4, 25, and 40°C for a duration of 30
days. Throughout this period, the pH levels, color,
and skin feel attributes of the creams exhibited
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stability, with no observable phase separation
occurring.

Conclusion: According to the current findings, the
cream formulation enhanced with propolis and royal
jelly contains bioactive components resulting in a
range of beneficial effects such as antioxidant,
antihyaluronidase, and antibacterial. The use of
royal jelly, which can degrade and oxidize swiftly due
to its structure, together with propolis has increased
royal jelly's resistance to deterioration in cosmetics.
The stability findings indicated that the emulsion
structure and visual characteristics of the creams
were consistent across various stress conditions,
with no observable indications of phase separation.
In addition, this study on the development of a cream
formulation containing propolis and royal jelly is a
preliminary study and has proven the usability of
similar ingredients in skin rejuvenating and wrinkle-
removing cosmetic products. Furthermore, these
cream formulations have exhibited potential in the
development of skin products intended for the
treatment of diverse skin ailments caused by B.
cereus, E. coli, S. aureus, S. Epidermis, and C.
albicans.

GiRIiS

Son yillarda, sanayilesmis (lkelerde dogal
kaynaklardan elde edilen ila¢ ve kozmetik Grlnlere
yonelik egilim artmaktadir. Birgok arastirmaci,
kozmetik Urlnlerde cgesitli biyolojik kaynaklardan
elde edilen dogal Dbilesiklerin  potansiyel
kullanimlarini arastirmaktadir (Lee ve Hyun 2023).
Ari Urdnleri ylUzyillardir gida, tibbi ve kozmetik
amaglarla kullanilmig olup, gun yizline cikarilan
yeni Ozellikleri sayesinde kullanimlari her gegen gun
artarak devam etmektedir (Kowalczuk vd. 2023).
Bal, propolis, ari sutd, polen, ar1 zehri, bal mumu gibi
ari Grnleri biyoaktif Ozellikleri nedeniyle ilag ve
kozmetik Urlnlerinin  6énemli bilesenleri olarak
degerlendiriimektedirler (Kurek-Gérecka vd. 2020).

Propolis; yaprak tomurcuklari, zamk, bitki salgilari ve
cicekler gibi gesitli bitkisel unsurlarin bal arilari (Apis
mellifera) tarafindan toplanarak enzimler ile
muamelesi sonucu donustirdigd reginemsi bir
maddedir (S& vd. 2023; Turkut vd. 2019). Propolis,
ari kovanlarinda bosluklari kapatma,
mikroorganizmalari ve bdcekleri uzak tutma, hava
akisini ve sicakhgr dizenleme, su sizmasina karsi
etkili bir bariyer olusturma gibi amaglarla
kullaniimaktadir (S& vd. 2023, Dizman vd. 2020).

U.An D. - U.Bee J. 2023, 23 (2): 224-238

Propolisin sahip oldugu zengin fenolik bilesenlerden
kaynaklandigi dusunllen birgok biyolojik 6zelligini
degerlendirmek amaciyla sayisiz in vitro ve in vivo
calisma yapimigtir.  Bu o6zellikler arasinda
antimikrobiyal,  antioksidan, yara iyilestirici,
antiparaziter, antiviral, anti-inflamatuar, antikanser
ve antidiyabetik etkiler bulunmaktadir (Belmehdi vd.
2023, Dizman vd. 2020; Kowalczuk vd. 2023, Rocha
vd. 2023). Bu etkiler gbéz 6niuine alinarak propolis
iceren bircok urln dretiimis ve ticarilestiriimistir.
Bunlar arasinda saglik odakli gida ve igecekler ile
kozmetik UrUnler de yer almaktadir (Bankova vd.
2016). Propolisin kozmetikte kullanimi, 6zellikle
kolajen Uretiminin uyariimasi da dahil olmak Utzere
cilt Uzerindeki yararli bakteriyostatik ve yenileyici
etkileriyle iliskilidir (Olczyk vd. 2014).

Ar sitl (RJ), 5-15 glnlik yastaki isci arilarin st
cene ve bogaz bezleri tarafindan (retilen bir
maddedir ve bal arisi larvalarinin diyetinin énemli bir
bilesenidir. Bal arisi  kolonisindeki kastlarin
farklilasmasinda &énemli bir rol oynamaktadir
(Barnutiu vd. 2011; Pavel vd. 2011). Ar sGti hem
geleneksel hem de modern tipta yaygin olarak
kullanilan bir gida takviyesidir. insanlar igin alternatif
tipta kullanilan en etkili ve faydali ari trGnlerinden
biri olarak kabul edilmektedir. Cok sayida serbest
amino asit, protein, karbohidrat, lipit, vitamin, enzim,
hormon, oligo-element ve dogal antibiyotik
bulunmasi sayesinde ar sutu, antioksidan,
antimikrobiyal, yaslanma karsiti, yara iyilestirici,
antiinflamatuar gibi cok cesitli 6zelliklere sahiptir
(Barnutiu vd. 2011, Civelek 2022 Pavel vd. 2011).
Antioksidatif, antibakteriyel, antiinflamatuar ve yara
iyilestirici 6zelliklerin varligi, ari sutind kozmetik ve
cilt bakimi formilasyonlarina dahil edilmek igin
oldukga uygun bir bilesen haline getirmektedir
(Civelek 2022). Arl suta, dokulardaki
metabolizmanin uyarilmasi nedeniyle dokularin
rejeneratif sireglerini iyilestirme 6zelligine sahiptir.
Kremlerde, balzamlarda ve losyonlarda yenileyici,
besleyici ve yilestirici 6zellikleri nedeniyle
kullaniimaktadir (Kurek-Gorecka vd. 2020).

Hyallronik asit (HA) bag doku hicreleri tarafindan
membranda sentezlenen ve ekstrasellller bosluga
salgilanan bir glikozaminoglikan taridur. Hicre digi
matriksin ana bileseni olarak atfedilmekte olup
vucutta dokular bir arada tutma fonksiyonuna
sahiptir (Atagin 2022). HA, cildin nemlendirilmesi,
yaslanma karsiti  etkisi, cildin  elastikiyetini
iyilestirmesi gibi etkileri ile neredeyse tim kozmetik
Urdnlerinde popdler bir bilesen olarak
kullaniimaktadir (Yasin vd. 2022). Hyallronidaz,
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vucuttaki HA’i hidrolizleyen bir enzim olup HA
Uzerindeki kontrolstz aktiviteleri ciltte nem kaybina
yol acarak cilt yaslanmasini ve cesitli cilt
bozukluklari tetikleyebilmektedir (Papaemmanouil
vd. 2022). Dogadaki birgok bilesenin yapisinda
bulunan polifenoller, flavonoidler, sinnamik asit
tirevleri ve lipid asitler dogal hyallronidaz
inhibitérleri  olup  antioksidan, antimikrobiyal,
yaslanma karsiti ve kirisiklk karsiti potansiyellere
sahiptir (Girish vd. 2009; Papaemmanouil vd. 2022).
Son yillarda kozmetik endustrisi, dogal bilesenlerden
yapilimig yeni cilt bakim Grdnleri gelistirmeye ve bu
bilesenlerin kaynaklarini da iceren sekilde ekoloji
dostu Urunleri desteklemeye ilgi duymaktadir. Bu
drtnlerin dogal antioksidanlar, anti-inflamatuar ve
yaslanma karsiti bilesenlerle zenginlestirilmis bir
formda piyasaya sunulmasi ile gevre dostu Urinlerin
Uretiminin tesvik edilmesi amaglanmaktadir (Dini ve
Laneri, 2021). Bu galismanin amaci, kozmetik olarak
kullanilabilecek cilt yenileyici etkiye sahip propolis ve
ari sutu iceren stabil bir cilt kremi formulasyonunu
gelistirmektir. Ayrica gelistirilen krem
formulasyonlarinin antihyaluronidaz, antioksidan ve
antimikrobiyal 6zelliklerini degerlendirmektir.

GEREG VE YONTEM
Propolis ekstraktlarinin hazirlanmasi

Calismada kullanilan propolis ve ari siti 2022
yihinda Gumushane ilindeki yerel aricilardan temin
edilmistir. Propolis ekstrakt, Yildiz (2020)'de
belirtlen  yontemin  modifiye  edilmesi ile
hazirlanmistir. Ekstraksiyondan énce ham propolis
laboratuvar tipi 6guticude (Waring, HGB2WTG4,
ABD) 6guttlmus ve 30 g ham propolis tGizerine 70 mL
glikol (%50’lik) ilave edilerek 60 °C’de 24 saat sure
ile calkalamali inkubatérde (60 rpm) (Microtest,

MC55, Ankara, Tirkiye) ekstraksiyona tabi
tutulmustur.
Arn siti ve propolis iceren kremler

formiilasyonun hazirlanmasi

Propolis ve ari siti iceren krem Uretiminde g farkl
propolis orani (%0,5-1-1,5) ve %0,5 sabit oranda ari
sttt kullaniimistir. Propolis ve ari sutinin krem
orneklerinin biyolojik aktivite ve stabiliteleri tzerine
etkilerinin kiyaslanmasi amaciyla propolis ve ari sutl
icermeyen kontrol 6rnegi ile calisiimistir. Krem
formilasyonu Tanugur Samanci ve Kekecgoglu
(2022)Ynun  calismalarinda belirtilen  yéntemin
modifiye  edilmesiyle  olusturulmustur.  Krem
Uretiminde su fazi 60 °C’deki saf suya 9%0,1

oraninda keg¢iboynuzu zamki ve %10 oraninda
gliserin eklenmesi ve 10 dk karistirildiktan sonra
sicakligin 30 °C’ye disurilmesi ve ardindan %0,5
oraninda ari sutld ilave edilmesi ile hazirlanmistir.
Yag fazinin olusturulmasinda ise stearil alkol (%10),
shea yagi (%10), balmumu (%7), avokado yagi (%6)
ve zeytinyagl (%6) tartilarak ayri bir beherde 60
°C’de karistirlmistir. Homojen hale gelen karisimin
sicakligi 65 °C’ye dusurllerek E vitamini ve belirtilen
oranlarda propolis eklenerek 10 dakika daha
karigtinlmigtir.  Son olarak su ve yag faz
homojenizatdr (IKA,T-18B, Ultra-Turrax, Almanya)
kullanilarak birlestiriimis ve ambalajlara alinmistir.
%0,5 propolis ilaveli krem 6rnegi Krem 1, %1,0 ve
%1,5 propolis 6zitl igerenler kremler ise sirasiyla
Krem 2 ve Krem 3 olarak kodlanmistir.

Biyokimyasal analizler ve antimikrobiyal analiz i¢in 1
g krem 6rnegi Gzerine 10 mL metanol eklenip 15 dk
karistiriimistir. Hazirlanan ¢ézelti 3000 rpm’de 15 dk
santrifiij edikten sonra c¢oOkelti disindaki Ust faz
alinarak analizlerde kullaniimigtir (Dorken 2022).

Krem orneklerinin hizlandirilmig stabilite testleri

Kremlerin emulsiyon stabilitesinin  belirlenmesi
amaciyla Uretimden 24 saat sonra +4 °C £+ 0,1 °C, 25
°C £ 0,1 °C ve 40 °C £ 0,1 °C'de farkh sicaklik stresi
altinda 30 gln sdreyle hizli yaglandirmaya maruz
birakilmistir. Takip sirasinda pH, renk, toplam canli
ve maya-kiif analizleri ve duyusal (goérinis, faz
ayrimi, koku, ciltte his) analizleri yapilmistir
(Srisuksomwong vd. 2023).

Krem o6rneklerinin pH degerleri Ordu vd (2018)'de
belirtildigi sekilde 0,5 g 6rnek alinarak 50 mL saf
suda ¢6zunduruldi ve pH degerleri dlguldi (Hanna
Instrument, pH 211, Romanya). Renk analizleri igin
kremler renk o&lgim kabina altinda hi¢c hava
kabarcigi kalmayacak sekilde ve 1191 gegirmeyecek
kalinlikta (1cm) yayillmistir. Minolta marka renk
Olgim cihazi (Minolta, CR5, Japonya) kullanilarak
Olgiimler yapilmis ve L* (parlaklk), a* (+: kirmizi,-:
yesil) ve b* (+: sari, -: mavi) degerleri agisindan
degerlendirilmistir (Muriel-Galet vd. 2015). Krem
orneklerinden 1g alinip 9 mL %0,1’lik steril peptonlu
su ile karistiricida 3 dk karistirildiktan sonra steril
peptonlu su ile desimal diliisyonlari (10%'a kadar)
hazirlanarak dékme plak yontemiyle calisildi.
Orneklerin toplam mezofilik aerobik mikroorganizma
sayimi igin Plate Count Agar (PCA) besiyeri
kullaniimig olup 6rnekler 35 °C'de 48 saat (FDA-
BAM, 2001a) ve maya kuf sayimi igin Malt Extract
Agar (MEA) besiyerinde 25 °C'de 5 gun inklibasyon
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sonunda koloni sayimlari yapiimistir. Sonuglar kob/g
olarak ifade edilmigtir (FDA-BAM, 2001b).

RP-HPLC-PDA ile fenolik bilegenlerin tayini

Propolis ekstraktinin fenolik bilesen
kompozisyonunun belirlenmesi icin 10 mL ekstraktin
seyreltik HCI kullanilarak pH degeri 2'ye
ayarlanmistir. Sonrasinda 10 mL dietil eter ilave
edilerek oda sicakhdinda 15 dk 200 rpm hizda
¢alkalamali su banyosunda (Nlve, ST-30, Ankara,
Turkiye) calkalanmistir. Ust fazin alinmasindan
sonra ayni islem 5 mL daha dietil eter ilavesi ile
tekrarlanmistir. Ayni prosediir etil asetat kullanilarak
gerceklestiriimis ve ¢bzici 40 °C’de evaporator
yardimiyla uzaklastiriimigtir. Kalinti 2 mL metanolde
¢6zulup 0,45 uM filtreden gegirilmistir (Kara 2020).

Propolis  ekstraktinin ~ fenolik  kompozisyonun
belirlenmesinde 25 standart fenolik madde (m-OH
benzoik asit, protokatekuik asit, p-OH benzoik asit,
ellagik asit, daidzein, rutin, gallik asit, epikatesin,
siringik asit, t-sinnamik asit, hesperetin, krisin,
pinosembrin, p-kumarik asit, ferulik asit, klorojenik
asit, kafeik asit, apigenin, resveratrol, kafeik asit fenil
ester (CAPE), myrisetin, luteolin, kuersetin, ramnetin
ve kurkumin) ile calisilmis olup analizler HPLC
cihazinda (Shimadzu Corporation, LC 20AT, Kyato,
Japonya) PDA dedektér kullanilarak yapilmistir.
Analizde ters faz C18 kolonu (150 mm x 4,6 mm, 5
um; Fortis) kullanilarak ikili ¢bzlclu gradient
programi (A: %2 asetik asit (saf suda); B: %70
asetonitril (saf suda)) uygulanarak
gerceklestirilmistir (Yildiz ve Boyraci 2020). Kolon
sicakhgi 30 °C, akis hacmi 1,0 mL/dk ve enjeksiyon
hacmi 20 pL seklindedir.

Toplam fenolik madde tayini

Krem O&rnekleri, propolis ve ari sutindn toplam
fenolik madde (TFM) igerigi Folin Ciocalteau
metodunda  bazi  modifikasyonlar  yapilarak
gerceklestirilmisgtir (Slinkard ve Singleton 1977).
Sirasiyla 20 yL ornek, 680 L saf su ve 400 pL 0,2
N Folin Ciocalteau reaktifi karistirilarak 3 dakika
karanlikta bekletilmistir. Ardindan %10’luk 400 uL
Na:COs c¢ozeltisi ilave edilerek karigtiniimigtir.
Karanlikta ve oda kosullarinda 2 saatlik inkiibasyon
sonucunda UV-Vis spektrofotometre (Biochrom
Libra) ile 760 nm dalga boyunda absorbans degerleri
Olculmagtir. Standart olarak farkli
konsantrasyonlarda gallik asit kullaniimig olup
sonuglar mg gallik asit es degeri (GAE) / g érnek
olarak verilmigtir.
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Aliiminyum kloriir yontemi ile toplam flavonoid
tayini

Orneklerin flavanoid igerigi Balkan vd. (2018)'de
belirtilen aliminyum klorir metodunun modifiye
edilmesi ile belirlenmistir. Analizde 60 uL 6rnek
Uzerine 540 pL metanol ve 600 pL %Z2’lik metanolik
AICIs c¢ozeltisi ilave edilerek kanstiriimistir. Oda
sicakliginda ve karanlikta 30 dk inklibasyon sonrasi
spektrofotometrede 510 nm dalga boyunda
absorbanslar Odlgilmistir. Standart olarak farkli
konsantrasyonlarda (2-0,5-0,25-0,125-0,0625-
0,03125 mg/mL) hazirlanan kuersetin ¢ozeltileri
kullanilmis ve sonuglar mg KE (kuersetin es degeri)/
g Ornek olarak verilmistir.

Demir indirgeme antioksidan giicii (FRAP) tayini

Orneklerin  antioksidan kapasite tayini Troloks
esdegeri olarak Benzie ve Strain (1999) tarafindan
gelistirilen yontemin modifikasyonu ile belirlenmistir.
FRAP reaktifi sirasiyla 10:1:1 oranlarinda 10 mM
TPTZ (2,4,6-tripiridil-s-triazin) (40 mM HCI ile
hazirlanan), 0,3 M asetat tampon ¢ozeltisi (pH 3,6)
ve 20 mM FeCls ¢Ozeltisinin karistiriimasi ile taze
olarak hazirlanmistir. Test prosediri 50 uL érnek ve
1,5 mL of FRAP reaktifinin karistirilarak 37 °C’de 4
dakika inkUbe edilmesi ve devaminda
spektrofotometrede 595 nm dalga boyunda
Olcllmesi seklindedir. Sonuglar umol Troloks
esdegeri (TE) /g 6rnek olarak verilmistir.

Hyaluronidaz enzim inhibisyonu

Hyallronidaz enzim inhibisyonu tespiti Sigma
tarafindan 6nerilen yontemde bazi modifikasyonlar
yapilmasi ile gercgeklestiriimistir (Yahaya ve Don
2012). Test tiplne sirasiyla 100 yL enzim (1,67
Unite), 100 pL fosfat tamponu (pH 7) ve 25 ulL drnek
eklendikten sonra 37 °C’de 10 dakika inkiibasyona
birakilmistir. Devaminda reaksiyon, hyallronik asit
¢Ozeltisi (sodyum fosfat igcinde %0,01 hyalironik asit,
pH 5.35) formundaki substrattan 100 pL ilave
edilerek baglatimis ve 37 °C'de 40 dakika
inkiibasyon yapilmistir. Stire sonunda 1 mL asetat
tamponu (pH 3,75) ilave edilerek 10 dakika oda
sicakhginda bekletiimis ve reaksiyonu durdurmak
icin tupler kaynar su banyosunda 1 dk tutulmustur.
600 nm dalga boyunda absorbans degerleri
Olgulmus ve ICso de@erleri hesaplanmistir.

Antimikrobiyal aktivite tayini

Propolis, ari sttt ve krem drneklerinin antimikrobiyal
etkinligi Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 35218 Bacillus cereus,
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Staphylococcus epidermis ve Candida albicans
ATCC 10231 mikroorganizmalarina karsi agar
kuyucuk yontemi kullanilarak degerlendirilmigtir.
Besi yeri olarak kullanilan Mueller Hinton agar
(MHA) Gzerine bakteriler i¢in 0,5 ve maya igin 2,0 Mc
Farland bulanikhk standardi esdegderi kilttrler steril
eklvyon cubugu kullanilarak surildi. Besi yeri
Uzerine steril mantar delici (6 mm ¢ap) ile oyuklar
acilarak her oyuga 50 uL 6rnek ilave edilmistir. 37
°C’de 24 saat inkubasyon sonunda oyuklarin
etrafinda olusan zon c¢aplart (mm) Olgulmagstir
(S6nmez 2023).

istatistiksel analiz

Calismadaki tim analizlerin sonuglari SPSS 20.00
(SPSS Inc., Chicago, IL, ABD) programi kullanilarak
istatistiksel olarak analiz edildi. Tum analizler Ug
paralel halinde gergeklestiriimis olup sonuglar
ortalama ve standart sapmasi olarak ifade edilmistir.
Ortalama degerler arasindaki farklari belirlemek igin
tek yonli varyans analizi (ANOVA) ile Duncan ¢oklu
karsilastirma testi yapildi (p<0,05).

BULGULAR
HPLC ile fenolik bilesen tayini sonuglari

Calismada kullanilan propolis ekstraktinin (0,3
g/mL) fenolik bilesenleri Tablo 1'de verilmistir.
Glikolik propolis ekstraktinda fenolik bilesenlerden
en yuksek konsantrasyonda 14,6+0,13 mg/g CAPE
ve en disik konsantrasyonda 0,31+0,01 mg/g
apigenin tespit edilmistir.

Propolis ve ari siitii ilaveli kremlerin antioksidan
potansiyelin degerlendirilmesi

Calismada kullanilan propolis ve ari sttiiniin toplam
fenolik madde (TFM), toplam flavonoid (TF) ve
FRAP analizi sonuglarinda istatistiksel olarak
farklilik gézlenmis ve en yiksek degerleri propolis
ekstrakti (0,3 g/mL) gostermistir. Propolis ve ari
sutiiniin TFM degeri sirasiyla 364,488+8,387 ve
1,207+0,008 mg GAE/g ornek ve TF degerleri
sirasiyla 62,037+8,021 ve 0,980+0,007 mg KE/g
ornek seklinde bulunmustur. Demir indirgeme glicu
degerleri ise propolis ekstraktinin 429,842+5,770
umol TE/g 6rnek ve ari sitinun 1,702+0,140 ymol
TE/g 6érnek olarak tespit edilmistir.

Tablo 1. Propolis ekstraktinin fenolik madde
kompozisyonu

Table 1. Phenolic composition of propolis extract

Bilesen Konsantrasyon (mg/g)
Kafeik asit 2,17+0,03
Kumarik asit 1,41+0,01
Ferulik asit 1,8310,05
Trans-sinnamik asit 1,70+0,02
CAPE 14,6+0,13
Epikatesin 1,97+0,02
Apigenin 0,31+0,01

Uretilen krem &rneklerinin toplam fenolik madde,
toplam flavonoid madde icerikleri ve antioksidan
aktivite sonuglari Tablo 2’de verilmistir. Kremlerin
toplam fenolik madde miktarlari 0,786+0,101 ile
0,089+0,035 mg GAE/g 6rnek aralidinda bulunmus
olup istatistiksel olarak en ylksek degeri %1,5
oraninda propolis ilaveli 6rnek (Krem 3) gostermistir.
Tum analizler igin propolis ve ari sutu ilaveli 6rnekler
kontrol grubundan istatistiksel olarak farklilik
gostermistir (p<0,05).

Tablo 2 Krem 6rneklerinin toplam fenolik madde, toplam flavonoid madde ve antioksidan aktivite sonuglari

Table 2 Results of total phenolic content, total flavonoid content and antioxidant activity of cream samples

Toplam Fenolik Madde
(mg GAE/g 6rnek)

Toplam Flavonoid
(mg KE/g 6rnek)

FRAP
(umol TE/g 6rnek)

Kontrol 0,089+0,0352 0,244+0,0062 1,548+0,2512
Krem 1 0,317+0,066° 0,257+0,041° 2,143+0,262°
Krem 2 0,576+0,124¢ 0,341+0,032° 3,008+0,348¢°
Krem 3 0,786+0,101¢ 0,489+0,033¢ 4,004+0,378¢

ad Ayni stitunda yer alan farkli harfler 6rnekler arasindaki istatistiksel farkliigi simgelemektedir (p<0,05)

ad Different letters in the same column indicate the statistical difference between the samples (p<0.05)

Stabilite testleri

Krem formUlasyonunda en 6nemli noktalarindan biri
de emiilsiyon stabilitesinin surekliligidir. Uretilen

krem 6rneklerinin stabilite calismalari 4 °C, 25 °C ve
45 °C'de 30 gun boyunca gergeklestirilmis olup pH,
TMAB, maya-kuf, renk, koku, faz ayrimi ve ciltte his
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gibi analitik ve organoleptik Ozellikleri
degerlendirilmigtir (Srisuksomwong vd. 2023).

Stabilite sonuglari test edilen c¢esitli saklama
kosullari  altinda  krem  formuilinin fiziksel
Ozelliklerinin kararli oldugunu goésterdi. Tum krem
orneklerinde faz ayrimi gézlenmemis ve herhangi bir
yabanci koku olusmamistir. Ciltte yumusak ve kolay
dagilabilir yapi sergilemigtir.

pH analizi sonuglan

Uretilen propolis ve ari siitii igeren kremlerin
timindn pH degeri 5,25 ile 5,56 araliginda degismis
ve kontrol grubundan istatistiksel olarak farkllik
gostermigtir (Tablo 3). TUm krem drneklerinde farkli
sicakliklarda depolama periyodu boyunca pH

degerlerinde istatistiksel olarak stabilite saglandigi
belirlenmistir.

Renk analizi sonuglari

Propolis ve ari sutd ilaveli krem &rneklerinin
depolama giinii sonunda farkh sicakliklarda dlgilen
renk degerleri Sekil 1, Sekil 2 ve Sekil 3'te verilmistir.
Orneklerin Gretildigi giin (0. Gin) L* degeri 87,50-
86,44, a* degeri 0,33-0,24 ve b* degeri 18,50-24,67
araliginda degismistir (veri verilmemistir). Kremlerin
+4, 25 ve 40 °C’deki L* parlaklik degerleri sirasiyla
86,63-87,23; 85,44-85,983ve 84,22-85,92
arahginda degismis olup depolama sicakhgi arttikga
L* parlaklik degerlerinin istatistiksel olarak azaldigi
(Kontrol grubu harig) goralmastar (Sekil 1).

Tablo 3. Krem érneklerinin farkh sicakliklarda depolama siiresince pH degerleri

Table 3. pH values of cream samples during storage at different temperatures

Ornek +4°C 27°C 40°C
0. giin 30. giin 0. giin 30. giin 0. giin 30. giin
Kontrol 6,02 6,03 6,03 6,03 6,03 6,03
Krem 1 5,54 5,56 5,52 5,53 5,52 5,52
Krem 2 5,49 5,49 5,50 5,50 5,50 5,50
Krem 3 5,25 5,26 5,26 5,27 5,26 5,26
L* degeri

87,50

87,00 pc aC cC

86,50

86,00 °8 dB

85,50 28

85,00 oA

84,50

84,00

83,50

83,00

82,50

+4°C 27°C 40°C +4°C 27°C 40°C +4°C 27°C 40°C +4°C 27°C 40°C
Krem 1 Krem 2 Krem 3 Kontrol

Sekil 1. Krem 6rneklerinin depolama sicakligina bagl L* degerleri

ad K{igk harfler farkli krem formilasyonlarinin ayni sicakliktaki L* degerlerinin istatistiksel farkliliklarini géstermektedir (p<0,05).
ACBlyik harfler ayni krem 6rnegi igin farkh sicakliklarda olgllen L* de@erlerindeki istatistiksel farkliliklari gostermektedir (p<0,05)

Figure 1. L* values of cream samples depending on storage temperature

&d | owercase letters indicate statistical differences in L* values of different cream formulations at the same temperature (p<0.05).
AC Capital letters indicate statistical differences in L* values measured at different temperatures for the same cream sample (p<0.05)

U.An D. - U.Bee J. 2023, 23 (2): 224-238

230



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Orneklerin sarilik (+b*) degerlerinin  depolama sarilik de@erini sergilemis olup propolis ilaveli
sicakligr ile arttigi tespit edilmistir. Depolama kremlerin +b* degerlerinden istatistiksel olarak
sicakliklarinin timu icin kontrol grubu en dusik farklilik sergilemistir (p<0,05).
b* degeri
30,00
bC B cC dc
B
2500 A | cA bA  bB
aC
20,00 aB
aA
15,00
10,00
5,00
0,00
+4°C 27°C 40°C +4°C 27°C 40°C +4°C 27°C 40°C +4°C 27°C 40°C
Krem 1 Krem 2 Krem 3 Kontrol

Sekil 2. Krem 6rneklerinin depolama sicakligina bagl b* degerleri

ad Kigik harfler farkli krem formilasyonlarinin ayni sicakliktaki b* degerlerinin istatistiksel farkliliklarini géstermektedir
(p<0,05). ~CBlyik harfler ayni krem 6rnegdi igin farkh sicakliklarda 6lgllen b* degerlerindeki istatistiksel farkhliklari
gOstermektedir (p<0,05)

Figure 2. b* values of cream samples depending on storage temperature

ad | owercase letters indicate statistical differences in b* values of different cream formulations at the same temperature (p<0.05).
A€ Capital letters indicate statistical differences in b* values measured at different temperatures for the same cream sample (p<0.05)

Krem o6rneklerinin a* degerleri Sekil 3'te verilmistir. degerlerinde istatistiksel olarak artis oldugu
Kontrol grubu digindaki tim o&rneklerde 40 °C belirlenmistir (p<0,05).
sicaklikta depolama sonucu 6&rneklerin  kirmizihk
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a* degeri
040 — o bC bC bC

0,20 I A A dB

0,00 -

11
-0,40 bB bA aC
-0,60

-0,80

-1,00

-1,20 aA
-1,40

aB

+4°C 27°C 40°C

Kontrol

+4°C 27°C 40°C
Krem 2

+4°C 27°C 40°C

Krem 3

+4°C 27°C 40°C

Krem 1

Sekil 3. Krem 6rneklerinin depolama sicakligina bagl a* degerleri

ad Kugik harfler farkli krem formulasyonlarinin ayni sicakliktaki a* degerlerinin istatistiksel farkliliklarini gostermektedir
(p<0,05). ~CBlylk harfler ayni krem 6rnegi icin farkl sicakliklarda Olgiilen a* degerlerindeki istatistiksel farkliliklari
gOstermektedir (p<0,05)

Figure 3. a* values of cream samples depending on storage temperature

ad | owercase letters indicate statistical differences in a* values of different cream formulations at the same temperature (p<0.05).
AC Capital letters indicate statistical differences in a* values measured at different temperatures for the same cream sample (p<0.05)

Antimikrobiyal aktivite Sonuglari S. aureus, S.epidermis ve C. albicans
mikroorganizmalari kullaniimig olup inhibisyon zon

Propolis, ari1 sttt ve krem orneklerinin antimikrobiyal . > o
P y alanlari mm cinsinden Tablo 4’de verilmistir.

etkinliginin degerlendiriimesinde B. cereus, E. coli,

Tablo 4. Propolis, ari sitlive kremlere ait antimikrobiyal aktivite sonuglari

Table 4. Antimicrobial activity results of propolis, royal jelly and creams

inhibisyon zonu (mm)

B. cereus E. coli S. aureus S.epidermis C.albicans
*Propolis 19,65 +0,21 4,95+0,21b 20,65+0,21°P 22,05+0,07° 22,15+0,91°
*Ari sutii - 3,00+0,142 2,900,142 3,90+0,562 2,95+0,212
Kontrol 15,35+0,632 6,05+0,352 12,25+0,212 - -
Krem 1 20,050,770 9,85+0,07° 14,7041,13° 11,05+0,212 12,151,142
Krem 2 20,55+0,91° 9,75+0,07° 22,15+1,34°¢ 13,95+0,14° 12,20+0,982
Krem 3 21,30+0,14b¢ 9,95+0,21° 24,55+0,91¢ 14,40+0,98° 12,55+1,192

adAyni sttundaki farkl harfler istatistiksel olarak farki géstermektedir (p<0,05). * Propolis ve ari sttiinin inhibisyon ¢aplari
kendi aralarinda degerlendirilmigtir.

&d Different letters in the same column indicate statistical difference (p<0.05). * The inhibition diameters of propolis and royal jelly were
evaluated among themselves.
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Propolis ekstraktinin calisilan tim
mikroorganizmalara karsi inhibisyon sergiledigi
tespit edilmistir. Caligilan konsantrasyonda ari
sutinin (0,3 g/ mL) B. cereus digsindaki test
mikroorganizmalarina karsi etkili oldugu ve
3,90+0,56 mm zon capiyla en yiksek S. epidermis’e
karsi inhibisyon gosterdigi belirlenmistir. Propolis ve
ari sutt ilaveli krem Orneklerinin  hepsinde
antimikrobiyal etki gézlenmis ve kontrol grubundan
daha yuksek bulunmustur. Tim mikroorganizmalar
icin en ylksek antimikrobiyal etkiyi %1,5 propolis
ilaveli Krem 3 6rnegi sergilemigtir.

Antihyaluronidaz aktivite sonuglari

Propolis ekstraktl, ari sitli ve Uretilen kremlerin
hyaltronidaz enzimine karsi inhibisyonu élgilmus ve
sonuglar ICso (g/mL) olarak ifade edilmistir. Propolis
ve ari sitiinin ICso degeri sirasiyla 0,0063+0,0002
ve 0,0050+0,0003 g/mL 6rnek olarak bulunmustur
ve sonuglar istatistiksel olarak farkhlik géstermistir.
Krem orneklerinde en distk aktiviteyi
3,3460+0,5615 g/mL 6rnek degeri ile kontrol kremi
sergilerken propolis ve ari sutl ilaveli kremlerde en
yuksek aktiviteyi 0,1667+£0.0025 g/mL 6rnek degeri
ile %1,5 propolis ekstrakti ilaveli Krem 3 6&rnegi
gostermigstir (Sekil 4).

Hyaliironidaz enzim inhibisyonu

3,5

N
o

N

I1Cg, (9/mL)

=
al

1,0365+0,0539¢

I

Krem 1

o
o P

o

Krem 2

0,629440,1075P

I
N

3,3460+0,5615¢

I

0,1667+0,00252

+

Krem 3

Kontrol

Sekil 4. Krem 6rneklerinin hyallironidaz enzim inhibisyonu sonuglari (3¢ Farkl harfler istatistiksel farkliliklarini
gostermektedir (p<0,05))

Figure 4. Hyaluronidase enzyme inhibition results of cream samples (¢ Different letters indicate statistical difference (p<0.05)).

TARTISMA

Kozmetik Uriinlerinde gesitli sicakliklarda depolama
testi, gelistirilen formulasyonlarin stabilitesini ve
etkinligini belirlemek igin kullanilabilecek iyi bilinen
test yontemlerindendir (Sonika vd. 2014). Krem
formilasyonlarinda pH degerleri, etkinlikleri ve
stabiliteleri disunuldiginde énemli bir parametredir
ve insan cilt pH degeri ile uyumlu olmasi
beklenmektedir. Cilt icin kabul edilebilir pH aralig
4,5- 6,5 seklindedir (Fitzner vd. 2023, Nosheen ve
Kaleem 2023, Tranggono ve Latifah 2007).
Calismada formdile edilmis krem orneklerinin pH

degerlerinin 5,25 ve 6,03 araliginda degistigi
g6zlemlenmistir. Propolis ve ari sitl ilave edilerek
Uretilen  kremler istatistiksel olarak  kontrol
grubundan daha disik pH degeri sergilerken, artan
propolis orani Griinlerin pH degerinde anlamli bir fark
olusturmamistir (p<0,05). Ayrica depolama periyodu
boyunca farkl sicakliklar da dahil olmak Gzere tim
krem Orneklerinin pH degerleri stabil kalmistir.
Calisma sonuglari degerlendirildiginde farkh sicakhk
ve depolama siresi de dahil olmak Uzere
formulasyonun cilt pH dederine uyumlu oldugu tespit
edilmistir. Tanugur Samanci ve Kekegoglu (2022)
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calismalarinda %0,3 propolis ekstrakti, %1,0 ari sttt
ve %0,1 oraninda ari zehri iceren cilt kremi
formilasyonu gelistirmis ve oda sicakhgi ve 40 °C’de
sicaklikta 90 guin boyunca stabilite takibi yapmistir.
Oda sicakliginda ve 40 °C’de muhafaza edilen
kremlerin pH degerleri sirasiyla pH 6,4-7,6 ve 7,6-
6,7 araliginda degismistir.

Bilindigi Uzere propolis toplandigi boélgeye bagl
olarak kirmizimsi kahve, yesil, sar ve koyu
kahverengi renklere sahiptir (Polat vd. 2023).
Kremlerin  stabilitesini  degerlendirirken  farkli
depolama sicakliklarina bagh renk degerleri
Ol¢ulmis ve propolis ve ari sUtl ilaveli kremlerin L*,
a* ve b* degerleri kontrol drneginden istatistiksel
olarak farkh  bulunmustur (p<0,05). Krem
formilasyonuna propolis ilave edilmesi ile +a*
(kirmizilik) ve +b* (sarilik) degerlerinde artig, +4 °C
ve 40 °C’'deki parlaklik degerlerinde azalma
g6zlemlenmistir. Bu etkinin propolis ve ari sitinin
orijinal renklerinden kaynaklandigi dustnilimektedir.
Ayni sekilde Saccharina japonica (alg tirt) 6zitlinin
cilt Uzerine nemlendirici aktivitesinin aragstirildigi
calismada, kahverengi alg ekstrakti ilaveli kremlerin
kontrol 6rnegine gére L* ve a* degerlerinde belirgin
azalma gorulmustar.

Saglik Bakanligi Turkiye ilag ve Tibbi Cihaz Kurumu
Kozmetik Uriinlerin Mikrobiyolojik Kontroliine iligkin
Kilavuz’'unda 3 yas alti ¢cocuklara ve diger bireylere
uygulanan kozmetik Grtnlerinin toplam canli aerobik
mezofilik mikroorganizma sayisinin (bakteri, maya
ve kuf) sirasiyla maksimum 102 kob/g ve 10° kob/g
olacagi belirtilmigtir (TITCK 2023). Ayrica yine bu
kilavuzda kozmetik Urtnlerinin mikrobiyal guvenligi
icin  Staphylococcus  aureus, Pseudomonas
aeruginosa, Candida albicans ve Escherichia coli
bulunmamasi gerektigi bildiriimistir. Calismada
gelistirilen formile kremlerinin timinde toplam
bakteri ve maya-kif analizinde koloni olusumu
g6zlemlenmemistir.  Bu durumun antimikrobiyal
etkinlik de gdsterdigi bilinen propolis ve ari sttlinden
kaynakh oldugu duasindlmektedir. Sonuglarimiz
kozmetik  Grlnlerinin  mikrobiyolojik  kriterler
kilavuzuna uygun olup gelistirilen vicut kremlerinin
hem cocuklar hem de yetiskinler tarafindan
kullanilabilecegi gorulmektedir.

Propolis fenolik asitlerce zengin olarak bilenen
baslica ari Grinddir, bununla birlikte kimyasal icerigi
toplandigi bdlge, hasat zamani, iklim, ekstraksiyon
parametreleri gibi bircok faktére baglh olarak
degismektedir. Kolayli vd (2023), calismalarinda
Karadeniz Bolgesinden toplanan 8 farkli ham
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propolis érneginin HPLC ile tespit edilen fenolik
bilesen miktarlari mg/ g cinsinden kafeik asit 1,107-
2,073; kumarik asit 0,414-2,161; ferulik asit 0,681-
3,612; t-sinnamik asit 0,455-1,811; CAPE 2,939-
5,388, apigenin 0,288-1,132 mg/g olarak
bulunmustur. Calismamizda kullanilan propolis
ekstraktinin sergilemis oldugu fenolik profil literatiir
ile uyumluluk go6stermistir. Bu durum her iki
¢alismada kullanilan propolisin ayni bélgeden temin
edilmesi ile dogrudan iligkilendirilebilir.

Propolis 6zitd ve ari sttlinin toplam fenolik madde
icerigi sirasiyla 364,488+8,387 ve 1,207+0,008 mg
GAE/g 6rnek olarak bulunmustur. Can vd. (2022)
tarafindan 11 propolis 6rneginin  antioksidan
Ozelliklerinin  karsilagtinldiyi  ¢galismada TFM
degerlerinin 52,9+0,1- 203,5+1,4 mg GAE/g ve TF
degerlerinin 13,6+0,3-43,9+ 0,1 mg KE/g olarak
bulunurken, bir baska calismada glikolik propolis
ekstraktinin TFM degerleri 61,91+£1,62 mg GAE/g
olarak belirlenmigtir. Calismamizda kullanilan
propolis 6zutinin FRAP degeri 982,31£69,46 umol
FeS04.7H20/g propolis olarak bulunurken Marmara
bdlgesinden toplanan 11 6rnegin dederlendirildigi
¢alismada ortalama FRAP degerleri 325,4 + 131,8
umol FeS04.7H20/g propolis olarak belirtilmistir
(Can vd. 2022). S6énmez (2023), Anadolu ari
sutinin  biyolojik  aktivitesini  degerlendirdigi
¢alismasinda, ari sutiinin TFM ve FRAP degerlerini
sirasiyla 4,86 + 0,02 mg GAE/g ve 2,00 £ 0,03 umol
Trolox/g olarak belirtmistir. Bu baglamda propolis ve
ar1 sitl érneklerinin antioksidan potansiyelleri diger
arastirma bulgulari ile benzerlik gostermektedir.

Krem drneklerinin antioksidan potansiyeli
degerlendirildiginde propolis ve ari st igeren
kremlerin toplam fenolik madde miktari 0,317+0,066
ile 0,786+0,101 mg GAE/g krem araliginda
degismistir. Mapoung vd. (2021) galismalarinda 23
farkli fonksiyonel kozmetik kremlerin antioksidan
Ozelligini incelemis ve kremlerin toplam fenolik
madde igeriklerinin 0,015-1,590 mg GAE/g krem
olarak tespit etmislerdir. Havlican bitkisi ve mikroalg
(Chlorella  vulgaris) igerikli Uretilen kremlerin
antioksidan  aktiviteye  etkisinin  arastirldig
¢alismada kontrol kreminin toplam fenolik madde
degeri 0,047+0,001 mg GAE/g krem bulunurken
havlican 6zutl ve Chlorella vulgaris iceren kremlerin
degerleri sirasiyla 0,279+0,022 ve 2,235+0,006 mg
GAE/g krem olarak belirlenmigtir (Dorken 2022).
Farkli meyve ekstraktlari kullanilarak hazirlanan
kremlerin toplam flavonoid ve antioksidan 6zelliginin
degerlendirildigi calismada, kremlerin toplam
flavonoid miktari 0,0365-0,0532 mg KE/g krem
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olarak bulunmustur (Imam vd. 2015). Literatirdeki
bulgular degerlendirildiginde sonuglarimiz
antioksidanca  zenginlegtirismis  kremler ile
uyumluluk gdstermistir.

Propolis ve ari siti ile formile edilen kremlerin
belirtilen konsantrasyonlarda  calisilan  tim
mikroorganizmalara karsi antimikrobiyal aktiviteye
sahip oldugunu belirlenmistir. Kremlerin inhibitor
performanslarinin, S. aureus ve S. epidermis’e karsi
propolis oranindaki artigla arttigi  goértlmustar.
Sadece kontrol kreminde S. epidermis ve C.
albicans’a karg! aktivite gdézlenmemigtir. B. cereus,
E. coli, S. aureus, S.epidermis ve C.albicans
mikroorganizmalarina karsi krem  &rneklerinin
ortalama zon caplan sirasiyla 19,31; 8,9; 18,41;
13,11 ve 12,30 mm'dir. Chaiwong vd. (2022),
kremlerde karboksimetil kitosan ve mangosteen

ekstraktinin kullaniminin antioksidan ve
antibakteriyel  ozellikleri  gelistirmesi  lzerine
yaptiklari g¢alismada, S. aureus ve E. coli

bakterilerine kargi kremlerin inhibisyon caplarini
sirasiyla 6,6-3,3 ile 6,07-12,4 mm araliinda
bulmustur. Origanum onites, Mentha piperita,
Eucolyptus globus ve Thymus vulgaris ugucu
yaglarinin farklh oranlarda kullaniimasi ile hazirlanan
kozmetik amaglh krem formilasyonun antimikrobiyal
aktivitesi karsilastiriimistir  (Yorgancioglu 2012).
Origanum onites ugucu yagr S. aureus ve C.
albicans mikroorganizmalarina kargi etki gostermis
ve sirasiyla 9-26 mm ve 11-16 mm zon c¢apl
Olcllmastir. Calismamizdaki formile kremlerin
antimikrobiyal etkinligi mevcut literatir bulgulariyla
oldukga tutarlidir.

Krem formilasyonunda kullanilan propolis ve ari
sutintn ICso degerleri sirasiyla 0.0063 ve 0.0050
g/mL olarak tespit edilmistir. Tarkiye'nin farkli
bdlgelerinden alinan propolislerin sulu
ekstraktlarinin anti-hyaltronidaz aktivitesinin
incelendigi  calismada  kestane ve mese
propolislerinin hyallronidaz enzim inhibisyonu ICso
olarak hesaplanmis ve sonuglar sirasiyla 5,0£0,01-
5,54+0,02 pg/mL ve 3,26+0,01- 9,21+0,02 pg/mL
araliginda bulunmustur (Can 2018). Ari urdnlerinin
hyallronidaz enzim inhibisyonu Uzerine yapilan bir
baska calismada SCso degerleri Anzer balinda 0,17
g/mL ve polende 0,07 g/mL olarak belirlenmistir
(Hotaman 2015). Kolayh vd. (2016) ¢alismalarinda
altt  farkli  botanik  orjine  sahip  ballarin
antihyallronidaz aktivitesi degerlendirilmis
heterofloral ve ¢am ballarin 1Cso degeri sirasiyla
0,344-0,363 g/mL ve 0,255-0,287 g/mL araliginda
bulunmustur. Calismada ayrica gam balinin toplam

fenolik ve flavoid igeriginin heterofloral ballardan
daha yiksek oldugu goézlenmistir. Kremlerin
hyallironidaz enzimine karsi inhibisyon etkinligi
degerlendirildiginde propolis ve ari sutu ilavesinin
kontrol kremine kiyasla istatistiksel olarak farkliliga
neden oldugu gortlmis ve artan propolis oraniyla
inhibisyonda artis oldugu goézlemlenmistir. ICso
degerleri enzimin aktivitesini %50 oraninda inhibe
etmek i¢in gereken inhibitér konsantrasyonu ifade
etmektedir ve ICso degerinin kiigik olmasi inhibisyon
aktivitesinin o kadar blylk olmasi anlamina
gelmektedir (Oboh vd. 2015). Can (2018) bal, polen
ve propolis 6rneklerinin, Kolayh vd. (2016) ise farkli

bal cesitlerinin  antihyalironidaz  aktivitesinin
degerlendirildigi calismalarinda ari  Urdnlerinde
bulunan polifenolik ve flavonoidleri  enzim

inhibisyonu ile iligkilendirmigtir.  Calismalarda
orneklerin fenolik icerigi ne kadar vylksekse
hyallronidaz enzim inhibisyonun o kadar fazla
oldugunu belirtilmistir. Ari Grdnlerinin  biyoaktif
Ozellikleri cografi/bdlgesel kokene, iklim
degisikliklerine ve/veya ekstraksiyon yontemine gore
degisiklik gostermektedir (Odunkiran vd. 2021,
Sawicki vd. 2022). Bu nedenle literatirde ayni ari
artnleri igin farkli degerler gdézlenmesi olasidir. Bu
kosullar g6z 6niine alindiginda, literattirdeki farklh ari
artnlerinin ICso degerlerinin galismamizdaki krem
formilasyonlari ile yakin  sonu¢  verdigi
go6rllmektedir.

Sonug

Calisma sonuglari  propolis ve ar sitia ile
zenginlestirilen krem formdilasyonunun biyoaktif
bilesenler icerdigi ve bu sayede antioksidan,
antihyallronidaz ve antimikrobiyal gibi ¢ok amagli
aktivitelere sahip oldugunu gdstermistir. Yapisi
nedeniyle hizli bozulabilen ve okside olabilen ari
sutindn propolis ile kullaniimasi, ar sutindn
kozmetik UrGnlerindeki bozulmaya kargli dayanimini
arttirmistir. Stabilite sonuglari kremlerin emdlsiyon
yapisi ve goriniminin farkli depolama sicaklik
sartlarinda degismeden kaldigini ve higbir sekilde
faz ayrimi belirtisi géstermedigini ortaya koymustur.
Ayrica propolis ve ari sutl iceren krem
formulasyonunun gelistiriimesine yénelik yaptigimiz
bu calisma 6n ¢alisma niteligi tasimakta olup benzer
icerigin cilt yenileyici ve kinigiklik giderici kozmetik
artnlerinde ve B. cereus, E. coli, S. aureus, S.
epidermis ve C. albicans’in neden oldugu ¢esitli deri
hastaliklarinin tedavisine ydnelik cilt Grtnlerinde
kullanilabilirligini kanitlamistir.
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Tesekkiir: Desteklerinden 6tirti TUBITAK 2209-B
Sanayiye Yonelik Lisans Arastirma Projeleri
Destekleme Programina tesekkur ederiz.

Cikar Catismasi: Yazarlar arasinda cikar catismasi
bulunmamaktadir.

Etik Durumu: Bu arastirma icin etk kurul belgesi
gerekli degildir.

Mali Kaynak: Bu calisma Zeynep Berin CELEBI'nin
lisans bitirme tezinden Uretilmis olup TUBITAK
2209-B Sanayiye Yonelik Lisans Arastirma Projeleri
Destekleme Programi kapsaminda desteklenmistir.

Veri Saglama: Mevcut ¢alisma sirasinda kullanilan
velveya analiz edilen tim veriler ve materyaller bu
makalede mevcuttur.

Yazar Katkilari: Yazar Zeynep Berin CELEBI
calismadaki analizlerin gerceklestirimesine katki
saglamistir. Diger bitin yazarlar analizlerin
gerceklestiriimesi, verileri dizenlenmesi, makale
yazimi ve revizyonuna esit katkida bulunmuslardir.
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ABSTRACT

Beekeeping is one of the main livelihoods of our country, and our country's rich geography, different
climate and topography are quite suitable for beekeeping. The increase in interest in beekeeping
activities has led to more income with less maintenance and expense compared to other agricultural
activities. The increasing interest has also revealed the necessity of determining suitable places for
beekeeping to increase beekeeping activities' efficiency. For this purpose, weighted overlay analysis,
which is one of the Geographical Information Systems (GIS) techniques, was carried out using ArcGIS
10.7.1 in this study for the province of Bolu. Slope, aspect, elevation, precipitation, vegetation and
distance to roads, streams and settlements were used for analysis. As a result of the analyzes made,
it was determined that 90.95% of Bolu province is suitable for beekeeping activities. In addition, it has
been determined whether the existing beekeeping locations are suitable for beekeeping.

Keywords: GIS, Beekeeping, Weighted overlay Analysis, Suitable beekeeping sites

oz

Aricilik iilkemizin temel gegcim kaynaklarindan biri olup, ililkemizin zengin cografyasi, farkh iklimi ve
topografyasi aricilik i¢in oldukga uygundur. artmasi, Diger tarimsal faaliyetlere gére daha az bakim ve
masrafla daha fazla gelir elde edilen aricilik faaliyetlerine olan ilgi artmigtir. Artan ilgi, aricihk
faaliyetlerinde verimliligin artirllmasi igin aricilik i¢in uygun yerlerin belirlenmesi gerekliligini de ortaya
cikarmigtir. Bu amagla Bolu ili i¢cin bu ¢galismada ArcGIS 10.7.1 kullanilarak Cografi Bilgi Sistemleri
(CBS) tekniklerinden biri olan weighted overlay analizi yapilmistir. Analiz igin egim, baki, ylikseklik,
yagis, bitki ortiisii ve yollara, akarsulara ve yerlesim yerlerine olan mesafe kullaniimistir. Yapilan
analizler sonucunda Bolu ilinin %90.95 oraninda aricilik faaliyetleri i¢in uygun oldugu tespit edilmigtir.
Ayrica mevcut aricilik konumlarinin da uygun aricilik yerlerinde olup olmadigi tespit edilmistir.

Anahtar Kelimeler: CBS, Aricilik, Agirhkl kaplama analizi, Uygun aricilik yerleri
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GENISLETILMiS OZET

Amag: Son zamanlarda misir, bugday, findik vb. gibi
tarimsal faaliyetlere gére daha az bakim ve masrafla
daha fazla gelir elde edilen aricilik faaliyetlerine olan
ilgi artmigtir. Artan ilgiyle beraber bilingsiz aricilikta
artmis ve elde edilen verim dismustir. Bu durum,
aricilik faaliyetlerinde verimliligin artiriimasi icin
aricilik igin uygun yerlerin belirlenmesi gerekliligini
de ortaya cikarmistir. Bu nedenle, llkemizin her
kdsesinde aricilik icin uygun lokasyonlar olsa da
sahip oldugu zengin florasi, iklimi, cografyasiyla
Bolu ili igin uygun aricilik yerlerinin belirlenmesi ve
mevcut aricilik noktalarinin uygun yerlerde olup
olmadiginin tespitinin yapilmasi amaclanmigtir.

Gereg ve yontem: Bolu ili uygun aricilik yerlerinin
belirlenmesinde, hizli ve ekonomik bir yol olan CBS
yontemlerinden weighted overlay analizi
kullaniimistir. Weighted overlay analizi birden fazla
tematik haritanin birbirine goére degerlendiriimesi ve
cakistirimasiyla sonu¢ haritasinin  Uretilmesini
saglayan bir ¢oklu kriter analizidir. Analiz i¢in gerekli
verilerden, il ve ilge siniri verisi, yerlesim, yol ve su
kaynaklari verileri, sayisal yukseklik modeli verisi,
yagis verisi, flora verisi kriter olarak kullaniimigtir.
Kriterlerin  belirlenmesinde literatir ve uzman
gorusleriyle  beraber aricilik  ydnetmeliginden
faydalanilmistir. Her bir kriter igin uygunluk haritasi
olusturulmus, kriterlerin agirik degerleri literatir
yardimiyla  belilenmis  ve  ArcGIS 10.7.1
programinda weighted overlay analizi yapilarak Bolu
ili icin uygun aricilik yerleri tespit edilmistir. Uretilen
sonu¢ harita Gzerinde mevcut aricilik lokasyonlari
isaretlenerek uygun yerlerde olup olmadidi analiz
edilmigtir.

Bulgular ve Tartigma: Her bir kritere ait uygunluk
haritasi incelendiginde yesil renkli alanlarin aricilik
faaliyetleri icin uygun lokasyonlar oldugu, kirmizi
renkli alanlarin ise uygun lokasyonlar olmadigi
gorilmastir. Bununla beraber bdlgenin ¢ok fazla bir
egime sahip olmadigi, ilin buylk g¢ogunlugunun
glneye baktigi ve oldukgca yagis aldigi tespit
edilmistir. Bunlarin yani sira yuksek bdlgelerinin
fazla oldugu, akarsulardan uzak oldugu ve yerlesim
yerlerinin daginik ve yakin oldugu goérilmustir. Tim
bu  kriterler  weighted overlay analiziyle
cakistirildiginda elde edilen sonug haritada da yine
yesil alanlar uygun lokasyonlari temsil ederken
kirmizi alanlar uygun olmayan lokasyonlari temsil
etmektedir. Uygun aricilik yerleri haritasi incelendigi
zaman yluksek uygunluk ve ¢ok yiksek uygunluk
siniflari baz alindiginda ¢alisma bélgesinin %90.95
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oraninda aricilik faaliyetleri igin uygun oldugu
gOralmastar. Arazi calismalariyla elde edilen 34
mevcut aricinin konumu uygunluk haritasi Uzerinde
isaretlenmis ise 3 tanesinin yuksek uygunluk, 9
tanesinin orta uygunluk, 2 tanesinin disuk uygunluk
yerinde oldugu ve 20 tanesinin florasiz konumlarda
aricilik yaptigi tespit edilmistir. Gergeklestirilen bu
calisma Bolu iline 6zgu olup, her ilin ekolojisi, florasi,
topografyasi ve iklimi birbiri ile ayni olmadigi icin her
uygunluk haritasi kendi igerisinde olusturulmalidir.
Bu nedenle yapilan ¢alismalari birbiri ile kiyaslamak
dogdru bir yaklagim olmayacaktir. Bolu ili gibi yaklagik
%901 aricilik faaliyetlerini gergeklestirmek igin
uygun olan bir sehirde mevcut aricilarin sadece
%8’inin ylksek uygunluk yerinde aricilik yapmasi
¢ok dusuk bir oran olup bu oran artirilmalidir. Bunun
icinde aricilar  gerekli  kurumlarca, gerekli
calismalarla bilgilendirilmelidir.

INTRODUCTION

Beekeeping, one of the important branches of
modern agriculture, produces royal jelly, honey,
pollen, beeswax, etc. It makes significant
contributions to the country's economy with its
products. In addition, these products contribute
financially and to many fields such as health,
cosmetics, paint, agriculture and food. At the same
time, the place and importance of bees are great
among the factors that play a role in pollination that
ensures the continuity of nature. Bees need flower,
plant and tree nectars to feed, and it is known that
they travel around 100 flowers on average at their
maximum speed during one flight to find these
nectars. While this number is possible for a bee, the
importance of bees in pollination can be seen when
one considers the bees in a hive with even
thousands of bees. Considering our country's
favorable soils, suitable climate types and rich land
cover, it is possible to practice beekeeping in almost
every part of our geography. However, when the
"2021 Product Report-Beekeeping" published by the
General Directorate of Agriculture and Forestry is
examined, it is seen that there is a decrease in
annual honey production in Turkey despite the
increase in the number of hives each. This is an
indication that beekeeping activities are not
sufficiently utilized.For this reason, determining
suitable places to activate beekeeping activities,
increasing honey production in parallel with the
increasing number of hives, increasing the product
yield obtained by these activities, and ensuring the
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sustainability of the natural balance will offer
practical solutions to these requirements. Knowing
the environment and bees before determining
suitable places for beekeeping is very important. In
the experiments, it was seen that bees are very
active at temperatures between 29-33°C; their
activities stop at temperatures below 10°C, and
above 36°C, they begin to lose their ability to fly
around 10°C, and they become entirely inactive at
7°C (Oder, 1989; Yalgin et al., 2019).

The diversity and continuity of the flora and the
primary food source for bees are also important for
beekeeping. For this reason, flora is one of the
critical criteria in choosing a suitable place for
beekeeping activities. When looking for a suitable
place to position the beehives, places that do not
receive much wind, are closed to the wind if possible
and are not exposed to direct sunlight, rain, etc., and
places, where there is no precipitation should be
preferred (Yalgin et al., 2019), in other words, the
land's surface, slope, aspect, height, etc., where
beekeeping will be done. It is also effective in
beekeeping because it is suitable for topographic
conditions. When determining suitable places for
beekeeping, the proximity of the beehives to the
stream, the distance of the beekeeping region to the
settlement and roads, factories etc., nearby,
meaning the presence of industrial areas is another
important criterion. Considering these criteria, the
use of Geographic Information Systems (GIS), which
has spatial analysis capability, provides a visual
presentation of verbal/textual data and has an
important and effective decision-making mechanism
to determine suitable and unsuitable places for
beekeeping activities, and it is the right tool. GIS is
an information system that enables data collection,
storage, analysis and presentation. The origin of
GIS, which consists of many data types such as
vector and raster data, is based on the science of
geography. It is possible to see GIS in every area of
our lives. GIS organizes layers of information
obtained from data by performing spatial location
analysis and creating maps, 3D scenes, etc., and
allows visualization with presentations. Thanks to
this capability, GIS helps users to make more
accurate and effective decisions. The literature
review found studies on using GIS in beekeeping
activities in Turkey and worldwide.

Arslan et al. (2015) included the distribution of bee
colonies, the relationship between land use and
seasonal distribution of the colonies, and GIS
techniques to determine the routes and

accommodation  places of the wandering
beekeepers throughout the year while following the
beekeeping activities and development in the
Siverek district of Sanliurfa. Ceylan and Sari (2017)
used GIS-based multi-criteria decision-making
analysis to determine suitable beekeeping sites for
Konya province. In another study to determine a
suitable location for beekeeping activities in the
Karaburun, Cesme and Urla districts of izmir
province, Yalgin et al. (2019) used GIS's Weighted
Overlay analysis. S6nmez and Gencal (2019)
benefited from GIS in determining the potential
honey forests that can be established within the
Bursa General Directorate of Forestry borders. In
their studies, after determining the criteria for
potential honey forest areas, they created slope,
elevation, wind, wetlands and settlement maps from
the digitized map of the study area. They determined
the potential honey forest areas that can be
established by analyzing with Arc/Info program, a
GIS interface.

Zoccali et al. (2017) used a GIS-based Analytical
Hierarchy Method and Multi-Criteria Decision
Making approaches while analyzing suitable sites for
beekeeping in the Calabria region of Southern Italy.
The data used in the study are temperature, water
resources, road, land use and altitude data. GIS-
based programs were also used to acquire, use and
analyze these data. Abou-Shaara et al. (2013)
utilized the Analytical Hierarchy Method, using
criteria such as relative humidity, water resources,
land cover, and temperature, to determine suitable
places for bees in Saudi Arabia, where every region
is not suitable for beekeeping. In this study, suitable
places for beekeeping were determined by using
Weighted Overlay Analysis, which is one of the GIS
analyses, by using precipitation, flora, water
resources, road, settlement, slope, aspect and
elevation criteria for Bolu province and its districts
and it was determined whether the existing
beekeeping places are in suitable beekeeping areas.
In addition, it is aimed that this study will lead future
studies in this field.

MATERIALS AND METHODS
Study area

In order to determine suitable beekeeping areas,
Bolu province, which is located between 30° 32' and
32° 36’ east longitudes and 40° 06' and 41° 01' north
latitudes and has a surface area of 8.323 km?, was
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chosen as the study area (Figure 1). Approximately
18% of the province's land comprises agricultural
areas, 15% meadows and pastures, 64% forest
areas and 8% non-agricultural areas (Url-1).

Material selection

In the study, analyses were performed using ArcGIS
10.7.1 Desktop software, and a suitability map was
created. First of all, the necessary data were

provided for the analysis. Information on the data
obtained and the sources from which it was obtained
are given in Table 1. Weighted Overlay analysis was
conducted to create a “suitability map” and flora,
distance to water resources, road and settlement,
slope, aspect, elevation and precipitation criteria
were used.

© OpenStreetMap (and) contributors, CCiBY-SA

01020 40 60 80
OO — M

Figure 1. Study area

Table 1. Data and data sources used in the study

Data Name Data Source

Provincial and District | General Directorate of
Boundary Maps

Settlement, Road and
Water Resources

Open Street Map

Digital Elevation Model USGS Earth Explorer

General Directorate of
Meteorology

Precipitation

Flora CORINE 2018

Beekeeping Regulation Official Newspaper

U.An D. - U.Bee J. 2023, 23 (2): 239-251

Criteria selection

Criteria selection was made by considering climatic,
topographic and environmental conditions for
suitable beekeeping activities. The selected criteria
and their details are given below.

Slope: This criterion depends on topography and
altitude and is very important for beekeeping
activities. Less slope is more suitable for the
beekeeping environment and yield.

Aspect: The north direction should be avoided while
placing the beehives, and the south should be
prioritized because the bees need light to be active.

Altitude: High places are not suitable for
beekeeping as the air temperature drops at night in
high places. Optimum hive positions should be
determined.

Flora: Flora is one of the most important criteria for
beekeeping activities as it affects honey yield and
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quality. For this reason, flora selection should be
made sensitively by paying attention to the plant
species in the environment and the products in
agricultural areas.

Precipitation: Since precipitation directly affects the
flora, it is one of the criteria to be considered for
appropriate beekeeping activities.

Distance to Roads and Settlement: The location of
beehives is one of the most critical criteria for
obtaining high efficiency from beekeeping activities.
The hives should be away from roads, vehicles and
the gases they produce, settlements, and air and
noise pollution.

Distance to Water Resources: Another factor as
important as roads and settlements in hive locations
is the distance to water resources. The proximity of
the hives to water sources increases the efficiency
of beekeeping activities.

Methods

After the data were obtained from the necessary
institutions and pages, analyses and maps were
made using ArcGIS software. Water resources, road
and settlement data were obtained from Open Street
Map. Since the analysis was performed with raster
data, criteria such as distance to water resources,
distance to settlements and roads were converted to
raster formats. Considering the suitable conditions
for beekeeping activities, buffer zones of 500 meters
for distance to the water resource and 1000 meters
for distance from roads and settlements were
created with the "multiple buffer" process. Digital
Elevation Model (DEM) data was first downloaded
from the USGS Earth Explorer page for slope,
aspect and elevation data and made suitable for the
study area. Slope, aspect and elevation maps were
created from the DEM data. Flora data was obtained
from CORINE 2018 data and prepared by the region.
Precipitation data were obtained from the General
Directorate of Meteorology, and areal precipitation
data were obtained by the "Kriging interpolation”
method. After making the data suitable for the study,
Ceylan and Sar (2017) and Yilmaz et al. (2021),
class ranges were determined based on the studies.
Then, since the singular value of the data is needed,
not the interval value, the data were converted into
singular values with the reclassification method. The
criteria are given a value from 1 to 5 according to the
degree of importance and the class ranges are
assigned to the relevant class value. 5 represents
the most suitable class for beekeeping and 1

represents the most unsuitable class. Intermediate
values were classified according to the degree of
importance depending on the studies and expert
opinions. After this classification, the model was
established for weighted overlay analysis. The
weight value information of the criteria was entered
into the established model, and the analysis was
carried out. The mathematical algorithm behind the
analysis is given below.

Suitability Assessment = (Flora * 0.440) + (Water
Resources * 0.146) + (Aspect * 0.120) + (Elevation *
0.100) + (Precipitation * 0.076) + (Slope * 0.044) +
(Roads * 0.039) + (Settlement* 0.033)

Weighted Overlay Analysis determined suitable
places for beekeeping and whether the existing
beekeeping places were in suitable beekeeping
areas.

Determination of Criterion Weights

The importance and weight values of the criteria
used were prepared concerning the study of Ceylan
and Sari (2017). The weights of the criteria used in
the study are given in Table 2, and the class ranges
and importance levels of the criteria are given in
Table 3.

Table 2. Criteria and weight values

Criteria Weight Value
Flora 0.44
Distance to Water Resources 0.15
Aspect 0.12
Height 0.10
Precipitation 0.08
Slope 0.04
Distance to Roads 0.04
Distance to settlement 0.03

Weighted Overlay Analysis

Weighted overlay analysis is a multi-layered and
multi-criteria evaluation and decision-making tool. A
new layer is obtained by weighting more than one
raster layer relative to each other and within
themselves and then overlapping, and the obtained
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layer is evaluated by performing a conformity
analysis according to the determined criteria.

Weighted overlay analysis is a multi-layered and
multi-criteria evaluation and decision-making tool. A
new layer is obtained by weighting more than one
raster layer relative to each other and in within
themselves and then overlapping, and the obtained
layer is evaluated by performing a conformity
analysis according to the determined criteria. Each
of these criteria may have a different impact rate.
Therefore, weighted overlay analysis helps
beekeepers to determine their land selection and
management strategy. For example, in their study,
Yilmaz et al., (2021) used weighted overlay analysis

beekeeping in Savsat district of Artvin province.
Similarly, Yalcin et al., (2019) determined suitable
places for beekeeping for the Karaburun, Cesme
and Urla districts of izmir with multi-criteria decision
analysis and weighted overlay analysis. Maris et al.,
(2008) discussed the applications of Geographic
Information System (GIS) and Multi-Criteria Decision
Analysis to locate beekeeping regions in the state of
Selangor. Appropriate  beekeeping locations
determined by weighted overlay analysis were
verified with actual data from existing beehives. A
reasonable consistency was determined as a result
of the study. Studies show that weighted overlay
analysis can facilitate the selection of suitable
beekeeping and contribute to the health and

to determine the most suitable places for productivity of bees.
Table 3. Assignment of criteria class ranges and severity levels

Criterias 1 2 3 4 5
Height 2500 2000 1500 1000 850
Slope 50-70 40-50 20-40 10-20 0-10
Aspect North NE, NW West-East SE, SW South
Flora Sparse Plant Areas | City Areas | Farming Areas | Meadows | Forests
Distance to Water Resources | 2000 1500 1000 500 0
Distance to settlement 1000 2000 3000 4000 5000<
Distance to Roads 0 500 1000 1500 2000
Precipitation 400 600 8000 1000 1200

RESULTS

The resulting map obtained for each criterion for the
weighted overlay analysis carried out to determine
suitable beekeeping sites in Bolu province is shown
in Figure 2. The red areas on the maps show suitable
beekeeping areas, while the green areas show

U.An D. - U.Bee J. 2023, 23 (2): 239-251

unsuitable areas. When the maps of each criterion
were examined, it was seen that the majority of the
city was covered with mountains and forests. In
addition, the existence of many lakes has been
determined due to heavy rainfall, elevation
differences and high slope.

244



ARASTIRMA MAKALESIi / RESEARCH ARTICLE

Bolu Slope Map N

Legend
Slope(%)

I o-10
[ 10-20
[]2040
I <0-50
0510 20 30 40 a - 50-70
Bolu Aspect Map 1 N

Legend

Direction

omszz
ms = m
[ z

BECm

@z

o 5 10 20 20 40

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (2): 239-251 245



ARASTIRMA MAKALESIi / RESEARCH ARTICLE

Bolu Elevation Map I

Legend

Elevation(m)

I ss0

[ 1000
[_] 1500
I 2000
I 2500

Bolu Flora Map

Sparse Plant
Areas City
Areas
Farming Areas
Meadows
Forests

U.Arn D. - U.Bee J. 2023, 23 (2): 239-251

246



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Distance Map To Bolu Water Resources N

Legend

Distance(m)

I -
[ soo0
[ 1000
e B 1500
0510 20 30 40Km I 2000

Distance Map To Bolu Roads

Distance(m)

. ©

[ s00

[ 1000
O — — f [ 1500
0510 20 30 40Km I 2000<

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (2): 239-251

247



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Distance Map To Bolu Settlement il N

Legend

Distance(m)

I 1000
I 2000

[ 3000
8 [ 4000

SO ——
0510 20 30 40Km [ s000<

Bolu Precipitation Map I N

Legend

Precipitation(mm)

I o0

[ s00

[Jeoo

h [ 1000

0510 20 30 40Km I 1z00<

Figure 2. The class ranges and suitability map of the criteria (a: slope map, b: aspect map, c: elevation map, d: flora
map, e: distance to water resources, f: distance to roads, g: distance to settlements map, h: precipitation map)

The map is divided into five classes according to the suitability areas, and green areas represent high-
degree of suitability “very low, low, medium, high, suitability areas. The suitability map formed as a
and very high suitability”. Red areas represent low- result of the analysis is given in Figure 3.
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Figure 3. Map of suitable beekeeping places in Bolu province
After determining the suitable areas for the study, 34 Coordinates were obtained from the locations of 34
beekeepers engaged in beekeeping in Bolu province beekeepers through field studies. The coordinates
were reached, and it was determined whether these are overlapped with the conformity map, which is
beekeepers were in suitable beekeeping activities. given in Figure 4.

CURRENT BEEKEEPING LOCATIONS AND SUITABLE LOCATION
INTERSECTION MAP A
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Figure 4. Existing beekeeping locations and intersection map of available locations

Uludag Aricilik Dergisi — Uludag Bee Journal 2023, 23 (2): 239-251 249



ARASTIRMA MAKALESI / RESEARCH ARTICLE

DISCUSSION

In order to continue beekeeping activities and
increase the yield obtained from these activities, it is
important to choose a suitable place and the success
of the bee colony. Many factors affect success, such
as the distance of the beehives to clean water
sources, settlements and roads, the height of the
hives location, precipitation, and flora. Each of these
factors may have a different impact rate. Therefore,
the use of Weighted Overlay Analysis in determining
suitable beekeeping sites helps to determine the
land selection and management strategies of the
producers. In the studies, it is seen that weighted
overlay analysis is widely used to determine suitable
beekeeping sites (Maris et al., (2008); Yalgin et al.,
(2019); Yilmaz et al., (2021)). For example, Ceylan
and Sari (2017) used multi-criteria decision analysis
to determine suitable beekeeping locations for
Konya province. As a result of the study, it was
determined that 82% of the existing bee areas
intersect with the suitability map. In their study for the
Montesinho Nature Park in Portugal, Fernandez et
al.,, (2016) used multi-criteria decision-making
analysis to determine potential beekeeping
locations, and it was revealed that 60% of the
existing bee sites in the study area were in suitable
locations. In addition, it was emphasized that other
bee sites that are not in suitable locations should be
moved to suitable locations. Similar to these studies,
weighted overlay analysis, one of the multi-criteria
decision-making analysis methods, was used to
determine suitable beekeeping areas in Bolu
province and a suitability map of each criterion was
created. Weighted overlay analysis was carried out
by weighting the criteria and suitable beekeeping
sites were determined. When the suitability map was
examined, it was seen that 90.95% of the study area
was suitable for beekeeping activities based on high
suitability and very high suitability classes. Since the
weight value of the flora criterion is high in forming
the suitability map, it is one of the critical criteria
affecting the map. When the unsuitable places are
examined, it is seen that these areas are cemeteries,
bushes, settlements, locations far from water
sources, close to roads and on the north facade.
When looking at suitable places, it has been
determined that there are primarily forested and
grassy areas, areas far from settlements, industrial
areas and roads, areas close to water sources and
in the southern regions. When the intersection of the
34 existing beekeepers' locations with the suitability
map was examined, it was determined that 3 were in
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high suitability, 9 were in medium suitability, 2 were
in low suitability, and 20 were beekeeping in non-
flora locations. Considering that flora is an important
criterion, the fact that beekeeping activities are
carried out away from flora explains why the yield is
low and shows that beekeeping activities are not
sufficiently utilized.

Conclusion

This study is specific to the province of Bolu, and the
suitability map of each province should be created
within itself since each province's ecology, flora,
topography, and climate are different. For this
reason, it is not the right approach to compare the
studies. To increase the efficiency obtained from the
study, the number of criteria can be increased by
adding criteria such as temperature, wind and
humidity. Keeping more detailed records on these
criteria, suitable beekeeping sites, and their
determination will provide great convenience and
important information for this and similar studies.
Data on critical criteria such as flora, such as
biodiversity, bloom duration and density of flora, etc.
and adding such details will increase the efficiency
obtained from the study and shed light on many
studies.

In a city like Bolu, 90% of which are suitable for
beekeeping activities, only 8% of the existing
beekeepers do beekeeping at a high availability
place, which is a very low rate, and this rate should
be increased.

Spatial analysis results show how critical the
geographical conditions of the region are for the
sustainability of beekeeping activities in Bolu
province. At the same time, it should not be forgotten
that spatial analyzes can be used for other
sustainable activities besides beekeeping, and such
studies can be an important tool to strengthen the
local economy. This study may also help local
beekeepers improve their businesses by focusing on
sustainable beekeeping practices. Identifying
suitable beekeeping areas in the region can
contribute to the local economy by allowing
beekeepers to work more efficiently and effectively.
For this, beekeepers should be informed by the
related institutions and studies.
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ABSTRACT

The present study was conducted to find the diversity of stingless bees (Tetragonula sp.) in
Coimbatore, Madurai, Dindigul, and Tiruchirappalli districts in Tamil Nadu, India. Adult worker bees
were collected from feral stingless bee colonies from 16 locations, four from each district. The
collected stingless bees were preserved in 70% alcohol (ethanol) and examined under a Leica stereo-
zoom microscope. Seventeen morphometric key characteristics were measured to know the diversity
of stingless bees. The results revealed that two species of stingless bees, Tetragonulairidipennis and
T. laeviceps were prevalent in the four selected districts of Tamil Nadu. Four vital morphometric
characteristics of the worker bees namely the head width, the forewing length, the hind tibial length,
and the whole body length helped to distinguish the two Tetragonula species. Among all the locations,
the bees collected from L1- Insectary, TNAU (Coimbatore) had much higher values of the above four
morphometric characters (1.67mm * 0.04, 3.69mm * 0.02, 1.53mm * 0.01 and 3.98mm % 0.14
respectively) and were identified to be T. laeviceps based on these key morphometric characters. The
bees from the rest of the 15 locations which had the morphometric values 1.59 to 1.61 mm, 3.20 to
3.41mm, 1.34to0 1.43mm and 3.51 to 3.65mm respectively were categorized as T. iridipennis. As aresult,
T. iridipennis was the most commonly prevalent stingless bee species in Coimbatore, Madurai,
Dindigul and Trichy districts while T. laeviceps was found only to be present in Coimbatore.

Key words: Tetragonula sp., Distribution, Morphometrics, Species categorization, PCA

oz

Bu calisma, Hindistan'in Tamil Nadu kentindeki Coimbatore, Madurai, Dindigul ve Tiruchirappalli
boélgelerindeki ignesiz arillarin (Tetragonula sp.) g¢esitliligini bulmak amaciyla gergeklestirilmistir.
Yetigkin ig¢i arilar, her bdlgeden doérder adet olmak Uzere 16 lokasyondaki yabani ignesiz ari
kolonilerinden toplanmistir. Toplanan ignesiz arilar %70'lik alkol (etanol) icinde muhafaza edildi ve
Leica stereo zoom mikroskobu altinda incelenmistir. ignesiz arilarin gesitliligini bilmek igin on yedi
morfometrik temel 6zellik olgiilmistir. Sonugclar, iki ignesiz an tiiriiniin, Tetragonula iridipennis ve T.
laeviceps'in Tamil Nadu'nun segilen doért bélgesinde yaygin oldugunu ortaya ¢ikarmaktadir. iggi
arilarin dort 6nemli morfometrik karakteri (bas genisligi, 6n kanat uzunlugu, arka bacak uzunlugu ve
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tiim viicut uzunlugu), iki Tetragonula sp’.yi ayirt etmeye yardimci olmustur. Tiim lokasyonlar arasinda
L1- Insectary, TNAU, Coimbatore'den toplanan arilar yukaridaki dort morfometrik karakterin cok daha
yuksek degerlerine sahip oldugu belirlenmis olup (sirasiyla 1,67 mm % 0,04, 3,69 mm * 0,02, 1,53 mm
0,01 ve 3,98 mm * 0,14) ve bu 6nemli morfometrik karakterlere dayanarak T. laeviceps oldugu
kaydedilmistir. Morfometrik degerleri sirasiyla 1,59 ila 1,61 mm, 3,20 ila 3,41 mm, 1,34 ila 1,43 mm ve
3,51 ila 3,65 mm olan 15 lokasyonun geri kalanindaki arilar ise T. iridipennis olarak kategorize

edilmigtir.

Anahtar kelimeler: Tetragonula sp., Dagihm, Tamil Nadu, Morfometri, Tiir siniflandirmasi, PCA.

GENISLETILMiS OZET

Calismanin amaci: Bu ¢alisma, Hindistan'in Tamil
Nadu kentindeki Coimbatore, Madurai, Dindigul ve
Tiruchirappalli  bdlgelerindeki  ignesiz  arilarin
(Tetragonula sp.) cesitliligini bulmak amaciyla
gerceklestiriimisti. Bu calismada idnesiz ari
orneklerinin tim isci sinifi igin standart morfometrik
karakterleri  incelenmistir.  Sonuglar  standart
taksonomik anahtarlar ve O6nceki literatirle
karsilastiriimistir.

Gereg ve yontemler: ignesiz arilarin isgi sinifi, 2023
yilinda her bdlge icin dort konum olmak uzere
Hindistan'in Tamil Nadu, Coimbatore, Madurai,
Tiruchirappalli ve Dindigul olmak UGzere dort
bélgesinde tanimlanan yabani kolonilerden toplanip
her konum (L)1- L16 olarak kodlanmigtir. On alti
farkli lokasyonun her birinden on ignesiz ari 6rnegi
toplanmistir. Morfometrik calismalar icin ornekler
%70’lik alkolde muhafaza edilerek numunelerden
antenler, kanatlar, bacaklar, kafa, mesosoma ve
metasoma disekte edimistir. Leica M205C
yakinlastirmali stereomikroskob yardimiyla, anten
uzunlugu, basin uzunlugu ve genisligi, hamuli sayisi,
arka tibial uzunluk, 6n, orta ve arka bacak uzunlugu,
vicut uzunlugu, mesosoma ve metasoma uzunluk
ve genisliklerine iligkin 6lgimler (mm) alinmistir.
Genel tanimlamalar, gegerli literatlir ve taksonomik
anahtarlar, érnekleri ayirt etmek icin kullanilimigtir.

Bulgular: Ll'den (Insectary, TNAU, Coimbatore)
toplanan isci ignesiz ar1 érneklerinin T. laeviceps
oldugu, geri kalan 6rneklerin ise T. iridipennis oldugu
onceki literatlrdeki morfometrik  degerlerle
karsilastirilarak tespit edilmistir. PCA'da fark edilen
ayirt edici karakterler kafa genigligiile 6n kanadin ve
arka bacagin uzunlugu olmustur. Veri matrisi, 17
morfometrik karakter ve 16 konum iceren 272
Olcimden olusmustur. Ana bilesenler, L2'den L16'ya
kadar olan konumlar arasinda herhangi bir degisiklik
gOstermedi ancak tek basina L1'deki numuneler
diger konumlardan sapmigtir. Daha fazla dogrulama
icin molekuiler calismalar yapilabilir.

Sonug: Hindistan Tamil Nadu'nun farkli bélgelerinde
ignesiz arilarin (Tetragonula sp.) cesitliligi ve
dagilimi Gzerine yapilan arastirmada, Coimbatore,
Madurai, Dindigul ve Tiruchirappalli bélgelerinde en
yaygin ignesiz ari tiriintn T. iridipennis oldugu, T.
laeviceps'in ise sadece Coimbatore'’da mevcut
oldugu bulundugu belirlenmistir. Turleri ayirt etmek
icin ignesiz arilarin isci ar sinifinin  morfometrik
analizi kullanildi. Bununla birlikte, daha ileri
molekiler karakterizasyon tar kimliginin
dogrulanmasinda énemli bir rol oynayabilir.

INTRODUCTION

In the year 1999, Heard reported that Stingless bees
(Hymenoptera: Apidae) eusocial insects belong to
five different genera Melipona, Trigona, Meliponula,
Dectylurina, and Lestrimelitta and have significant
pollination function. However stingless bees
belonging to many other genera have been reported
subsequently including Paratrigona, Nogueirapis,
Oxytrigona, Scaptotrigona, Lestrimelitta, Friesella,
Tetragonisca, etc. (Rahman et al.,, 2015). Bees
belong to these genera collect propolis, which they
use in construction and sealing of their hives.
Propolis is a combination of pollen, plant resins, and
beeswax. Meliponini, usually form large colonies,
attaining 10,000 to more than 100,000 individuals in
number. (Michener, 2007). Trigona iridipennis was
the type species of the subgenus Tetragonula, that
contains 12 species which was the most prevalent
(Rasmussen, 2013; Viraktamath and Roy 2022).
Tetragonulairidipennis, a stingless bee species, was
frequently observed in India (Raakhee and
Devanesan, 2000; Swaminathan, 2000; Danaraddi
and Viraktamath, 2009). Seven other Tetragonula
species from India were also reported, in addition to
T. iridipennis (Rasmussen, 2013). In the southern
region of India, some research on the geographic
distribution and morphometric analysis of T.
iridipennis was conducted (Devanesan et al., 2013).
One of the most used methods for classifying
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organisms is morphometric taxonomy. Several
previous attempts have been made to categorize
stingless bees based on their body size, number of
hamuli, length of forewing and hind wing, and
cephalic characteristics (Vijaykumar and Jeyaraj,
2013). In southern regions of Tamil Nadu, there was
nomore report other than T. iridipennis. Hence, the
study on diversity of Tetragonula sp. in these regions
has to be crucial. The goal of the present research
was based on their morphometric characteristics to
explore and describe Tetragonula sp. and their
distribution in Tamil Nadu.

MATERIALS AND METHODS
Experimental Location

Worker caste of the stingless bees were collected
from the identified feral colonies (Fig. 1) from four
districts (Coimbatore, Madurai, Tiruchirappalli, and
Dindigul) of Tamil Nadu, India with four locations for
each district in 2023, and each location was named
and denoted by the codes Location (L)1 to L16.

Table 1. GPS (Global Positioning System) data for sampling locations

Geographical position

District Sampling location

Latitude Longitude
L1-Insectary, TNAU 11.016925° 76.929063°
_ L2-Botanical garden 11.015313° 76.932123°
Coimbatore
L3-Thondamuthur 10.992892° 76.843539°
L4-P. N. Pudhur 11.009005° 76.929158°
L5-Narasingam 9.975217° 78.208031°
i L6-Vowal thottam 9.964481° 78.201628°
Madurai
L7-Melur 9.970307° 78.204831°
L8-Insectary, AC&RI. 9.961482° 78.202803°
L9-Oddanchatram 10.475583° 77.733461°
o L10-Nilakottai 10.234328° 77.896929°
Dindigul
L11-Athoor 10.320013° 77.902908°
L12-Thadiyankudisai 10.296814° 77.708788°
L13-Navalurkottapattu 10.752106° 78.602454°
] ) ) L14-Woraiyur 10.828859° 78.691849°
Tiruchirappalli ]
L15-Manapparai 10.609503° 78.423773°
L16-Muthukulam 10.755965° 78.601856°

U.An D. - U.Bee J. 2023, 23 (2): 252-267
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d. Colony inside the mud wall

e. Colony inside the mud pot

Figure 1. Identified feral colonies of stingless bees, Tetragonula sp.

Preservation and Morphometric analysis

Ten stingless bee specimens were collected from
each of the sixteen different locations. The
specimens were preserved in 70% alcohol for
morphometric studies. The antennae, wings, legs,
head, mesosoma, and metasoma were dissected
from the specimen. The measurements (mm) on
antennal length, length and width of head,
compound eyes, forewing, humber of hamuli, hind
tibial length, length of fore, middle and hind leg, body
length, length and width of mesosoma and
metasoma were taken with the help of Leica M205C
zoom stereomicroscope. In total, seventeen
morphometric key characteristics (Table 2) were
measured to find out the distribution of stingless
bees in different districts of Tamil Nadu.

The stingless bee specimens' morphometric
measurements on the head include antennal length,
length and width of the head and compound eyes.
The antennal length was measured from the scape
to the last flagellomere. The head length from the
head's base to the mandibles' summit straight along
the median lines and head width from the most
significant distance across the eyes was measured.
Measuring the compound eyes' length from the
head's apex to the base and width at the most
significant width point of compound eyes was done.
Morphometric measurements on wings of stingless
bee specimens include the length and width of the
forewing and the number of hamuli on the hind wing.
The length of the forewing from the wing base to the
apex and the width at the greatest width of the
forewing were measured. The number of hamuli
present on the hind wing was recorded.
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Morphometric measurements on legs include the
length of the hind tibia, hind leg, middle leg, and
foreleg. The hind tibial length was measured
vertically, and the three pairs of legs were measured
segment-wise. The mesosoma's length was
recorded along the straight line from the cervix to the
propodeum, the first segment of the metasoma, and
the maximum width of the mesosoma was also
measured. The metasoma's length was recorded

from the propodeum to the apical point, and the
maximum width of the metasoma was measured.
The total body length was measured from the tip of
the head to the abdominal end. The overall
descriptions were used to distinguish the specimen
with the help of prevailing pieces of literature and
taxonomic keys (Sakagami, 1978,; Rasmussen,
2013,; Rahman et al., 2015).

Table 2. List of morphometric characters examined

Morphometric key characters Abbreviation
Head length HL
Head width HW

Antennal length AL
Compound eye length CL
Compound eye width CW

Forewing length FWL

Forewing width EWW

Number of hamuli NH

Hind tibial length HTL

Hind leg length HLL

Middle leg length MLL

Foreleg length FLL
Mesosomal length MSL
Mesosomal width MSW
Metasomal length MTSL
Metasomal width MTSW

Body length BL

U.An D. - U.Bee J. 2023, 23 (2): 252-267
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Statistical Analysis

Mean and Standard deviation were calculated for the
replicated samples. Principal Component Analysis
(PCA) was done to study the variation in the
morphometric values of Tetragonula sp. based on
the covariance matrix. PCA was worked out by using
Python programming software.

RESULTS

This study classified key characters (Fig.2) into head
morphometry, wing morphometry, leg morphometry,
mesosomal, and metasomal morphometry. These
measurements were compared with standard
taxonomic keys and the prevailing literature to
identify the species variation among the collected
specimens.

a. Lateral body view

c. Head with antenna

d. Hind wing with hamuli e. Forewing

f. Hind leg with tibial measurement

g. Middle leg h. Hind leg

i. Mesosoma and metasoma

Figure 2. Magnified images of stingless bee species under Leica stereo zoom microscope
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Head morphometry (Table 3)

Among the 16 locations studied, the specimens
collected from L1 (Insectary, TNAU, Coimbatore),
measured with the most significant length of the
head (1.46mm + 0.05) followed by L13
(Navalurkottapattu, Tiruchirappalli) (1.38mm + 0.06).
In all other specimens, the head length ranged from
1.20 to 1.34 mm. The greatest width of the head was
also recorded from L1 (1.67mm + 0.04) followed by
L2 (1.62mm £ 0.09), both belonging to the
Coimbatore district. All other specimens ranged from

1.59 to 1.61mm of head width. The maximum
antennal length was observed from L1 (1.89mm %
0.02), and others ranged from 1.80 to 1.86mm. The
length of the compound eye was the greatest
(1.06mm = 0.05) of the specimens collected from L1
and L5 (Narasingam, Madurai), and others ranged
from 0.98 to 1.05mm in length of their compound
eye. The width of the compound eye was also
greater (0.48mm £ 0.03) in L1, followed by L13
(0.44mm % 0.03), and for other specimens, ranged
from 0.35 to 0.43mm.

Table 3. Head morphometric measurements of examined stingless bee specimens

Localonk®y  HLSD  HW:SD  AL%SD CL+SD  CW=#SD
L1 146£005 167:004 189£002 106005 048%0.03
L2 1324003 162+009 1.81+049 1.04+060 0.38%0.22
L3 1294005 160£001 1.83:005 098+002 0.37%0.02
L4 1304002 160+004 182£006 1.02+004 0.35%0.01
L5 1324003 161£005 1.86+001 1.06+005 0.35%0.03
L6 1304002 160+007 181£002 1.04:003 041 0.01
L7 1294003 159+004 1.86+001 1.04£002 0.39%0.02
L8 1324002 160+005 184+001 1.05:004 0.35%0.03
L9 1204004 159+001 1814002 1.02+004 043 +0.01
L10 1254005 157+003 1.86+007 105002 0.38%0.02
L11 1204001 160+001 180£004 1.02+001 0.39+0.02
L12 1294001 159+003 1.81+003 099%003 0.41%0.01
113 1384006 160+004 182£002 098002 044003
L14 130£006 159+003 1.80:007 1.02+£001 042001
L15 1324001 160£002 1.86+001 1.04£031 0.39%0.02
L16 1344002 157+006 182£007 098002 041 0.01

Note: Values are the mean of three replications for each location. SD: Standard Deviation. The mean values were

measured in millimeters (mm).

Wing morphometry (Table 4)

Maximum length of forewing among all the examined
specimens was recorded from L1 (3.69mm % 0.02),
followed by L3 (3.41 + 0.11), L12 (3.41mm £ 0.10),
and L14 (3.41mm % 0.08), belonged to Coimbatore,
Dindigul and Tiruchirappalli districts respectively.
Others measured from 3.20 to 3.40mm in their length
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of forewings. The greatest width of forewing was
observed from L1 (1.67mm + 0.07) followed by L5
(1.38mm % 0.01) and L7 (1.38mm % 0.02) which
belonged to the locations of Narasingam (Madurai)
and Melur (Madurai) respectively. The rest of the
specimens measured from 1.27 to 1.35mm of the
forewing width. The number of hamuli on their hind
wing was 5 for all the examined specimens.
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Table 4. Wing morphometric measurements of examined stingless bee specimens

Location/key

characters FWL + SD FWW = SD NH £ SD
L1 3.69 £ 0.02 1.67 +0.07 5+0.00
L2 3.40+0.15 1.31+£0.01 5+0.00
L3 3.41+£0.11 1.32+£0.01 5+0.00
L4 3.35+0.03 1.32+0.03 5+0.00
L5 3.29+0.15 1.38 +0.01 5+0.00
L6 3.32+£0.04 1.32+0.02 5+0.00
L7 3.20 £ 0.04 1.38 £ 0.02 5+0.00
L8 3.35+0.02 1.35+0.03 5+0.00
L9 3.40 £ 0.01 1.27 £ 0.04 5+0.00
L10 3.36 £ 0.01 1.32+0.03 5+0.00
L11 3.32+£0.02 1.28 £ 0.01 5+0.00
L12 3.41+0.10 1.30+£0.03 5+0.00
L13 3.35+0.03 1.29+£0.05 5+0.00
L14 3.41£0.08 1.31+£0.06 5+0.00
L15 3.38+0.15 1.32+0.05 5+0.00
L16 3.35+0.14 1.35+0.04 5+0.00

Note: Values are the mean of three replications for each location. SD: Standard Deviation. The mean values were

measured in millimeters (mm).

Leg morphometry (Table 5)

The greatest hind tibial length was recorded on the
specimens collected from L1 (1.53mm % 0.01),
followed by L3 (Thondamuthur, Coimbatore), L5
(Narasingam, Madurai), and L8 (AC&RI, Madurai)
and the measurements were 1.43mm = 0.02,
1.43mm £ 0.10 and 1.43mm + 0.01 respectively. The
remaining specimens varied from 1.34 to 1.42mm of
their tibial length. The hind leg's length was the

maximum in L1 (3.72mm = 0.03), followed by L4
(P.N. Pudhur, Coimbatore) (3.69mm * 0.04). Other
specimens ranged from 3.35 to 3.64mm of the hind
leg's length. The maximum length of the middle leg
(2.96mm = 0.03) and foreleg (2.82mm * 0.04) was
recorded from L1. The other specimens recorded
from 2.61 to 2.87mm of middle leg length and 2.74
to 2.81mm of foreleg length.
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Table 5. Leg morphometric measurements of examined stingless bee specimens

L(?r?::;)cr:/e kriy HTL + SD HLL + SD MLL £ SD FLL + SD
L1 153 £0.01 3.72+0.03 2.96 £ 0.03 2.82 £ 0.04
L2 1.42 +0.03 3.64 £ 0.05 2.85 + 0.04 2.79 £ 0.05
L3 1.43 + 0.02 3.63+0.01 2.81+0.01 2.81+0.07
L4 140 +0.04 3.69 + 0.04 2.86 + 0.07 2.76 + 0.06
L5 143+0.10 3.51 £ 0.05 2.69 £ 0.08 2.77 £0.12
L6 1.39 £ 0.06 3.49 £ 0.03 2.61+0.10 2.74+0.10
L7 1.35 + 0.05 3.50 +0.08 2.66 +0.03 2.79 £ 0.09
L8 143 0.01 3.48 + 0.14 2.69 + 0.02 2.77 +0.08
L9 1.36 + 0.02 3.35 £ 0.02 2.73 £0.11 2.80 £ 0.03
L10 1.41 + 0.01 3.41+0.12 2.69+0.08 2.79+0.11
L11 1.38 + 0.05 3.38 £ 0.05 2.71 £ 0.11 2.77 £0.10
L12 142 £0.01 3.44 + 0.06 273 +0.05 2.79 + 0.06
L13 1.34 + 0.02 3.42 £ 0.11 2.72 +0.05 2.77 £0.09
L14 1.41 +0.02 3.48 £ 0.02 2.81+0.07 2.74+0.01
L15 1.38 £0.03 3.49 £ 0.01 2.87 +0.11 2.81+0.10
L16 142 +0.05 3.42 +0.03 2.79 £ 0.02 2.79 £ 0.11

Note: Values are the mean of three replications for each location. SD: Standard Deviation. The mean values were

measured in millimeters (mm).

Morphometry of mesosoma and metasoma
(Table 6)

The maximum mesosomal length (1.36mm % 0.02)
was recorded from L1, followed by L9
(Oddanchatram, Dindigul) and L14 (Woraiyur,
Tiruchirappalli) measuring 1.30mm + 0.04. Other
specimens ranged from 1.19 to 1.29mm of
mesosomal length. The specimens collected from L6
(Vowal Thottam, Madurai) measured the maximum
mesosomal width (1.31mm * 0.04), and others
ranged from 1.21 to 1.29mm. The maximum
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metasomal length was measured by L5 (1.24mm %
0.03) and L15 (1.24mm % 0.05), and the remaining
specimens ranged from 1.18 to 1.23mm. The width
of metasoma was comparatively higher on the
specimens collected from L1, measuring 1.17 mm %
0.01 followed by L16 (1.16mm % 0.04), and the rest
ranged from 1.10 to 1.14mm. The body length was
comparatively greater on the specimens collected
from L1, measured at about 3.98mm % 0.14 and
other specimens varied from 3.51 to 3.65mm of body
length.
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Table 6. Morphometric measurements of examined stingless bee specimens on their mesosoma, metasoma and their

body length
Locationkey g1 4 gp MSW + SD MTSL+SD  MTSW#SD BL + SD
characters
L1 1.36 + 0.02 128 +0.05 118 £0.05 117 +0.01 3.98 +0.14
L2 1.210.03 1.29 4 0.01 1.20 £ 0.01 1.13 £0.02 3.65+ 0.05
L3 1.24 + 0.04 121 +0.02 1.23+0.03 110 + 0.02 3.58 + 0.08
L4 122+ 0.01 1.24 + 0.01 1.20 + 0.04 112 +0.01 3.51+0.10
L5 1.20 £ 0.05 1.29 + 0.02 124+ 0.03 112 +0.03 3.50 + 0.07
L6 122 +0.04 131+0.04 119 £ 0.01 112 +0.01 3.61+0.11
L7 119+ 0.04 129 +0.05 119+ 0.03 113 +0.02 3.56 + 0.15
L8 1.20 £ 0.01 1.27 +0.01 1.21+0.02 112+0.03  3.58+0.05
L9 1.30 + 0.04 1.29 + 0.02 1.18 £ 0.01 111£0.02  3.56+0.09
L10 122 +0.05 1.28 + 0.06 1.21+0.03 114+003  3.59+0.03
L11 124+ 0.02 121 +0.02 119+ 0.01 112+0.03  3.62+0.04
L12 1.20 £0.01 1.29 4 0.01 1.20 £ 0.02 112 +0.01 3.65 + 0.05
L13 124 +0.05 1.21+0.01 121+ 0.04 1104002  3.56+0.04
L14 1.30 £ 0.03 124 +0.05 118+ 0.04 1124004  3.61+0.09
L15 122 +0.02 121 +0.02 124+ 0.05 113 +0.01 3.50 +0.03
L16 1.29 4 0.01 1.26 £0.05 1.21+0.02 1164004  3.65+0.06

Note: Values are the mean of three replications for each location. SD: Standard Deviation. The mean values were

measured in millimeters (mm).

DISCUSSION

The recorded values were correlated with standard
taxonomic keys and prevailing literature. The key
parameters which have significant difference in
morphometric  characteristics  between  the
specimens were preferred to study the diversity of
Tetragonula sp. Among the 17 morphometrics, HW,
AL, FWL, NH, HTL, HLL, MSL, MTSW and BL were
chosen for their significance. And some of the
existing literature also accounted the key
morphometrics which was in concurrence with
Trianto et al. (2020) who reported that T. laeviceps
on the basis of Head width, forewing length, hind
tibial length and body length.

Based on the results (Fig. 3), the head width (1.67
0.04) of specimens collected from L1 (Insectary,
Coimbatore) was in line with Trianto et al. (2020),
who reported that the head width of T. laeviceps was
1.68mm. Except for L1, all other specimens ranged
from 1.59 to 1.61mm in head width, which concurs
with Rasmussen (2013), who stated that the head
width of T. iridipennis was 1.60mm. Also, the
antennal length, which ranged from 1.80 to 1.86mm,
is in concurrence with the results of Kishan et al.
(2017), who found that the antennal length of T.
iridipennis was from 1.78 to 1.87mm.
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Morphometric values in mm
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Figure 3. Head morphometry of stingless bee specimens

In the present study (Fig. 4), the length of the
forewing was found to be 3.69mm + 0.02 for the
specimens collected from L1 (Insectary,
Coimbatore) which is on par with Trianto et al. (2020)
who reported the forewing length of T. laeviceps was

3.76mm. The number of hamuli for all the specimens
was 5, which is in line with Smith (2012), Rasmussen
(2013), and Trianto et al. (2020) who stated that the
number of hamuli for Tetragonula sp. was 5.
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Figure 4. Wing morphometry of stingless bee specimens

According to the results of the present research (Fig.
5), the hind tibial length of L1 (Insectary,
Coimbatore) specimens recorded about 1.53mm +
0.01, which is in concurrence with Trianto et al.
(2020) reported that the hind tibial length of T.
laeviceps was measured about 1.55mm and
Danaraddi and Viraktamath (2009) stated that the
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hind tibial length of T. iridipennis was ranged from
1.32 to 1.39mm. The hind leg length of all the
specimens except the Coimbatore district ranged
from 3.41 to 3.51mm, which corroborates with
Kishan et al. (2017), who reported that the length of
the hind leg varied from 3.26 to 3.40mm in T.
iridipennis.
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Figure 5. Leg morphometry of stingless bee specimens

Based on the present study (Fig. 6), the mesosoma
length of L1 (Insectary, Coimbatore) was found to be
1.36mm x 0.02, and that of other locations measured
from 1.19 to 1.30 mm, which is in corroboration with
Rahman et al. (2015) who reported that the
mesosoma length of T. iridipennis was 1.24mm. The
width of metasoma for the specimens collected from
L1 was recorded at about 1.17mm % 0.01, which is

in line with Rahman et al. (2015) who stated that the
metasomal width of T. laeviceps was 1.16mm. The
body length of all the specimens except L1 ranged
from 3.51 to 3.65mm, and L1 was measured at about
3.98mm £ 0.14, which follows Rasmussen (2013),
who reported that the whole body length of T.
iridipennis was 3.55mm and Rahman et al. (2015)
stated the body length of T. laeviceps was 4.04mm.
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Figure 6. Morphometry of mesosoma and metasoma of stingless bee specimens
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Figure 8. Discriminative characters recorded by Principal Component Analysis

The data matrix consisted of 272 measurements
which include 17 morphometric characters and 16
locations. Based on the result of PCA (Fig. 7), the
cumulative variance of principal components such
as PCl1 and PC2 were 50.0% and 27.0%
respectively. The discriminative characters (Fig. 8)
recorded 42.23% (PC1) and 17.38% (PC2) which

was noticed in PCA were the head width, body
length, forewing length, hind leg length and hind
tibial length. The principal components exhibited no
variation among the locations from L2 to L16 but the
specimens from L1 alone deviated from the other
locations.
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Table 7. Key morphometric characters examined to distinguish two species of stingless bees, Tetragonula sp.

Morphometric characters (mm) T. iridipennis T. laeviceps
Head width 1.59t0 1.61 mm 1.67mm = 0.04
Forewing length 3.20 to 3.41mm 3.69mm £ 0.02
Hind tibial length 1.34to 1.43mm 1.53mm = 0.01
Body length 3.51 to 3.65mm 3.98mm £ 0.14

The worker stingless bee specimens collected from
L1 (Insectary, TNAU, Coimbatore) were found to be
T. laeviceps and the rest of the specimens were
found to be T. iridipennis by comparing with the
morphometric values of previous literature. Further
confirmation can be done through molecular studies.

Conclusion

The investigation on the diversity and distribution of
stingless bees (Tetragonula sp.) in different districts
of Tamil Nadu, India revealed T. iridipennis, the most
commonly prevalent stingless bee species in
Coimbatore, Madurai, Dindigul and Tiruchirappalli
districts while T. laeviceps was found only in
Coimbatore district. Morphometric analysis of the
worker bee caste of the stingless bees was used to
differentiate the species. Nevertheless, further
molecular characterization can play an essential role
in confirming the species identity.
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ABSTRACT

Honey bees are an indispensable element of the ecosystem, as they provide an important part of plant
pollination beyond food production. The queen bee, which forms the core of the bee colony, is at the
center of bee production in the beekeeping sector. Undoubtedly, the production of high-quality queen
bees primarily depends on suitable drones and therefore, quality sperm. In addition, artificial
insemination of queen bees is a successful production method, as in other species, due to its superior
characteristics compared to natural mating. In many apiaries and research centers, artificial
insemination is used routinely for queen production. One of the advantages of this method is that the
sperm can be preserved for the short or long term. In this respect, it is very effective in protecting
genetic resources, preventing bee diseases and facilitating bee transportation. Today, spermatological
studies and parameters used in drones are very few compared to other species. With the increasing
importance given to the subject in recent years, many spermatological parameters have started to be
used in honey bees. However, the morphological and physiological differences of drone semen require
the development and standardization of these parameters with further studies. In this review, the
spermatological parameters used in drone semen, together with the working principles and materials
used, were examined in general terms and presented to the readers.

Keywords: Beekeeping, Artificial insemination, Drone, Honey bee, Sperm

0z

Bal arnlari, gida iiretiminin o6tesinde bitki tozlagsmasinin 6nemli bir boliimini sagladiklan igin
ekosistemin vazgecgilmez bir unsurudur. Arn kolonisinin g¢ekirdegini olusturan ana an, aricilik
sektoriinde ar uretiminin merkezinde yer almaktadir. Kuskusuz kaliteli ana ari iiretimi 6ncelikle uygun
erkek arilara ve dolayisiyla kaliteli spermaya baglidir. Ayrica suni tohumlama dogal giftlesmeye gore
tistin o6zellikleri nedeniyle diger tiirlerde oldugu gibi basarili bir iliretim yéntemidir. Birgok aricilik
isletmesinde ve aragtirma merkezinde ana ari iiretimi i¢in suni tohumlama rutin olarak kullaniimaktadir.
Bu yontemin avantajlarindan biri de spermanin kisa ya da uzun siireli saklanabilmesidir. Bu yéniiyle
genetik kaynaklarin korunmasinda, ari hastaliklarinin 6énlenmesinde ve ari tagimaciliginin
kolaylastiriimasinda oldukga etkilidir. Gliniimiizde erkek arilarda kullanilan spermatolojik ¢alismalar
ve uygulanan parametreler diger tiirlere goére ¢ok azdir. Son yillarda konuya verilen 6nemin artmasiyla
bal arilarinda birgok spermatolojik parametre kullaniimaya baglanmigtir. Ancak erkek ari spermasinin
morfolojik ve fizyolojik farkliliklari, bu parametrelerin ileri galigsmalarla gelistirilmesini ve standardize
edilmesini gerektirmektedir. Bu derlemede erkek ari spermasinda kullanilan spermatolojik
parametreler, calisma prensipleri ve kullanilan materyaller genel hatlariyla incelenmis ve okuyucularin
begenisine sunulmustur.

Anahtar kelimeler: Aricilik, Suni tohumlama, Bal arisi, Erkek ari, Sperma
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GENISLETILMiS OZET

Amag: Bal arilari, birgok bitki tlriinde tozlagmayi
saglayici rolinden dolayi ekosistemin devamliligini
saglayan 6nemli bir unsurdur. Bir meslek olarak
aricihk, digsuk maliyetle yiksek kar getirisine sahip
olmasi sebebiyle 6nemli bir hayvancilik koludur.
Modern aricilikta ana ar Uretimi  kolonilerin
¢ogaltiimasi, devamliigi ve verimini artirma
amaclyla oldukga yaygin bir sekilde ve farkli
metotlarla yapilmaktadir. Erkek arilardan uygun
donanim ve metot ile toplanilan spermanin ana ariya
nakli ile bal arilarinda suni tohumlama yuz yila yakin

bir suredir uygulanmaktadir. Suni tohumlama
tekniginin kaliteli damizhk uretimi, islah
calismalarinin yayginlastiriimasi, spermanin

muhafazasi ve bulasici hastaliklarin énlenmesi gibi
birgok faydasi vardir. Bu sebeple suni tohumlamada
kullanilan ar1 spermasinin kalitesini belirlemeye
yonelik ve spermanin muhafazasina yonelik
c¢alismalarda gliin gegtikce Onem kazanmaktadir.
Yapilacak arastirmanin hedefleri dogrultusunda
kullanilacak parametrelerin  secgilmesi ve bu
parametrelerin uygun metotla uygulanabilmesi 6nem
arz etmektedir. Bu derlemede ari spermasinda
kullanilan spermatolojik parametreleri genis bir
yelpazede ele almaya calistik. Bdylece hem ari
spermasinin daha efektif degerlendirilebilmesi hem
de konuyla ilgilen arastirmacilara yararli olacagini
dlisunmekteyiz.

Tartigma: Ari spermasinda kullanilan parametreler
oldukga sinirli  kalmaktadir. Bu sebeple ari
spermasinin  in  vitro  degerlendiriimesindeki
yasanilan eksiklikler fertilizasyon yeteneginin
belirlenmesini zorlastirmaktadir. Bu konuda yapilan
calismalarin artmasi ve ari Uretiminin yayginlagmasi
konuya olan ilgiyi artirmistir. Ancak halen birgok
parametre ari spermasinda kullanim alani
bulmamakla beraber bazi parametreler ile yalnizca
birkag calismaya rastlaniimaktadir.  Ornegin
spermatozoon hareket yeteneginin belirlendigi
motilite tayini ile ilgili farkli metotlar ve degerlendirme
kistaslari  kullaniimaktadir.  Memeli  turlerinde
ilerleyici tarzda bir spermatozoon hareketine karsin
arl spermasinda sirkller bir hareketin olmasi,
spermatozoon bas kisminin ayirt edilememesi ve
spermatozoon uzunlugunun yaklasik 10 kat blylk
olmasi sebebiyle memeli spermasinda yaygin
kullanilan Bilgisayar Destekli Sperm Analizi ydntemi
ari spermasinda efektif bir bicimde
kullanilamamaktadir. Benzeri bir durum sperma
hacminin olduk¢a az olmasindan kaynakh olarak
oksidatif stres parametrelerin kullanimi ile alakali da

yasanmaktadir. Bunlar ve benzeri sebeple kullanilan
spermatolojik parametrelerin gelistiriimesine de
intiyac duyulmaktadir. Bdylece ari spermasinin
fertilizasyon yetenegi hakkinda daha kapsamli bir
degerlendirme mimkuin olabilecektir.

Sonug: Bal arilarinda in vitro spermatolojik
parametreler fertilizasyonun énemli bir géstergesidir.
Yapilan birgok c¢alismada sperma Kkalitesinin
belirlenmesinde farkl parametrelerden
yararlanilmistir.  Ancak ari spermasinin memeli
spermasina kiyasla morfolojik ve fizyolojik agidan
farkhliklar diger tlrlerde yaygin olarak kullanilan
bircok parametrenin kullanimini sinirlandirmaktadir.
Ayrica bagka tdrlerde basariyla uygulanan
parametrelerin bircogu halen ari spermasinda
kullanim alani  bulamamistir. Bal arilarinda
spermatolojik parametrelerin daha yaygin kullanimi
ve yeni yontemlerin ve modifikasyonlar ile birlikte ari
spermasinin daha efektif bir sekilde belirlenebilecegdi
distnUlmektedir. Yapilan bu derlemede ari
spermasinda yaygin olarak kullanilan ve heniz
birkac calismada kullanim alani bulmus birgok
spermatolojik parametre birlikte ele alinmigtir.
Bdylece konu ile alakali arastirma yapacak bilim
insanlarina faydali olacagi dustnutlmektedir.

INTRODUCTION

Honey bees are the only animal in the world that
provides 80% of the pollination of flowering plants
(Falencka-Jabtonska 2022). For this reason, the
decline in the population of honey bees due to
factors such as global warming, pollution of the
natural environment and diseases affects the
ecosystem significantly (Papa et al. 2022). In terms
of animal husbandry, beekeeping in the world is a
business with high profitability due to low input costs
and obtaining valuable bee products.

Queen bee production, which ensures the continuity
of the colony in beekeeping, is very important and
many apiaries either produce or buy quality queens.
Artificial insemination is an innovative method that
can be used for quality queen production. Compared
to natural mating, this method provides similar or
higher quality reproductive efficiency. More
importantly, the cryopreservation of semen plays an
important role in the transportation of drone semen
to distant regions, the protection of genetic
resources and protection against bee diseases
(Ghramh et al. 2022). With the widespread use of
this technique, in vitro studies on reproductive
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efficiency have increased. In recent studies,
spermatological methods, which are widely used in
many mammalian species, are also applied in drone
semen. Evaluation of sperm is important because,
after mating or artificial insemination in honey bees,
the queen will use the semen obtained from the male
individuals (polyandry) in the production of fertile
eggs throughout her life. Therefore, changes in
spermatological parameters are one of the important
factors affecting the success of fertilization. There
are many factors that affect spermatological
parameters, for example; drone age (Hayashi and
Satoh 2019), body weight (Schlins et al. 2003),
genetic factors (Rhodes et al. 2011), temperature
(Morais et al. 2022), nutrition (Stlrup et al. 2013),
colony management (Abdelkader et al. 2014),
seasonal changes (Morais et al. 2022), diseases
(Collins and Pettis 2001), insecticides (Ben
Abdelkader et al. 2021), microbial contamination
(Johnson et al. 2013, Rajamohan et al. 2020),
cryopreservation of semen (Wegener and Bienefeld
2012), semen collection method (Collins 2004) and
semen physiology (den Boer et al. 2010).

For this reason, spermatological analyses for many
purposes allow more effective determination of
semen quality and fertility. While semen quality was
determined by in vivo parameters (spermatozoa
concentration in queen’s spermatheca, brood area
and queen acceptance rates) in the early periods
(2000 and before), in vitro parameters have been
used more widely with the development of many new
and effective methods in recent years. This review
aimed to comprehensively  discuss the
spermatological parameters used in drone semen.
Thus, it is thought that it will help to provide
information and develop procedures for future
studies.

Spermatogenesis and struce of drone sperm

The reproductive organs of drones consist of testes,
vas deferens, seminal vesicles, mucus glands,
ductus ejaculatorius and endophallus (penis).
Spermatogenesis in drones begins during the larval
stage and takes place within the tubules of the
testes. Spermatogonia cells, located at the upper
end of approximately 200 tubules in the testes,
divide through mitosis to produce more
spermatogonia. Spermatogonia later divide to form
primary spermatocytes, which in turn become
secondary spermatocytes through meiosis. Since
the germinal tissue of drones has haploid
chromosomes, there is no reduction in the number
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of chromosomes during the meiotic stage. Sharma
et al appropriately described honey bee
spermatogenesis as "abortive meiosis | and
abnormal meiosis II": no reduction division occurs.
Secondary spermatocytes then produce spermatids
through meiosis, which eventually develop into
mature sperm cells known as spermatozoa.
Spermatogenesis is completed during the pupal
stage, and the storage of sperm in the seminal
vesicle continues until approximately the 12th day
after emergence as an adult drone. The
spermatozoa then pass through the vas deferens
and collect in the vesicula seminalis. In adult drones,
these sacs are filled with active sperm, while the
testes become rudimentary. The vesicula seminalis
opens into an accessory mucous gland, which is
filled with a thick, white liquid that mixes with the
sperm before they are discharged through the
median ejaculatory duct and out of the endophallus
(Sharma et al. 1961; Snodgrass 1956).

The honey bee spermatozoon is long and
filamentous, about 250-270 um in length, with a
conical acrosomal vesicle and a perforatorium. The
nucleus is strongly electron dense, measuring 5 ym
in length and has an eccentric nuclear cone. The tail
consists of an axoneme, two mitochondrial
derivatives, and two accessory bodies. The
axoneme has the typical 9 + 9 + 2 arrangement of
microtubules, and the mitochondrial derivatives are
of unequal diameter and length. The spermatozoon
also has two accessory bodies situated between the
axoneme and each mitochondrial derivative (Lino-
Neto et al. 2000).

Semen collection and diluting

In honey bees, drones that have reached the age of
14 days, which have become adults, are used for
semen collection. Especially afternoon, it is
preferred to collect drones returning from the flight.
Eversion and ejaculation are stimulated by pressure
on the abdomen with the hand, and semen is seen
together with the mucus layer at the end of the
endophallus. While artificial insemination device is
used to obtain drone semen, Harbo and Scheley
syringes are used in this regard. Before collecting
the semen, the syringe should be filled with semen
extender to facilitate the collection of semen (Cobey
et al. 2013).

The diluent used has many benefits such as
preventing the drying of the semen, creating an
energy source for the semen, providing the ion
balance and preventing oxidative stress. Many
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extenders have been used to dilute semen until
today. These are isotonic NaCl, Kiev solution, Hyes
solution, Harbo solution, BSS (Bee Sperm
Solution),Tris buffer, TL-Hepes and modifications of
these extenders have been used successfully (Algay
et al. 2019; Cobey et al. 2013; Moritz 1984;
Rajamohan et al. 2020; Wegener et al. 2014).
Extenders are also used to preserve semen for short
and long periods. Sperm can be stored at room
temperature for a short time up to two weeks without
any major changes. In a study, semen was
preserved for up to 439 days without freezing
(Hopkins et al. 2017). In addition, although many
studies have been carried out on the
cryopreservation of semen, the desired success has

not been achieved yet, and the preservation of the
genetic source for many years has been
successfully achieved (Alcay et al. 2019; Auth and
Hopkins 2021; Rajamohan et al. 2020; Wegener et
al. 2014).

Semen volume

Semen volume is determined by marking the glass
tip and using a Gilmont micrometer. In the studies, it
was determined that the volume of drone semen was
related to the age of the drone, body weight, the rice
of the drone and the season. In addition, it was
stated that the semen volume in drones varies
between 0.1 yl and 3.6 pl (Table 1).

Table 1: Sperm Volumes Obtained in Different Studies

References Minimum Semen | Maximum Semen Average Semen
Volume (pl) Volume (pl) Volume (pl)

(Woyke 1960) 0.7 3.0 15

(Woyke 1962) 1.5 1.7 1.7

(Collins and Pettis 2001) - - 0.9
(Rhodes et al. 2011) 0.1 3.6 1.0

(Gencger and Kahya 2011) | - - 1.0
(Czekonska et al. 2013a) | - - 0.8
(Czekonska et al. 2013b) | 0.5 1.3 0.9
(Rousseau et al. 2015) 0.4 2.4 1.0
(Czekonska et al. 2015) - - 11
(Rousseau and - - 1.0
Giovenazzo 2016)

(Kairo et al. 2016) - - 0.8

(Bratu et al. 2022) 0.5 0.9 0.7

(Kahya and Genger 2023) | 0.8 1.3 1.0

Spermatozoa concentration

The determination of spermatozoa concentration
has been one of the most preferred spermatological
parameters in drones for many years. This
parameter is especially used in the in vitro evaluation
of the effects that may occur in the process of semen
production and drone maturation. Hematocytometric
and spectrophotometric methods are generally used
for determination of spermatozoa concentration
(Ciereszko et al. 2017, Rhodes et al. 2011).
Spermatozoa concentration was found to be 7-12
million per microliter in drones whose seminal
vesicle was dissected. In addition, in many studies

where semen concentration was determined, a wide
range of sperm density was obtained (Table 2). This
is an indication that semen concentration can
change under the influence of many factors.

In addition, spermatozoa concentration in
spermatheca is among the frequently used
spermatological parameters. This method is based
on the dissection of the spermatheca after mating or
artificial insemination and the determination of the
spermatozoon concentration in the spermatheca by
emptying it in a low-volume extender (Collins 2000,
Moreira et al. 2022, Woyke 1971).
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Table 2: Spermatozoa Concentration Obtained in Different Studies

References Minimum Spermatozoa Maximum Spermatozoa Average Spermatozoa
Concentration (million Concentration (million per | Concentration (million
per pl) ul) per pl)

(Woyke 1960) 7.23 13.62 11.95

(Woyke 1962) - - 7.47

(Moritz 1981) - - 8.5

(Rinderer et al. 1985) | - - 5.7

(Berg and Koeniger - - 7

1990)

(Rinderer et al. 1999) | - - 8.6

(Collins and Pettis - - 9.15

2001)

(Duay et al. 2002) - - 7.54

(Schlins et al. 2003) 1.09 30.31 9.18

(Taylor et al. 2009) - - 8.8

(Rhodes et al. 2011) 0 19.1 3.63

(Genger and Kahya - - 7.25

2011)

(Rousseau et al. 0.008 7.77 1.8

2015)

(Czekonska et al. - - 5.45

2015)

(Rousseau and - - 2.7

Giovenazzo 2016)

(Kaya ve Akyol, 2021) | 1.9 8.5 5.9

(Bratu et al. 2022) - - 9.16

(Kahya and Genger 5.19 8.28 7

2023)

Sperm motility

The method based on scoring drone semen between
1 and 5 with a method similar to mass movement as
in ram and bull semen without any dilution was
suggested by Kaftanoglu and Peng (Kaftanoglu and
Peng 1984). In the following years, it has found use
in a subjective method of individual observation of
semen by diluting it at a certain rate (Wegener et al.
2012). However, the long flagellar structure of drone
semen and its relatively low progressive movement
compared to mammalian semen is one of the factors
limiting this method.

In addition, there are some studies showing that
drone semen has an ameboid movement contrary to
the expected circular movement when it is taken into
a narrow canal, and this may be effective during the
transition from the spermatheca to the lateral oviduct
(Tofilski 2014). In addition, the use of special
preparations such as Leja slide and the use of anti-
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aggregation agents such as Bovine Serum Albumin
(BSA) were recommended in a study (Yaniz et al.
2019). It has been shown that drone spermatozoa
marked with fluorescent dyes can be analyzed more
effectively with the help of the Computer-Assisted
Sperm Analyzed Device (CASA) (Murray et al.
2022).

Abnormal sperm morphology

Morphologically abnormal spermatozoon ratio in
mammalian semen is an important spermatological
parameter that can be differentiated, as head, body
and flagella anomalies. After diluting and
immobilizing the semen with diluents such as
Hancock, the abnormal spermatozoon ratio can be
determined by counting them in a microscope with a
100x lens (Uysal and Bucak 2009). Abnormal
spermatozoon types in drones were determined as
curled, damaged and double-ended tails (Lodesani
et al. 2004, Power et al. 2019). However, drone
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spermatozoon has a long flagellum and it is very
difficult to distinguish between the head and
flagellum without cellular staining methods. For this
purpose, staining technigues have been developed
to determine the length of the intracellular parts with
different staining procedures (Banaszewska and
Andraszek 2023).

Ultrastructure of the spermatozoon

The visualization of the internal and external parts
(such as acrosome, nucleus, axoneme and
mitochondria) of the spermatozoon with the help of
an electron microscope is called ultrastructure
(Lensky et al. 1979). A few years later, differences in
the spermatozoon structure of drones with haploid
and diploid chromosomes were investigated (Woyke
1984). In a study, the mitochondrial apparatus in the
flagellar region was determined in detail (Lino-Neto
et al. 2000). In a recent study, useful information was
obtained on the structural effects of freezing-thawing
(Gulov and Bragina 2022).

Plasma membran integrity

This method is based on the evaluation of the
permeability of the cell membrane (plasmalemma).
In addition to the incubation of spermatozoa with
fluorescent dyes, the morphological change of
spermatozoa in a hypoosmotic solution can be
determined by HOST (hypo-osmotic swelling test)
method (Algay et al. 2019). Among the mentioned
staining techniques, the most common ones are
SYBR-14/PI (Collins and Donoghue 1999),
Hoechst/Pl (Locke et al. 1990) (Figure 1), AO/PI
(Yaniz et al. 2020) and non-fluorescent Eosin/
Nigrozine (Peng et al. 1990). In research, plasma
membrane integrity in drone semen was found to be
in the range of 80-98% on average (Kaya ve Akyol
2021, Yaniz et al. 2020).

Acrosome integrity

The acrosome part of the spermatozoa can be
stained with the help of dyes containing fluorescently
labeled lectin protein that can bind to spermatozoa
acrosomal glycoproteins. In a study with Pisum
sativum agglutinin (PSA) lectin fluorescence dye,
spermatozoon acrosome integrity was determined
(Alcay et al. 2019). However, this dye is less specific
to the acrosome than the others among lectin
preparations. Although we achieved successful
results with the acrosome-specific Arachis hypogaea
(Peanut) agglutinin (PNA) fluorescence dye in our
studies, we did not find any changes in acrosomal
structure in drone pure semen (Unpublished results).

Figure 1: Assessment of plasma membrane integrity with
Hoechst/Pl dyes. (Red: Dead Spermatozoon, Blue: Live
Spermatozoon, Scale bar: 50um).

Mitochondrial membrane potential

Cell mitochondria have an important role in
supplying the energy required to perform their
glycolysis and oxidative phosphorylation functions
and provide important clues about the continuity of
motility. There area few studies in which the
mitochondrial membrane potential was stained with
Rhodamine 123 and flow cytometric analysis was
performed (Alcay et al. 2021, Ciereszko et al. 2017).

In our study, 45 different samples were stained with
JC-1 dye, which can more specifically detect
mitochondrial membrane potential (Figure 2).
According to the results, an average of 78% high
mitochondrial membrane potential was determined
(Kaya ve Akyol 2021). In addition, Abdelkader et al.,
in a study, investigated a commercial kit that showed
luminescence by reacting with intracellular ATP. In
the study, a difference was obtained in terms of ATP
levels in drone semen produced under different
conditions (Ben Abdelkader et al. 2014).

Deoxyribonucleic acid (dna) fragmentation

Detection of spermatozoa DNA fragmentation
provides important information about fertilization
ability. For this purpose, sperm chromatin structure
assay (SCSA), the terminal transferase dUTP nick-
end labeling (TUNEL) test, sperm chromatin
dispersion (SCD) test and single cell gel
electrophoresis assay (SCGE-COMET) tests can be
applied. In a study using the SCD test, DNA
fragmentation was found in the spermatozoa of
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drones infested with Nosema cerenae (Borsuk et al.
2018). In another study, the TUNEL method was
used, but no significant fragmentation was found in
the samples (Wegener et al. 2014). In addition, in a
study, the effect of freezing and thawing semen with
different extenders on DNA fragmentation was
investigated and DNA fragmentation was found to be
quite low (Range 0.53-0.71%) (Alcay et al. 2022).

Figure 2: Assessment of mitochondrial membrane
potential (Orange: High mitochondrial membrane
potential, Green: Low mitochondrial membrane potential,
Scale bar: 50pm).

Sperm apoptosis

Apoptosis is a mode of programmed cell death with
a genetic mechanism that leads to a series of
morphological and biochemical changes in the cell.
The pushing of phosphatidylserine in the
phospholipid structure found in the cell membrane
structure to the outer part of the cell membrane, loss
of mitochondrial membrane potential and DNA
fragmentation are considered important signs of
apoptosis. Annexin-V fluorescent staining technique,
which can bind phosphatidylserine, has been used
for many years in mammalian spermatozoa for the
determination of spermatozoa apoptosis (Glander
and Schaller 1999, Muller et al. 1999, Pefa et al.
2003). Apart from this, the rate of cellular apoptosis
can be determined by the Hoechst 33342
fluorescent staining method (Rowland et al. 2003,
Yu et al. 2005). In a study investigating the effect of
insecticides on drone semen, the rate of apoptosis
was determined by the Annexin V/PI staining
method, but apoptic spermatozoa were not found
(Ciereszko et al. 2017).
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Oxidative stress parameters

Mitochondrial functions are highly developed for the
continuity of sperm motility and vital activities. During
the energy cycle, reactive oxygen species whose
amount increases in the environment tend to interact
with the phospholipids in the cell membrane. This
results in oxidative damage and causes lipid
peroxidation and DNA damage in the spermatozoon.
There are very few studies that determine the
effectiveness of antioxidant enzymes such as
catalase, glutathione peroxdase and superoxide
dismutase, which are involved in the removal of
reactive oxygen species by spermatozoa
(Abdelkader et al. 2014, 2019). In another study,
malondialdehyde level, which is one of the oxidative
stress indicators, was determined (Alcay et al.
2021).

Microbial contamination of semen

During mating or artificial insemination, it is possible
for the queen to receive bacterial, viral or parasitic
agents from drones belonging to different colonies
through semen and transmit the disease to the
colony (Andere et al. 2011, Yue et al. 2006). In
addition, contamination of semen with the feces of
the drone during artificial insemination, sepsis and
death can be seen in the queen bee if the necessary
asepsis-antisepsis rules are not followed (Locke and
Peng 1993, Mackensen 1951). Antibiotics added to
semen extenders  can adversely  affect
spermatological parameters (Rajamohan et al.
2020). In addition, it may not provide complete
protection against viral, parasitic and fungal
infections. In a study, it has been shown that
Nosema spores can be transferred to the queen bee
with semen (Borsuk et al. 2018). For these reasons,
microbial contamination of semen is an important
spermatological parameter.

Conclusion

Apart from the above-mentioned spermatological
parameters, there are different parameters that are
used more frequently in other species and that are
likely to be applicable in drone semen. These include
seminal fluid biochemicals, semen agglutination,
intracellular organic and inorganic substances,
spermatozoa surface proteins and spermatozoa
endurance tests. In vitro parameters to be used can
provide faster, cheaper and more comprehensive
data than in vivo markers. Therefore, it is likely that
these parameters will be developed and become
widespread in future studies. Thus, it will be possible
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to evaluate drone semen more effectively.
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oz

Bal anlan cigekli bitkilerden topladiklari polenleri agiz salgilari ve bitki nektarlari ile karigtirarak ari
poleni uretmektedir. Ari polenleri geligiminin ilk déonemlerinde olan ari larvalarinin beslenmesi
amaciyla kullanilirken ayni zamanda aricilar tarafindan kovan giriglerine yerlestirilen polen tuzaklari ile
toplanip islenerek insanlar tarafindan da tiiketilmektedir. Bilesiminde su, karbonhidratlar, proteinler,
aminoasitler, lipitler, yag asitleri, karotenoidler, fenolik bilesikler, enzimler, vitaminler ve mineraller
bulunan arn poleninin saglik agisindan antimikrobiyal, antioksidan, antikanser ve antiinflamatuar
ozellikler gibi birgok olumlu etkisinin bulundugu belirtilmistir. Zengin besinsel 6zellikleri ve saglk
etkileri nedenleriyle dogrudan tiiketilebilen ari poleni bunlarin yani sira ¢oziiniirliikk, su ve yag tutma
kapasitesi ve emiilsifikasyon gibi gida teknolojisi agisindan 6nemli fonksiyonel 6zellikleri nedeniyle
de farkh gidalara bilesim unsuru olarak ilave edilmektedir. Bununla birlikte giderek artan saglikh
beslenme bilinci ve alternatif dogal lirlinler arayisina olan egilim diger aricilik triinlerine oldugu gibi
ar1 polenine olan ilgiyi de artirmaktadir. Buradan hareketle ilgili galisma ari poleninin baz fiziksel,
fonksiyonel ve kimyasal 6zellikleri ile metabolizma uzerindeki biyolojik etkileri ve gidalarda kullanim
imkanlari hakkindaki bilgilerin derlenmesi amaglanarak gergeklestirilmistir.

Anahtar Kelimeler: Arn poleni, Fenolik, Karotenoid, Antioksidan, Anti-inflamatuvar

ABSTRACT

Honeybees gather pollen grains from flowering plants and mix them with their own secretions and
some nectar to form bee pollen pellets. Bee pollen is used for the nutrition of bee larvae in the early
stages of their development. Besides, bee pollen is also consumed by humans after being collected
by pollen traps placed at the hive entrance and processed by beekeepers. Bee pollen contains soluble
sugars, proteins, carotenoids, phenolic compounds, vitamins, and minerals and has been reported to
have several positive health effects such as antimicrobial, antioxidant, anticancer, and anti-
inflammatory activity. Bee pollen is added as an additive to various foods due to its nutritional value,
positive effects on health, and functional properties such as solubility, water and fat retention capacity,
and emulsification. Furthermore, the increasing awareness of healthy nutrition and the tendency to
seek alternative natural products increase the interest in bee pollen as well as other beekeeping
products. From this point of view, this study was carried out to review the knowledge of some physical,
chemical, and functional properties of bee pollen, along with its biological effects and potential use in
foods.

Keywords: Bee pollen, Phenolic, Carotenoid, Antioxidant, Anti-inflammatory

U.An D. - U.Bee J. 2023, 23 (2): 280-295 280


mailto:ceren.mutlu@balikesir.edu.tr

DERLEME / REVIEW

EXTENDED ABSTRACT

Purpose: Bee pollen is a beekeeping product that
has become of interest due to its nutritional value,
bioactive compounds, functional properties and
health effects, and this bee product has frequently
been the subject of research in recent years. From
this point of view, it is aimed in this study to review
information about some physical, functional, and
chemical properties of bee pollen, its biological
effects on metabolism, and its use as an ingredient
in foods.

Discussion: Bee pollen is an important natural
resource that has been used as a food supplement
since ancient times because it contains almost all the
nutritional elements necessary for humans. It has
been reported that there are about 200 different
compounds in bee pollen, such as water, proteins,
amino acids, carbohydrates, lipids, fatty acids,
phenolic compounds, enzymes, coenzymes,
vitamins, and minerals. A significant amount of the
carbohydrate content of bee pollen is composed of
fructose, glucose, and sucrose, and it has also been
noted that cellobiose, isomaltose, maltose, raffinose,
stachyose, melezitose, trehalose, and erlose
carbohydrates can be found in the bee pollen.

The main protein fractions in bee pollen consist of
albumins, globulins, glutelins, prolamins, and other
amino acids and enzymes. Besides, common amino
acids in bee pollen have been stated to be glycine,
aspartic acid, glutamic acid, alanine, leucine, valine,
lysine, serine, and isoleucine. The lipids of bee
pollen are fatty acids, carotenoids, and sterols. Bee
pollen contains fat-soluble vitamins A, E, and D and
water-soluble vitamins thiamine, riboflavin, nicotinic
acid, pantothenic acid, pyridoxine, biotin, folic acid,
and ascorbic acid.

Different types of phenolic compounds such as
phenolic acids, flavonoids, leukotrienes, catechins,
flavonol, and their glycosides, and also carotenoids
like zeaxanthin, lutein, B-carotene, cryptoxanthin,
antheraxanthin, violaxanthin, neoxanthin,
flavoxanthin, and luteoxanthin have been reported in
bee pollen. It has been stated that these compounds
in bee pollen are responsible for the antimicrobial,
antioxidant, anti-inflammatory, anticarcinogenic, and
antimutagenic effects Moreover, bee pollen shows
important functional properties in terms of food
technology such as solubility, water and oil holding
capacity, and emulsification thanks to the various
components in its structure.

In this regard, bee pollen has been used as a
functional ingredient in various types of foods
including cakes, cookies, and pasta, and it has been
stated that it has improved the nutritional and
biological activity of these products.

Conclusion: Bee pollen is a natural beehive product
that exhibits biological and functional properties
besides nutritional properties. Recently, interest and
awareness in natural products such as bee pollen
have increased due to concerns over synthetic food
and foodstuffs. Overall, it has been evaluated that
bee pollen has important potential in terms of its use
in the development of product formulations in the
food industry, and more research is needed on bee
pollen.

GiRIiS

Aricilik insan beslenmesi ve saghgin korunmasi
amaglariyla uzun bir stredir gerceklestirilen ve bal,
polen, ari sitl, propolis ve ari zehri gibi Grtinlerin
elde edildigi Snemli bir ekonomik faaliyettir (Parlakay
vd. 2008). Ari poleni insan beslenmesinde gerekli
olan besinlerin dnemli bir kismini icerdidi igin eski
zamanlardan beri gida takviyesi olarak kullanilan
dogal bir kaynak olarak ifade edilmektedir (Aylanc
vd. 2021).

Ari poleninin yapisinda su, proteinler, aminoasitler,
karbonhidratlar, lipitler, yag asitleri, fenolik bilesikler,
enzimler, koenzimler, vitaminler ve mineraller gibi
yaklasik 200 farkl bilesen bulundugu rapor edilmistir
(Komosinska-Vassev vd. 2015). An poleninin
kimyasal bilesiminin botanik ve cografi kdkenine,
toprak tipine, iklime, toplanmasi sirasindaki mevsim
ve hava kosullarina, ari irkina ve uygulanan aricilik
yontemine buylk o6lgclide bagli oldugu belirtilmistir
(Didaras vd. 2020).

Ari poleni vyapisindaki biyoaktif bilesenlerden
kaynaklanan antimikrobiyal, antioksidan,
antiinflamatuar, antikanser ve antiobezite ozellikler
gibi fonksiyonel biyolojik etkilere sahiptir. Bu
etkilerden yararlanmak amaciyla ari poleninin gesitli
gidalara ilave edilmesi son zamanlarda giderek ilgi
go6ren endustriyel bir uygulamadir ve bu durum da
ari poleni tiketimini artirmaktadir (Aylanc vd. 2022).
Ari  poleni dogrudan polen peletleri seklinde
tuketilebilecedi gibi besin degerini gelistirmek ve
bununla birlikte son Urtn kalitesine katki saglamak
icin cesitli islenmis Urlinlere de ilave edilebilmektedir
(Thakur ve Nanda 2020a).
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Ari poleninin kurabiye, kek, makarna ve sosis gibi
farkh dranlerde fonksiyonel 6zelliklerin geligtiriimesi
amaciyla degerlendirildi§i cesitli ¢alismalar rapor
edilmistir (Aljazy vd. 2021, Brochard vd. 2021,
Dundar 2022, Novakovi¢ vd. 2021).

Dogal Urlnlere olan tiketici bilgisinin ve ilgisinin
giderek artmasinin bir sonucu olarak ari poleni de
hem dogal bir Griin olmasi hem de sahip oldugu
zengin bilesen icgerigi, fonksiyonel &zellikleri ve
saglik Uzerine etkileri nedenleriyle tiketimi tercih
edilen bir aricilik Grind haline gelmistir. Ayrica
yapilan literatir incelemesinde son vyillarda ari
poleninin bilesimsel &zellikleri ve saglik etkileri
Uzerine yapilan arastirmalarda da artis oldugu
degerlendirilmistir. Buradan hareketle bu ¢alismada
ari poleninin baz fiziksel, fonksiyonel ve kimyasal
Ozellikleri ile metabolizma izerindeki biyolojik etkileri
ve gidalarda kullanim imkanlari hakkindaki bilgilerin
derlenmesi amacglanmistir.

Ari Poleni Uretimi

Cicekli bitkilerin erkek gametofitine polen adi
verilmektedir. Arilar gigekleri ziyaret ettikleri esnada
gicegin bu bélimiine temas etmekte ve bu temas
sonucu  ¢icek  polenleri  arinin  vicudunu
kaplamaktadir (Campos vd. 2008). Arinin temas
ettigi cicek negatif ylkle, arinin bedeni ise pozitif
yukle yuUklidir ve bu ikili arasinda olusan zayif
elektrostatik alan sayesinde polenler arinin
vicuduna yapismaktadir (Clarke vd. 2013, Thakur
ve Nanda 2020b).

Arilar, bu polenleri agiz salgilari ile nemlendirip
birbirlerine yapistirmakta ve yaklasik %10 kadar
nektar ile karistirarak pelet haline getirmektedir. Bal
arilarinin arka ayaklarinda fizyolojisi itibariyle polen
sepetleri adi verilen uzuvlar bulunmakta ve pelet
haline getirilen cigek polenleri polen sepetlerinde
(korbikil) biriktirilmektedir. Ari poleni, bu peletlerin
karisimindan meydana gelen ve gelisiminin ilk
doénemlerinde olan larvalarin beslenmesi amaciyla
bal arisi Apis mellifera tarafindan olusturulan bu
polenleri ifade etmektedir (Campos vd. 2008).

Ari polenleri aricilar tarafindan kovan giriglerine
yerlestirilen 1zgara seklindeki polen tuzaklari ile
toplanmaktadir. Bu tuzaklar boyutlari, gériintgleri ve
kovana kurulumlarina gore farkhliklar
gOsterebilmektedir. Tuzaklar arilarin arka
bacaklarinda tasidiklari polenleri ayirmak igin
icerisinden gegmesi gereken bir 1zgara ve ayrilan
polenlerin toplandigi bir kap olmak Uzere iki temel
bdélimden olusmaktadir. Arilar kovana girdiklerinde
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polenler ayriimakta ve altta bulunan g¢ekmeceye
dlgerek toplanmaktadir (Bogdanov 2016).

Polenlerin  aricilar  tarafindan  gunlik  olarak
toplaniimasi onerilmekle birlikte, bu islemi haftalik
olarak yapan cihazlarin da oldugu bildirilmigtir. Ari
poleni hasadi icin 6zel beceri ve belirli kurallar
gerekmekte olup, en iyi hammadde eldesi icin Gretim
planinin yapilmasi, uretim, hasat, isleme, depolama
ve tasima gibi ana konulara dikkat edilmesi oldukca
Onemlidir (Campos vd. 2021).

Dinyada en buyuk ari poleni Ureticisi Ulkenin Cin
oldugu bildirilmis olup (Li vd. 2019), ar1 poleni Uretim
miktarlarinda son yillarda artis oldugu ancak yillik
Uretim miktarini hesaplamak icin ayrintili veri elde
edilemedigi ifade edilmistir (Cakmak ve Seven-
Cakmak 2016).

Ari Poleninin Fiziksel Ozellikleri

Ari poleninin fiziksel 6zellikleri polenlerin Gretiminde
kullanilacak ekipmanlarin tasarimi ve drlnlerin
temizlenmesi, siniflandiriimasi, islenmesi, taginmasi
ve depolanmasi gibi proses asamalari igin oldukga
Onemlidir (Thakur ve Nanda 2020a). Kaynaklarina
bagl olarak ari polenleri sekil ve boyut 6zellikleri
acisindan oldukca farkli 6zelliklere sahip olabilirler
(Komosinska-Vassev vd. 2019). Taze ari poleninin
silindirik, yuvarlak, G¢cgen veya can sekillerinde ve
kurutulmus ari poleninin ise genellikle kiresel veya
igne seklinde olabilecegi belirtiimistir (Thakur ve
Nanda 2020b, Barene vd. 2015).

Thakur ve Nanda (2020a) tarafindan yapilan bir
arastirmada dort farkli botanik kokenli (Hindistan
cevizi, kisnig, kolza ve multifloral) ari poleni 6rnegi
incelenmis ve bu polen &rneklerinin ortalama
uzunluk, geniglik ve kalinhk degerlerinin sirasiyla
2.98-3.70 mm, 2.50-3.27 mm ve 1.26-1.74 mm
araliklarinda bulundugu ve kisnis ari polenlerinin
diger polenlere gére daha uzun ve genis oldugu
rapor edilmigtir. Yapilan bir diger calismada Brassica
napus, Helianthus annuus, Papaver somniferum,
Phacelia tanacetifolia, Robinia pseudoacacia ve
Trifolium epens ari polenlerinin uzunluklarinin 2.66-
3.45 mm ve genigliklerinin ise 3.34-3.77 mm
araliklarinda oldugu bildirmistir (Bleha vd. 2019).
Turk Standartlari Enstitlisi tarafindan hazirlanan TS
10255 Polen Standardi’na goére polen iriliginin bitki
kaynagina goére degisebilecedi ancak ¢apinin 10-
100 pm arasinda olmasi gerektigi belirtiimigtir
(Anonim 2006).

Ari poleninin agirlid1 kurutma, depolama ve nakliye
ile ilgili ekipmanlari tasarlamak ic¢in kullanilan bir
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parametredir (Thakur ve Nanda 2020a). Ari poleni
peletinin ortalama agirliginin 7.50-8.00 mg oldugu
belirtiimistir (Thakur ve Nanda 2020b). Bleha vd.
(2019) tarafindan yapilan bir galismada farkh bitki
kaynaklarindan (Brassica napus, Helianthus
annuus, Papaver somniferum, Phacelia
tanacetifolia, Robinia pseudoacacia ve Trifolium
epens) toplanan ari poleni yiklerinin agirliklarinin
8.40-15.32 mg araliklarinda bulundugu bildirilmistir.
Bir diger calismada ise ari poleni tanelerinin 1.000
adet agirhginin ise 4.47-8.14 g oldugu, en agir ari
poleninin kisnis ve en hafif ari poleninin ise multifloral
ari poleni 6rneg@i oldugu belirtiimigtir (Thakur ve
Nanda 2020a).

Ari poleninin tekstirel 6zelliklerinin belirlenmesinin
ari poleninin dogrudan tiketimi veya farkli gida bazli
Urtinlere eklenmesi agisindan oldukga énemli oldugu
ifade edilmistir. Yapilan bir arastirmada farkh ari
poleni o6rneklerinin sertlik, adhezyon, kohezyon,
esneklik, sakizimsilik ve cignenebilirlik degerlerinin
siraslyla 3.66-39.88 N,-20.81-481.11 g.s, 0.09-1.00,
16.18-99.87, 33.70-1572.66 N ve 5.45-832.63 N
oldugu bildirilmistir. Teksturel o6zelliklere ait bu
sonuglar arasindaki farkhliklarin ise ari poleni
Orneklerinin  yapisal  butlnltkleri  arasindaki
farkhliklar ile iligkili olabilecegi belirtiimistir (Thakur
ve Nanda 2020a).

Renk ari poleni igin kalite gostergesi olan fiziksel bir
parametredir ve ari poleninin ticari olarak
pazarlanmasi agisindan dnemlidir (Thakur ve Nanda
2020a). TS 10255 Polen Standardi’'na gore polen
renginin genellikle sari, kismen kirmizi beyaz, acik
veya koyu mor, degisik tonlarda pembe veya siyah
renkte olmasi gerektigi belirtiimistir (Anonim 2006).

Yapilan arastirmalarda ari poleni renklerinin agik
sari, altin sarisi, sari, kahvemsi sari, koyu sari,
turuncu, acik yesil, koyu yesil, kirmizimsi kahve,
kahverengi ve lacivert gibi renklerde olabildigi rapor
edilmistir. Ari poleni tanelerinin renkleri botanik
kaynagina ve olgunluk dizeyine goére farklilik
gOstermekte  olup, ari  polenindeki renkler
karotenoidler, flavonoidler, konjuge hidrokarbonlar
ve polar ve hidroksilik gruplar iceren aromatik
bilesiklerden kaynaklanmaktadir (Bleha vd. 2021).

Yapilan bir arastirmada farkli ari poleni érneklerinin
L*, a* ve b* renk degerlerinin sirasiyla 48.37-55.56,
3.52-9.25 ve 10.53-32.06 oldugu bildirilmistir. Bu
arastirmada kisnis ari poleninin diger polenlere gore
daha kirmizimsi ve sarimsi oldugu ve multifloral ar
poleninin ise farkli botanik kokenleri bir arada
bulundurmasi nedeniyle siyah, kahverengi, gri, sari

ve turuncu gibi gesitli renk 6zellikleri gosterdigi rapor
edilmistir (Thakur ve Nanda 2020a).

Ari Poleninin Fonksiyonel Ozellikleri

Ari poleni yapisinda bulunan gesitli bilesenler
sayesinde ¢6zUndrlik, su tutma kapasitesi, yag
tutma kapasitesi ve emiilsifikasyon gibi gida
teknolojisi agisindan 6nemli fonksiyonel oOzellikler
gOstermektedir. Herhangi bir maddenin suda
¢oziinmesi;  Urdnin  1slanmasi,  partikillerine
ayrilmasi, partikillerin sulu fazda ¢ézinmesi ve
tamamen parcalanmasi ile es zamanli olarak ylzey
tabakasinin ortadan kalkmasi ile tim bilesenlerin
tamamen ¢6zlinmesi slreclerinin gergeklesmesi ile
olmaktadir (Mimouni vd. 2010, Thakur ve Nanda
2020Db).

Arl poleninin ¢6zunurligld; dogasina, yapisinda
bulunan protein ve karbonhidratlara ve bu
bilesenlerin birbirleri ile interaksiyonlarina bagh
olarak degismekle birlikte %84.91-87.56 arasinda
bulunmaktadir. GCozundrlik ayrica polen igeriginde
bulunan tikurik salgilari, basit sekerler ve disuk
molekiler agirlikh proteinler gibi suda ¢6zunir
bilesenler ile sellloz, lignin, lipitler ve sporopollenin
gibi suda ¢bzlinmeyen bilesenlerin oranindan da
etkilenmektedir (Kosti¢ vd. 2015, Thakur ve Nanda
2020a, Thakur ve Nanda 2020b). Ayrica ari
poleninde bulunan protein ¢dzinurlGginin %2.80-
25.90 ve karbonhidrat ¢6zunarliginin ise %31.20-
75.00 oranlart arasinda degisiklik gosterdigi
bildirilmistir (Kosti¢ vd. 2015, Thakur ve Nanda
2020Db).

Ari poleni Orneklerinin infrared ve sicak hava ile
kurutulduklari ~ farkli  ¢alismalarda  kurutulan
drneklerin ¢dzunurllk indekslerinin sirasiyla 8.00-
8.50 (Isik vd. 2019) ve 6.90-8.80 (Isik vd. 2018)
oldugu ve orneklerin suda kolayca ¢dzinebildikleri
rapor edilmistir. Yapilan bir diger ¢calismada ise ari
poleni érneklerinin suda islanabilirliklerinin 285.67-
1909.46 saniye ve dagilabilirliklerinin ise %34.10-
51.06 arasinda oldugu rapor edilmistir (Thakur ve
Nanda 2020a).

Su tutma kapasitesi Grtinlerin nemliligi igin dnemli bir
kalite parametresi olup, ari polenlerinin su tutma
kapasitelerinin yapilarinda bulunan protein ve
karbonhidratlarin hidrofilik gruplarina ve kapiller
etkilesimlere bagl oldugu belirtilmistir (Kosti¢ vd.
2015, Thakur ve Nanda 2020a). Ayrica ari
polenlerinin su absorpsiyonuna lipitlerin polar ve
yuklU bélgelerinin de katki sagladidi ifade edilmistir
(Kosti¢ vd. 2015).
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Hindistan cevizi, kisnis, kolza ve karisik bitkilerden
Uretilen ar1 polenleri ile yapilan bir ¢galismada ari
poleni orneklerinin su tutma kapasitelerinin 0.47-
0.72 g/g arahginda oldugu ve en disik su tutma
kapasitesinin kisnis ve en vyiksek su tutma
kapasitesinin ise Hindistan cevizi ari poleninde tespit
edildigi rapor edilmistir (Thakur ve Nanda 2020a). Bir
diger calismada ise 26 farkl ari poleni érneginin su
tutma kapasitesinin  0.92-2.25 g/g araliginda
bulundugu bildirilmistir (Kosti¢ vd. 2015).

Lipitlerin lezzet tutucu, kivam ve agiz hissini artirici
Ozellikleri nedeniyle yag tutma kapasitesi gidalar icin
Onemlidir. Gida bilesiminde ¢6ziinmeyen
molekdllerde bulunan hidrofobik kisimlar yag tutma
kapasitesi Uzerinde etkilidir (Kosti¢ vd. 2015). Ari
poleninde yag tutma kapasitesinden sorumlu ana
bilesenin polenin ekzin tabakasinda bulunan
sporopollenin oldugu (Kosti¢ vd. 2015, Thakur ve
Nanda 2020b) ve yag asidi-lignin interaksiyonuna
benzer bir yapida olan sporopolleninin bu yapisi
sayesinde yagin matriks icerisinde karismasini
sagladig ifade edilmistir (Thakur ve Nanda 2020b).
Ayrica sporopolleninin yani sira ari poleninde
bulunan  aminoasitlerin  bilesimi,  proteinlerin
hidrofobik  kisimlari  ile  ¢dézinmeyen  diger
bilesenlerin hidrofobik kalintilarinin da yagd tutma
kapasitesini etkiledigi belirtilmistir (Kosti¢ vd. 2015,
Thakur ve Nanda 2020b).

Yapilan bir galismada 26 farkh ari poleni érneginin
yag tutma kapasitesinin 1.00-3.53 g/g aralidinda
degistigi bildiriimistir (Kosti¢ vd. 2015). Bir diger
calismada ise ari poleni 6rneklerinin yag tutma
kapasitesinin 1.31-2.13 g/g araliginda bulundugu ve
Hindistan cevizi ar poleninin yag tutma
kapasitesinin diger orneklere gére daha yuksek
oldugu rapor edilmistir (Thakur ve Nanda 2020a).

Ari polenlerinin emiilsifikasyon 6zelliklerinin sivi
damlacik boyutu ve dagihmina, yapisindaki
proteinlerin konformasyonu, hidrofobikligi,
¢6zunurligu ve konsantrasyonu gibi 6zelliklerine,
faz-hacim oranina, slrekli fazin viskozitesine ve
¢6zlcunun sicakligl, pH degeri ve tuz igerigine bagh
olarak degisebilecegi belirtilmistir (Avramenko vd.
2013, Thakur ve Nanda 2020a).

Yapilan bir calismada ari poleninin emulsifiye edici
aktivitesi ve stabilitesinin sirasiyla %44.83-46.76 ve
%21.62-26.32 araliklarinda degisim gosterdigi ve
emdlsiyon aktivite ve stabilitelerinin Hindistan cevizi
ari poleninde daha yuksek ve kolza ari poleninde ise
daha dusuk oldugu bildirilmistir (Thakur ve Nanda
2020a).
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Bir diger calismada ise ari poleni Orneginin
emdlsiyon aktivite indeksinin 10.40-24.52 g/m® ve
emdulsiyon stabilite indeksinin ise 19.60-49.30 dakika
oldugu rapor edilmistir. Ayrica bu ¢alismada protein
¢ozunarligunin emdlsiyon aktivitesi ve stabilitesi
Uzerinde Onemli bir etkisinin oldugu ve protein
¢OzUnarliginin  emilsiyon aktivitesi ile negatif,
ancak emllsiyon stabilitesi ile pozitif korelasyon
gOsterdigi belirtilmistir. Protein ¢ézindrliguinin ise
drnekteki karbonhidrat, lipit ve mineral madde igerigi
ile iligkili oldugu ve lipit ve kil konsantrasyonlarinin
protein  ¢6zUnUrligind  olumsuz, karbonhidrat
konsantrasyonunun ise olumlu yénde etkiledigi ifade
edilmigtir (Kosti¢ vd. 2015).

Ari Poleninin Kimyasal Kompozisyonu
Su igerigi ve aktivitesi

Taze ari poleninin su igerigi %21.00-30.00
araliginda olup, bu su orani mikroorganizmalarin
gelisimi icin elverigli bir ortam olusturdugundan ve
bozulmaya neden oldugundan ari poleni nem icerigi
%2.00-9.00 araliginda oluncaya kadar
kurutulmaktadir (Kieliszek vd. 2018). TS 10255
Polen Standardrna goére polen nem igeriginin %10
dlzeyinin altina dusdrilerek daha dayanikli hale
getirilmesi gerekmektedir (Anonim 2006). Ancak ari
poleninde renksizlesme ve bazi arzu edilmeyen
Maillard reaksiyonu ve lipit oksidasyonu gibi
kimyasal reaksiyonlarin olugsmasi nedeniyle nem
iceriginin  %3.00 dizeyinin altinda olmasi
istenilmemektedir (Kieliszek vd. 2018).

Yapilan bir calismada Tuirkiye’nin bes farkh
lokasyonundan temin edilen ari poleni drneklerinin
nem igeriklerinin %17.30-23.00 araliginda oldugu
rapor edilmistir (Mayda vd. 2020). Bir diger
calismada ise sekiz farkli monofloral ve bes farkl
multifloral ar1 poleni 6rneginin nem igerigi ve su
aktivitesi degerlerinin sirasiyla %6.62-9.99 ve 0.19-
0.39 araliklarinda bulundugu bildirilmistir (Straumite
vd. 2022).

Karbonhidrat igerigi

Karbonhidratlar ari poleni kuru agirhginin yaklasik
%40.00-85.00 kadarini olusturan ve ari poleninde en
yuksek miktara sahip bilesenlerdir (Li vd. 2018). Ari
poleninin karbonhidrat miktarinin yiksek olmasi
polen yikleri olusumu sirasinda bal veya nektarin
polene ilave edilmesi ile iligkili olup, karbonhidrat
kompozisyonu ise botanik kaynada ve hasat
kosullarina bagh olarak farklihk gdsterebilmektedir
(Thakur ve Nanda 2020Db).
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Yapilan bir calismada farkh ari polenlerinin
karbonhidrat  igeriginin  23.31-48.63  g/100g
araliginda oldugu rapor edilmistir (Spulber vd. 2018).
Ari poleninin karbonhidrat igeriginin 6nemli bir
kismini fruktoz, glikoz ve sakkaroz olusturmakta
olup, bu bilesenlerin miktarlar sirasiyla 7.20-22.40,
6.40-21.90 ve 0.60-19.80 g/100g olarak bildirilmistir
(Li vd. 2018). Bir arastirmada Tetragonula biroi
Friese ari poleni drneklerinin ortalama sorbitol,
mannitol, glikoz, fruktoz, sakkaroz, sellobiyoz,
izomaltoz, maltoz, rafinoz ve stakiyoz igeriklerinin
sirasiyla 0.15, 12.66, 1.04, 7.31, 12.77, 0.40, 0.05,
1.24, 0.37 ve 0.27 g/100g oldugu rapor edilmistir
(Belina-Aldemita vd. 2019). Ayrica ari poleninin
yaklasik %3.72 dizeyinde ham sellloz icerdigi de
bildirilmistir (Andelkovi¢ vd. 2012). TS 10255 Polen
Standardi’'na goére polendeki ham seliiloz iceriginin
%0.9 dizeyinin Uzerinde olmasi gerekmektedir
(Anonim 2006). Bu karbonhidratlarin yani sira
melezitoz, trehaloz ve erloz gibi karbonhidratlarin da
ari poleni yapisinda bulunabildigi rapor edilmistir (Li
vd. 2018).

Ari poleninin in vitro sindirimi ile toplam glikoz ve
fruktoz  biyoerigilebilirliklerinin  incelendigi  bir
arastirmada agizdan bagirsak sindirimine dogru
ortamdaki toplam glikoz ve fruktoz igeriginin
yukseldigi ve glikoz ve fruktoz igin en ylksek
biyoerisilebilirlik degerlerinin sirasiyla %37 ve %19
oldugu ifade edilmistir. Yapilan degerlendirmede
glikozun sindirilebilir oraninin fruktozdan yiksek
olmasinin  sindirim  ortamlarinin  farkh  pH
duzeylerindeki stabiliteleri veya kimyasal bilesime
bagh olarak diger bilesiklerle gosterdikleri sinerjik
etkilerdeki  farkhliklardan kaynakli  olabilecegi
belirtiimigtir (Aylanc vd. 2023).

Protein ve aminoasit igerigi

Polen arilar igin birincil protein kaynagi olup (Gercek
vd. 2022), ari poleninin %210.00-40.00 araliginda
protein igerdigi bildirilmistir (Aylanc vd. 2021). TS
10255 Polen Standardi'na goére polendeki ham
protein igeriginin %7 dizeyinin Uzerinde olmasi
istenilmektedir (Anonim 2006). Ari polenindeki ana
protein fraksiyonlari albiminlerden (%35.40),
globulinlerden (%18.90), glutelinlerden (%18.60),
prolaminlerden (%21.80) ve diger proteinler ve
enzimlerden (%5.30) olusmaktadir (Giampieri vd.
2022).

Arl poleninde esansiyel ve esansiyel olmayan
toplam 20 farkli aminoasit bulundugu ve esansiyel
aminoasitlerin toplam aminoasit igeriginin %12.00-
45.00 kadarini olusturdugu rapor edilmistir (De-Melo

vd. 2018, Giampieri vd. 2022). Ari polenindeki
yaygin aminoasitlerin glisin, aspartik asit, glutamik
asit, alanin, 16sin, valin, lizin, serin ve izol6sin oldugu
bildirilmistir (Al-Kahtani vd. 2020). Ayrica ari poleni
treonin, fenilalanin, histidin, metiyonin, izol6ésin ve
triptofan esansiyel aminoasitlerini de igcermektedir
(Gercek vd. 2022).

Ari polenindeki protein ve aminoasit miktarinin
polenin botanik kaynagina, toplanma mevsimine ve
toplanma metoduna gbre degistigi belirtilmistir
(Giampieri vd. 2022). ilkbaharda toplanan ari
polenlerinin toplam protein ve aminoasit igeriklerinin
ve Ozellikle de 16sin, glutamik asit, valin, izoldsin,
treonin ve glisin miktarlarinin daha yiksek oldugu
bildiriimistir. Ayrica sonbaharda toplanan ari poleni
orneklerinin histidin, metiyonin ve serin; yazin
toplanan ar1 poleni 6rneklerinin ise aspartik asit,
prolin ve alanin igeriklerinin daha yilksek oldugu
rapor edilmistir (Al-Kahtani vd. 2020).

Ari poleninin in vitro sindirimi sirasinda toplam
protein biyoerisilebilirliginin incelendigi bir
arastirmada agizdan bagirsak sindirimine dogru
toplam protein miktarinin arttigi, ortalama protein
biyoerisilebilirliginin agiz fazindan sonra %24 ve
bagirsak fazindan sonra ise %69 degerine ulastigi
belirtiimistir (Aylanc vd. 2023).

Lipit ve yag asidi igerigi

Lipit icerigi botanik tire bagli olarak degdismekle
birlikte ari poleninin kuru agirhginin %1.00-20.00
kadari lipitlerden olugsmaktadir. TS 10255 Polen
Standardi’'na gore polendeki ham lipit iceriginin %1.2
dlzeyinin Uzerinde olmasi gerekmektedir (Anonim
2006). Bal arisi tarafindan toplanan ari poleninin
toplam lipit fraksiyonu yag asitleri, karotenoidler ve
sterollerden olusmaktadir (Ares vd. 2018).

Toplam lipitlerin yaklagik %3.00 kadarini serbest yag
asitlerinin olusturdugu rapor edilmis olup (Gercek vd.
2022), ari polenindeki doymamis yag asitlerinin
doymus yag asitlerine oraninin ortalama 2.67 oldugu
belirtiimistir (Rzepecka-Stojko vd. 2015). Yapilan bir
calismada ari poleninde kaprilik (%0.52), kaprik
(%2.89), laurik (%1.53), miristik (%0.74), palmitik
(%5.50), stearik (%1.72), oleik (%3.95), linoleik
(%3.10), a-linolenik (%5.25), cis-11-aykosenoik
(%7.27), erusik (%5.54), nervonik (%2.21) ve cis-
4,7,10,13,16,19-dokosahekzanoik (%8.21) asitlerin
tespit edildigi bildirilmistir (Gercek vd. 2022). Ari
poleninde esansiyel yag asitleri olan ve w-3, 6 ve 9
olarak da bilinen linolenik, linoleik ve oleik asit
miktarlarinin sirasiyla %1.61-53.07, %4.88-34.65 ve
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%1.95-27.81 araliklarinda degistigi rapor edilmistir
(Salazar-Gonzalez ve Diaz-Moreno 2016).

Ar poleninde ayrica fosfatidilkolin,
fosfatidiletanolamin ~ ve  fosfatidilinositol  gibi
fosfolipitler ile [-sitosterol ve kampesterol gibi
fitosterollerin de bulundugu rapor edilmigtir. Ari
poleni lipotropik ajanlar olan fosfolipitlerin varligi
nedeniyle metabolik donlislimlerde o6nemli rol
oynarken, fitosterol icerigi ari polenine hem insan
hem de hayvan vicudu igin 6&strojen 6zelligi
kazandirmaktadir (Rzepecka-Stojko vd. 2015).
Vitamin icerigi

Vitaminler canli organizmalar igin saglikli bir yasam
surdirme, bliyume ve gelisim acgisindan gerekli
bilesenler olup, organizmada c¢esitli biyolojik
islevlere sahiptirler. Ari poleninin vitamin icerigi
polen toplama, isleme ve depolama kosullarina gére
degisiklik gostermekle birlikte %0.02-0.70 araliginda
bulunmaktadir (Bayram 2021).

Arl poleni yagda ¢ozinen A, E ve D vitaminlerini
%0.10 ve suda ¢dzunen Ba (tiamin), B2z (riboflavin),
Bs (nikotinik asit), Bs (pantotenik asit), Be (pridoksin),
Bz (biyotin), Bo (folik asit) ve C vitaminlerini ise
yaklasik %0.60 oraninda igermektedir (Komosinska-
Vassev vd. 2015, Li vd. 2018, Szabat vd. 2019).
Yapilan bir galismada monofloral Rhododendron
ponticum ari poleninde R-karoten, retinol, B, Bz, Bs,
Bs, B7, Biz, C, E ve Kz vitaminleri miktarlarinin
sirasiyla 264.0, 22.0, 315.0, 735.0, 1940.0, 455.0,
46.0, 0.86, 16240.0, 490.0 ve 1.51 pg/100g oldugu
tespit edilirken, K1 vitamini ise tespit edilememistir
(Ecem Bayram 2021). Bir diger calismada ise yedi
farkhh taze ari poleni 6rneginin Bi, B2 ve Bs
vitaminlerine ait miktarlarin sirasiyla 590.0-1090.0,
17300.0-24100.0 ve  500.0-790.0 pg/100g
araliklarinda oldugu ve vitamin
konsantrasyonlarindaki farkliliklarin botanik orijine,
iklim kosullarina, toprak tipine ve islemeye bagli
olarak degisiklik gosterebildigi bildiriimistir (de
Arruda vd. 2013).

Mineral igerigi

Mineraller insan metabolizmasinda kullanilan ve
sentezlenemedikleri igin glnlik diyetle alinmasi
gereken bilesenlerdir. Ari poleni yapisinda birgok
mineral madde bulundurmakta olup, mineraller ari
poleninin kalitesini belirlemede ¢ok énemli bir rol
oynamaktadir (Temizer ve Cobanoglu 2022).
Yaplilan bir ¢alismada Urdiin ve Cin'den toplanan ari
poleni &érneklerinin magnezyum (1575,19-641. 39
mg/kg), cinko (77.02-25.24 mg/kg), bakir (11.34-
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0.03 mg/kg), selenyum (3.03-<0.04 mg/kg), nikel
(2.84-<0.01 mg/kg), kursun (2.57-<0.03 mg/kg),
kadmiyum (<0.01 mg/kg) ve arsenik (<0.02 mg/kg)
minerallerini icerdigi rapor edilmistir (Aldgini vd.
2019).

Tarkiye'de  yapilan bir  galismada  farkli
lokasyonlardan toplanan ari poleni 6rneklerinde
potasyum (4470.64-4751.46 mg/kg), magnezyum
(440.50-910.50 mg/kg), kalsiyum (358.02-413.87
mg/kg), silisyum (288.19-501.40 mg/kg) ve demir
(50.88-74.82 mg/kg) minerallerinin diger minerallere
g6re daha yuksek miktarlarda bulunduklari rapor
edilmistir (Bay vd. 2021).

Bir diger arastirmada ise Dogu Karadeniz Bdlgesi'ne
ait ari polenlerinin farkli miktarlarda manganez,
demir, ¢inko, selenyum, krom, bakir, magnezyum,
kalsiyum, sodyum, kursun, kadmiyum, nikel ve
arsenik gibi mineralleri igerdikleri bildirilmistir. Ayrica
mineral iceriklerinden yola c¢ikilarak ar1 poleni
Orneklerinin  belirli  bir elementin  kaynagini,
kontaminasyonunu ve toksik metal kaynakli gevre
kirliligini takip etmek i¢in potansiyel bir biyoindikator
olarak degerlendirilebilecegi belirtiimistir (Erdodan
vd. 2023).

Fenolik bilesik icerigi

Ari poleni farkh bitki kaynaklarina bagli olarak
degismekle birlikte ortalama %1.60 oraninda fenolik
asitler, flavonoidler, I6kotrienler, katesinler, flavonol
ve flavonol glikozitler olmak Uzere farkh fenolik
bilesikleri iceren bir aricilik Grintdur. Ari poleninin
yapisinda bulunan fenolik bilegiklerin ari polenindeki
antimikrobiyal, antioksidan, antiinflamatuar ve
antimutajenik 6zellikler gibi biyoaktif etkilerinden
sorumlu oldugu belirtilmistir (Nisbet ve Tabatabaei
2021). Ari polenindeki fenolik bilegiklerin gogunlukla
karbonhidratlarla glikozit formunda bulundugu ve bu
bilesiklerin biyoaktif 6zelliklerin yani sira tane rengi
(sar1, kahverengi, kirmizi, mor vb.) ve ari poleninin
karakteristik bitter tadi Uzerinde de etkili oldugu
rapor edilmistir (Kieliszek vd. 2018).

Yapilan bir calismada farkli ari poleni 6rneklerinin
toplam fenolik ve flavonoid madde igeriklerinin
siraslyla 26.69-43.42 mg GAE/g ve 2.62-4.44 mg
KE/g oldugu bildirilmistir (Mayda vd. 2020). Bir diger
¢alismada Brezilya'da toplanan 62 farkli ari poleni
orneginin toplam fenolik ve flavonoid madde
miktarlarinin sirasiyla 12.60-84.22 mg GAE/g ve
1.90-36.85 mg KE/g araliklarinda degistigi rapor
edilmistir (Soares de Arruda vd. 2021). Ari poleni
orneklerinin  fenolik  bilesik  kompozisyonunun
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arastirildigi bir calismada ise érneklerde gallik asit,
2,5-dihidroksibenzoik asit, protokatekuik asit, kafeik
asit, salisilik asit, klorojenik asit, katesin, rutin, p-
kumarik asit, etil gallat, trans-ferulik asit, mirisetin,
luteolin, kuersetin, izoramnetin ve kaempferol fenolik
bilesiklerinin bulundugu ve rutin (1225.54-12613.49
mg/100 g) fenolik bilesiginin ise ari poleni
orneklerindeki en ylksek miktara sahip fenolik
bilesik oldugu bildirilmistir (Ecem Bayram 2021).

Ar1 poleninin in vitro sindirimi sirasinda fenolik ve
flavonoid bilesiklerinin biyoerisilebilirliklerinin
incelendigi bazi c¢alismalarda ise farkli sindirim
asamalarinda toplam fenolik ve flavonoid bilesik
miktarlarinin ve kompozisyonlarinin degistigi, ham
orneklerin sindiriimis 6rneklere goére daha fazla
fenolik bilesik igerdigi ancak fenolik madde
miktarinin bagirsak sindiriminde mide sindirimine
gore daha yuksek oldugu belirtiimistir (Akpinar-
Bayizit vd. 2023, Mutlu ve Erbas 2023). Aylanc vd.
(2021) tarafindan yapilan bir galismada ari poleninin
toplam fenolik ve flavonoid igeriginin ortalama
biyoerisilebilirliliginin sirasiyla %31 ve %25 oldugu
bildirilmistir.

Karotenoid igerigi

Ari poleninde bulunan karotenoid bilesikler ari poleni
renginin yani sira antioksidan aktivitesi, provitamin A
aktivitesi ve bagisiklik sistemini guglendirmesi gibi
biyolojik fonksiyonlara katki saglamasi bakimindan
Onem tasimaktadir (Fernandez-Garcia vd. 2012,
Zuluaga vd. 2016).

Yapilan bir calismada Kolombiya, italya ve
ispanya’dan temin edilen ticari ari poleni érneklerinin
toplam karotenoid igeriklerinin sirasiyla 207.00,
21.30 ve 51.30 pg zeaksantin/g oldugu ve bu
Orneklerin ester formunda olan zeaksantin, lutein ve
B-karoten bilesiklerini igerdigi bildirilmistir (Gardana
vd. 2018).

Bir diger arastirmada at kestanesi, s6gut, mahlep
kirazi, thlamur ve aylandiz bitkilerine ait ar1 poleni
orneklerinde B-karoten, kriptoksantin, zeaksantin,
anteraksantin, violaksantin, neoksantin,
flavoksantin, lutein, 9/9-(2)-lutein ve luteoksantin
karotenoidlerinin bulundugu rapor edilmistir (Schulte
vd. 2009). Farkli ari poleni érnekleri ile yapilan bir
arastirmada da 6rneklerde fitoen, iki lutein izomeri,
lutein, iki anteraksantin izomeri, zeaksantin,
zeinoksantin, B-kriptoksantin ve B-karoten tespit
edildigi, drnekler arasinda botanik ve cografi kdken
ve cicek tarlerinin gesitliligine bagh olarak biylk bir
farklillk goézlendigi rapor edilmigtir. Orneklerdeki

fitoen, zeaksantin, zeinoksantin, B-kriptoksantin ve
B-karoten miktarlarinin ise sirasiyla 0.12-17.82,
12.86-256.48, 10.59-996.07, 2.17-16.39 ve 0.68-
3.62 pg/g oldugu bildirilmistir (Salazar-Gonzalez vd.
2020).

Kolombiya’dan temin edilen érnekler ile yapilan bir
arastirmada ari polenlerindeki temel karotenoidlerin
9Z-zeaksantin (65.15-104.98 Ma/g polen),
zeaksantin (35.29-354.30 ug/g polen), iki zeaksantin
izomeri (18.23-227.69 pg/g polen) ve B-kriptoksantin
(8.67-34.25 pug/g polen) oldugu rapor edilmistir
(Salazar-Gonzalez vd. 2022).

Ulkemizde yapilan bir calismada ise Karadeniz ve
Marmara Bolgeleri'nden temin edilen 16 farkh
kestane ari poleni 6rneginde astaksantin, lutein,
zeaksantin, B-kriptoksantin, a-karoten ve B-karoten
bilesiklerinin sirasiyla 6.88, 3.88-33.42, 4.88-36.38,
7.55-44.67, 6.20-152.42 ve 2.42-395.02 mg/kg
miktarlarinda bulunduklari bildiriimistir. Ayrica tim
orneklerde B-karoten bulunmakla birlikte Karadeniz
Bdlgesi drneklerinin B-karoten igerigi agisindan daha
zengin oldugu rapor edilmis ve gunlik yaklasik bir
¢ay kasigl kestane ari poleni tiketiminin bireylerin
karotenoid ihtiyacinin  tamamindan fazlasini
karsilayabilecegi belirtilmigtir (Karkar vd. 2021).

Ari Poleninin Biyolojik Etkileri
Antimikrobiyal etki

Ari poleninin antibakteriyel, antifungal ve antiviral
Ozelliklere sahip oldugu bildirilmistir (Saisavoey vd.
2021). An poleninin biyolojik aktivitesinin icerdigi
koenzimler, enzimler ve niasin, tokoferol, tiamin,
polifenoller ve fitosteroller gibi cesitli ikincil bitki
metabolitlerinden kaynaklandigi belirtilmistir
(Gercek vd. 2022). Ari poleninin igeriginde bulunan
rutin, kuersitrin, izokuersitrin, naringenin, kaempferol
ve luteolin gibi flavonoidlerin antibakteriyel ve
antiviral etkilerinin oldugu bildirilmistir (Duan vd.
2019).

Yapilan bir ¢alismada ari poleni 6rneginin farkh

ekstraktlarinin Staphylococcus aureus,
Streptococcus epidermidis, Pseudomonas
aeruginosa, Enterobacter cloacae, Klebsiella
pneumoniae, Escherichia coli, Candida albicans,
Candida tropicalis ve  Candida glabrata
mikroorganizmalari  Uzerinde farkh dulzeylerde
antimikrobiyal etki g0dsterdigi rapor edilmistir

(Graikou vd. 2011).

Bir diger arastirmada ise Fabaceae, Cistaceae,
Ericaceae ve Boraginaceae familyalarina ait ticari ar
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poleni érneklerinin S. aureus, P. aeruginosa, E. coli
ve C. glabrata mikroorganizmalari Uzerine
antimikrobiyal etki gésterdigi ve bu ari polenlerinin S.
aureus Uuzerine antimikrobiyal etkilerinin diger
mikroorganizmalardan daha  yiksek oldugu
bildirilmistir (Pascoal vd. 2014). Ayrica farkh ari
poleni érneklerinin patojenik mikroorganizmalar olan
S. pyogenes (Bridi vd. 2019) ve Bacillus cereus
mikroorganizmalarina karsi da antimikrobiyal etki
gosterdikleri  belirtilmistir  (Kizilpinar-Temizer vd.
2022).

Antioksidatif etki

Ari poleninin biyoaktif bilesenler icermesi nedeniyle
dogal bir antioksidan kaynagi oldugu (Tutun vd.
2021), an polenindeki antioksidan bilesenlerin
gidada olusan oksidasyon reaksiyonlarini
yavaslattigi ve hiicredeki serbest radikallerin zararli
etkilerini azalttigi bildirilmistir (Ali¢i¢ vd. 2014). Ari
polenindeki temel antioksidan bilesenlerin
karotenoidler ve fenolik bilesikler oldugu (Ali¢i¢ vd.
2014, Tutun vd. 2021) ve ari poleninin antioksidan
kapasitesinin ari poleninin elde edildigi bitkiye,
tedarik edildigi bolgenin iklimsel ve cografik
Ozelliklerine bagl olarak degisebildigi rapor edilmistir
(Gercek vd. 2022). Ayrica ari poleninin antioksidan
aktivitesine yapisinda bulunan A, C ve E
vitaminlerinin de katki sagladigi belirtilmistir (Asmae
vd. 2021).

Yapilan bir calismada dokuz farkli ari poleni
orneginin ABTS ve DPPH yontemleri ile elde edilen
ECso antioksidan aktivite degerlerinin sirasiyla 0.91-
5.73 ve 1.94-7.99 mg/mL oldugu ve antioksidan
aktivitenin toplam fenolik madde icerigi ile pozitif bir
iliskisinin bulundugu rapor edilmistir (Aradjo vd.
2017). Bir diger arastirmada ise incelenen bes farkli
ari poleni 6rneginin ABTS ve DPPH antioksidan
aktivite degerlerinin sirasiyla 1.80-5.98 ve 3.08-3.85
mg TE/g araliklarinda bulundugu bildirilmistir
(Mayda vd. 2020). Saral vd. (2019) tarafindan farkli
lokasyonlardan temin edilen ari poleni érneklerinin
FRAP ve CUPRAC antioksidan aktivite degerlerinin
ise 8.69-84.89 ymol FeS04.7H20/g ve 0.02-0.24
umol TE/g araliklarinda oldugu tespit edilmis ve
lokasyon farkhliklarinin  antioksidan  aktiviteyi
etkiledigi belirtilmigtir.

Antiinflamatuar etki

inflamasyon néronlardan veya hasarli dokulardan
araci maddelerin Uretilmesini, salinmasini ve agri
olusumunu igceren metabolik bir tepkidir (Pascoal vd.
2014). Antiinflamatuar etki mekanizmasi, arasidonik
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asidin prostaglandin ve |6kotrienler gibi toksik
bilesiklere  donustirtilmesinden sorumlu  olan
siklooksijenaz ve lipoksijenaz enzimlerinin inhibe
edilmesi ile ilgilidir (Komosinska-Vassev vd. 2015).

Ari poleninin  antiinflamatuar  aktivitesinden
yapisinda bulunan fenolik asitler, yad asitleri ve
fitosteroller gibi bilesenlerinin sorumlu oldugu rapor
edilmis olup, kaempferol flavonoidinin inflamatuar
yaniti baskilayan hyaluronidaz ve elastaz enzimlerini
inhibe ettigi belirtiimistir (Kurek-Goérecka vd. 2020).
Yapilan arastirmalarda ari poleninde bulunan
polifenol bilesiklerin konakg¢inin patojenlere ve
inflamasyona kargi savunma mekanizmasinda
onemli rol oynayan makrofajlar, T hicreleri, B
hlcreleri, NK hlcreleri, mast hicreleri, hepatositler,
bazofiller, nétrofiller ve eozinofiller gibi ¢cok sayida
hicre Uzerinde vyararli etkiler gosterebilecegdi
bildiriimistir (Denisow ve Denisow-Pietrzyk 2016,
Pascoal vd. 2014).

Farkh botanik kaynaklar ve cografi alanlardan temin
edilen sekiz ari poleni drnegdinin hyaluronidaz enzimi
inhibisyon degerlerinin  %12.20-25.17 aralidinda
oldudu ve Ericaceae ve Fabaceae familyalarina ait
ari polenlerinin diger érneklere gore daha yuksek bir
antiinflamatuar  aktivite gosterdigi  bildirilmistir
(Pascoal vd. 2014). Bir diger galismada ise ari
poleninin hasarli dokulari yeniden olusturabilme
Ozelligi nedeniyle yaniklar tedavi etmek icin
kullanilan merhem icerisine ilave edilmesinin yanik
yaralarinin  tedavisinde alternatif bir yOontem
olabilecegi rapor edilmistir (Komosinska-Vassev vd.
2015).

Bagisiklik diizenleyici etki

Ari poleninin  bagisikhk sistemini guclendirdigi
bildiriimektedir (Denisow ve Denisow-Pietrzyk
2016). Bununla ilgili yapilan bir calismada ari poleni
icerikli bir diyetle beslenen gruptaki piliclerin
bagisiklik sistemlerinin giglendigi rapor edilmistir
(Wang vd. 2007). Bir diger calismada ise ari
poleninin kuslardaki bagisiklik sistemi htcrelerinin
daha hizli farklilagsmasini ve ¢ogalmasini uyardigi
bildirilmistir (Sari¢ vd. 2009).

Ari poleninde bulunan kaempferol, mirisetin, luteolin
ve kuersetin gibi flavonoid bilesiklerin bir araya
gelerek mast hicresinin aktivasyonunu engelledigi
ve ani olusan alerjik reaksiyonlari dnleyebilecegi
rapor edilmigtir (Abdelnour vd. 2019, Farag ve El-
Rayes 2016).

Ayrica ari poleninin igerdigi flavonoidlerin vicudun
dogal savunma mekanizmalari olan makrofajlar, NK,
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T, B lenfositleri ve grandlositler gibi hicreler
Uzerinde pozitif etkileri oldugu rapor edilmistir
(Szabat vd. 2019). Bunun yani sira yapilan
calismalarda Taishan Pinus massoniana ari
poleninden elde edilen polisakkaritlerin de karbon
tetraklorlriin indUkledigi histolojik dontsime karsi
onemli dizeyde karaciger korumasi sagladigi ve
splenosit  hiicrelerinde  proinflamatuar  sitokin
salgilanmasini tesvik edici etki goOsterdigi tespit
edilmistir (Yang vd. 2015, Zhou vd. 2018).

Sinir sistemi lizerine etki

Ar polenindeki fenolik bilegiklerin dnemli biyolojik
aktivitelere sahip oldugu ve ari poleni yapisinda
bulunan hidroksisinamik asit amidlerinin
antidepresan ozellikler ile Parkinson karsiti aktivite
gOsterdigi  bildirilmigtir. Yapilan bir arastirmada
Tayland ari poleninde tanimlanan 8-
metoksikaempferol-3-O-(2"-p-kumaroil)-glikozit

bilesiginin Parkinson hastaligi ve depresyonda rol
oynayan O6nemli bir ndrotransmiter olan katekol-O-
metiltransferaza karsi inhibe edici aktivitesinin
bulundugu rapor edilmistir (Watanabe vd. 2023).
Propiyonik asidin neden oldugu beyin toksikasyonu
Uzerine ari poleni-probiyotik karisiminin koruyucu ve
tedavi edici etkisinin incelendigi bir ¢calismada, ari
poleni-probiyotik karigiminin IL-13, IL-8, IL-10 ve
IFN-y seviyelerinde &6nemli olmayan azalmayla
birlikte propiyonik asidin neden oldugu nérotoksik
etkileri azalttigi bildirilmistir (Alonazi vd. 2022).

Bir diger calismada ise ari poleninin bir cevre
kirleticisi olan ve sinir sisteminde ndérotoksik etki
gOsteren metil civaya maruz birakiimis farelerde
magnezyum, potasyum, lipit peroksidasyonu ve
glutatyon seviyelerini normallestirdigi; katalaz, laktat
dehidrojenaz ve kreatin kinaz aktivitelerini eski
haline getirmede etkili oldugu ve bdylece metal iyon
kusurlarini  ve ndronal olumu iyilestirmek icin
guvenle kullanilabilecegi bildirilmistir (Al-Osaimi vd.
2018). Ayrica otizmin patogenezinde dnemli bir rol
oynayan noéroinflamasyonun iyilestiriimesi tzerinde
ar1 poleninin etkisinin incelendigi bir galismada, ari
poleninin farelerde disbiyozu iyilestirerek inflamatuar
yaniti ve endotoksemiyi azalttig ve
noroinflamasyona kargi koruma sagladigi rapor
edilmistir (Aabed vd. 2019).

Antikanserojen etki

Ar1 poleninin yapisinda bulunan aldehitler, alkoller,
yag asitleri, fenolik bilesikler, terpenler ve esterlerin
antikanser aktivite Uzerinde etkili oldugu belirtilmistir
(Aylanc vd. 2021, Aylanc vd. 2023). Yapilan bir

¢alismada Homotrigona fimbriata arilari tarafindan
Uretilen ar1 polenlerine ait ekstraktlarin meme
adenokarsinom (MCF-7), servikal karsinom (HelLa)
ve epitelyal kolorektal adenokarsinom (Caco-2)
hlcreleri Gzerine sitotoksik aktivitelerinin sirasiyla
%82.20, %55.50 ve %61.40 oldugu rapor edilmistir
(Arung vd. 2021).

Fas’in gesitli bolgelerinden toplanan sekiz farkli ari
poleni 6rneginin mide gastrik adenokarsinom (AGS),
Caco-2, HelLa, MCF-7 ve akciger karsinom (NCI-
H460) hicreleri Uzerindeki sitotoksik etkileri
incelenmis ve Apiaceae familyasina ait ar poleni
orneginin MCF-7 ve Oleaceae familyasina ait ari
poleni drnedinin ise HelLa kanser hicresi Uzerinde
etkili oldugu bildirilmistir (Aylanc vd. 2023). Bir diger
arastirmada ise MCF-7, BT-20 ve Hs 578T olmak
Uzere Ug¢ farkli meme kanseri hiicresine Bidens
pilosa var. radiata ari poleninin etkisi sonucunda
MCF-7 hcrelerinin canliliklarinin %43.50 oldugu ve
diger hicrelerde ise canliik gbézlenmedigi rapor
edilmistir (Nguyen vd. 2022).

Arn Poleninin Gidalarda Kullanimi

Ari poleni dogrudan tuketilebilen bir Grindur ve
sabahlari kahvaltidan o6nce tlketiimesi tavsiye
edilmektedir. Gunluk tiketim miktarlarinin yetigkinler
icin 15-20 g, 3-5 yas arasi ¢ocuklar i¢cin 5-10 g ve 6-
12 yas arasi g¢ocuklar icin ise 10-15 g kadar
olabilecegi belirtiimistir (Anonim 2006). Ari poleni
sahip oldugu biyoaktif ve fonksiyonel 06zellikleri
nedeniyle farkh gida Urtinlerine de ilave edilmektedir.

Dundar (2022) tarafindan yapilan bir calismada
kurabiyelere farkh oranlarda (%5, %10 ve %15) ari
poleni ilave edilerek Orneklerin 6zelliklerindeki
degisim incelenmigtir. Buna gore kurabiyelere ilave
edilen ar1 poleni oranindaki artisa bagl olarak
Orneklerin kil, yag, protein ve polifenol igerikleri ile
antioksidan aktivitelerinin  arttigi, karbonhidrat
iceriginin énemli dlgide azaldigi ve 6rneklerin
duyusal olarak kabul edilebilir oldugu bildirilmistir.

Aljazy vd. (2021) tarafindan yapilan bir calismada ari
poleni ilavesi ile gluten duyarlihdi olan bireyler igin
gluten igerigi azaltilmis bir kek Uretimi yapimistir.
Uretilen keklerde %50 oraninda ari poleni unu
kullanildiginda kekin slngerimsi yapisinda bir
degisim olmadigi ve ari poleninde bulunan
antioksidan flavonoidlerin varligi sayesinde kekte
yag oksidasyonu ve kalite bozulmalarinin énlenerek
daha uzun bir raf dmri saglanabilecegi rapor
edilmistir. Makarna uretimi ile ilgili yapilan bir
calismada ise ari poleni tozu ve kestane ununun
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makarna formilasyonuna eklenerek makarnanin
Ozellikleri Uzerine etkileri incelenmistir. Arastirma
sonuglarina gére makarnaya %20 oraninda ari
poleni tozu ilavesi yapildiginda hem taze hem de
kurutulmus makarnanin pisme slresinde bir azalma
oldugu ve makarna icin en uygun formilasyonun
%50 kestane unu ve %10 ar poleni ilavesi ile
saglandigi belirtilmistir. Ayrica kestane unu ve ari
poleni ile zenginlestirilmis makarnanin, artan protein
ve lif igeriginin yani sira ¢coklu doymamis yag asitleri,
vitamin ve mineral igeriklerindeki artigla birlikte
beslenme agisindan dengeli bir Uriin olarak kabul
edilebilecedi bildirilmigtir (Brochard vd. 2021).

Ari poleninin gidalarda fonksiyonel bir bilesen olarak
kullaniimasi ile ilgili yapilan bagka bir calismada
farkl ari poleni tozlan cesitli konsantrasyonlarda
(0.0, 0.5, 1.0 ve 1.5 g/100 g) sosislere ilave edilmis
ve bunun sonucunda sosislerin depolanmasi
sirasinda antioksidan aktivite degisimi, oksidatif
stabilite dizeyi ve kalite Uzerindeki farkhliklar
incelenmistir. Calismada ari poleninin ilave edildigi
sosislerde ari poleninin sagladigi antioksidan etkiye
bagli olarak miyoglobinin metmiyoglobine okside
olmasinin engellenmesi sonucu kirmizilik renk
degerlerinin  daha  yiUksek oldugu ortaya
konulmustur. Ayrica sosislere ari poleni ilave
oraninin arttirlmasiyla depolama sirasinda oksidatif
stabilitenin de ylkseldigi belirtiimistir (Novakovi¢ vd.
2021).

Mutlu (2023) tarafindan yapilan bir arastirmada ari
poleninin taslyici olarak kullaniimasi ile ari
poleninden gelen biyoaktif bilesiklerle
zenginlestirilmis bal tozu Uretilmesi amaglanmis ve
ari poleni igeren Urinde dusuk higroskopisite ve
yapiskanlik, daha iyi akigkanlik, daha yuksek fenolik
ve flavonoid igerikleri ve antioksidan aktivite
saglamasi nedeniyle bal tozu Uretiminde ari
poleninin bir bilesen olarak kullanilabilecegi ve
benzer o6zelliklerde yeni fonksiyonel Grinler
gelistirilebilecegi ifade edilmistir.

SONUG

Ari poleni diger aricilik tranleri gibi dogal bir Grindur
ve yapisinda bulunan bilesikler nedeniyle birgok
besinsel, fonksiyonel ve biyolojik 6zellige sahiptir.
Arl poleni yapisinda su, proteinler, aminoasitler,
karbonhidratlar, lipitler, yag asitleri, fenolik bilesikler,
enzimler, koenzimler, vitaminler ve mineraller gibi
bircok bilesen bulunan ve insanlar icin eski
zamanlardan beri gida takviyesi olarak kullanilan bir
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besin kaynagidir. Bu bilesenler sayesinde ari poleni
antimikrobiyal, antioksidan, antiinflamatuar,
antikanser ve antiobezite etkileri gibi saglik tzerinde
bircok olumlu 6zellikler gdstermektedir.

Yapilan c¢esitli arastirmalarla farkli bitkisel ve
cografik  orijinli  arn polenlerinin  kimyasal
kompozisyonu ve saglik etkileri ortaya konulmus
olup, bu konuda yapilan c¢alismalarin artmasina
bagli olarak ari poleninin toplum tarafindan bilinirligi
ve tercih edilirligi de artis gdstermistir. Bu bakimdan
ari poleni fonksiyonel bir bilegen olarak kek, kurabiye
ve makarna gibi farkli gidalarda kullaniimistir. Ari
poleninin ¢ozunlrlik, su ve yag tutma kapasitesi,
emiilsifikasyon gibi gida teknolojisi agisindan énemli
fonksiyonel 6zellikler gbstermesinin cgesitli Grinlerin
iyilestiriimesi veya geligtiriimesinde etkili olabilecegi
ifade edilmistir.

Sonug olarak ari poleninin sahip oldugu fonksiyonel,
kimyasal ve biyolojik o6zellikleri nedeniyle gida
sektoriinde Urin formilasyonlarinin gelistiriimesinde
kullanimi agisindan énemli bir potansiyelinin oldugu
ve ari poleni ile ilgili daha ¢ok arastirma yapilmasi
gerektigi degerlendirilmigtir.

Cikar Catigmasi: Yazarlarin arastirma ile ilgili
olarak bir gikar gatismasi yoktur.
Etik Belgesi: Bu ¢alisma
gerekmemektedir.

icin etik belgesi

Mali Kaynak: Bu c¢alismada herhangi bir mali
kaynak kullanilmamistir.

Veri Saglama Durumu: Calismada bulunan bilgi ve
veriler akademik etik kurallarina uygun bir sekilde
verilmistir. Derleme bir calisma oldugu igin kullanilan
veriler literattre atif yapilarak kullaniimistir.

Yazar Katkilar: Bu arastirmanin
gerceklestirimesinde ve makalenin yazilmasinda
yazarlar esit olarak katki saglamistir.
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oz

Derleme, ana arilarin fiziksel kalitesini etkileyen hayati parametreleri incelemektedir. Beslenme, gevre
kosullari ve yetistirme teknikleri gibi faktérlere odaklanan ¢aligsma, bu kriterlerin bal arisi kolonilerinin
genel saghgi ve uretkenligi Gizerindeki dogrudan etkisinin altini giziyor. Gelismis koloni performansi ve
hastaliklara karsi direng saglamak igin saglam ve genetik olarak cesitli ana arilarin segilmesinin
6nemini vurgulamaktadir. Ticari igletmelerde yiliksek kaliteli ana arilarin benimsenmesini tegvik
ederek, Turkiye'deki bal arisi populasyonlarinin canlihgini ve siirdirilebilirligini artirmay
amacglamaktadir. Bu ¢alisma sayesinde, Tiirk aricilik endiistrisindeki aricilar ve paydaslar, ana ari
tiretiminde fiziksel kalite standartlarina bagl kalmanin 6nemine dair 6nemli bilgiler edinmektedir.
Aricilar 6nerilen kriterleri uygulayarak bal iiretimini artirabilir, tozlagma hizmetlerini iyilestirebilir ve
lilke florasinin korunmasina katkida bulunabilir. Sonug olarak, bu c¢abalar Tiirkiye'de saglam ve
siurdiriilebilir bir aricihk sektoriiniin biiylimesini destekleyecektir.

Anahtar Kelimeler: Bal anisi, Ana ari, Ana ari yetistirme, Ureme 6zellikleri, Kalite kriterleri

ABSTRACT

The review, investigates the vital parameters that influence the physical quality of queen bees.
Focusing on factors like nutrition, environmental conditions, and breeding techniques, the study
underscores the direct impact of these criteria on the overall health and productivity of honeybee
colonies. It highlights the importance of selecting robust and genetically diverse queens to ensure
improved colony performance and disease resistance. It aims to increase the viability and
sustainability of honey bee populations in Tiirkiye by encouraging the adoption of high-quality queen
bees in commercial enterprises. Through this study, beekeepers and stakeholders in the Turkish
beekeeping industry gain crucial insights into the importance of adhering to physical quality standards
in queen bee production. By implementing the recommended criteria, beekeepers can boost honey
production, improve pollination services, and contribute to preserving the country's flora. Ultimately,
these efforts will support the growth of Tiirkiye's robust and sustainable beekeeping sector.

Keywords: Honeybee, Queen bee, Queen rearing, Reproductive features, Quality criteria
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EXTENDED ABSTRACT

Purpose: Queen bees are the heart of every
honeybee colony, playing a crucial role in ensuring
its productivity and sustainability. Queen bee quality
is influenced by various factors that can significantly
impact the overall health, productivity, and longevity
of honeybee colonies. Understanding these factors
is essential for beekeepers to ensure the acquisition
and maintenance of high-quality queens. The quality
of queen bees is affected by genotype, breeding
methods, breeding season, feeding, larval age and
number of grafted larvae. A queen's quality can be
determined by measuring her morphological
features and reproductive organs. As the Turkish
beekeeping industry continues to grow, the quality of
gueens becomes an essential factor in maintaining
healthy and thriving bee colonies. This review
explores the critical quality criteria in queens reared
by commercial queen enterprises and their
significance for Turkish beekeeping.

Discussion: Queen weight is a physical
characteristic critical to evaluating the quality of
honeybee queens. The starting weight of egg-laying
in queen bees; has a significant effect on the queen
acceptance rate, the diameter of spermathecae, the
number of spermatozoon in spermatheca and egg
laying rate. The size of spermathecae in a queen is
also affected by the queen's genetic source and
rearing conditions. Queens reared from newly
hatched larvae have larger spermathecae. Honey
bee queens can mate with 6 to 26 drones, averaging
12-14.

The quality of mating plays a critical role in
determining queen bee quality. Queens mated with
a diverse range of drones tend to exhibit higher
genetic diversity, contributing to stronger colonies
with improved disease resistance and adaptability.
Adequate access to drone populations and optimal
mating conditions are essential for maximizing
genetic diversity and enhancing queen quality.
Genetic makeup plays a crucial role in determining
gueen bee quality. The genetic traits inherited by the
gueen bee can influence her behavior, productivity,
disease resistance, and overall performance.
Beekeepers should prioritize selecting queens from
genetically diverse and healthy stock to enhance the
resilience and productivity of their colonies. The
longevity of the queen beequeen bee's longevity is
inextricably linked with a sufficient number of viable
enough viable stored sperm in the spermatheca.
Therefore, insemination success is very important.

Conclusion: Understanding and addressing these
factors that affect queen bee quality empower
beekeepers to make informed decisions and take
proactive measures to ensure the acquisition and
maintenance of high-quality queens. By prioritizing
genetics, proper queen-rearing practices, mating
diversity, nutrition, health, and environmental
considerations, beekeepers can contribute to the
strength and productivity of their honeybee colonies.

GiRIiS

Turkiye, uygun iklimi, bitki 6rtlst, 8 milyondan fazla
bal arisi kolonisi ve 100.000 tonun Uzerinde bal
Uretimi ile dinyada aricilikta dnde gelen Ulkelerden
biridir (Tuik 2023). Turkiye’de ana ari ihtiyaci koloni
varligi esas alindiginda yaklagik yillik dért milyon
adet olarak gorllmektedir. Tirkiye'de Tarim
Bakanligi'ndan ana ar Uretim izni almis toplam
526800 adet ana ari Uretim kapasitesine sahip
157adet isletme ve digerleri bu ihtiyacin, en iyimser
sartlarda %10-15'ini kargilamaktadirlar (Anonim
2023). Aricilik faaliyeti icerisinde geng ve kaliteli ana
arinin énemli bir faktér olarak kabul edildigi modern
aricilikta, ana ari aciginin ¢ok fazla oldugu acikga
gorulmektedir. Ana ari Gretiminin geriye kalan buyuk
kismi ise (dogal ogul ve bélme) dogal yollarla ve
kontrolstz olarak yapilmaktadir. Bu durum ise hem
miktar hem de kalite agisindan yetersiz ana ari
Uretimine neden olmaktadir. Ana ari Uretiminin
nicelik ve nitelik olarak gerekli seviyelere ¢ikariimasi,
aricilik faaliyetinin gelir artisini yliksek diizeyde
etkilemekle birlikte ana ari uretim faaliyetine dair
yeni bir gelir ve istihdam alani olusacaktir.

Koloninin yumurtlama yetenegine sahip tek bireyi
olan ana ari, koloninin hayatta kalmasini saglamak
ve sosyal yapisini korumaktan sorumludur. Kaliteli
ana arlar Udretmek bal arisi  kolonilerinin
performansini artirabilir (Cengiz vd. 2019) Koloninin
hayatta kalmasi ana ariya ve onun Ureme
yetenegine baghdir (Villar vd. 2019; Amiri vd. 2020).
Ana ari, hem sosyal hem de genetik nedenlerle
koloni igcindeki en 6nemli bireydir. Ana arilarin treme
kapasitesinin degerlendirilmesi, koloni verimliligini
etkileyen faktérler hakkinda yararli  bilgiler
saglayabilir (De Souza vd. 2019). is¢i arilar, yasli,
sakat ve performansi diusen ana arilari veya koloni
ana arisini herhangi bir nedenle kaybettiginde yeni
ana arilar yetistirir (Geng ve Cengiz 2019).

Bir ana arininn kalitesine etki eden faktorlerden olan
ureme organlari ve morfolojisi hakkindaki 6zellikler
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Olculerek belirlenebilir (Tarpy vd. 2011, Gagbka vd.
2014). Bir ana ariy1 ireme bakimindan ustun kilan
fiziksel ozellikleri; metabolizma, daha iri ve uzun
yumurtaliklar, buyidk ve spermatozoonlarla dolu
spermateka seklinde siralayabiliriz (Tarpy vd. 2000,
Arslan vd. 2021). Asilanan larvalarin yasi arttikga
spermatekanin boyutu, yumurtaliklardaki
yumurtaliklarin sayisi ve ana arinin vicut agirhigi
azalir (Okuyan ve Akyol 2018, Ozbakir 2021).
Ayrica, ana arinin ¢ikis agirhgi, spermatekanin
boyutu ve yumurtaliklarin sayisi ile iligkilidir (Woyke
1971). Fiziksel kalite acgisindan en iyi ana ari
yetistirme mevsimi nektar ve polenin bol oldugu
nektar akim dénemidir (Geng ve Cengiz 2019).

Yeni cikan ana arilarin kalitesi genellikle goégus
genisligi, kanat uzunlugu ve ¢ikis agirhgi dahil olmak
Uzere c¢esitli dis morfolojik 6zelliklerle &lgultr
(Delaney vd. 2011, De Souza vd. 2013). Gogus
genisligi, kanat uzunlugu ve cikis agirhgr gibi
morfolojik olcuimler, ciftlesme basarisi (Tarpy vd.
2011) ve ciftlesme uguslarinda erkek arilara ana ari
cekiciligi ile yuksek oranda iligkili olan genel vicut
yapisini  degerlendirmek icin uygun verilerdir
(Rangel vd. 2016). Ana arinin bayuklagd ve bununla
iliskili  fenotipler, neredeyse tamamen larva
yetistirme ortami, 6zellikle de larvalarin gelisimleri
boyunca aldiklari arn satd diyetine bagli olarak
degisim gosterir (Njeru vd. 2017).

Ana arinin damizlik degeri koloni performansina etki
etmektedir. Bazi saha arastirmalari, yumurtadan
yeni ¢ikmis larvalardan Uretilen ve ergin ¢ikis agirhgi
200 mg'dan daha agir olan yuksek kaliteli ana
arilarin, yash larvalardan duretilen ve ergin c¢ikis
agirhgi 180 mg'dan daha hafif olan disuk kaliteli ana
arilara goére onemli Olgiide daha buylk koloniler
olugsturdugunu gdstermigtir. Vacut agirhdr 200
mg'dan daha fazla olan ana arilar, daha yuksek
kulugka etkinligine, daha fazla ari ekmegine ve daha
biylk popullasyonlar ile en verimli Kkolonileri
olusturmustur (Akyol vd. 2008, De Souza vd. 2013,
Rangel vd. 2013).

Ana arinin gézden cikis agirhginin gifttesme 6ncesi
stire, ana ari kabul orani, spermatekadaki
spermatozoa sayisi, spermatekanin ¢api ve
yumurtlama kapasitesi Uzerinde 6nemli bir etkisi
vardir (Akyol vd. 2008). Ana ari kalitesini ifade etmek
icin bas genigligi, godus genisligi ve kanat
uzunluklari  gibi  bazi  morfolojik  &zellikler
incelenmistir (Dedej vd. 1998, Gilley vd. 2003).

Ana arilarin gégus genigligi, hem giftlesme sayisi
hem de depolanan sperm sayisi ile pozitif olarak
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iligkili bulunmustur (Delaney vd. 2011). 0 ve 2 gunlik
larvalardan yetigtirilen ana arilarin morfolojik ve
Ureme O6zelliklerinin incelendigi bir ¢alismada, iki
grup arasinda cikis agirhigr ve goégus genigligi
acisindan fark bulunurken, bas genisligi agisindan
fark bulunmamistir (Tarpy vd. 2000). Ana arilarin
kanat uzunluklar farkh yaslarda larva transferinden
ve ek beslenmeden etkilenmemistir (Mahbobi vd.
2012).

Ana arilarla ilgili olarak "kalite" terimi, belirli niceliksel
fiziksel ve davranigsal karakterleri ifade eder.
Genellikle yuksek kaliteli bir ana arinin asagidaki
fiziksel dzelliklere sahip olmasi gerektigine inanilir:
yuksek canli agirlik; cok sayida yumurta tapa; blyuk
boyutta spermateka; spermatekada yiksek sayida
spermatozoa; ve hastalik ve zararlilardan arinmis
olmak (Hatjina vd. 2014). Bununla birlikte, bir bal
arisi kolonisinin performansinin, ana arinin yani sira
onunla ciftlesen erkek arilarin islevinin bir sonucu
oldugu da bilinmektedir. Bu iki yaklasim genellikle
birlikte ele alinir ve ana ari Uretim teknigi ve
seciminin genel bir resmini verir (Amiri vd. 2017).

Ana arilar her bal arisi kolonisinin kalbidir ve
Uretkenligini ve sirdurulebilirligini saglamada c¢ok
Onemli bir rol oynar (Geng ve Cengiz 2019). Turkiye
aricilik endustrisi bliyimeye devam ettikce, ana
arilarin kalitesi saglikli ve gelisen ari kolonilerinin
surdiridlmesinde 6nemli bir faktér haline gelecektir.
Bu derlemede, ticari ana ar isletmelerinde
yetistirilen ana arilarda yer alan kilit kalite kriterlerini
ve bunlarin Tarkiye ariciligi i¢in énemini irdelemeyi
amaglamaktadir.

ANA ARIDA FiZIKSEL KALITE KRITERLERI

Ana arilar, bal arisi kolonisinin temel Uyeleridir,
yumurtlamaktan ve kovanin hayatta kalmasini
saglamaktan sorumludur. Ana arilarin fiziksel
kalitesini degerlendirmek séz konusu oldugunda,
arastirmacilar birkag 6zel kriter ararlar. Bu kriterler,
ana arinin genel saghgini, uretkenligini ve Greme
potansiyelini gdsterebilir. Ana arilari degerlendirmek
icin kullanilan temel fiziksel kalite kriterlerinden
bazilari sunlardir; lyi kalitedeki bir ana arinin 200 mg
ve Uzeri ¢ikis agirhgina, ¢ok sayida yumurta tipu
sayisina ve yaklasik 1.2 mm ¢apinda spermatekaya
sahip olmasi gerekir. Bunlarin yani sira, ana arinin
basaril bir giftlesme yaparak spermateka kesesinde
yeterli miktarda spermatozoa depolamasi (5 milyon
civarinda) ve hastalik ve zararlilardan ari olmasi
gerekir (Hatjina vd. 2014).
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FiZIKSEL KALITE
Ana An Agirligi ve Viicut Buyuklugu

Ana ari agirligi, ana ari kalitesini dederlendirmek igin
kritik olan fiziksel bir 6zelliktir (Kahya vd. 2008, Tarpy
vd. 2012). Yaygin olarak kullanilan dlgller,
ciflesmeden sonraki agirhik ve yumurtlamanin
baslangicindaki agirlik olmustur (Jackson vd. 2011).
Cogu zaman, ana ari ¢ikis agirhigi, blytk olglide
degisen bir 6l¢l olan ana ari kalitesinin bir géstergesi
olarak kullanihr (Akyol vd. 2008). Bu varyasyon,
genetik arka plan, transfer edilen larva yasi, sezon
ve koloninin yetistirme kosullar dahil olmak Gzere
cesitli faktorlerden etkilenir (Collins and Pettis 2013).
Bir ana arinin agirhgi, yasaminin farkli dénemlerinde
degisir (Hatjina vd. 2014).

Ciftlesmemis ana arilarda canl agirlik, ilk 36 saatte
en hizli kayipla birlikte, ¢ikistan ciftlesmeye kadar
kademeli olarak azalir. Agir ana arilarda ise agirlik
kaybi orta ve hafif ana arilardan daha fazladir
(Skowronek vd. 2004). Ciftlesmeden sonra, ana
arilar agirhklarini ¢ikis sonrasi seviyelere geri
kazanmaya baglarlar (Harano vd. 2007). Bu
beklenen bir durumdur, ¢linki giftlesme ugusu yeterli
kaldirma ve ugus suresi i¢in daha hafif bir gévde
gerektirir, aksi takdirde giftlesme basarisini
azaltabilir (Hayworth vd. 2009). Ana an giftlestikten
ve yumurtlamaya bagladiktan sonra, ana arinin
yumurtaliklari gelismeye baslar ve bu da vicut
agirhiginin artmasina énemli élglide katkida bulunur
(Shehata vd. 1981).

Ana arinin agirhgi, ana arinin isgi arilar igin ¢ekiciligi,
ciflesme ve ureme basarisi ile 6nemli bir kriterdir
(Delaney vd. 2011). Ayrica vicut agirhgi, anasiz bir
koloniye yeni bir ana ari verildiginde kabul oranini
pozitif yonde etkiler (Moretto vd. 2004). Ana ari
agirhigi, ciftlesme ugusu sayisi ve genel ciftlesme
basarisi arasinda pozitif bir iligki oldugu yéniinde bir
cok arastirma vardir (Kahya vd. 2008, Delaney vd.
2011, Tarpy vd. 2012). Ana ari ¢ikis agirligi ciftlesme
ile iliskili gérinmesede (Kahya vd. 2008), cikistaki
daha agir ana arilar, yapay olarak tohumlandiktan
sonra daha dusuk agiriga sahip ana arilara gore
yumurtlamayi daha ge¢ baslatma egilimindedir
(Skowronek vd. 2004).

Diger taraftan, ana ari agirliginin yumurtalik agirhgu,
yumurta tipl boyutu ve sayisi, spermatekanin gapi
ve depolanan spermatozoa sayisi ile iligkili oldugu
bildirilmistir (Woyke 1971, Tarpy vd. 2011). Agirlk,
boyut ve fizyolojik durumun buttnleyici bir dlgisudar.

Bu nedenle, canh agirhgin ana ari kalitesinin en
bilgilendirici gdstergesi oldugu kabul edilebilir (Amiri
vd. 2017).

Ureme Organlari

Yumurtlayan bir ana arda, yumurtaliklar karin
boslugunun blytk cogunlugunu isgal eder (Winston,
1987). Yumurtaliklarin agirligi, ana arilarin tGreme
potansiyelini degerlendirmek icin fiziksel kriterlerden
biri olarak arastinimistir (Kahya vd. 2008: Gregorc
ve Skerl 2015). Cifttesmemis ana arilarin
yumurtaliklari  morfolojik  olarak  farkhdir  ve
yumurtlayan ana arilara goére daha kiguktir
(Shehata vd. 1981, Gilley vd. 2003). Yumurta
Uretimi igin iyi gelismis yumurtaliklar gerektiginden,
yumurtlayan ana arilarin yumurtaliklar giftlesmemis
ana arilarin yumurtaliklarindan yaklasik sekiz kat
daha buylktir (Shehata vd.1981).

Yumurtalik gelisimi, ciftesmeden hemen sonra
meydana gelir ve ana arada fizyolojik ve davranis
degisiklikleri ile iligkilidir (Richard vd. 2007, Nifio vd.
2013). Yumurtlayan bir ana arida yumurtaliklarin
agirligi, yalnizca yumurta tlpu sayisina degil, ayni
zamanda iglerindeki yumurtalarin sayisina ve
gelisim asamasina da baghdir. Kis aylarinda, ana
arilarin yumurtlama kapasitesi azalir veya durur, bu
da ana arinin daha kugik ve daha az gelismis
yumurtaliklara sahip olmasina neden olur (Shehata
vd. 1981). Yumurtalik boyutu ve fertilite genellikle
pozitif olarak iliskilidir (Tarpy vd. 2000). Bununla
birlikte, belirli kosullar altinda, belki de stres veya
hastallk nedeniyle, bu iligki gecerli olmayabilir
(Kahya vd. 2008).

Yumurta tlpu sayisi, bir ana arinin yasami boyunca
herhangi bir zamanda degerlendirilebilir, ancak en
glvenilir sekilde ciftlesmeden birkag ay sonra
degerlendiriimesidir (Carreck vd. 2013). Yumurta
tUpU sayisina ek olarak, bir ana arinin yumurtaliginin
boyutu, ana arinin yasami boyunca daha esnek olan
ve onun fizyolojik durumunu yansitan yumurtaliklarin
uzunlugu ile belirlenir. Sol ve sag yumurtaliklar
arasindaki simetri olup olmamasi ana ariya veya
irklara gore degisim gosterebilir (Jackson vd. 2011,
Hatjina vd. 2014). Ana ari yumurtaliinin boyutu ve
simetrisi larva beslenmesinden etkilenir ve ana ari
uretimi sirasinda ana ar hucrelerine aktarilan
larvalarin yasi kritik dneme sahiptir (Woyke 1971:
Dedej vd. 1998).

Ciftlesmeden sonra spermatozoa, ana arinin kalan
Omri boyunca spermatekada saklanir (Winston
1987). Depolanan sperm sayisi ve canlihgi, ana
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arinin Ureme kapasitesinin ve yagam suresinin iki
kritik Slgtsudur (Al-Lawati vd. 2009). Bu nedenle,
spermateka boyutu, fiziksel ana ari kalitesinin bagka
bir gecerli 6lclisudir, ciinki daha buyuk spermateka
daha fazla sperm depolayabilir. Spermateka duvari,
dahili olarak kalin bir misindz kutikdl ile kaplanmig
ve genis bir trakeal ag ile kaplanmis tek bir kolumnar
epitel tabakasindan olusur (Carreck vd. 2013).
Spermateka boyutu trakeal ag ile veya ag olmadan
Olgulebilir ve yuksek kaliteli ana arilar i¢in ¢api 1,2
mm'den buyuk olmahdir (Hatjina vd. 2014).

Bir ana aridaki spermatekanin boyutu, ana arinin
yetistirme kosullarindan ve genetik kaynagindan da
etkilenir ve ana arinin baslangicta larva olarak
yetistirildigi yasla ters orantihdir (Tarpy vd. 2000,
Tarpy vd. 2012). Yumurtadan c¢ikmis larvalarin
transferiyle yetistiriien ana arilarin daha blyik
spermateka ¢apina sahip oldugu bildiriimistir (Gilley
vd. 2003). Bu 6l¢ciim, hacmin dogrudan bir tahmini
olarak ve spermateka'da depolanan teorik
maksimum spermatozoa sayisinin dolayli bir tahmini
olarak kullanimigtir (Tarpy vd. 2012, Collins ve
Pettis 2013). Bununla birlikte, deneysel calismalarda
spermatekanin nadiren tamamen dolu oldugu
go6zlenmigtir (Tarpy vd. 2012).

Ana Arinin Giftlesme Sayisi ve Kalitesi

Bal arisi ana arilan hayatlarinin ¢ok erken
donemlerinde (1-2 haftalik), erkek arilarla giftlesmek
icin bir veya birkag ciftlesme ugusuna cikarlar (Al-
Lawati vd. 2009). Ciftlesme genellikle, muhtemelen
akrabal ciftlesmeyi 6nlemek icin kendi arih§indaki
kolonilerinden c¢ok daha uzakta olan erkek ar
toplanma alanlarinda gergeklesir (Koeniger vd.
2014). Ana arilar, ortalama 12-14 olmak Uzere 6 ila
26 arasinda degisen erkek ariyla ciftlesebilir (Kraus
vd., Delaney vd. 2011).

Bu tur tahminler tipik olarak, alt ailelerin sayisini ve
dolayisiyla ciftlestigi erkek arlarin  sayisini
belirlemek icin bir ana arinin is¢i yavrularina
uygulanan genetik belirleyici analiz ydntemi
kullanilarak elde edilmistir (Tarpy ve Nielsen 2002,
Delaney vd. 2011). Bocekler arasindaki ¢ok esliligi
aciklamak icin duzinelerce teori vardir (Boomsma
and Ratnieks 1996, Palmer and Oldroyd 2000).
Bireysel duzeyde c¢oklu ciftlesmenin zindelik
maliyetleri kesinlikle olsa da (Amiri vd. 2016), ¢ok
esliligin birkag karsi dengeleyici faydasi mevcuttur.
Belki de en 6nemlisi, ¢coklu ¢iftlesme, koloni igindeki
genetik gesitliligi artirarak, koloni iginde yeni biyotik
veya abiyotik tehditlere dayanacak genetik
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kaynaklarin var olma olasiliginin artmasina yol acar
(Rueppell vd. 2008).

Daha spesifik olarak, goklu giftlesmenin, depolanan
sperm sayisinda artis da dahil olmak lizere faydalar
sagladigi gosterilmistir (Delaney vd. 2011). Daha
spesifik olarak, ana arinin ¢ok sayida erkek ariyla
ciftlesmesi, depolanan sperm sayisinda ve ana ari
cekiciliginde artig, koloni icinde gelismis is bolimu,
kulugcka sicakliginin stabilizasyonu, isci arilar
arasinda gelismis iletisim, azalan hastalik insidansi
gibi koloni blyimesini ve hayatta kalmasini olumlu
yonde etkileyen faydalar sundugu go6sterilmistir
(Delaney vd. 2011, Carr-Markell vd. 2013).

Ciftlesme sayisinin genellikle genetik gesitlilik igin bir
yontem olarak kullanildigina dikkat edilmelidir. EGer
erkek arilarin akrabalik dluzeyleri yuksekse veya
disUk genetik gesitlilik sergiliyorsa, ana ari ve koloni
icin coklu ciftlesme avantaji ortadan kalkacaktir.
Bununla birlikte, genel olarak, artan ciftlesme sayisi
ve bunun sonucunda koloni i¢i genetik gesitlilik, ana
arilarin Ureme Kkalitesini belirlemek icin bir bagka
onemli kriterdir (Seeley and Tarpy 2007).

Basaril ciftlesme, genetik gesitliligi ve genel koloni
performansini saglamak i¢in ¢ok 6nemlidir. Ticari
isletmeler, ana arilarin damizlik degeri yuksek erkek
arilarla uygun sekilde ciftlesmesini saglamalidir.
Ciftlesme alanlari Gizerinde kontroli sirdiirmek ve
akrabali ciftlesmeyi Onlemek, genetik cesitlilik ve
dayanikli bal arisi kolonileri Gretmek icin ¢ok
Oonemlidir.

Tohumlama Basarisi

Ana arinin uzun Omdurli olmasi, spermatekada
yeterli sayida canli depolanmis sperm ile énemli
sekilde baglantilidir. ClUnki ana arilar genellikle
sperm tlikenmesinin bir sonucu olarak is¢i ari
go6zlerine dollenmemis erkek ari yumurtalari
birakmaya basladiklarinda degistirilirler (Winston,
1987). Sperm depolamanin  kritk asamasi,
ciftesmeden hemen sonra bir ana ari, genital
sistemindeki yumurta kanallarinda ortalama 10-20
ML semen (100 milyon spermatozoa) ile kovana
donduginde gerceklesir (Woyke, 1983).

Bu semenin biylk ¢gogunlugu bosaltilir ve her erkek
arinin  sperminin yalnizca %3-%5'i aktif olarak
depolandidi spermateka'ya go¢ eder (Woyke, 1962).
Bir ana arinin spermatekasinda depolanan tahmini
sperm sayisi, Ureme kalitesini degerlendirmek igin
kullaniimaktadir (Delaney vd. 2011). Woyke (1962),
u¢ milyondan az sperm tasiyan ana arilari yetersiz
Giftlesmis olarak degerlendirmesine ragmen, farkli
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arastirmalar ticari olarak uretilen ana arilarin %13,6-
%19,0'Inin bu esigin altinda oldugunu gdstermistir
(Camazine vd. 1998, Tarpy vd. 2012).
Spermatozoanin canhliyi ayni zamanda giftlesme ve
Ureme basarisi igin ¢ok énemli bir parametredir ve
ciflesme ve depolama boyunca yuksek seviyede
muhafaza edilmelidir (Den Boer vd. 2009). Sperm
depolandiktan sonra, sperm hicreleri hareketsiz
kalir ve ana ari spermi birka¢ yil boyunca canli
tutmak icin onlara spermatekal bezden salgilar
saglar (King vd. 2011). Ticari olarak Uretilen ana
arilarda sperm canhhgi, ortalama %83,7 ile ana ari
Ureticileri arasinda 6nemli farkliliklar gdstermistir
(Hatch vd. 1999). Genel olarak, daha yasl ana
arilarin spermatekalarinda daha yiksek sperm
Olimleri gozlenir (Lodesani vd. 2004). Yash ana
arilarin spermatekalarinda depolanan
spermatozoanin hareket modelleri bile gen¢ ana
arilardan daha yavastir (Al-Lawati vd. 2009).

Ana ar1 Saghgi

Ana arilar isgilere gore enfeksiyonlara kargl daha az
duyarli oldugu bilinmektedir (Rueppell vd. 2016).
Ana arilar, onlari enfeksiyondan korumak igin fiziksel
ve sosyal engeller saglayabilen geng is¢i arilar
tarafindan surekli olarak bakilir ve beslenir (Amiri vd.
2014). Bu tir sosyal bagisiklik mekanizmalarina ek
olarak, ana arilar ayrica bireysel bagisiklik
savunmalari ile dogal olarak daha iyi donatiimig
olabilir (Chen vd. 2012).

Bununla birlikte, ana arilar, bir koloninin diger tyeleri
gibi, hem N. apis hem de N. ceranae tarafindan
enfekte olabilir (Traver and Fell 2012). Nosema ile
enfekte olmus ana arilar, yumurtlama
kapasitelerinde bir disis yasayabilir. Hastalik
ilerledikge, enfeksiyon ana arinin Ureme sistemini
bozarak giinde birakabilecegi yumurta sayisinda
azalmaya yol acar. Yumurtlamadaki bu azalma, is¢i
ari populasyonlarinin daha yavas olusmasina ve
potansiyel olarak zayiflamis kolonilere yol acar
(Botias vd. 2012).

Varroa nadiren ana ari kulugkasinda gérinmesine
ragmen, koloninin diger Uyelerinde, agirlik kaybi,
ucus kabiliyetinde azalma, yasam siresinin
kisalmasi ve bagisikhgi zayiflatarak koloniyi
hastaliklara acik hale getirmekte (Martin vd. 2012)
ve dolaylida olsa ana ariyi besin zinciri yoluyla
etkileyebilir Trakeal akar istilasinin ana arilarda
ciftesme, hayatta kalma ve ana arilarin
performansini bozup bozmadigi heniz
bilinmemesine ragmen, bu akara karsi oldukca
hassas olduklar bilinmektedir (Amiri vd. 2017).

Deforme kanat virist (DWV), varroa akari istilasi ile
iliskili, neredeyse her yerde bulunan ve kalici bir
virstur. Ciftlesme yoluyla ana ariya geger (Amiri vd.
2016).

Diger taraftan, Greme organlarinda yuksek bir virlis
yogunlugu, yumurtalik dejenerasyonuna yol acgabilir
veya muhtemelen depolanmig sperm canliigini
etkileyebilir (Yafiez vd. 2012). Bu nedenle, ireme
performansinda DWV kaynakl ciddi bir disus ana
arinin degistiriimesine sebep olabilir. Besin yoluyla
gectigi sanilan tulumsu yavru ¢urdkliginin ana
arilarin yumurtaliklarinda tespit edildigi bildirilmistir
(Chen vd. 2012). Yine kronik ari felci isgi arilari
etkiledigi gibi ana ariy1 da etkilemekte hareketlerin
yavaglamasi ve bacaklarda titremeye neden
olmaktadir (Amiri vd. 2014).

SONUG

Ticari ana ari isletmeleri tarafindan yetistirilen ana
arilarin kalitesi Turkiye'de aricilik sektord igin buyik
Onem tasimaktadir. Iste bazi nedenler;

1. Bal Uretiminin artinimasi: Yiksek kaliteli ana
arilar, artan bal Uretim kapasitesini artiran
koloniler olusturabilir ve bu da aricilar i¢in bal
verimini olumlu yénde etkiler.

2. Yerli Genetik Kaynaklarin Korunmasi: Bolge
sartlarina yUz vyillardir uyum saglamis yerli
genotipler cevresel streslere ve hastalk
salginlarina  karsi daha direnglidir.  Yerli
genotipler ile calismak koloni kaybi riskini azaltir
ve Turkiye aricilik sektérinin sdrdurulebilirligini
artirir. Bu konuda llgili bakanh@in ticari ana ari
ureticileri icin yerli Uretime yapacagi tesvikler
hem yerli genotiplerin kullanimini
yayginlastiracak, hem de kacgak yollarla tlkeye
sokulan farkli genotipten ana arilarin 6nlne
gecilmis olacaktir.

3. Polinasyon Hizmetleri: Gigli ve Uretken
koloniler, etkili tozlasma hizmetlerine dnemli
Olclide katkida bulunur, Tirk tarimina fayda
saglar ve urtn verimini artirir.

4. Ekonomik  Faydalar:  Geligtirilmis  koloni
verimliligi ve genel saglik, Turk aricilari igin
ekonomik  faydalara  doénuserek  aricilik

endustrisinin buyumesini tesvik eder.
Ticari ana iiretim igletmelerine tavsiyelerimiz ise;

1. Ticari ana arl isletmeleri, yetistirme
programlarinda genetik  ¢esitlilige  6ncelik
vermelidir. Farkl bir genetik havuz, bal arilarinin
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Ticari ana

cesitli cevresel faktorlere ve hastaliklara karsi
uyum saglama kabiliyetini ve direncini artirir.
isletmeler, ari Griinleri Gretimi, sakinlik, hijyenik
egilimleri ve =zararlilara ve patojenlere karsi
direng gibi 6zelliklerin secilmesine odaklanan iyi
planlanmig yetistirme programlarindan
yararlanabilirler.

. Ticari igletmeler tarafindan yetistirilen ana arilar,

hastalik ve patojenlerden arinmis olduklarindan
emin olmak i¢in siki bir saghk taramasindan
gecmelidir. Amerikan yavru ¢uruklugl, Avrupa
yavru ¢urikligu ve Varroa akarlari gibi hastaliklar
art  kolonilerini dnemli odlcide etkileyebilir.
Hastalia dayanikli ana arilar, Ulke aricihdinin
surddrulebilir gelisimi icin ¢ok o6nemli olan,
gelisen ve hastalia dayanikli ari kolonilerinin
olusturulmasi icin gugla bir temel saglar.

Bir koloninin  kulugka dlzeni, ana arinin
saghginin ve Uretkenliginin bir gdstergesi olabilir.
Elips seklinde ve bosluksuz bir kapali yavru
dizeni, saglam ve dogurgan bir ana ariyi gosterir.
Ticari isletmelerin, ylksek Kkaliteli kolonileri
surdirmek i¢cin ana arlarin  yumurtlama
performansini izlemesi ¢ok o6nemlidir. Gugli
yumurtlama yeteneklerine sahip saglikh ana
arilar, koloninin genel gucine ve biylimesine
katkida bulunur.

Bir ana arinin uzun Omdurli olmasi, koloni
uretkenliginde dnemli bir faktoérdir. ideal olarak,
ana arillar uzun sure etkili bir sekilde
yumurtlayabilmelidir. Ayrica, iyi bir ticari isletme,
uretimde kritik kontrol noktalarini olusturarak ana
arilar izlemelidir.

uretim isletmeleri konusunda

Bakanliga oneriler ise;

1.

Kayit ve Ruhsatlandirma: Ticari ana ari
yetistirme isletmelerinin kayit ve
ruhsatlandiriimasi denetlenmeli. Bu isletmelerin
ilgili yasa, ydnetmelik ve standartlara uymasi
saglanmalidir. Damizlik ana ari Uretimi Ulkemiz
aricihginin ihtiyacina cevap verecek sekilde
tesvik edilmeli ve uygulanabilir belli esaslara
baglanmalidir.

Kalite Kontrol ve Standartlar: Ana ari arilar ve
ilgili Gruinler i¢in kalite standartlarini olusturulmali
ve siki bir sekilde uygulanmali. Bu standartlara
uygunlugun saglanmasi igin zaman zaman
denetimler yapilmali standartlara uygun olmayan
isletmeler ifsa edilmelidir.

. Arastirma ve Geligtirme: Ana ari yetigtiriciligi ve

yetistirme  teknikleriyle ilgili arastirma ve
gelistirme calismalarina 6ncelik verilmeli. Yerli
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. Catisma

. Cevresel surdiiriilebilirlik:

irklarda verime yonelik i1slah ¢alismalar siratle
desteklenmelidir. Aksi taktirde yerli irklarimizin
Islah edilmis 1irklara kargi tercih sanslari her
gegen gin azalmaktadir. Diger taraftan, ana ari
ar1 Uretiminin kalitesini ve verimliligini artirmak
icin sektdrde yenilikler tesvik edilmelidir.
Sektérde Uretim isletmelerinde alinan ar
ornekleri molekiiler genetik testlere tabi tutularak
genotipler i¢in sonugclar istenen seviyede olan
isletmelere tesvik 6demesi yapiimalidir.

. Hastalik Kontrolii ve Biyogiivenlik: Ana ari

Uretim kolonilerinde hastalik ve zararlilarin
yayllmasini dnleyici tedbirlerin  uygulanmali.
Bunun icin kolonilerden ari, bal, bal mumu 6rnegi
alinarak akredite olmus laboratuarlarda hastalik
ve parazit testleri yapiimalidir. Onemli ari hastalik
ve parazitlerine karsi devlet miuicadelesi
uygulanmali;  koloni imhasini  gerektirecek
durumlar icin ariciya tazminat 6denmelidir.
Hastalik salginlari veya biyoguvenlik tehditleri
yakindan izlenmeli ve gereken O&nlemler
alinmalidir. Kagak yollardan ulkeye girmis ana
arilarla Uretim yapan igletmelere idari cezalar
uygulanmalidir.

. Veri Toplama ve Raporlama: Ana ari Uretimi,

satiglari ve pazar egilimlerine iliskin verileri
toplamali. Gerek damizliklar gerekse kulanma
melezlemesi ana arilar igin genotipin ismi ve
niteligini belirten kimlik kartlari dizenlenmeli;
satislari mutlaka fatura karsihiginda yapiimahdir.
Bakanlik zaman zaman ana ari endustrisinin
saghgi ve durumu hakkinda hiikiimet yetkililerine
ve paydaslara rapor sunmalidir.

¢6zimii: Ana ar  yetigtirme
endustrisindeki anlasmazliklara ve gatismalara
aracilik etmeli. Ana ari Urunleriyle ilgili tlketici
sikayetleri veya endigeleri ele alinarak ilgili
isletmeler sikayetler konusunda uyariimalidir.
Ulke genelinde
agaclandirma faaliyetlerinde aricilikta 6nem
tasiyan orman agaglarinin plantasyonuna éncelik
verilebilir.  Bakanlk tarafindan ana an
yetigtiriciliinde dogal ciftlestirme ve kimyasal
kullaniminin  azaltimasi  gibi  surdurilebilir
uygulamalari tesvik edilebilir. Yine, bal arisi
saghgini desteklemek igin habitatin korunmasini
ve pestisitlerin azaltiimasi tesvik edilebilir.

. Igbirligi ve Koordinasyon: Ticari ana ari

yetistirme isletmeleri icin destekleyici bir ortam
gelistirmek amaciyla diger devlet kurumlari,
arastirma kurumlari ve sektdr dernekleriyle
isbirligi yapmali. Sektordeki zorluklari ve firsatlari
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ele almak igin ilgili paydaslarla koordinasyon
saglamalidir.

9. Acil miidahale: Ana ari  endustrisini
etkileyebilecek hastalik salginlari veya dogal
afetler gibi acil durumlara midahale etmek igin
acil durum planlari ve protokolleri gelistirmelidir.

10.Politika Gelistirme: Ticari ana arn yetistirme
sektorinin surdurulebilir blylmesini
destekleyecek politika ve dizenlemeleri formile
etmeli. Mevcut politikalarin gézden gegirilmesi ve
gerektiginde glincellenmesini yapmalidir.

Sonug olarak, ticari ana ari isletmelerinde yetistirilen
ana arilarda kalite kriterleri Turkiye aricihdinin
basarisi ve blylimesi icin ¢ok onemlidir. Ticari
isletmeler, genetik cesitlilige, koloni sagligina,
yumurtlama performansina, giftlesme basarisina ve
uzun omdarlilige 6ncelik vererek, guigli ve dayanikli
bal arisi kolonileri olusturmak icin gok 6nemli olan
yiksek kaliteli ana arilari Gretebilirler. Ulke aricilar,
ariliklarinin  gelecegini ve Ulkedeki daha genis
aricilik endustrisini glivence altina almak igin birinci
sinif kaliteli ana arilara yatirrm yapmanin énemini
anlamalidir.

Cikar Catismasi: Yazarlarin ¢calisma ile ilgili olarak
bir ¢cikar catismasi yoktur.

Etik Belgesi: Bu
gerekmemektedir.

calisma igin etik belgesi

Mali Kaynak: Bu calismada herhangi bir mali
kaynak kullaniimamistir.

Veri Saglama Durumu: Calismada bulunan bilgi ve
veriler akademik etik kurallarina uygun bir sekilde
verilmistir. Derleme bir calisma oldugu icin kullanilan
veriler literatlre atif yapilarak kullaniimistir.

Yazar Katkilari: Bu galismanin gergeklestiriimesine
yazarlar esit olarak katki saglamistir.
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