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ABSTRACT

A cheap, versatile and effective method of hornets’ colony elimination based on the light-provoked
contact of flying individuals with the 20-30% solution of NaOH is reported. Importantly, the insects
survived from touching with this alkali solution transported the poison to the nest.
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Ucan bireylerin %20-30 NaOH ¢ozeltisi ile 1sikla uyarilan temasina dayanan esek arisi kolonilerinin
ortadan kaldirilmasi igin ucuz, ¢ok yonlu ve etkili bir yontem bildirilmektedir. Daha da 6nemlisi, bu
alkali soliisyonla temastan kurtulan bocekler, zehiri yuvaya tasir.

Anahtar kelimeler: Avrupa esekarisi, Koloni eliminasyonu, Yontem, NaOH alkali

The increasing numbers of the bee colonies Beskids area (West part of Ukraine). The
attacked by the Asian yellow-legged hornets description of this issue as well as the protocol of its
(Vespa velutina) reported in Asia, America solution is presented therein.

(Monceau et al. 2017, Requier et al. 2020) and now
in Europe (Monceau et al. 2014) become one of the
biggest challenges for both scientists and bee-
keepers. The matter is that when Asian hornets find
a honey bee colony, they tend to settle down and
specialize in bees as their prey. This issue
stimulates the elaboration of methods to minimize
the impact of such kind predators on the bee
population. The highlighted menace urged us to
portray the episode related to this problem. Its
concerned the extinction of the bees’ colonies by
brownish-yellow 3.0-3.5 cm-long hornets (most
probably V. crabro) was observed in the Eastern

The well-masked hornets’ nest was placed in close
(about 100 m) proximity to the apiary, between the
top of the window and the roof of a hut. The colony
was hidden deeply inside the void created with the
roof, bricks wall of the hut and wooden side-on
desks of the roof (Fig. S1). Such location made the
safe elimination of predators almost impossible.
Hence, to eradicate the colony we decided to
exploit two main instincts of hornets: returning back
to the nest at the dark time and their attraction by
the light.
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For this aim two plastic trays (20 cm x 10 cm x 3
cm) containing commercial unblock-pipes solutions
(about 100 mL of 20-30% aqueous NaOH) were
placed on the windowsill of the hut. Switching on
the light inside the hut at nightfall prompted the
hornets to rush towards the light source. They
strongly hit the window glass and fell into the basic
solution, leading many of them to death. The
survived hornets flew to their nest, transporting the
fatal solution to the whole colony. In few days the
gradual decrease of the hornet activity was
discerned, leading, after a couple of weeks, to the
flight of only a very few predators. Next year, no
hornets visiting their previous nest were detected.

One year later the carpenter removed one desk
from the wooden side-on panel of the roof enabled
us to uptake the exiting photo of the former
“apartments” of the hornets (Fig. 1 and Fig. S2).
What was interesting that the nest was actually
assembled with several individual grey-colored
moieties separated from each other and glued to
the inner side of these vertical desks (Fig. 1 and
inset). These counterparts were constructed
probably from the soil particles and had a concrete-
like hardness.

To prove that the poisoning of the nest by NaOH
alkali was the main origin of colony extermination,
the several moieties of the nest were rinsed with
distilled water. After decantation, the pH of the
resulting agueous phase (according to HANNA pH
meter model HI 991002) was 7.78. Such practice is
essential, because the soil used by the hornets for
building the nests had an acidic pH (Hamkalo et al.
2017). Therefore, we assumed that tiny droplets of
NaOH solution unintentionally carried to the nest by
the adult hornets was the plausible reason of the
colony extinction.

The described method was damaging neither to the
bees nor to the people and animals. The matter is
that due to the location of the nest (on the side of
the hut opposite to the apiary) the bees were not
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disturbed by the light. Additionally, the trays with
NaOH aqueous solution were placed on the
windowsill situated more than 2 m from the ground
and were removed early in the morning, daily. We
suppose that similar approach may be suggested
for keeping the number of akin social winged bee
killers, including Vespa velutina and Vespa soror
(Mattila et al. 2020). For this aim, the improved trap
device is recommended for installation and testing
(Scheme 1).

Fig. 1. The hornets nest. Red arrow at the inset points
the residual of the larva dead in its cocoon. The box of
matches (4 cm x 5 cm, right up corner on the inset) was
added for sake of the nest components size estimation.
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Scheme 1. Principal putative scheme of hornets colony extermination using NaOH alkali.

1 - hornets nest; 2 - transparent dish of 10-15 cm diameter contains 20-30% NaOH solution; 3 - source of light; 4 -

electric cable; 5 - electric on-off switcher; 6 - 3 V-battery.
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ABSTRACT

Insect pollinators provide many essential ecosystem services including pollination, and many
others. However, pollinating insects are currently facing potential threats on an unprecedented scale
with many species facing decline. Honeybee Apis mellifera comprise nearly 68% of those affected
insect pollinators. Irrational Insecticides application, with special reference to neonicotinoides group
is one of the main causes of this decline. The main objective of the current study is to investigate the
impact of some insecticides application on the activity of broad bean flower-visiting bees. Tested
inseticides were thiamethoxam, acetamiprid, thiacloprid (neonicotinoids), spinosyns A and D, beside
some organophosphates. Changes in the daily activity of bees visiting broad bean flowers following
insecticide application was recorded and compared to their activity before application, throughout
until the end of blooming season.

Keywords: Bee Decline, Colony Loss, Foraging, Neonicotinoides, Pollination

oz

Bocek tozlayicilari, tozlagsma ve digerleri dahil olmak lizere birgok temel ekosistem hizmeti saglar.
Bununla birlikte, tozlasan bocekler su anda birgok tiiriin diisiisle karsi karsiya kalmasiyla esi
goriilmemis bir dlgekte potansiyel tehditlerle karsi karsiya. Bal arisi Apis mellifera, etkilenen bécek
tozlastiricilarinin yaklasik %68'ini olusturur. Neonicotinoides grubuna 6zel atifta bulunulan irrasyonel
insektisit uygulamasi bu diisiisiin ana nedenlerinden biridir. Mevcut ¢aligmanin temel amaci, bazi
insektisit uygulamalarinin bakla ¢igegini ziyaret eden arilarin aktivitesi Uzerindeki etkisini
arastirmaktir. Test edilen insektisitler, bazi organofosfatlarin yaninda tiyametoksam, asetamiprid,
tiakloprid (neonikotinoidler), spinosinler A ve D. Bakla gigeklerini insektisit uygulamasi sonrasinda
ziyaret eden arilarin ginliik aktivitelerinde meydana gelen degigimler kayit altina alinmis ve
ciceklenme déneminin sonuna kadar uygulama 6ncesindeki aktiviteleri ile karsilagtiriimigtir.

Anahtar Kelimeler: Ari azalmasi, Koloni Kaybi, Tarlacilik, Neonicotinoides, Tozlagma
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GENISLETILMiS OZET

Amag: Bu calismanin temel amaci, Misir'in ismailia
kentinde gicek agma mevsimlerinde baklayi ziyaret
eden bazi ari tirlerinin (Apis mellifera, Andrena
ovatula, Colletes lacunatus, Xylocopa aestuans)
bazi insektisit uygulamalarinin aktiviteleri Gzerindeki
etkisine 1s1k tutmaktir.

Giris: Bocek tozlayicilari, tozlasma ve digerleri
dahil olmak Uzere birgcok temel ekosistem hizmeti
saglar. Bununla birlikte, tozlasan bocekler su anda
bircok tlrin dislsle karsi karsiya kalmasiyla esi
gorilmemis bir olgekte potansiyel tehditlerle karsi
karsiya. Bal arisi Apis mellifera, etkilenen bdcek
tozlastiricilarinin -~ yaklagik ~ %68'ini  olusturur.
Neonikotinoid insektisitlerin, yani thiamethoxam ve
thiacloprid'in olduricu olmayan
konsantrasyonlarinin  arilarin  yiyecek arama
davranisi Uzerindeki etkisi, laboratuvar kosullarinda
bazi ¢calismalarda ele alindi, ancak saha calismalari
oldukca yetersizdir.

Gere¢ ve yéntem: 2019 Calisma, ismailiye
Valiligi'ndeki Siiveys Kanali Universitesi'nin deney
ciftliginde gerceklestirildi. Pestisit listesine
neonikotinoidler Actara (25 WG - thiamethoxam),
Clipper (%20 SL — asetamiprid) ve Calypso (%48 -
thiacloprid) dahildir. Diger insektisitler Radiant (%12
SC - spinosyns A ve D, Saccharopolyspora
spinosa) ve malathion (%57 - organofosfat
insektisit)

Bulgular ve tartisma: Sonuclar, bakla ciceklerini
ceken farkli bdcek turlerinin  olusumunun ve
bollugunun insektisit tedavisinden 6nce ve sonra
onemli Olclide degistigini gostermistir. Ayrica,
disuUsun ciceklenmenin sonuna kadar devam ettigi
oldukga agikti. Ortalama bal arisi sayisi tedaviden
once 8.57 ari/gun ile karsilastirildiginda tedaviden
once 38.70 ari/gun olmustur. insektisit tedavisinden
sonra kaydedilen C. lacunatus, uygulamadan
sonraki 10 gunlik sure boyunca yalnizca bir kez
kaydedilmigtir. ~ Thiamethoxam, ana  bdcek
tozlastiricisi olan bal arisi A. mellifera Gzerinde en
yuksek olumsuz etkiye neden oldu ve tedavi
edilmeyen parsellerde 42,2 ari/gun ile
karsilastinldiginda, islenmis parsellerde ortalama
1,4 ari/gin olmustur. Thiacloprid, faydali boceklere
karsi zararli olmasi agisindan Thiamethoxam'dan
sonra ikinci sirada yer almakta, bunu
organofosfatlar, spinosinler A ve D ve asetamiprid
izlemektedir.

Sonu¢: Bu c¢alisma, bal arisi ve diger ari
tozlayicilarinin - Misir'daki bazi neonikotinoidlere
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dogrudan maruz kalmasinin etkisini ele alan ilk
¢alismadir. Dolayisiyla, bu bulgu, umut verici bir
sekilde, iyi tarim uygulamalarinin tanitilmasina ve
uyarlanmasina ve tozlayicilarin  gesitliliginin
korunmasina ve bakla ve diger mahsullerin iyi
tozlasma hizmetlerinin saglanmasina yardimci
olacak entegre hasere yonetimi programlarinin
uygulanmasina yol acacaktir. Halkin ve karar
vericilerin farkindaligini artirmak, arilarin bécek

oldurGcller gibi  c¢evresel stres faktorlerini
hafifletmesine yardimci olabilir.

INTRODUCTION

Insect pollinators provide copies essential

ecosystem service, including pollination and many
others (Gill and Raine 2014). The economic
contribution of insect pollinators to crop production
globally is estimated to be €153 Billion, this equates
to 9.5% of agricultural production (Gallai et al.
20009).

Bees, including honeybees and solitary bees, are
generally considered the most important pollinators,
accounting for about 80% of all flowering plants
including most of the agricultural crops, confirming
their major role in ecosystems (Goulson 2003).

Pollinating insects are facing potential threats on an
unprecedented scale and are in decline, at
worldwide level (Ollerton 2017). The decline of
pollinating species, which has grown over the
recent decades, may lead to a parallel decrease of
plant species (Potts et al. 2010). Eventually this
decline might result in great economic losses,
human food crisis and loss of natural biodiversity
(Allen-Wardell et al. 1998, Nellemann et al. 2009).

Broad bean is one of the strategic crops for
Egyptian agriculture and cross-pollinations are
crucial for good vyield production (Bishnoi et al.
2012). The total cultivated area of broad bean in
Egypt in 2019 was 40298 ha which produce about
139303 tones and the crop is bee-dependent (FAO
2019). The diversity of bee visiting broad bean in
Egypt has been addressed in several studies (El
Berry et al. 1974, Ibrahim 1979) but little was
known about the current situation of its diversity
since the decline of some bees was proved in terms
of species richness and abundance (Shebl and
Farag 2015).

Residues of the neonicotinoids insecticides were
monitored in pollen and bees collected across the
Nile Delta (Codling et al. 2018). Blacquiére et al.
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(20120) have performed some studies to evaluate
the adverse effect of neonicotinoids insecticides on
the foraging performance and larval development of
some managed wild bees such as Bombus
impatiens, Osmia lignaria and Megachile rotudanta.
Nonetheless, there is no sufficient studies on the
impact of neonicotinoids insecticides on honeybees
in Egypt despite the extensive use of these
insecticides for years. So the current study aims to
evaluate the impact of some insecticides, with
special reference to the neonicotinoids group on
broad bean bee-pollinators in the Egyptian
agroecosystem.

MATERIAL AND METHODS
Field Experiment:

Field study was conducted during the flowering
seasons of broad bean, Vicia faba, variety Giza
843, from February to March 2019, at the
experimental farm of Suez Canal University at
Ismailia Governorate in North-Eastern Egypt

(30°37'15"N 32°15'41"E). The location climate is
characterized by mild winter with light rains and hot
dry summer with some humidity. The soil texture of
experimental site was sandy soil (94.5% sand,
2.5% silt and 3.0% clay) with pH of 7.8.

Insecticides used:

The insecticides used in the present study were
Actara (25% WG - thiamethoxam), Clipper (20%
SL-acetamiprid), Calypso (48% - thiacloprid),
Radiant (12% SC - spinosyns A and D,
Saccharopolyspora spinosa) and Malathion (57%-
organophosphate insecticide). All pesticides were
purchased from the local market at Ismailia city.

These insecticides are widely used for controlling
several pests on different crops such as aphids,
whitefly and others. Solutions of all tested
compounds were prepared in distilled water at the
recommended field rate (FR) (Table 1). The tested
concentrations of all tested insecticides in the
present study were prepared one hour prior to
conducting the experiments.

Table (1): List of commercial formulations, active ingredient and field rate of tested insecticides

Insecticides Active ingredient

Actara 25 WG Thiamethoxam

Radiant 12% SC Spinosyns A and D

Clipper 20% SL Acetamiprid
Calypso 48% SL Thiacloprid
Malathion 57% EC Organophosphate

Recommended dose Active ingredient

(FR) (a.i.)

0.2 g/l 50 mg/l
0.5 ml/l 60 mg/l
0.25 ml/l 50 mg/l
0.3 ml/l 144 mgl/l
1.5 ml/l 855 mg/l

Field Bioassay:

Impact of insecticide application on the
foraging activity of bee foragers:

Insecticides were applied using a backpack sprayer
in a broadcast application on broad bean plants
when the stage was at 70-100 days to flowering.
The insecticides treatment was made of five
treatments with three replicate plots each (7x7 m).
Each replicate was made of 10 rows of broad bean
plants. Control treatment was also conducted with
the same protocol, applying distilled water without
any insecticide.

Population and foraging activity of different species
of Hymenopterous bee pollinators visiting broad
bean flowers were recorded. Regular counts of the
insects above the flowers of broad bean plants
were performed 15 days before insecticide
application and again, 1, 3, 5, 7 and 10 days post
treatment. Three counts a day were taken; e.g.
morning at 10-12 am., early afternoon 12-2 pm, and
2-4 pm, with each count lasting about 5 minutes.
During direct observation, the number of individuals
for each species was counted.
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Specimens of the bee pollinators were collected
and preserved in the laboratory for identification
based on reference collection in the Department of
Plant Protection, Faculty of Agriculture, Suez Canal
University.

Statistical analysis

All obtained data were statistically analyzed using
ANOVA. When F-test was significant, means were
separated using Tukey's test at the 0.05 level of
significance. SPSS and CoStat software were used.

RESULTS

A total of 5 bee species; three long tongued bees
and two short tongued bees were recorded on
flowers of untreated broad bean plants. The long
tongued bee species were Apis mellifera L. and
Xylocopa aestuans Spinola of Apidae and
Chalicodoma siculum. Meanwhile, Rossi of

Megachilidae was recorded only in the early
season. The short tongued bee species recorded
were Andrena ovatula Kirby of Andrenidae and
Colletes lacunatus Dours of Colletidae.

Abundance of main bee pollinators on broad
bean flowers before and post insecticide
application

Occurrence and abundance of different bee species
attracted to broad bean flowers significantly varied
before and after insecticides treatment. Mean
number of honeybees was 38.70 bees/day before
insecticide treatment compared to 8.57 bees/day
post treatment. Likewise, A. ovatula count was 8.53
bees/day before treatment compared to 2.52
bees/day post treatment. Meanwhile X. aestuans
count was 27.67 bees/day before treatment, and
totally disappeared post insecticide treatment (Fig.
1).
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Fig. (1): Impact of insecticides application on the activity of bee pollinators and Tropinota squalida on broad bean flowers

Seasonal activity of main bee pollinators on
broad bean flowers before and post insecticide
application:

Significant decrease in the activity of all bees
visiting broad bean flowers was recorded post
insecticide application compared to their activity
before application, and that decline continued until
the end of the blooming season. The decrease was
more pronounced in the case of honeybees A.
mellifera, which was significantly more active prior
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to insecticide treatment compared to post
treatment. The activity of A. ovatula decreased
gradually after insecticide application, while C.
lacunatus was recorded only once over the period
of 10 days post application. It is worth noting that
no individual of X. aestuans was recorded on broad
bean flowers after insecticide treatment (Fig. 2).
Counts of Tropinota squalida, a non pollinator nor a
flower visitor was performed for comparison
purposes only.
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Fig (2): Activity of main insect visitors on broad bean flowers, before and post insecticides application, Ismailia 2019

Daily activity of main bee pollinators and
Tropinota squalida on broad bean flowers
before and post insecticide application:

Daily activity of insects visiting broad bean flowers
varied greatly, showing significant decrease after
insecticides application compared to their activity
before application (Fig. 3). Highest activity of all
observed insects, especially honeybee A. mellifera
was recorded at 12:00-2:00 p.m. before insecticides
treatment, meanwhile their activity has significantly
decreased after the treatment. The mean averages
of A. mellifera, A. ovatula and Tropinota squalida
were 14.8, 3.07 and 3.13 individual/interval before
treatment compared to 6, 1.13 and 1.77,
respectively post treatment.

Impact of tested insecticides on the number and
activity of broad bean insect visitor in Ismalia
governorate:

Figure (4) indicated that all tested insecticides
clearly led to significant decline in the number of
insects visiting broad bean flowers. Thiamethoxam
caused the highest negative impact on the main
insect pollinator, Apis mellifera, with an average of
1.4 bees/day in treated plots compared to 42.2
bees/day in untreated plots. Thiacloprid came
second in terms of its harmful effect against the
beneficial insects, since it caused a cut down of

attracted honey bees to broad bean flowers, though
this reduction was less than that caused by
Thiamethoxam, accounting for 2.6 bees/day.
Meanwhile, the decline in the number of insects
visits were even less for organophosphate,
spinosyns A and D and acetamiprid with averages
of 3.6, 35.8 and 37.8 bees/day, respectively. Similar
trend of visits decline was also recorded for the
other insect pollinators as well as on Tropinota
squalida.

As shown in Figure (5) the deleterious impacts of
the tested insecticides on the activity of the main
insect visitors of broad bean flowers were observed
throughout the three various time intervals per day,
with no significant differences between the different
intervals.

Data presented in Figure (6) indicates that the
harmful effects of all tested insecticides on the
activity patterns of the main insect visitors of broad
bean flowers were recorded shortly one day after
application. These effects had increased gradually
with the time till the 7 day post application, then
decreased again in the 10" day of application
except in case of thiacloprid and thiamethoxam,
where the impact continued without significant
decrease.
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Fig (6): Number of bee pollinators visited broad bean flowers 1, 3, 5, 7 and 10 days post insecticides application, Ismailia

20109.

DISCUSSION

In Egypt, several studies have been addressing
levels of pesticides residues in several honeybees
colonies products such as honey and pollens (Al
Naggar et al. 2015, Abdallah et al. 2017, Codling et
al. 2018, El-Hady et al. 2019, El-Nahhal 2020).
However, the impact of direct exposure of forager
bees to insecticides was not fully studied. The
present study is an attempt to fill this gap, trying to
figure out the impact inflicted on social and solitary
bees forager bees after exposure to neonicotinoids
insecticides under field conditions.

The present findings revealed a sharp decline in the
abundance of four tested bee species before and
after direct exposure to pesticides. Both groups of
short and long tongued bees visiting broad bean
were affected after direct exposure, and the number
of foragers were much less in A. ovatula, A.
mellifera, C. lacunatus and X. aestuans.

The present findings shed some light on the
importance of direct exposure of non-Apis species
to insecticides, specially thiacloprid and
thiamethoxam that negatively affected the
pollination services provided by these species.
(Shebl and Farag 2015) have also recorded some
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significant decline affecting some potential bee
pollinators, with special reference to species of
genu Anthophora due to insecticides use and some
intensive agricultural practices.

Strobl et al. (2021) suggested that the mortality is
not necessarily the only impacts since colony
individual survival and fertility might also be
affected by exposure to insecticides. Low doses of
thiamethoxam and thiacloprid reduced colony size,
queen production and bumblebees worker survival
which could have a negative influence on their
foraging behavior (Mommaerts et al. 2010, Giri et
al. (2018).

Similarly, Giri et al., (2018) reported that
thiamethoxam had a negative impact on foraging
activity and mortality of worker honeybees 3-4 days
post spraying in field conditions. Williamson et al.,
(2014) have also reported that the bee exposure to
thiamethoxam was combined with more time
grooming and the exposure to sublethal for 24h has
a subtle influence on bee behavior. However, some
further work should be carried out to fully ascertain
the impact of neonicotinoids on biological and
physiological parameters of non Apis bees,
especially managed species such as leafcutting
bees and mason bees.
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Conclusion

The major emphases of the present study have
focused on how neonicotinoids and some other
insecticides would influence pollinators decline, that
lead to weaken the role they play in pollination
services, agriculture production, biodiversity and
other major ecosystem services. Raising
awareness of the public and decision makers is one
major goal of the present study as the first step to
enforce special measures to promote rational use
of pesticides in Egypt, and to limit and / or ban the
use of neonicotinoids insecticides one of the most
serious environmental stressors on bees.
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oz

Bu calisma, TRB1 Bolgesinde bal tiiketicilerinin profilini ortaya koymak tiiketicilerin ek 6deme
istekliliklerini belirlemek amaciyla yapilmistir. Calismanin kaynagini birincil veriler olusturmaktadir.
Yerel Bal Odeme istekliligi i¢in yapilan saha ¢aligmasinin kapsami TRB1 Bolgesi (Bingdl, Elazig,
Malatya ve Tunceli) kent merkezlerindeki bal tiiketicileri olarak belirlenmistir. Veriler bu bireylerden
anket yoluyla ve yiz yiuze teknigi ile elde edilmistir. Ankette bal tiiketicilerine 6 farkli senaryo
sunulmus ve tiiketicilerin satin almak istedikleri balin o6zellikleri ve ek o6deme isteklilikleri
belirlenmistir. Bu g¢alismanin érnek hacmi “Ana Kitle Oranlarina Dayali Kiimelendiriimemis Tek
Asamali Tesadiifi Olasiik Orneklemesi” ydntemiyle belirlenmis ve 393 adet anketle galigiimigtir.
Calismada Cluster ve faktor analizleri kullanilimigtir. Cluster analizinde tiiketiciler gelirlerine gore
kiimelere ayrilmiglardir. Buna gore tiiketicilerin %51.91’i (204 tiiketici) diusiik gelir diizeyi grubunda
yer alirken, %36.38’i (143 tiketici) orta gelir diizeyi ve %11.71’i (46 tlketici) yiuksek gelir diizeyine
sahip grupta yer aldigi soylenebilir. Cok degiskenli analiz tekniklerinden olan faktér analiz
sonuglarina gore bal igin ek 6deme istekliligi lizerinde etkili olan degiskenler 6 faktorde toplanmis ve
bu alti faktoriin toplami, toplam varyansin %63.90’nin1 agikladigi belirlenmistir. Caligmanin ¢iktilan
incelendiginde, tiiketiciler genellikle dogal ve organik bal isteklerini ifade ettikleri belirlenmistir.
Tiiketicilere sunulan 6 senaryonun 2’sinde tiiketicilerin yerel dogal bal ve 6zellikle Bingol balini tercih
ettiklerini belirtmislerdir. Diger li¢ senaryoda ise tiiketiciler dogal organik olmak kaydiyla Tiirkiye’nin
her hangi bir bolgesinin balini tercih edebileceklerini belirtmislerdir. Dogal ve organik bal isteyen
tiiketicilerin egitim diizeyleri gelir diizeyleriyle paralel sekilde artis gosterdigi sdylenebilir.

Anahtar Kelimeler: Ek Odeme istekliligi, Bal Tiiketimi, Cluster Analizi, Faktoér Analizi, TRB1

ABSTRACT

This study was carried out to reveal the profile of honey consumers in TRB1 Region and to
determine the willingness of consumers to pay additional payments. The source of the study is the
primary data. The scope of the fieldwork for Local Honey Payment Willingness was determined as
honey consumers in the city centers of TRB1 Region (Bingél, Elazig, Malatya and Tunceli). Data were
obtained from these individuals through a questionnaire and face-to-face technique. In the survey, 6
different scenarios were presented to honey consumers and the characteristics of the honey they
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wanted to buy and their willingness to pay additionally were determined. The sample size of this
study was determined by the "Unclustered Single Stage Random Probability Sampling Based on
Population Ratios" method and was studied with 393 questionnaires. Cluster and factor analyzes
were used in the study. In the cluster analysis, consumers are divided into clusters according to their
income. Accordingly, 51.91% (204 consumers) of the consumers are in the low-income group, 36.38%
(143 consumers) are in the middle-income group and 11.71% (46 consumers) are in the high-income
group. According to the factor analysis results, which is one of the multivariate analysis techniques,
the variables that affect the willingness to pay extra for honey were collected in 6 factors and it was
determined that the sum of these six factors explained 63.90% of the total variance. When the
outputs of the study were examined, it was determined that consumers generally expressed their
desire for natural and organic honey. They stated that in 2 of the 6 scenarios presented to
consumers, consumers prefer local natural honey and especially Bing6l honey. In the other three
scenarios, consumers stated that they can prefer honey from any region of Turkey, provided that it is
natural organic. It can be said that the education levels of consumers who want natural and organic
honey increase in parallel with their income levels.

Keywords: Willingness to Pay Additional Payment, Honey Consumption, Cluster Analysis, Factor

Analysis, TRB1

EXTENDED ABSTRACT

Aim: This study was carried out to reveal the profile
of honey consumers in TRB1 Region and to
determine their willingness to pay additional
payments. Analyzing the price acceptability of the
honey produced in Bingdl, where industrialization is
low and therefore environmental pollution is
relatively low, by consumers in its own region
(TRB1) is among the important objectives of this
study. In this respect, the willingness of consumers
to pay for local filtered and comb honey and the
factors affecting the ideal honey pricing were
determined.

Material and Method: The scope of the fieldwork
for Local Honey Payment Willingness was
determined as honey consumers in the city centers
of TRB1 Region (Bingdl, Elazig, Malatya and
Tunceli). Data were obtained from these individuals
through a questionnaire and face-to-face technique.
In the survey, 6 different scenarios were presented
to honey consumers and the characteristics of the
honey they wanted to buy and their willingness to
pay additionally were determined. The sample size
of this study was determined by the "Unclustered
Single Stage Random Probability Sampling Based
on Population Ratios" method and was studied with
393 questionnaires. Cluster and factor analyzes
were used in the study.

Results and Discussion: According to the results
of factor analysis, which is one of the multivariate
analysis techniques, 24 variables that affect the
willingness to pay additionally for honey were
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collected in 6 factors. It was determined that the
sum of these six factors explained 63.90% of the
total variance. When the outputs of the study were
examined, it was determined that consumers
generally expressed their desire for natural and
organic honey.

It can be said that as income increases, the rate of
consumers who state that they consume honey
also increases. It can be said that the rate of
consumers who consume honey 2-4 times a week
increases as they move from low income level to
high income level.

Conclusion: In the study, 6 different cards were
presented to reveal the desire of consumers to
make additional payments. In all cards except the
second card, consumers expressed their wishes for
natural and organic honey. It can be said that in two
of these scenarios, consumers stated that they
preferred local natural honey and especially Bingdl
honey. In the remaining three scenarios,
consumers stated that they can prefer honey from
any region of Turkey, provided that it is natural
organic. It can be said that the education level of
consumers who want natural and organic honey
has increased in paralel with their income levels.

GiRiS
Bal, saglik ve icerigindeki besinler sayesinde
tiketiciler ~ tarafinda  giderek  begenilmektedir
(Cosmina vd. 2016). Dolayisiyla ¢iktilariyla insan
beslenmesinde, bitkilerin tozlagsmasindaki dnemi
bakimindan bitkisel Uretimin surekliligini saglayan,
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istihdama katki, gelir artirici ve yoksullugu azaltici
bir faaliyet olan aricilik faaliyeti, ekolojik ve
ekonomik sonuglari olan bir dneme sahip oldugu
soylenebilir (Karahan ve Ozbakir, 2020; Kutlu ve
Kihg, 2020). Bu nedenle aricilik dnemini gelismis ve
gelismekte olan butln Ulkelerde koruyan ve devam
ettiren bir faaliyet koludur (Kog, ve ark., 2017; Kog
ve ark., 2010).

Tarkiye’'de aricilik igletmelerinin %3.82’si ile kovan
sayisinin  %4.50’si  TRB1  Bolgesinde yer
almaktadir. Ayrica Turkiye bal dretiminin %2.771’i
TRB1 Boélgesinden saglandigi soylenebilir. TRB1
Bdlgesinde 3.080 adet aricilik isletmesi faaliyet
gOstermektedir. Toplam 365.829 adet kovandan
2.968 ton bal Uretilmektedir. Bolgede kovan bagina
digen bal verimi ortalama olarak 8.1 kg olarak
hesaplanmistir. Bu rakam Turkiye’'nin kovan basina
veriminin oldukga altinda gergeklesmistir (13.4 kg).
TRB1 boélgesinde kovan basina verim en ylksek
11.6 kg ile Bingdl ilinde gergeklesmistir. Bingdl ilini
7.0 kg ile Elazig ili takip etmistir. Malatya ve
Tunceli'de kovan basina bal verimi 5 kg'in biraz
Uzerinde hesaplanmistir. TRB1 Bolgesinde aricilik
isletmelerinin  %38.18’i Malatya’da yer alirken,
kovan sayilarinin %36.03'U ve bal Uretiminin ise
%51.8'i gibi ylksek oranlarda Bingdl ilinde
gerceklestigi sOylenebilir (Anonim, 2020 b).

22 Nisan 2020 tarihli resmi gazetede yayinlanan,
Tuark Gida Kodeksi Bal Tebliginde bal su sekilde
tanimlanmigtir “bitki nektarlarinin, bitkilerin canli
kisimlarinin ~ salgilarinin  veya bitkilerin  canli
kisimlari Uzerinde yasayan bitki emici boceklerin
salgilarinin, bal arisi tarafindan toplandiktan sonra
kendine 6zgli maddelerle birlestirerek degisiklige
ugrattigi, su icerigini disUrdigu ve petekte
depolayarak  olgunlastirdigi, dogasi  geregi
kristallesebilen dogal Urin”(Anonim, 2020) olarak
tanimlanmigtir. Dolayisiyla bu tanima uygun bal
tiketiciler agisindan besleyici ve sifa kaynagi bir
Urindlr. Saghk bilinci arttikgca ve endiseler gida
isleme teknolojilerine odaklandikga herhangi bir
teknolojik isleme tabi tutulmadidi icin bal tluketimi
gunumulze kadar surekliligini devam ettirerek
(Cosmina ve ark., 2016) kahvaltilarin vazgecilmezi
arasinda oldugu soylenebilir. Goruldigu gibi bal
oldukga karmagsik yapisindan dolay! hile yapilmasi
kolay ve hile tespitinin kolay olmadigi dogal bir
gidadir (Guney, 2014). Bundan dolayidir ki, bal
driinine son zamanlarda yapilan tagsislerden biride
seker surubu (Hisil ve Bérekgioglu, 1986; Ozen,
2020) oldugu sdylenebilir. Tarkiye ve Dunyada bal
sektoérl gida guvenligi acisindan sorunlu bir piyasa

oldugundan dolay! tuketiciler organik ve dogal olan
bala ek o6deme istekliliinde bulunduklari
soylenebilir.

Dolayisiyla, dinyada ve Turkiye'de gida guvenligi,
gida hijyeni, gidalarin igerigi cok 6nem kazanmistir.
Buna paralel olarak tiketicilerin farkindalik ve biling
dizeyleri, gida etiketlerinin okunurlugu blyik 6nem
kazanmistir. Gida kaynakh saghgi tehdit edici
faktorler ve tiketicilerin kalite algisinin buna paralel
olarak degismesi, diinya gida piyasasinda onemli
pay sahibi olan gelismis Ulkelerde gida glvenirligi
ile ilgili duzenlemelerin tekrar gézden gegirilmesini
ve ek onlemleri hep gindemde tutmustur (Kog,
2011).

Bu calisma, TRB1 Bolgesinde bal tliketicilerinin
profilini ortaya koymak tliketicilerin ek &deme
istekliliklerini  belirlemek amaciyla yapilmistir.
Sanayilesmenin az oldugu ve bu nedenle cevre
kirliligin nispeten az oldugu Bingél'de, uretilen balin
kendi bolgesindeki (TRB1 Bodlgesinde) tlketiciler
tarafinda fiyat kabul edilebilirliginin analiz edilmesi
bu c¢alismanin 6nemli amaclar arasinda yer
almaktadir. Bu agidan tiketicilerin yerel siizme ve
petek balin 6deme istekliliginin ortaya konulmasi ve

ideal bal fiyatlandirmasini etkileyen faktorler
belirlenmistir.

MATERYAL VE YONTEM

Arastirmanin kaynagini birincil veriler

olusturmaktadir. Yerel Bal Odeme istekliligi icin
yapilan saha galismasinin kapsami TRB1 Boélgesi
(Bing6l, Elazig, Malatya ve Tunceli) kent
merkezlerindeki bal tuketicileri olarak belirlenmistir.
Veriler bu bireylerden anket yoluyla ve ylz yize
teknigi ile elde edilmigtir. Ayrica konu ile ilgili olan
bilimsel ¢alismalar, kitaplar, dergiler ve diger basin
yayin organlarindan da yararlaniimistir. Calismanin
s6z konusu bolgede ilk defa yapilmis olmasi
¢alismanin 6zgunligld bakimindan énemli oldugu
soylenebilir.

Cahsmada uygulanan anket (¢ boélimden
olusmustur. Anketin birinci bolimu, tlketicilerin
sosyoekonomik  bilgilerinin  ve bal tiketim
aliskanliklarina  iliskin  genel  gorusleri  ve
deneyimlerine yer verilmistir. ikinci bélimde yerel
balin 6deme istekligiyle ilgili bal balin fiyatti, Gretim
orijini, Uretim mekan, fiziki 6zeligi ve organik olup
olmamasiyla ilgili olusturulan 6 senaryolu bir
gorsellere yer verilmistir. Bu gorsel Cosmina vd.
(2016) galismasindan faydalanarak hazirlanmistir.
Son bdélimde ise yerel bal 6deme istekliligini
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gosteren yargilarin yer aldid1 likert tipi bir dlgege yer
verilmistir. 6 senaryolu gdrseller katilimcilara
tanitimis sonra her goérsel Uzerinde ayri ayri
tercihte bulunmalari saglanmigtir. Her bir senaryoyu
gOsteren secim gorselleri katihmcilara gosterilmistir.

Tek Asamali Tesadiifi Olasilik Orneklemesi

Bu calismanin 6rnek hacmi “Ana Kitle Oranlarina
Dayali Kimelendiriimemis Tek Asamali Tesaddfi
Olasilik Orneklemesi” yontemiyle belirlenmistir
(Collins,1986).

n=t2 [1+(0.02)*(b-1)]*p*qle?

Ornek hacmi
%95 (tablo degeri:1.96)

=}

(9=1-p)
Calismada %5,00’lik hata kabul edilecektir

Ornekleme asamasi (galisma tek asamali oldugundan 1 olarak alinmistir)

incelenen birimin ana kitle icinde gerceklesme olasiligi (0.50 alinmistir)

ol ® 9 T T -

n=(t*/e*)*p*q
Bu formUl excel paket programina girildiginde ise;
n=(1.96/5.00)%*(0.50*0.50)

n=385 olarak bulunmustur. Ancak, 0Ornek
blyukliguinin bu sekilde belirlenmesine karsin,
temsil guclnin yuksek olmasi ve bazi anketlerin
tutarsiz ve eksik cevaplanabilecegi dikkate alinarak
bu galismada 400 anket yapiimistir. Analize uygun
olmayan anketler ¢ikarildiktan sonra kalan 393 adet
anketle calisiimistir.

Anketleri  farkli  sosyo-ekonomik tabakalarda
dagitmak Uzere, kent merkez ilgelerini olusturan
mabhalleleri ve nifuslarini il belediyelerinin bilgi
islem dairesinden temin edilmigtir. Her ilin TRB1
Bolge nifusu igindeki paylari bulunarak, her ilin
sahip oldugu oran, tek tek toplam anket sayisiyla
carpilarak s6z konusu ilde yapilacak anket sayisina
ulasiimistir. Ayni islem her il merkezinin sahip
oldugu mahalleler icinde tekrarlanarak, s6z konusu
mahallede yapilacak anket sayisina ulagiimistir.

Tuketici anketlerinden elde edilen veriler bilgisayar
ortaminda SPSS 12.0 paket programinda analiz
edilmigtir. Verilerin analizinde Cluster ve faktor
analizleri kullanilimigtir.

Cluster (kimeleme) analizi, bireylerin veya
uyaricilarin  benzerliklerine  gbére  kimelerde
toplanmasini amaglayan ¢ok degiskenli bir istatistiki
analizdir. Cluster analizi igin kullanilan K-means
yontemi ise, bir dizi input degerini temel alarak

U.An D. - U.Bee J. 2022, 22 (2): 130-147

=1 alindiginda esitlik asagidaki sekle donlismektedir:

verideki benzerlikleri bulmaya caligir. Ayni 6zellik
gOsterenler bir kimede yer alacak sekilde gruplara
atanir (Kurtulus, 1985; Tathdil, 1996). Bu teknigin
uygulanmasinda, kime sayisi konusunda &6n bir
bilgi varsa bu durumda, hiyerarsik olmayan
(nonhierarchical) kimeleme yontemleri
kullaniimaktadir. S6z konusu bu yoéntemlerden en
cok tercih edilen ise Mac Queen tarafindan
geligtirilen K-Mean teknigidir. K-Mean tekniginde
isletme geniglikleri veya tuketiciler, kimeler ici
kareler toplami en kiguk olacak sekilde k kimeye
bdlunmektedir. Yani, X1, Xa...... Xn gibi P degiskenli
g6zlem vektorleri, ¢ok boyutlu X uzayinda birer
nokta olarak disUnlldiginde ve ayni zamanda
uzayda aun...... nkn her grup isletme veya Kisiler igin
kiime merkezleri segildiginde (Tatlidil, 1996);

1$ . 2
W, ==)> min
n 45 =ik

X. —a.

i jn

ilkesi geregince tiiketiciler gelir diizeylerine gdre en
yakin kimeye atanmaktadir. K-Mean yonteminde,
ilk adimda grup sayisi igin karar verildikten sonra
ikinci asamada her bir grubun Gyelik kosullari
belirlenir. Son adimda ise, her bir grubun belirli
Ozellikleri ortaya konur (Akpinar, 2004).

Calismada kimeleme tuketicilerin gelir dizeylerine
gére K-Mean teknigine gore yapilmistir. Bdylece
daha o&nce girilen tlketicilerin gelir duzeyleri
kayitlari temel alinarak her bir kayit en c¢ok
benzedigi kimeye atanmigtir. Kimelerin
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olusumuyla birlikte her bir gruptaki benzerlikler ile
gruplar arasi farkhlklar ortaya konulmustur. Buna
gore tlketicilerin %51.91’i (204 tiketici) dusik gelir
diizeyi grubunda yer alirken, %36.38'i (143 tlketici)
orta gelir diizeyi ve %11.71'i (46 tlketici) yUksek
gelir diizeyine sahip grupta yer aldigi soylenebilir.
Dusuk gelir diizeyi grubunda bulunan tlketicilerin
aylik ortalama geliri 2.917,65 TL, Orta gelir diizeyi
grubunda vyer alan tiketicilerin aylik geliri ise
5.974,13 TL ve son olarak yiksek dizey gelir
grubunda bulunan tiketicilerin geliri ise 10.782,61
TL olarak belirlenmistir.

Calismada ayrica dlnya pazarlama literatirinde
yer bulan ve arastirmalarda genel olarak kullanilan
Cizelge 1. Faktor Analizi Veri Matrisi

¢ok degiskenli analiz tekniklerinden Faktér Analiz
Yoéntemi kullaniimistir. Faktér analizi, degiskenler
arasindaki karsilikli bagdimhligin sebebini ortaya
koymak diye ifade edilebilmektedir. Bu analizin
baglica varsayimlari, veri matrisinin analiz 6ncesi
kriter ve tahmin degiskenleri alt matrislerine
bolustiriimemesi ve degiskenler arasindaki iligkinin
dogrusal oldugu varsayimidir. Bu sebeple faktor
analizi tuketici davraniglari, tercihleri ve egilimleri
gibi davranigsal konular olmak Uzere g¢esitli
pazarlama sorunlarinda sik sik bagvurulan cok
degiskenli analiz teknigidir (Kurtulus, 1985; Akpinar,
2004; Kog, 2011, s.9). Faktor analizi veri matrisi
cizelge 1'de verilmigtir.

Variables

Case X1 X2 X3

1 X11 X12 X13
2 X21 X22 X23
3 X31 X32 X33
n an an Xn

Kaynak: (Ness, 2002)

Faktér analizinin matematiksel formili su sekilde
aciklanabilir (Ness, 2002).

X1:b11f1+b12f2+ ......... +b1kfk+u1

X1=by1f1+boafot... thyifrtu2
szbp1f1+bp2f2+ ......... +bpkfk+up
Bazi tanimlar;

f1= Genel faktérler (k'inci faktérin p'inci degiskeni
Olgmedeki 6nemi veya faktor aralign)

b= Faktor agirliklari (p'inci degisken ile K'inci
faktor arasindaki korelasyon derecesi)

U,= Unique faktori  (faktorler  tarafindan
aciklanamayan tim degigkenlerin kaynaklari)

Burada, aciklayici degiskenlerin kullanilan analiz
icin ne derece uygun oldugu Kaiser-Meyer-Oklin
(KMO) testi ile O&l¢ulmastir. KMO 6rnekleme
yeterliligi dl¢utu, gézlenen korelasyon katsayilarinin
bayuklagu ile kismi korelasyon katsayisinin
blyukligunu karsilastirmada kullanilan bir indekstir.
KMO degeri azaldikga, faktér analizi tekniginin
uygulanabilirliginin de azaldi§i sdylenebilir. Buna
gore KMO degerinin 0.90'larda olmasi ¢ok
muikemmel, 0.80’lerde iyi, 0.70’lerde orta, 0.60’larda
dislk, 0.50'lerde ¢ok koétli ve 0.50'nin altinda ise

kabul edilemez olarak degerlendiriimektedir
(Joseph, Hair, Rolph, Ronald ve William, 1992;
Emeksiz, Ozgicek, Ozdes Akbay, Usal ve Ozel,
2002; Akpinar, 2004). Faktér sayisina Kkarar
verilirken dikkate alinan baslica kriterler 6z deger
(eigenvalue), varyans ve scree testtir. Calismada
0z degeri 1’in Uzerinde olan faktérler segilmistir.

ARASTIRMA BULGULARI
Bal Tuketicilerinin Demografik Yapisi

TRB1 bdlgesinde bal tiketicilerinin  cinsiyet
durumuna bakildiginda batlin gruplarda erkeklerin
¢ogunlukta oldugu ve tuketicilerin 6nemli bir
kesiminin evli oldugu belirlenmistir. Tuketicilerin
egitim durumu incelendiginde, Universite ve
lisansustu mezunlarinin ylksek oranlara sahip
oldugu belirlenmistir. Buna goére gelir yukseldikge
Universite ve lisansUstl tuketicilerin  oraninda
yukseldigi  goérulmustar.  Ayni  sekilde  gelir
yukseldikce lise mezunlarinin orani giderek dustugu
hesaplanmistir.

Calismada tiketicilerin herhangi bir iste calisip
¢alismadigi da incelenmistir. Buna gore tiketicilerin
geliri artikga istihdam oranlari da artmistir. DUglk
gelir grubunda istihdam orani %53.9 olarak
bulunurken bu oran orta gelir grubunda %71,3 ve

134 Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (2): 130-147



ARASTIRMA MAKALESI / RESEARCH ARTICLE

yiksek gelir grubunda ise %93,5 gibi ylUksek
oranda hesaplanmistir. Genel ortalamaya goére issiz
tlketicilerin orani %23,7 olarak bulunmustur. Gelir
yukseldikge issizlik oranlarinin da giderek dustugu

tlketicilerin %19,1’i 6zel sektdr galisani iken, orta
ve yuksek gelir grubunda ise devlet memurlarinin
orani daha ylksek oldugu belirlenmistir. Bu oranlar
siraslyla; %32,2 ve %63 olarak hesaplanmistir

sOylenebilir. Dusuk gelir grubunda yer alan (Cizelge 2).
Cizelge 2. Bal Tuiketicilerinin Demografik Yapisi
Gelir Gruplari Genel
Disik% | Orta% | Yiksek % %
Cinsiyet
Erkek 67,2 74,1 65,2 69,5
Kadin 32,8 25,9 34,8 30,5
Medeni Durum
Evli 59,3 65,7 67,4 62,6
Bekar 38,7 315 30,4 35,1
Diger (Bosanmis ve esi 6imis) 2,0 2,8 2,2 2,3
Egitim Durumu
Okuryazar degil 15 0,0 0,0 0,8
Okur-yazar 2,9 0,7 0,0 1,8
ilkokul 12,7 1,4 0,0 7,1
ilkégretim/ortaokul 9,8 9,1 0,0 8,4
Lise 32,4 25,9 13,0 27,7
Meslek yiksekokulu 11,8 10,5 10,9 11,2
Universite ve lisansistii 28,9 52,4 76,1 43,0
istihdam Durumu
Evet 53,9 71,3 93,5 64,9
Hayir 46,1 28,7 6,5 35,1
Meslek Durumu
Kendi adina ¢alisan serbest meslek 3,4 5,6 8,7 4.8
erbabi
isyeri/imalathane/igyeri sahibi/tiiccar 15 7,0 4,3 3,8
Esnaf 9,3 10,5 4,3 9,2
Devlet memuru 9,8 32,2 63,0 24,2
Ozel sektor calisani 19,1 9,8 10,9 14,8
isci 9,3 4.9 2,2 6,9
Ciftci, balikgl, Pazarci 4,4 2,1 0,0 3,1
Calismiyor/issiz 29,4 21,7 473 23,7
Diger 13,7 6,3 2,2 9,7
Toplam 100.00 100.00 100.00 100.00
N 204 143 46 393
Bazi ortalama Degerler
Ortalama Yas (yil) 36,4 35,7 34,8 36,0
Ailenin Ortalama Geliri (TL) 2.917,64 5.974,12 10.782,60 4.950,38
Aile Buyukligua (Birey sayisi) 4,3 4,1 4,4 4,2

Tiiketicilerin Bal Tiiketim Ahskanliklar

Genel ortalamaya gore tiketicilerin %98,2’si balin
saglik igin faydall oldugunu ve yaklasik ayni
orandaki tlketicinin ise balin kendilerinde herhangi
bir alerjiye sebep olmadigini belirtmiglerdir. Butln
gruplarda tuketicilerin %50’den fazlasi bal tikettigini
belirtmistir. Gelir arttikga bal tikettigini belirten
tiketicilerin oranin da arttugr soylenebilir. Bal
tiketim sikhklar incelendiginde, genel ortalamaya
gore tuketicilerin %33,3’U her gun bal tikettiklerini
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belirtirken bu oran haftada 2-4 kez bal tiketen
tuketicilerin orani ise %33,6 olarak gerceklesmistir.
Haftada 2-4 kez bal tlketen tiketicilerin orani
disUk gelir diizeyinden yuksek gelir diizeyine dogru
gidilirken yukseldigi sdylenebilir. Buna gore dusik
gelir grubunda haftada 2-4 kez bal tiketen
tuketicilerin orani %31,9 iken, orta gelir grubunda
ise %32,9 ve son olarak yiksek gelir grubunda bu
oran %43,5 olarak gergeklesmistir (Cizelge 3).
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Cizelge 3. Tiiketicilerin Bal Tiuketiminde Tutumlar

Gelir Gruplari Genel
Diisik % | Orta % | Yiiksek % %
Bal saglik icin iyidir
Evet 97,1 100,0 97,8 98,2
Hayir 0,5 0,0 0,0 0,3
Kismen 25 0,0 2,2 15
Toplam 100,0 100,0 100,0 100,0
Bal alerjiniz var mi?
Evet 3,9 1,4 2,2 2,8
Hayir 96,1 98,6 97,8 97,2
Toplam 100,0 100,0 100,0 100,0
Ailede bal tiiketim durumu
Herkes tuketir 55,4 58,7 65,2 57,8
Bazisi tuketir 41,7 40,6 32,6 40,2
Higbiri 29 0,7 2,2 2,0
Toplam 100,0 100,0 100,0 100,0
Bal tiiketim sikhigi
Gunlik 30,4 38,5 30,4 33,3
Haftada 2-4 kez 31,9 32,9 43,5 33,6
Ayda 2-4 kez 25,0 19,6 19,6 22,4
Yilda 2-4 kez 6,4 5,6 2,2 5,6
Yilda bir veya Nadiren 4.4 3,5 4,3 4,1
Hic tiketmiyoruz 2,0 0,0 0,0 1,0
Toplam 100,0 100,0 100,0 100,0
Bir oturusta tiiketilen bal miktar
En fazla bir cay kasigdi 7,8 9,8 2,2 7,9
2 cay kasigi 26,5 23,1 21,7 24,7
3 cay kasigi 25,5 30,1 23,9 27,0
4 cay kasidi 9,8 4,9 13,0 8,4
5 cay kasigi 5,4 9,1 15,2 7,9
6 ve Ustl cay kasidi 25,0 23,1 23,9 24,1
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393
Tiiketicilerin Bal Satin Alma Tercihlerini etmiglerdir. Gelir artikga s6z konusu segenegi tercih

Belirleyen Faktorlerle ilgili Senaryolar

Tuketicilerin bal satin alma tercihlerini belirleyen
unsurlarla ilgili kartlar olugturulmustur. Her bir kart
farkli  bir senaryoyu tilketicinin  begenisine
sunmustur. Bu kartlardan birincisi yani birinci
senaryoda tuketiciler B segenegdini cogunlukla tercih

Gizelge 4. Bal Odeme istekliliginde Birinci Senaryo

eden tlketicilerin orani da ayni sekilde artmistir.
Birinci senaryo ile ilgili secenekler sekil 1'de
verilmistir. Buna gore tiketiciler, kg fiyati en az 100
TL olan, balin cografik mensei Turkiye'nin herhangi
bir bdlgesi olabilecedi ve organik bal dogal petek
olan, Uretim olarak dogal peyzaj gibi 6zellikler tercih
edilmistir (Cizelge 4; Sekil 1).

Gelir Gruplari Genel
Dusuk % Orta % Yuksek % %

Birinci Senaryo

A 37,3 294 30,4 33,6
B 47,5 57,3 60,9 52,7
C 12,7 8,4 4,3 10,2
D 25 4,9 4,3 3,6
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393
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(Karakovan) T ——
Uretim
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Sekil 1. Tiiketicilerin bal satin alma tercihlerin

Sunulan ikinci senaryoda, bal tuketicileri gogunlukla
ikinci kartin a sikkini tercih etmiglerdir. Duslk ve
Yuiksek gelirli tuketicilerin yer aldigi gruplarin
oranlari birbirine yakin iken, orta gelirli grupta yer
alan tuketicilerin A sikkini tercih oranlar disik
olarak hesaplanmistir. Dolayisiyla orta gelirli grupta
yer alan tlketiciler daha c¢ok ikinci senaryonun B

Gizelge 5. Bal Odeme istekliliginde ikinci Senaryo

i belirleyen birinci senaryo

sikkini tercih ettikleri séylenebilir. S6z konusu ikinci
Senaryoda tiketiciler, kilogram fiyati 40 TL olan,
cografi mense olarak Bingdl bali, petekli, dogal
petekli olmasi gerekmeyen, sabit ariciligin
yapilabildigi bir Uretim peyzaji tercih edilmistir
(Cizelge 5; Sekil 2).

Gelir Gruplar Genel
Dusik % Orta % Yiksek % %

ikinci Senaryo

A 47,5 38,5 47,8 44,3
B 32,4 42,7 32,6 36,1
C 17,2 154 15,2 16,3
D 2,9 3,5 4,3 3,3
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393

U.An D. - U.Bee J. 2022, 22 (2): 130-147

137



ARASTIRMA MAKALESIi / RESEARCH ARTICLE

Senaryo 2 A Secenegi B Secenegi C Secenegi D Secenegi

R — -
—

Fiyat
1 kg/TL

Cografik / 3 \
Mense : o
(Bahn Bingol
Cografik <
Kokeni)

{ Tﬁrkiye,nin Bunlardan
Diger
Bolgeleri

Baln Petek Bal Dogal Petekli Siizme Bal

. hi
Kristallesmesi § ('Yary kat1 bal) Bal (Akiskan) .
Dogal Petekli @

Bal 4 biri
(Karakovan) S — RO RGANI KA

f'retﬂim pevzaj
Ozeligi
(Uretim Yeri)

Ederim

(Sadece bir kutu D

se¢in)

Sekil 2. Tiiketicilerin bal satin alma tercihlerini belirleyen ikinci senaryo
Genel ortalamaya gore tiketicilerin %65,1’i Gglincu fiyatt 100 TL olan, cografik mense olarak Bingdl'e
senaryo igin sunulan kartin B sikkini tercih ettiklerini ait olan, dogal petekli ve organik kara kovan
ifade etmiglerdir. Yiksek gelir grubundan disik Ozelliklerine sahip, Uretim vyeri olarak doga
gelir grubuna dogru gidildikce senaryonun B sikkini manzarali Uretim vyerlerinin oldugu bal tercih
tercih eden tiiketicilerin orani da artmistir. Uglincii edilmistir (Cizelge 6; Sekil 3).
Senaryonun B sikki incelendiginde, bal tuketicileri
Gizelge 6. Bal Odeme istekliliginde Ugiincii Senaryo

Gelir Gruplari Genel
Dislk % Orta % Yiksek % %

Ugiincii Senaryo
A 17,6 23,8 28,3 21,1
B 67,2 62,9 63,0 65,1
C 13,2 12,6 4,3 12,0
D 2,0 0,7 4,3 1,8
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393
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Senaryo 3 A Secenegi B Secenegi C Secenegi D Secenegi
Fi"vat
1 kg/TL
Cografik F 4 \
Mense Tii = O Bunlardan
; iirkiye’nin
(Balin K _y
Cografik Diger
Kékeni) Bélgeleri
Petek Bal
Baln (Yar1 kat1 bal) Dogal Petekli Siizme Bal -
Kristallesmesi Bal (Ak1§kan) ¢
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Dogal Petekli — A
Bal biri
(Karakovan)
f'retim pevzaj 3
. Ozeligi .
(Uretim Yeri) =
Tercih
Ederim
(Sadece bir kutu D D D D
secin)

Sekil 3. Tiiketicilerin bal satin alma tercihlerini belirleyen Ugiincii senaryo

Dérdlincl senaryo gore tiketiciler A sikki ile B sikki
arasinda kararsiz kalmiglardir. Bu iki stk hemen
hemen esit oranda tercih edilmislerdir. Genel
ortalamaya goére A sikkini tercih eden tuketicilerin
orani %35,1 olarak gergeklesirken, bu oran B
stkkinda %35,4 olarak hesaplanmistir. A sikkinin
Ozelikleri incelendiginde, kilogram fiyati 40 TL olan
balin cografik mensei Turkiye'nin diger bolgeleri
olan, petekli ancak dogal petegin aranmadigi,
yogun kolonin oldugu ortamda Uretilen bal tercih
edilmistir. B sikkini tercih eden tiketiciler ise,
kilogram fiyati 100 TL olan, diger Ulkelerde Uretilmis

Cizelge 7. Bal Odeme istekliliginde Dérdiincii Senaryo

ancak dogal petekli ve organik kara kovan olan,
dogal peyzajda uretimi gergeklestirilen bali tercih
ettiklerini ifade etmislerdir. Konu gelir gruplari
acisindan incelendiginde, ylksek gelir grubunda
yer alan tiketicilerin %43,5’i A sikkini gogunlukla
tercih ederken, orta gelir grubunda yer alan
tuketiciler ise %39,2 oraninda B sikkini daha c¢ok
tercih ettikleri belirlenmistir. Dusuk gelir grubunda
yer alan tuketiciler ise A ve B siklarini birbirine
yakin oranlarda tercih etmiglerdir (Cizelge 7; Sekil
4).

Gelir Gruplar Genel
Disuk % Orta % Yiksek % %

Dordiincii Senaryo

A 32,8 35,7 43,5 35,1
B 33,8 39,2 30,4 35,4
C 29,9 20,3 21,7 254
D 3,4 4,9 4,3 4,1
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393
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Senarvo 4 A Secenegi

B Secenegi C Secenegi D Secenegi
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v [}
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Cografik Dlgel' B
Kokeni) Bolgeleri
Balin Petek Bal Dogal Petekli Siizme Bal

Bal (Akiskan)

—_—| S| |
DRGANIK

hic

Sekil 4. Tiiketicilerin bal satin alma tercihlerini belirleyen Dordiincii senaryo

Genel ortalamaya gore bal tiketicilerinin %63,1’i
besinci senaryonun B sikkini tercih etmiglerdir.
Dusuk ve orta gelir gruplarinda B sikkini tercih
eden tlketicilerin orani hemen hemen ayni iken,
yuksek gelir grubunda ise diger iki gruba gore daha
yuksek oranda gerceklesmistir (%67,4). Buna gore
tercih edilen B sikkinin 6zellikleri incelendiginde

Gizelge 8. Bal Odeme istekliliginde Besinci Senaryo

tuketicilerin tercih etmek istedikleri bal turd ve
Ozelliklerine ulasiimaktadir. Tuketiciler kilogram
fiyati 100 TL, cografik mensei Bingdl, dogal petek,
organik kara kovan ve uretim yeri olarak da dogal
peyzajin tercih edildigi bir bali tercih etmiglerdir
(Cizelge 8; Sekil 5).
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Gelir Gruplari Genel
Dustk % Orta % Yiksek % %

Besinci Senaryo

A 9,8 11,9 10,9 10,7
B 62,7 62,2 67,4 63,1
C 255 23,1 15,2 23,4
D 2,0 2,8 6,5 2,8
Toplam 100,0 100,0 100,0 100,0
N 204 143 46 393
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Senaryo 5 A Secenegi B Secenegi C Secenegi D Secenegi
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— i G = ——
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- . ic
Kristallesmesi ar1 kat1 bal) Bal (Akiskan)
KARA KOVAN
Dogal Petekli
Bal Ve biri
(Karakovan) C———
(t'retim peyzaj
. Ozeligi
(Uretim Yeri) @
Tercih
Ederim
(Sadece bir kutu
secin) D D D D

Sekil 5. Tiiketicilerin bal satin alma tercihlerini belirleyen Besinci senaryo

Genel ortalamaya gore tiketicilerin %57,3’'0 altinci
senaryonun B gsikkini tercih etmiglerdir. Konu
gruplar bazinda incelendiginde, tlketiciler duguk

artmistir. Buna goére tuketicilerin istedigi balin
Ozelliklerine bakildiginda, fiyatt 100 TL, cografik
mensei Tirkiye'nin diger bolgeleri, dogal petekli,

gelir grubundan yiksek gelir grubuna dogru organik kara kovan gibi 6zelliklerin 6n plana ¢iktigi
gidildikce B sikkini tercih oranlari ayni sekilde soylenebilir (Cizelge 9; Sekil 6).
Cizelge 9. Bal Odeme istekliliginde Altinci Senaryo
Gelir Gruplari Genel
Dusuk % Orta % Yuksek % %

Altinci Senaryo

A 8,8 11,2 10,9 9,9

B 53,4 60,1 65,2 57,3

C 34,3 25,2 17,4 29,0

D 3,4 3,5 6,5 3,8

Toplam 100,0 100,0 100,0 100,0

N 204 143 46 393
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secin)

—

Senaryo 6 A Secenegi B Secenegi C Secenegi D Secenegi
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(Baln S B Bingol
Cografik Dlgel = i
Kokeni) Bolgeleri
_Balm Petek Bal Dogal Petekli Siizme Bal hic
Kristallesmesi § ('Y ar1 kat1 bal) Bal (Akiskan)
Dogal Petekli
Bal = = biri
(Karakovan) T C—— -
f'l‘et_.im peyzaj
. Ozeligi . -
(Uretim Yeri) 2 @
Tercih
Ederim
(Sadece bir kutu D D D

Sekil 6. Tiiketicilerin bal satin alma tercihlerini belirleyen altinci senaryo

Yerel Bal Tiiketimini Etkileyen Faktoérler

Calismada bal tlketiminde ek ddeme istekliliginde
etkili olan faktorlerin ortaya konulmasinda ¢ok
degiskenli analiz tekniklerinden olan faktér analizi
kullaniimistir.

Birinci adimda, Principal Compenent Analysis ile
uygun faktor sayisi bulunmustur. TRB1 bdlgesinde
tuketicilerin bal tuketiminde ek o6deme istekligi
Uzerinde etkili olan degisken sayisi 24’ten 6 faktore
dusUrtlmastar.

ikinci adimda, belirlenen 6 faktérin  hangi
degiskenlerden meydana geldigi konusunda
Rotation Method Varimax  With Kaiser

Normalization ¢6zim teknidi kullaniimigtir. Elde
edilen sonuglara goére faktér yikd 0,50’nin tzerinde
olan degiskenler dikkate alinmigtir.

Son olarak elde edilen sonuglar yorumlanmigtir.
Buna goére aciklayici degiskenlerin analiz igin
uygunlugu Kaiser Meyer Olkin (KMO) testi ile
Olculmustir. KMO test degeri 0,864 olarak
bulunmasi degiskenlerin faktér analizi icin uygun
oldugunu gostermistir.

Faktor analiz sonuglarina goére, bal icin ek 6deme
istekliligi uzerinde etkili olan degiskenler 6 faktorde

toplanmis ve bu alti faktérin toplami, toplam
varyansin %63,90’'nini agikladigi sdylenebilir.

Olusturulan  altt  faktér

tanimlanmistir;

asagidaki  sekilde

Faktor 1: Yerel balin gtvenirligi

Faktor 2: Yerel balin yerel ekonomiye ve cevreye
katkisi

Faktor 3: Yerel balin sifa kaynagi olmasi
Faktor 4: Yerel bal ek ddeme istekliligi

Faktor 5: Turkiye’de gida glvenirligi kapsaminda
bal piyasasi

Faktor 6: Pazarlama kanallari ve Uriin glvenirligi

Birinci  faktér “yerel balin glvenirligi” olarak
tanimlanmigtir. Bu faktér kapsaminda incelenen
degiskenler arasinda yerel balin lezzetli olmasi,
yerel balin ithal ballara gbére daha kaliteli olmasi,
yerel balin daha az gekerli olmasi, yerel balin
Turkiye’nin diger bolgelerinde Uretilen ballara goére
besin degeri acisindan daha zengin olmasi, yerel
balin daha saglikh olmasi ve yerel balin kimi
alerjilere iyi gelmesi olarak siralanabilir. Bu faktor
toplam varyansin %29,75’ini agiklamaktadr.
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Tulketicilerin yerele ait olan bir gida Urdndnd
benimsemesi anlamlidir. CUnkd gida teknolojisinin
giderek gelismesi, ticaretin yayginlasmasi ile birlikte
olusan talebe vyerel Uurlnlerin sunulmasi, drun
cesitliliginin giderek artmasiyla birlikte kalitesiz,
katkil ve genetigi dedistiriimis gidalarin insan
saghgi Uzerinde tehdit olusturmasini beraberinde
getirmistir. Gida guivenligi bilincinde olan tiketiciler
icin bu durum gergekten kaygi duyulmasi gereken
bir durum oldugu sdylenebilir. Artan bu endiseler
tlketicilerin bolgesel veya yoresel gida Urlnlerine
olan talebini artirmistir (Toklu, 2016; Teuber, 2011).

Ikinci faktér “Yerel balin yerel ekonomiye ve
cevreye katkisi” olarak tanimlanmistir. Bu faktor
kapsaminda incelenen degdiskenler arasinda, yerel
ar1 kolonilerinin bitki ve Urlnlerin tozlagmalarina
yardimci olma, yerel balin tiketiimesi ile aricilik
isletmelerinin desteklenmesi yoluyla  yerel
ekonomiye katki saglama, yerel bal satin almak ve
yerel ekonominin desteklenmesi, ariciligin ¢evreye
pozitif dissalllk sagdlamasi gibi degdiskenleri
kapsamaktadir.

Tulketiciler yerel kalkinmanin  ydresel gida
drtinlerinin pazarinin olusturulmasi ile
saglanabilecegi goérisinde olduklari soéylenebilir.
Cunku geleneksel gidalar veya diger adiyla yerel
gidalar, Uretildigi bdlgenin tanitimasinda ve
kalkinmasinda ©6nemli bulunmaktadir. GUnimiz
dinyasinda kirsal kalkinma ve yerel kalkinma
geleneksel Urlnlerin markalastirilarak Uretilmesi ile
yatirim olanaklari yaratilabilmektedir (Kog¢ ve ark.,
2012). Cografi isaretleme ile korunan gida urdnleri
yoredeki Ureticiye ve yoOrenin ekonomisine destek
sagladiginda, cografi isaretlemenin olusturdugu bu
deger tuketicilerin de bu tdr dranlere yoénelik
tutumunu da olumlu yénde etkileyecegi sdylenebilir
(Toklu, 2016; Teuber 2011). Cinkl hukuken
korunan bir drin olacagindan tuketiciler nezdinde
glven verici bir gida riinG olacaktir (Toklu, 2016).
Dolayisiyla, cografi isaretli bal ve tirevi Urlnler
dogru konumlandirilip ve slrecin surdurilebilirligi
saglanirsa bdlgesel olarak daha genis bir tabana
sahip olacak ve kirsal kalkinmada basar
saglayabilir (Toklu, 2016; Giovannucci ve ark.,
2009). Bu anlamda cografi isaretleme bir arag
olabilir (Aprile vd. 2012).

Ugiincii faktér “Yerel balin sifa kaynag olmasi”
olarak ifade edilmigtir. Bu faktér kapsaminda, yerel
bal tedavi araci olarak kullaniimasi, yerel balin iyi
bir enerji saglayici olmasi ve tiketicilerin yerel bal
cogunlukla bir besin kaynagi olarak tiketmeleri gibi

U.An D. - U.Bee J. 2022, 22 (2): 130-147

degiskenler incelenmistir. Bal, sagliga yararli birden
fazla  biyoaktif besin  bilegenini  barindiran
fonksiyonel bir gidadir. Bilesiminde, bitki nektari
kaynakl vitamin, karbonhidrat, aminoasit, fenolik ve
organik asit bilesikleri barindirmaktadir. Bunun yani
sira  balin  antioksidan, antimikrobiyal ve
antikarsinojen etkileri de g¢esitli calismalarla
kanitlanmistir (Mutlu ve ark., 2017). Dolayisiyla
balin insan sagligi Gzerindeki etkileri tarih boyunca
bilindigi sdylenebilir. Bal ve yan gidalarin, baldan
Uretilen yeni Urtnlerin Uretilmesi toplum saghgina
fazla katkida bulunulabilecegi dugtnulmektedir.

Dérdiinci faktér “Yerel bal ek Oddeme istekliligi”
olarak tanimlanmistir. Bu kapsamada incelenen
degiskenler arasinda, dogal bali normal baldan
daha yiiksek bir fiyata satin alma, Bingdl balinin
dogal olduguna inanildigindan acgik artirmada
yuksek teklif verme ve yerel balin mevcut
durumdaki  kalitesinden memnun olma gibi
degiskenler siralanabilir. Tiketicilerin yerel bal ile
ilgili olarak olumlu algilara sahip olduklarinda ek
O0deme istegine sahip olacaklari soylenebilir. S6z
konusu olumlu algilar balin kalitesi, guvenilir
olmasi, dogal olusu ve dolayisiyla sagliga yararli
olmasi, fiyat acgisindan bal piyasasinin istikrarli
olmasi burada tlketiciyi kaygilandiracak bir
durumun olmamasi gibi unsurlar olarak siralanabilir.
Batdn bunlarla birlikte aslinda bal piyasasina hukuki
glivence getirecek olan ve fiyat agisindan tiiketiciyi
koruyacak ve glven verecek olan sistem balin
cografi isaretlemesinin  yapilmasidir.  Cografi
isaretleme sistemi ile birlikte tiketicilerin daha fazla
ek 6deme istekliligine sahip olacaklari sdylenebilir.
Dolayisiyla tiiketicilerde daha fazla 6deme egilimini
etkileyen wunsurlar "farkindalik, kalite, essizlik,
sosyal imaj, mensei ve kurumsal sosyal
sorumluluk” olmak siralanabilir (Toklu, 2016;
Anselmsson vd. 2014).

Beginci  faktér  “Turkiye’de gida  glvenirligi
kapsaminda bal piyasasI” olarak tanimlanmistir. Bu
faktor kapsamina, Turkiye'de bal piyasasinda gida
guvenligi acisindan risklerin olmasi ve bal
piyasasinin diger gida piyasalarindan daha fazla
risk tasidiginin  disunulmesi  gibi  degiskenler
girmektedir. Yazili ve gorsel medyada ve tarm
bakanliginin gida denetimlerini siklagtirmasi ve
bunlari  paylasmasi sonucu tuketicilerin gida
glvenligi ve 6zelde bal igerigi konusunda ¢ok daha
hassas olduklari  séylenebilir.  Ozellikle bal
piyasasinda arilara seker serbeti yediriimesi ve
arilarin bunu bala dénustirmesi veya dogrudan bu
serbetin bala karigtirilmasin yoluyla sahte ballarin
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piyasada ucuza satilmasi, gergek bal Ureticilerini
zor durumda birakilmasi sonucunu dogurdugu

gelen balin giftci pazarlarindan gelen baldan daha
iyi oldugunun duisinulmesi” olarak belirlenmistir.

soylenebilir. Buradaki temel anlayis buylk perakendecilerde
Altincl faktdr  “Pazarlama  kanallart  ve Uriin satilan ballarin bir marka adi altinda pazara
givenirligi’ olarak belirtimistr. Bu kapsamda ~ Sunulmasi ve bu blyuk - markalarin - surekli
incelenen degisken “Blyiik perakendecilerden denetimde olduklari dsuncesidir.
Cizelge 10. Faktor Analiz Sonuglari (Rotasyon C6ziimlii)
F1 F2 F3 F4 F5 F6 Ortaklik
Communalites
h2
Yerel bal daha lezzetlidir 0,780 0,685
Yerel bal Turkiye’nin diger | 0,739 0,594
bélgelerindekinden daha kalitelidir
Yerel bal ithal baldan daha kalitelidir 0,678 0,631
Yerel bal diger bal tlrlerine gbére daha az | 0,649 0,508
sekerlidir
Yerel bal diger tur ballara gore vitamin, | 0,645 0,654
besin ve mineral acisindan daha zengindir.
Yerel bal diger bolgelerdeki ballara goére | 0,588 0,663
daha saglikhdir
Yerel bal alerjinin dniine gecer ve kigiyi yerel | 0,529 0,531
polenlerle duyarli hale getirir
Yerel ari kolonileri, yerel bitki ve urinlerin 0,764 0,617
tozlasmasina yardimci olur
Yerel bal satin almak yerel isletmeleri ve 0,708 0,558
ekonomiyi destekler
Yerel bal uretimi, yerel halk i¢in cevresel 0,677 0,630
acidan faydalidir
Yerel bal, yerel bitki florasiyla 0,549 0,564
etiketlenmelidir
Yerel baln etiketlenmesini gelistirmek, gida 0,545 0,513
glvenligini saglamak agisindan kritik Gneme
sahiptir
Yerel bal bir tedavi araci olarak kullanilir 0,790 0,739
Yerel bal iyi bir enerji saglayicidir 0,737 0,707
Ben cogunlukla yerel bali bir besin maddesi 0,686 0,635
olarak kullaniyorum
Dogal bali (karakovan) normal baldan daha 0,740 0,711
yuksek bir fiyata almaya hazirm
Bingdl balinin dogal olduguna inandigim icin 0,614 0,607
aclk artirmada Bingdl bali igin ylksek teklif
veririm
Yerel bal (Ureticilerinin Urettigi balin su 0,593 0,527
andaki kalitesinden memnunum
Tarkiye bal piyasasinda buylk glvenlik 0,835 0,742
risklerinin olduguna inaniyorum
Bal piyasasinin diger gida piyasalarindan 0,835 0,750
daha fazla risk tagidigini digtindyorum
Blyuk perakendecilerden gelen balin 0,915 0,852
ciftcilerin pazarlarindan gelen baldan daha
iyi oldugunu dusuniyorum.
Ozdeger (eigenvalues) 6,24 2,02 1,60 1,28 1,17 1,07
Varyans 29,75 | 9,65 | 7,64 6,13 558 | 512
Kimdlatif varyans 29,75 | 39,41 | 47,05 | 53,18 | 58,77 | 63,90
KMO degeri 0,864
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TARTISMA

Bu calisma ile elde edilen dnemli sonuglarindan biri
de tuketici algilamasinda yerel ve ulusal dizeydeki
organik balin dogal olmasi nedeniyle gida glivenligi
acisindan diger ballara gore daha ¢ok tercih edildigi
belirlenmistir. Ayrica tlketicilerin egitim ve gelir
dizeyleri artikga yerel dogal bali tercih etme
oranlari artmistir Yapilan benzer bir galismada,
Artvin balinin tuketicilerin cografi isaretli Artvin bali
algisini ve bu isarete sahip Artvin ball icin daha
fazla ek &deme egilimine sahip olduklari
belirlenmistir (Toklu, 2016). Tokat ilinde yapilan bir
calismada, tuketicilerin organik ve dogal bala ek
O6demeye isteklilik orani %40 civarinda oldugu
belirlenmistir. Egitim dlzeyi yukseldikce ek 6deme
istekliliginde artigi belirlenmigtir (Onurlubas, 2015).
Yapilan bir baska calismada, tlketicilerin
%67,9’'unun cicek balini tercih etmesi yerel bal igin
onemli oldugu soylenebilir (Coskun, 2019).
“Glneydogu Anadolu’da Aricilik Faaliyetlerinin ve
Bal Tuketim Aligkanliklarinin Belirlenmesi” isimli
c¢alismada Tuketiciler bal satin alirken en ¢ok balin
fiyatina, markasina, ambalajin cam kavanoz olup
olmamasina dikkat ettikleri belirlenmistir.
Tuketicilerin %70.6’s1 ise, organik bal icin normal
bala gore fiyat farki verebileceklerini belirtmiglerdir.
Ancak tiketicilerin yarisindan fazlasi (%56.6’s1)
sahte ballarin  bal tlketim  davraniglarini
etkilemeyecegini ifade etmislerdir (Karahan ve
Ozbakir, 2020). Tokat ilinde yapilan diger bir bal
tuketim c¢alismasinda, tlketicilerin ambalaja énem
verdikleri ve genel cam kavanoz tercihinde
bulunduklari belirlenmistir. Tlketiciler ayrica blyik
oranda sizme bal tercih ettikleri ve genelde kig
aylarinda tikettiklerini ifade etmiglerdir. Hane halki
basina yillik sizme bal tiketimi 9.43 kg iken bu
miktar petekli bal icin 10.50 kg olarak
hesaplanmistir (Sayili, 2013). Turkiye'de Ari
Uriinlerinin Bazi illerdeki Tiiketim Aliskanliklarinin
ve Farkindalik Duzeylerinin Belirlenmesi adl
calisma ise, tiketicilerin %39,6si1 aylik olarak 0-500
gram arasinda bal tdkettigi  belirlenmistir.
Tuketicilerin %51,2 si bali tanidik aricilardan satin
alirken bu oran market ve Pazar igin %41 olarak
gerceklesmistir. Tlketicilerin %45,8 i balin kalitesini
anlayabildigini belirtmiglerdir. Bal Markasina dikkat
eden tlketicilerin orani ise oldukga yuUksek
gerceklesmistir (%52,7).

Sonug ve Oneriler

Sehirlesmeyle birlikte kentsel nifusu beslemek igin
tarimsal Uretimde de daha fazla makine, kimyevi
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glibre ve ilag gibi  girdilerin  kullanimi
yayginlagmistir. Bunun sonucunda tarimsal dretim
artmis ancak tarimsal Uretimi daha da artirmak
maliyetleri  minimize etmek icin  Genetigi
Degistirilmis  Organizmalarin ~ (GDO)  Uretimi
teknolojisi gelismis ve bugln sofralarda yenilen
piring ve misir basta olmak (zere gittikce
yayginlastigi soylenebilir. Uretilen gida uriinlerinin
Onemli bir kismi katma degeri artirimak Uzere
paketlenerek son tuketiciye ulastiriimaktadir.
Paketlenen gida drlnlerinin énemli bir kismi raf
Omrinl uzatmak igin bir takim isil islemlerden
gecen islenmis tlketime hazir  Urdnlerdir.
Tulketicilere guven vermek icin paketlenmis
gidalarin Uzerinde” el degmeden paketlenmistir”
slogani higbir zaman ihmal edilmemistir. Ancak
insanlarin egitim ve gelir dizeylerinin giderek
yukselmesi  beraberinde sagllk ve gidalar
konusunda farkindalik yaratmistir. Giderek sayilari
artan bilingli  tuketici dlzeyiyle birlikte gida
etiketlerinin okur-yazarliginin da arttigi séylenebilir.

Son yillarda tiketiciler entegre blylk tarimsal
isletmelerin Urettidi gida Grunlerini tiketmek yerine
klguk aile isletmelerinin Urettidi ve insan elinin daha
fazla degdigi Urlnleri daha saglikh bulduklari ve bu
tir gida drdnleri icin ek 6deme istekliliginde
bulunduklar sdylenebilir. Bu alanda ¢alisan bir¢ok
bilim insani, yerel kalkinmanin yerel (drunlerin
tanitiminin yapilmasi ve pazarlanabilir gida trtnleri
haline getiriimesi ile mUmkin olabilecegi ile ilgili
calismalar yapmistir.

Bu calismada TRB1 Boélgesinde yerel bal 6édeme
istekliligi  Gzerinde  durulmustur. Buna gobre
tuketicilerin ek 6deme istekliliklerini ortaya koymak
lizere 6 farkli senaryo sunulmustur. ikinci senaryo
haric b0tin senaryolarda tiketiciler dogal ve
organik bal isteklerini ifade etmiglerdir. S6z konusu
bu senaryolarin ikisinde tuketicilerin yerel dogal bal
ve Ozellikle Bingdl balini tercih ettiklerini ifade
ettikleri sOylenebilir. Geriye kalan ¢ senaryoda ise
tlketiciler dogal organik olmak kaydiyla Tirkiye'nin
her hangi bir bélgesinin balini tercih edebileceklerini
belirtmiglerdir. Dogal ve organik bal isteyen
tiketicilerin  egitim duzeyleri gelir duzeyleriyle
paralel sekilde artis gosterdigi soylenebilir.

Yerel bal icin tlketicilerin ek 6deme istekliligini
etkileyen  faktdrlerin  ortaya  konulmasi  bu
galismanin diger bir 6nemli sonucu oldugu
soylenebilir. Buna goére tlketicilerin yerel balin
glvenirligi konusunda endiseli olduklari, yerel bal
piyasasinin gida guvenligi kapsaminda s6z konusu
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endigeleri giderecek sekilde yapilanmasi ve yerel
balin bir sifa kaynagi olmasi gerektigi konusunda
gorus birligi icinde olduklari sdylenebilir. Bununla
birlikte yerel balin yerel ekonominin gelismesinde
ve cevrenin korunmasinda aricilik faaliyetlerinin
onemli oldugu gorisiinde olduklari ifade edilebilir.

Bu calisma kapsaminda karar alicilar igin, yerel
balin yukarida belirtilen fonksiyonlarini yerine
getirebilmesi i¢in cografi isaretlemenin son derece
Onemli oldugu ve bunun yerel bal piyasasini yasal
olarak dizene sokacagi soylenebilir.

Mali Kaynak: Bu calisma igin mali kaynak Bingdl
Universitesi Bilimsel Arastirma Projeleri
Koordinasyon Birimi tarafindan saglanmistir.
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oz

Bu calismada; bitki gesitliliginin oldukga fazla oldugu Tokat ili ve ilgelerinden temin edilen ballarin
baz fiziksel ve kimyasal oOzellikleri belirlenmistir. 2019 ve 2020 yillarinda 12 ilgeden temin edilen
(toplam 24 adet) gigcek bali 6rneklerinin Tiirk Standartlari (TS) 3036 Bal Standardi ve uluslararasi
standartlarda kabul gormiis analiz metotlar ile yapilan bazi fizikokimyasal, pestisit ve mineral
analizleri sonuglarinin Tirk Gida Kodeksi (TGK) Bal Tebligi’ne (2020/7) uygunluklari incelenmistir.
Bal 6rneklerinde nem miktari %13,0-20,0; serbest asitlik 26+0,12-48+0,16 meq/kg; elektriksel iletkenlik
0,33-0,86 mS/cm; Hidroksimetilfurfural (HMF) miktari 0,05-8,69 mg/kg; prolin degeri 422,56-1222,56
mg/kg; diastaz sayisi 0,0-10,9; protein ve ham bal A13 C farki-0.84-1.23; C4 seker orani %0,0-5,26;
sakkaroz miktan %0,30-1,96; friiktoz+glikoz miktari %62,54-76,67; friiktoz/glikoz orani 0,98-2,62 olarak
belirlenmistir. Bal orneklerinde toplam {i¢ numunede pestisit tespit edilmistir. Bunlar
triamenol+triadimefon, metrafenone, cypermethrin, boscalid, deltamethrin, kresoxim methyl olup ii¢
ornekte sinir degerleri asilmis olup, diger érneklerde ise limit degerleri araligindadir. Ballarin mineral
icerikleri (mg/kg); ¢inko (Zn) 0,0-24,306; nikel (Ni) 0,0-2,906; krom (Cr) 0,0- 3,850; mangan (Mn) 0,0-
4,660; bakir (Cu) 0,0-17,099; kursun (Pb) igerigi 0,314-2,729 araliginda tespit edilmistir. Orneklerin
toplam fenolik madde miktarlann 254,14-776,94 ug GAE/g bal; serbest radikali giderme aktivitesi
129,47-587,37 ug TE/g bal; katyon radikali giderme aktivitesi 93,33-1187,78 ug TE/g bal
araliklarindadir.

Anahtar Kelimeler: Antioksidan, Pestisit, Cicek Bali, Diastaz, HMF

ABSTRACT

In this study; some physical and chemical properties of honey taken from the districts of Tokat
province, where plant diversity is quite high, were determined. Results of some physicochemical,
pesticide, and mineral analyses conducted with Turkish Standards (TS) 3036 Honey Standard and
internationally accepted analysis methods of flower honey samples (24 in total) obtained from 12
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districts in 2019 and 2020 Turkish Food Codex (TGK) Honey Communiqué (2020/7) has been
investigated for compliance. Moisture content in honey samples is 13.0-20%; total acidity 26+0.12-
48+0.16 meq/kg; electrical conductivity 0.33-0.86 mS/cm; the amount of hydroxymethylfurfural (HMF)
0.05-8.69 mg/kg; proline value 422.56-1222.56 mg/kg; diastase number 0.0-10.9; protein and raw
honey A13 C difference -0.84-1.23; C4 sugar content 0.0-5.26%; amount of sucrose 0.30-1.96%;
fructose+glucose amount 62.54-76.67%; fructose/glucose ratio was determined as 0.98-2.62.
Pesticides were detected in a total of three samples in honey samples. These are
triamenol+triadimefon, metrafenone, cypermethrin, boscalid, deltamethrin, and kresoxim methyl. In
three samples, the limit values are exceeded, and in the other samples, the limit values are in the
range. Mineral content of honey (in mg/kg); zinc (Zn) 0.0-24.306; nickel (Ni) 0.0-2.906; chromium (Cr)
0.0-3.850; manganese (Mn) 0.0-4.660; copper (Cu) 0.0-17.099; lead (Pb) content was determined in the
range of 0.314-2.729. The total phenolic content of the samples was 254.14-776.94 ug GAE/g honey;
free radical scavenging activity was 129.47-587.37 ug TE/g honey; cation radical scavenging activity
was in the range of 93.33-1187.78 ug TE/g honey.

Keywords: Antioxidant, Pesticides, Flower Honey, Diastase, HMF

EXTENDED ABSTRACT

Aim: Honey production in Tokat province becomes
more important over time. The abundance of plant
diversity of the region increases the importance and
quality of Tokat honey. The richness of its content
and the difficulty of its production increase the
importance and price of honey. Tokat has an
important place in honey production due to its
climate and endemic plants.

In this study, it is aimed to determine some physical
and chemical properties of Tokat province honey,
which has a very suitable climate and vegetation for
beekeeping activities, to contribute to increasing its
recognition in the national and international market,
and to determine their compliance with the Turkish
Food Codex (2020/7) Honey Communiqué.

Material and Method: In this study, flower honey
samples (24 samples) produced in the center and
districts of Tokat in 2019 and 2020 and supplied
from 12 districts by Tokat Beekeepers Association
was used as a material. The samples compliance of
the physicochemical, pesticide and mineral analysis
results has been checked with the Turkish Food
Codex (TGK) Honey Communiqué (2020/7) by the
Turkish Standards (TS) 3036 Honey Standard and
internationally accepted analysis methods. For this
purpose, moisture, sugar composition, proline,
diastase number, HMF, electrical conductivity,
mineral content, pesticide and residue content, total
phenolic compound content and antioxidant
capacity analyzes of flower honeys were made.

Results: Moisture content (13.0-20.0%), total
acidity  (26+0.12-48+0.16 meg/kg), electrical
conductivity (0.33-0.86 mS/cm),
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hydroxymethylfurfural (HMF) (0.05-8.69 mag/kg),
proline value (422.56-1222.56 mg/kg), diastase
number (0.0-10.9) difference of protein and raw
honey A13 C (-0.90-1.23), C4 sugar content (0.0-
5.26%) amount of sucrose (0.30-1.96%), amount of
fructose+glucose (62.53-76.66%), fructose/glucose
ratio (0.97-2.61) in honey samples were
determined. Pesticide was detected in three honey
samples. These were triamenol+triadimefon,
cypermethrin, boscalid, deltamethrin, and kresoxim
methyl. In three samples, the limit values were
exceeded, and in the rest of samples samples, the
limit values were within the range. Mineral content
of honeys were determined in terms of mg/kg. Zinc
(0.000-24.306), nickel (0.000-2.906), chromium
(0.000-3.850), manganese (0.000-4.660), copper
(0.000-17.099), lead (0.314-2.729) were detected.
The total phenolic compound (254.14-776.94 ug
GAE/g honey), free radical scavenging activity
(129.47-587.37 ug TE/g honey), cation radical
scavenging activity (93.33-1187.78 ug TE/g honey)
were determined.

Conclusion: As a result of this study, honeys
which are examined in Tokat province, were found
to be suitable for the TGK Honey Communiqué in
terms of many characteristics. All of the honey
samples examined were found to be in compliance
with the legislation in terms of carbon isotope ratio,
sucrose amount, fructose+glucose amount. The
fructose/glucose ratio exceeded the limit values in
six samples. In other analyzes such as HMF,
moisture, free acidity, proline amount were found in
accordance with TGK Honey Communiqué in all
samples. Diastase number was determined at low
values in seventeen samples and remained below
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the limits specified in the TGK Honey Communiqué.
When the pesticide and residue amounts were
examined, six pesticides were detected in only two
samples and one pesticide was detected in one
sample. It has been determined that the determined
values are mostly above the European Union
pesticide and residue legislation limits. In addition, it
is thought that the study made an important
contribution to the literature in terms of determining
the properties of honey produced in Tokat province.

GiRIiS

Bal, icerdigi degerli besin 6gelerinden dolayi
insanlar igin dnemli bir gidadir. Tirk Gida Kodeksi
(TGK) Bal Tebligi'ne gore bal; “bitki nektarlarinin,
bitkilerin canli  kisimlarinin  salgilarinin  veya
bitkilerin canli kisimlari Gzerinde yasayan bitki emici
bdceklerin salgilarinin bal arisi (Apis mellifera)
tarafindan toplandiktan sonra kendine 06zgi
maddelerle birlestirerek degisiklige ugrattigi, su
icerigini  dusurdigld ve petekte depolayarak
olgunlastirdidi, dodasi geregi kristallesebilen dogal
bir Grindar” (Tarim ve Orman Bakanligi 2020).

islem gérmeden dogal olarak dretilen ve tatlandirici
madde olarak kullanilabilen bal, yapisal olarak en
karmasik gida maddelerinden biridir (Kalafat Kul
2020, Yildirim 2013). Balin sindirimi kolay, besleyici
ve pek cok hastaliga karsi koruyucu ve tedavi edici
Ozellik gosteren fonksiyonel bir gida olmasi,
icerigindeki aminoasitler, enzimler, flavonoidler,
fenolik asitler, mineraller, organik asitler ve
vitaminlerden kaynakhdir (Mutlu vd. 2017). insanlik
tarihinde gegmisten glnimize bal sadece gida
maddesi ve tatlandirici olarak kullaniimamigtir. Ayni
zamanda ari sidtd, ar zehri, balmumu, polen,
propolis gibi diger ari Urunleri ile birlikte tedavi
amacli olarak da kullaniimistir (Kambur vd. 2015).
Deri  yaralarinin ve ciddi gastro-intestinal
rahatsizliklarin, astim ve enfeksiyonlarin
tedavisinde basari ile kullanildigini goésteren birgok
calisma mevcuttur (Gil ve Pehlivan 2018, Sert
2019).

Arilarin bal yapmak icin kullandigi bitkiler iklim ve
bolgeye goére degisir ve bu durum balin kimyasal
bilesimini de etkilemektedir (Kambur vd. 2015,
Yildiz 2016). Balin yapisinda yaklagik olarak 200
cesit bilesen bulunmaktadir (Mutlu vd. 2017). Genel

olarak balin yaklasik %80'i cesitli sekerlerden
(frlktoz, glikoz ve sakkaroz), %17’si sudan, geri
kalan %3’G ise enzimler, mineraller, amino asitler,
vitaminler, organik asitler ve aroma maddeleri gibi
degerli  bilesenlerden meydana gelmektedir
(Kambur vd. 2015, Khan vd. 2007, Sahinler vd.
2004).

Tarkiye kaliteli bal Gretimi icin oldukga elverisli
iklime ve bitki 6rtistine sahiptir. Dinya Uzerinde
sayisi 11.500'U agan bitki tirinden yaklasik olarak
10.000 tarG Turkiye’de bulunmakta ve bunlarin
cogu endemik bitki florasini olusturmaktadir (Olmez
2009). 2019 yih Dinya bal Gretiminde ilk sirada yer
alan Cin %24,0’lik pay ile 444 bin ton bal Uretirken,
Turkiye %6,2'lik payla 114 bin ton bal Ureterek
Diinya’da ikinci, %4,3'lUk pay ile Kanada ise 80 bin
ton bal Uretimi ile Gglincl sirada yer almaktadir
(Burucu 2021).

Tokat yoresinde ise bal Uretimi giderek daha 6nemli
hale gelmektedir. Ydrenin bitki ¢esitliliginin fazlalig
Tokat ballarinin 6nemini ve kalitesini arttirmaktadir.
iceriginin zenginligi ve (Gretiminin zorlugu, balin
6nemini ve fiyatini arttirmaktadir. Tokat iklimi, sahip
oldugu endemik bitkileri sayesinde bal Uretiminde
Onemli bir yere sahiptir.

Bu galismada aricilik faaliyetleri igin oldukga uygun
iklim ve bitki 6rtistne sahip olan Tokat yoresinde
uretilen ballarin ozelliklerinin belirlenmesi, ulusal ve
uluslararasi pazarda taninirhginin arttirlmasina
katki saglanmasi ve elde edilen bulgularla Turk
Gida Kodeksi (2020/7) Bal Tebligi'ne
uygunluklarinin belirlenmesi amaglanmistir.

GEREG ve YONTEM
Gereg

Bu calismada Tokat merkez ve ilcelerinde Uretilen
ve Tokat An Yetistiricileri Birligi tarafindan temin
edilen 24 adet stizme cicek bali incelenmistir. Ballar
Cizelge 1°'de gosterilen 12 ilgeden 2019 ve 2020
yillari  igerisinde temin edilmistir. Numuneler
analizleri yapilincaya kadar oda sicakliginda, direkt
Isik almayan kuru bir ortamda metal kapakli cam
kavanozlarda muhafaza edilmis ve analiz
Oncesinde kavanoz igerigi bir spatul yardimi ile
karistirilarak homojen hale getirilmistir.
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Cizelge 1. Tokat yoresi ballarinin numune kodlari ve temin edildigi ilgeler

Table 1. Sample codes of Tokat region honey and the districts from which they were supplied

NUMUNE KODU

NO 2019 2020 ILCE CESIT
1 A9 A0 Almus Cicek Bali
2 AR9 ARO Artova Cicek Bali
3 B9 BO Basciftlik Cicek Bali
4 E9 EO Erbaa Cicek Bali
5 M9 MO Merkez Cicek Bali
6 N9 NO Niksar Cicek Bali
7 P9 PO Pazar Cicek Bali
8 R9 RO Resadiye Cicek Bali
9 S9 SO Sulusaray Cicek Bali
10 T9 TO Turhal Cicek Bali
11 Y9 YO Yesilyurt Cicek Bali
12 Z9 Z0 Zile Cicek Bali

Yontem HMF tayini

Nem tayini HMF analizi TS 13356 Balda HMF muhtevasinin

TS 13365 Bal- su muhtevas! tayini standardinda
belirtlen yénteme goére yapimistir. Buna goére
ballarin nem miktari, refraktometre kullanilarak
tayin edilmis ve kirilma indisinin karsihgi olan % su
miktari belirlenmistir (Turk Standartlan Enstitlsi
2008a).

Serbest asitlik

TS 13360 Bal-Serbest asit muhtevasinin tayini
standardinda belirtilen ydnteme gére yapilmis ve
sonuglar mmol/kg olarak ifade edilmistir (Turk
Standartlari Enstitlisi 2008Db).

Elektrik iletkenligi tayini

TS 13366 Bal-Elektrik iletkenligi tayini standardinda
belirtlen  yonteme  gore  yapilmistir  (Turk
Standartlari Enstitiisii 2008c).

Seker tayini

Bal-friktoz, glikoz, sakkaroz, turanoz ve maltoz
muhtevasi analizi TS 13359 standardinda belirtilen
yonteme gbére  Yiksek Performanshi  Sivi
Kromotografi (HPLC) (Thermo Scientific Ultimate
3000, UHPLC) cihazinda ERC Refractomax 520
marka refraktif index dedektdri kullanilarak,
Hypersil Gold Amino (250x4,6 mm) kolon ile 282
nm dalga boyunda 1,3 ml/dak akis hizinda
gerceklestirilmigtir. Mobil faz olarak asetonitril/su
karigsimi (80:20 v/v) kullanilmis olup, analiz siresi
30 dakika, kolon sicakhigr ise 30°C’dir. Sonuglar
hazirlanan standart grafigi kullaniimak suretiyle
hesaplanmis ve % olarak verilmistir (Turk
Standartlari Enstittisti 2008d).
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tayini standardinda belirtilen yonteme goére Yiksek
Performansh Sivi  Kromotografi (HPLC)(Thermo
Scientific Ultimate 3000 UHPLC) cihazi kullanilarak
ODS Hypersil (250x4,6 mm) kolon ile 284 nm dalga
boyunda, 1 ml/dak akis hizinda gercgeklestirilmistir.
Mobil faz olarak %95 disodyum hidrojenfosfat
gozeltisit %5 metanol kullaniimis olup, analiz
suresi 15 dakika, kolon sicakhgi ise 25°C’dir. HMF
miktari hazirlanan HMF standart grafigi kullaniimak
suretiyle hesaplanmis ve sonuglar mg/kg olarak
verilmistir (Tirk Standartlari Enstitist 2008e).

Prolin miktar tayini

TS 13357 Balda prolin muhtevasinin tayini
standardinda belirtilen yonteme goére yapilmistir
(Tark Standartlar Enstitist 2008f). 5 g bal tartilip,
100 ml'ye saf su ile tamamlanmistir. Elde edilen bal
¢ozeltisinden analiz i¢in 0,5 ml, kér numune igin 0,5
ml saf su deney tipine konmustur. Uzerlerine
formik asit (1ml) ve ninhidrin ¢ozeltisi (%3’luk, 1ml)
ilave edilip tlpler 15 dk calkalanmistir. Sire
bitiminin 15 dk sonrasinda 70 °C’lik su banyosunda
10 dk tutulmustur. Daha sonra tlplere 2-propanol
cozeltisi (5 ml) ilave edilmis ve tupler karistirildiktan
sonra 510 nm’de konsantrasyonlari okunmus ve
sonuglar mg/kg olarak verilmigtir.

Diastaz aktivitesi tayini

Bal-Diastaz aktivitesi tayini TS 13364 standardinda
belirtlen  ydénteme gbre yapilmistir  (Tark
Standartlar Enstitist 2008g).
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Karbon izotop orani ve % C4 seker analizi

Bu analiz, balda C4 seker bulunup bulunmadigini
tespit etmek amaciyla uygulanir. Yonteme gore
ham baldan ve bu baldan elde edilen protein
¢cOzeltisinden tam olarak yakilma sonucu ortaya
¢ctkan CO2 gazinin C atomundaki 13C/12C orani
kiitle spektrometresi ile belirlenmis ve bu dederden
baldaki C4 seker miktari hesaplanmistir (Tirk
Standartlan Enstitist 2007).

Pestisit kalinti analizi

Pestisit analizi AOAC 2007/01 metodunda belirtilen
QUEChERS
(QuickEasyCheapEfficientRuggedSafe) yontemi
kullanilarak LC/MS/MS cihazi (Shimadzu Kyoto,
Japonya) ile gergeklestiriimistir. Analiz igin 5 g bal
ornegi Uzerine 10 ml saf su ilavesi yapiimistir. Daha
sonra seyreltiimis 6rnek Gzerine sirasiyla asetonitril
(%1 asetik asit, 15 ml) ¢dzgeni ve magnezyum
sulfat (6 g) ve sodyum asetat (1.5 g) karistiriimistir.
Karisim 4000 rpm ‘de 5 dk santrifiij edilmistir. Ust
fazdan 8 ml alinarak, 1200 mg magnezyum siilfat,
400 mg C18, 400 mg PSA ile vorteks cihaziyla
karistirlmis ve karisim 4000 rpm ‘de 5 dk tekrar
santrif(j edilmigtir. Ust fazdan 1 ml alinarak
LC/MS/MS’e (Mobil faz A: Distile su+5 mmol
amonyum format, Mobil faz B: Metanol+5 mmol
amonyum format, Mobil faz akisi: 0,4 mL/min, kolon
firn sicakhgi: 35°C, MS gaz sicakhgi: 300°C,
Nebuzilatér basinci: 270 kPa, Enjeksiyon hacmi:
10ul) enjekte edilmistir. Sonuglar ppb olarak ifade
edilmistir.

Mineral madde ve agir metal analizi

Ballar Zn, Ni, Cr, Mn, Cu, Pb icerikleri bakimindan
incelenmistir. Bu amagla 1gr bal numunesi Uzerine
1 ml H202 (%35) ve 3 ml HNO3z (%65) ilave edilerek
ceker ocakta yakma islemine tabi tutulmustur.
Yakma iglemi gerceklestikten sonra sogutulan
Ornekler bidistile su ile 25 ml'ye tamamlanarak
analize hazir hale getirilmistir. Orneklerin mineral
madde miktarlarinin tayininde indiiktif eslesmis
plazma Optik Emisyon Spektrometresi (ICP-OES,
Inductively Coupled Plasma with Optical Emission
Spectrometer) cihazi (Thermo ICAP 7200 ICP-
OES) kullanilarak asagidaki analiz kosullari
uygulanmistir.

RF Gig (W):1150,
Nebulizer gaz akisi (L/dk): 0,50
Sogutucu gaz akisi (L/dk): 12,

Auxiliary gaz akigi (L/dk): 0,5
Pompa hizi: 50 rpm

Dalga boylari (nm): Cr: 205,560; Cu: 324,754; Mn:
257,610; Ni: 221,647; Pb: 220,353; Zn: 213,856

Orneklerin  mineral madde miktarlari standart
grafikler yardimiyla hesaplanmis ve mg/kg olarak
belirtilmigtir.

Toplam fenolik madde miktari tayini

Analiz igin 1 g bal 6rnegi Uzerine 10 mL etanol ilave
edilmis, daha sonra kaba filtre kagidi ile
suzilmastar. Tap icerisine hazirlanan
ekstraktlardan 50 puL ornek, Uzerine 2N Folin-
Ciocalteu (200 pL) reaktifi ve destile su (2 mL)
eklenmistir. 3 dk sure ile inkiibe edilen karisima 1
mL sodyum karbonat (Na2CO3) ¢ozeltisi (%20’lik)
ilave edilerek karistirlmis ve oda sicakliginda 1
saat bekledikten sonra spektrofotometre ile 765
nm’de absorbanslari okunmustur. Farkli gallik asit
derigimleri (0, 25, 50, 75, 125 mg/L) ile kalibrasyon
egrisi  olusturulmus, fenolik madde miktari
olusturulan kalibrasyon egrisi kullanilarak pg gallik
asit esdegeri (GAE)/ g cinsinden hesaplanmigtir
(Putnik vd. 2017).

Serbest radikali giderme aktivitesi (DPPHe)
tayini

Orneklerin serbest radikali giderme aktivitesi tayini
icin 1 g bal érnedi 10 mL etanol ile seyreltiimis,
daha sonra kaba filtre kagidi ile filtre edilmistir.
Seyreltilmis 6rnekten (100 pL) alinarak Uzerine
DPPH (0.06 mM) c¢ozeltisi (3.9 mL) eklenmis ve
vorteks ile karistirma islemi uygulanmistir. Elde
edilen karisim  karanhk bir ortamda, oda
sicakhginda 30 dk bekletiimigtir. Daha sonra ise
spektrofotometre ile 517 nm’de absorbanslari
okunmustur. Farkli troloks derisimleri (0, 15, 30, 60,
120, 240, 250 mg/L) ile kalibrasyon egrisi elde
edilmis ve sonugclar bu egriye goére ug TE/g olarak
hesaplanmistir (Blasi vd. 2016).

Katyon radikali giderme aktivitesi (ABTSe+)
tayini

Analiz icin ilk asamada ABTS (7 mM) ve K2S208
(2.45 mM) c¢ozeltisi 1:1 oraninda karistirilmis ve
karanlik bir ortamda, oda sicakliginda yaklasik 16
saat bekletilmistir. Elde edilen bu karigim etil alkol
ile seyreltilerek 734 nm’de 0.700 (£0.02) absorbans
degeri veren ABTS galisma ¢ozeltisi hazirlanmigtir.
Daha sonra 1 g bal 6rnedi 10 mL etanol ile
seyreltiimis, daha sonra kaba filtre kagidi ile filtre
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edilmigtir. Seyreltilen bal 6érnedinden (40 pL)
alinarak Uzerine ABTS calisma c¢ozeltisi (4 mL)
ilave edilip karnistiriimistir. Reaksiyonun
gerceklesmesi icin karisim oda sicakhiginda
karanlik bir ortamda 6 dk bekletiimistir. Karigsimin
734 nm’deki absorbanslari spektrofotometre ile
OlcUlmastir. Farkli troloks derisimleri (0, 30, 60,
120, 240, 360, 480, 500 mg/L) ile kalibrasyon egrisi
elde edilmis ve sonuglar bu egriye gére ug TE/g
olarak hesaplanmistir (Re vd. 1999).

BULGULAR
Bal orneklerinin bazi fizikokimyasal 6zellikleri

Tokat yoresine ait bal 6rneklerinin ham bal (A13 C),
Protein (A13 C), protein-ham bal A13 C farki,
sakkaroz, friktoz+glikoz miktar ve friktoz/glikoz
oranlari Cizelge 2’ de verilmistir. Tokat yoresi
ballarindan alinan drneklerde protein ve ham bal A
C13 degerleri arasindaki fark (-0,84)-1,23; AC13
degerinden hesaplanan C4 seker oranlari %0-5,26;
sakkaroz miktarlari %0,30-1,96; Friktoz+glikoz
orani %62,54-76,67; Friktoz/Glikoz oranlari 0,98-
2,62 araliginda belirlenmistir.

Cizelge 2. Tokat yoéresi ballarinin ham bal A13C, protein A13C, protein-ham bal A13C farki, C4 seker orani (%),

sakkaroz (%), friktoz+glikoz (%), friiktoz/glikoz degerleri

Table 2. Raw honey A13C, protein A13C, protein-raw honey A13C difference, C4 sugar ratio (%), sucrose (%),
fructose+glucose (%), fructose/glucose values of Tokat region honey

_Bal HAM BAL PROTEIN A3 C C4 DEGERI SAKKAROZ F+G FG
Ornegi (A13C) (A13C) Farki (%) (%) (%)
A9 -27,10+0,20 -26,83+0,20 0,27 0,00 0,62+0,02 62,54 1,33
A0 -27,32+0,20 -26,50+0,20 0,82 0,00 0,86+0,00 66,16 2,11
AR9 -26,73+0,20 -26,87+0,20 -0,14 0,82 0,86+0,16 71,41 1,28
ARO -26,41+0,20 -26,68+0,20 -0,27 1,60 0,30+0,00 69,32 1,20
B9 -26,88+0,20 -26,98+0,20 -0,10 0,58 0,99+0,01 62,80 1,06
BO -25,89+0,20 -26,19+0,20 -0,30 1,83 0,68+0,00 68,42 1,30
E9 -25,55+0,20 -26,39+0,20 -0,84 5,02 0,34+0,00 73,24 1,36
EO -25,930,20 -26,35+0,20 -0,41 2,49 0,74+0,01 72,76 1,47
M9 -26,47+0,20 -25,94+0,20 0,54 0,00 0,66+0,22 70,63 1,27
MO -26,72+0,20 -25,49+0,20 1,23 0,00 0,48+0,02 67,55 1,21
N9 -26,51+0,20 -26,20+0,20 0,31 0,00 0,78+0,00 73,27 1,18
NO -26,31+0,20 -26,16+0,20 0,14 0,00 1,07+0,00 66,80 1,86
P9 -26,73+0,20 -27,18+0,20 -0,45 2,59 1,96+0,24 68,73 1,20
PO -26,40+0,20 -26,35+0,20 0,05 0,00 0,71%0,01 68,27 1,31
R9 -26,87+0,20 -26,54+0,20 0,34 0,00 0,70+0,02 71,79 1,16
RO -27,17+0,20 -26,50+0,20 0,67 0,00 0,96+0,00 67,85 1,87
S9 -27,04+0,20 -27,09+0,20 -0,05 0,29 0,51+0,18 65,98 1,10
S0 -26,82+0,20 -26,56+0,20 0,27 0,00 1,09+0,00 66,36 1,72
T9 -27,07+0,20 -26,81+0,20 0,26 0,00 0,75+0,18 66,63 1,25
TO -27,21+0,20 -26,91+0,20 0,52 0,00 0,62+0,00 69,07 2,62
Y9 -26,16+0,20 -26,34+0,20 -0,18 1,07 1,15+0,00 66,62 1,13
YO -26,09+0,20 -26,23+0,20 -0,14 0,85 0,74+0,00 67,29 1,13
Z9 -25,98+0,20 -26,89+0,20 -0,90 5,26 1,43+0,00 68,21 1,18
20 -25,32+0,20 -26,16+0,20 -0,84 5,12 0,69+0,00 76,67 0,98
-1,0 veya
Siir -23vedaha - -23ve daha dahay <7 <5 260  09-14
deger negatif negatif pozitif

Tokat yoresi

ballarinin serbest asitlik, elektrik

0,33+0,00-0,86+0,00 mS/cm; HMF miktari 0,05-

iletkenligi, HMF degeri, prolin miktar;, nem ve
diastaz degerleri Cizelge 3’te verilmistir. Tokat
yoresine ait bal 6rneklerinde serbest asitlik miktari
26+00,12-48+0,16 mmol/kg; elektrik iletkenligi
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8,69 mg/kg; prolin miktari 422,56-1222,56; nem
miktart  %13,0-20,0; diastaz sayisi 0,0-10,9
degerleri araliginda tespit edilmigtir.
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Cizelge 3. Tokat yoresi ballarinin serbest asitlik (mmol/kg), iletkenlik (mS/cm), HMF (mg/kg), prolin (mg/kg), nem (%) ve

diastaz sayisi degerleri

Table 3. Free acidity (mmol/kg), conductivity (mS/cm), HMF (mg/kg), proline (mg/kg), moisture (%) and diastase number

values of Tokat region honey

Bal SERBEST ASITLIK ILETKENLIK HMF PROLIN NEM DIASTAZ
Ornekleri (mmol/kg) (mS/cm) (mg/kg) (ma/kQg) (%) Sayisi
A9 42,00£0,12 0,42+0,00 0,14+0,00 664,62+5,00 17,40£0,00 5,00
AO 36,00+0,24 0,33+0,00 2,71+0,00 459,49+0,90 19,00+£0,00 0,00
AR9 34,00+0,50 0,47+0,02 2,31+0,00 783,59+15,00 13,00£0,00 6,50
ARO 37,00+0,14 0,49+0,01 0,26+0,00 927,18+4,00 17,00£0,00 0,00
B9 44,00£0,04 0,53£0,00 0,18+0,03 767,18+5,00 18,60+0,00 6,50
BO 48,00+0,16 0,38+0,00 0,79+0,00 438,98+12,00 13,00£0,00 0,00
E9 26,00£0,12 0,62+0,01 0,05+0,00 504,62+8,00 16,20£0,00 10,90
EO 30,00+0,12 0,62+0,00 0,10+0,00 869,74+0,62 17,20+0,00 0,00
M9 28,00£0,12 0,78+0,00 0,26+0,00 734,36+6,00 13,00£0,00 10,90
MO 44,00+0,16 0,86+0,01 1,83+0,00 1107,69+6,20 15,20£0,00 10,90
N9 40,00£0,12 0,43£0,00 0,22+0,00 455,38+10,00 13,00£0,00 6,50
NO 36,00+0,10 0,33+0,00 7,74+0,00 660,51+8,00 18,80+0,00 0,00
P9 32,00+0,12 0,35+0,00 0,82+0,00 422,56+0,00 13,00£0,00 6,50
PO 42,00+0,24 0,35+0,01 0,75+0,00 1029,74+0,32 13,00£0,00 8,30
R9 40,00+0,12 0,35+0,00 0,68+0,00 500,51+5,00 13,00£0,00 6,50
RO 36,00+0,10 0,64+0,00 1,14+0,00 951,80+10,00 13,00£0,00 8,30
S9 32,00+0,12 0,47+0,01 0,24+0,00 475,90+4,00 16,80£0,00 8,30
SO 38,00+0,20 0,41+0,01 8,69+0,00 767,18+0,49 16,20+0,00 0,00
T9 28,00+0,06 0,78+0,00 0,32+0,00 763,08+6,00 18,60£0,00 10,90
TO 32,00+0,20 0,54+0,00 4,13+0,00 1222,56+0,32 20,00+0,00 0,00
Y9 34,00+0,21 0,45+0,00 2,9040,00 504,62+0,80 15,60£0,00 0,00
YO 34,00+0,14 0,40+0,01 1,86+0,00 607,18+2,20 17,20+0,00 0,00
Z9 40,00+£0,12 0,42+0,00 5,87+0,00 455,39+0,00 13,00£0,00 5,00
Z0 36,00+0,18 0,51+0,01 1,67+0,00 455,39+5,00 13,00£0,00 0,00
Sinir deger <50 <0.8 <40 2300 <20 =8

Bal 6rneklerinde pestisit kalinti miktari

Tokat merkez ve ilgelerine ait ballardan alinan 24
numunede toplam 260 adet pestisit varligi

incelenmistir. incelenen érneklerden (igiinde (ARO,
M9, Y9), pestisit kalintisi tespit edilmistir (Cizelge

4).

Cizelge 4. Bal numunelerinde tespit edilen pestisit ve kalinti miktarlari (ppb)

Table 4. The amounts of pesticides and residues detected in honey samples (ppb)

(")rr?e?!leri ?ﬁg?gg}gr Metrafenone Cypermethrin  Boscalid Deltamethrin K':/e;;?});lm
ARO 3030,38 235,76 245,91 84,77 106,83 42,28
M9 1510,97 117,44 125,86 42,21 48,72 21,12
Y9 60,04 - - - - -
AB en gok 50 50 50 50 50 50
(ppb)

Mineral madde ve agir metal miktari

Tokat ydresine ait bal drneklerinde tespit edilen
mineral elementler ve agir metal miktarlari Cizelge
5 ’de verilmistir. Tokat yOresine ait bal érneklerinde

¢inko (Zn) miktari 0-24,31mg/kg, nikel (Ni) miktari
0,00-2,91 mg/kg, krom (Cr) miktari 0,00- 3,85
mg/kg; mangan (Mn) miktari 0,00-4,66 mg/kg; bakir
(Cu) miktari 0,00-17,10 mg/kg; kursun (Pb) miktar
0,31-2,73 mg/kg araliginda tespit edilmistir.
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Cizelge 5. Bal numunelerinde tespit edilen mineral element ve agir metal miktarlari (mg/kg)

Table 5. The amounts of mineral elements and heavy metals detected in honey samples (mg/kg)

Bal Zn Ni Cr Mn Cu Pb
Ornekleri

A9 = 2,80 = 1,61 5,89 1,27
AO 4,51 - - 0,43 6,88 1,74
AR9 11,39 - 2,17 0,84 9,01 1,81
ARO - 2,70 - - - 0,52
B9 4,72 - - 0,76 - 2,25
BO - 2,91 - 1,16 4,73 0,70
E9 3,83 - 0,40 - 16,08 0,46
EO 2,35 0,42 - 0,55 16,89 1,19
M9 1,45 1,61 - 0,26 6,56 1,14
MO 3,32 0,46 3,85 0,07 17,10 0,55
N9 24,31 - - 0,42 16,83 0,76
NO 6,58 - - 4,66 6,68 1,86
P9 2,11 0,87 - 0,27 12,00 1,44
PO 2,75 - 1,44 1,22 16,54 0,31
R9 3,30 1,39 - 0,35 8,50 1,54
RO 12,20 1,02 - 0,89 8,44 1,21
S9 - 2,78 - - 4,27 0,82
SO 571 - - - - 1,57
T9 5,37 - - 1,06 6,40 1,81
TO - 2,77 - - 9,44 0,34
Y9 - 2,91 - 1,20 1,58 0,78
YO 10,38 0,31 - - 9,64 2,73
Z9 1,46 1,62 0,38 0,80 11,41 1,37
Z0 4,02 0,28 - 0,20 14,30 1,31

Toplam fenolik madde miktari ve antioksidan
aktivitesi

Tokat yoresine ait bal numunelerinin toplam fenolik
madde miktarlari ve antioksidan aktiviteleri Cizelge
7'de verilmistir. Tokat yoresi ballarinin toplam
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fenolik madde miktarlari 254,14-776,94 ug GAE/g
bal; serbest radikali giderme aktivitesi 129,47-
587,37 wpg TE/g bal; katyon radikali giderme
aktivitesi 93,33-1187,78 ug TE/g bal oldugu tespit
edilmigtir.
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Cizelge 6. Bal numunelerinin toplam fenolik madde miktari (ug GAE/g bal), serbest radikali giderme aktivitesi (ug TE/g

bal) ve katyon radikali giderme aktivitesi (ug TE/g bal)

Table 6. Total phenolic content (ug GAE/g honey), free radical scavenging activity (ug TE/g honey) and cation radical

scavenging activity (ug TE/g honey) of honey samples

Bal Ornegi Toplam fenolik S_erbest fa_dika}li K_atyon raplikali
Madde miktari giderme aktivitesi giderme aktivitesi
A9 342,36+11,90 321,58+22,33 543,3+55,00
A0 276,69+23,55 216,32+22,33 437,78+15,71
AR9 477,70£20,73 308,42+3,72 543,33+55,00
ARO 444,61+37,37 382,11+18,61 498,89+39,28
B9 362,91+36,47 221,58+7,44 665,56+23,57
BO 411,65+5,85 292,63+18,61 315,56+23,57
E9 349,25+10,10 358,42+29,77 187,78+7,86
EO 370,93+22,21 358,42+14,89 276,67+7,86
M9 735,09+37,70 558,42+14,89 737,78+31,43
MO 479,20+11,90 405,79+22,33 382,22+15,71
N9 367,17+9,93 305,79+29,77 393,33+15,71
NO 342,86+17,68 166,32+11,16 387,78+23,57
P9 288,72+9,77 129,47+3,72 1187,78+7,86
PO 548,37+21,72 408,42+26,05 498,89+55,00
R9 333,33+13,37 205,79+14,89 93,33+15,71
RO 776,94+16,50 587,37+48,38 754,44+39,28
S9 505,51+14,35 440,00£11,16 1032,22+7,86
SO 471,93+12,52 382,11+33,49 693,33+62,85
T9 543,11+17,77 437,37+37,22 898,89+86,42
TO 579,32+37,75 282,11+26,05 760,00+00
Y9 373,18+26,69 355,79+3,72 298,89+7,86
YO 319,5546,38 258,42+7,44 204,44+15,71
Z9 394,99+11,51 255,79+11,16 460,00+15,71
Z0 254,14+7,41 184,74+14,89 204,44+15,71

TARTISMA

ise fotosentez esnasinda olusan

ilk bilegik 4

Gunumuzde ylksek kalitede ve oOzellikleri iyi
tanimlanmis gida drlnlerine duyulan gereksinimin
artmasi nedeniyle, balin da dahil oldugu tim gida
ardnleri ticarilestiriimeden 6nce ¢ok sayida sertifika
ve kalite kriterlerini karsilamak zorundadir. Bal
besleyici degeri yuksek olmasi  nedeniyle
geleneksel bir gida olarak kullaniimasinin yani sira
cesitli hastaliklara kargi destekleyici tedavide de
kullanilmaktadir. Bu nedenle de insanlarin
tUketimine sunulan ballarin kalite parametrelerine
uygun olmasi 6nemlidir (Ozkék ve Ecem Bayram
2021).

Ballarda  karbon izotop  (A13C) oraninin
belirlenerek, C4 seker miktarinin hesaplanmasi
yontemi ile sahte ve dogal bal ayirimi
yapllabilmektedir. Fotosentez sirasinda bugday,
arpa, yonca ve pamuk gibi bitkilerde oldugu gibi
genellikle ilk meydana gelen bilegik 3 karbonlu olup
bu bitkiler C-3 bitkileri olarak adlandiriimaktadir.
Misir, dari, seker kamisi ve sorgum gibi bitkilerde

karbonlu oldugundan bu bitkilere de C-4 bitkileri adi
verilmektedir. Ballarda sahtecilikte kullanilan seker
suruplari  C-4 bitkilerinden Uretildiginden, C4
miktarinin belirlenmesi ile balin dogdal olup olmadigi
anlagilabilmektedir (Belli 2019, Mutlu vd. 2017).
Tokat yo6resi ballarindan alinan  6rneklerin
tamaminin protein ve ham bal A C13 degerleri
arasindaki fark TGK Bal Tebligi’ nde belirtilen -1,0
veya daha pozitif olmal’ sinir degerlerine
uymaktadir. Bal orneklerinin AC13 dederinden
hesaplanan C4 seker oranlarinin da TGK Bal
Tebligi'nde belirtilen sinir degerle (£7) uyumlu
oldugu goriimektedir. Bu durum Tokat yoresi
ballarinin bal akim déneminde arinin asir seker
surubu ile beslenmediginin, hile ve tagsis
yapiimadiginin bir géstergesi olarak kabul edilebilir.
Bal 6rneklerinde AC13 degerinden hesaplanan C4
seker oranini; Belli (2019) %0,00-16,81; Bengi ve
Kutlu (2018) ortalama %1,37+0,21; Bilgen Cinar
(2010) %2,30; Can (2014) %0,00-3,35; Ciftci ve
Parlat (2018) 9%0,00-3,53; Kambur vd. (2015)
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%0,43-8,72 olarak belirlemislerdir.

Bal kuru agirhiginin  yaklasik %95 oraninda
karbonhidrat icermekte olup, fruktoz ve glukoz
major monosakkaritleridir. Bala tadini veren ve
miktarca en ¢ok bulunan monosakkarit fruktoz olup,
bitin bal gesitlerinde frilktoz miktari glukoza oranla
daha fazladir. Sakkaroz (sukroz) sekeri gicek
nektarlarinda fazla miktarda bulunmayan bir seker
olup, balda bulunan invertaz enzimi etkisi ile fruktoz
ve (glikoza doénismektedir. Sakkaroz miktarinin
yiksek olmasi arilarin ari yetistiricileri tarafindan
fazlaca sekerle beslendigi veya balin erken hasat
edildigi anlamina gelebilmektedir. (Kalafat Kul
2020). Bal o&rneklerinde belirlenen sakkaroz
miktarlarinin TGK Bal Tebligi'nde belirtilen sinir
degere (<5) uygun oldugu gorilmastir. Bu durum
Tokat ydresinde bal Uretimi yapan Ureticilerin
cogunlukla bilingli oldugu, arilarin beslenmesinde
dogal yontemlerin tercih edildigi ve bal hasat
zamanina dikkat edildiginin bir gdstergesi olarak
kabul edilebilir. Bal Orneklerinde sakkaroz
miktarlarini Bilgen Cinar (2010) %1,19; Cetin vd.
(2011) 9%0,46-17,10; Kambur vd. (2015) %0- 0,34;
Kasirga (2019) %0,00-2,92; Ozgiven vd. (2020)
Tokat yodresinden temin ettikleri 6rneklerin bir
tanesinde tespit edilmedigini bir digerinde % 2,52
10,30; Sunay (2006) 9%2,50-3,11 arasinda
degistigini belirtmiglerdir.

Friktoza gore glikozun suda ¢6zinurligl daha az
oldugu igin  fruktoz/glikoz oranindan  balin
kristalizasyonunu degerlendirmede
yararlanilmaktadir ve bu oran daha ¢ok nektarin
kaynagina baglidir (Ozgiven vd. 2020). Tokat
yoresi ballarinin friktoz+glikoz orani TGK Bal
Tebligi'nde belirtilen sinir degerle (260) uyumlu
oldugu tespit edilirken, friktoz/glikoz oranlari
incelendiginde alti 6rnegin (A0, EO, NO, RO, SO,
T0), TGK Bal Tebligi'nde belirtilen Ust sinir
degerinden (0,9-1,4) yiksek oldugu tespit edilmistir.
Friktoz/glikoz orani arttikga ballarda kristallesme
egilimi azalir bu sebeple friktoz/glikoz oranlari
yiksek c¢ikan  Orneklerin  sekerlenme  yani
kristallesme ihtimalinin daha az oldugu sonucuna
varilabilir. Arastirmalarinda Belli (2019)
friiktoz+glikoz miktarini %41,61-64,85; Bilgen Cinar
(2010) friktoz/glikoz oranini 1,20; Cetin vd. (2011)
glikoz+friiktoz miktarini %42,44-75,60,
friktoz/glikoz oraninin ise 1,01-1,85; Ciftci ve Parlat
(2018) friiktoz/glikoz oranini 1,06-1,19,
friktoz+glikoz miktarini %65,20-73,52; Kambur vd.
(2015) fruktoz+glikoz ~miktarini  %53,67-59,00,
friktoz/glikoz oranimi 1,18-1,32; Kaplan (2014)
frlktoz+glikoz miktarini  %54,20-82,22; Kek vd.
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(2017) friktoz+glikoz ~miktarint  %24,99-81,93,
friktoz/glikoz oranini  0,95-1,81; Ozglven vd.
(2020) Tokat yoresinden temin ettikleri drneklerin
friktoz/glikoz ~ oranlarini 1,26+0,02-1,28+0,03;
Sunay (2006) friktoz/glikoz oranini 1,06-1,19;
Turan (2012) friktoz+glikoz miktarini %58,2-71,2
arasinda oldugunu bildirmigleridir.

Balin icerisinde bulunan organik asitler tazeligin,
bozulmanin ve orjinalligin bir géstergesi olup farkl
ballarin kendine 6zgli aroma ve tadinin olmasinda
rol oynamaktadirlar. Ayni zamanda bu asitler, bala
kendine 06zgl, koku veren maddelerdir ve balin
asidik (pH 3,5-5,5) yapida olmasini
saglamaktadirlar. Ancak bir balin yuksek asitlik
gOstermesi istenmeyen bir durumdur ve bu durum
balin zaman igerisinde fermantasyona ugradiginin
bir gbstergesi olarak kabul edilmektedir. Ayrica,
unifloral ballarin otantifikasyonu ve nektar ballarinin
salgl ballarindan ayirt edilmesine yardimcidir
(Ozgiiven vd. 2020) TGK Bal Tebligine gore
serbest asitik en fazla 50 mmol/kg (meqg/kg)
olmalidir. incelenen bal &rneklerinin  tamaminin
serbest asit miktari bakimindan Turk Gida Kodeksi
Bal Tebligi’ ne uygun oldugu goérilmektedir. Balda
serbest asitlik miktarini Alak (2015) 4,46-41,11
meq/kg; Belli (2019) 8,95-27,9 meqg/kg; Bilgen
Cinar (2010) 27,55meq/kg; Cetin vd. (2011) 12,87-
39,04 meqg/kg; Ciftci ve Parlat (2018) 22,39-34,06
(meqg/kg); Guzel ve Bahgeci (2020) 21,1-47,8
meqg/kg; Kalafat Kul (2020) 16,7-59,1 meqg/kg;
Kambur vd. (2015) 21,0-70,0 meqg/kg; Kaplan
(2014) 5,80-14,23 meg/kg, olarak belirlemiglerdir.

Elektriksel iletkenlik, cicek bali ile salgi bal
arasindaki farklihigi belirlemede kullanilan
parametreler arasindadir. Elektriksel iletkenlik balin
organik asitler, proteinler, sekerler, ve mineral
icerigine baglidir (Tarim ve Orman Bakanhgi 2020).
TGK Bal Tebligi'ne gore salgi ballarinin elektrik
iletkenligi degeri en az 0.8 mS/cm ve gicek
ballarinin ise en fazla 0.8 mS/cm olmaldir
incelenen bal érneklerinden bir tanesi (MO) harig
digerlerinin Turk Gida Kodeksi Bal Tebligi'ne uygun
oldugu tespit edilmistir. Bu durum MO kodlu bal
orneginin g¢icek nektari ve salgl bali karigimi
olabilecegini  gdstermektedir. Balda elektrik
iletkenligini; Bella vd. (2022) 0,31-0,87 mS/cm; Belli
(2019) 0,63-1,67 mS/cm; Cetin vd. (2011) 0,14—
0,95 mS/cm Ertop (2020) 1,70-2,11ms/cm; Gilzel
ve Bahcgeci (2020) 205-674 uS/cm; Kalafat Kul
(2020) 0,17-0,99 mS/cm; Kambur vd. (2015) 0,28-
0,80 mS/cm; Kasirga (2019) 0,550-1,386 mS/cm;
Ozgliven vd. (2020) Tokat yoresinden temin ettikleri
Orneklerde 0.18+0.00- 0.39+0.00 mS/cm; olarak
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belirlemislerdir.

Balin fermente veya kristalize olmasini engellemek
icin bala 1sil islem uygulanmaktadir. Bu iglemin ¢ok
yuksek sicakliklarda yapilmasi ve/veya balin uzun
stre uygun olmayan kosullarda muhafaza edilmesi
sonucu HMF olusumu kaginilmazdir. HMF, 1sil
islem sirasinda indirgen gekerlerle aminoasitler
arasinda gerceklesen Maillard reaksiyonu sonucu
olusan bir ara Urindur ve gidalarda olusumu
istenmemektedir. Balda ylksek miktarda HMF
olusumu, renkte esmerlesme, tat ve koku degisimi
ile besleyici 6zelliklerinde azalmay géstermektedir.
HMF degerinin ¢ok yiksek ¢ikmasi ise bala invert
seker katilarak tagsis yapildiginin goéstergesidir.
Normal kosullarda taze balda HMF bulunmamakta
iken HMF degerinin ¢ok yiksek c¢ikmasi ise bala
invert seker katllarak tagsis  yapildiginin
gostergesidir (Can 2014). HMF miktari, TGK Bal
Tebligi'ne gére balda en fazla 40 mg/kg olmalidir.
HMF miktari bakimindan incelenen bal érneklerinin
tamaminin TGK Bal Tebligi'yle uyumlu oldugu
gorilmektedir. Bu anlamda Tokat yoresi ballarinin
zamaninda hasat edilen taze ballar oldugu, hile ve
tagsis amaciyla invert seker ilavesi yapilmadiginin
ve ylksek 1sil islem uygulanmadi§i sonucuna
varilabilir. Bazi arastirmacilar tarafindan yapilan
calismalarda HMF miktarlarini Alak (2015) 1,35-
57,12 mg/kg; Belli (2019) 0-93,8 mg/kg; Bengu ve
Kutlu (2018) 36,37+2,35 mg/k; Ciftci ve Parlat
(2018) 4,17- 23,75 mg/kg; Glizel ve Bahgeci (2020)
0,3-36,5 mg/kg; Kalafat Kul (2020) 0,37-18,89
mg/kg; Kambur vd. (2015) 36,02-10,50; Kaplan
(2014) 3,39-90,21 mg/kg; Sunay (2006) 5,94-7,17
mg/kg; Turan (2012) 1,1-9,7 mg/kg; Yasar ve
Sogatli (2020) 23,595-42,220; olarak tespit
etmislerdir.

Balin protein miktarinin distik olmasina karsin, 11
ila 21 farkh aminoasidi bilesiminde bulundurmasi ile
aminoasitler agisindan zengin bir gida oldugu
bildirilmistir. ~ Aminoasit  bilesiminin ~ %80-90
kadarinin, arinin nektari bala doénustirtrken
salgiladigi sivida ve toplanan nektarlarda bulunan
prolin aminoasidi oldugu ve sahte balda hemen
hemen hi¢ bulunmadigi belirtiimistir. (Mutlu vd.
2017). Bu nedenle prolin icerigi balin kalitesi ve
balda yapilan sahtecilik hakkinda degerlendirme
yapilmasinda kullanilan temel kriterlerden birisi olup
TGK Bal Tebligi'ne gore balin prolin aminoasidi
icerigi 300 mg/kg’dan daha az olmamalidir. Prolin
miktari bakimindan analiz edilen tim bal
orneklerinin  TGK Bal Tebligi'ne uygun oldugu
gorulmektedir. Prolin degerlerinin yliksek cikmasi
ballarda tagsis yapiimadiginin bir gdstergesi olarak

kabul edilebilir. Balda prolin degerini Belli (2019)
158,45-1217,45 mg/kg; Cinar ve Aziz (2012) 301-
977 mg/kg; Ciftci ve Parlat (2018) 487,81-699,05
mg/kg; Kalafat Kul (2020) 562,66-146615 mg/kg;
Kaplan (2014) 27,41-590,78 mg/kg; Kasirga (2019)
600,67-309,14 mg/kg; Ozgiven vd. (2020) Tokat
yoresinden temin ettikleri 6rneklerin 271+12,8-
715+13,2 mg/kg; Turan (2012) 385-890 mg/kg
araliginda oldugunu tespit etmislerdir.

Baldaki nem miktari; hasat sirasindaki iklim
kosullarina, balin hasat edildigi aya, nektarin nem
miktarina, sirlanmis petek ytzdesine, ari kolonisinin
glcuine, balin olgunluk derecesine ve depolama
sartlarina goére degisiklik gostermektedir (Kalafat
Kul 2020), Su igerigi balin raf dmrQ ile olgunluk
dizeyinin belirlenmesinde bir kriter olarak kabul
edilmekte ve balin kalitesi, viskozitesi,
kristallesmesi ve tadi Uzerine etki etmektedir.
Dusuk su iceriginin ballarda ozmotolerant mayalar
tarafindan gergeklestirilen fermantasyon olusumunu
engelledigi, nem oraninin yliksek olmasi mikrobiyal
bozulmaya ve kristalizasyona neden oldugundan,
balin raf omrinu kisalttigi, bal da tat ve aroma
degisimine neden oldugu bildirilmistir ($en 2019).
Nem iceriginin ylUksek olmasi balin olgunlagsmadan
petekten alindigini da gosterebilmektedir (Kalafat
Kul 2020). Balda nem miktari TGK Bal Tebligi'ne
gore en fazla %20 olmaldir. Tokat yoresi ballarinin
tamaminin nem degerlerinin TGK Bal Tebligi'ne
uygun oldugu gorilmektedir. Calismamizda tespit
etmis oldugumuz en ylksek nem degeri %20
(TO)dir. TO Orneginin nem degerinin diger ballara
gore daha yiksek olmasi, erken hasat edilmesi ya
da hasat edildigi ortamin neminin yUksek
olmasindan kaynaklanmis olabilir. Ancak, TO
ornegine ait nem degeri standartlarda belirtilen sinir
degerlere uygunluk gostermektedir. Balda nem
miktarini Alak (2015) % 14,6-18,4; Belli (2019)
%14,64-20,88; Bengl ve Kutlu (2018) %15,39;
Cetin vd. (2011) %14,80-21,60; Cinar ve Aziz
(2012) %15,62; Ciftci ve Parlat (2018) %15,48-
17,63; Ertop (2020) 16,48-20,80; Guizel ve Bahgeci
(2020) %14,5-21,7; Kalafat Kul (2020) %15,6-20,3;
Kambur vd. (2015) %16,20-19,40; Kaplan (2014)
%10,50-20; Kasirga (2019) 12-24; Ozgiiven vd.
(2020) Tokat yoresinden temin ettikleri 6rneklerde
%16,3+0,1-%19,3+0,3; Turan (2012) %14,2-17,4
arahiginda oldugunu tespit etmislerdir.

Bal dogal enzimler bakimindan oldukga zengin bir
gida maddesidir. Balin bilesiminde bulunan baslica
enzimler; diastaz (o ve B amilaz), invertaz ve B-
glikozidazdir (Karamehmet 2021). Nektar ve ari
kaynakl bir enzim olan diastaz enzimi balda isil
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islem uygulamasinin belirleyicisidir. Diastaz enzimi
1sil igslem uygulandiginda inaktif olur. Bu yuzden
balin tazeliginin tespitinde kullaniimaktadir (Sak-
Bosnar ve Sakac 2012). Diastaz sayisi; 100 g balda
bulunan amilaz enzimlerinin 38-40°C’'de 1 saat
icerisinde pargaladiyi nisasta miktarini ifade
etmektedir (Mutlu vd. 2017). Balda disik diastaz
sayisi balin 1sil isleme magruz birakildigini veya
taze olmadigini gOsterir ve istenmez, ayni zamanda
yuksek diastaz sayisida balin asitligini arttirip hizli
fermentasyona sebep olabileceginden yine
istenmeyen bir durumdur (Ferek 2016). Balda diger
bir kalite belirleyici 6zellik olan diastaz sayisi TGK
Bal Tebligi'ne gore en az 8 olmalidir. Calismamizda
bal érneklerinde 17 numunede (A0, AR9, ARO, B9,
BO, EO, N9, NO, P9, R9, SO, TO, Y9, YO, 29, Z0)
belirlenen diastaz sayisi degeri TGK Bal Tebligi'nde
belirtilen sinir degere uygun degildir. Bu durum kod
numaralari  verilen bal  6rneklerinin  taze
olmadiginin, balin yiksek isil isleme veya uygun
olmayan muhafaza kosullarina maruz birakildiginin
bir gostergesi olabilir. Clnklu diastaz enzimin
miktari 1sil islem uygulamasi veya uygun olmayan
muhafaza kosullarinda azalmaktadir. Balda diastaz
sayisini; Belli (2019) 3,38-13,18; Cetin vd. (2011)
1,0-20,0; Ciftgi ve Parlat (2018) 12,86-22,44; Giizel
ve Bahgeci (2020) 0,1-32,2; Kalafat Kul (2020)
25,0-60,0; Kambur vd. (2015) 0-14,29; Kasirga
(2019) 6,0-12,0; Ozgiiven vd. (2020) 11,6-25,4;
Sunay (2006) 13,47-22,52; Turan (2012) 15,2-38,5;

Yasar ve Sogutli (2020) 1,0-17,9 olarak
belirlemislerdir.
Son yillarda tarimsal uygulamalarda verimi

artirmak, tarim zararllariyla muicadele etmek ve
masraflarin azaltilmasi amaciyla kimyasal kullanimi
oldukga artmistir (Muku vd. 2019). Bal uretiminde
ilag kalintisina rastlaniimasinin iki 6nemli sebebi
vardir. Bunlardan ilki ar hastaliklarina engel olmak
icin kovanlara uygulanan ilaglar, ikincisi ise
ciftcilerin kullandiklari zirai ilaglarin dolayli olarak
bala gegmesidir (Kutlu ve Bengi 2020). Tokat
merkez ve lgelerine ait ballarda incelenen
orneklerden Gglinde (ARO, M9, Y9), pestisit kalintisi
tespit edilmistir. ARO kodlu numunede toplam 6
adet pestisit saptanmis olup bir adet pestisit
(kresoxim-methly) miktari Avrupa Birligi pestisit ve
kalinti mevzuatinda belirtilen sinir degere uygun
bulunmustur. Diger 5 adet pestisit
(Triadimenol+Triadimefon, Metrafenone,
Cypermethrin, Boscalid ve Deltamethrin) miktarinin
Maksimum Kalnti  Limiti (MRL) degerlerinin
Uzerinde oldugu belirlenmistir. M9 Kodlu 6rnekte
Triadimenol+Triadimefon, Metrafenone,
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Cypermethrin miktarlari MRL degerlerinin Gzerinde

tespit edilmistir. Y9 kodlu ornekte
Triadimenol+Triadimefon tespit edilmis olup,
miktarinin  MRL  degerinin  Gzerinde oldugu

gorulmektedir. Bu durumun ARO, M9, Y9 kod
numarall bal Orneklerinin Uretimi sirasinda ari
hastaliklarina engel olmak igin kovanlara ilaglar
uygulandiginin ya da bolgede ciftcilerin kullandiklari
zirai ilaglarin dolayl olarak bala gegmesinden ya da
ari kovanlarinin bulundugu ortamlarin g¢evre kirlilik
oranlarinin yiksek olabilecedinden kaynaklandigi
disunulmektedir. Diger érneklerde higbir pestisit ve
kalinti tespit edilmemistir. Kutlu ve Bengu (2020),
yapmis olduklari bir ¢calismada Mus ilinden temin
ettikleri 10 adet bal o6rneginde bromopropylate,
chlorfenvinphos, flumethrin, taufluvalinate,
coumaphos ve amitraz pestisit kalintilarini
arastirmiglar ancak, higbir 6rnekte belirtilen pestisit
kalintilarina rastlamamislardir. Balda Deltamethrin
miktarini Canbay vd. (2012) 0,019 ng/g; Kujawski
ve Namiesnik (2011) 0,74-0,85 ppb; Toptanci ve
Bayrak (2012) 0-23,75 ppb olarak belirtmistir.
Bulunan degerler Avrupa Birligi pestisit ve kalint
mevzuatinda belirlenen MRL degerleri altindadir.
Yapilan g¢alismalarda balda cypermethrin miktarini
Canbay vd. (2012) 0,021 ng/g; Mukherjee (2009) 0-
5; Rissato vd. (2007) 0-92 ppb; Toptanci ve Bayrak
(2012) 0-19,29 ppb araliginda tespit etmislerdir.
Bulunan degerler Avrupa birligi pestisit ve kalinti
mevzuatinda belirlenen MRL degerleri altindadir.

Bal, insanlarin ihtiya¢g duydugu baglica mineral ve iz
elementlerin iyi bir kaynagi olarak gorulmektedir.
Ancak, gida yoluyla alinan bazi elementlerin
guvenlik seviyelerini astiklarinda toksik olabildigi de
rapor edilmektedir. Na, K, Ca, Zn, Fe ve Cu gibi
metallerin, insan vicudunda bazi biyokimyasal ve
fizyolojik fonksiyonlar i¢in 6nemli ve yasam
boyunca saghg korumak igin gerekli oldugu, ancak
Pb, As, Cd ve Hg gibi agir metallerin 6zellikle toksik
oldugu, bu metallerin gidalarda asiri miktarlarda
bulunmasinin, bazi hastaliklara, 6zellikle de bobrek,
solunum, kalp-damar, sinir ve kemik hastaliklarina
neden olduklari, Al'un sinir, kemik ve hemopoietik
hlcreler Uzerinde =zararl etkileri bulundugu ve
Parkinson hastaligi gibi bazi nérodejeneratif
hastaliklarla iligkili oldugu bildiriimektedir (Aygun
2020). Balin icerigindeki mineral madde icerigi
yaklasik %0,1-1,0 araliginda olup, elde edildigi
bitkiye, toprak ve iklime, botanik orjine gore degisir
(Sen 2019). Tokat ydresine ait bal 6rneklerinde
¢inko (Zn) miktari 0,00-24,31mg/kg, nikel (Ni)
miktari 0,00-2,91 mg/kg, krom (Cr) miktari 0,00-
3,85 mg/kg; mangan (Mn) miktari 0,00-4,66 mg/kg;
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bakir (Cu) miktari 0,00-17,10 mg/kg; kurgsun (Pb)
miktari 0,31-2,73 mg/kg aralidinda tespit edilmistir.
TGK Bulasanlar Yonetmeligi’ nde (Tarim ve Orman
Bakanhgi 2011) balda bulunan agir metaller ile ilgili
herhangi bir limit bulunmamaktadir. Ancak adi
gecen ayni yonetmelikte kursun (Pb) igerigi gida
takviyeleri harig¢ farkli gidalarda en ¢ok 1,5 mg/kg
olarak  sinirlandiriimistir.  Calismada  incelen
orneklerden 8 adedinin (A0, AR9, B9, NO, R9, SO,
T9 ve YO0) kursun miktarlarinin diger yenilebilir
gidalar icin belirtilen sinir degerlerin Uzerinde
oldugu gorulmistir. Kursun, balda bulunan en
tehlikeli maddelerden birisidir ve agirlikli olarak arag
trafiginin yogun oldugu yerlerde egzoz gazlarn ile
havaya karigarak, dogrudan nektar ve bal 6zsuyunu
kirletmektedir. Bu durum Tokat yoresindeki s6z
konusu ballarin ana yollara yakin noktalarda
Uretiminin gerceklestiriimis olabilecegini
distindirmektedir. Bununla birlikte; Pb, Cd, Ni ve
Cr gibi agir metallerin kanserojen ve sitotoksik
etkiye sahip olmalari nedeniyle gunlik alim
dozunun aslildigI zamanlarda insan saghgdina zararli
etkilere sahip olabilecegi igin bu agir metallerin bal
orneklerinde bulunmamasi istenir. Celechovska ve
Vorlova (2001) Cek Cumbhuriyeti ballarinda bazi
element miktarlarini Cd, 0,5-77,4 ug kg-1; Pb, 0,02-
1,0 mg/kg; Hg, 0,67-0,93 mg/kg; Cu, 0,06-1,55
mg/kg ve Zn, 0,2-22,9 mg/kg araliklarinda tespit
etmistir.  Kilig Altun vd. (2017); Turkiye'de 9 farkli
sehirden temin ettikleri 71 farkh bal érneginde 13
adet element tespit etmis olup bunlar sirasiyla Al,
Ca, Cd, Cr, Cu, Fe, K, Mn, Na, Ni, Pb, Se ve Zn dir.
Arastirmacilar K, Na, ve Ca miktarlarinin sirasiyla
1,18-268,00 ppm, 0,57-13,10 ppm, ve 0,77-4,50
ppm, araliginda degistigini Pb, Cd, Ni, ve Cr agir
metallerinin ¢ok dusUk duzeylerde (<1 ppb)
bulundugunu belirtmislerdir. Luvanda ve Lyimo
(2018); Tanzanya’da farkli bolgelerde topladiklari
ballarin mineral madde miktarlarini Zn, 0,38-5,29
mg/kg; Fe,1,34-18,15 mg/kg; Ca 91,96-508,70
mg/kg; Mg, 7,67-292,41 mg/kg; K, 80,42-961,38
mg/kg olarak belirtmislerdir. Silici vd. (2008) yapmis
olduklari bir calismada Zn, 0,47-6,57 ug/g; Ca
3,28-232 ug/g; Mn 1,11-74,2 uglg; Cu 9,97-35,8
ug/kg; Pb 1,51-55,3 ug/kg; Cr 1,24-12,9 ug/kg; Ni
1,21-131 pg/kg olarak tespit etmislerdir. Sultanoglu
(2011), Hatay ili ballarinda yapmis oldugu element
ve agir metal analizlerinde 17 element (Al, B, Ba,
Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sr
ve Zn) tespit etmistir. Balda en fazla bulunan
elementlerin  belirlenen degerleri sirasiyla Ca,
219,375 mg/kg; K, 446,930 mg/kg; Mg, 49,064
mg/kg ve Na, 95,910 mg/kg olarak belirtiimistir.

Diger elemetlerden Al, B, Ba, Cd, Co, Cr, Cu, Fe,
Mn, Ni, Pb, Sr ve Zn miktarlar ise sirasiyla 4,434,
4,992; 0,153; 0,033; 0,031; 0,203; 1,249; 15,071;
0,563; 0,345; 0,389; 0,708 ve 4,709 mg/kg olarak
belirlenmistir. Tlzen (2002) tarafindan
gerceklestirilen calismada Tokat ilinden toplanan 25
bal numunesi Gizerinden ¢evre kirliliginin gorilmesi
icin  metal dizeyleri arastinimistir.  Analizi
gergeklestirilien numunelerin ortalama olarak Pb
miktari  0,0406+0,00055 mg/litre (0,0303-0,0580
mg/litre), Cd miktari 0,0071+£0,0006 mg/litre
(0,0055-0,0098 mag/litre), Cu miktari 0,62+0,08
mg/litre (0,25-1,30 mg/litre), Fe miktari 5,22+0,96
mg/litre (3,45-8,94 mag/litre), Mn miktar1 0,49+0,05
mg/litre (0,32-0,70 mg/litre) ve Zn miktar 3,45+0,40

mg/litre  (1,15-4,95) olarak belirtiimistir. Metal
dizeylerinin yogunluk agisindan
Fe>Zn>Cu>Mn>Pb>Cd seklinde siralandigi

gorulmustar.

Balin antioksidan madde igerigi; Uretildigi nektarin
toplandigi bitkisel kaynaga, mevsimsel ve gevresel
faktorlere bagli olarak degismektedir (Spilioti vd.
2014). Tokat yoresi ballarinin toplam fenolik madde
miktarlari 254,14-776,94 ug GAE/g bal; serbest
radikali giderme aktivitesi 129,47-587,37 ug TE/g
bal; katyon radikali giderme aktivitesi 93,33-
1187,78 ug TE/g bal oldugu tespit edilmistir. Farkl
ilcelerden temin edilen bal 6rneklerinin fenolik
madde icerigi arasindaki bu farkhliklarda; ydérenin
iklim kosullarinin, bitki &rtistunun, yukseltinin ve
ardnun uretildigi yilin etkili olabilecegi
distnulmektedir. Yapilan bir galismada Corum
yoresi ballarinin antioksidan kapasiteleri ABTS
yonteminde 0,466-1,353 mM TE (Trolox Esdegeri),
DPPH yo6nteminde ise 0,170-0,605 mM TE, toplam
fenolik madde igerigi ise 243-546 mg GAE/kg
arahginda oldugu tespit edilmistir (Glzel ve
Bahgeci 2019). Kasirga (2019), yapmis oldugu
¢alismada Sirnak yoresi ballarinin toplam polifenol
miktarlarini 11,940-37,286 mg GAE/100 g, DPPH
degerini 34,38-229,22 mg/mL olarak tespit etmistir.
Dodan (2014) ballarda toplam fenolik madde
miktarinin 449,59 mg GAE/100g; Ulusoy (2010),
yapmis oldugu calismada Anzer balinda toplam
fenolik madde miktarlarinin  4,26-10,61 mg/g
araliginda oldugunu belirtmistir.

Sonug¢

Calismamizda Tokat merkez ve ilgelerinden temin
edilen 2019 ve 2020 yillarina ait toplam 24 adet
gicek balinin nem miktari, karbon izotop oranlari,
seker icerikleri, mineral icerikleri gibi cesitli
fizikokimyasal Ozellikleri incelenmis ve 6rneklerin
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Tark Gida Kodeksi Bal Tebligi (2020/12) ’'nde
belirtilen ¢esitli  6zelliklere ait sinir degerlere
uygunlugunun ortaya konulmasi amaclanmistir. Bu
anlamda Tokat merkez ve ilgelerine ait ballara
iliskin dnemli bulgular elde edildigi dugsunulmektedir.
incelenen bal 6rneklerinin tamami karbon izotop
orani, sakkaroz miktari, Friktoz+Glikoz miktari
bakimindan Tirk Gida Kodeksi Bal Tebligi
(2020/12) ’ne uygun bulunmustur. Friktoz/Glikoz
orani alti érnekte limit degerleri asmistir. HMF,
nem, serbest asitlik, prolin miktari ve elektrik
iletkenligi butin o&rneklerde TGK Bal Teblidi'ne
uygun bulunmusgtur. Diastaz sayisi on yedi drnekte
disik degerlerde belirlenmis olup TGK Bal
Tebligi'nde belirtilen limitlerin altinda kalmigtir.
Pestisit ve kalinti miktarlari incelendiginde sadece
iki 6rnekte alti pestisit, bir drnekte ise bir pestisit
tespit edilmigtir. Belirlenen pestisitlerin
¢ogunlugunun miktarinin Avrupa Birligi pestisit ve
kalinti mevzuati limitlerinin Gzerinde oldugu tespit
edilmistir. Elde edilen bulgularin Tokat yoéresine ait
cicek ballarinin ulusal ve uluslararasi dizeyde
taninirhdina katki saglayabilecek 6nemli sonuclar
icerdigi dusunulmektedir.

Cikar Catismasi: Yazarlar
¢atismasi bulunmamaktadir.

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

Mali Kaynak: Yapilan bu calisma Funda KARA’ nin
‘Tokat Yoresi Ballarinin Bazi Fizikokimyasal
Ozelliklerinin Belirlenmesi’ adli yiiksek lisans tez
¢alismasindan Uretilmis olup, Tokat
Gaziosmanpasa Universitesi Bilimsel Arastirma
Projeleri (BAP 2020/55) tarafindan desteklenmistir.
Yazar Katkilari: Bu galismada, Fikir: CK, FK, MB;
Analizler: FK, ST; Literatlir Taramasi: FK; Makale
Yazimi: FK, EEY; Elestirel inceleme: CK, MB, EEY
Tesekkiir: Yapilan bu ¢alisma Funda KARA’ nin
‘Tokat Yoéresi Ballarinin Bazi Fizikokimyasal
Ozelliklerinin Belirlenmesi’ adli yiiksek lisans tez
¢alismasindan Uretilmis olup, Tokat
Gaziosmanpasa Universitesi Bilimsel Arastirma
Projeleri (BAP 2020/55) tarafindan desteklenmistir.
Ayrica bal 6rneklerinin temininde katki saglayan
Tokat Aricilar Birligine ve destegi igin TOGU
BAP’a tesekkur ederiz.
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oz

Bu calisma, diinya ¢apinda bal arisi (Apis mellifera L.) yetistiriciliginde koloni kayiplari ve verim
disukliginin baslica sebebi olarak gorilen Varroa destructor parazitine karsi farkh formda
uygulanan oksalik ve formik asidin etkinligini belirlemek amaciyla yiirutiilmistir. Formik asit iki
deneme grubuda (FormicPro™; %70’lik sivi formik asit), oksalik asit alti deneme grubunda
(Damlatma; Sprey; Sublimasyon; Gliserinli Havlu; Aygicek Yagh Havlu; Ultrasonik Sisleme) test
edilmistir. Kontrol grubu, ¢alisma siiresince higbir uygulamaya maruz kalmamistir. Sonuglara gore,
varroaya karsi en yiiksek etki FormicPro™ grubunda belirlenmigtir (P<0.001). Ancak, formik asit
gruplarinda kolonilerin kulugka faaliyeti neredeyse tamamen durmaktadir. Higbir uygulama
yapilmayan kontrol grubu ve ultrasonik sisleme makinasi ile uygulama yapilan oksalik asit grubunda
varroa popiilasyonu artis gostermistir (P<0.001). Sonbaharda, ¢aligmanin yapildigi konumda her
uygulamanin varroa'ya karsi yeterince etkili kontrol saglamadigi sonucuna varilmigtir.

Anahtar Kelimeler: Bal arisi, Formik Asit, Oksalik Asit, Etkinlik, Varroa destructor

ABSTRACT

This study was carried out to determine different forms of the effectiveness of oxalic and formic acid
applied against Varroa destructor parasite, which is seen as the main cause of colony losses and low
yield in honeybees (Apis mellifera L.) worldwide. Formic acid was tested in two trial groups
(FormicPro™; 70% liquid formic acid) and oxalic acid in six trial groups (Dribbling; Spray;
Sublimation; Glycerine Shop towel; sunflower Oil Shop Towel; Ultrasonic Fogging). The control
group was not exposed to the application during the study. According to the results, the highest
effect against varroa was determined in the FormicPro™ group (P<0.001). However, incubation
activity of colonies almost completely ceases in formic acid groups. The rate of varroa infestation
increased control group and the oxalic acid group treated with an ultrasonic fogging machine
(P<0.001). In the autumn, it was concluded that not every application provided effective control
against varroa at the location where the study was conducted.

Keywords: Honeybee, Formic Acid, Oxalic Acid, Activity, Varroa destructor
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EXTENDED ABSTRACT

Aims: Varroa destructor is considered to be the
most damaging parasite to honeybees (Apis
mellifera L.) worldwide from past to present.
Against this parasite, organic acids are used with
different methods. This study, it was carried out to
determine the effectiveness of oxalic and formic
acid applied in different forms against V. destructor
parasite, which is seen as the main cause of
economic losses in beekeeping.

Material and Method: FormicPro™ and 70% liquid
formic acid were used in the treatment of Formic
acid to reduce the infestation rate of the parasite in
the colonies. Oxalic acid groups were treated by
methods (Dribbling, Spray, Sublimation, Glycerine
Shop Towel, sunflower oil Towel, Ultrasonic
Fogging). The control group was not exposed to
any application during the study. During the study,
all group colonies were fed with sugar syrup (1:1)
and protein patties.

Results and Discussion: According to the results,
the highest efficacy (100%) and the least brood
activity against varroa were determined in the
FormicPro™ group (P<0.001). Brood activity in all
colonies decreased or stopped during formic acid
treatment. The most effective (82,4%) oxalic acid
treatments were determined as oxalic acid
sublimation (P<0.001). The rate of varroa
infestation increased in the control group and the
oxalic acid group treated with an ultrasonic fogging
machine (P<0.001). It was determined that the
oxalic acid spray method decreased the brood
production of the colonies. Marinelli et al. (2007)
reported that the effectiveness of liquid formic acid
varies between 89,5 — 97,2%. Menzies et al. (2019)
reported that the 14th and 20th-day effect of the
commercially named FormicPro™ product was
89,4% and 82,4%, respectively.

Our Oxalic Acid shop towel treatment results are
not compatible with Oliver (2018). The least
reduction in the number of bee-covered frames was
observed in the oxalic acid sublimation method.
According to the study conducted by Ylcel (2005),
it was determined that there was not much
decrease in the number of bee-coated and brooded
frames as a result of oxalic acid dribble and liquid
formic acid treatment.

Conclusion: Turkey has an important position in
terms of beekeeping and quality bee products due
to its different geographical regions and diverse
vegetation. Migratory beekeeping is actively

U.Arn D. - U.Bee J. 2022, 22 (2): 166-175

practiced in every region. Because of this, diseases
and pests spread rapidly among apiaries.
Beekeepers must fight against diseases and pests
with effective methods. It is important to increase
scientific studies in order to carry out effective
beekeeping activities and minimize the problems
encountered.

GiRIiS

Varroa (Varroa destructor) hastaligi, bal arilarinin
hem erginlerine hem de kulugkasina zarar veren bir
dig parazittir (Anderson ve Trueman 2000). Bu
parazit, orijinal konadi Apis cerana’dan Apis
mellifera’ya transferinden bu yana (Colin 1999),
dinya c¢apinda bal ansi (A.mellifera L.)
kolonilerinde blylk kayiplara sebep olmaktadir
(Martin vd. 2012). Parazit, kapal kulugka icerisinde
arilarin  vicut yag dokusu ile beslenmektedir
(Ramsey vd. 2019). Bal arnisi (A. mellifera L.)
kolonilerinin bu parazit tarafindan bulasik hale
gelmesi, ari  yavrularinin  ve  erginlerinin
zayiflamasina  ve deformasyonuna sebep
olmaktadir (Boecking ve Genersch 2008). Akara
karsi cesitli maddeler ve ilaglar bilingsizce
kullaniimistir (Akyol vd. 1998). Bilingsiz kullanimin
sonucu olarak bu ilaglara karsi direngli varroa
hatlari olugsmakta, kullanilan ilaglarin etkinlikleri
azalmakta ve ilag kalintilari gida glivenligi ve insan
saghgr bakimindan ©6nemli bir sorun haline
gelmektedir (Akyol ve Ozkok, 2005, Akyol ve
Korkmaz, 2006). Gunimuzde bu sorunlara karsi
organik bilesikler (Tymol, Oksalik, Formik, Sitrik ve
Laktik) kullanimi gittikgce ©nemini artirmaktadir
(Formato ve Smulders 2011, Cengiz 2018, Gregorc
ve Sampson 2019). Oksalik asit (O.A), dinya
¢apinda varroaya karsi kullanilan en yaygin dogal
kaynakl sentetik akarisitlerden biridir. Puskirtme
ve suUblimasyon uygulama tekniklerinin 1980’lerin
ortalarindan bu yana Dogu Avrupa ve Asya'da
yogun olarak kullaniimasindan dolay!i varroaya
karsi etkileri iyi bilinmektedir (Okada ve Nekane
1987, Popov vd. 1989). Oksalik asidin sublimasyon
(Rademacher ve Harz 2006), damlatma ve sprey
(Charriere ve Imdorf 2002, Rademacher ve Harz
2006) uygulamalarinda en fazla etki gdsterebilmesi
icin kapal yavru ¢ok az ya da hig olmamali, hava
sicakligi soguk ve 0°C’tan distik olmamahdir
(Akyol ve Yeninar, 2009). Formik asit, kapal
kulugka goOziindeki akarlara kargi tek etkili aktif
maddedir (Fries 1990, Rosenkranz vd. 2010).
Avrupa Ulkelerinde 80Q’lerin basindan bu yana
yaygin olarak aricilar tarafindan kullaniimaktadir
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(Ritter ve Ruttner 1980, Wachendoérfer vd. 1985,
Elzen ve Westervelt 2002). Yaygin kullanimina
karsin arici icin tehlikeli olmasi, ana ari 6limu,
uretkenlikte azalma, koloninin terki ve ogul verme
gibi dezavantajlan bildiriimektedir (Bolli 1993).
Dinya c¢apinda bu asitlerin etkileri, Nanetti vd.
(1995), Imdorf ve Charriéere (1998), Akyol ve
Yeninar (2009), Girisgin ve Aydin (2010), Frey vd.
(2011), Mert ve Yilcel (2011), Bacandritsos vd.
(2007), Seeley ve Smith (2015), Peck ve Seeley
(2019) gibi  birgok  arastirmaci  tarafindan
incelenmistir. Bu c¢alismalar, asitlerin etkinliginin
kulugcka miktarina, mevsime, iklime, varroa ve ergin
ari populasyonuna, goger ariciliga, sicakliga, formik
asit kabina, asitlerin dozuna, rlzgar ydnine,
aricinin  kolonilere mudahalesine, erkek ari
yogunluguna, koloninin yapisina ve bdlgedeki ari
yogunluguna gore dogrudan degistigini gdstermistir.

Bu calisma, V. destructor'a karsi oksalik (H2C204)
ve formik asit (HCOOH) bazl tedavi yéntemlerinin
etkinliginin arastiriimasi igin yuratalmuastar.

GEREG VE YONTEM

Calisma, 10 Eylil — 11 Kasim 2020 tarihleri
arasinda Nigde Omer Halisdemir Universitesi
kampus (36°56'26"N 34°37'31"E) icinde
yaratalmustar.

Kolonilerin Segimi

Ari kolonisi olarak ahsap, alti 1zgarali Langstroth
model kovanlar kullaniimigtir. Kolonilerde glz
doénemi olmasindan dolayi arili ve kulugkal gergeve
bakimindan esitleme yapilmamigtir. Her bir deneme
grubunda 5 adet koloni olmak tzere toplam 45 adet
koloni ile calisma yurGtilmastir. Calisma siresince
tim grup kolonileri seker surubu (1:1) ve ticari
olarak piyasadan satin alinan proteinli ari keki ile
beslenmistir.

Oksalik Asit Tedavisi

Oksalik asit kristallerinin havluya emdirmesi bitkisel
gliserin ve aygicek yagi ile yapilmigtir. Oksalik asit /
gliserin (1:2) Oliver (2018)'in formilasyonuna gore
yapilmistir. Oksalik asit / yag (1:3) Oliver (2018)’in
formilasyonun da kullandidi ¢oziict gliserin yerine
aycicek yagr kullanilarak 1sil  iglem ile
¢bzdiruldukten sonra 10x10 cm boyutunda bez
havlular Gzerine dokulerek emdiriime saglanmistir.
Oksalik / yag formilasyonunda, bez havlular
birbirine sikica yapismasindan dolayi etkin kullanim
icin uygun olmamaktadir. Oksalik asit sprey ve
damlatma yoéntemiyle %20’lik seker surubu ¢dzeltisi

icinde %3,6’lik oranda hazirlandiktan sonra gergeve
basina 5er ml olarak uygulanmistir. Oksalik asit
sublimasyon ise piknik tipline bagh alev isitici
cihazla her bir koloniye 1 gr olarak uygulanmistir.
Ultrasonik sisleme cihazi ile %15’lik oksalik asit saf
su c¢ozeltisi, 30 sn slresince her bir koloniye
uygulanmigtir.  Ayrica, Palmera marka buhar
makinasi ile %15’lik etil alkol oksalik asit ¢cozeltisi 5
sn suresince her bir koloniye uygulanmigtir. Her
tedavi ayda bir kez uygulanmistir (Al-Sayegh 2015,
Jack vd. 2020).

Formik Asit Tedavisi

Formik asit tedavisinde FormicPro™ ve %70’lik sivi
formik asit kullanilmistir. Sivi formik asit, ¢ergeve
arasina uygun plastik aparat ile 40 ml uygulanmistir
(Norain Sajid vd. 2020). FormicPro™ ise duretici
firmanin Gzerinde yazili kullanim talimatina uygun
olarak uygulanmistir (Menzies vd. 2019). Kontrol
grubu  kolonilerine  higbir tedavi uygulamasi
yapiimamistir.

Varroa Bulagiklik Belirlemesi

Calismadan ¢ glin 6nce dogal olarak enfekte
olmus tim kolonilerin varroa (Varroa destructor)
bulasiklik seviyesi pudra sekeri sallama yontemi ile
belirlenmistir (Ellis ve Acedo 2001, Gregorc ve
Sampson 2019). Kisaca, petek gozlerinde
¢ogunlugu larva periyodunda olan c¢ergeve
Uzerinden yaklagik 200-250 adet ergin ari cam
kavanoza alinarak U¢ dakika sire ile sallandiktan
sonra farkh gbzenek c¢apl elekler vasitasiyla
varroanin  ayristirimasi  saglanmigtir.  Varroa
bulasiklik seviyesi (%) ve ilaglarin etkinlik seviyesi
(%) Cakmak vd. (2011)'in belirttigi esitlik yardimiyla
hesaplanmistir.

istatistiki Analiz

Verilerin normallik varsayimi Kolmogorov — Smirnov
testi ile incelenmis ve verilerin normal dagilim
saglamadigi belirlenmistir (P<0.05). Veriler igin
uygun transformasyon (In, log, karekok) yontemleri
uygulanmasina ragmen normal dagihm
saglanamadigi igin verilere parametrik olmayan
yontemlerden permultasyon testi uygulanmigtir.
Ortalamalari karsilastirmak icin ikili permutasyon
testleri kullaniimistir (Onder 2007, Anderson 2001).
Ari kapl cerceve, yavrulu cerceve ve varroa
bulasikhdr icin 99.999 permutasyon yapilmistir.
Analizler, Anderson (2000) tarafindan yazilan
NPMANOVA yazilimi ile yapilmigtir.

ARASTIRMA BULGULARI

Calisma sonucunda, zamana bagl olarak tiim grup
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kolonilerinde ari kapli ¢erceve sayisinda istatistiki
farkhlik (P=0.356) olmamasina ragmen, yavrulu
cerceve sayisinda farklilik oldugu belirlenmistir
(P=0.014). Muamele gruplari arasinda ari kapli ve
yavrulu gergeve sayisinda istatistiki farklihk oldugu
belirlenmistir. Zamanla muamele gruplarinin
yavrulu ve ari kapli gerceve sayilarinin degisimi
istatistiki olarak énemli bulunmustur (P<0.001). Ari
kapl cerceve sayisi son &lgim yapildigi kasim
ayinda en az olarak oksalik asit sprey (OAS) tedavi

grubunda oldugu belirlenmistir. Yavrulu cergeve
sayisinda en dusuk formik asit gruplari
(FormicPro™,  %70'lik formik asit) oldugu
belirlenmistir. Formik asit uygulamasinin kulucka
faaliyetini  durdurdugu belirlense de Varroa
destructor Uzerine en etkili oldugu tespit edilmistir.
Hicbir tedavi uygulanmayan kontrol grubunun (KG)
varroa bulasiklik seviyesi bakimindan en kot grup
oldugu belirlenmistir (Tablo 1).

Tablo 1. Calisma Suresince Kolonilerin Ari Kapl ve Kulugkali Cerceve Sayisi (ad.) ve Varroa destructor Bulasiklik

Seviyesi (%)

Table 1. The Number of Bee Covered and Brood Frames of Colonies During the Study and Varroa destructor Infestation

Level (%).
Uygulama - Arli Kaph Gerceve (adet) | Yavrulu Gerceve (adet) | Varroa Bulasiklik (%)
Zaman Uygulama Tipi | y,q.) (X£Sx) (X£S5)
0G 8,00 * 0,00 3,5 £ 0,294 26,5+ 5,632
oy 8,25 + 0,252 3,00 + 0,415f 20,75 £ 2,592¢
FP 7,50 £ 0,65%°¢ 4,25 + 0,482 10,25 + 3,01°f
OAD 8,00 + 0,002 5,00 + 0,582 7,50 + 3,28
10 Eylll OAS 6,75 + 0,63%f 3,50 + 1,322 12,75 £ 3,073
OASUB 7,50 £ 0,65%°¢ 3,50 + 0,96 8,50 + 1,89°F
UOA 7,00 £0,41%° 3,75 £ 0,25%¢ 10,25 * 2,020
%70 FA 6,25 + 0,250f 3,25 + 0,25%¢ 2,00 + 0,41¢f
KG 7,25 + 0,85 5,00 £ 0,912 7,75 £1,7¢f
0G 6,75 + 0,63*f 2,50 + 0,29°f 6,75 + 3,9¢
oy 8,00 * 0,002 3,75 £ 0,25%¢ 6,00 + 1,22¢
FP 7,25 + 0,754 1,25 +0,48°" 0,00 + 0,00f
OAD 7,75 + 0,25% 3,25 £ 0,48%¢ 19,00 5,762
09 Ekim OAS 5,75 + 0,759 2,00 £ 0,71¢" 5,50 + 3,18
OASUB 6,75 + 0,48%f 2,25+ 0,639 0,25 + 0,25
UOA 6,75 + 0,25%f 2,75 + 0,250f 19,25 + 8,814
%70 FA 6,25 * 0,25f 1,25 +0,48°" 0,25 + 0,25
KG 5,75 + 1,49¢9 1,88 +1,13%! 23,75 £ 11,312
OG 5,50 + 0,65%h 1,50 + 0,29¢ 13,50 + 4,63
oy 7,25 + 0,254 1,75+ 0,63 7,25 +1,31¢F
FP 6,25 + 0,48°f 0,00 + 0,00 0,00 + 0,00f
OAD 5,75 + 0,25¢9 2,00 +£0,71¢" 4,00 + 0,71¢f
11 Kasim | OAS 3,75 +0,48" 0,50 + 0,299 4,50 + 1,55%
OASUB 6,25 + 0,255f 1,00 + 0,41" 1,50 + 0,65
UOA 5,25 + 0,48 2,00 £ 0,41¢" 17,00 £ 7,33%¢
%70 FA 5,00 + 0,41 0,25 + 0,25M 0,25 + 0,25
KG 4,25 + 0,859 1,25 +0,63%" 26,75 £ 12,912
Varyans Unsurlari F (P) F (P) F(P)
Uygulama Zamani 1.075 (0.356) 4.534 (0.014) 5.557 (0.004)
Uygulama Tipi 9.563 (<0.001) 12.451 (<0.001) 3.871 (0.001)
U. Zamani * U. Tipi 1.925 (0.030) 1.879 (0.035) 2.644 (0.003)

*Ayni stitundaki farkli harfler istatistiki farklihgi gosterir (P<0.001), X: Ortalama, Sx: Standart Hata

**QOksalik Asit/Gliserin (OG); Oksalik Asit/'Yag (OY); FormicPro™ (FP); Oksalik Asit Damlatma (OAD); Oksalik Asit Sprey
(OAS); Oksalik Asit Sublimasyon (OASUB); Ultrasonik Sisleme Oksalik Asit (UOA); %70’lik formik asit (%70 FA); Kontrol

Grubu (KG)

Tdm zamanlarda muamele gruplari arasinda varroa
bulasiklik seviyesi (%) bakimindan énemli dizeyde
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istatistiki farkhlik saptanmistir (P<0.001). Formik
asit gruplarinin tedavi sonrasinda en etkili gruplar
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oldugu belirlenmistir (P<0.001; Tablo 2). Higbir
tedavi uygulanmayan kontrol grubunda (KG) varroa
%256,7 artis gostermistir. En etkisiz tedavinin
%15’lik oksalik asitin ultrasonik sisleme (UOA)
makinasi ile uygulandigi gruplarda oldugu

belirlenmistir. Ozellikle, giiz déneminde bu parazite
kars! higbir uygulama yapilmamasi ve dusik etkili
ila¢c uygulama yodntemleri kolonilerin yogun parazit
altinda kaldigi gdzlemlenmistir (Tablo 2).

Tablo 2. Varroaya Karsi Oksalik ve Formik Asit Uygulamalarinin Etkinligi (%)

Table 2. The Efficiency of Oxalic and Formic Acid Applications Against Varroa (%)

Muamele Gruplari

oG | oY

OAD | OAS |OASUB |UOA | %70 FA | KG

Metodlarin Etkinlik Seviyesi (%) | 49.1|65.1|100.0

46.7 |64.7 |82.4 -68.3|87.5 -256.7

**Oksalik Asit/Gliserin (OG); Oksalik Asit/'Yag (OY); FormicProTM (FP); Oksalik Asit Damlatma (OAD); Oksalik Asit
Sprey (OAS); Oksalik Asit Sublimasyon (OASUB); Ultrasonik Sisleme Oksalik Asit (UOA); %70’lik formik asit (%70 FA);

Kontrol Grubu (KG)

TARTISMA

Giusti vd. (2017) sivi formik asitin etkinligini %95
olarak rapor etmiglerdir. Pietropaoli ve Formato
(2018) yaptiklari calismada farkl bdlgelerde %60’k
sivi formik asitin etkinliginin %57-72 arasinda
degistigini bildirmislerdir. Pietropaoli ve Formato
(2019)ya  gore, uU¢ farkh  (Nassenheider
professional®; MAQS®; Varterminator®) ticari formik
asit Urindnin etkisinin sirasiyla; %73,2, %49,3 ve
%81,2 oldugunu bildirmislerdir. Ek olarak, MAQS®
ve Varterminator® drinlerinin uygulandi§i tedavi
gruplarinda ana ari kayiplari oldugunu rapor
etmislerdir. Marinelli vd. (2007), farkli buharlastirma
aparatlari ile uygulanan sivi formik asitin etkinliginin
aparatin yapisina gore %89,5-97,2 arasinda
degistigini  bildirmiglerdir. Marinelli vd. (2008),
%65’lik Mitegone® ticari Grininin %70,9 ve %65'lik
120 ml sivi asidin %55,98 etkisini bildirmislerdir.
Yicel (2005), yaptidi c¢alismada sonbaharda
%65’lik asidin  etkisinin  %79,12  oldugunu
bildirmistir. Steube vd. (2021), tarafindan yapilan
%60 ve %85'lik sivi formik asit ¢alismasina gore,
cift kulugkalikh kolonilerde %85’lik formik asit
uygulamasinin daha etkili oldugu rapor edilmistir.
Menzies vd. (2019), FormicPro™ ticari isimli Griinin
uygulamay! takiben 14. ve 20. gun etkisini sirasiyla;
%89,4 ve %82,4 oldugunu ve %65’lik sivi formik
asidin varroaya karsl etkisini %62 olarak
bildirmislerdir. Sivi formik asidin etkisini Vandervalk
vd. (2014), %78 olarak rapor etmislerdir. Satta vd.
(2005) farkl bolgelerde ve farkl yillarda formik
asitin ergin ari, kralige ve kulugka kayiplarina sebep
oldugunu rapor etmiglerdir. Marinelli vd. (2007),
calismalarinda Ug farkli (ErForm®, petri kabi, kovan
yemligi) buharlastirma aparatinda kralice ari

kaybini  sirasiyla, %67, %28, %14 olarak
bildirmislerdir. Calismamizda, formik asit tedavi
gruplarinin hi¢ birinde ana ari kaybir olmamistir.
Ancak, oksalik asit ve kontrol gruplarinda kulugka
faaliyeti devam ederken formik asit gruplarinda
tamamen durmustur.

Oksalik Asit havlu calismamizin sonuglarinin, Oliver
(2018)'in sonuglari ile benzer olmadigi tespit
edilmigtir. Oksalik asit damlatma y&nteminde,
Adjlane vd. (2016), 5 ml %4,2, %3,2 ve %2,1’lik
oksalik asit ¢Ozeltisinin varroaya karsi etkinligini
sirasiyla, %81, %72 ve %65 olarak bildirmiglerdir.
Ek olarak, %4,2’lik ¢ozeltinin ergin arilar igin toksik
oldugu ve popllasyonu azalttigini rapor etmislerdir.
Charriere ve Imdorf (2000), varroaya karsi bir litre
seker surubu igine 45 gr oksalik asit eklemenin %97
ve 30 gr eklemenin %96 varroaya karsi etkisi
oldugunu bildirmiglerdir. Gregorc ve Planinc
(2012)Ye  gobre, %3,5luk tedavinin  varroa
popllasyonunda azalmaya %41 etkilsi oldugunu
bildirmisti. ~ Moosbeckhofer ~ (2003), yaptid
calismasinda, %3,5'luk solisyonun varroaya karsi
%98 etkisini, Gregorc ve Planinc (2001)
¢alismalarinda yaz sezonunda %4,1 ve %5,2’lik
solusyonun sirasiyla %39 ve %52 etkisini,
Rademacher ve Harz (2006), %3,5’luk solisyonun
%90 etkisini bildirmislerdir. Yaz sezonunda ¢ok kez
%3’luk oksalik asit damlatma uygulamasinin
kulucka kaybina sebep olacagi bildiriimektedir
(Adjlane vd. 2016, Hatjina ve Haristos 2005).
Cengiz (2012), Erzurum bdlgesinde yurattagu
calismasinda %3,2’lik oksalik asit seker surubu (1
su:1 seker) damlatma uygulamasinin varroaya
karsi etkisini %84,9 olarak bildirmistir. Emsen ve
Dodologlu (2009) tarafindan Erzurum bdlgesinde

170 Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (2): 166-175



ARASTIRMA MAKALESI / RESEARCH ARTICLE

yuritilen calismada, oksalik asidin etkinliginin
%95,9 oldugu rapor edilmektedir. Akyol ve Yeninar
(2009), oksalik asit damlatma yonteminin varroaya
kars! etkinligini %93,4 oldugunu ve koloni bireyleri
Uzerinde olumsuz bir etki gbézlemlemediklerini
bildirmislerdir. Radetzki (1994) ve Nanetti vd.
(1995), tarafindan kolonilerde kapali kulugkanin
olmadigi dénemde yapilan oksalik asit damlatma
uygulamasinin etkinliginin %89,6- %99,5 arasinda
degistigi rapor edilmektedir. Akyol ve Giinesdogdu
(2019), %3,5’luk sollsyonun sprey olarak varroa
mucadelesinde kullaniminda varroa oraninin
%5,1'den %1,4’e distiguni bildirmiglerdir. Bir litre
su icine 30 gr eklenen oksalik asidin sprey olarak
ergin arilar Gzerine uygulanmasinin %95 oraninda
varroa Olimiine sebep oldugu bildiriimistir (Colin
1999, Charriére vd. 1998, Imdorf vd. 1997).
Gregorc vd. (2004), oksalik asitin larvalarin orta
bagirsagini etkileyerek nekroza sebep oldugunu
bildirmislerdir. Al Toufailia vd. (2018), Rademacher
ve Harz (2006), van der Steen ve Vejsnaes (2021)
kolonilerde kulucka olmadigi dénemlerde
uygulanan %3,2’lik oksalik asit-su sollsyonunun
varroya kargl en etkili oldugunu bildirmiglerdir.
Yucel (2005), yaptigi calismada sonbaharda
%3,2’lik solisyonun etkisinin  %92,01 oldugunu
rapor etmistir. Al Toufailia vd. (2018) tarafindan
varroaya kargi oksalik asit buharlastirma
yonteminin iki hafta aralikla iki kez uygulanmasinin
%94,4-99,6 oraninda etkiye sahip oldugu
bildiriimektedir. Evans vd. (2021)'ne gobre, ilkbahar
sezonunda uygulanan buharlastirma tedavisinin
varroa popllasyonunu ve bal verimini azalttig
bildirilmektedir. Jack vd. (2020), oksalik asit
buharlastirma ve amitraz uygulamasinin varroa’ya
karsi etkinligini incelemis ve amitraz uygulamanin
daha etkili ve koloni saghg i¢in daha iyi oldugunu
vurgulamiglardir. ~ Ylcel (2005) vyaptigi  bir
calismada, sonbaharda uyguladigi %3,2’lik oksalik
asit grubunda arili gergeve sayisini galisma oncesi
5,88 (adet) ve calisma sonrasi 5,85 (adet), %65’lik
sivi formik asit grubunda ise calisma 6ncesi 5,23
(adet) ve calisma sonrasi ise 5,17 (adet) olarak
bildirmistir. Ayrica, formik asit grubunda yavrulu
alan galisma 6ncesi 22,41 (dm?) ve galigsma sonrasi
20,45 (dm?) olarak bildirmigtir. Calismamizda,
oksalik asit grubunda calisma Oncesi ve sonrasi
arili ve yavrulu gerceve sayisi bakimindan istatistiki
fark oldugu ve formik asit grubunda yavru Uretiminin
neredeyse hig olmadigi belirlenmistir (Tablo 1).
Maggi vd. (2015), glz sezonunda oksalik asit
uygulanan tedavi grubunun c¢alisma sonunda
ortalama ari kapli gerceve sayisinin 8 adet, yavrulu
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gerceve sayisini ise 3,2 adet oldugunu rapor
etmislerdir.

SONUG

Calismayr yurattigumiz bolge, 06zellikle yaz
mevsimlerinde goger aricilar tarafindan yogun
olarak ziyaret edilmesi, bolgedeki ari (A. mellifera
L.) kolonilerinin  varroa  tarafindan fazla
etkilenmesine sebep olmaktadir. Bu zararl ile
micadelede, etkisinin fazla ve hizh olmasindan
dolayi sentetik kimyasal kullaniimasinin sonucunda,
zararlinin direng kazandigi dikkate alinarak daha az
zararl etkisi oldugu dugundlen dogal kaynakh
sentetik organik asitler ile micadelenin mevsime ve
hava kosullarina uygun olarak dénusimli ve tum
bdlgelerde sistemli olarak kullaniimasi
gerekmektedir.  Aricilarin  kolonilerinin  varroa
bulasiklik seviyesini belli donemlerde pudra sekeri
sallama yontemi ile kontrol etmesi, bu parazitin
koloniler Uzerindeki zararinin ylksek seviyelere
¢ikmadan kontrol edilmesine olanak saglayacaktir.
Pudra sekeri sallama yéntemi hem kolay hem de
ari saghgina zararsiz bir yontemdir. Oksalik ya da
formik asit uygulamasinda aricinin kendini asitlerin
zararlarina kargl kesinlikle koruyucu ekipmanlar
(gaz maskesi, lateks eldiven, go6zlik) kullanmasi
gerekmektedir. Kolonilerde yavru faaliyetinin devam
ettigi sezonlarda oksalik asit ile yapilan tedaviler
yeterli etki gostermemektedir. Giz donemi kisa
sureli formik asit uygulamasi, parazite karsi yiksek

etkinlik  gostermektedir. Ancak, formik asit
uygulanan  kolonilerde  kulugka  faaliyetinin
neredeyse tamamen durmasi kis arlarinin

yeterince yetismemesine sebep olacaktir. Bundan
dolayi, formik asit uygulamasi bal hasadindan kisa
sure sonra uygulanarak kolonilerin tekrar yavru
faaliyetine gegmesi igin takviye besleme yapilmasi
gerekmektedir.  Bu  uygulamalarin  yapilmig
calismalar ile farkhlik gostermesi cevresel ve
iklimsel degisikliklerden kaynaklandigi
dUsundimektedir.

Mali Kaynak: Bu c¢alisma igin saglanmis mali
kaynak bulunmamaktadir.

Etik Belgesi: Bu calisma igin etik belgesi gerekli
degildir.

Cikar Catisma Beyani: Yazar(lar) c¢alisma

konusunda ¢ikar c¢atismasinin olmadigini beyan
eder(ler).

Arastirmacilarin Katki Orani Beyani: Yazar(lar)
makaleye esit oranda katki saglamis olduklarini
beyan eder(ler).
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Tesekkiir: Bu calisma, rahmetli Prof.Dr. Ethem
AKYOL katkilari ile yarutdimuastar.
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ABSTRACT

Propolis is classified as an opotherapeutic medicine due to the botanical origin of the resins. The
chemical composition of propolis is greatly influenced by the honeybee species, botanical source
and extraction techniques. Within this frame, we compared the same propolis’ polyphenol contents
and antioxidant activities prepared with different techniques. Four types of extracts were prepared.
The first type was prepared classically by ethyl alcohol (POH). The second and third types were
extracted by sterile distilled water kept as both sterilised (PS) and non-sterilized (PN). The fourth one
was prepared with full vacuumed and dried propolis with honey (PH). The antioxidant activity of
extracts was evaluated with DPPH radical scavenging, ABTS radical cation scavenging, Cupric ion
reducing antioxidant capacity. Also total phenolic and flavonoid content of extracts were
investigated. POH extract showed significantly high content of total phenol and flavonoids which
followed by PN, PS and PH. POH showed approximately two times higher activity on DPPH radical
(1IC50=4,39ug/mL) compared with quercetin as references. The highest activity on DPPH is shown by
POH with 4,39 ug/mL of IC50 value which was followed by aqueous extracts 18,08. The lowest activity
was shown by PS with 4,39 ug/mL of IC50 value. The highest scavenging activity against ABTS
radical cation was shown by POH (73,37 mg TE/g extract) and the lowest activity was shown by PS
(34,21 mg TE/g extract). According to the results, the new aqueous extraction technique is promising
with relatively high polyphenol contents and antioxidant activities. Also honey with propolis can be
an alternative product, although it has relatively lower values of antioxidant activity.

Keywords: Propolis, Antioxidant, Honey, A new aqueous extraction

oz

Propolis, arilardan gelen organik salgilarin karmasik kimyasal bilesimi nedeniyle opoterapotik bir ilag
olarak siniflandinlir. Propolisin kimyasal bilesimi, bal arnsi tiiri, botanik kaynak ve ekstraksiyon
tekniklerinden biiyiik olciide etkilenmektedir. Bu c¢ergevede toplanan ham propolisten farkh
tekniklerle hazirlanmig ekstaraktlar, polifenol igerikleri ve antioksidan aktiviteleri bazinda
karsilastinlmistir. Dort tip ekstrakt hazirlanmistir. Birinci tip klasik olarak etil alkol (POH) ile
hazirlanmistir. ikinci ve iigiincii tipler, hem sterilize edilmis (PS) hem de sterilize edilmemis (PN)
olarak tutulan steril damitilimis su ile o6zitlenmistir. Dordiinciisii ise tamamen vakumlanmis ve
kurutulmus balli propolis (PH) ile hazirlanmistir. Ekstraktlarin antioksidan aktivitesi, DPPH radikal
siipiiriicii, ABTS radikal katyon siipiiriicii, Kuprik iyonu azaltan antioksidan kapasite, toplam fenolik
icerik ve toplam flavonoid igerik deneyleri ile degerlendirilmistir. POH o6ziitii, 6nemli olgiide yiiksek
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toplam fenol ve flavonoid igerigi gostermis ve bunu PN, PS ve PH izlemistir. POH, referans olarak
kuersetin ile karsilastinldiginda DPPH radikali (IC50=12,24 pg/mL) lizerinde yaklasik iki kat daha
yuksek aktivite gostermistir. DPPH lizerindeki en disiik aktivite, 56,72 pg/mL IC50 degeri ile PS
tarafindan gdsterilmistir. En yilksek aktivite POH (271,75 mg GAE/g ekstrakt)) tarafindan
gosterilirken, bunu su ekstraktlan takip etmis ve en diigiik deger HP'ye ait olarak tespit edilmigtir.
ABTS radikal katyonuna karsi en yiiksek siipirme aktivitesi POH (73,37 mg TE/g 6zii) ve en diisiik
aktivite PS (34,21 mg TE/g 0zii) ile gosterilmistir. Sonuclara gore, nispeten yiiksek polifenol igerikleri
ve antioksidan aktiviteleri ile yeni su ekstraksiyon tekniginin umut vericidir. Ayrica propolisli balin,
nispeten daha diisiik degerlere sahip olmasina ragmen alternatif bir iriin olarak tiiketilebilecegi

diisiiniilmektedir.

Anahtar kelimeler: Propolis, Antioksidan, Bal, Su bazh yeni bir ekstraksiyon

GENISLETILMiS OZET

Amag: Bu calismanin amaci, besin takviyesi olarak
kullaniimakta olan propolisin su bazli ekstraktindan
hazirlanan Ug¢ farkli GrGnin (balla karistinimis
propolis, su ile ekstrakte edilmis ve sonrasinda
sterilize edilmis ve edilmemis propolis), geleneksel
yontemlerden biri olan alkol icerisinde ¢oézme ile
uretilmis propolis ile toplam fenol, flavonoid igerigini
ve antioksidan aktivitesini karsilastirmaktir.

Gere¢-Yontem: Ham propolis, 2018 ve 2019
yillarinda Turkiye'de Tunceli-Ovacik bdlgesinden 9
alt bolgede 12 farkh ariliktan toplanmigtir. Ham
proprolisin alkol bazli ekstrasyonunda %99 saf etil
alkol kullaniimistir (POH). Propolis, tam karanlik
kosullarda %10 ham propolis ile %90 ¢oziici
kombinasyonunda 4 hafta boyunca alkolde
bekletilmistir. Su bazl hazirlanan propolis icin T.C.
Tarim ve Orman Bakanhgi tarafindan 2020 yilinda
tescil edilen (kayit no: 007395.20.03.2020)
yontemle pH'' 4.6 olan steril distile su ile
ekstraksiyon gercgeklestiriimistir. Buradan elden
edilen drin sonrasinda steril edilmis (PS) ve
edilmemis (PN) olarak siselenmis, ayrica ayni
yoreden toplanan bal ile karistirilarak (dérdinci bir
arin  olarak-PH)  saklanmistir.  Ekstraktlarin
antioksidan aktivitesi, DPPH radikal supdrtca,
ABTS radikal katyon sipurici, Kuprik iyonu
azaltan antioksidan kapasite, toplam fenolik icerik
ve toplam flavonoid igerik deneyleri ile
degerlendirilmigtir.

Bulgular ve Sonug¢: Toplam fenol ve flavonoid
icerikleri karsilastinldiginda; alkol ile hazirlanan
ornek, su ile hazirlanan 6rneklerde, steril edilmeyen
ornek, steril edilen 6rnek ve bal ile hazirlanan
karisim olarak bir siralama bulunmustur. POH,
referans olarak kuersetin ile karsilastirildiginda
DPPH radikali (IC50=12,24 pg/mL) Uzerinde
yaklasik iki kat daha ylksek aktivite gostermistir.
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DPPH Uzerindeki en dusuk aktivite, 56,72 pg/mL
IC50 degeri ile su ile hazirlanan steril 6rnekte
tarafindan gortlmuistir. En yiksek aktivite POH
(271,75 mg GAE/g ekstrakti) tarafindan
gOsterilirken, bunu su ekstraktlari takip etmis ve en
dislk deger HP'ye ait olarak tespit edilmistir. ABTS
radikal katyonuna karsi en ylksek slpirme
aktivitesi POH (73,37 mg TE/g 6zU) ve en duslk
aktivite PS (34,21 mg TE/g 6zu) ile gosterilmistir.
Sonuglara gore, nispeten ylksek polifenol igerikleri
ve antioksidan aktiviteleri ile yeni su ekstraksiyon
tekniginin umut vericidir. Ayrica propolisli balin,
nispeten daha dislk degerlere sahip olmasina
ragmen alternatif bir Grin olarak tiketilebilecegi
dusindimektedir.

INTRODUCTION

Propolis is the general name of the resinous
substance collected by honey bees from different
plant sources or wounds on plants (Celemli Gengay
2013). These resins then mixed with their waxes
and B-glucosidase in the hive. The new material is
using by the bee community to coat and strength
the inside walls of their hive (Zhang et al. 2011,
Simone-Finstrom et al. 2017).
Propolis is also used to seal holes, cracks, narrow
the burrow entrance hole to prevent the entry of
invasive insects, and reduce microbial growth
inside the hive.
It prevents the humidity and temperature in the
interior of the hive to be kept constant as a barrier
to factors such as wind and precipitation (Bhargava
et al. 2021).

The chemical composition of propolis can be
qualified as complex. Approximately three hundreds
of compounds have been identified lately in propolis
samples of different origins (Pereira et al. 2015,
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Salgueiro and Castro 2016, Lorenzon et al. 2018).
Among these compounds, flavonoids (flavonols,
flavanones, flavanonols, chalcones,
dihydrochalcones, isoflavones, isodihydroflavones,
flavans and neoflavonoids) are the leading active
propolis components, which are responsible for a
large part of their biological activity (Huang et al.
2014, Hernandez Zarate et al. 2018, Santos-Buelga
et al. 2017). Total flavonoid content can be used as
an index to evaluate the quality of propolis. If the
flavonoid content is less than 11%, it is classified as
low quality, if it is 11-17% and higher, it is classified
as good quality and high quality, respectively.
(Gardana et al. 2007). Propolis consists of resinous
substances such as flavonoidaglycones, phenolic
acids and their esters, waxes, which are a mixture
of long-chain non-polar compounds, essential oils,
pollen, vitamins, minerals, amino acids and fatty
acids (Alvarez-Suarez et al. 2010, Escuredo et al.
2013). Propolis contains a large number of
enzymes such as adenosine triphosphatase, acid
phosphatase, glucose-6-phosphatase and succinic
dehydrogenase (Lotfy 2006, Pasupuleti et al.
2017). Propolis also contains B-glucosidase which
hydrolyzes flavonoid glycosides into aglycones (Li
et al. 2018, Araghi et al. 2021). Propolis is
described as an opotherapeutic drug due to the
complex chemical composition of the organic
secretions of honey bees. (Zenebom and Pascuet
2005, Machado et al. 2017). Raw propolis is very
difficult to use due to its hard, brittle, poor solubility
and low oral bioavailability (Elbaz et al. 2016,
Dallabona et al. 2020). In the last three decades,
the number of studies on the pharmacological and
chemical properties of propolis has increased. From
the end of the 20th century, what is known about
the chemical properties of propolis began to
change. By the 1960s, it was known that propolis
was chemically complex, and that it was a very
stable compound. It has been understood that the
chemical composition of propolis can vary
according to bee species, botanical origin and
extraction methods. The quality of propolis depends
on many biotic and abiotic variables such as
beekeeping practices, product processing and
storage conditions. (EFSA 2010). The age, gender,
physiology and sometimes lifestyle of the user can
also affect the effect of propolis on human health
(Dezmirean et al. 2021).

The chemical composition of propolis may also vary
with the eco-flora in the region where it is produced
(Salatino et al. 2005). Honey bees use secretions

from various parts of plants to produce propolis.
Due to these differences in plant origin, the
complexity and chemical diversity of propolis is
directly related to the eco-flora of the area where
propolis is produced (Bankova et al. 2014).

This leads to the classification of propolis as
different types (e.g. 14 types in Brazil). Propolis-
specific components produced in temperate regions
of the world are flavonoids without B-ring
substituents  such as  chrysin, galangin,
pinocembrin, pinobanksin (Christov et al. 2006,
Salatino et al. 2011, Santos-Buelga et al. 2017).

Caffeic acid phenethyl ester, one of the main
components of temperate zone propolis, has broad
biological activity, including inhibition of nuclear
factor k-B. In general, it inhibits cell proliferation by
stopping the cell cycle and inducing apoptosis
(Huang et al. 2014, Ristivojevi¢ et al. 2015).

In tropical region propolis, especially Brazilian
green propolis (CAS: 9009-62-5), the dominating
chemical components are prenylated
phenylpropanoids (e.g., artepillin C) and diterpenes
(Midorikawa et al. 2001, Paviani et al. 2010). The
common characteristic of propolis produced in the
Pacific and African regions is geranyl flavanones
(Bankova 2005, Salatino et al. 2011). Anatolian
propolis also differs in terms of its chemical content
in parallel with the sources used by honey bees.
The propolis derived from Ferula spp, Pinaceae spp
and Cupressaceae spp are rich in monoterpenes,
sesquiterpenes and diterpenes. (Uzel et al. 2005).

There are several different methods (not the
solvents) of extraction models that occur for
propolis (Bankova et al. 2021). Some of these
methods are commercial while some are just for
research. Ethanol is the most commonly used
solvent as it has greater extraction capacity. While
the propolis removes approximately 50-60% of its
components, the classical aqueous extraction
method only removes 10% (Park 1998).

The aim of this study is to evaluate the total phenol
and flavonoid content antioxidant activity of ethanol
extract of propolis, propolis mixed with honey,
aqueous sterilised and non-sterilized extract of
propolis and assess the chemical composition of it.
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MATERIALS AND METHODS
Preparation of propolis

The raw propolis was collected from Tunceli-Ovacik
region in Turkey from 12 different apiaries in 9 sub-
localities during 2018 and 2019. In the first step, all
of the raw propolis was broken or grated and
divided into smaller pieces. Then propolis was
washed down with water and the mixture was
cooled slowly. During this cooling wax and resin
were separated from the mixture with sieves,
propolis was moved to a separate area. The
cleaned propolis was used for extraction via
different solvents.

Extraction techniques

Four types of extracts were prepared. All the
extractions were made in registered GMP
production laboratories where all the equipment
and methods were fully calibrated and validated in
2020 and 2021.

Ethanol extraction: For ethyl alcohol extraction,
99% pure double filtered absolute ethyl alcohol
produced by (Botafarm Ltd.) were used. The
propolis was extracted in the alcohol for 4 weeks in
combination of 10% raw propolis to 90% solvent in
full dark conditions.

Agqueous extraction: The propolis was extracted
by sterile distilled water with pH of 4.6 with a
special method developed by Dr. Aytekin which is
registered by the Republic of Turkey Ministry of
Agriculture and Forestry in 2020 (Reg. No:
007395.20.03.2020). This method includes raw
steps of the following; It was heated at 45-50°C (12
hours), then left to infuse (2 hours), stirred from
time to time. Distilled water propolis ratio was used
as 10%. The mixture was cooled slowly, the acidity
was lowered and kept for 12 hours in dark
conditions. It was brought to normal pH and filtered
four times. The filtrate was collected after each
filtration. 1t was heated in a separate bowl and
filtered again. The aqueous mixture obtained here
was combined with the other mixture. This mixture
was stirred from time to time and kept in the oven at
45°C for a while. The mixture was drained. Raw
filtered. Then the mixture was divided into sterilised
(S1) and non-sterilized (NS1) groups. NS1 group
was bottled and covered with a lid immediately and
S1 is bottled after sterilisation. One bottle is open
and sterilised and revored in Class 10000 Clean
room the other is covered with airtighed cups. We
used the less effective type of sterilisation in closed
glass vials and used hot vapour under high
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pressure which is 121°C.

Honey mixed with propolis: The cleaned propolis
was dried and full water was evaporated by an
industrial type of Vacuum Freeze Dryer model
GZL2 (2012) in 12h F-12hD-6hFD conditions. The
full vacuumed and dried propolis were mixed with
honey (10% propolis and 90% honey from the
same apiaries) and kept at room temperature until
analysis. For antioxidant assays 5 gr of honey
mixed propolis were macerated with 99% ethanol
(100 mL) at room temperature for a day and then
were filtered. Solvent from the samples was
removed using a rotary evaporator.

Antioxidant activity

Determination of total phenolic contents (TPC):
TPCs of different propolis and mixture extracts
were evaluated by the Folin-Ciocalteu’s colorimetric
methodhodology (Slinkard and Singleton, 1977)
using regression equation of calibration curve (Y=
0.0114x + 0.1427, R2: 0.9986) and expressed in
gallic acid equivalents: (GAE) / 1g of extract. Folin-
Ciocalteau’s reagent was diluted with distilled water
(1:10) and then 100 uL of solution was mixed with
20 pupL of propolis extract. Then different
concentrations of reference dissolved in ethanol.
Finally, 80 yl %7.5 of Na2COs solution was added.
Final mix was left at room temperature for two
hours in the dark. Then at 765 nm the absorbance
was measured.

Determination of total flavonoid contents:
Aluminium chloride colorimetric methodhodology
(Chang et al., 2002) was used. Flavonoid content of
propolis extracts were calculated according to the
equation (y=0.0055x+0.1098, R2=0.9983) obtained
from the calibration curve as quercetin equivalent
(mg/g extract). 25 pl of extract and different
concentrations of reference dissolved in ethanol
were mixed with 75 pl of 95% ethanol, 5 pl of 10%
AICl3, 5 yl of 1 M KCH3COO and 140 pl of distilled
water. After incubation at room temperature for an
half hour, the absorbance of the reaction mixture
was measured at 415 nm. Quercetin was used as
reference.

DPPH radical scavenging capacity assay:
According to Brand-Williams et al. (1995). DPPH
radical scavenging capacities of propolis extracts
were tested at 12.5, 25, 50 and 100 upg/mL
concentrations. The inhibition percentage of
extracts on DPPH were calculated. 1mM DPPH
reagent (1,1-diphenyl-2-picrylhydrazyl) was solved
in ethanol and then 50 pL of this solution was
mixed with 150 pL of different concentrations of the
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propolis extract and Quercetin as reference. The
reaction mixture was incubated at room
temperature for an half hour in the dark and at 517
nm the absorbance was measured. Radical
scavenging activity was expressed as the inhibition
percentage and was calculated using the following
formula: Inhibition  %=[(Abiank—Asample)/Abiank] %100,
where Apank is the absorbance of the blank
(containing ethanol instead of sample) and Asampie iS
the absorbance of the extracts or reference. ICso
value for each extract was calculated from the
plotted graph of scavenging activity against the
concentrations of the sample.

ABTS radical cation scavenging activity assay:
According to Re et al. (1999), ABTS was dissolved
in water to a 7 mM concentration. ABTS™ was
generated by reacting ABTS stock solution with
2.45 mM KzS20s and allowing the mixture to stand
in the dark at room temperature for 12-16 hours.
ABTS™ solution was diluted with ethanol to an
absorbance of 0.700 + 0.02 nm at 734 nm before
use. 200 pL of this solution was mixed with 20 uL of
the extract and different concentrations of reference
dissolved in ethanol. The reaction mixture was
incubated for 6 minutes at room temperature in the
dark, then absorbance was measured at 734 nm.
ABTS radical cation scavenging activities of the
propolis extracts were determined in accordance
with the equation (y=0,9051x+2,9872, R?=0.995) of
Trolox calibration curve.

Cupric ion reducing antioxidant capacity
(CUPRAC) assay: According to Apak et al. (2004),
50 pL of CuClI2 solution (1.0x10- 2 M), 50 pL of
neocuproine solution (7.5x10-3 M), 50 pL of NH4Ac
buffer solution at pH 7.0 (1.0 M) were mixed and
then 25 L of extracts or different concentrations of
reference (800 pg/mL to 25 pg/ mL) and 25 pL of
distiled water were added to the initial mixture,
separately. The absorbance of the final solution
was measured at 450 nm after 30 minutes keeping
at room temperature in the dark. Cupric ion
reducing antioxidant capacities of the propolis
extracts were determined according to the equation
(y=0.014x+0.0569, R2=0.9998) as gallic acid
equivalent (mg/g extract).

All total phenol, flavonoid content and antioxidant
assay was carried out in three repeats.

Statistical analysis

Principal component analysis (PCA) was performed
with PAST (Hammer et al. 2001). The four groups
were evaluated with their five-character sets.

RESULTS

According to our study, the amount of total
phenolics and flavonoid contents in propolis
extracts varied from 58,09 + 2,58 (PH); 286,95 +
39,1 (POH); 125,61 + 1,42 (PS); 142,24 + 16,79
(PN) mg GAE/g extracts and 95,73 + 9,55; 444,33
+ 20,82; 103,21 + 21,24; 106, 76+ 19,29 mg QE/g
respectively (Table 1). These results clearly
demonstrated that POH extract showed significantly
high content of total phenol and flavonoids which
flowed by PN and PS. Lowest amount of total
phenol and flavonoid belong to honey-propolis
composition extract. As presented in Table 1, the
amount of total phenolics and flavonoid contents in
propolis extracts varied from 58,09 to 286,95 mg
GAE/g extracts and from 95,73 to 444,33 mg QE/g
respectively. These results clearly demonstrated
that POH extract showed significantly high content
of total phenol and flavonoids which flowed by PN
and PS. Lowest amount of total phenol and
flavonoid belong to honey-propolis composition
extract.

Table 1. Total phenolic and flavonoid contents of propolis
extracts (POH: ethyl alcohol, PS: extracted by sterile
distilled water kept as sterilized, PN: extracted by sterile
distilled water kept as non-sterilized, PH: prepared with
full vacuumed and dried propolis with honey *GAE: Gallic
acid equivalent,”QE: Quercetin equivalent)

Tablo 1. Propolis ekstraktlarinin toplam fenolik ve
flavonoid icerikleri (POH: etil alkol, PS: steril olarak
saklanan steril damitiimis su ile ekstrakte edilen, PN:
sterilize edilmemis olarak saklanan steril damitiimig su ile
ekstrakte edilen, PH: tamamen vakumlanmis ve bal ile
kurutulmus propolis ile hazirlanan *GAE: Gallik asit
esdegeri,”*QE: kuersetin esdegeri)

Total phenolic Total flavonoid
Extracts content (mg content (mg QE™/g
GAE'/g extract) extract)
PH 58,09 £ 2,58 95,73+ 9,55
POH 286,95 £ 39,1 444,33+ 20,82
PS 125,61 +1,42 103,21+ 21,24
PN 142,24 + 16,79 106,76+ 19,29

In ABTS and DPPH assay honey mixed propolis,
after ethanol extract of propolis has highest activity
compared with aqueous extract of propolis. This
activity can be caused by honey composition.
Honey alone displays significant antioxidant activity,
similar to many plants (Gheldof et al. 2002). POH
extract showed significantly high content of total
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phenol and flavonoids which followed by PN, PS
and PH. POH showed approximately two times
much higher activity on DPPH radical (IC50=12.24
pg/mL) compared with quercetin as references. The
lowest activity on DPPH is shown by PS with 56,72
pg/mL of IC50 value. The highest activity was
shown by POH (271,75 mg GAE/g extract) which
was followed by aqueous extracts and lowest value
belonged to HP. The highest scavenging activity
against ABTS radical cation was shown by POH
(73,37 mg TE/g extract) and the lowest activity was
shown by PS (34,21 mg TE/g extract). All propolis
extracts showed concentration-dependent inhibitory
activity against DPPH radical. IC50 values for
DPPH radical scavenging capacity are presented in
Table 3. A lower IC50 value belongs to POH
(IC50=4.39 pg/mL) which corresponds to a higher
antioxidant activity of the extract. POH showed
approximately 2 times higher activity on DPPH
radical (IC50=12.24 pg/mL) compared with
quercetin, as references. The lowest activity on
DPPH is shown by PS with 56,72 pyg/mL of 1C50
value.

ABTS radical cation scavenging activities of the
propolis extracts were expressed in terms of Trolox
equivalent antioxidant capacity (TEAC) in Table 3.
A higher TEAC value corresponds to a greater
antioxidant activity of the propolis extracts. The

highest scavenging activity against ABTS radical
cation was shown by PoH (73,37 mg TE/g extract)
and the lowest activity was shown by PS (34,21 mg
TE/g extract).

Table 2. The inhibitory effects of propolis extracts on
DPPH radical (POH: ethyl alcohol, PS: extracted by
sterile distilled water kept as sterilised PN: extracted by
sterile distilled water kept as non-sterilized, PH: prepared
with full vacuumed and dried propolis with honey)

Tablo 2. Propolis ekstraktlarinin  DPPH radikali
Uzerindeki inhibitér etkileri (POH: etil alkol, PS: steril
olarak saklanan steril damitilmis su ile ekstrakte edilen,
PN: sterilize edilmemis olarak saklanan steril damitiimig
su ile ekstrakte edilen, PH: tamamen vakumlanmis ve bal
ile kurutulmus propolis ile hazirlanan).

Propolis extracts ICso value (ug/ml)
PH 18,08
POH 4,39
PS 56,72
PN 47,65
Quercetin 10,83

Table 3. The inhibitory effects of propolis extracts on ABTS radical cation and cupric ion reducing antioxidant capacity
(CUPRAC) (POH: ethyl alcohol, PS: extracted by sterile distilled water kept as sterilised PN: extracted by sterile distilled
water kept as non-sterilized, PH: prepared with full vacuumed and dried propolis with honey “TEAC: Trolox equivalent
antioxidant capacity, “SD: Standard deviation, “"GAE: Gallic acid equivalent)

Tablo 3. Propolis ekstraktlarinin ABTS radikal katyonu ve kuprik iyonu antioksidan kapasitesini (CUPRAC) azaltici etkisi.
(POH: etil alkol, PS: steril olarak saklanan steril damitiimis su ile ekstrakte edilen, PN: sterilize edilmemis olarak
saklanan steril damitiimig su ile ekstrakte edilen, PH: tamamen vakumlanmis ve bal ile kurutulmusg propolis ile hazirlanan
*TEAC: Trolox esdegeri antioksidan kapasitesi, **SD: Standart sapma, ***GAE: Gallik asit esdegeri)

Extract TEAC’ (mg TE/g extract) Percentage of inhibition * SD** Antioxidant capacity (mg GAE***a/g
(ABTS) against ABTS radical cation extract)
PH 65,13 +2,33 61,94 + 2,11 56,78 + 2,08
POH 73,37 £ 0,31 69,40 + 3,4 271,75+ 5,71
PS 34,35+ 2,07 33,95+ 1,87 205,23 £ 5,11
PN 34,62 + 1,64 34,32+ 1,49 126,13 £ 7,44

Cupric ion reducing antioxidant capacities of the
propolis extracts were given in Table 3. The highest
activity was shown by POH (271,75 mg GAE/g
extract) which was followed by aqueous extract and
lowest value belonged to HP.
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PCA reduced the dimensionality of our multivariate
data to two principal components and it was
visualised with minimal loss of information, by using
scatter diagram (Fig. 1).
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Figure 1. PCA scatter diagram (POH: ethyl alcohol, PS: extracted by sterile distilled water kept as sterilised PN:
extracted by sterile distilled water kept as non-sterilized, PH: prepared with full vacuumed and dried propolis with honey).

Sekil 1. Temel bilesenler analizi sagihm grafigi (POH: etil alkol, PS: steril olarak saklanan steril damitilmis su ile
ekstrakte edilen, PN: sterilize edilmemis olarak saklanan steril damitiimis su ile ekstrakte edilen, PH: tamamen
vakumlanmis ve bal ile kurutulmus propolis ile hazirlanan).
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DISCUSSION

Propolis can be classified biologically according to
its producer (depending on the bee species) or
botanical origin (depending on the plants used by
bees). This resinous substance also can be
classified chemically. Differentiation among the
extraction methods and solvents can give us varied
combinations- even if we use the same propolis
with exactly the same biological origin.

According to Nalbantsoy et al. (2022), several
external factors are present in the production
process of propolis. Within this frame, we aim to
evaluate different extraction techniques by
comparing antioxidant properties of the same
propolis with the use of DPPH, ABTS+ and
CUPRAC methods. As an opotherapeutic medicine
or a human diet supplement, the most important
groups we gain from propolis are polyphenolic
compounds, especially flavonoids. The antioxidant
activity of propolis appears to be largely influenced
by both total polyphenol and total flavonoid
contents (Sun et al. 2015, Socha et al. 2014,
Narimane et al. 2017). Degirmencioglu et al.
reported in their study that with 19 samples from
Turkey, total phenolic content found 11.24 -172.98
mg GAE/g and total flavonoid content was 3.88 -
58.31 mg QE/g (Degirmencioglu et al. 2019).
Another research carried out with 23 propolis
samples from Turkey the total flavonoid content
were determined between 21,28- 152,56 mg QE/g
and total phenolic content was found between
34,53-259,4 mg GAE/g (Ozkdék et al. 2021).
Guzelmerig et al. worked with 47 samples produced
in Black Sea Region of Turkey and reported that
total phenolic content values between 37.25 + 0.72-
592.57 + 22.39 mg GAE/g; total flavonoid content
values between 14.60 + 0.57- 125.58 + 0.58 mg
QE/g (Guzelmeri¢ et al. 2021). The total phenolics
and flavonoid contents in our propolis samples are
found relatively higher compared with the other
studies held in Turkey (Ozkok et al. 2021). All
propolis types have very low solubility in water and
are soluble in organic solvents, because resins are
relatively apolar (Bankova et al. 2021). Beside this
fact, maybe because of the botanical origin of our
samples, water extractions and dried propolis with
honey have higher values than some of the
samples in other studies extracted with ethanol.
Gengay-Celemli et al. found that the total phenolic
compound of the five samples varies between
27.56+0.05 and 171.93+0.28 mg GAE/g. Also, it
was added that total phenolic and flavone-flavonol
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contents were found highest in the sample that
sourced from the taxa belonging to the
Brassicaceae family, which is contrary to common
belief since the phenolic content of chestnut
propolis is higher (Gengay-Celemli et al. 2019).

According phytochemical research on propolis
extract, there is generally a positive correlation
between the total phenol and flavonoid content in
propolis extraction and their antioxidant activity
(Guzelmerig et al. 2021, Degirmencioglu et al. 2019
Gengay et al. 2019,). Phenolic compounds are
likely to contribute to the radical scavenging activity
of these extracts. According to the results, the new
agueous extraction technique is promising with
relatively high polyphenol contents and antioxidant
activities. Besides honey with propolis could be an
alternative product, although it has relatively lower
values. Probably due to the fact that the amount of
propolis extract added to honey was not large
enough to significantly increase these parameters
as it was done before by Osés et al. 2015.

Total phenol and flavonoid contents in non-
sterilized aqueous extract of propolis is slightly
higher than sterilised aqueous extract. This may
result from damage, reduction or alteration of some
compounds during the sterilisation process. They
show almost the same activity in the ABTS assay
whereas in CUPRAC and DPPH assay the
antioxidant capacity of sterilised aqueous extract is
higher than non-sterilized extract. As we know, the
antioxidant capacity of propolis is dependent on its
content, but the studies generally aim to compare
antioxidant potential of different propolis extract.
Although it is a fact that the antioxidant capacity of
ethyl alcohol extractions is higher than the others,
many commercial ethanol extracted propolis
preparations can cause oral mucosal ulceration or
gastrointestinal health problems. Moreover, despite
the method differences, the results indicated that
Tunceli propolis has a relatively high total phenol
and flavonoid content compared to other region in
Turkey and subsequently possess a high
antioxidant potential (Apak et al. 2004; Ozkok et al.
2021, Guzelmeric et al. 2021).

Conclusion

Propolis, as a nutritious product, provides a rich
source of nutrients, such as mineral elements,
proteins, and antioxidant compounds. The
antioxidant capacity of propolis is related to the
flavonoid, mineral, and protein contents which
derived from botanical origins of the product and
extraction solvents. Among the studied samples,
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ethyl alcohol extraction of propolis possess highest
content of phenol and flavonoid, as well as the
highest antioxidant activity. The aqueous
extractions also have significant antioxidant
capacities. In future studies, there is a need to
investigate the eco-floral effect of the antioxidant
content of propolis Tunceli-Ovacik region in detail.
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ABSTRACT

Mountain animal food products are at the center of attention due to their intrinsic value and, as such,
mountain beekeeping products deserve attention and effort for their valorisation. The work aimed at
investigating the quality traits of mountain honey samples from Kyrgyzstan, giving particular
emphasis on the amino acid profiles and their possible relationship with the other chemical-physical
characteristics. The moisture content, acidity, pH, and diastase activity of honey samples were within
the limits established by normative documents. The honey samples showed a higher diastase
activity (26.34 — 77.9 Schade units), which demonstrates the high quality and superiority of mountain
honey. The amino acid content of Kyrgyz honey was investigated for the first time. The major amino
acids were proline (1553 mg/kg), followed by phenylalanine (805 mg/kg), lysine (349 mg/kg), and
arginine (261 mg/kg). The sum of essential amino acids ranged from 675 to 4506 mg/kg and that of
total amino acids from 1539 to 8958 mg/kg. Weak positive correlations were found between the
altitude of the collection area and asparagine, glutamine, histidine, glycine, threonine, alanine,
proline, valine, and total amino acids. The results form a basis for the establishment of quality
standards for mountain honey.

Keywords: Honey production, Amino acid composition, HPLC analysis, Amylase Activity, Acidity

oz

Dag hayvani gida uriinleri, icsel degerleri nedeniyle ilgi odagindadir ve bu nedenle dag aricilik
drunleri, degerlenmeleri i¢in dikkat ve ¢abayi hak etmektedir. Calisma, Kirgizistan'dan alinan dag bali
orneklerinin kalite 6zelliklerini aragtirmayi, 6zellikle amino asit profillerine ve bunlarin diger kimyasal-
fiziksel 6zelliklerle olasi iligkilerine vurgu yapmayi amacgladi. Bal 6rneklerinin nem icerigi, asitligi, pH'I
ve diastaz aktivitesi, normatif belgeler tarafindan belirlenen sinirlar icindeydi. Bal 6rnekleri, dag
balinin yiiksek kalitesini ve Ustiinliigiinii gosteren daha yiiksek bir diastaz aktivitesi (26.34 — 77.9
Schade birimi) gostermistir. Kirgiz balinin amino asit icerigi ilk kez arastirildi. Baglica amino asitler
prolin (1553 mg/kg), ardindan fenilalanin (805 mg/kg), lisin (349 mg/kg) ve arginin (261 mg/kg) idi.
Esansiyel amino asitlerin toplami 675 ila 4506 mg/kg ve toplam amino asitlerin toplami 1539 ila 8958
mg/kg arasindaydi. Toplama alaninin yiiksekligi ile asparagin, glutamin, histidin, glisin, treonin,
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alanin, prolin, valin ve toplam amino asit arasinda zayif pozitif korelasyonlar bulundu. Sonuglar, dag
bali i¢in kalite standartlarinin olugturulmasi igin bir temel olugturmaktadir.

Anahtar Kelimeler: Bal uretimi, Amino asit bilesimi, HPLC Analizi, Amilaz aktivitesi, Asitlik

GENISLETILMiS TURKGE OZET

Amag: Kirgizistan'da bal Uretimi énde gelen bir
ekonomik sektordir ve dnemi uzun suredir hafife
alinmaktadir. Kirgizistan'da 2013 yilinda bal Gretimi
1609 ton olup, bunun 195 tonu ihra¢ edilmigtir.
Ancak 2019 vyilinda bal Uretimi 2322 tona
yukselmigtir (FAOSTAT, 2019). Kirgizistan'da
Uretilen bal c¢ogunlukla polifloraldir. Monomorfik
veya monofloral balin Gretilmesi zordur, ¢unki
aricihk  mevsimi boyunca ayni anda birkag
mellifeous bitkiler cicek agar. Bu nedenle Kirgiz
balinin adi genellikle botanik kaynagiyla dedil,
toplama alaniyla belirtilir. Kirgizistan'daki en
populer ve Unld bal turleri Toktogul, Sary-Chelek,
Kara-Shoro ve At-Bashy gibi daglk bolgelerden
toplanir. Kirgizistan'in dag balinin fizikokimyasal
Ozelliklerini ve amino asit degerini aciklayan
bilimsel calismalarin eksikligi géz 6nline alinarak,
bu calisma Kirgiz balnin fizikokimyasal
parametrelerini ve amino asit icerigini belirlemeyi ve
belgelemeyi amaglamistir. Bu da Kirgiz balinin
dogal bir gida kaynagdi olarak daha ileride
ticarilestiriimesi icin gerekli olan kalite
standartlarinin olusturulmasi igin gereklidir. ikinci bir
amag, amino asit igeriginin balin diger Kkalite
parametreleri ve toplanan alanin yulksekligi ile
korelasyonlarini tespit etmektir.

Gereg ve yontemler: Arastirma icin Kirgizistan'in
yedi dagh bdlgesindeki aricilardan dogrudan 15
polifioral bal 6rnekleri (her bdlgeden 2 numune)
alinmistir:  Suusamyr (SU), Sary-Chelek (SC),
Toktogul (TO), Issyk-Kul (YK), Talas (TA), Chon-
Kemin (CK) ve Kara-Shoro (KS) ve iki toplama
sezonu: ilkbahar ve yaz basinda — Mayis, Haziran
ve yazin — Temmuz, Adustos, 2015. incelenen tim
bal 6rnekleri, analize kadar buzdolabinda 4°C
sicaklikta saklanmistir. Numunelerin analizi 2015-
2016 vyillarinda gergeklestiriimistir. Nem, toplam
asitlik, pH ve diastaz aktivitesi gibi kalite
parametrelerinin analizi, Avrupa Bal Komisyonu'nun
Uyumlasgtiriimis  Yéontemlerine gdre yapilmistir.
Amino asit igerigi Yiksek performansli sivi
kromatografisi sisteminde tayin edilmistir. Verilerin
istatistiksel analizi, SPSS yazilimi, sirim 16.0
kullanilarak analiz edilmigtir.

Bulgular ve tartigsma: Kirgiz balinin nem, toplam
asitlik ve pH gibi kalite parametreleri uluslararasi
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bal standardina ve ayrica asitligi Codex
standardina ve diger arastirmacilarin bulgularina
uygun oldugu tespit edilmistir. Arastirilan bal
orneklerinin pH'l tipik bir 3.7-5.5 araligi ile ortalama
4.4 olmustur. Bal Kalitesi ve Uluslararasi
Duzenleyici Standartlara gore, diastaz aktivitesi 8
diastaz birimine esit veya daha az olmamalidir.
incelenen bal dérneklerinin diastaz sayisi Schade
birimlerinde 8,910,1 ile 77,9+5,1 arasinda olmustur.
Kirgiz balinda 19 amino asit tespit edilmistir.
Ortalama amino asit degerlerine gore Kirgiz balinin
baslica amino asitleri prolin (1553 mg/kg),
fenilalanin (905 mg/kg), lisin (349 mg/kg), arginin
(261 mg/kg), tirozin (258 mg/kg) ve histidindir (251
mg/kg), son dort amino asit esansiyel amino
asitlerdir. Orneklerin prolin igerigi, toplam amino
asitlerin %20-50'sini olusturdugu belirlenmistir, bir
sonraki en belirgin amino asit ise, 85 - 2969 mg/kg
arasinda olan fenilalanin esansiyel amino asidi
olmustur. Kirgiz balindaki 6zel bir fark, esansiyel
amino asit lizinin 242 mg/kg ila 661 mg/kg
arahdinda dg¢lncl ana amino asit olmasidir. Ayni
bolgeden fakat farkli mevsimlerden toplanan
orneklerdeki toplam amino asit icerigi ayni dedgildir.
Orneklerin yiksek amino asit icerigi ve yiiksek
degiskenligi, dag manzarasinin biyolojik gesitliligi ile
ilgili olabilir. Calismada pH, diastaz aktivitesi, nem
icerigi, asit icerigi ve amino asit icerigi arasindaki
korelasyon arastirilmistir. Amino asit igerigi ile pH (r
= 0.284, p = 0.585) ve amino asit icerigi ile diastaz
sayisi (r = —0.074, p = 0.890), amino asit icerigi ile
asitlik (r = -0.429, p = 0.05) arasinda istatistiksel
olarak anlamli bir iligki gézlenmemistir. Bununla
birlikte, balin amino asit bilegimi, balin nem igerigi
ile pozitif bir korelasyonda (r = 0.905, p = 0.05)
olmustur. Dag bali ile ilgili sinirli literatlre katkida
bulunmak igin dag balinin antioksidan aktiviteleri ve
bunlarin amino asitlerle ve ayrica toplam polifenol
icerigi ile korelasyonu hakkinda daha ileri
calismalara ihtiyag vardir.

INTRODUCTION

Honey is a multi-component natural food,
characterized as a supersaturated carbohydrate
solution with high viscosity (Smanalieva and Senge
2009). Currently, about 200 components have been
found in honey (Alvarez-Suarez et al. 2014). The
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sensory and physical properties (colour, flavour),
and chemical composition of honey depends on
additional factors, such as the botanical origin and
the regional and climatic conditions of the area in
which it is collected (Lazaridou et al. 2004). Though
the major constituents of honey are carbohydrates
and water, honey also contains amino acids (AA),
phenolic compounds, vitamins, minerals and
enzymes. Floral honey contains about 0.1 — 1.6%
protein (Chua et al. 2015), while in honeydew
honey this quantity is about 3.0% and comes from
animal or vegetal (e.g. pollen) sources. The amount
of AA is about 1%, and proline is the major amino
acid, comprising 50-85% of the total AA content
(Anklam 1998, Hermosin et al. 2003). Therefore,
the use of proline as an indicator of honey ripeness
and naturalness is suggested (Ohe et al. 2000).
Normal honey has an average proline content of
200 mg/kg; a value below 180 mg/kg indicates
sugar adulteration (Bogdanov et al. 1997; Hermosin
et al. 2003; Ampuero et al. 2004). However,
naturally, the amount of proline in acacia honey is
low (120 mg/kg) (Akgin et al. 2021). Besides
proline, honey contains 26 AA, and their amount
depends on the origin of the honey (nectar or
honeydew), therefore the AA profiles of honey
samples could indicate their botanical origin
(Anklam 1998, Cotte et al. 2004). According to
Chua et al. (2015) honey proteins showed
antioxidant activities in the form of free radical
scavenging and ferric reducing power. Honey
contains many enzymes, and their activity is the
basis for assessing honey quality. Diastase (a- and
B-amylase) is the most important enzyme that
enriches the nutritional and therapeutic function of
honey (White and Rudyj 1978, Huang et al. 2019).

In Kyrgyzstan, honey production is a prominent
economic sector, and its importance has long been
underestimated. The volume of honey production in
Kyrgyzstan in 2013 was 1609 tons, of which 195
tons were exported. In 2019, the production of
honey increased to 2322 tons (FAOSTAT, 2019).
The natural conditions in Kyrgyzstan greatly favour
honey production: 90% of the territory of the
republic is mountains and the mountain flora is
diverse and rich, including 3,500 flowering plants
(Fig. 1). There are more than 300 melliferous plants
that produce nectar and pollen (Smanalieva 2008).
According to Verma (1990), mountain honey
produced from diverse melliferous flora is
considered better in quality than honey from
lowland areas, as a result of which it fetches a
higher price.

Honey produced in Kyrgyzstan is mainly polyfloral.
Monomorphic or monofloral honey is difficult to
produce, as several powerful melliferous plants
bloom simultaneously during the beekeeping
season. Therefore, the name of Kyrgyz honey is
usually indicated by the collection area and not by
its botanical source. The most popular and famous
kinds of honey in Kyrgyzstan are collected from
mountainous regions such as Toktogul, Sary-
Chelek, Kara-Shoro, and At-Bashy (Kadyrova and
Smanalieva 2017). According to a palynological
investigation, Toktogul honey has pollen of such
herbs as blueweed (Echium vulgare), sainfoin
(Onobrychis sp.) chervil (Anthriscus sylvestris),
family Brassicaceae, mint (Mentha sp.), oregano
(Origanum sp.), St. John's wort (Hypericum sp.),
thyme (Thymus), sweet clover (Melilotus officinalis),
dandelion (Taraxacum) and many other mountain
plants (Smanalieva 2008).

Figure 1: Uzgen district, the flowering plants in
June

Sary-Chelek is a nature reserve in Jalal-Abad
province in western Kyrgyzstan. The main herbs
that grow in this area are St. John's wort
(Hypericum sp.), wormwood (Artemisia sp.), thyme
(Thymus), blueweed (Echium vulgare), blackroot
(Cynoglossum sp.), members of the family
Brassicaceae, mint (Mentha sp.) and sainfoin
(Onobrychis sp.). The honey collected in Kara-
Shoro contains pollen of thyme (Thymus), St.
John's wort (Hypericum sp.), sainfoin (Onobrychis
sp.), members of the cruciferous family
(Brassicaceae), black root (Cynoglossum sp.),
oregano (Origanum sp.), cornflower (Centaurea
sp.), wormwood (Artemisia sp.), bedstraw (Gallium)
and saw-wort (Serratula sp.). In the At-Bashy
region, sainfoin (Onobrychis sp.) is a main
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perennial melliferous plant. There are eight species
of this unique plant in Kyrgyzstan. Sainfoin honey is
light coloured with a very delicate and unobtrusive
taste and a pleasant aroma (Smanalieva 2008).

Given the lack of scientific studies describing the
physicochemical attributes and amino acid value of
mountain honey from Kyrgyzstan, this study aimed
to determine and document the physicochemical
parameters and amino acid content of Kyrgyz
honey for the establishment of quality standards for
Kyrgyz honey, which are essential for its further
commercialization as a natural food source. A
second aim was to test for correlations of amino
acid content with other quality parameters of honey
and altitude of the collection area.

MATERIALS AND METHODS
Honey samples

For the investigation, 15 polyfloral honey samples
were obtained directly from beekeepers in seven
mountain regions of Kyrgyzstan: Suusamyr (SU),
Sary-Chelek (SC), Toktogul (TO), Issyk-Kul (YK),
Talas (TA), Chon-Kemin (CK) and Kara-Shoro
(KS), Karkyra (KA) and two collection seasons: in
early summer — May, June; and summer — July,
August 2015. All investigated honey samples were
stored in a refrigerator at a temperature of 4 °C until
the analysis. Analysis of the samples was carried
out in 2015-2016.

Physicochemical measurements

Analyses of quality parameters such as moisture,
total acidity, pH, and diastase activity were
conducted according to the Harmonized Methods of
the European Honey Commission (Bogdanov et al.
1997). The refractive index of honey samples was
measured using a refractometer (Reichert Abbe
Mark 1l Plus Refractometer, Reichert, Inc., NY,
USA) at 20°C. The corresponding moisture content
(%) was calculated using the relationship between
refractive index and water content. The pH was
determined in a 10% (w/w) solution of honey in
distiled water by means of a pH meter (Mettler
Toledo, Gielen, Germany). The free acid content
was measured in a 10% (w/w) honey solution by
acid-base titration with 0.1 M NaOH up to pH 8.1
(Mettler Toledo, Gielden, Germany) and the results
were expressed as the milliequivalents per kg
honey (meg/kg) (Bogdanov et al. 1997).

The determination of diastase (a-amylase) activity
was performed using a spectrophotometer
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(Specord 50, Analytic Jena, Germany) and
expressed as Diastase number (DN) in Schade
units. DN is defined as the amount of enzyme that
will convert 0.01 g of starch to the prescribed
endpoint in 1 h at 40 °C under the conditions of the
test (Bogdanov et al. 1997).

Determination of amino acid composition

15 honey samples were chosen (2 samples from
each region) for the determination of amino acid
composition. The 19 AA standards (aspartic acid,
glutamic acid, serine, histidine, glycine, threonine,
arginine, alanine, proline, tyrosine, valine,
methionine, cysteine, isoleucine, leucine,
tryptophan, phenylalanine, ornithine, and lysine)
were obtained from Merck (Darmstadt, Germany).

Sample preparation, for further determination by
High-Performance Liquid Chromatography (HPLC),
was conducted following the methodology proposed
by (Bouseta et al. 1992) with some modifications by
(Mazhitova and Kulmyrzaev 2016). Briefly, 0.2 g of
honey dissolved in approx. 6 ml of high purity water
and mixed thoroughly. The pH was adjusted to 3.2
with 0.1 N HCI. After isolation, the final sample
volume was adjusted to 10 mL, and the sample was
refrigerated before derivatization. The derivatization
procedure and quantification by HPLC were
conducted according to Hermosin et al. (2003); 0.5
mL of the solution of isolated AA was mixed with 3
pL of diethyl ethoxymethylenemalonate, 0.75 mL of
methanol and 1.747 mL of borate buffer at pH 9.0
(1 M) and placed in a 10 mL tube with screw cap.
The tube was closed and briefly shaken. After that,
the mixture was placed in an ultrasound bath for 30
min at room temperature. Before injection (20 pL)
into the HPLC (Agilent Technologies 1200, US),
derivatized samples were filtered through a 0.45-
pm  microfilter. Chromatographic separation was
carried out in a C18 column (4.6 mm x 250 mm x 5
pm) (G1316A, Agilent Technologies 1200, US) at
16 °C. Mobile phase consisting of acetonitrile (A)
and 0.1 M acetate buffer (B) at pH 6.0 was used
with following gradient conditions: 6% (A) at 0 min;
16% (A) at 13 min; 18% (A) at 13.5 min; 18% (A) at
17 min; 22% (A) at 20 min and 32% (A) at 32 min.
A diode array detector at 280 nm was used.
Identification was made using the retention time
obtained from pure compounds and quantification
was carried out according to the external standard
method with 0.01, 0.5, 1.0, 2.0, 3.0, and 4 pg/mL
concentration levels.
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Statistical analysis

Data were analysed by ANOVA using SPSS
software, version 16.0 (SPSS Inc.Chicago, IL). A
two-step cluster analysis of individual AA by altitude
was carried out. According to the two-step cluster
analysis of individual AA by altitude, the samples
can be divided into three groups: 1. Low and rough
mountain honey; 2. Rugged mountain honey and 3.
High mountain honey. A comparative analysis of
individual AA and total AA between samples was
performed using Duncan’s test at a significance
level of p < 0.01 and p < 0.05. Pearson’s
Correlation Coefficient Analysis was carried out to
determine the association between the total amino

acid content and altitude, also the physicochemical
characteristics of honey.

RESULTS
Quality parameters of Kyrgyz honey

The results of analysis of quality parameters such
as moisture, total acidity, and pH are provided in
Table 1. The quality parameters of Kyrgyz honey
were in compliance with the international honey
standard (Codex Alimentarius 2001). The average
moisture content was 17.26%, with a min value of
14.7% (KA21) and a max value of 23.7% (KS12).

Table 1. Some physicochemical parameters of the honey samples and the altitude of the collection area

Ne of . Altitu Moisture Acidity, Diastase Number,
sample GPS Coordinates de content, % meqg/kg pH Schade unit

1. Latitude: 42.69 North

CH11 Longitude: 75.32 East 1225 18.5£0.2 25.0+0.5 5.5+£0.0 18.9+0.5
2. Latitude: 41.88 North
3. Latitude: 41.88 North

TO25 Longitude: 73.38 East 1901 16.4+0.6 25.3+0.7 45+0.1 77.945.1
4, Latitude: 40.33 North

TA24 Longitude: 73.38 East 1372 15.940.1 13.6+£0.3 4.0+0.1 18.8%1.9
5. Latitude: 40.33 North

KS11 Longitude: 73.38 East 1546 19.5+0.7 20.3+0.5 4.9+0.0 20.0+8.5
6. Latitude: 40.33 North

KS12 Longitude: 73.38 East 1546 23.7+0.2 16.3+0.6 4.6+0.0 33.412.8
7. Latitude: 42.66 North

YK11 Longitude: 78.62 East 1874 20.0+0.3 17.1£0.8 4.1+£0.0 8.9+0.1
8. Latitude: 41.89 North

SC22 Longitude: 71.95 East 2218 20.3+0.8 20.3+0.5 4.8+0.0 17.0£7.1
9. Latitude: 41.89 North

SC25 Longitude: 71.95 East 2218 15.9+0.3 32.1£0.5 4.5+0.3 38.912.5
10. Latitude: 42.18 North

SuU21 Longitude: 73.96 East 2132 15.8+0.5 17.2+0.3 4.1+0.0 10.5+0.5
11. Latitude: 42.18 North

SuU24 Longitude: 73.96 East 2132 16.2+0.5 18.5+0.6 4.3+£0.0 37.2+7.7
12. Latitude: 42.76 North

CK21 Longitude: 76.26 East 2000 15.9+0.2 25.5+0.6 4.4+0.1 32.9+9.8
13. Latitude: 41.19 North

AB23 Longitude: 75.86 East 2121 16.4+0.7 17.2+1.5 3.7£0.1 26.3+5.2
14. Latitude: 41.19 North

AB24 Longitude: 75.86 East 2121 15.3+0.5 25.2+0.2 4.5+0.1 52.9+2.2
15 ka2t Latitude: 42.75 North 2029 14701 20.0:0.7  4.2:0.0 38.62.3

Longitude: 79.15 East

Means (n = 3),* Standard deviations SD <0.5, ** SD <0.05; AB-At-Bashy, CH- Chui, CK-Chon-Kemin, KS-Kara-Shoro,

SC-Sary-Chelek, SU-Suusamyr, TA-Talas, TO-Tokotogul, YK-Yssyk-Kol, KA-Karkyra.
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The amino acid profile of honey samples belts identified: 1. Low and rough mountain honey,
2. Rugged mountain honey and 3. High mountain
honey. The mean values of these three groups
were compared with one-way ANOVA (Table 2, 3,
4). The average AA content of Kyrgyz honey is
depicted in Fig. 2
Table 2. Amino acids of honey samples from rough mountain region (mg/kg)

Nineteen AA were determined in Kyrgyz honey.
According to the two-step cluster analysis of
individual AA by altitude, the samples from cited 7
Kyrgyz regions belonging to one of the 3 altimetric

Amino acid CH11 TA24 Min Max
Asp 44,18k 0.23 85.99¢ 2.46 44.18 85.99
Glu 110.75 0.27 133.23¢ 49.56 110.75 133.23
Ser 51.90i 0.03 60.48f 18.96 51.90 60.48
His 178.07¢ 0.40 82.79¢ 48.29 82.79 178.07
Gly 24.23™ 0.17 21.34hi 0.48 21.34 24.23
Thr 35.91! 0.26 17.82i 0.05 17.82 35.91
Arg 242.434 0.44 141.78¢ 0.16 141.78 242.43
Ala 59.62/ 0.16 38.709" 0.39 38.70 59.62
Pro 1128.022 11.76 656.442 6.93 656.44 1128.02
Tyr 82.829 0.39 53.08 0.34 53.08 82.82
Val 65.68" 7.46 31.58N 0.91 31.58 65.68
Met 3.48° 0.42 2.961 0.08 2.96 3.48
Cys ND ND

lle 23.17m 0.41 16.63i 2.46 16.63 23.17

Leu 18.63M 0.61 16.44i 0.03 16.44 18.63

Trp ND 14.891 1.42 0.00 14.89
Phe 328.25¢ 0.63 201.22¢ 0.11 201.22 328.25

Orn 10.44" 0.40 3.57 1.04 3.57 10.44

Lys 377.50° 16.88 259.29° 2.94 259.29 377.50
Sum of EAA 935.43 613.91 613.91 935.43
Total 2785.08 1838.23 1838.23 2785.08

Means (n = 3) + standard deviations within a column with small superscripts differ significantly (p < 0.05). Asp — aspartic
acid, Glu — glutamic acid, Ser — serine, His — histidine, Gly — glycine, Thr — threonine, Arg — arginine, Ala — alanine, Pro —
proline, Tyr — tyrosine, Val — valine, Met — methionine, Cys — cysteine, lle — isoleucine, Leu — leucine, Trp — tryptophan,
Phe — phenylalanine, Orn — ornithine, Lys — lysine; ND — not detected; EAA- Essential amino acids.
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Table 3. Amino acids of honey samples from rugged mountain region (mg/kg)

Amino acid YK11 TO11 TO25 Min Max
Asp 51.84¢ 3.64 89.07A 4.47 79.42"8 0.13 51.84 89.07
Glu 107.34 3.65 182.7498 0.70 252,959 0.19 107.34 252.95
Ser 55.14M8 0.65 101.224 2.00 101.74" 0.49 55.14 101.74
His 187.90¢¢ 1.42 306.26 4.44 360.91% 1.87 187.90 360.91
Gly 30.68C 0.47 57.70m8 1.52 81.26™ 0.11 30.68 81.26
Thr 31.58¢ 0.35 63.69'8 1.50 89.21mA 0.21 31.58 89.21
Arg 286.46°C 0.60 349.52¢8 1.46 380.708A 0.30 286.46 380.70
Ala 53.14h¢ 0.04 122.95"8 0.58 210.39"A 0.72 53.14 210.39
Pro 1474.90%8 11.58 1295.520C 10.59 2085.532A 13.60 1295.52  2085.53
Tyr 81.119¢ 1.57 467.25¢A 1.47 452,078 0.44 81.11 467.25
Val 140.50°8 31.05 124.81M8 3.97 169.07A 0.65 124.81 169.07
Met 1.15%C 0.27 8.750A 0.34 6.44rB 0.58 1.15 8.75
Cys ND ND ND - -

lle 24.49C 0.05 77.958 8.10 136.86%A 0.32 24.49 136.86
Leu 24.56C 0.42 86.148 5.32 234.79" 0.34 24.56 234.79
Trp 10.46i¢ 0.33 24.97m8 5.77 46.36% 0.33 10.46 46.36
Phe 283.77¢C 6.01 1952.204 13.48 1495.14b8 0.01 283.77 1952.20
Orn 13.19A 0.04 11.5508 0.05 6.38PC 0.13 6.38 13.19
Lys 440.425A 6.41 337.50¢¢ 0.50 405.979% 0.49 337.50 440.42
Sum of EAA 1038.04¢ 3143.254 3035.918 1038.04  3143.25
Total 3298.62¢ 5659.798 6595.194 3298.62 6595.19

Means (n=3)tstandard deviations within a column with small superscripts, within a row with capital superscripts differ
significantly (p<0.05). Asp—aspartic acid, Glu—glutamic acid, Ser—serine, His—histidine, Gly—glycine, Thr—threonine, Arg—
arginine, Ala—alanine, Pro—proline, Tyr-tyrosine, Val-valine, Met—-methionine, Cys—cysteine, lle-isoleucine, Leu-leucine,
Trp—tryptophan, Phe—phenylalanine, Orn—ornithine, Lys—lysine; ND—not detected; EAA-Essential amino acids.
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Table 4. Amino acids of honey samples from high mountain region (mg/kg)

Amino acid Suz21 Suz24 CK21 AB23 AB24 KA21
Asp 51.119¢ 49.64i¢ 61.62F 82.61F 43.50"M 83.97¢
Glu 78.53" 87.659" 108.60 156.61% 65.62" 151.08¢F
Ser 48.619¢ 59.56" 82.15% 87.14MP 48.729¢ 58.69F
His 167.03¢¢ 182.81°F 179.51°¢F 209.28® 117.83% 171.34¢
Gly 21.77%¢ 25.49F 36.79mP 32.80ME 14.67" 21.64"C
Thr 18.191 76.51"¢ 48.23 44.,19'¢ 15.12 36.90'mH
Arg 161.39¢ 164.76™ 233.909° 218.19¢°F 126.24% 194.95¢6G
Ala 48.299H 48,7211 77.55"E 81.74P 24,541 61.79i¢
Pro 739.65% 919.103" 1439.80°° 1264.17°F 650.29% 1098.87¢
Tyr 315.56°P 311.78° 272.25% 530.47°A 28.02V 432.48¢8
Val 36.12¢ 44,59KFG 79.679nE 58.674F 18.74KH 107.14"P
Met 1.34/CH 1.77°¢ 10.33°° 8.49°F 2.65°¢ ND
Cys ND ND ND 27.27"8 ND ND
lle 19.53iH 21.23mG 53.43F 58.02+P 11.02M 43.411F
Leu 39.89 42.66%C 51.34iKF 66.73P 1.43% 28.94mn!
Trp 12.29iF 13.04"F 42,08 57.09%A 7.62"C 52.99ikB
Phe 204.49% 201.70% 1601.273¢  2971.61%4 86.64° 1658.3138
Orn 8.14KEF 11.36"¢ 14.90"8 8.19°FF 8.67mnE 4.03°¢
Lys 242.31°¢ 300.08¢¢ 271.52¢FF 283.74408 267.99°F 275.2940FE
SEEAOf 889.72' 1013.36¢ 2430.11P 4106.294 439.24’ 2635.45¢
Total 2214.23 2562.44H 4664.93F 6247.01¢ 1539.32Y 4481.82F
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Table 4. Amino acids of honey samples from high mountain region (mg/kg) (continuation)

Amino acid SC22 SC25 KS11 KS12 Min Max
Asp 231.33M 106.729P 126.79%¢ 163.77<® 43.50 231.33
Glu 404.04¢8 162.08™ 308.65 589.899 65.62 589.89
Ser 175.578 81.39"E 152.09¢ 206.55" 48.61 206.55
His 448.30¢°¢ 218.85%° 464.26°8 492.10%A 117.83 492.10
Gly 105.79™m8 26.84F 69.73mC 148.87' 14.67 148.87
Thr 60.36"° 56.961% 132.59%6 168.02A 15.12 168.02
Arg 307.24¢ 200.19¢F 332.67¢°8 582.95% 126.24 582.95
Ala 260.489% 73.88F 225.239¢ 345.45% 24.54 345.45
Pro 2100.923¢ 1354.623F 3714.72%A 3383.4238 650.29 3714.72
Tyr 185.16" 82.78" 201.35m¢ 385.62f¢ 28.02 530.47
Val 173.97¢ 47.94KFC 190.90® 304.05M 18.74 304.05
Met 17.94p8 25.38" 12.25°¢ 6.27°F 0.00 25.38
Cys 33.89°4 ND ND ND 0.00 33.89

lle 112.78¢ 53.79E 128.42%6 186.071A 11.02 186.07
Leu 157.20%8 55.63F 109.06'° 212.60 1.43 212.60
Trp 20.15PE 14.29mF 18.33"E 26.50mP 7.62 57.09
Phe 589.45bF 349.36°¢ 575.57°F 1078.87°P 86.64 2971.61
Orn 9.949P 10.23mP 7.47°F 16.27" 4.03 16.27
Lys 413.879% 286.71¢°CP 424,799 660.92¢A 242.31 660.92
Sum of EAA 1764.79% 972.844 1793.28F 3028.928 439.24 4106.29
Total 5808.41P 3207.65¢ 7194.908 8958.194 1539.32 8958.19

Means (n = 3), SD<10; within a column with small superscripts, within a row with capital superscripts differ significantly (p
< 0.05).

Asp — aspartic acid, Glu — glutamic acid, Ser — serine, His — histidine, Gly — glycine, Thr — threonine, Arg — arginine, Ala —
alanine, Pro — proline, Tyr — tyrosine, Val — valine, Met — methionine, Cys — cysteine, lle —isoleucine, Leu — leucine, Trp
— tryptophan, Phe — phenylalanine, Orn — ornithine, Lys — lysine; ND — not detected; EAA- Essential amino acids.
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Figure 2: Total amino acids min, max and average values of 15 honey samples (mg/kg)

DISCUSSION
Quality parameters of mountain honey

Moisture content in quantitative terms is one of the
most important components of honey. This
parameter characterizes the quality of honey and
can affect its storage. Honey samples with high
moisture levels tend to ferment more easily.
Considering that the moisture content of honey
should generally be below 20% (Codex
Alimentarius, 2001), the values obtained in this
study were satisfactory, except of KS12.

The acidity of mountain honey is in accordance with
the Codex standard and with findings of other
researchers. The samples contained free acids in
the range of 13.6-32.1 meqg/kg. The average pH of
the investigated honey was 4.4, with a typical range
of 3.7-5.5. The Codex standard fixed a maximum
acidity for honey of 50 meqg/kg. According to
Ciappini et al (2016) clover and eucalyptus honey
from Argentina have an average of 19.5 and 22.3
meqg/kg free acids, respectively. The pH of
investigated samples was in good accordance with
those obtained by Downey et al (2004). The study
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on honeydew and mixed honey in Spain has
defined the free acidity as 15.87-35.66 meq/kg 22
(Table 1).

According to the Honey Quality and International
Regulatory Standards, diastase activity must not be
less than or equal to 8 diastase units (Codex
Alimentarius 2001). The diastase number of the
investigated honey samples was from 8.9 + 0.1 to
77.9 5.1 in Schade units. The honey samples
TO25 and AB24 had high diastase numbers
(779451 and 529422 in Schade units,
respectively), demonstrating the high quality of
investigated mountain honey. For comparison,
Bosnian and Herzegovinian honey had mean
diastase activities of 10.2+8.3 (acacia) to 23.4+14.4
Schade units (blossom) (Ciric et al. 2018); honey
from Argentina, 21.9+7.1 (clover honey) and
21.7+6.1 (eucalyptus honey) (Ciappini et al., 2016).
The diastase number of honey from Greece was in
the range of 8.1-15.0 DN (Pasias et al. 2017). In
multifloral honey from Turkey, values in the range
of 10.7-21.5 DN in Schade units were obtained with
Phadebas methods (Gurblz et al. 2020, Kivrak
2015).
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The amino acids of honey samples from the
mountain regions

The major AA of Kyrgyz honey are proline (1553
mg/kg), phenylalanine (905 mg/kg), lysine (349
mg/kg), arginine (261 mg/kg), tyrosine (258 mg/kg),
and histidine (251 mg/kg), the last four AA are
essential (Fig. 2). For comparison, in Turkish
honeys, phenylalanine (4024 mg/kg), proline (1138
mag/kg), tyrosine (693 mg/kg), and isoleucine (749
mg/kg) (Kivrak 2015) were detected as the main
AA. In acacia honey samples from China, proline,
tyrosine, serine, alanine, and histidine were
detected as the main AA (Sun et al. 2017), while
proline, glutamic acid, phenylalanine, glycine, and
serine accounted for the majority of AA in sunflower
Serbian honey (Sakac et al. 2019). Other authors
reported it as the main AA in Serbian unifloral
honey proline, alanine, phenylalanine, threonine,
and arginine (Keckes et al. 2013).

The proline content of the Kyrgyz honey samples
accounted for 20%-50% of the total AA (Fig. 2).
The proline content was the highest in samples
received from pasture Kara-Shoro KS12 (3383
mg/kg) (Table 4). The samples AB24 (650 mg/kg)
(Table 4) and TA24 (656 mg/kg) (Table 2) had a
lower level of proline, but this level was in
compliance with the defined minimum level for
proline (Bogdanov et al. 1997). The proline content
in honey harvested in 2005-2006 in Kyrgyzstan
was 275-765 mg/kg (Smanalieva 2008). The
proline content of Chilean honey was found in the
range of 474-4421 mg/kg (Fuentes Molina et al.
2020). The proline content of honey from Serbia
was in the range of 459 to 863 mg/kg (Sakac et al.
2019); from France, 208.7-592.3 mg/kg (Cotte et
al. 2004) and from Spain 254 and 1992 mg/kg
(Manzanares et al. 2014). Proline mainly comes
from honey bee salivary secretions during the
conversion of nectar or honeydew into honey and
depends on the characteristic of slow or rapid
honey harvest (Cotte et al. 2004).

The next most prominent AA in the investigated
samples was the essential AA phenylalanine, which
was found to be from 86 to 2971 mg/kg. The
highest phenylalanine content of 2971 mg/kg was
found in the sample AB23 (Table 4). In Turkish
honey samples, phenylalanine was found as the
main AA in the range of 499.6 to 15,047.6 mg/kg of
honey. In addition, high levels of phenylalanine
have been found in lavender, vitex, thyme, and
sunflower honey (Kivrak 2015). Sun et al. (2017)
reported that phenylalanine was the dominant AA in

chaste honey samples, with a mean value of
1094.9 mg/kg (Sun et al. 2017). The phenylalanine
content of lavender honey was found to be from
615 mg/kg (Hermosin et al. 2003) to 1152.5 mg/kg
(Cotte et al. 2004).

A particular difference between Kyrgyz honey and
Turkish honey is that lysine is the third major AA in
Kyrgyz honey, where it was found in the range of
242 mg/kg (SU21) to 661 mg/kg (KS21) (Table 4),
while in Turkish honey lysine was found in small
amounts (Kivrak 2015).

The highest content of arginine was observed in
KS12 (583 mg/kg) and the lowest in the sample AB
24 (216 mg/kg) (Table 4). The content of arginine in
strawberry-tree (Arbutus unedo L.) honey was
reported in the range of 8-39.8 mg/kg with an
average value of 22.6 mg/kg (Afrin et al. 2017).
Kivrak (2015) found arginine contents from 1.83 to
132.09 mg/kg in 17 Turkish monofloral honey.

Glutamic acid in honey samples was present in an
amount from 65 mg/kg (AB24) to 590 mg/kg
(KS12); it was higher than in (Cotte et al. 2004).
Other acidic AA were found in a moderate amount.
The sulphur-containing AA cysteine was found in
only two honey samples AB23 (27.27 mg/kg), and
SC22 (33.89 mg/kg). Methionine was the second-
lowest amino acid in all of the Kyrgyz honey from
1.34 (SU21) to 25.38 mg/kg (SC25), except the
sample KA21, in which methionine was not found.
In honey collected in China and Estonia cysteine
and methionine were not found (Rebane and
Herodes 2008, Sun et al. 2017)

The total content of essential AA (histidine,
threonine, arginine, tyrosine, valine, methionine,
cysteine, isoleucine, leucine, tryptophan,
phenylalanine, and lysine) was the highest in AB23
(4106 mg/kg) and is about two times of non-
essentials, followed by TO11 (3143 mg/kg) and
TO25 (3036 mg/kg). The content of valine,
isoleucine, threonine and tryptophan ranged from
17 to 319 mg/kg, 11 to 186 mg/kg, 13 to 168 mg/kg
and 0 to 58 mg/kg, respectively. Based on the
calculated values, a higher percentage of essential
AAs was found in TO11 (56%), CK21 (52%), AB23
(66%) and KA21 (59%), indicating a rich source of
essential AAs that are fundamental for daily diet
and human growth.

The highest content of total AA was in the KS12
(8958 mg/kg) sample, and the lowest content was
in AB24 (1539 mg/kg), with a mean value for all
examined samples of 4470 mg/kg (Fig. 2). The
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results of amino acid contents were comparable
with those obtained by Sun et al. (2017) for honey
from China, the total amount of amino acids ranged
from 3974 mg/kg (rape honey) to 7191 mg/kg
(jujube honey). Other authors reported maximum
values of AA as 2874.1 mg/kg (Hermosin et al.
2003) and 1831.6 mg/kg for lavender honey (Cotte
et al. 2004). The mean content of free amino acids
in honeydew honey was 398.41 mg/kg, in the group
of buckwheat 633.5 mg/kg, golden-rod 425.93
mg/kg, and heather honey 414.49 mg/kg
(Janiszewska et al. 2012).

As the main source of amino acids in honey is
pollen (Cotte et al. 2004), it can be assumed that
Kyrgyz honey samples are collected from flowers
rich in pollen. The high proline content of the
examined samples could be related to the arid
climatic conditions of Kyrgyzstan. The air
temperature in Kyrgyzstan in summer is +27°C on
average. The average minimum temperature is
+16°C and the average maximum temperature is
kept at +33°C. Plant nectar may have low moisture
content in the hot and dry climatic conditions of the
mountains, and the bees may have to process the
nectar more with saliva to suck it from the plant.
Additionally, according to beekeepers of
Kyrgyzstan, in the mountains wusually the
honeybees have a longer distance from forage to
the hive, than in lowlands with agricultural plants.
As a result, the collected nectar content of proline in
mountain honey increases.

Effect of altitude on the amino acid composition
of honey

A comparative analysis of individual AA and total
AA between samples was performed using
Duncan’s test. The content of total AA in samples
collected from the same region but from different
seasons are not the same (TO25 and TO11). Also,
differences in total AA content were observed in
honey obtained from the same region and in the
same collection seasons (KS11 and KS12, AB23
and AB24, SC25 and SC22). Weak positive
correlations were found between the altitude of the
collection area and asparagine, glutamine,
histamine, glycine, threonine, alanine, proline,
valine, and total amino acidity. The Pearson
correlation coefficient is shown in Table 5. Thus,
differentiation between mountain honey from
different altitudes on the basis of the amino acid
composition appears to be feasible. According to
many researchers, the proteins and AA present in
honey are of both animal and plant origin, which

U.Arn D. - U.Bee J. 2022, 22 (2): 188-202

leads to variability of amino acid contents in honey
from the same flower (Chua et al. 2015, Sun et al.
2017). Therefore the high variability of AA content
of the samples could be related to the rich
biodiversity of the mountain landscape and the long
distance to the hive.

Table 5. Pearson’s correlation coefficient of altitude of
the collection area and individual amino acids

Amino acid Pearson Correlation
Asp 0.288™
Glu 0.347™
Ser 0.456™
His 0.406™
Gly 0.366™
Thr 0.485™
Arg 0.302"
Ala 0.396™
Pro 0.477"
Tyr 0.468"
Val 0.364™
Met 0.294™
Cys NS
lle 0.465™
Leu 0.334"
Trp NS
Phe 0.329"
Oorn 0.350™
Lys NS

Sum of EAA 0.440"

Total 0.515"

** Correlation is significant at the 0.01 level (2-tailed).
Asp — aspartic acid, Glu — glutamic acid, Ser — serine, His
— histidine, Gly — glycine, Thr — threonine, Arg — arginine,
Ala — alanine, Pro — proline, Tyr — tyrosine, Val — valine,
Met — methionine, Cys — cysteine, lle — isoleucine, Leu —
leucine, Trp — tryptophan, Phe — phenylalanine, Orn —
ornithine, Lys — lysine; NS — not significant; EAA-
Essential amino acids.

Correlation of amino acid content with other
chemical parameters

In this work, the correlation between pH, diastase
activity, moisture content, acid content and amino
acid content was investigated (Table 6).
Unfortunately, no statistically significant correlation
was observed between AA and pH (r = 0.284, p =
0.585) and AA and diastase number (r = -0.074, p
= 0.890), AA with acidity (r = -0.429, p = 0.05).
However, the amino acid composition of honey was
positively correlated with the moisture content of
honey (r = 0.905, p = 0.05). The linear relationship
between total AA and moisture content could be
explained by the solubility of AA in water.
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Table 6. Pearson’s Correlation coefficients of total amino acid content with other chemical parameters

Moisture content,  Acidity, g/100 pH Diastase number,  Amino acid,
g/100 g g Shade Unit mg/kg
Moisture content, 1
g/100g
Acidity, g/100g -.563 1
pH 0.432 0.177 1
Diastase number, -0.324 0.465 0.011 1
Shade Unit
Amino acid, mg/kg 0.905* -0.429 0.284 -0.074 1

* Correlation is significant at the 0.05 level (2-tailed).

Conclusion

The study showed that the quality parameters of
investigated honey samples such as water content,
organic acids, and pH met international standards.
A total of 19 AA using HPLC in Kyrgyz honey were
determined. The content of individual AA and also
total AA in samples collected from the same region
and the same collection seasons were different.
The major AA of mountain honey were proline,
phenylalanine, lysine, histidine, tryptophan, and
tyrosine. The high variability and high AA content of
the samples could be related to the biodiversity of
the mountain landscape. The correlation among
diastase activity, moisture content, acid content and
AA content revealed that the AA composition of
honey is positively correlated with the moisture
content of honey. Obtained results provides useful
information for the characterization of honey from
the mountainous regions of Kyrgyzstan. Further
studies of antioxidant activities of mountain honey
and their correlation with amino acids and also total
polyphenol content are needed to contribute to the
limited literature on mountain honey.
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ABSTRACT

This study affords the experimental evidences elucidate the putative mechanism of the bee comb
establishing. Furthermore, the first time discerned skewed triangular prism in the bottom of the cells
ab initio built up by Apis mellifera carpatica indicates that the traditional rhombic dodecahedra is not
mandatory element of the comb architecture. The revealed oddity is inherent to about one third of the
whole number of the cells constitute the analyzed patterns. The building abnormality presumably
developed from the primeval manner of cells construction and may be triggered with the volatile
natural factors e.g. geographic location and climatic zone, variety of floral shapes, duration of active
season as well as bee race. Disclosed constructional diversity mirror the reaction of the colonies on
the highlighted disturbances and might be stipulated by the bees’ ability to engineering prowess.

Key words: Apis mellifera carpatica, Cells construction, Design fluctuation, Bees’ ingenuity

oz

Bu calisma, ar petegi kurmanin varsayimsal mekanizmasini aydinlatan deneysel kanitlar
sunmaktadir. Ayrica, Apis mellifera carpatica tarafindan ab initio olarak insa edilen hiicrelerin alt
kisminda ilk kez fark edilen ¢arpik liggen prizma, geleneksel eskenar dortgen dodecahedra’'nin tarak
mimarisinin zorunlu 6gesi olmadigini gosterir. Ortaya ¢ikan tuhaflik, analiz edilen kaliplar olusturan
tiim hiicre sayisinin yaklasik ligte birine 6zgiidiir. Bina anormalligi muhtemelen ilkel hiicre yapimi
tarzindan gelismistir ve ugucu dogal faktorlerle tetiklenebilir, 6rn. cografi konum ve iklim bolgesi,
cicek sekillerinin gesitliligi, aktif mevsim siiresi ve ar irki. Agiklanan yapisal gesitlilik, kolonilerin
vurgulanan rahatsizliklar tizerindeki tepkisini yansitir ve arilarin miihendislik hiinerleri tarafindan sart
kosulabilir.

Anahtar kelimeler: Apis mellifera carpatica, Hiicre yapimi, Tasarim dalgalanmasi, Arilarin hiineri
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GENISLETILMIS OZET

Amag: Arastirma, tamamen Apis mellifera
carpatica tarafindan insa edilmis (ab initio) petek
yapisinin 6zgunligunin arastiriimasina yoneliktir.

Gere¢ ve Yontem: Tim petek ornekleri ari
tarafindan ab initio yapiimis ve en az bes Apis
mellifera  carpatica kolonisinden toplanmistir.
Blyuyen erkek arilari veya ari hucrelerini iceren
analiz edilen desenler, gergevenin alt tahtasina
yapistirildi ve bir aktif sezon boyunca olusturuldu.
Bir durumda incelenen tarak c¢ergevenin igine
dikilmistir. Tim koloniler 10-12 cergeveli (435%300
mm) Dadant Blatt tipi kovanlarda yasamis ve her
birinin gtict 30-40 bin birey olarak tahmin edilmistir.
Ari kovaninin yeri 49°34" K, 22°47" Dogu (Dogu
Beskids, Ukrayna) idi. Numunelerin (yetistirme
dronlarindan veya arilardan) boyutlari (12-13) x (7-
8) cm ila (16-18) x (9-10) cm arasinda degismistir.

Bulgular ve Tartisma: Farkh kolonilerden alinan
¢ok sayida geri cekilmis petek deseninin gorsel
seklinin  incelenmesi, elementlerin  yapisindaki
sapmanin ortaya ¢ikmasina neden olmustur.
Mesele su ki, tam hicre sayisinin yaklasik %30-
40"nin taban profili, ya yetigtirici erkek arilardan
olusuyor ya da arilar, geleneksel U¢ eskenar
dortgenden farkliydi ve egik d¢gen prizma olarak
tasvir edildi. Geometrik simiilasyon nedeniyle,
taragin  yapimi, seminal hicrenin  yalnizca
gelecekteki taragin bir  tarafinda temel
alinmasindan baslayabilir. Bu hicrenin yuvarlak
sekilli tabani tamamlandiktan hemen sonra, ikinci
ve Uglncl (sag veya sol kenari) petek cekirdegin
her iki yaninda ayni anda olugsmaya baglar. Onemli
olarak, tarak plakasinin bir karsi tarafinda bulunan
hicrelerin merkezleri, karsi parcaya kiyasla ¢apinin
yarisina esit mesafelerle kaydirilir. Yani hucre
tabaninin kenari en yakin komsularla birer nokta
temas eder. Baslangicta, cevreleyen komsularin
sayisi iki (hicrelerin bir sirasi), sonra doért (hiicrenin
iki sirasi) ve son olarak altidir (hicrelerin G¢ ve
daha yuksek sirasi). Bu mimari sayesinde ve
c¢alisan arilarin yukselttigi sicaklikla, karsit yarim
kire seklindeki hicrelerin ortak tabanlari neredeyse
aninda ve kendiliginden, prizmatik tabanlarla
birlestirilmis iki katmanh altigen hicre dizisini
olusturur hale gelir. Boyle bir temas esastir ¢linki
yoklugunda (6rnegin ahgsap kovan cergevelerinin
tahtalari bu tar bir bindirmeyi
engelliyorsa/ayiriyorsa) hicre tabaninin  profili
yarim kiire seklinde kalir. Onerilen geometriye gére,
her hicrenin alt kisminda carpik UGg¢gen prizmaya
sahip olmasi gerekir. Oysa hiicrelerin sadece lgcte

biri bu kuralla eslesir. Aciklanan uyumsuzluk,
fiziksel (hava durumu, cografi konum, besin temeli,
Diinya manyetik alaninin glicl) ve biyolojik (ari irki)
danhil olmak Uzere cesitli faktorlerden
kaynaklanabilir. Ote yandan, bu tir bir etki
Uzerindeki tepki orani, eninde sonunda o6rnegin,
hlcre elemanlarini diizeltmek icin arilarin iggtdisel
ustaliklarindan gelebilir.

Sonu¢: Son olarak, bu sonuglar, petek
olusumundan sorumlu olabilecek temel faktorler
(anlarin fiziksel gugleri veya becerisi) hakkinda
yuzyillardir devam eden anlasmazligin ¢ézulmesine
yardimci olacaktir.

INTRODUCTION

The visible (even not global) changes of dead
Nature in most cases modify the living specimens
both the shape and behavior. This postulate
become the cornerstone of evolutional theories
either classical natural selection (Darwin 1859) or
modern genetic (synthetic) (Koonin 2009) ones.
Although the replies of living Nature at such impact
are postponed and at the first glance not so
noticeable as the formers, it has great impact on
evolution of the individual species and higher
taxonomic ranks. Considering the social insects
(e.g. bees) the spotlighted effect may be also
reflected with alteration of their engineering
capability in the way that “Slight changes in the
rules followed by cell builders can cause radical
shifts in the final nest architecture” (Oldroyd et al.
2015). As authors claimed, such changes may be
triggered by several factors, including bees race,
climatic zone (i.e. geographic region), variety of
floral shapes, duration of active season, etc.
Actually, these elements influence the building
process of others kinds of collective insects too. For
example, “...termites can be induced to build
structures that radically depart from normal nests
through targeted interference at critical stages of
construction.” (Turner 2010). On the other hand, the
building action frequently demands connecting the
larger drone cells with the smaller ones of workers
or encounters the obstacles. In these cases, the
bees incorporate the transition zones where the
shapes of the comb are often distorted (Sparavigna
2016). Admittedly, such behavior might evolve from
the engineering capability of colony.

Then the origin of honey bee awesome architecture
intrigued the generations of many brilliant scientists.
Up today the true manner of the bees construct
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their nests remains ambiguous that is reflected with
two opposite hypotheses. One of it admits
participation solely the physical laws in shaping of
the comb cells. The adherents of this postulate, e.g.
Middle Age Danish mathematician Bartholin
(Bartholin 1660), Thompson (Thompson 1917) Pirk
and Karihaloo (Pirk et al. 2004, Karihaloo et al.
2013) suggested that honeybees neither have to
measure nor construct the highly regular structures
of a honeycomb, and the observed shape of combs
can be explained by wax flowing in liquid
equilibrium. They theorized that the perfect regular
structure results from wax as a thermoplastic
building medium, which softens and hardens as
result of increasing and decreasing temperatures.
Whereas their opponents (Pappus of Alexandria 5™
century AD), (Darwin 1859), (Nazzi 2016), (Gallo et
al. 2018) advocate the essential role of the
individuals and their participation in the whole
stages of comb construction all through it
foundation to the full size erection. The adepts of
the second theory arguing that hexagons on the
honeycomb, “...besides perfectly economize labor
and wax, also symbolize communication, balance,
precision, union, equality and integration thus
reflect the bees’ masterpiece of art in engineering”
(Darwin 1859). Continuing of such approach, Bauer
(Bauer et al. 2013) has shown that many of the
bees are engaged in direct construction in a way
encompasses a regular sequence to manipulate the
wax. In this case, some bees have to support their
colleagues work by actively warming the wax. The
authors reasoned that the wax temperature during
the construction of the hexagonal cells was
between 33.6 and 37.6 °C whereas existing the
wax in the liquid equilibrium (essential for self-
organized building) demands 40 °C. Both of these
postulates  (although utilize the  different
approaches) devoted to the elucidation a putative
mechanism of cells erection. Regardless the long-
lasting story of this dispute and apart from a couple
theoretical works (Narumi et al. 2018, Narumi et al.
2022), the highlighted hypotheses still lack the
consistent experimental data concerns the interim
(particularly the ones proceeding right after the cell
foundation) stages of honeycomb construction.
Then the final decision yet encountered with the
key assertion combines the bees architectural
creativeness and physical laws.

Cited oddities and claim inspired us to undertake
thorough analyze the elements of honeycomb
setting up. We reckoned that the cells bottom as
the construction fundament may afford the valuable

U.An D. - U.Bee J. 2022, 22 (2): 203-210

clue concerning the comb architecture. On the
other hand, mentioned moiety deviation might also
encode the information relates the evolution of
comb design. For this aim the patterns of
honeycomb both the rearing drones and bees made
up fully (ab initio) by the bees were selected. We
intentionally did not explore the cells built up on the
artificial wax plate as the later already possess the
triple-rhomboids printed at it base. The results of
such approach are presented therein.

MATERIALS AND METHODS
Honeycomb patterns analysis

All samples of honeycombs were ab initio-made by
the bee and collected from at least five colonies
Apis mellifera carpatica. The analyzed patterns,
comprised either rearing drones or bee cells, were
attached to the bottom plank of the frame and built
up during one active season. In one case the
examined comb was erected inside the frame. All
colonies lived in Dadant Blatt type beehives with
10-12 frames (435x300 mm) and the strength of
each was estimated as 30-40 thousands of
individuals. The location of apiary was 49°34" N,
22°47° E (Eastern Beskids, Ukraine). The samples
(either from rearing drones or bees) sizes varied
within (12-13) % (7-8) cm to (16-18) x (9-10) cm.
Magnifying glass was used for inspection the
withdrawn comb patterns. Such methodology
belonged to the most cheap, handy, non-invasive
and non-destructive one thus used broadly for
studying the stagnant objects both living and dead
Nature (Headstrom 1968). The surface areas of the
analyzed samples were calculated by Area
Calculator program Scetchandcalc (free trial
version is accessible in the net). The percentage (n)
of comb surface occupied by the cells possess the
bases differed (Sstp) from the triple-rhomboid ones
was estimated as:

n = Sstr/Stt, Where: St - the total area of the comb
pattern.

Few examples of such modellings are presented at
Fig. S3.

Instruments

The photos of the specimens were taken by
Cannon CX 620 HS and HP Photosmart R 707
cameras. Hand lens 5x (occasionally 10x) was
used for visual inspection the honeycomb samples.
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RESULTS

The manner of the bees may start to erect the
honeycomb is imprinted at Fig. 1. Meticulous
examination of this fully bee-made pattern
unraveled some interesting features. First of all,
regardless the edges of the bottoms of starting cells
(rows 1 and 2) have a circular full-faces, it profiles,
even in a very beginning period of construction,
were not plane and encompass the junction
structures (Fig. 1a, inset drown in grey). Starting
already from the initial rows this “pre-comb” was
constructed from the cells shared it circular-shaped

closed bases. Importantly, the manner of the rows
are built up implies the horizontal shifting of the
cells centers both at the back and front sides of the
comb plate on the distance equal the half of cell
diameter d (Fig. 1, a and b). Due to such technique,
each cell base contacts by it edge with six
surrounding neighbors. Locations of contacts are
pointed out by the green double-sided arrows (Fig.
la and inset). Such mode, on the other hand,
affords a triple junction among neighboring circular
cells on the both moieties of the same comb plate.
It led to formation the curved triangle-looks gaps
(pointed by the red arrows, Fig. 1a and inset).

Fig. 1. Two photos on the same section of pattern withdrawn in the very beginning period of it growing. Images represent
the front (a) and interior (b) (A-A) side of the same top plank of the wooden hive frame. The edges of the cells bottoms
create the rows 1 and 2 are circular (cylinder). The inset at (a) simulates the full face of the cells bottoms where the back
and the front moieties are outlined with the dash and solid lines, respectively. The top edge of the putative seminal cell is
marked by the red circle. The centers of the back (blue dotted circle) and front (blue solid circle) cells at (a) are pointed

with the yellow spots (a, b).
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The last ones are created by the arcs of each
series of three contacted cells (Fig. 1a, inset drown
in grey) along the imaginary border separates the
bottom of the row | and top of the row Il (indicated
with the gold arrow, Fig. la inset). Secondly, the
circular-shaped bottoms of the newly-founded cells
instantly transformed into the ones formed with
trinedral sections of rhombic dodecahedra (Fig. S1;
Fig. 2a, the cells spotted by red). Interesting, but
when the cells were erected on the solid support it
orientation was vertically up or down and

hemispherical bottoms remained intact all the way
through foundation till full size erection (the red-
dotted cells, Fig. 2b, c). Thirdly, scrutinizing the
several patterns of honeycombs fully (without using
the artificial wax plate) made by the bees revealed

v,

the intriguingly feature of it construction (Fig. 3 and
S2). The matter is that the bottom structure of the
ca. 30-40 % of the comb cells differs from the
traditional tetrahedral one (Fig. S1, S3). Instead,
the shape of figure in the base of many cells was
associated with the one we called “skewed
triangular prism” (Fig. 3 inset). Again, the exhibited
oddity was intrinsic exclusively to the honeycomb
made fully ab initio by the bees (i.e. the cells
erected on the artificial wax plates did not display
such  abnormality  which, in fact, was
comprehensible due to the triangular prisms
originally stamped at it surface). Fourthly, such kind
of cells were located compactly i.e. not scattered
over the whole area of the comb (Fig. 3, Fig. S2,
S3).

Fig. 2. The totally bee-made segment of the honeycomb (a) and the bee wax structures glued to the exterior part of the
top (b) and floor (c) planks of the wooden hive frames. The red spots mark the new-founded cells.
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-

Fig. 3. Photo of the drones comb fragment fully made by the bees visualizes the new shape of cells base structure
(yellow-lined figures inside the blue rectangle, left half-part of the view). The best visible “imperfections” (the cells
possess the skewed triangular prism bottoms) are spotted by the red circles. The left moiety of the inserted figure (inside
the blue-lined rectangle) was obtained by the revolving the right one on 90°.

DISCUSSION

Given the above data, one can assume that
construction the initially hemispherical bottoms of
the cell at the both sides of the same plate may
start from it reciprocal horizontal shifting by the half-
cell diameter (Fig. 1). Synchronized
building/heating procedures causes the
hemispherical bases instant transformation at
proper (34-37 °C) temperature (Bauer et al. 2013,
Narumi et al. 2018) into it pyramidal derivatives
consisting of three rhomboid plates (Fig. 2a, the
cells spotted by the red dots). In the absence of
superimposed cells (i.e. the cells situated at the
opposite sides of the same comb plate and share
the same bottoms) the closed ends of the cells
remain hemispherical. For example, the planks of
wooden hive frames prevent such superimposition
(Fig. 2b, c). In this case, the cells can be oriented

vertically up and down only (there are no cells
oriented horizontally). Last peculiarities hamper the
transformation of hemispherical cells bottoms into
three rhomboids (Fig. 2). The revealed instant
conversion of circular cell base into rhomboids, in
some aspect conflicts with Pirk (Pirk et al. 2004)
postulate (“The three apparent rhomboids forming
the base of each cell do not exist but arise as
optical artefacts from looking through semi-
transparent combs”). Nevertheless, on the other
side, our results complement the cited work (as well
as attachment-excavation model (Narumi T et al.
2022)) in the sense of the comb origination from the
wax softening/hardening as result of
increasing/decreasing temperature (Karihaloo et al.
2013). Again, the discovered peculiarities of
construction relate to the comb fully (ab initio) made
by the bees.
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Finally, the graphical simulation of building process
(Fig. 4 and 3, inset) indicates that geometrically the
cells bottoms should be skewed triangular prisms.
Whereas in fact the major part (rendering 60-70%)
of naturally produced comb is built up from the cells
have in it base the rhombic dodecahedra (Fig. 1, 3,
S2). This paradox motivated us to undertake
thorough inspection the numerous patterns of the
combs withdrawn from the different families. Such
scrutinizing succeeded in unravelling the already
mentioned cells possess the predicted skewed
triangular prism-shaped bottoms (Fig. 3 and S2).
(Except the base, the other cell elements e.g. it
depth, hexagonal shaped rim, the top (opened)
area and the slope upward value were the same as
in the ones possessed the rhombic dodecahedra
bottoms). The discussed observations correspond

with the ones distinguished by (Nazzi 2016). For
example, similarly as postulated by the cited work,
the addition of the new cell between two pre-
existing ones (Fig. 4) generates two triple junctions
that may exhibit the involvements both the liquid
equilibrium process (Pirk et al. 2004) and
alternative mechanism (Bauer et al. 2013, Narumi
et al. 2022). The construction of the cell walls starts
as soon as the cell base reaches a certain size.
Consequently, the two sides of the honeycomb
grow in synchrony in the manner that the beginning
of the construction of the cell base coincides with
the construction of the lateral walls of a cell on the
opposite side. The described geometry rule
consists with the one promoted by Nazzi and
accompanies it with the revealed new kind of the
cell base.

Ll |

E S R 3

Fig. 4. The graphical simulation the initial three rows of the comb construction. The top of cells and embracing it
hexagons are drown with solid (front) and dash (back) circles, respectively. Similarly, the cells of the imaginary rows I
are represented by the solid (front) and dashed (back) grey rings. The purple circle depicts the putative seminal cell.

By now, it is hard to proffer the unequivocal
explanation the simultaneous existence two kinds
of structures (traditional tetrahedral and newly
disclosed skewed triangular prism ones) of the cells
bottoms. Supposedly, the discovered diversity of
the cells bases may reflect: (i) the engineering
prowess of the bees (imprinted with their ability to
build up the same-purposed but differently-shaped
structural elements); (ii) the traces of bees relict
architecture; (iii) sort of “architectural mistake”
(actually, the last rationale supports the item (i)).
Nevertheless, the reasons of “correction” the
forecasted by geometry skewed triangular prism-
shaped bottoms to the well-known tetrahedral ones
remained to be clarified. To narrow the discussion
down the subject related with the deformation the
initial circular cell walls to rounded hexagons was
not reviewed within the undertaken research (Fig.
4). The detailed putative mechanism of that as well

U.An D. - U.Bee J. 2022, 22 (2): 203-210

as further transformation the close packed cylinders
into hexagonal prisms can be find in the literature
(Talukdar et al. 2019, Nazzi 2016). Again, this study
pursued the disclosing of evidences, rules and
objectives owing to which the comb may start to
originate and lead to the newly revealed kind of
cells bottom.

Conclusion

The new kind of the cell bottom profile (skewed
triangular prism) was disclosed. The putative
mechanism of comb building leads to the revealed
oddity presumably evolved from the bees’ ingenuity
and triggered by the volatile natural factors. The
bee response on such impact eventually depends
on the colony/species adaptation to the stress. The
velocity of reaction presumably differs from the one
to another bee race but still implies the
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creativeness of individuals imprinted by e.g. their
mastering to correct the cell elements. Although
such aptitude has been developed by the previous
millions honeybees’ generations one still might
expect to find out the footprint of this ancient
mastering. Last suggestion is grounded on the
newly revealed shape of the cells base different to
the traditional triple-rhomboid ones. This kind of
deviation might be explicated by the primal manner
of cells construction. Acquired data, on the other
hand, may point out that either physics (self-
organizing)- or cognitive (behavioral)-grounded
approaches are likely involved in honeycomb
construction. In truth, both of it are intentional i.e.
origin from the coordinated efforts of many
inhabitants the bee colony thus cannot be
separated from each other. Finally, these results
would assist in resolving the centuries-lasted
dispute about the key factors (physical forces or
skill of bees) may be responsible for the
honeycomb formation.
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ABSTRACT

Honey bee colonies exhibit a wide range of behavioral variations depending on genetic origin and
environmental factors. Therefore, the performance evaluation of honey bee races is critical to laying
a foundation for future selection and improvement in Ethiopia. Thirty colonies of Apis mellifera
scutellata (A. m. scutellata) similar in resources contained in the hive were kept in improved box
hives and evaluated through various behaviors (i.e. Reproductive swarming tendency, foraging
activity, defensive behavior, hygienic behavior, brood population, honey production, and absconding
behavior) during the active season and dearth season. In the study area, the A. m. scutellata race has
a higher swarming tendency in the active season, with up to 3.42 queen caps per hive prepared per
year. Defensive behavior during the active season takes an average of 25.41 seconds after
disturbances and follows up to a 212.20-meter distance. But during the dearth season, the colony
slightly took a long time to reach aggressiveness after disturbance (31.28 seconds) and followed the
observer for a short distance (45.58 meters). The closed brood production is higher (149 units per
hive) during the active season and nectar production units per hive are reduced by 50% as compared
to the dearth season. The yielding performance of the race per frame ranged from 1.3 kg to 1.5 kg,
and an average of 14 kg of honey per harvest. The A. m. scutellata exhibited an absconding tendency
of 34.5% if there was any disruption. A. m. scutellata showed good performance in hygienic
behaviors (>95%), but undesirable behaviors in defensive behavior, and swarming tendencies make
it difficult to manage honey bees. However, the race has good performance in foraging and hygienic
behaviors. Further, studies of the honey bee race through selection and breeding could be
conducted to reduce the higher defensive and swarming tendency of A. m. scutellata to improve
production performance.

Keywords: A. m. scutellata, Honey yield, Hygiene, Absconding, Aggressiveness

0z
Bal arisi kolonileri, genetik kokene ve gevresel faktorlere bagh olarak ¢ok ¢esitli davranis farkhiliklar

sergiler. Bu nedenle, bal arisi irklarinin performans degerlendirmesi, Etiyopya'da gelecekteki se¢im
ve iyilestirme igin bir temel olusturmak igin kritik 6neme sahiptir. Kovanda bulunan kaynaklara
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benzer otuz Apis mellifera scutellata kolonisi gelistirilmis kutu kovanlarda tutuldu ve aktif mevsim ve
kithk mevsimi boyunca c¢esitli davraniglarla degerlendirildi (6rn; treme, ogul egilimi, yayilma
davranisi, savunma, hijyenik davranis, yavru ve bal iiretimi ve kovan terk). inceleme alaninda A. m.
scutellata irki, aktif sezonda, kovan basgina yilda 3,42 ana yiiksiigli hazirlamasiyla, daha yiiksek bir
ogul verme egilimine sahiptir. Aktif sezonda savunma davranisi, rahatsizliklardan sonra ortalama
25.41 saniye siriiyor ve 212.20 metrelik bir mesafeyi takip etmektedir. Ancak kitllk mevsiminde,
koloninin rahatsizliktan sonra saldirganhiga ulagsmasi biraz uzun siirmekte (31.28 saniye) ve
gozlemciyi kisa bir mesafe (45.58 metre) takip etmektedir. Aktif sezonda kapali kulugka liretimi daha
yiiksektir (kovan basina 149 iinite) ve kovan basina nektar iretimi kithk dénemine goére %50
azalmistir. Cergeve basina verim performansi 1,3 kg ile 1,5 kg arasinda degismekte ve hasat basina
ortalama 14 kg bal ahinmisgtir. A. m. scutellata, herhangi bir rahatsizlik olmasi durumunda %34.5'lik bir
kagma egilimi sergilemektedir. Bunun yaninda hijyenik davraniglarda iyi performans gostermekte
(>%95), ancak savunma davraniginda istenmeyen davraniglar ve ogul verme egilimleri bal arilarini
yonetmeyi zorlagtirmaktadir. Bununla birlikte, irk, yayilma ve hijyenik davraniglarda iyi bir
performansa sahiptir. Ayrica, gelecekte seleksiyon ve islah ¢alismalar ile savunma ve ogul verme
egilimi azaltilarak uretim performansini artirilabilir.

Anahtar Kelimeler: A. m. scutellata, Bal verimi, Hijyen, Kagma, Saldirganhk

GENISLETILMIS OZET

Amag: Bu ¢alisma A. m.scutellata’nin
performansini belirlemeyi amaclamistir.

(kovan basina 149 adet) ve kovan basina nektar
Uretim Unitesi, kithk donemine gore %50 azalmistir.
Cerceve basina verim performansi 1,3 kg ile 1,5 kg
arasinda degismekte ve hasat basina ortalama 14

Gere¢ ve Yontem: Bu calisma, Etiyopya'nin kg bal alinmaktadir. A. m. scutellata, herhangi bir

batisindaki Assosa Tarimsal Arastirma rahatsizlik olmasi durumunda %34.5'lik bir kovan
Merkezi'ndeki  Benishangul Gumuz  bdlgesel terk etme egilimi sergilemektedir. Bu irk hijyenik
eyaletinde  gergeklestirildi. Assosa kasabasi, davraniglarda iyi performans gostermekte (>%95),
Etiyopya'nin Addis Ababa kentinin 670 km ancak savunma  davraniginda  istenmeyen

davranislar ve odul verme egilimleri bal arilarinda
koloni yonetimini zorlastirmaktadir. Bununla birlikte,
Irk, yayllma ve hijyenik davraniglarda iyi bir
performansa sahiptir. Ayrica, bu irkin Uretim
performansini  artirmak i¢in sec¢im ve 1slah
c¢alismalari ile ylksek savunma ve ogul egilimi
azaltilabilir.

batisinda yer almaktadir. Benishangul Gumuz
bdlgesi deniz seviyesinden 1272 ila 1573 metre
yukseklikte degisen 10° 38' 20.45" K enlem ve 35°
43" 58.92" Dogu boylam cografi koordinatlari
arasinda yer almaktadir.

Benzer kaynaklara sahip otuz Apis mellifera
scutellata kolonisi gelistirilmis kutu kovanlarda

tutuldu ve aktif mevsim ve kithk mevsimi boyunca Sonug: Genel olarak, sonuglarimiz A. m. scutellata

cesitli davraniglarla degerlendirildi (6rnegin; tGreme,
ogul egilimi, yayllma faaliyetleri, savunma ve
hijyenik davranis, yavru, bal Uretimi ve kovan terk
etme davranisi).

Bulgular: inceleme alaninda A. m. scutellata irki,
aktif sezonda, kovan basina yilda 3,42 ana yUksugu
hazirlanmasiyla, daha yuUksek bir ogul verme
egilimine  sahiptir.  Aktif sezonda savunma
davranisi, rahatsizliklardan sonra ortalama 25.41
saniye suriyor ve 212.20 metrelik bir mesafeyi
takip etmektedir. Ancak kitlik mevsiminde, koloninin
rahatsizliktan sonra saldirganliga ulagsmasi biraz
uzun surmekte (31.28 saniye) ve gézlemciyi kisa bir
mesafe (45.58 metre) takip etmektedir. Aktif
sezonda kapali kulugka Uretimi daha yuksektir

bal arisi kolonileri daha yiliksek savunma ve kovan
terk egilimi gdsterir. Bununla birlikte, irk, yayillma ve
hijyenik davranislarda iyi bir performansa sahiptir.
Bal arlarinin  odul verme egilimi yuksektir.
Hazirlanan daha ylksek seviyede bir ana ari, tek
bir koloniden surllerin tekrarlanmasina yol acar.
Gelecekteki arastirmalar, koloninin daha yulksek bir
kovan terk etme oranini azaltmak icin potansiyel
etkileri ve yonetim uygulamalarini dikkate almalidir.
Ek olarak, A. m.scutellata’nin en iyi performans
gOsteren kolonisinin seg¢imi ve Gremesi konusunda
daha ileri  calismalar  yapilabilir.  Ayrica,
arastirmacilar A. m.scutellata’nin yayilma davarnigi
konusundaki verimliligini de arastirmalidir. Bu ari
irkinin yayilmaci arilari yani toplayicilarin aktif ve
kitik dénemlerinde bir besin kaynagina seyahat
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etmek icin ne kadar zaman harcadiklari, seyahat
suresinin arastiriimasi gerekmektedir.

INTRODUCTION

Ethiopia is well-known for its wide range of agro-
climatic conditions and biodiversity, which has
supported the existence of diverse honeybee flora
and a large number of beehive colonies (Adgaba
2007; Fichtl 1994). The country's diverse
agroclimatic characteristics generate conducive
environmental conditions for the cultivation of over
7000 species of flowering plants, the majority of
which are bee plants (Fichtl 1994; Nuru et al.
2002). Ethiopia has the largest bee population in
Africa, with over 10 million bee colonies, of which 5
to 7.5 million are estimated to be hived, with the
remaining existing in the wild (Legesse 2014). The
total annual beeswax production is estimated to be
over 3,800 tons. With this quantity, the country
ranks fourth in the world in beeswax production.
Furthermore, Ethiopia can generate up to 500,000
tons of honey and 50,000 tons of beeswax per year
(CSA 2006).

In Ethiopia, despite the potential of apicultural
resources, production and productivity are relatively
low. This could be attributed to many factors such
as the way of management, the environment, and
the race of honey bees. It is known that the physical
environment (season, altitude, vegetation, climate,
etc.) dramatically affects the behavior and
productivity of honey bee colonies (Mossie 2019).
In addition, honeybee colonies do not perform
equally even under the same environmental
conditions and managerial practices (Al-Ghamdi et
al. 2017). Honeybee colonies' performance
(strength and productivity) is determined by the
total area of comb in the colony, which contains
stored honey, pollen, and brood, the adult bee
population, weight per bee, and the colony nest
cavity volume ratio (Vaudo et al. 2012). In addition
to this, the most important that determines the
survival and development of the colonies is the
combined behaviors of individual honey bees
including nest-building, foraging, temperature
regulation, hygiene, and defense (Siefert et al.
2021). Those behaviors like foraging are affected
by the experience, wing damage, environmental
factors, and internal conditions of the colonies
(Klein et al. 2019). Colony defense, which includes
recognizing predators, alerting nest mates, and
enacting anti-predator behavior, is a well-known
type of behavior in honey bees (Breed et al. 2004).

U.Arn D. - U.Bee J. 2022, 22 (2): 211-226

Swarming and colony defense have long been
recognized by beekeepers, who have used
breeding strategies to reduce their expression in
defiance of natural selection (Kovaci¢ et al. 2020).
For example, swarming is the natural way for honey
bee colonies to reproduce, and this behavior is thus
closely linked to fitness; however, beekeepers
prefer colonies that never swarm. Moreover, the
defensive behavior is also frowned upon by
beekeepers, but even the most docile honey bee
colonies can fall prey to natural enemies such as
wasps, birds, or mammals (llyasov et al. 2015).
Recent research has focused on behaviors related
to colony health and disease control, such as
hygienic behavior and grooming (Spivak and Danka
2021). The expression of these behavioral traits
can be strongly influenced by environmental factors
and beekeeping management techniques (Bigio et
al. 2013). Nonetheless, they are known to differ in
distinctive ways among the many honey bee
subspecies and populations that have been
scientifically described to date (Ruttner 1988).
Indeed, the honey bees of Ethiopia form a
population of their own that is distinct and well
separated from the honey bees of Africa (Meixner
et al. 2011). The variations include all the desired
and undesired traits in production, productivity, and
behavior. Study shows that in Ethiopia, small
lowland honeybees are very aggressive and more
productive than honeybees of the highland areas
larger in size, docile in behavior, and less
productive (Chala et al. 2013). Consequently, A. m.
scutellata is one of the honey bee races found in
the lowlands of Ethiopia (Amssalu et al. 2004)

In east Africa, A. m. scutellata is found from 500—
2400 meters, in rich savannah and semi-evergreen
deciduous forests (Smith 1961). In Ethiopia, the A.
m. scutellata is distributed in the western humid
mid-land parts, including southwestern parts of
Gojjam (around Bir Sheleko and Chagni), all areas
of Wollega, west of Nekemte and Shambu up to
Assosa and Dembidolo (Mohammed 2002). The
continuous distribution of this group was also
observed in similar ecological areas in southwest
parts of Ethiopia in places like Gecha and Masha
(Amssalu 2002). The A. m. scutellata colony found
in the area shows highly aggressive behavior and
other undesirable behaviors constraint for the
beekeeping sectors.

Good quality stocks must be established in
apiaries, then multiplied and maintained to reap the
benefits of beekeeping. As a result, evaluating the
performance of the A. m. scutellata race is essential
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for future selection and improvement. However, no
research on A. m. scutellata’'s performance in
Ethiopia has been conducted. So, this study aimed
to determine the performance of A. m. scutellata
honey bee races in the study area.

MATERIALS AND METHODS
Study Area

The study was conducted in Benishangul Gumuz
regional state in Assosa Agricultural Research
Center, western Ethiopia. Assosa town is located
670 km west of Addis Ababa, Ethiopia. Benishangul
Gumuz regional state is situated between
geographical coordinates: 10° 38' 20.45" N latitude
and 35° 43' 58.92" E longitude with altitudes
ranging from 1272 to 1573 meters above sea level.
The region's mean annual rainfall and temperature
range between 700 to 1450 mm and 21 to 35°C,
respectively. Major crops grown in the areas are
sorghum, maize, finger millet, soya bean, and
groundnut (AsARC, 2006, Unpublished).

Method of Data Collection

To start with the performance evaluation of the
honey bee race at their original ecology, the A. m.
scutellata honey bee race was identified at the well-
established apiary site. At the Assosa Agricultural
Research Center Apiary site, 30 colonies of equal
performance and hive resources were kept and
studied. These colonies were established in
improved box hives and their difference in
performance was evaluated through different
parameters. Out of 30 colonies, five colonies were
assigned to study honey production, and 25 honey
bee colonies for reproductive swarming tendency
(three colonies), foraging activity (nine colonies),
defensive behavior (three colonies), hygienic
behavior (seven colonies), brood population (three
colonies), and absconding behavior (all
experimental colonies). The colonies were
separated for honey vyield production and
reproductive data collection, to avoid the effect of
colony disturbance during the reproductive data
collection on the yield of honey. The performance of
the colonies was evaluated from September 2015
to January 2017 active season (October to
December and April to May) and dearth season
(July to August) of the colony through the following
parameters:

Swarming behavior

Based on the geographical distribution of the
swarming period of the race the data collection
starts from October to November (Nuru et al. 2002).

The swarming behavior was evaluated by counting
gueen cells at nine days intervals per hive during
the active season (Biichler et al. 2013).

Foraging behavior

The foraging behavior of honeybees was assessed
by counting the number of bees flying out of the
hives for five minutes. The measure of the colony
foraging activity was monitored by two observers
visually at the hive entrance by limiting the
observation time of the day with good flight
conditions of the colony. At the time of data
collection, the observers sit on the side of the
colony to avoid obstructing the flight of the bees.
Then each observer using a hand-held timer
counted and recorded the exiting foragers bees per
five minutes during the late foraging time of the day
(Delaplane et al. 2013). Moreover, the
commencement of early foraging and finishing time
of late foraging were also recorded (Buchler et al.
2013). The time used to record was the east African
time zone.

Defensive behavior

To measure the defensive behavior of the honey
bee colony, a test of aggressiveness was used
(Stort 1975). A 2 cm diameter black leather ball was
jerked for 60 seconds at a distance of 5 cm in front
of the entrance of a colony. The gloved hands of
the observer were situated 1 meter above the
leather ball. The right gloved hand was moved
during the test because it is used to jerk the thread
that moves the leather ball. The gloved left hand
was not moving. Then when the first sting was
made in the leather ball, the time taken for the
colony to become very aggressive, the number of
stings in the gloves of the observer, the number of
stings in the leather ball, and the distance that the
bees followed the observer data were collected.
The number of stings left in the gloves worn by the
observer has counted afterward. Each colony was
tested five times with 10 minutes between tests at
the active time of the day from 1:00 pm to 2:00 pm
(Buchler et al. 2013).

Hygienic behavior

The colonies of A. m. scutellata were tested for
hygienic behavior at apiary sites. The pin-killed
brood test method was used. A comb with a good
pattern of brood (Larvae and pupae) is taken and
hundreds of the brood larvae and pupa were killed
by a long needle. Then after 24 hours, the hygienic
behavior of the colony was analyzed by counting
the number of dead brood cells that the workers
had already cleaned. The frame with a pin-killed
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brood was marked for easy identification during
data collection. These tests were repeated three
times at different times in the same colony. If a
colony removes 95% of the dead brood on the first
test but only 50% on the second, then the colony is
not hygienic. The colonies were considered
hygienic only if they removed >95% of the brood on
two consecutive tests (Buchler et al. 2013). The
speed with which a colony removed a dead brood is
correlated with its ability to remove diseased and
parasitized brood. Finally, the percent of removal of
dead brood was calculated as follows the formula
used by (Kebede 2006).

R= (K-E-c)/(T-E) x100

Where: R = Percent removal of dead brood within
24 hrs.

K = Number of dead brood removed within
24 hrs.

E = Number of empty cells within the
section inserted before the test.

¢ = Number of brood cells remained
capped after 24 hrs.

T = Total number of broods within the
section of an insert.

Measurement of brood, pollen, and nectar area

The total brood area was measured every 21 days
using a plastic frame by overlaying 10 x 10 and 5 x
5 cm and placed over each side of the brood
combs. The total brood populations were expressed
in units per hive from the total area occupied by the
brood. In addition to this, the comb area occupied
by pollen and nectar stores was measured in the
same way (Buchler et al. 2013).

Honey yield

The data was recorded every harvesting season by
weighing frames containing ripen/sealed honey
before and after extraction and then expressed in

kg per colony per year and an average yield of the
A. m. scutellata race was determined (BUchler et al.
2013). The study area's major and minor honey
flow season is October to November and April to
May, respectively.

Absconding behavior

The absconding tendency was evaluated by the
ratio of colonies evacuated to the number of
colonies used for the experiment provided that all
the colonies are kept under uniform environmental
conditions and colony disturbance and feed
deterioration of the hive were conducted (Blichler et
al. 2013).

Data Analysis

Data collected were analyzed using R software
4.0.0. One-way analysis of variance (ANOVA) and
descriptive statics were used and Duncan's new
multiple range test at a 5% level of significance was
used to make the mean separation whenever
significant results were encountered.

RESULTS
Swarming Tendency

The swarming tendency of the A. m. scutellata at
the time of the active season is indicated in Table 1.
The result showed that at the time of active season
the number of queen cells prepared for swarming
was significantly (p<0.001) different at the time of
observation (months). Across the experimental
years, a higher number of queen caps per hive was
produced in October (active season). During this
season the colonies swarm more than 1 time and
no honey production from the colony in the study
area. The observation also indicates queen cells
prepared in the first and second higher (p<0.05)
than in the other consecutive observation.

Table 1: Number of queen cells prepared per hive at the time of the active season

Observation Year 1 Year 2 Year 3 Mean+SEM
1 7.25 15.15 14.40 12.27+9.362
2 4.35 12.15 11.5 9.33+9.302
3 2.75 2.75 2.00 2.50+0.41°
4 2.70 2.00 1.95 2.22+0.40P
5 1.00 0.85 0.75 0.87+0.11°
6 0.80 0.75 0.30 0.62+0.27°
7 1.40 0.50 0.00 0.63+0.70P
8 2.75 0.8 0.75 1.43+1.140
9 2.15 0.3 0.2 0.88+1.11°
Mean 2.79% 2.01 2.92+ 5.03 3.5414.03 3.42+ 4.50
P-value <.0001

SEM= standard error of the mean
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Foraging Behavior

In the study area, at the time of the dearth season,
the honey bee race starts early (6:00) and later
foraging (7:00) than the active season of the year
(Table 2). In both seasons honey bee races of the

worker bees in foraging activity start early and end
in the late evening. The average number of bees
during the last five minutes of late foraging time
shows a higher number of bees out of the hive in
dearth time than during the active season (29.70).

Active season

Dearth season

Hive no CEFT(am) 5LFT FLFT (pm) CEFT(am) 5LFT FLFT (pm)
1 06:15 7 06:30 5:59 11 6:35
2 06:20 12 06:29 5:59 11 6:56
3 05:40 12 06:30 6:01 64 7:10
4 06:10 8 06:29 6:03 56 7:10
5 06:10 11 06:32 6:05 4 7:06
6 06:05 9 06:30 6:00 36 7:12
7 06:10 7 06:30 5:59 30 7:10
8 06:35 32 06:25 5:56 15 6:58
9 06:10 11 06:20 5:59 40 6:58

Average 06:10 12.11 06:29 6:00 29.70 7.01

Table 2: Foraging behavior of A.m.scutellata

CEFT= Commencement of Early Foraging, 5LFT= last five minutes exiting number of bees at late foraging time, LFT=

Finishing Time of Late Foraging

Defensive Behavior

The defensive behavior of A. m. scutellata at the
time of the active and dearth season was observed
five times in 10 minutes intervals per hive (Table 3).
The result shows that the honey bee race in the
area is highly aggressive during the active season

and to be aggressive on average takes a time of
25.41 seconds after disturbances and follows up to
the 212.20-meter distance. But during the dearth
season, the colony took a long time for
aggressiveness after disturbance (31.28 seconds)
and followed the observer a short distance (45.58
meters).
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Table 3: Indicators of defensive behavior of A. m. scutellata

Active season

Dearth season

N  Statistics 15'SB TA NSG NSLB FD(m) 15tSB TA NSG NSLB FD
(sec) (sec) (sec) (sec) (m)

1 Mean 36.2 48.71 6.43 2.57 198.00 60.40 114.60 3.80 2.80 114
SD 12.4 6.89 8.69 3.55 82.03 30.94 75.62 1.78 1.30 4.39
Min 15.0 41.00 0.00 0.00 150.00 20.00 43.00 2.00 2.00 5.00
Max 57.0 59.00 22.00 9.00 380.00 98.00 197.00 6.00 5.00 16.0

2 Mean 221 3071 24.29 6.57 262.71 40.60 63.00 6.20 5.00 3838
SD 135 1320 27.10 7.63 99.677 30.49 40.88 2.77 3.67 359
Min 8.00 3.00 3.00 0.00 100.00 8.00 27.00 3.00 0.00 15.0
Max 46.0 45.00 66.00 21.00 400.00 84.00 113.0 10.0 9.00 100

3 Mean 16.8 22.67 79.67 4.17 276.50 26.40 41.60 8.00 7.20 48.8
SD 10.8 11.79 96.46 6.40 86.83 25.49 32.96 5.00 443 374
Min 5.00 12.00 3.00 0.00 182.00 5.00 11.00  3.00 3.00 18.0
Max 33.0 42.00 243 16.00 400.00 68.00 85.00 16.0 12.0 110

4  Mean 8.33 17.00 96.67 8.50 325.67 19.00 28.00 11.2 10.6 57.2
SD 9.58 14.21 116.3 10.71 65.28 20.50 27.08 9.47 7.46 334
Min 2.00 3.00 0.00 0.00 242.00 3.00 2.00 0.00 2.00 25.0
Max 27.0 40.00 281.00 29.00 400.00 54.00 61.00 25.0 20.0 111

5 Mean 10.00 12.80 15.7 16.6 71.7
SD - 12.38 1475 114 111 33.9
Min Over aggressive difficult to collect data 0.00 0.00 200  6.00 43.6
Max 31.00 36.00 30.0 29.0 125

15'SB= 1st sting time of the ball, TA = Time of aggressiveness,

NSG = No sting on gloves, NSLB = No sting on

the leather ball, FD = Followed distance (m), SD = standard deviation, se = second, m = meter, No = number of

observation

Hygienic Behavior

The hygienic behavior of A. m. scutellata in apiaries
revealed that the removal of the pin-killed larvae
and pupae in consecutive piercing showed an
improvement in the active season but at the time of
the dearth season removal percentage reduced at
the third round as compared to the first (Table 4).

U.Arn D. - U.Bee J. 2022, 22 (2): 211-226

Generally, the result indicates in both seasons the
race performed better hygiene. Each colony
removes greater than 95% of the dead brood in
three consecutive observations and the colonies
indicate being highly hygienic. Especially in the first
and second 24 hrs, the honey bee removed the pin-
killed larvae and pupae and store some nectar and
pollen in the comb cell (Fig. 1&3).
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Table 4: Hygienic behavior of A.m.scutellata

Hive

Observation 1 2 3 4 5 6 7 Av.
KLP 95 100 220 100 78 100 100  108.1
1 LPR 89 97 220 84 78 96 90  100.3

R % 93.7 97 100 84 100 96 90 92.8

KLP 74 98 151 100 100 100 100  98.3

Active 2 LPR 72 98 151 100 100 98 82 94.8
season R % 97.3 100 100 100 100 98 82 96.1
KLP 88 83 81 100 100 100 100  93.0

3 LPR 83 79 81 100 100 100 90 90.4

R % 943 952 100 100 100 100 90 97.1

Av. 951 974 1000 947 1000 980 873 953
KLP 100 100 100 100 100 100 100  100.0
1 LPR 100 100 100 100 100 100 100  100.0
R % 100 100 100 100 100 100 100  100.0
KLP 100 100 100 100 100 100 100  100.0

SD:;‘;T] LPR 100 99 96 98 100 100 100  99.0
R % 100 99 96 98 100 100 100  99.0
KLP 100 100 100 100 100 100 100  100.0

3 LPR 97 100 99 93 100 91 100  98.4

R % 97 100 99 93 100 100 100  98.4

Av. 99.0 997 983  97.0 1000 100.0 1000  99.1

KLP= killed Larvae and Pupae, LPR= Larvae and Pupae Removed, R= Percent removal of dead Larvae and pupae
within 24 hrs, Av. = Average
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3: First 24 hours the honey bee colonies removed the pin-killed larvae and pupae and immediately stored some pollen
and nectar.

Fig 4: The third 24 hrs. repeated observation shows only removed the killed larvae and pupae and no store of pollen and

nectar.
Brood, Pollen, and Nectar Collection

The brood, pollen, and nectar production data
recorded in the active and dearth seasons of the
year are presented in Table 5. The results indicated
that the highest brood production was observed in
the active season, but lower brood per hive in July

U.An D. - U.Bee J. 2022, 22 (2): 211-226

and August. In the area, the brood-rearing pattern
of A. m. scutellata honeybee colonies showed a
fast buildup of the population on the 2" 21days
(October) (Fig 5). During the dearth time, the comb
has higher empty cells, and as compared to the
active season the colony store higher nectar in
comb cells (Fig. 6).
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Table 5: Brood, pollen, and nectar collection during active and dearth seasons (5x5 cm? units per hive from the total
area)

Season Observation OBUH CBUH NUPH PUPH
Active 1st21 Hive 1 78 164 20 23
days  Hive 2 78 174 14 20
Hive 3 148 124 11 5
Mean 101 154 15 16
2121 Hive 1 81 180 0 10
days  Hive 2 50 198 10 10
Hive 3 140 120 5 20
Mean 90 166 5 13
3921 Hivel 96 145 4 16
days  Hive 2 15 121 0 0
Hive 3 51 116 100 0
Mean 54 127 35 5
Dearth 1521  Hivel 40 80 30 50
days  Hive 2 50 50 40 15
Hive 3 15 130 15 5
Mean 35 87 28 23
2121 Hive 1 10 140 10 40
days  Hive 2 50 110 70 20
Hive 3 45 81 85 26
Mean 35 110 55 29

OBUH = Open broods unit hive, CBUH = Closed broods unit per hive, NUPH = Nectar unit per hive, PUPH = Pollen unit
per hive

Fig 5: Brood, pollen, and nectar production during the active season
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Fig 6: Brood, pollen, and nectar production in the dearth season

Honey Yield of the year from October to November. This might be
due to the abundant availability of forage sources
(Bidens pilosa, Bidens prestinaria, and Guizotia
abyssinica) that could profoundly impact honeybee
colony strength and productivity. Hence, the honey
yield per frame ranged from 1.3 kg to 1.5 kg, yielding
an average of 14 kg per hive per harvest.

Based on the production levels the peak honey flow
seasons of the areas occur during November and
considered as major honey flow season and April as
minor harvesting season for the study area. The two
year data indicates the higher honey vyield was
recorded during the major honey harvesting season,

Table 6. The honey yield (kg) of A. m. scutellata

Year Harvesting season YPFPH TYPHPH TYPY
1 Minor honey harvesting 1.30 13.00 28.00
Major honey harvesting 1.50 15.00
Mean 0.90 14.80
2 Minor honey harvesting 1.00 10.00 38.00
Major honey harvesting 2.80 28.00
Mean 1.75 19.00
Years Minor honey harvesting 1.15 11.50 33.00
Major honey harvesting 2.15 21.50
Mean 1.65 16.50

YPFPH=Yield per frame per harvest, TYPHPH = Total yield per hive per harvest, TYPY = Total yield per year

Absconding Behavior 30% of the colonies in the apiary absconded at the
time of the experiment. In general, in the study
area, various disturbing factors (Figs. 7 & 8)
influence the colony to abscond in the range of 25-

In the study area, the A. m. scutellata exhibited a
higher absconding tendency due to pests including
Wax moths and Ants, and feed deterioration (Fig.

7&8). The data showed that in a bit of disturbance 4% (Table 7.
Table 7: Absconding behavior of A. m. scutellata

No Colony disturbance Disturbed colony  Absconded colony Absconding %
1 Colony transfer 14 5 35.7

2 Hygienic data collection 10 3 30

3 Swarming data collection 4 1 25

5 Disease, pest, and feed deterioration 19 9 47.3
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Fig 7: Honey bee colonies highly affected by Wax Moth (left) and Ant (right)
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Fig 8: Affected by unidentified brood disease

DISCUSSION

The peak reproductive swarming period of
A.m.scutellata was from October to mid-November,
which could be attributed to these months being
offset by heavy rains and peak plant flowering,
resulting in ample bee forages (Nuru et al. 2002).
While in the study area, these months are the
active season for honeybees. In October, the race
generated a higher number of queen caps per hive,
indicating that the race had a strong swarming
tendency, as evidenced by repetitive queen cell
development and advanced indicators of swarming
preparation. Early study shows that as compared to
A.m.bandasii, A.m.monticola, and
A.m.woygambella honey bee race of Ethiopia the
A.m.scutellata swarmed higher per colony 10 (3 -
16) (Nuru et al. 2002). These results also coincide
with the previous reports that declared tropical
honeybees generally have a strong reproductive

swarming impulse and a tendency to increase
population very quickly, leading to rapid
multiplication of colonies (Schneider and McNally
1994). A study based on months indicates that 60%
of A. m. scutellata colonies' peak swarming period
is in November-December (Uzunov et al. 1992).
The number of queen cells counted in this study
was slightly higher than the value (2 and 2.44
queen cells per hive throughout the year) reported
by Alemu et al. (2014) for A. m. scutellata in the
Guiji highland of Oromia and honey bee colonies of
different genetic origin in a pan-European (Uzunov
et al. 1992). Likewise, the result was in contrast
with the finding of Camazine et al. (1988) who
reported that Africanized honey bees swarm at a
rate of six to twelve swarms per year. The variation
among these reports might be due to the
agroecological difference in the study areas (Nuru
et al. 2002). The expression of these behavioral
traits can be strongly influenced by environmental
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factors and beekeeping management techniques
(Buchler et al. 2013).

Collecting pollen, nectar, water, and resin is critical
for honey bee colonies' foraging activity (Abou-
Shaara 2014). The difference in the active and
dearth season in foraging activity may be related to
the distance of honey bee forages, colony strength,
food resources, month, and the time of the day. In
both seasons the honey bee was found in our study
area early forager than in studies by Joshi and
Joshi (2010), who discovered that honey bee
workers began foraging activity at 6.17 a.m.,
agreeing with the period recorded for early foraging.
And also A. m. scutellata shows a longer cessation
time than A. m. Woyi gembela. According to
Duangphakdee et al. (2011) A. m. Woyi gembela
return to their nest after completing foraging
activities before the sun sets at 6:27 pm. In contrast
to the findings of this study by Solomon and
Likawent (2015), the foraging behavior of honey
bee races (A. m. monticola) assigned to various
agroecologies demonstrated high competence to
natural resources by foraging early (as early as
5:25 am) and returning late (as late as 7:04 pm).
Sharif et al. (2020) have suggested in a review
paper the use of novel honeybee colony monitoring
systems that can assist beekeepers to know about
the foraging of their bees at a spatial scale. This
may help beekeepers to detect directions as well as
the distance where rich food sources are present.
With this information, beekeepers can decide where
to relocate their apiaries in the coming days.

It is advantageous to know the season at which the
bees are more aggressive and those when they are
less aggressive (Woyke 1992). The result indicates
that the A. m. scutellata race was aggressive,
implying that the race was able to develop strong
colonies throughout the active season, resulting in
good hygienic behavior and quality honey
production. The highly aggressive behavior of the
race is also advantageous to provide a good
defense against honeybee pests. Indeed, the
aggressiveness of the race might be attributed to
improved apiary management, bee forage
improvement, and the carrying capacity was
optimized in a study area rather than the genetic
trait of the race. Consecutive observations revealed
at the time of active season the race was very
aggressive, making data collection difficult.
Inspection and honey harvesting are done at night
due to high defensive behavior. In addition,
beekeepers in the region must choose an apiary
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site that is far away from their homes, farms, and
grazing land to protect animals and humans from
honey bee stings. At the time of data collection
(from September to December) with smoke, the
colony shows a strong defensive reaction to being
handled, or bees attack without being disturbed and
bees nervously leave the combs, run out of the
supers, and cluster inside or outside the hive. This
finding supports early studies that A. m. scutellata
honeybees are very defensive (Ruttner 1988).
Another study also found that A. m. scutellata is
more aggressive from  September through
November (Crane 1990). Moreover, the present
study shows in both seasons the average following
distance is in line with the study by Regina et al.
(2014) which shows the average observer's
following distance ranged from 23.33 £ 5.85 meters
to 216.6 £ 7.95 meters, and when the colony shows
following distance 123-meter distance higher in
defensive behavior.

In both active and dearth seasons A. m. scutellata
race hygiene was good (>95%), compared to an
unhygienic situation (<90%), which can lead to
better honey production and prevent disease
caused by unhygienic conditions. Concurrent with
the result of this study Sheppard et al. (1997)
reported that honeybee colonies that removed over
90% of dead broods within 24 hours are considered
hygienic. Alike to the result of this study Abdullah et
al. (2007) reported that the honey bee race
recognizes and removes diseased, damaged, or
dead brood and indicates higher hygienic behavior
which also is a mechanism of colony resistance to
American foulbrood if bees can remove brood from
the nest before the pathogen becomes infectious.
The active season result of this study was in line
with the finding of Boecking and Spivak (1999), who
reported that A. m. scutellata successively (94% -
99%) removed the pin-killed capped brood removal
in 24 hours from November to February in the
highland area of the Guji Oromia region.

The highest brood rearing was recorded in the
active season, which could be because the region
is rich in many types of honeybee flora, ranging
from weeds to forest trees, which provide ample
bee forage in this month. Studies show Apis
mellifera bees in tropical, rear brood throughout the
year, but reduce the amount of brood reared during
the rainy season (Winston 1987). In general lack of
studies on such races in east Africa on population
dynamics in both bees and brood production affects
the development of appropriate beekeeping
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management  strategies modern

moveable frame.

using the

The higher honey yield was recorded during the
primary honey harvesting season of the year from
October to November and this might be due to the
abundant availability of forage sources that could
profoundly impact honeybee colony strength and
productivity. This honey vyield recorded for this race
was higher than the race found in the highland area
in mean honey vyield (kg) per harvest per hive
(9.64+3.02, 11.54+1.87) (Boecking and Spivak
1999). This difference may be because of the fact
that honey yield is influenced by several factors and
is significantly associated with colony conditions
(Crane 1990).

The race shows a higher absconding rate from mid-
December to mid-February and in the rainy season
from July to mid-September due to feeding
deteriorations in these periods. According to
evidence gathered from personal conversations
among beekeepers, the race-high absconding
tendency, particularly after colony transferring,
honey harvesting, and feed deterioration period, is
the region's most serious beekeeping issue. The
study by Crane (1990) also shows that migration
and absconding are also highly characteristic of
African honeybees. They leave their nests during
dearth periods and unfavorable conditions and
move to a more suitable locality. Moreover, in the
study area, honey bee colony absconding may be
related to the honey harvesting system and colony
movement with seasonally shifting due to honey
bee forage availability in the forest area (locally
known as Berha).

Conclusion

Overall, our results demonstrate A. m. scutellata
honeybee colonies show a higher defensive and
absconding tendency. However, the race has good
performance in foraging and hygienic behaviors.
The honeybees have a high tendency for swarming.
A higher queen cap prepared leads to repeat
swarms from a single colony. Future research
should consider the potential effects and
management practices to reduce a higher
absconding rate of the colony. In addition, further
studies could be conducted on the selection and
breeding of the best-performing colony of A. m.
scutellata to reduce aggressiveness (higher
defensive behavior). Further, researchers should
also explore the foraging efficiency of A. m.
scutellata bee-race in terms of trip duration that is,

how long foragers spend traveling to a food source
during active and dearth periods.
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oz

Sosyal devlet olmanin bir geregi devletin vatandaslarinin ekonomik durumlarini ylikseltici tedbirleri
almasidir. Ulkemizde ozellikle 1982 Anayasasi’nin 45. maddesine gore aricilik faaliyetleri agisindan
arilarin bal toplayabilecegi kaynaklarin saglanmasi “diger girdiler” ifadesine uygunluk teskil
etmektedir. Ayrica Anayasa’nin “Orman Koéyliisiiniin Korunmasi” baslikli 170. maddesine gére orman
icinde ve bitisiginde yer alan kdyler halkinin kalkindiriimasina yonelik tedbirlerin alinmasi da devletin
gorevleri arasinda yer almaktadir. Bal ormani, arilarin bal yapabilmeleri igin ihtiyac duyduklan polen
ve nektar kaynagini saglayici bitkilerin azami verimlilik ilkesine gore yetistirilmesidir. Her bitkinin
vejetasyon siiresi mevsime bagh olarak degisiklik gostermektedir. Erzincan’da Haziran ayinin
ortalarindan itibaren baslayan bal akimi yaklasik 1-1,5 ay siirmektedir. Haziran ayinda gigeklenen
bitkilerin azligi daha diisiik miktarda bal elde edilmesine yol agmaktadir. Bal veriminin arttirilabilmesi
acisindan bal akimi doneminde gigeklenen Giivey Kandili (Koelreuteria spp.) ve ilimizde Temmuz
ayinin ilk haftasi gicek acgip Agustos ayinin ortasina kadar ¢icekli kalan Macar Akasyasi (Sophora
japonica) agacinin yayginlastiriimasi hayati 6nem tagimaktadir. Sonug olarak bal ormanlar tek bir tiir
aga¢ Uzerinden kurulamaz. Bal ormanlarini tam fonksiyonel hale getirebilmek ve bal akiminin
surekliligi i¢in, bal ormanlan gerekli agaglardan ve orman alti bitkilerinden c¢esitlendirilerek
kurulmalidir.

Anahtar Kelimeler: Sosyal devlet, Macar Akasyasi (Sophora japonica), Orman Koylisii, Aricilik,
Ekonomik kalkinma

ABSTRACT

One of the requirements of being a social state is that the state takes measures to increase the
economic levels of its citizens. In our country, especially according to the 45th article of the 1982
Constitution, providing resources for bees to collect honey in terms of beekeeping activities
constitutes compliance with the expression “other inputs”. In addition, according to Article 170 of
the Constitution titled “Protection of forest villagers”, taking measures for the development of
wellfare the people of the villages located in and adjacent to the forest is among the duties of the
state. Honey forest is the cultivation of plants that provide the pollen and nectar source that bees
need in order to make honey, according to the principle of maximum efficiency. The vegetation
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period of each plant varies depending on the season. Honey flow in Erzincan which starts from the
middle of June, lasts for about 1-1.5 months. The scarcity of flowering plants in June leads to a lower
amount of honey. In order to increase honey yield, it is vital to popularize the Giivey Kandili
(Koelreuteria spp.) tree which blooms during the honey flow period, and the Hungarian Acacia
(Sophora japonica) tree which blooms in the first week of July and remains flowering until mid-
August. As aresult, honey forests cannot be established on a single type of tree. In order to make
honey forests fully functional and to ensure the continuity of honey flow, honey forests should be

established by diversifying from the necessary trees and forest plants.

Keywords: Social state, Hungarian Acacia (Sophora japonica), Forest Villager, Beekeeping,

Economic development

EXTENDED ABSTRACT

Purpose: The aim of this study is to make
suggestions for the effective implementation of the
social state principle. Establishment of honey
forests is an important step especially for the
protection of forest villagers and the development of
beekeeping. In the study, some evaluations will be
made in respect to increase the quality of honey
forests.

Material-Method: In this study, besides the
literature research, the information obtained as a
result of the observation of Gleditsia triacanthos,
Koelreuteria spp. and Sophora japonica trees in
Erzincan was used. The primary reason for
observing these three trees is their differentiation
from other trees by their flowering period. It is
especially noteworthy that Sophora japonica begins
to bloom on July 7 and is at its peak on July 26 and
remains flowering until mid-August. It has been
observed that the successive flowering of these
trees, their seasonal differentiation from other
nectar and pollen trees and their flowering in a
period of reduced nectar flow are beneficial for
beekeeping. On the other hand, the contributions of
honey-nectar-bearing forest plants and cultivated
plants were considered. Introductory photographs
were also used in the study.

Findings and Conclusion: The social state aims
to take measures to increase the economic levels
of its citizens in order to provide a minimum
standard of living worthy of human dignity. The
situation desired to be achieved by increasing plant
and animal production is to ensure that people have
access to cheap and healthy food of high quality. In
addition, as the incomes of those who make their
living from agriculture and animal husbandry
increase, a sustainable food production is achieved.
The development of agriculture and animal
husbandry is not only important for ensuring the

minimum standard of living or increasing the
standard of living of those who earn their living in
this field, but it is also important in terms of
strengthening the economy of the state and
ensuring the balance between imports and exports.
Providing basic needs from within the country is a
strategic necessity for the state. Efforts to increase
honey production coincide with the requirements of
the social state. Thus, while increasing forest
assets, economic contribution can be provided to
beekeepers.

There are some things that need to be done for
honey forests qualified and for sustainable
beekeeping. First, honey forests should be
established in accordance with biodiversity. It
should be ensured that trees and under-forest
plants suitable for its climate and geography are
planted in each region. Gleditsia triacanthos,
Koelreuteria spp. and Sophora japonica trees can
be used for Erzincan. In addition, late flowering and
high nectar vyielding species such as geven
(Astragalus spp.), thyme (Thymus spp.) and stone
clover (Melilotus spp.) should be expanded. Our
State should give weight to seed production and
establishing forests from seeds. In addition, it is
possible to increase our honey production with
simple measures. Farmers should be encouraged
about honey-nectar plants. For example, the
cultivation of plants such as Hungarian vetch (Vicia
pannonica crantz), clover (Medicago sativa) and
safflower (Carthamus tinctorius) is important to
support  beekeeping. In addition, Phacelia
(Tanacetifolia benth) can be used both as a fodder
crops and as a nectar source. According to my
observations, Medicago sativa is harvested without
waiting for the vegetation period in Erzincan. As a
simple precaution, an extra subsidy can be
provided to farmers who are waiting for the end of
blooming.
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GiRIiS

Oncelikli olarak sunun ifade edilmesi gerekir ki bu
calismada kullanilan gézlemler Erzincan Merkez
ilcesi sinirlar icinde yer alan sahada yapilmistir.
2021 yii baharinda baglanan goézlemlerin asil
amaci Ozellikle Sophora japonica (Sophora 2021)
agacinin arilar icin dnemini tespit etmeye yonelikti.
Fakat bu sirada diger agaclar da g6zlemlenmigtir.
Ozellikle vejetasyon dénemleri ve bu dénemde
arilarin ziyareti konusuna 6zel 6nem verilmistir.
Mesela Ailanthus altissima (Elton 1945, Saleh
2018) agacina arilarin ragbet ettigini, Gleditsia
triacanthos’un, yalanci akasya agaclarindan daha
sonra ciceklendigi ve arilarin olduk¢a ragbet
gosterdigi, glivey kandili Koelreuteria spp. (AOC) ve
thlamur agacinin  Haziran ayinin sonlarinda
ciceklendigi gézlemlenmistir. Sophora japonica’nin
ise 7 Temmuz'da ciceklenmeye baslayip 26
Temmuz'da en yogun ciceklenmede olmasi ve
Adustos ayinin ortasina kadar gigekli kalmasi
dikkate deger bir husus olarak not edilmistir.
Temelde bu agaglarin silsile halinde nispeten geg¢
ciceklenmeleri ve diger nektar-polen kaynagi
adaclardan mevsimsel olarak ayriimalari, dahasi
tam da bal akimi zamaninda gigeklenmeleri aricilik
icin oldukga faydaldir. Bu nedenle gladigya, glivey
kandili ve sofora agaglarini hem tohumdan hem de
agaclarin etrafinda tespit edilen fideleri toplanip
cogaltilarak, ilgillere ulastinimig ve ariciigin
gelisimine katki sunulmasi hedeflenmistir (Resim-
1).

Yapilan gézlem ve arastirmalar sonucunda bdyle
bir ¢alismanin yapilarak farkindalik olusturulmasi
ve sosyal devlet anlayisinin gelismesine katki
saglanmasi temel hedef olarak segilmistir.

Sosyal devlet, insan onuruna yarasir asgari bir
yasam standardi saglayabilmek i¢in vatandaslarinin
ekonomik durumlarini ylkseltici tedbirler almayi
hedeflemektedir. Anayasamizin 2. maddesine gére
Tuarkiye Cumhuriyeti sosyal bir devlettir. Sosyal
devlet olmanin bir geregi de kuskusuz sosyal
haklarin  gerceklestiriimesine  yonelik  devletin
6devlerinin-hedeflerinin ~ olmasidir.  Devletimizin
hedeflerinin ne oldugu, hangi tedbirleri alacagi ana
hatlari ile Anayasamizda ifade edilmistir. Ulkemizde
Ozellikle 1982 Anayasasi’nin 45. maddesine gore
devlet “... tarimsal Uretim planlamasi ilkelerine
uygun olarak bitkisel ve hayvansal Uretimi artirmak
maksadiyla, tarim ve hayvancilikla ugrasanlarin
isletme ara¢ ve gereclerinin ve diger girdilerinin
saglanmasini kolaylastirir’ (T.C. 1982).
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Resim-1 Sonbaharda Sophora japonica fidanlar

Picture-1 Sophora japonica seedlings in autumn

Bu maddeye gore aricilik faaliyetleri agisindan
arilarin bal toplayabilecedi kaynaklarin saglanmasi
“diger girdilerin saglanmasi” ifadesine uygunluk
teskil etmektedir. 45. maddenin kenar bashgdina
baktigimizda tarimin, hayvanciigin ve bu Uretim
dallarinda  c¢alisanlarin ~ korunacadi  deklare
edilmektedir.  Bitkisel ve hayvansal Uretimin
arttinilmasinin  amaglanmasi anayasal bir hedef
olarak tespit edilmistir. Bitkisel ve hayvansal
Uretimin arttinimasi ile saglanmak istenen durum
insanlarin  ucuz, kaliteli ve saghkh gidaya
ulagmalarinin temin edilmesidir. ilaveten gegimlerini

tarim ve hayvancilikla saglayanlarin gelirleri
yukseldikge  slrdirulebilir  bir gida  Gretimini
yakalanmasi mumkin hale gelir. Tarm ve

hayvancihdinin gelistirimesi sadece gecimini bu
alandan temin edenlerin asgari yagsam standardinin
saglanmasi veya hayat standardinin arttirilmasi igin
onem arz etmemektedir. Ayni zamanda devletin
ekonomisinin  glglenmesi, ithalat ile ihracat
arasindaki dengenin saglanmasi acgisindan da
Onemlidir. Temel ihtiyaglarin Ulke igerisinden temin
edilmesi devlet agisindan stratejik bir gerekliliktir.

Gergekten de sosyal devletin hayata gegiriimesinde
devletin gergeklestirmesi gereken bazi hedefler
bulunmaktadir. Baslica hedefler arasinda kalkinma
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ve milli geliri arttirmak da yer almaktadir. Devlet,
hedeflere ulagsmak igin aktif olarak faaliyetlerde
bulunarak hedeflere uygun yontemleri etkili sekilde
kullanmahdir (Gindiz ve Cebi Bugdayci 2021).
Sosyal devlet, devletin sosyal ve ekonomik alanda
yuklendigi gorevlerin yerine getiriimesi amaciyla,
Ulkede mimkin olan en fazla  Uretimi
gercgeklestirebilmek icin mali-ekonomik énlemler alir
(Goze 2017).

Ancak devlet bu o&devlerini Anayasa’nin  65.
maddesinde de ifade edildidi gibi “sosyal ve
ekonomik alanlarda Anayasa ile belirlenen
gOrevlerini, bu gbrevlerin amaglarina uygun
Oncelikleri gézeterek mali kaynaklarinin yeterliligi
dlclisinde yerine getirir’. Oyleyse yapilmasi
gereken en mantikli yontemlerden birisi kuskusuz
bir adimla birka¢ hedefe varacak tedbirler almaktir.
Bal ormanlari da tam da bdyle bir adimi ifade
etmektedir. Oncelikle Anayasamiza gbére 169.
madde cercevesinde “Devlet, ormanlarin korunmasi
ve sahalarinin genisletiimesi icin gerekli kanunlari
koyar ve tedbirleri alir.” Ayrica Anayasa’nin “Orman
Koylusunin Korunmasi” baglikli 170. maddesine
gbre orman icinde ve bitisiginde yer alan
koylerin/mahallelerin  halkinin  kalkindiriimasina
yonelik tedbirlerin alinmasi da devletin gorevleri
arasinda yer almaktadir. Ulkemizde 1987 yil
verilerine gére 17.158 orman kdyunde yaklasik 10
milyon orman koylisli yasamakta ve bu Kkisiler
Tarkiye nifusunun ytzde 20’sini olusturmakta iken;
2019 yili verilerine gére mahalleye donusen koyler
de dahil olmak Uzere toplam 22.941 orman
kéylnde, 6.690.077 orman kdylislu yasamakta ve
bu sayi Glke nifusunun yaklasik %8,4’Gne tekabil
etmektedir (SOY 2019).

Bal ormanlarinin gelistiriimesi devletimizin yukarida
ifade edilen tarim ve hayvanciigin gelistiriimesi,
orman sahalarinin  genigletimesi ile orman
kdylustnin korunmasi gibi pek ¢ok ddevinin yerine
getiriimesi  acisindan temel teskil etmektedir.
Bundan dolayr bal ormanlarinin gelistiriimesi
gerekmektedir.

Ulkemizde Ariciigin Genel Durumu

Arilar ekosistem icin ¢cok dnemli canlilardir. Albert
Einsteinin  meshur sézt ile “Eder arilar
yeryuzinden kaybolursa insanin sadece 4 yil dmru
kalir. Ari olmazsa, déllenme, bitki, hayvan ve insan
olmaz” (BOEP 2013-2017). Nitekim arilarin
kullandiklari  kaynaklari tiketmeyen tek varlk
oldugu ifade edilmektedir (Eroglu BOEP 2013-
2017). Anlarin bu o6zelligine ilaveten aricilik
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faaliyetiyle ugraganlarin da dogaya ve ormana
bakiglari da arilar ile uyumludur. Nasil ki arilar
kullandiklari kaynaklari tuketmeme egiliminde ise
aricilar da ormanlarin ve doganin korunmasi
konusunda hassas davranmaktadirlar. Clnki
aricinin daha fazla verim elde etmesi ancak bol
cicekli, saglikh bitkiler araciigiyla mimkindir. Bu
temel mantik dolayisiyla aricilar, ormana ve
cevresine zarar vermeden ondan faydalanan kigiler
olarak nitelendirilebilir.

Sadece bal ve bal mumu gibi Urlnlerin temin
edilmesinde degdil tozlasmanin saglanmasiyla
neredeyse yedigimiz her U¢ lokmadan birinde
arilarin katkisi bulunmaktadir (Eroglu BOEP 2013-
2017). Aricilik ise tarim ve hayvancilik ile ilgili
onemli bir faaliyettir. Aricilik biylk oranda kiguk
aile igletmeciligi olarak 6ne c¢ikmakta oldugundan
kirsal kalkinmanin saglanmasinin araglarindan
birisidir (Saner vd. 2018). Isgiicii gereksiniminin
diger dretim alanlarina nazaran az olmasi, isletme
maliyetlerinin dusikligu, topragi olmayan ya da az
topragdi olan kisilerce de yapilabilmesi aricihigi
Onemli bir tarim kolu haline getirmistir (Siral vd.
2018). Ariciik bu o6zellikleri dolayisiyla, asil
meslegin yaninda yan ugras olarak bile yapilabilen
bir faaliyettir. Aricilik sadece bir geg¢im kaynagi
degil ayni zamanda aile butgesine ek gelir saglayan
bir faaliyet olarak da yapilmaktadir. Yapilan
arastirmalar degerlendirildiginde ariciligin daha gok
ek gelir imkani saglamasi amaciyla yapildigi
gorulmektedir (Borum 2017).

Turkiye aricilik bakimindan gelismis bir Ulkedir.
Kovan sayisi bakimindan dinyada 3. sirada
(TEPGE 2021) yer alan ulkemiz bal dretimi
bakimindan Cin’den sonra ikinci (TEPGE 2021)
siradadir. Ulkemizde bal uretimi TUIK verilerine
bakildiginda 2020 yilina gére %7,4’lik bir azaligla,
Aralik 2021 verilerine gore 96 bin 344 ton olmustur
(TUIK 2022). Ancak tilkemizde 2020 yilinda bu sayi
82 bin 862 iken bir yilda 6 bin 499 yeni aricilik
isletmesi eklenerek; 2021 yilinda 89 bin 361
isletmede aricilik faaliyeti yapilmistir. Aricilik 1991
yilindan beri donemsel duslslere ragmen istikrarli
bir seyirle giderek artan faaliyet olarak karsimiza
cikmaktadir (TUIK 2022).

Gergekten de Turkiye’de aricilik faaliyetine ragbet
glin gectikge artmaktadir. Faaliyet artmasina
ragmen bal veriminin istikrarl bir sekilde yukari
tagsinmasinda sikintilar yagsanmaktadir. Nitekim
2015 yihnda kovan basina bal Oretimi 14 kg
civarinda (Sirali vd. 2018) iken 2021 verilerine
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(TUIK 2022) dayanilarak yapilan hesaba gére 2021
yilinda kovan bagina uretilen bal miktari 11 kg
civarindadir. Bal miktarindaki disids konusunda
Erzincan’da aricilar arasindaki genel dusince;
mevsimin kurak gecmesi, ciceklenme ddéneminde
yagmurun vyetersiz olmasi yaninda yagmurdaki

dengesizligin de arlarin nektar toplamasini
engelledigi yonindedir. Ozellikle kuraklik gibi
mevsimsel etkilere karsi tedbirler alinmasi

gerekmektedir. Bunu saglamanin yolu kurakliga
dayanikh bitki ¢cesitliginin arttirildigi bal ormanlarinin
tesis edilmesidir.

Nitekim TEPGE (2021)ye gbre birgcok kurum
tarafindan  desteklenmesine  ragmen aricilik
sektérinin buyime hizi, cevresel etkilerin baskisi
nedeniyle yavaslama edgilimindedir. Raporda,
aricilik sektorinin gelismesinin siardirdlebilir bir
ivme kazanmasi igin uygulanan politikalarin ve
desteklerin  etkin bir sekilde yonlendiriimesi
Uzerinde durulmustur.

Arilar mevsimsel canlilar olduklari i¢in mevsime
gbre davranislarini degistirmektedirler. Cevresel
etkilerle  disuk sicakliklarda salkim  halini
bozmamakta, kolonilerini belli sayida bireye
yukseltmeden topladiklari nektar ve poleni, koloni
varligini arttirmak igin kullanmaktadirlar. Eger
nektar ve polen kaynag: yeterli degilse koloninin
sayisinin yukseltilebilmesi icin aricinin takviye besin
destegdine ihtiyag duymaktadirlar. Ar yetistiriciligi ile
ilgili temel bilgiler iceren ¢alismanin
incelenmesinden ¢ikan sonuca gore (Korkmaz
2013); arilar iyi yénetilmesi gerekli canlilardir. lyi
yonetimin  6z4 arinin  ihtiyaglarini  zamaninda
karsilamak ve ydnelimini tayin etmektir. Mesela Ust
katlardaki peteklere yavru yumurtasi birakilmasi
istenmiyorsa, kulugkalik ile ballik arasina ana ari
1zgarasi konulmasi gerekmektedir (Korkmaz 2013).

Genel olarak Erzincan’da arilara takviye besin
verilmesine Haziran aymin ilk haftalarinda son
verilmekte, 1-1,5 aylik dénemde arilar ne
toplayabilmisse aricinin eline “Uretilen bal olarak” o
gegmektedir. Bal verimini arttirmak i¢in yapilmasi
gerekli iki yontem (izerinde durulabilir. ilki kolonideki
birey sayisini erken dénemde yikselterek nektar
akimi déneminden en Ust seviyede faydalanmaktir.
Gezici (gezginci) aricihdin ana hedefi de budur.
Nitekim Sirali (2009), Glkemizdeki aricilara gezginci
ariciigin yapilmasini tavsiye etmektedir. Bdylece
aricilikta  verimliligi - sinirlayan  bitkisel sartlara
bagimhhd: en aza indirgemek igin, bol nektar ve
polen akimina kaynaklik eden flora kaynaklarinin
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arayisinin - 6nemine vurgu yapmaktadir. Balli
bitkilerin ¢iceklenme déneminde gezginci aricilikla
bal arisi kolonilerinin ilgili alanlara tasinarak verim
artis1 saglanabilecegini, ayni sezonda birka¢ kez
bal hasadinin yapilmasinin mimkin olabilecegini
ifade etmektedir (Sirali 2009). Gezginci aricilik
faaliyeti ile bal arisi kolonilerini nektar ve polen
bakimindan kaynaklarin bol oldugu alanlara
nakletmenin, bal verimini yaklasik iki kat arttirdigina
yonelik veriler elde edilmistir (Cengiz ve Dilger
2018).

Ulkemizde aricilik sabit olarak da yapilan bir
faaliyettir. Tarkiye’de 80 bin civarindaki aricilik
isletmesinden yaklasik %54’ gezginci aricilik
yapmaktadir. Ancak gezginci aricilik yapanlarin
kovan sayilari sabit aricihk yapanlarin kovan
sayllarindan daha fazladir. Tiarkiye'de arili kovan
varliginin  %80’i gezginci aricilik faaliyetinde
kullaniimakta oldugundan, hareket halindedir
(Cevrimli ve Sakarya 2019). Nitekim Borum’un
(2017) Giney Marmara’da yapmis oldugu anket
g¢alismasinda, 80 aricidan 65'inin sabit aricilik
yaptigini tespit etmistir. Sabit ariciik 6zellikle
aricihgr hobi amagl ya da ek gelir amaciyla yapan
kisiler arasinda yaygindir. Aricilik yapan isletme
sayisinin aricilik isletmeleri arasinda %46’lik bir
orana karsilik gelmesine ragmen kovan varliginda
%20’lik bir oranda kalmasi (Cevrimli ve Sakarya
2019) sabit aricilik faaliyetinin daha ¢ok hobi amagl
veya ek gelir temini dolayisiyla yapildigi savini
desteklemektedir.

ikinci yontem, 6zellikle bulunduklar yéreden
ayrilmayan/ayrilamayan sabit aricilar igin bal
veriminin yukseltiimesinde elzem olan ydntemdir.
Bu ikinci ydntemin hedefi vejetasyon ddnemleri
farkli olan bitkilerin arilar tarafindan ulasilabilir bir
alan igerisinde yetigtiriimesidir. Bu ydntem
uygulandiginda nektar akiminin hem ddénemsel
olarak uzatiimasi hem de nektar yogunlugunun
yukariya dogru c¢ekilmesi mimkin olur ve sabit
aricilarin  bal Uretiminin arttirlmasi  saglanabilir.
Makalenin ana eksenini olusturan husus tam da bu
noktadir. Nektar akim siresinin ve yogunlugunun
arttinlmasi  icin temelde yapilmasi gereken;
ulagilabilir alanda farkli bitkilerle vejetasyon suresini
uzatacak bal ormanlarinin tesis edilmesidir.
Ormanlarin  yetistiriimesine  ilaveten  devlet
tarafindan alinmasi gereken énlemlerden digeri de
orman alti bitki 6rtisinin ve tarla bitkilerinin
yetistirilmesine yonelik dlzenlemelerin
yapilmasidir. Bu husustaki agiklamalar asagidaki
basliklarda agiklanmistir.
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Bir éneri: Tipki bitkilerde oldugu gibi arilarda da
sera yonteminin kullaniimasi erken dénemde
kolonideki birey sayisinin arttirlmasinda faydali
olabilir. Bu ydntem kullanilirsa kapali-dar alanda
¢ok sayida kovanin bulunmasi yagmaciliga yol
acabilir veya besleme masraflari yontemin karli
olmadigini gbsterebilir. Bdyle bir ydontemin avantaj
ve dezavantajlarinin  arastirimasini  konunun
uzmanlarina bir fikir olarak sunuyorum ve
arastiriimaya deger bir fikir olmasini umuyorum.

Bal Ormanlari

Ormanlarin  ekonomik katkisi sadece orman
drtnlerinin - satimi ve bunun Orman Genel
Madurligunin  butgesinde  goérilmesi  olarak
degerlendiriimemelidir. Bakis agisi bu sekilde

gelisirse butcelestiriliemeyen katkilar igin calisma
azmi kirihr. Ormanlardan elde edilen gelir sadece
sayisal olarak tespit edebildiklerimiz dedgildir.
Orman nasil ki agaclardan fazlasi ise ormandan
elde edilen geliler de sadece biltgede
gosterilebilen rakamlardan ibaret degildir. Mesela
ormanlardan toplanan mantarlar hem beslenmeye
hem de toplayanlarin bitcelerine katki saglar.
Ormanda otlayan hayvanlarin beslenme gideri
dismus olur. Kozalak ya da kuru aga¢ dékuntilerini
toplayip 1sinmada kullanan koéylllerin yakit giderine
katki saglanmis olur. Oksijen kaynagdi olmasi,
yaban hayatina ev sahipligi yapmasi gibi pek cok
ilave katki da sayilabilir. iste bal ormanlari da
aricihigin gelismesine, ucuz ve kaliteli bala ulagima
kaynaklik etmektedir. Ancak etkileri dogrudan bu
ormanlari kuran, kurumun butcesinde gorilmese
(soy 2019) de sosyal devletin
gerceklestiriimesinde katkisi bayuktar.

Bal ormanlarinin kuruluguyla verimsiz alanlarin
rehabilite edilerek, orman kdylustune ekonomik katki
saglanarak orman Uzerindeki baskisi azaltilirken,
issizligin  6nlenmesine de  katki  verilmesi
amaglanmistir (BOEP 2013-2017, Sonmez ve
Gencal 2019).

Devletimiz isabetli bir tercihle dinya ormancilik
literatrine “pbal ormanlarr” kavramini
kazandirmistir. Nitekim bu husus su sekilde ifade
edilmistir: “Kavram olarak bal ormaninin, tlkemizde
aricilik faaliyeti i¢cin ayrilan orman alanlarini
anlatmak amaciyla kullanildigi  ve  dinya
literatUrinde yer almadigi anlagiimigtir.” (Koday ve
Karadag 2020). Bal ormanlarini  “ariciigin
gelistiriimesi icin 6zellikle aricilarin ulasabilecekleri
orman arazilerine nektar saglayici agacglarin ve
orman alti orth bitkilerinin yetistirilmesi” geklinde
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tanimlayabiliriz. 2017 tarihli  “Bal  Ormanlari
isletilmesi ve Yoénetilmesi” tebligi tanimlar kisminda
bal ormani; “1.4 Ariciligin desteklenmesi gayesiyle
agaclandirma, erozyon kontroll, rehabilitasyon ve
diger ormanlik alanlarda ekolojiye uygun balli
bitkilerin ekimi ve/veya dikimi yoluyla olusturulan
veya hicbir midahale yapiimadan dogal yayilis
alanlari icerisinde belirlenerek, aricilarin
konaklamasina imkan saglayan ormanlik alanlar’”
seklinde tanimlanmigtir (BOEP 2018-2023).

Balli bitki tlrlerinin %75’'ine ev sahipligi yapmasi,
(Borum 2017) dort mevsimi ayni anda yagayabilen
bir Ulke olmasi, Turkiye'yi aricilik konusunda essiz
bir konuma yukseltmektedir. Sosyal devlet olmanin
geregi olarak, Tuarkiye’de bal ormani konusunda
devletin temel katkisi vejetasyon suresini uzatacak
turlerin yetistiriimesine 6ncelik vermek olmalidir.
Vejetasyon suresini uzatacak tlrlerin segiminde
flora ile uyumlu, iklim degisikligi sorunlarina karsi
direngli, ozellikle farkli  toprak yapilarinda
yetisebilen, kurakliga karsi dayanikli, yani sira
dogal hayata da katki saglayabilecek tirler 6n
planda tutulmalidir. Nitekim ayni dogrultuda, Orman
Amenajman Ydénetmeligi'nin 4. maddesinin a
fikrasinda planlama ilkeleri sayilirken planlamalarin
“strduralebilirlik, iktisadilik, verimlilik, ¢ok amacl
faydalanma” gibi ilkelere uyulacagi ifade edilmistir
(OGM 2008). 2018-2023 yillari bal ormani eylem
planina gore her yil, Ulkemizde yer alan 28 orman
bdlge mudurligunidn sorumluluk alanlarinin  her
birine 60 hektar bal ormani tesis edilmesi
planlanmaktadir. BOylece ulkemizde yilda toplamda
1.680 hektar bal ormani kurulmasi hedeflenmistir
(BOEP 2018-2023). 6 yillik bu slre zarfinda 10.080
hektar alana bal ormani kurulmasi plan dahilindedir.

Bal ormanlarinin kurulmasi Turkiye’de ariciliga
ivme katmistir. 2007 yilinda yaklagik 4 milyon olan
kovan sayisli, 2019 yilinda yaklasik 8 milyon kovan
sayisina ulagsmis ve bal Uretimimiz 12 yilda 74.000
tondan 111.000 ton seviyesine yukselmistir (SOY
2019). Ancak sirdirulebilir bir aricik igin bal
ormanlari konusunda Ulkemizin avantajlarini da
kullanarak ivme saglanmalidir. Ozellikle bal
ormanlarinin tesis edilmesinde, bitki cesitliligine
Onem verilmelidir.

Ornegin bal ormani eylem planinda:

“Macaristan, Romanya, Cin, Kore ve Cezayir gibi
Ulkelerde akasya ormani kurulmasi bu lkelerin
ulusal ormancilik politikasi haline getirilmigtir.
Gunkl akasya hem ormancilik agisindan ve hem
de aricilik acisindan son derece énemlidir. Aricilig
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gelismis olan birgcok Ulkede vyalanci akasya
yetistiriciliginin yayllmasina paralel olarak akasya
bali dretimi de artmaktadir. Cinki akasya
dinyadaki en dnemli nektar kaynaklarinin baginda
gelmektedir ~ (BOEP  2018-2023)  Ornegin,
Macaristan’da 1.400.000 hektarlik orman alaninin
%18,23'U yalanci akasya ormani olup, ticari olarak
uretilen balin esas kaynadini yalanci akasya
ormanlari olusturmaktadir. Erkenci, normal ve geg¢
cicek acan islah edilmis akasya varyetelerinin ayni
alanda vyetistiriimesiyle giceklenme dénemi 30-42
gline cikartabilmektedir. Cesitli akasya
varyetelerinin dekara ortalama bal verimleri 75- 125

kg civarindadir (BOEP 2018-2023).” ifadeleri
gecmektedir.
Macaristan’da yalanci akasya (Robinia

pseudoacacia) turlerinin toplam orman alanina
orani 2019 yili itibariyle %24’e yiikselmistir (Abri vd.
2021). Macaristan’da orman varhginin yaklasik
dortte biri yalanci akasya varyetelerinden olugsmasi
Onemli bir avantajdir. Kuzey Amerika orijinli bir agag
olan yalanci akasya agaci; 1710 yilindan beri
Macaristan’da yetistiriimektedir (Rédei vd. 2021).
Yalanci akasyalardan mense Uulkesinde bal elde
edilemedigi, ancak Macaristan'da bal akiginin
genellikle dengeli oldugu; ge¢ donlar veya
ciceklenme donemindeki kotl hava cgicege zarar
vermedikce fazla bal beklenebilecedi vurgulanmistir
(Farkas ve Zajacz 2007). Macaristan'da yalanci
akasya varyetelerinden bazilar iki yonlu kullanima
uygun bigimde gelistirilmistir. “Zalai’, ‘Kiskunsagi’,
‘Csaszartéltési’, ‘Egyleveld’, ve ‘Vati46’ gibi isimlere
sahip bu cesitlerin kerestelik olarak kullanima
elverigliliklerinin yaninda bal verimlerinin de yuksek
oldugu bildirilmistir (Rédei vd. 2021). Macaristan’in
genis orman sahalarinin  yalanci  akasya
populasyonuna ev sahipligi yapmasi ve pek c¢ok
cesidinin yetistiriimesi (Rédei vd. 2011) hakikaten
avantaj saglamaktadir. Diger taraftan iklim ve
yukseltiye bagh olarak cigeklenme ddneminin
degiskenligi g0z oninde bulundurularak
Macaristan’da, glneyden kuzey hattina dogru
gezginci aricihk faaliyetleri de yapilmaktadir
(Farkas ve Zajacz 2007). Macaristan’in yillik bal
dretimi 2008 yilinda 22.39 bin ton iken bu rakam
2019 yilinda 29 bin ton olarak kayitlara gegmistir
(Popescu vd. 2021). Nitekim nektar verimi ve
giceklenme donemine gore farkli varyetelerin
Uretiminin  mevcut oldugu da belirtiimektedir.
(Farkas ve Zajacz 2007). Macaristan’in yalanci
akasya konusunda Ulkemize katkisi; ge¢ cicek acan
varyetelerinin getirilerek yayginlastirimasi ve bal
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ormanlarinda kullanilan aga¢ cesitlerinden biri
olarak degerlendiriimesi olabilir.

Gozlemden Oneriye: Dikkat Geken Tiirler

Bu baglik altinda ele alacagimiz agac turleri
Ozellikleri sebebiyle aricihia katkilarinin  yogun
olacagindan; bal ormanlarinin kurulmasinda yogun
olarak kullanilabilecek tirlerdir. Agaclarin ortak
Ozelligi yalanci akasya agaglarindan geg¢
ciceklenmeleridir. Ozellikle giivey kandili ve Macar
akasyas! agaglari bariz sekilde bal akim déneminde
ciceklenmeleri dolayisiyla nadide bir konumda
bulunmaktadirlar.

Gozlemlenen agaglar Erzincan Merkez ilgesi
sinirlari icerisinde, bulunduklari ortamda
g6zlemlenmigtir. Erzincan, Dogu Anadolu

Bolgesi'nin Kuzey Bati kisminda yer almaktadir.
Sehir  merkezinin  denizden ylksekligi 1185
metredir. iklimi cevre illere goére ihmandir (Kaya
2011). Yukseltisi fazla olmasina ragmen etrafinin
yuksek dagdlarla cevrili olmasi dolayisiyla kayisi,
ceviz, geftali ve kiraz gibi pek cok farkli turde
adacin yetisebilmesine olanak saglayan iklim
yapisina sahiptir.

1. Gleditsia triacanthos (honey locust) ve
Dikensiz bal akasyasi (Gleditsia triacanthos
inermis)

Anavatani Kuzey Amerika olan gladigya agacinin,
Fabaceae ailesine mensup bir aga¢ oldugu, 20-40
metreye kadar boylanabildigi ve vyaklasik uzun
omurli  oldugu  belirtiimistir.  Ayrica  toprak
konusunda segici davranmadigi, asitli topraklarda
bile yasayabilen, hizli buylyen, kurakliga ve
rizgara dayanikli, dekoratif bir agac¢ olarak tarif
edilmektedir (Shadow). Blair, agacin kisa émurli ve
ortalama omrunin 125 yil oldugunu, optimum
verimin 25 ila 75 yas araliginda alindigini ifade
etmistir (1990).

Gladigya agaci govdesinden baglayan dallarina
kadar yayllan uzun dikenlere sahiptir. Dikenleri
yaklasik 3-6 mm capta, gévde baglantisindan uca
dogru incelen bir morfolojide, 10-15 cm
uzunlugunda ve genel yapisi itibariyle ¢ boynuzlu
bir goérinime sahiptir. “triacanthos” ismi de
dikenlerinin bu Uc boynuzlu seklinden
kaynaklanmaktadir (Dogan 2022, Resim-2).
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Resim-2 Gladigya dikenleri
Picture-2 Gleditsia thorns

Meyve verimi dikenli Gladigya da daha fazla
olmasina ragmen dikenli yapisi sebebiyle genis
alanlarda yetigtiriimesini  sakincali  oldugunu
distinmekteyim (Resim-3). Ayni nedenle dikensiz
varyetesinin yayginlastirilmasi aga¢ endistrisinde
kullanimini da kolaylastiracagindan, daha uygun

olacaktir.  Dikensiz  gladigyalarin  morfolojisi
g6zlemlendiginde, gévdesinin ve dallarinin dikensiz
oldugu gorualmastir. Ancak Uzerinde seyrek

dikenlere rastladigi da ifade edilmelidir (Resim-4).
Gozlemlenen varyetenin tam olarak Gleditsia
triacanthos inermis  (Nesom) olmayabilecegi
gercedini de hatirda tutmak gerekmektedir. Her
halikarda morfolojik farklar dikkate alinarak yapilan
karsilastirmada (Resim-4)te yer alan varyetenin
inermis olabilecegi, aksi bir durumda dahi (Resim-
3)'te gorulenden morfolojik olarak bariz farkh ve
avantajli  konumda oldugu tespiti yapilmistir.
Bundan dolayl konunun uzmanlarinin dikkatinin bu
varyeteye odaklanmasi halinde, bal ormanlarinin
kurulmasinda yaygin olarak kullanilabilecek adac
tiri olmasi muhakkaktir. Glnku inermis’in nektar
ve polen degerinin 5 oldugu ve polen Uuretimi
bakimindan da mikemmel bir aja¢ oldugu ifade
edilmistir (Ebben).
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Resim-3 Gleditsia triacanthos

Picture-3 Gleditsia triacanthos

Resim-4 Gleditsia triacanthos inermis?

Picture-4 Gleditsia triacanthos inermis?

Gladigcya agaclari, Erzincan merkezinde yalanci
akasyalardan daha sonraki zamanlarda Haziran ayi
baslarinda cigceklenmektedir (Resim-5). Yalanci
akasyalarin Mayis ay! ortalarinda c¢igceklenmeye
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basladiklari  dikkate alindijinda  gladigyalarin
arilarin givey kandilleri giceklenene kadar gecen
ara donemde aricilik faaliyetlerine katkisinin biyik
olacagi dusinilmektedir.  Amerika’da  giney
bélgelerinde Mayisin 10’'unda cigeklenirken kuzey
taraflarda ciceklenmesi yaklasik Haziranin 25’ini

bulmaktadir. ilkbahardaki kisa  ciceklenme
doéneminde bal kaynagi olarak dikkat cekmektedir

(Blair 1990).

Resim-5 Gladigya cigeklenme doénemi baslangici (2
Haziran 2022)

Picture-5 Gleditsia beginning of blooming (June 2, 2022)

Gladigyalar  sadece  ¢igceklenme  dénemleri
dolayisiyla degil ayni zamanda meyvelerinin
(baklalarinin) 6zellikleri sebebiyle de dikkate deger
agaclardir. Gladigya meyveleri (baklalari) yayvan,
genis ve 30-45 cm uzunluktadir (Hitchcock ve
Standley 1919) ve yiksek diizeyde seker ihtiva
etmektedir (Canbolat vd. 2013). Hatta seker
oraninin %30 oldugu da vurgulanmistir (Dogan
2022). Gladigya agacinin baklalari kegiboynuzu
(harnup) agaci ile kanistirilabilecek kadar benzerlik
gOstermektedir. Hatta sahte keciboynuzu
yakistirmasi  bile  yapilabilir. Bunun nedeni
meyvelerinin rengi olgunlastiginda kahverengiye
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donusmesi, seklen kegiboynuzu meyvesi ile
benzesmesidir. Ancak gladigya meyvesi
kecgiboynuzu meyvesinden daha uzun, genis ve
siska bir yapiya sahiptir (Resim-6). Bundan dolayi
dikkatli bir bakisla ayirt edilmeleri mimkin hale
gelmektedir.

5 weo
guwpnusut g

4

Resim-6 Gladigya meyvesi (tohum keseleri)

Picture-6 Gleditsia fruits (pods)

Tipki kegiboynuzunda oldugu gibi gladicyada da
meyve kenarlinin i¢ bdlim aralarinda seker ihtiva
eden kisimlar vardir. Baklalarinin tatliigindan
dolayr bu agac¢ ve varyeteleri; “honey locust-bal
akasyas!” olarak aniimaktadir (Sweet 2020).
Yalanci akasya (Robinia pseudoacacia)’nin
baklalarinin ve tohumlarinin yenilmesi durumunda
zehirli olmadigi ifade edilse de (Eat 2021)
meyvelerinin gladicyaya gbére kuguk olmasi bir
dezavantajdir. Gladigya agacinin meyvesi hem
hacmi hem de tathiligindan dolay! ¢i§ yenebilir
ayrica smoothie yapimina kadar pek cok alanda
kullanilabilir  (Sweet 2020). Ayrica meyveler
otoburlar tarafindan sevilerek tiketilen bir Grindir.
Bu yonuyle yaban hayatina destekleyici yonu de
vardir (Sweet 2020). Gladigya baklalar biyikbas
ve ku¢ikbas hayvanlar tarafindan tiiketilirler. Genel
olarak meyveleriyle beslenmeleri neticesinde,
tohumlari dodaya kuslar ve memeliler tarafindan
dagitiir ~ (Blair  1990). Hakikaten gladigya
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baklalarinin koyunlar tarafindan sevilerek tuketildigi
gézlemlenmistir. Ayrica Kasim ayi itibariyle
kahverengiye ddénen ve olgunlasan baklalarin kis
boyu adactan ayrilmalari peyderpey devam etmistir.
Nisan ayi itibariyle agacin Uzerindeki meyvelerinin
tamaminin  henlz agdagtan ayriimadigi tespit
edilmistir (Resim-7).

W b

14  Nisan

Resim-7  Gladigya 2022'deki

gérunimda

agacinin

Picture-7 The view of the gleditsia tree on April 14, 2022

Gladigya’nin meyvelerinin bir anda yere dismemesi
yaban hayatinin beslenmelerinde onu avantajli
konuma yukseltmektedir. Clnkd tim meyveleri kar
altinda kalmamaktadir. Belli belirsiz  zaman
araliklariyla dokumin gerceklesmesi ile yaban
hayvanlart hem agacin Uzerindeki hem de
zemindeki  meyvelerden  faydalanabilmektedir.
Gladigya meyvesinin cazip olmasi aslinda ajaca da
avantajlar saglamaktadir. Oncelikle tohumunun
cimlenme engeli hayvanlarin sindirim sulariyla
kaldiriimaktadir. Agac adeta hayvanlari
tohumlarinin tasinmasinda kullanmaktadir. Hatta
anavatani olan Kuzey Amerika’da agresif
blylimesinden ve istenmeyen alanlara
yayllmasindan sikayet edilmesi, gladigyanin bu
istilaci (Shadow) Ozelliginden olsa gerektir (Sweet
2020). Cunkd Macar akasyas! ya da guvey kandili
agagclarinin civarinda tohumdan ¢ikmis bol miktarda
fideye rastlanmasina ragmen gladigya agaglarinin
altinda ancak 1-2 adet fideye rastlanabilmigtir. Bu
konuda ifade edilmesi gerekli diger bir husus ise
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yakinlarda gladigya bulunmayan, site igerisindeki
gimlerin arasinda 10-15 adet gladigya fidesine
rastlanmis olmasidir. Bu durumun nedeninin alanin
hayvan  glbresiyle  gubrelenmesi  sirasinda
tohumlarin  glbre icinde tasinip, ortamda
gimlenmesi oldugu kanaatine variimigtir.

Macar akasyasi ya da guvey kandili fidelerinin
cevreden kolayca temin edilebilmesi nedeniyle,
nadiren tohumdan fide yetistiriimesi ihtiyaci
duyulmustur. Gladigya fidelerine rastlanmasinin
zorlugunun nedeni gladigya agaclarinin etrafinin
dlzenli olarak sulanmayan bir ortam oldugundan;
¢gimlenme sartlarinin tam saglanamamasi olabilir.
Cunkl gladigya tohumlarinda ¢imlenme engeli
bulunmaktadir. Cimlenme engelinin giderilmesinin
yéntemlerinden birisi “mekanik zedeleme
yontemi’dir (Turna 2017). Gladigya tohumlarinin
¢gimlendiriimesinde mekanik zedeleme yontemi
kullaniimistir, béylece 7-10 gln igerisinde kolayca
¢imlenmeleri mimkin olmustur. Tohumun iki uguna
tirnak makasi ile ¢genege mimkin oldugu kadar
zarar vermeyen centikler agip, embriyonik kok
kismi alta gelecek sekilde dikildiginde, en guzel
bicimde c¢imlenme saglanmistir. iki ucuna gentik
aclimasi sadece tohum igerisine suyun girmesini
saglamakla kalmamaktadir; tohum g¢eperinin (tohum
kabugunun) c¢enekten kolayca ayriimasi igin de
gereklidir. Aksi halde c¢enek, tohum kabudundan
tam olarak ayrilamadigindan zarar goérmektedir.
Benzer duruma tohumdan yetistiriimeye calisilan
Sophora japonica fidelerinde de rastlanmistir
(Resim-8).

Resim-8 Tohum kabugundan ayrilamamis Sophora
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japonica fidesinin goérinumi

Picture-8 View of the seedling of Sophora japonica,
which seed’s cannot be pull away from its boll

2. Guvey Kandili (Koelreuteria spp.)

Glvey kandili agaci, “fener agaci” olarak da
isimlendirilmektedir. Farkli renkte cgicek acan tirleri
de bulunmaktadir. Mesela agagida gorulecegi gibi
(Resim-8) sari renkli gicek acan versiyonlari “altuni
fener agdac/ Golden-rain tree” olarak da
adlandirilan Koelreuteria paniculata gézlemlenmistir
(Thompson 2020). Glvey kandili agdaglarinin
yayilici/iggalci bir tir olduklari ifade edilmektedir
(Caliskan vd. 2016). Yayilict bir tir olmalari
dolayisiyla bal ormanlar igin uygun olacagini
distnilmektedir. Clnkl yayilici olabilmek ayni
zamanda direncli bir tir olmayi gerektirir. Nitekim
guvey kandili agaci kurakhiga dayanikli ve hizli
gelisen bir agac¢ olarak nitelendiriimektedir (AOC).
Dikensiz olmalari peyzaj bitkisi olarak
kullaniimalarinda ©6nemli bir avantajdir. Ayrica
bodur aga¢ kategorisinde yer almalari nedeniyle
kerestelik kullanima elverigli olmadiklari ifade
edilebilir. Kerestelik kullanima uygun
olmamalarinin, dogada insan baskisi altinda
yasama sanslarini arttirici  bir etmen oldugu
kanaatine ulasilmistir. Esasen bodur bir agdac
oldugundan gladicya ve Sophora japonica’ya
nazaran ekim sahasina, dar araliklarla ekimi de
mumkunddr.

Her ne kadar fener adaci “dunya’nin en zehirli on
tiru siralamasinda besinci siradadir” (Caliskan vd.
2016), ifadesiyle asiri zehirli bir tdr olarak
nitelendirilse de cigeklerinin arilar tarafindan ziyaret
edildigi gérulmustir. Yine de bu agacin “zehirli”
olmasi hususunun etraflica uzmanlari tarafindan
arastirimasi gerekmektedir. Ancak ciceklenme
doénemlerinin Haziran sonlarini bulmasi ve arilarin
bu agaci ziyaret etmeyi sevmeleri (Schissler 2017)
dolayisiyla bal ormanlarinin tesis edilmesinde
guivey kandili agacinin kullanigli bir tir olabilecegini
gostermektedir.  ilaveten  glvey  kandilinin
ciceklenme dénemi haziran sonlarina yani lhlamur
agaclarinin vejetasyon dénemine yakin zamana
tekabul etmektedir. Dolayisiyla thlamur adaclarinin
yetismesinin gii¢ oldugu alanlarda, alternatif olarak
daha kolay yetistirilmesi mimkin olabilir (Resim-9).
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Resim-9 Glvey kandili (altuni fener) agacinin 24 Haziran
2021 tarihli géranimu

Picture-9 View of Koelreuteria paniculata tree dated 24
June 2021

Tohumlarinin ¢imlenme engelinin disuk oldugu
kanisina varilmistir. Bulundugu ortamda, peyzaj
agaci olarak dikilmis olmasi ve etrafindaki gimlerin
dlzenli sulanmasi nedeniyle yaz boyu agacin
etrafinda, fidelerine ulasmak muimkin olmustur
(Resim-10).
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Resim-10 Altuni fener agaci fidelerinin toplanmis hali

Picture-10 Removed Koelreuteria paniculata tree
seedlings

Glvey kandili agaglarinin dodada yayilislarini
arttirici bir husus da tohum keselerinin sahip oldugu
fiziksel 6zelliklerdir. Tohum keseleri (iggen prizma
seklindedir, zaten isimlerinde yer alan -fener veya
kandil- kelimeleri muhtemelen tohum keselerinin
sekline dayanmaktadir. Tohum kesesi icerisinde 6
ila 3 olgun tohum bulunabilmektedir (Resim-11).
Kurumus keseler rahatlikla rizgarda etrafa
savrulabilmekte; boylece tohumlarinin taginmasi da
saglanmaktadir.

Resim-11 Guvey kandili (altuni fener) agaci tohumlari

Picture-11 Koelreuteria paniculata tree seeds
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3. Sophora japonica (Japon Soforasi-Padoga
Agaci-Macar Akasyasi)

Baklagiller (Leguminosae/ Fabaceae)
familyasindan olan Sophora japonica’nin anavatani
Kuzey Amerika ile Dodu Asya'dir (Katalog). Kurak
iklimlere de uyum saglamasi, toprak secimi
konusunda toleransli olmasi agaci 6n plana gikaran
hususlardan bazilaridir (Farkas ve Zajacz 2007,
Orwa vd. 2009). Yaklasik émrinin 600 yil olmasi
dolayisiyla “Japon tapinak agaci (Milliyet 2021)”
ismi de verilmektedir. Her ne kadar Selvi, halk
arasindaki adinin sofora, zofora veya Japon
soforasi olarak bilindigini belitse de (2012)
kanaatimce halk arasinda yaygin kullanilan ismi
“Macar akasyasi’dir (Altuntas 2017, Bali 2021,
Fidan, Karadeniz 2021). Bbyle olmasina ragmen
bilimsel calismalarda “sofora” adi yaygin olarak
kullaniimakta (Aslan ve Akan 2019, Saleh 2018) ve
“Macar akasyas!” ismi her nedense yeterince
gecmemektedir.

Macar akasyas! isminin yayginlagsmasinin bir arka
plani bulunmaktadir. Buna gére “Rahmetli Adnan
Kahveci gorevi sirasinda Macaristan’a gittiginde
Macaristan’in her yerinde bu agag ile karsilagsmistir.
Arastirdiginda aricilar igin en iyi agaclardan biri
olarak goérmastir. Ve Ulkemize getirmistir. Bu
yuzden Ulkemizde Macar akasyasi olarak
bilinmektedir.” (Karadeniz 2021). Gergekten de
Sophora japonica agacina yaygin olarak Macar
akasyasi isminin verilmesinde maliye bakani olarak
gorev yaptigi dénemde Adnan Kahveci'nin agacin
tohumlarini  Macaristan’dan  getirtip  Glkemizde
yayginlagsmasi icin ¢aba sarf etmesi temel teskil
etmektedir (Balli 2021). Bu agdaca, 1993 yilinda
geng yasta kaybettigimiz bakanimizin (Tosun 2021)
hatirasini yasatmak icin “Kahveci akasyas!” bile
denilebilir. Fakat halk arasindaki yayginlig
dolayisiyla galismamizda ‘Macar akasyasl’ adi da
kullaniimigtir.

Macar akasyalarinin, yapraklarinin yapisi yalanci

akasya vyapraklariyla benzesmektedir. Ancak
Sophora japonica’nin Uzerinde diken
bulunmamaktadir. Dikensiz bir aga¢ olmasi,
ekiminin  yayginlasmasi  agisindan  avantajli

olacagini dugtundurmektedir. Macar akasyasi uygun
ortamda iyi gimlenen tohumlara sahiptir. Yalanci
akasya ya da gladigyanin aksine tipki glvey
kandilinde oldugu gibi tohumlarinin dogdada
cimlenme oranin yiksek oldugu goézlemlenmistir.
Cimlenme doneminde ve sonrasinda nem
ihtiyacinin  yiksek oldugu dusiincesi de not
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edilmelidir. Site icerisinde peyzaj agaci olarak
dikilmis bulunan yaslar yaklasik 20 yil civari olan
agaclarin iyi gelisim gdsterdikleri, gelisimleri ve
dallarinin  yayihmi dikkate alindiginda ceviz
agaclarina benzer bir hacme sahip olduklari ifade
edilebilir. Bundan dolayl agaclandirma sahalarinda
7x7 metre araliklarla dikilmesinin uygun olacagi
kanaatine variimigtir. Peyzaj agaci olarak kullanilan
bu agacglarin goézlemlenmesi sirasinda, sulanan
¢gimler arasinda pek c¢ok fidesine rastlanmistir.
Cimler sulandigi muiddetge yaklasik Ekim ayina
degdin tohumlari ¢cimlenmeye devam etmistir. Ancak
fidelerin koklenme déneminde suya ulasamadidi
durumlarda hayata tutunamadiklari da gézlenmistir.
Bu akasyalarin kazik kdklere sahip agdaclar
arasinda yer aldigi ve her seye ragmen hayata
tutunma konusunda micadeleci bir yapiya sahip
olduklari ifade edilebilir. Topraktan c¢ikarilan
fidelerin morfolojisi incelendiginde kokin bir kismi
zarar gorse dahi fidenin, fidan posetine dikildiginde
yasamaya devam ettii ve zamanla en uygun
noktadan tekrar kazik kék formuna geri déndugu
gbrilmagstir. Hatta fideler eger suya ulasimi
konusunda sikinti g¢ekmiyorlarsa, ¢im bicme
makinesiyle gbvdelerinin ortasindan kesilmig olsalar
dahi kesim yerine en yakin gézenekten blyimeye
devam ettikleri misahede edilmigtir.

Almanya’da Alsace-Lorraine bdlgesinde Macar
akasyalarinin Cin’de oldugu gibi (Orwa vd. 2009)
Agustos- Eylul aylarinda ciceklendigi belirtilmistir
(Dennler 1889). Arilar icin iyi bir nektar kaynagi ve
arilara nektar toplama sahasi (bal merasi)
olusturulmasinda kullanilabilecek bir aga¢ oldugu
daha 1889 vyilinda ifade edilmistir (Dennler).
Vietnam’da ¢iceklenme doéneminin Mayis-Agustos
araliginda oldugu ifade edilmistir (Orwa vd. 2009).
Macaristan’da ¢iceklenmenin, yalanci akasya ve
Ihlamur agaclarinin  ¢giceklenme doénemlerinden
sonra, Temmuz sonu Agustos ayinin ilk gunlerinde
basladigi belirtiimektedir (Farkas ve Zajacz 2007).
Sorkun, genel olarak giceklenme ddénemini igin
Haziran-Temmuz araliini isaret etmisse de (2008);
Erzincan’da Macar akasyalari, Temmuz ayinin ilk
haftasi gicek agmaya baglamislar ve Adustos ayinin
ortalarina kadar gigekli kalmiglardir (Resim-12 ve
13). Uzim salkimina benzeyen her bir gicek
salkimindaki cicekler ayni anda ag¢mamaktadir.
Dolayisiyla soforalar ~ uzun sure cicekli
kalabilmektedir (Farkas ve Zajacz  2007).
Tahminimce agag, soguk hava veya polinatorlerin
azligi gibi muhtemel sorunlara karsi bdyle bir
davranis sergilemekte ve ciceklerini sirayla agma
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Resim-12 Macar akasyasi giceklenme dénemi baslangici
(7 Temmuz 2021)

Picture-12 Sophora japonica beginning of blooming (July
7,2021)

Resim-13 Macar akasyasl agacinin 26 Temmuz 2021
tarihli gérindm

Picture-13 View of Sophora japonica tree dated 26 July
2021

Sophora japonica cigeklerinin arilara zarar verdigi,
kimi zaman oOlimlere neden oldugu ifade edilse
(Clinch vd.1972, Selvi 2012) de aslinda bal
arilarinin, Avrupa yaban arisinin (Philanthus
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triangulum) kurbani  olduklari;; aslen Macar
akasyasinin bal arilar igin toksik olmadigi da ifade
edilmektedir (Farkas ve Zajacz 2007). Gozlemler
esnasinda agacin  civarinda  6lu  arilara
rastlanmamistir. Aksine arilar tarafindan sevilerek
ziyaret edildigi gdzlemlenmistir (Resim-12).

Macar akasyasinin nektar verimi konusunda farkl
rakamlarla karsilasiimaktadir. Dekara; 160 kg
(Altuntas 2017) ve 136 kg (Karadeniz 2021) bal
verimine sahip olduguna yonelik rakamlarla
karsilasildigi gibi bal ve polen veriminin ‘minér
oldugu ancak agaglarin yogun oldugu alanlardan
saf sofora balinin elde edilebildigi, énemli bir balli
bitki olmamasina ragmen agaglarin yogun olarak
bulunmasi halinde arilarin bal ve polen
toplayabildigi de belirtilmistir (Sorkun 2008). Buna
karsin nektar bakimindan onemli bir bitki oldugu
(Selvi 2012) ciceklenmesinin Temmuz-AgJustos
aylarinda olmasi ve bol nektar verimi dolayisiyla
arilar agisindan énemine vurgu yapilan ¢alismalara
da ulasiimistir (BOEP 2018-2023). Nitekim
Bingdl'de yapilan bir projede, projenin amaci
“Ormanlik alanlarda aricilik faaliyetine uygun olarak
yalanci akasya, so6gut, akcaagag¢, badem, sofora
turleri ile adaclandirma yaparak, ayrica korunga,
deve dikeni, karacali, gibi bal verimi igin dnemli olan
otsu ve calimsi bitkilere yer verilerek aricilarin
ekonomik olarak kalkinmalarina hizmet etmektir’
seklinde ifade edilmistir (Pirim vd. 2011). Burada
sofora tirlerinin bal verimi agisindan 6énemli bitkiler
arasinda sayilmasi dikkate degerdir.

Hakikaten vejetasyon déneminin yaklagik 30-40

gunlik bir zaman dilimini kapsamasi, Macar
akasyasini  bagli basina Onemli bir agac
yapmaktadir.  Ustelik ¢iceklenme  déneminin

Temmuz-Agustos déneminde olmasi gergekten de
aricihk bakimindan kendisini nadide bir konuma
yukseltmektedir. Bal ormanlari  olusturulurken
uygun ortamlarda ylksek sayilarda yetistiriimesinin
ve yalanci akasyadan daha fazla Macar akasyasi
Uzerine odaklaniimasinin isabetli olacag
dusundlmektedir. Bu galisma ancak bir 6n tanitim
olabilir. Orman Genel Mudirligu ve Universitelerin
ilgili bolumlerinin  éncelikle Macar akasyasinin
nektar ve polen verimi, arilar Uzerindeki etkileri,
balinin analizi ve yetisme sartlari gibi konularda
isbirligi yaparak c¢ikan neticeye goére hareket
edilmesi uygun olacaktir. Kanaatimce olumlu
sonuglara ulasilacak ve Turkiye’de bal ormanlarinin
kurulmasinda gelecek yillarda en ¢ok faydalanacak
aga¢ turd Sophora japonica olacaktir. Boylece
sosyal devlet ilkesinin hayata gegirilmesinde énemli
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bir adim da atilmig olacaktir.

D. Erzincan Ozelinden Tiirkiye’ye Yénelik
Oneriler

Erzincan’'da bal gogunlukla geven (Astragalus spp.)
(Kara vd. 2020), kekik (Thymus spp.) ve tas
yoncasl (Melilotus spp.) gibi gec¢ ciceklenen
bitkilerden ya da ylksek kesimlerde bulunan
bitkilerin  ciceklenme dbénemi uygun olarak,
kovanlarin tasinmasiyla elde edilmektir. Digaridan
bir bakis agisiyla degerlendirildiginde bal Gretiminin
artisi  kolonideki birey sayisinin belli seviyeye
yukselmesiyle saglanabilmektedir. Bal verimi
ortalamasinin Ulke genelinde dusik olmasinin
6nemli bir sebebinin ge¢ ciceklenen bitkilerin
yogunlugundaki eksikliktir.

Yoéremizde ge¢ cigeklenen geven bitkisi sayisinin
eski donemlere gore yikseldigi ifade edilmektedir.
Gegmis zamanlarda geven bitkisi  koyliler
tarafindan hem hayvan yemi olarak kullaniimis hem
de yakacak ihtiyaci igin bulundugu ortamdan
sokulmuastir. Ancak nifusun azalmasi, evde ekmek
pisiriimesi gibi adetlerin giderek terk edilmesi gibi
nedenlerle gevenin ve diger ¢ali formlu bitkilerin
koylller tarafindan baskilanmasi da azalmistir. Balli
orman alti bitkilerinin yogunlugunun arttiriimasi igin
geven, kekik tiarleri ve diger gec¢ ciceklenen
bitkilerin tohumlarinin dogaya birakilmasi yayilim
alanlarinin genigletiimesine katki saglayabilir.

Ari otu (Phacelia spp. / Tanacetifolia benth) bitkisini
hem yem bitkisi hem de nektar kaynagi olarak
kullanilabilir (Korkmaz 2009, Ozkan 2014). Bu
konuda ciftgilerimiz  bilinglendiriimeli ve tesvik
edilmedir. Tesviklerin icerisinde mutlaka tohum
uretimi  de  bulunmalidir.  Tohuma erisimin
saglanmasi 6nemli bir tesvik kalemi olacaktir. Yem
bitkilerinin  yetistiriimesinde tohum  desteginin
saglanmasinin yani sira ormanlarin
yetistiriimesinde tohumlarin dodaya birakiimasina
agirhk verilerek, bal ormanlarinin kurulmasinda
kullanilacak cesitlerin fidanlarinin Gretilmesi ve

dikilmesi faaliyetlerine agirhik verilmesi
gerekmektedir. Boylece dogada tohumdan
¢ogalabilecek tirlerin  daha genis alanlara

dagilmasi saglanirken; ¢imlenme engelinin oldugu
turlerin  fidanlarinin  yetistiriimesine kaynak ve
isgucu aktarimi saglanabilir.

Ayrica ilimizde yetigtirilen yoncalar (Medicago
sativa) cigceklenme dénemi sona ermeden
bicilmektedir. Bdyle oldugu durumlarda arilar nektar
kaynagindan mahrum kalmaktadir. Ciceklenme
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déneminin sonlanmasinin beklenmesinin yil icindeki
hasat sayisini dusirecegi endisesiyle, erken bigim
gerceklesmektedir. Bundan dolayl yoncay! erken
hasat etmeyip vejetasyon déneminin sonunu
bekleyen ciftcilere  devletge ilave  tesvik
saglanmalidir.

Ziraat ile aricilk ayri faaliyet alanlari degildir.
Yukaridaki Ornekte oldugu gibi ciftgiler sadece
kendi menfaatlerine uygun sekilde tarimsal
faaliyette bulunmamalidir. Devlet hem tesvik
politikasiyla hem de 6nclluk ederek sosyal devlet
olmanin geregini yerine getirmelidir. Macar figi
(Vicia pannonica crantz), yonca (Medicago sativa)
ve aspir (Carthamus tinctorius) gibi bitkilerin ekimi
konusunda egitim, alim garantisi, tohum tedariki ve
makine destedi gibi ek desteklemeleri hayata
gecirmelidir. Boylece kultir bitkileri ile de
surdurdlebilir aricilik faaliyeti desteklenmis olur.

Sonug

Sosyal devletin, temel hedefi insan onuruna yarasir
asgari bir yasam standardi saglayabilmek icin
vatandaglarinin ekonomik durumlarini yikseltici
tedbirler almaktir. Anayasamizda sosyal devlet
olmanin gereklerinden birisi olarak hayvansal ve
tarimsal Uretimi arttiracak tedbirlerin  hayata
geciriimesine vurgu yapilmistir. Hayvansal Uretimin
arttinlmasinin  yolu 6ncelikle bitkisel Uretimin
arttirlmasidir. Boylece hayvanciligin énemli bir girdi
maliyeti olan yiyecek ihtiyaci kargilanmis olur.

insanlar bakimindan da énemli bir gida kaynagdi
teskil eden bitkilerin pek ¢ogunun tozlagsmasinda
arilarin temel roli vardir. Aricihk faaliyetlerinin
desteklenmesi  bitki Uretiminin  sirdirulebilirligi
konusunda hayati énemdedir. Unutulmamahdir ki
tikettigimiz her ¢ lokmadan birinde arilarin katkisi
bulunmaktadir (Eroglu BOEP 2013-2017). Bu kadar
hayatiyete sahip bir sektdre de devletin destedi,
aricihgin sagladigi katkiyla orantili olmahdir. Bal
ormanlari yetistiriimesi bu minvalde o6nemli bir
baslangigtir.

Ayrica ormanlarin gelistiriimesi devletin hedefleri
arasindadir. Hem orman varhgini arttirmak hem de
es zamanl olarak aricilik bakimindan énemli balli
nektarli  bitkilerin  yetigtirilmesi ~ mUmkanddr.
Optimum bal ormanlarinin var olmasi igin sadece
agacglarin degil orman alti bitkilerin yetistiriimesi de
gerekmektedir. Gergekten bal ormanlarinin nitelikli
kilinabilmesi ve surduarulebilir aricilik i¢in yapilmasi
gerekenler vardir. Oncelikle bal ormanlari
biyogesitlilige uygun sekilde tesis edilmelidir. Her
bdlgeye; iklim ve toprak yapisina uygun agac ve
orman alti bitkilerinin dikilmesi saglanmalidir.

U.Arn D. - U.Bee J. 2022, 22 (2): 227-245

Erzincan icin Gleditsia triacanthos, Koelreuteria
spp. Vve Sophora japonica agaglarindan
yararlanilabilir. Ayrica geven (Astragalus spp.),
kekik (Thymus spp.) ve Tas yoncasi (Melilotus
spp.) gibi hem geg ciceklenen hem de nektar verimi
yuksek tirlerin (Cengiz 2018, Cengiz ve Tung

2021) vyayginlastiriimasi gerekir.  Yetistirilecek
bitkilerin segimi ve hasat  zamanlarinin
dizenlenmesi, aricihik faaliyetleri  agisindan

yadsinamaz dneme sahiptir.

Gercekten de basit tedbirler ile bal Uretimimizi
arttirmak mdmkuandur. Ciftciler balli-nektarl bitkiler
konusunda tesvik edilebilir. Ornegin macar figi
(Vicia pannonica crantz), yonca (Medicago sativa)
ve aspir (Carthamus tinctorius) gibi bitkilerin ekimi
aricihgi tesvik etmek bakimindan énemlidir. Turkiye
bal dretimi konusunda dinyada o6nde gelen
Ulkelerden birisidir. Alinacak basit tedbirler ile
dinya lideri olmamiz ve sirdirdlebilir aricilik
basarisi yakalamamiz mimkundur.

Mali Kaynak: Bu galisma igin saglanmis mali
kaynak bulunmamaktadir.

Etik Belgesi: Bu calisma icin etik belgesi gerekli
degildir.

Tesekkiir: Fidan dikmeyi sevdiren ve arilarla
tanismama vesile olan biyikbabam Ormanci
Mehmet ETGU’ye ithaf olunur.
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ABSTRACT

Biosecurity measures in beekeeping (BMBs) include measures taken to prevent the spread of
diseases by minimizing the movement of microorganisms and pests in the apiary, preventing
diseases and pests in the environment from reaching the apiary or reducing their effects. Biosafety
principles aim to prevent infectious factors from entering the apiaries and spreading by humans,
bees, feed, and technological systems in order to prevent them from adversely affecting bee health
or honey quality. Good beekeeping practices (GBP) prevent or minimize the entry of important bee
diseases and pests into the apiary and the spread between colonies and apiaries. Prevents negative
effects on bee health, honey safety, honey quality, and production efficiency. BMBs can be effective
if GBPs are implemented. In this study, it is aimed to provide information about bee health,
protection from bee diseases, preventing the spread of diseases and pests among other colonies
and apiaries in the same apiary, biosecurity and good beekeeping practices necessary to obtain
quality and reliable bee products.

Keywords: Biosecurity measures in beekeeping (BMBs), Good beekeeping practices (GBP), Honey
bee

oz

Biyogiivenlik uygulamalarn, arihktaki mikroorganizma ve zararlilarin hareketini en aza indirerek
hastaliklarin yayilmasini 6nlemek ya da gevrede goriilen hastalik ve zararlilarin arihga ulagmasini
engellemek ya da etkisini azaltmak i¢in uygulanan tedbirleri igerir. Biyogiivenlik ilkeleri, ari saghginin
veya bal kalitesinin olumsuz etkilenmesini 6nlemek igin, bulasici etkenlerin ariliklara girmesini,
ayrica insan, arilar, yem, teknolojik sistemler tarafindan yayilmasini énlemeyi amaglamaktadir. lyi
aricilik uygulamalari 6nemli arn hastalik ve zararlilarin arihga girisini, koloniler veya ariliklar arasi
yayllmay! onler ya da minimize eder. Arni saghgi, bal giivenligi, bal kalitesi ve liretim verimliligi
tizerindeki olumsuz etkileri 6nler. Biyogiivenlik uygulamalari (Biosecurity measures in beekeeping-
BMBs) iyi aricilik uygulamalarinin (Good beekeeping practices-GBPs) yapilmasi durumunda etkili
olabilir. Bu galigmada, ari sagligi, ari hastaliklarindan korunma, arilik ici ve ariliklar arasinda hastalik
ve zararlilarin yayilmasini 6nlemek, kaliteli ve giivenilir ar uriinleri elde etmek icin gerekli
biyogiivenlik ve iyi aricilik uygulamalari hakkinda bilgi vermek amaglanmistir.

Anahtar Kelimeler: Aricilikta Biyogiivenlik Onlemleri, iyi Aricilik Uygulamalari, Bal arisi
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GENISLETILMIS TURKGE OZET

Amag: Biyoglvenlik, hayvanlara ve hayvanlar
arasinda bulasici hastalik bulagsma risklerini
azaltmak igin tasarlanmis bir dizi dnleyici tedbirdir.
Ayni zamanda biyoglvenlik, saglikli ve biyolojik
olarak saglikh hammadde ve hayvansal kaynakl
gida maddelerinin Gretimi igin dnemli bir gerekliliktir.
Aricilikta biyoguvenlik ise arilardaki zararli veya
hastaliklarin ~ baslamasi  ve  yayilmasi riskini
azaltmak igin tasarlanmis énlemlerdir. Biyoglivenlik
uygulamalari, ariliktaki ~ mikroorganizma  ve
zararlilarin hareketini en aza indirerek hastaliklarin
yayllmasini 6nlemek ya da c¢evrede gorllen
hastallk ve zararllarin arniga ulasmasini
engellemek ya da etkisini azaltmak i¢in uygulanan
tedbirleri icerir. Biyoguvenlik ilkeleri, ari saghgini
veya bal kalitesini olumsuz etkilemesini 6nlemek
icin bulagici etkenlerin ariliklara girmesini, ayrica
insan, arilar, yem, teknolojik sistemler tarafindan
yayllmasini 6nlemeyi amaclamaktadir. Biyoguvenlik
uygulamalari (Biosecurity measures in beekeeping-
BMBs) iyi ariciik  uygulamalarinin  (Good
beekeeping practices-GBPs) yapilmasi durumunda
etkili olabilir. Iyi aricilk uygulamalari, aricilarin
insanlar, bal arilari ve ¢evre i¢in optimal saghgi elde
etmek icin uyguladiklari bitinlestirici faaliyetlerdir.
Bu nedenle, GBP'lerin uygulanmasi koloni sagligi
ve toplumu Uzerinde olumlu bir etkiye sahiptir.
Ayrica yiksek Uretim standartlarini destekler. Bu tur
uygulamalar aricilik faaliyetleri igin gegerli genel
Onlemlerdir ve dinya capinda kabul gérmektedir.
Hastaliga 6zgu degildirler ve aricilar tarafindan
kovan Urunlerinin birincil Uretiminde uygulanmalari
amagclanmistir. Aricilarin ginltk aricilik yonetiminde
karsilastiklari ~ zorluklari  basariyla  ¢6zmelerini
saglar. GBP'ler genel aricilik y6netimi, veteriner
ilaglari, genel hastalik yonetimi, hijyen, ari besleme
ve sulama, kayit tutma ve egitim baslklar altinda
siniflandiriir.  Bu c¢alismada BMBs ve GBPs
uygulamalari anlatilmigtir.

Tartigma: Basarili bir aricilik igin biyoguvenlik
sarttir. Bal arilarinin ve tim bal arisi endustrisinin
korunmasinda aricilara onemli glrevier
dismektedir. Bal arisi biyoglvenligi, bal arilarini
zararhlarin girisinden ve yayillmasindan korumak
icin tasarlanmis bir dizi 6nlemdir. Bal arisi
biyoguvenligi, her aricinin, ariligi ziyaret eden
ziyaretcilerin veya arilikta ¢alisan her Kisinin
sorumlulugundadir. Aricilar ve calisanlari hastalik
ve zararli onleme, ayirt etme ve Kkontroll
konularinda mutlaka gerekli egitimleri almis
olmalidirlar. Aricilar Onceden plan yapmalidir.
Boylece bir hastallk veya =zararli tespitinde
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yapilmasi gerekenleri bililer. Tdm aricilar bir
biyoglvenlik plani yazmali ve durumlari degistikce
bunu duzenli olarak guncellemelidirler. Aricinin
bireysel biyoguvenlik 6nlemleri, kendi ariligina
yakin ve cevre bir bdlgedeki diger aricilarla igbirligi
yaparak gelistirilebilir. Boylece, bir bolgedeki tim
arihklara yoénelik biyoglvenlik tehditleri minimize
edilebilir. Arilik biyoglivenliginin bolgesel diizeyde
desteklenmesi, bolgedeki  diger  tehditlerin
potansiyel kaynadi ve dogasinin anlasiimasi
sonucu daha etkili micadele ve korunma saglar.
Arihda yakin bdlgelerdeki ariliklar, yabani koloniler
ve kayitsiz kovanlar, potansiyel biyoglvenlik
tehditleridir. Arillarin zararli ve hastaliklara maruz
kalmasi en aza indirilmelidir. Kovanlarin yagma
edilmesini 6nlemek icin ari  kolonileri guglu
tutulmahdir.  Arillarin  yeni bodlgelere hareketi,
hastaliklara maruz kalinmasi igin yeni riskler
olusturur ve kovanlarin yer degistirmesi, mimkin
oldukga, minimumda tutulmalidir. En az bilinen
hastalik olan “sicak noktalar” énlenmelidir. Arilar,
yem ve ekipman sadece glvenilir ve saygin
kaynaklardan temin edilmelidir. Yeni getirilen
arilarda hastalik olmadigindan emin olmak igin bu
arilar satin almadan 6nce veya getirildikten sonra,
digerlerinden ayr tutulmali ve test edilmelidirler.
ikinci el ekipmanlar uygulamadan once sterilize
edilmelidir. Aricilar diger arilarin, alet ve ekipmanlar
ya da kendi kovanlarindan bala erismelerine izin
vermemelidir. lyi aricilik uygulamalari, siirdiriilebilir
ve dayanikh bir aricilik sektorinin temelidir. Arilik
yonetiminde GBP'lerin gunlik olarak uygulanmasi,
birgok olumlu etkiyle sonuglanir. Maliyeti disurdr,
kovan basina daha fazla dretim ve aricilar i¢in daha
yuksek gelir gibi ekonomik faydalar saglar.
Veteriner ilaglarinin daha guvenli kullaniimasini
saglayarak daha iyi gtvenlik dnlemleri alinir. Ayrica
bu ilaglarin kullanimini minimize eder, daha guvenli
ve saglikh ila¢ kullanilarak ari Grunlerinde kalinti
problemini azaltir. Bdylece halk saghgini korur.
Daha kaliteli ari drtnleri elde edilmesini saglar. Bal
arilarinin genel performansi Uzerinde olumlu etki
gOstererek ar1 sagligi ve kaliteli ar Grini elde
edilmesinde énemli rol oynar.

Sonug: Bolgesel biyoglvenlik énlemleri, potansiyel
risk kaynaklarini belirler. Buna uygun o&nlemler
alinmasini saglar, cevredeki aricilar ve uzmanlar ile
isbirligi yaparak etkili korunma ve micadele saglar.
Ayrica potansiyel risk kaynaklarinin bulundugu
bdlgelerde uygulanan biyogivenlik 6nlemleri ile
gevre ariliklara yayilimini énler ya da azaltir. Bal
arisi  biyoglvenlik stratejilerinin - uygulanmasi,
bdlgesel biyoglvenligin temelini olusturur ve bu da
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ulusal biyoguvenligi  destekler.  Ariliklarda,
kovanlarda ve bal evlerinde iyi aricilk
uygulamalarini belirlemek,  dogrulamak ve
uygulamak 6énemlidir. Bu yonetim stratejileri, her
zaman uluslararasi igbirliginin yani sira ariliklarda

iyi aricihlk  uygulamalarinin  ve  biyogulvenlik
Onlemlerinin  gelistirimesi  ve  slrduriimesiyle
saglanir.

INTRODUCTION

Bees play a crucial role in the complex ecosystems.
Bees are not the only pollinators, they are one of
the most important and effective. They are very
important in the pollination of wild species and
endemic plants. Bees carry out about 80% of all
pollination worldwide. It ensures the growth and
development of valuable ecosystems. There are
approximately 19,000 species of bees described in
the world, and all are grouped under the general
term "wild bees", with the exception of the domestic
honey bee Apis mellifera L. (Thakur 2012).

Biosecurity is a set of preventive measures
designed to reduce the risks of transmission of
infectious diseases to and between animals. At the
same time, biosecurity is an important requirement
for the production of healthy and biologically
healthy raw materials and foodstuffs of animal
origin. Biosecurity in beekeeping is the measure
designed to reduce the risk of transmission and
spread of pests or diseases to bees. Biosafety
practices include measures taken to prevent the
spread of diseases by minimizing the movement of
microorganisms and pests in the apiary, preventing
diseases and pests in the environment from
reaching the apiary, or reducing their effects.
Biosafety principles aim to prevent the entry of
infectious agents into apiaries and to prevent the
spread of these agents by humans, bees, feed and
technological systems in order to prevent adverse
effects on bee health and honey quality. Biosecurity
measures in beekeeping-BMBs can be effective if
good beekeeping practices (GBPs) are
implemented (Hayes 2014, Novak et al. 2015,
National Bee Biosecurity Program 2016).

Good beekeeping practices are integrative activities
carried out by beekeepers to achieve optimal
conditions for honey bees, humans, and the
environment. The application of GBPs has a
positive impact on colony health and society. It also
supports high production standards. GBPs
applications are general measures applied in
beekeeping activities. It is also accepted worldwide.
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They are not disease-specific and are intended for
application in the primary production of hive
products. It enables beekeepers to successfully
solve the difficulties they face in daily beekeeping
management. GBPs are classified under the
headings of general beekeeping management,
hygiene, meeting the food and water needs of
bees, veterinary services, general disease
management, record keeping, and education. Good
beekeeping practices prevent or minimize the entry
of important bee diseases and pests into the apiary
and their spread between colonies or apiaries.
Prevents negative effects on bee health, honey
safety, honey quality and production efficiency. It is
important to identify, verify and implement good
beekeeping practices in apiaries, hives and honey
houses. In addition to international cooperation, it is
necessary to develop and maintain good
beekeeping practices and biosecurity measures in
apiaries (Formato and Smulders 2011, FAO 2020,
FAO 2021, Tlak Gajger et al. 2021).

Honey bees have been used for years for the
production of honey, beeswax, royal jelly, propolis,
pollen and poison. In addition, bees are very
important for fruit, vegetable, seed production,
pollination, protection of wild plant communities and
biodiversity (Rose et al. 2014, Pufal et al. 2017,
Tlak Gajger et al. 2021).

Biosecurity is essential for successful beekeeping.
Beekeepers have important duties in the protection
of honey bees and the honey bee industry.
Honeybee biosecurity is a set of measures
designed to protect honeybees from the
introduction and spread of pests and disease
agents. Honeybee biosecurity is the responsibility
of every beekeeper, visitor to the apiary or anyone
working in the apiary. Beekeepers and workers
must have received the necessary training on the
prevention, discrimination and control of diseases
and pests. Beekeepers should plan ahead. Thus,
they know what should be applied in the detection
of a disease or pest. All beekeepers should write a
biosecurity plan and update it regularly as their
situation changes (Hayes 2014, Novak et al. 2015,
Plant Health Australia 2016).

Individual biosecurity measures can be developed
by beekeepers in and around their apiary in
collaboration with other beekeepers. Thus,
biosecurity threats to all apiaries in a region can be
minimized.

Beekeeping biosecurity should be supported at the
regional level. Thus, as a result of understanding
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the potential source and nature of threats in the
region, more effective struggle and protection are
provided. Beehives, wild colonies and unregistered
hives in areas close to beehives are potential
biosecurity threats. Exposure of bees to pests and
diseases should be minimized. Bee colonies must
be kept strong to prevent the hive from being
plundered. Moving bees to new areas create new
risks for diseases and pests. Therefore, the
displacement of the hives should be kept to a
minimum as possible. The bees that make up the
colony and the food and equipment used in the
apiary should only be obtained from reliable
sources. Used equipment must be sterilized before
use. Other bees in the apiary should not be allowed
access to tools, equipment or honey used in new
hives (Chauzat et al. 2013, Hayes 2014, FAO
2020).

Regional biosecurity measures identify potential
sources of risk. It plays a role in taking appropriate
measures and cooperates with beekeepers and
environmental experts to ensure effective protection
and control. In addition, it prevents or reduces its
spread to other apiaries in the vicinity with
biosecurity measures applied in areas where
potential risk sources are located. The
implementation of honeybee biosecurity strategies
forms the basis of regional biosecurity, which in turn
supports national biosecurity (Ahmad et al. 2007,
Al-Waili et al. 2012).

Basic principles for biosecurity in beekeeping;
* Reducing bees' exposure to pests and diseases
* Controlling pests and diseases

« Controlling the spread of undetected disease in an
apiary

» Keeping accurate records
* Hive and equipment maintenance

Barrier system and recognizing of diseases (Hayes
2014, FAO 2020, FAO 2021).

Recording:

Good recording is an essential part of any
business. Complete records of all actions and
observations related to biosecurity should be kept
and maintained. Hive and apiary information must
be kept accurately and reliably. Attention should be
paid to new, abnormal events and pests in the hive.
Photographic and written records of all abnormal
situations should be kept.
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Sample registration information is summarized in
Table 1.

Table-1. Beekeeping registration information*

Tablo-1. Aricilik kayit bilgileri

Registration information

Hive number

Queen arrival date

Drugs administered and their dates

Honey chamber date

Honey harvest date and amount

Dates of the occurrence of diseases and pests
in the hive

If migratory beekeeping is done, the places and
dates visited

The hive used and its features

Syrup/Patties applying dates

If the hive has been united or divided, the origin
and dates of the other hives

Colony/Swarm dates imported from abroad and
the regions where it was obtained

General climatic conditions and data

Information about beekeepers in the vicinity
(approximately 5 km)

*Table information Bal arisi yetistiriciligi, Granleri, saghg,
Dora, 2021, Editérler Ahmet Doganay Levent Aydin,
Bolim Genel Aricilik, Kovan Kaydi Tutma, Levent Aydin,
(67-68)

Responsibilities of Beekeepers in Biosafety
Practices

Beekeepers must be registered with national public
and private institutions. Up-to-date records with
beekeepers and contact information are required.
Thus, an emergency disease or emergency can be
informed quickly. It is very important to have up-to-
date registration and contact information to be
informed about decisions regarding disease control
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and eradication. Beekeepers should report the
notifiable diseases in national legislation. It is
important to report these diseases in a short time in
order to control and eliminate the diseases that
need to be reported. Apiary areas should be
determined. ldentifying apiary areas with clearly
visible signs with contact information will enable the
beekeeper to be reached quickly in case of a
natural disaster emergency or other potential threat
to bees. Hives should be inspected regularly for
pests and diseases. All beekeepers should take
precautions to minimize the risk of spreading pests
and diseases both in their own apiary and in that of
other beekeepers. Beekeepers should regularly
check their hives for pests and diseases.
Beekeepers must control or eliminate pests and
diseases and manage weak hives. If a beekeeper
detects pests or diseases in a hive, he or she
should take precautions for infected hives and
prevent their spread to other hives and surrounding
apiaries. Robbery is very effective in the spread of
infectious diseases. In order to prevent weak hives
from being robbed by other bees, these hives
should be immediately removed from the apiary or
controlled to prevent robbing. The hive and the
honey in the hive should be brought to a state
where robber bees cannot enter. If the pest or
disease is a notifiable disease, it should be
controlled or eliminated in accordance with
legislation. Beekeepers should have minimal
knowledge of distinguishing and controlling pests
and diseases. All people working with bees should
know how to distinguish between pests and
diseases in their hives. They should have up-to-
date information on combating and controlling pests
or diseases detected. Hives should be properly
arranged and marked. Hives should be kept strong
to minimize the risk of disease spreading.
Beekeepers should make sure that the outer
surfaces of each hive are solid and that the flight
hole is designed to a standard. Beekeepers should
not allow hives or equipment to be exposed or
neglected. Pests and diseases spread as a result of
the robbery of exposed hives. In addition, clean and
safe water should be kept in the apiaries for the
water needs of the bees. Beekeepers should apply
a barrier system. The main route of disease spread
in an apiary or between apiaries occurs when the
beekeeper transfers infected materials between
hives before disease symptoms are detected. A
well-controlled barrier system prevents the source
of disease and its potential spread. This will make it
easier to control and eliminate the disease. The
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barrier system is a method in which apiaries are
divided into smaller subunits and no transfer of
potentially infected materials is made between
subunits. Hives and hive components in one
subunit are not interchangeable with those in
another subunit. The larger the apiary, the more
important the barrier system, but how the barrier
system should be conducted will depend on the
apiary-specific conditions (AVMA 2017, Hayes
2014, FAO 2020, FAO 2021).

Beekeepers should maintain biosafety records. It is
essential for good beekeeping and good record
keeping for good biosecurity. Actions, controls,
practices and struggles should be recorded. Good
biosecurity is the common responsibility of all
beekeepers.

Investigation and Measures to be Taken for Bee
Pests and Diseases

Regular monitoring is an essential part of honeybee
biosecurity practices. Practising good sanitation
and hygiene will help prevent pests and diseases
from entering, settling and spreading in apiaries.
Workers, visitors, vehicles and equipment can
spread diseases and pests. For this reason, it
should be ensured that they are clean and hygienic
before entering and leaving the apiary. The health
status of the hives, honey bees and their brood
should be checked frequently (Plant Health
Australia 2016).

It is very important to detect exotic or endemic
pests and diseases in a short time. Bees, broods
and hives should be inspected regularly to identify
signs of pests and diseases. Early detection of
exotic pests and diseases ensures rapid control
and minimal spread of these pathogens. If it is not
possible to destroy or limit the disease or pest,
emergency planning, cooperation and information
sharing with official institutions and organizations is
made if necessary. Early detection and reporting of
any pests, diseases or symptoms can prevent or
minimize long-term damage to the honeybee
industry. It can also reduce the quarantine time of
the apiary or apiaries (Formato and Smulders 2011,
Novak et al. 2015, National Bee Biosecurity
Program 2016).

Diseased hives pose a risk to healthy hives in the
apiary and beekeepers in the surrounding area.
Beekeeping activities and contaminated hives and
equipment are the main reasons for the spread of
the disease among hives in an apiary. If an exotic
pest or disease is suspected as a result of the
examinations, general measures should be taken to
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control the pest and disease and to protect the
apiary (Plant Health Australia 2016, National Bee
Biosecurity Program 2016, Rana and Mishra 2022).

General Precautions

The hive or area where the disease and pest are
found should be marked. Human and equipment
access to the beehive and surrounding area should
be limited. Hands, clothes, equipment and tools in
contact with the suspected hive/bees or apiary
should be washed and disinfected. Sick or
suspicious hives and bees should never be
removed from the apiary. Beekeeping activities
should be stopped until a definitive diagnosis is
made (National Bee Biosecurity Program 2016,
Plant Health Australia 2016, FAO 2020).

When a definitive diagnosis is made, the
instructions given should be followed. No beehives,
honeycombs, bees, machinery, tools and
equipment should be removed from the apiary.
Entry and exit to the apiary should be restricted. All
activities that may affect the apiary in the region
and cause the factors to go out of the region are
stopped or allowed on a limited basis. People,
machines and vehicles in the area are carefully
planned withdrawn from the area (Bouga et al.
2011. FAO 2020, FAO 2021).

Methods of protecting bee health

Clean hives and equipments should be purchased.
Second-hand hives and equipments should be
obtained from beekeepers who regularly control
pests and diseases. Before purchasing, it should be
noted that the hive and hive equipment are
standard and free of pathogens and should be
checked if possible. The newly purchased hives
should be isolated from the old hives for 6-12
months to ensure that they are healthy. Used
beekeeping equipment must be sterilized before
being used in the apiary (AVMA 2017, Andrews
2020) .

Beekeeping and bee equipment should be cleaned
regularly. Before starting to work in the apiary, wax,
propolis or honey residues in the hive and other
beekeeping equipment should be cleaned regularly.
Honey harvest machines, honey containers and
other equipment should be cleaned before and
after each use. Waste materials must be disposed
of appropriately and safely. Residual honey should
be removed or covered to prevent the bees from
robbing the exposed combs and beeswax. Good
hygiene practices should be maintained around the
apiary, and wax residues, old honeycombs and old
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hives that can attract and harbor pests and
diseases should be removed from the apiary
(National Bee Biosecurity Program 2016, Plant
Health Australia 2016).

Precautions should be taken to protect bee health.
Accurate and reliable information should be
obtained about beekeeping, bee diseases and
pests. Pest and disease risks should be determined
for each apiary, clinical findings should be well
known and necessary precautions should be taken.
Appropriate measures for pest and disease control
should be developed. In addition, all applications
and treatment details should be recorded. A barrier
management system should be implemented to
reduce the risk of pests and diseases spreading
within and between the apiaries (AVMA 2017,
Andrews 2020).

Regular comb replacement should be done. New
wax foundations should be given to the hives for
maximum three years. Hives should be left healthy
and queen bee should be replaced every two years.
Honeycombs should be checked regularly during
spring, summer and autumn, and risky, abnormal or
adverse conditions should be taken into account
(FAO 2020, FAO 2021, Jensen 2022).

For swarming control, suppers, hives and
honeycombs should be given to overcrowd
colonies, extra queen bee cells should be removed,
and the hive should be kept healthy and strong.

One of the important methods of protecting bee
health is to conduct regular and conscious hive
inspections. Brood, adult and colony examinations
should be done regularly in spring, summer and
autumn. If the climatic conditions are not suitable
and there are people or animals in the environment
that will disturb the hive, no control should be
made. The activity in the hive should be checked,
and it should be determined whether there are dead
or flightless bees at the entrance of the hive. In
addition, it should be ensured that pollen is brought
to the hive. Control records should be kept, and any
disease and pest cases or suspicions should be
checked. Using too much smoke when opening
hives can excite or disturb the bees. While the
hives are being examined, one should always act
calmly and systematically, and avoid sudden or
harsh movements. While the hive is being
examined, attention should be paid to the queen
bee and no harmful behavior should be done.
Propolis extracted from the hive, empty frame, etc.
materials should not be left in the apiary, they
should be kept in closed environments. Thus, these
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materials that can transmit bee diseases and pests
can be kept under control (Hayes 2014, Smatrt et al.
2016, Andrews 2020, FAO 2021).

Precautions to be Considered in Supply of
Queen Bee and Worker Bees

To minimize the risk of transmitting pests or
diseases to an apiary:

Queen bees and other bees should be sourced
from companies that take biosecurity, hygiene,
health testing and recording seriously. Queen bees,
worker bees and honeycombs with brood supplied
from outside should be checked regularly within
one month from the date of entry to the apiary.
Records should be kept of where the bees, queen
bees and brood combs were procured from outside,
the date of supply, and the contact information of
the company (AVMA 2017, FAO 2021).
Biosecurity signs

Well-designed biosafety signs informing visitors that
the biosecurity management of honey bees in the
apiary are important and that maintaining it is a
shared responsibility. Biosafety signs at apiary
entrances should include the beekeeper's name
and contact phone number. In cases where the
hives are moved to different places, the hives
should be marked and placed in the new hive area.
Biosafety signs are also important, providing
contact information in the event of an emergency
such as chemical pesticide application, disease and
pest detection, forest fires or flooding. One of these
markings is a 600 x 900 mm corflute panel with four
holes to be placed on doors to properties or
apiaries. The second is an A4 corflute sign that can
be fixed to each beehive or moved with each hive
section (National Bee Biosecurity Program 2016,
Plant Health Australia 2016, FAO 2021). (Figure 1)

[_visITORS )
PLEASE RESPECT
HONEY BEE BIOSECURITY

THIS APIARY BELONGS TO

BEEKEEPER:
CONTACT:

CALL IN THE EVENT OF AN EMERGENCY
DO NOT ENTER THIS APIARY
. WITHOUT PRIOR APPROVAL -/

Figure 1: Biosecurity sign*

Figlr 1: Biyoguvenlik isareti*
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*https://nationalsafetysigns.com.au/safety-
signs/honey-bee-biosecurity-sign-en32217/

Transport of Hives

Moving the hives to different regions for honey flow
or pollination causes pests and diseases to spread
easily to other regions or apiary areas. The
following measures should be taken to reduce this
risk.

Hive movements should be minimized. Constant
relocation and transportation of hives cause stress
in honey bee colonies. Hives, honey and
beekeeping equipment should be secured or
sealed to prevent robbery by honey bees.

When moving hives to a new site, attention should
be paid to disease threats from abandoned and
weak hives near the site. Before transporting
beehives between regions, information should be
given to authorized institutions, and a signed health
and transport certificate should be obtained.

It should be informed about the presence of
endemic pests and diseases in the region to be
visited if possible (National Bee Biosecurity
Program 2016, Plant Health Australia 2016, FAO
2020, FAO 2021).

Movement  of
equipment

vehicles, machinery and

Honey and beeswax can adhere to vehicles and all
beekeeping equipment, including forklifts, trucks,
hive tools and bee boxes can carry pests and
diseases. Then pests and diseases can spread and
infect another apiary (National Bee Biosecurity
Program 2016, Plant Health Australia 2016,
Andrews 2020, FAO 2021).

The risk of pest and disease entry should be
reduced through equipment and tools. Especially
after visiting other apiaries, vehicle parts should be
cleaned and washed from honey, wax and other
colony residues. The movement of vehicles inside
the apiary should be limited. Borrowed or second-
hand beekeeping equipment and machinery must
be cleaned and sterilized before being transported
to the apiary. All tools and equipment should be
cleaned and sterilized regularly, including hive
sections, pallets, boxes, gloves and other
equipment used in the apiary. Checking and
cleaning machinery and equipment is easier and
cheaper than dealing with a new pest or disease
(National Bee Biosecurity Program 2016, FAO
2020, FAO 2021).
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Biosecurity Measures for Significant Infections
and Pests in Bees

Most of the bee deaths in the world are caused by
Acarapis woodi, Paenibacillus larvae,
Melissococcus plutonius, Aethina  tumida,

Tropilaelaps spp. and Varroa spp. (FAO 2020, FAO
2021, TECA 2020).

Biosecurity, protection and control measures for
different pests and pathogens are shown in the
tables (Table 2-6).

Table-2. Varroosis
Tablo-2. Varrosis

Varroosis
(causative agent:
Varroa destructor)

Protective Measures

1. Varroa tolerant/resistant colonies should be selected

2. Varroa control should be done using pollen drawer hives.

3. Bees, brood and swarms, clinical studies of varroa-related diseases (Acute
bee paralysis virus (ABPV); Kashmir bee virus (KBV); Israeli Acute Paralysis
Virus (IAPV); Deformed wing virus (DWV), Kashmir bee virus (KBV)) should be
obtained from colonies without symptoms.

4. The most appropriate treatment should be done considering the ways of
transmission of Varroa.

5. The number of Varroa mites should be kept below the harmful threshold in
each colony.

6. Good knowledge of the symptoms and transmission routes of varroosis and
viruses should be obtained.

Control
active/emergency
measures
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and

1. Varroosis should always be treated according to national legislation and
regulations.

2. Diagnostic methods such as powdered sugar method, CO2 test, and mite
drop should be applied to measure varroa levels after treatments and
throughout the year in the spring, at the beginning of the beekeeping season or
before harvest.

3. All colonies of the apiary should be treated at the same time and in the same
area.

4. Depending on the type of treatment and the product used, colonies should
be conditioned prior to treatment to achieve maximum effectiveness.

5. The efficacy of acaricide treatments should be monitored by controlling
conditions such as a decrease in varroa, absence of varroa symptoms, and
absence of varroa in adult bees after treatment.

6. At least two treatments should be carried out per year.

7. Necessary applications should be made to prevent varroa resistance.

8. The health of drone-producing colonies should be checked, especially for
viruses.

9. To control Varroa, preferably organic beekeeping permitted drugs should be
used.

10. Sufficient numbers of healthy bee colonies should be supplemented to
strengthen weak colonies when the varroa infestation level is too high.

11. The original colony and swarms without offspring should be treated with
oxalic or lactic acid.
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Table- 3. American foulbrood

Tablo-3. Amerikan Yavru Gurikligii
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American foulbrood (AFB) (causative
agent: Paenibacillus larvae)

Control
measures
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active/lemergency

1. Ropiness test (toothpick test) should be performed to confirm
the clinical outbreak of foulbroods in the apiary.

2. Quick management of affected hives.

3. In asymptomatic colonies, materials such as comb honey and
hive waste should be sent to the laboratory for the diagnosis of
Paenibacillus larvae. In order to control the infection, P. larvae
control should be carried out by taking samples of hive debris
from the colonies, adult nurse bees, and honey stored in combs
during the winter season.

4. If there is a suspicion of AFB in the apiary, dead bees, hive
remains, combs with brood, honey, etc. samples should be taken
and sent to appropriate laboratories for diagnosis.

5. When the diagnosis of AFB is confirmed, the brood and
combs of all colonies of the affected apiary with or without
clinical symptoms should be destroyed. Wax must be handled
safely to control the disease.

6. Hives showing clinical symptoms of AFB should be destroyed
according to national legislation.

7. All beekeeping equipment such as bee hives, mating boxes,
combs, frames, queen cages, etc., of symptomatic colonies
should be disinfected or burned. All beekeeping equipment of
asymptomatic hives in apiaries diagnosed with AFB should also
be disinfected.

8. Asymptomatic colonies in other apiaries of the same
beekeeper who are positive for AFB should be checked
frequently in terms of clinical findings.

9. Asymptomatic hives with AFB outbreaks should also be tested
with a field kit, etc. Samples should be taken from normal and
suspicious colonies and sent to the laboratory for the diagnosis
of the agent.
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Table-4. European foulbrood

Tablo-4. Avrupa Yavru Guriklugi

European foulbrood (EFB) (causative agent:
Melissococcus plutonius)

Control and active/lemergency measures
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1. Measures should be taken quickly in the affected
hives to control the disease.

2. If there is a suspicion of an EFB outbreak in the
apiary, clinical findings such as larva and
honeycomb appearance should be checked for
diagnosis.

3. Samples should be taken from clinically
suspicious hives and sent for laboratory diagnosis.

4. Queen bees should be purchased from breeders
who do not have EFB and can provide certificates if
possible.

5. Applications should be made according to

national legislation in hives showing clinical
symptoms of EFB.
6. In cases of a clinical epidemic, infected

beekeeping equipment such as beehives, mating
boxes, combs, frames, queen cages, etc. of EFB
symptomatic colonies should be disinfected.

7. When the laboratory diagnosis of M. plutonius is
positive in asymptomatic colonies and disease
symptoms are observed in other hives of the same
apiary, hive controls should be increased.

8. In order to diagnose the presence of M. plutonius
by PCR method or microbial isolation, samples such
as brood, adult bee, stored honey, etc. should be
taken from asymptomatic colonies during the winter
season or in epidemic situations.

9. EFB kit should be applied in the apiary to
diagnose clinical EFB outbreak in symptomatic
hives.

10. The swarms obtained by the shaking method
should be used in infected colonies. If the infection is
limited and the cells with a small number of brood
are affected, the brood combs should be removed.

11. In cases of clinical outbreaks in the apiary, all
beekeeping equipment of EFB-asymptomatic
colonies should be disinfected.

12. If there is a sour smell when opening the hive, it
should be suspected.

13. For rapid eradication of EFB in the apiary,
colonies should be destroyed if less than 20% of the
affected colonies are. However, if it is over 20 per
cent, economic losses should be prevented by
applying the shaking method.
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Table-5. Nosemosis

Tablo-5. Nosemosis
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Nosemosis (causative agent: Nosema apis or

N. ceranae)

Protective Measures

1. Full and empty combs in beehives with a reduced
population, few worker bees or collapsed hives
should not be reused.

2. Contamination of water sources in the apiary with
feces or dead bees should be prevented.

3. Queens and worker bees should be obtained from
breeders who do not contain Nosema spp.

4. If possible, honey bees resistant to Nosema spp.
should be selected and raised.

5. Honeycombs in hives with signs of diarrhoea
should be removed and destroyed.

6. Diagnosis of nosemosis. Samples should be
taken from forager bee honey bees in the early
autumn or spring.

7. Appropriate pathogen control should be applied to
ensure a proper balance in individuals in the bee
colony.

8. Colonies should be strengthened in autumn and
spring using stimulant integrators or feed
supplements.

Control and active/lemergency measures

1. When bees are infected with Nosema spp, the
colony should be treated.
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Table-6. Aethinosis (small hive beetle)

Tablo-6. Kiiglik Kovan Bocegi

Aethinosis (Small hive beetle [SHB]) (causative
agent: Aethina tumida)

Protective Measures

1. It should be known about the morphology of SHB
eggs, larvae and adults.

2. To detect SHB, knowledge of hive inspection
methods should be obtained.

3. Frames, honeycombs and other materials that
may be attractive and edible to A. tumida should not
be left outside the hives.

4. Only healthy and strong colonies should be kept
in the apiary.

5. Only young queens with hygienic behavior should
be used.

6. Living materials such as hives, queen bees, adult
bees, etc. at risk from areas where SHB is or can be
found should not be transported to the apiary.

7. Care should be taken that the bees close all the
frames in the hive without leaving any empty space.

8. Special traps should be used for rapid visual
detection of SHB.

9. The presence of SHB should be checked
periodically by taking a sample of hive remains or
honey.

10. Materials such as wax, honeycombs, pollen etc.
at risk should not be transported to the apiary from
areas where SHB is or may be found.

11. Queen-bee excluder should be used to prevent
the presence of brood in the upper parts of the hive.

Control and active/lemergency measures

1. It should be ensured that the bees close all the
frames in the hive. No free space should be left on
the SHB. Empty frames should be removed.

2. Frames, combs or other materials that may be
attractive and edible to A. tumida should not be left
outside the hives.
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3. Periodic hive inspections should be carried out to
detect and eliminate adults and larvae.

4. The movements of the hives should be followed
meticulously. The identity of the hives, their date of
departure and the exact location should be
recorded.

5. Transport conditions should be controlled by
properly insulating beekeeping equipment to prevent
the spread of SHB during transport.

6. The survival of the SHB eggs and the
development of larvae should be prevented by
keeping the stock combs in a cold room with a
temperature below 10 °C or relative humidity of
below 34%.

7. When bees are given pollen, protein feed and
supplements, they should be given in small amounts
each time so that they can consume them in a short
time. These supplements are a good substrate for
SHB growth.

8. Only healthy strong colonies should be kept in the
apiary.

9. Movements of products and wax should be
carefully monitored.

10. Traps should be used to monitor and control the
presence of SHB in the apiary.

11. Only young queens with hygienic behavior
should be kept.

12. Queen-bee excluder should be used to prevent
the presence of brood in the upper parts of the hive.

*Table 2-6 information is taken from TECA 2020 and FAO 2020.

Biosecurity measures in beekeeping-BMBs can
only be useful if good beekeeping practices (GBPSs)
are applied systematically. Adoption of GBPs helps
the beekeeper establish strong and healthy
colonies, limit disease and epidemic, and reduce or
limit the damage caused by disease (Moritz et al.
2010, FAO 2020, TECA 2020).

Good beekeeping practices are the foundation of
sustainable and resilient beekeeping industry. Daily
application of GBPs in apiary management result in
many positive effects. It reduces costs, and
provides economic benefits such as more
production per hive and higher income for

beekeepers. Better safety measures are taken by
making the safer use of veterinary drugs. It also
minimizes the use of these drugs and reduces the
residue problem in bee products by using safer and
healthier drugs. Thus, it protects public health and
provides to obtain better quality bee products. It
plays an important role in obtaining bee health and
quality bee products by having a positive effect on
the general performance of honey bees (Bogdanov
2006, Tomljanovi¢ et al. 2012, TECA 2020, de
Jongh et al. 2022).
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Good Beekeeping Practices

They are integrative activities applied in beekeeping
and apiculture by beekeepers to achieve optimal
health for humans, honeybees and the
environment. GBPs have a positive impact on
colony health and society while promoting high
production standards (FAO 2021, Rana and Mishra
2022).

1. General Beekeeping Management
1.1. Apiary Management

The flora of the area to be selected as an apiary, its
honey and pollen capacity and water resources
should be evaluated. Beehives should not be
placed in windy areas. There should be no
pollutants near the apiary, vehicles should be able
to enter the apiary easily, and bees should be able
to reach the nectar, pollen and clean water sources
easily. Suitable areas should be selected for
apiculture controls (FAO 2021). Apiaries should be
far from city settlements, traffic and industrial
settlements. The number of hives in the apiary
should be adjusted according to the season, pollen
and nectar sources. Beehives should not be placed
in damp areas and directly on the soil. Beekeeping
should not be installed on sloping, uneven or
slippery areas (FAO 2020, TECA 2020).

The work area in the apiary should be kept clean.
Grass in the area should be mowed periodically to
reduce hazards such as fire, snakes and ticks. This
practice is also important in the early detection of
mass bee deaths in the surrounding area (TECA
2020, FAO 2021).

Hive entrances should be placed in such a way that
the sun can reach throughout the day, starting from
the early hours of the morning. Thus, bees can start
their activities as soon as possible, even on cold
days. The hives should be placed in such a way as
to provide the most suitable working conditions.
There should be no tall grass and bushes at the
hive entrances (FAO 2020, TECA 2020, FAO
2021).

Beekeeping equipment should not be left
abandoned in the apiary. The drifting of bees
should be prevented, too many colonies should not
be kept in a single row. Broken or neglected hives
should be removed from apiaries to prevent theft
and looting (FAO 2020, FAO 2021).

1.2 Colony Management

Hive management practices should be carried out
in accordance with the region, season and strength
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of the colony. Except for those of high genetic
value, queen bees should be replaced every 2-3
years (Buchler et al. 2013, Buchler and Uzunov
2017). A program for beehive control should be
planned and followed. In the spring, strong colonies
should be divided and swarm formation should be
prevented. Clustering should be prevented by
adding new basic honeycombs as needed. Prevent
swarming by placing supers. Structures that narrow
the hive entrance should be removed, and the hive
entrance hole should be widened if necessary.
Queen bees that do not genetically prefer swarms
should be selected. Old and deformed combs
should be removed from the hive and swarf
formation should be prevented. The hive entrance
hole should be narrowed in cold seasons and
widened in hot seasons. Hive entrance narrowing
also prevents robbing. The queen bee should be
marked according to the year of birth. The hive
entrance should be placed in such a way that the
sun can reach from the early hours of the morning.
Dragging of bees should be prevented by making
numbers or different geometric signs in different
colors at the front and entrance of the hive. The
year in which the combs were placed should be
marked and recorded. Necessary measures should
be taken to ensure good air circulation in the hive
(TECA 2020, FAO 2021, de Jongh et al.2022).

1.3 Wintering

Empty frames in the hives should be removed
before wintering. The size of the hive entrance
should be reduced. Hive maintenance should be
performed. Damaged or broken parts and old paint
should be replaced. There should be sufficient food
storage in the outer frames. Insert a follower board
frame to reduce the volume of the hive nest.

1.4. Transport

In cases of notifiable bee diseases, legal
obligations regarding restrictions on colony and
animal movement must be complied with. Only
healthy colonies should be moved. Hives should
not be moved during the hot hours of the day. In
addition, the hives should be transported by
providing adequate openings for ventilation.

1.5 Bee Health

The bees and offspring that will form the basis of
the colony should be obtained from healthy
colonies. Joining, splitting or honeycomb transfers
between hives should only be done in healthy
hives. New bee colonies should only be purchased
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after a thorough examination for honeybee
diseases, preferably with a veterinary health
certificate. Only healthy and strong colonies should
be kept in the apiary. Apiaries and bees; pesticides,
heavy metals, etc. should be placed in areas free
from environmental pollutants (Even et al. 2012).
While the hives are being strengthened, the
balance between the nurse bees and the offspring
should not be disturbed. In order to strengthen
weak colonies, preferably brood and young nurse
bees should be used together. Genetic selection
should be done to have queen bees more resistant
to diseases and adapted to local climatic
conditions. Newly brought or purchased colonies
and weak colonies in the apiary should be kept in a
quarantine apiary separate from other hives for at
least 1 month in order to control disease and
prevent disease transmission. Behaviors that cause
stress in bees should be avoided (Moritz et al.,
2010, Even et al. 2012, National Bee Biosecurity
Program 2016, Rivera-Gomis et al. 2019, FAO
2020, TECA 2020).

1.6. Hygiene

Beehives should not be placed directly on the
ground. It should be kept at least 10 cm above the
ground. To avoid contamination of honey with
Clostridium botulinum, honeycombs should not be
placed directly on the ground. During the transport
of honeycombs from the apiary to the harvest area,
contact of the combs with dust should be avoided.
Hygiene rules should be followed when working
with dead, sick and weak colonies. Good hygiene
should be applied in the control of the weak or dead
colony in the apiary. Periodic cleaning of clothes,
gloves and other beekeeping equipment used in
beekeeping should be done. After inspection of
hives affected by infectious diseases, contaminated
equipment should be disinfected. Hives should be
kept clean. The hive and beekeeping equipment
should always be clean and usable. Old hive and
used beekeeping equipment taken from dubious
sources should be disinfected.

Bees and swarms of unknown origin or newly
acquired should be checked for diseases and
pests, and isolated from other hives in the apiary for
about 1 month. All records regarding the origin of
the disinfectant and materials applied, the dates of
application, cleaning and disinfection of the
equipment or honey house should be kept (FAO
2020, TECA 2020, FAO 2021).
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1.7. Human health

Protective clothing and beekeeping tools should be
used when visiting honey bee colonies. The hive
should not be placed in areas where toxic and
allergic plants are high. During hive controls,
corticosteroids or other drugs should always be
kept within easy reach to prevent anaphylaxis, etc.
Necessary precautions should be taken while lifting
and carrying weights (Plant Health Australia 2016,
FAO 2020, TECA 2020, FAO 2021).

2. Veterinary Drug Use

Licensed veterinary drugs should be used for
nationally registered or legally imported honey
bees. The dosage and method of administration of
the drugs used in the treatment must be done
correctly as described in the instructions for use.
lllegal treatments should not be administered.
Treatments performed and their dates should be
recorded. The washout period of veterinary
products should be taken into account, and the
products obtained from the treated hives should not
be used for human consumption until the washout
period has passed (TECA 2020, FAO 2021).

Most of the drugs used in the treatment of bee
diseases and pests contaminate the hive
equipment and honey. It also creates resistant
pathogens and weakens bees. Therefore,
appropriate treatment methods and drugs should
be selected for disease control. Drugs with minimal
harmful effects on the environment, additives and
residues should be preferred. Also,
mechanical/biological control may be the best
option. Biological products with minimal risk to
human health and minimal additive and residue
problems are the safest method of treatment.
Instruments and equipment used to administer a
treatment must be appropriate and properly
calibrated. Required storage conditions for
veterinary drugs and supplements must be
observed. Used tools and equipment should be
disposed of in accordance with biosafety rules
(FAO 2020, TECA 2020, FAO 2021).

3. Disease Management
3.1 Precautions to be taken to prevent diseases

New bee colonies should be obtained from healthy
and disease-free beekeepers. If possible, they
should be procured from colonies with health
certificates. Newly brought colonies to the apiary
should be kept isolated from other colonies in the
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apiary for at least one month to monitor for disease
and prevent contamination.

Hives should be carefully checked for clinical
symptoms of disease in the spring and during the
beekeeping season. Queen bees in colonies with a
clinical history of AFB and EFB should be replaced.
Dead bees and unhealthy colonies should be
removed quickly from the apiary (Eyer et al. 2016).
Samples should be taken for laboratory diagnosis
from colonies with sick or dead bees. Hives should
be carefully and periodically inspected to monitor
colony health. An integrated pest management
(IPM) approach avoids unnecessary treatments and
the development of drug resistance (FAO 2020,
TECA 2020, FAO 2021).

In cold and rainy weather, hive control should not
be done unless it is mandatory. Hives should be
arranged in such a way as to facilitate the return of
bees to their own hive. Thus, it minimizes the risk of
drift and disease transmission between colonies.
Too many hives should not be placed in a single
row, necessary precautions should be taken when
the bee hives are crowded, a distance of >1 m
should be left between the hives, and numbers or
identification marks should be placed at the hive
entrances (FAO 2020, TECA 2020, Kyle et al.
2021).

Beekeeping tools and equipment should be
cleaned regularly and disinfected if necessary. Wax
and propolis from tools and equipment should be
scraped off regularly. All combs and waxes from
colonies that have died as a result of an infectious
disease should be removed and properly
destroyed. 30% of the honeycombs should be
renewed every year. More disease-resistant
colonies should be selected and produced. Queen
bees that are more resistant to diseases and
adapted to local climatic conditions should be
selected (Moritz et al. 2010, Novak et al. 2015, FAO
2020).

3.2. Disease control and active struggle

In cases of a notifiable disease, the veterinary
regulations of the competent authorities must be
observed. All beekeeping materials, tools and
equipment should be cleaned and disinfected after
use in apiaries with contagious diseases. In case of
any signs of illness, a veterinarian or specialist
should be consulted. Frames, adult bees and
honeycombs with brood should not be changed
between hives without making sure that the
colonies are healthy. During hive controls, the order
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of healthy, suspicious and diseased hives should
be followed. Queen and drone bees should be
selected from the strongest, disease-resistant and
most productive hives. Appropriate samples should
be taken from colonies with suspected diseases
and sent to specialist laboratories for diagnosis
(Moritz et al. 2010, Novak et al., 2015, Plant Health
Australia 2016, FAO 2020).

Diseased hives in the apiary should be isolated and
necessary precautions should be taken to prevent
the spread of the disease in the apiary (Plant
Health Australia 2016, FAO 2020).

Hives, beekeeping tools and equipment should be
disinfected with  appropriate  methods and
chemicals. The disinfection of iron and wooden
equipment should be done by flaming. If possible,
disposable equipment such as rubber gloves
should be used during controls. Colonies affected
by infectious diseases and epidemics should be
destroyed by burning (Moritz et al. 2010, Novak et
al. 2015, Plant Health Australia 2016, FAO 2020).

The health status of the colonies should be
recorded. Infection dates, diagnosis, the identity of
affected colonies, treatments and results of
diseased/infected colonies should be recorded. All
records of application routes, dosages, application
dates, etc. All disinfectants and other chemicals
used in the apiary should be kept safely (Novak et
al. 2015, FAO 2020, TECA 2020).

4. Bee nutrition and water needs

It should be documented that there are no AFB,
chalkbrood, Nosema, or EFB pathogen spores in
honey, pollen or food supplements used in bee
feeding. Honey and pollen should not be given to
bees from dubious or unreliable sources. Atrtificial
feeding should be done during periods when the
nectar flow is not sufficient, and winter storage
should be done if necessary. During the wintering
period, it should be ensured that sufficient food is
stored in the hive. If necessary, bees and swarms
should be given food supplements. Open feeding
should not be done in the apiary to prevent theft or
the spread of diseases. There should be clean and
safe water sources in the apiary. Sufficient water
must be provided during the transportation of
beehives (Dolezal and Toth 2018, Rivera-Gomis et
al. 2019, TECA 2020).

5. Beekeeping records

Record keeping is the starting point for
implementing a traceability system.
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5.1. Beekeeping level records

All hives in each apiary must be identified by
numbers or letters. An identification number must
be created for each hive in the apiary.

The beekeeper must be registered in the national
beekeeping registry. The exact locations of the
beehives should be clearly stated. Records of
breeding activities such as all breeding stocks, date
of birth of queen bees, date of origin and entry into
the hive, insemination dates and results should be
kept. Documents and certificates showing the raw
materials produced by the beekeeper, supplied
ready-to make and used in feeding the colonies
should be kept. All movements of hives, swarms
and queens should be recorded. Information about
collection periods, dates and quantities of
beekeeping products obtained from each apiary
should be recorded.

All information about the honey bee diseases,
colony deaths and decrease in the number of bees
in the apiary and hives should be written. In
addition, individual records of the treatments
applied to the hives, the serial numbers of all the
drugs administered, the dates of application, the
doses, the hives treated and the washout periods
should also be kept (Moritz et al. 2010, Rivera-
Gomis et al. 2019, TECA 2020).

5.2. Colony-level records

For each colony, records of where they were
procured and all commercial and health documents
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should be recorded. In addition, all colonies in the
apiary should be recorded. In order to ensure that
the colony movements are traceable, the origin and
arrival dates of each new colony and the list of
certified suppliers should be noted.

All documents and certificates related to the
commercial food used, all origin records of the
supplements used, date of use and production
procedures should be recorded.

Documents showing the bacteriological and
physicochemical quality of the water given to the
bees and used in food preparation and beekeeping
should be kept. The history of the feeding changes
made in the colonies and the records of the
changes made should be kept.

Information such as the amount of colony, period,
date etc. from which bee products obtained from
colonies are provided should not be recorded. In
addition, individual and official control documents
should be kept about the health and hygienic
quality of the obtained bee products. Changes
made in colony management should be recorded in
full detail. All laboratory reports, including
bacteriological tests and antibiotic susceptibility
tests, are available. (Rivera-Gomis et al. 2019,
Cazier et al. 2019, TECA 2020, FAO 2021).

Good beekeeping practices recommended for bees
in important diseases and pests are shown in
Table-6.

Table-7. Good beekeeping practices for important diseases and pests in honey bees*

Table-7. Bal arilarinda 6nemli hastalik ve zararlilar igin iyi aricilik uygulamalari

Disease or Pest
measures

Recommended preventive

Advantages

Varroosis
used

Hives with pollen traps should be

Provides natural falling Varroa count

Reduces the possibility of viral disease

Colonies and swarms that do not
show clinical signs should be used.

Good knowledge of varroosis and
signs of viral infection should be

Early detection of a high level of varroa
infestation ensures that necessary
measures are taken in a timely manner.
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Varroa infestation levels should be
monitored at the beginning of the

beekeeping season or before
wintering.
Colonies  with high  varroa

resistance and hygienic behavior
should be studied.

It is important to keep the number of
varroa in the colony below the harmful
threshold. It increases the efficiency,
vitality and health of bees.

Bees can naturally control the level of
Varroa in the hive with less need for
beekeeper intervention.

Tropilaelapsosis

Hives with pollen drawers should
be used

The effectiveness of treatment
should be increased by combining
acaricide treatments with artificial
incubation of the colony by
removing the eggs, queen caging
or artificial swarming.

When disease symptoms and
decreased colony productivity are
observed in the colony, measures
should be taken to keep the
number of mites below the damage
threshold.

To control mites, some worker or
drone hatches should be opened to
measure infestation levels.

All colonies of the apiary should be
treated at the same time and in the
same area.

Good and reliable information about
symptoms and transmission routes
should be obtained.

Provides natural falling mite count

Increases the effectiveness of acaricide
treatment.

It ensures that the hives are healthy and
minimizes production losses.

Allows monitoring of infestation levels

Prevents the risk of infection of other
uninfected and untreated colonies

It provides the best identification and
control of the parasite.
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The effectiveness of acaricide
treatments should be monitored.

Different and suitable acaricides
should be used in treatments to
prevent acaricide resistance.

Strong and resistant colonies

should be selected.

Important in evaluating the control method
applied. It prevents Tropilaelaps spp. from
developing resistance to acaricides.

Reduces the number of treatments

required

Small hive beetle

(SHB)

Broken and cracked beehives
should not be used.

Honey and breeding combs, and
unused  beekeeping  materials
should not be left in the apiary.
Combs, food and hives belonging
to collapsed colonies should be
removed from the apiary as soon
as possible. All organic matter that
may attract SHB should be
dissolved or destroyed.

Colony strength must be balanced
between colonies.

All the frames in the hive must be
filled by the bees and there must be
no empty space.

The hives should be properly
prepared for wintering.

Especially in cold months, the hive
entrance should be narrowed.

In the hive, a separator board
should be placed between the hive
wall and the final frame.

Limits the number of places SHB can lay
eggs and bees cannot remove from the
hive

Beekeeping materials such as abandoned
colonies, honeycombs, and food stores
are the materials that SHB will feed on
and reproduce.

Prevents weak colonies in the apiary
where SHB can multiply more easily

Reduces areas where SHB can "escape"
or "hide" from an attack by bees.

Stronger colonies form in spring

The bees protect the hive entrance better
and SHB is less likely to enter the hive.

It facilitates the identification of SHB in the
hive.
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The hive should be well insulated
against external sounds and empty
frames should be removed from the
hive.

In order to diagnose honey bee
diseases, hive residue and residue
samples should be taken regularly
from the pollen drawer.

If SHB is suspected, technical
support  should be sought from a
veterinarian, technician or
beekeeping specialist.

Beekeepers should attend training
programs on beekeeping and
honeybee diseases in order to have
information about how to identify,
prevent and control diseases.

Hives, swarms, bees, etc., should
not be transported from the areas
where SHB is located.

It ensures that all honeycombs and empty
spaces of the hive are well-filled and
covered with bees. So they can fight
parasites.

Provides preclinical identification of
diseases

It is extremely important to get help from
experts for the correct diagnosis in
suspected disease cases.

It is important for the beekeeper to be able
to recognize honey bee diseases
correctly.

Prevents SHB from spreading to apiaries
and hives where it is absent

Nosemosis

The apiary location should be
chosen correctly. Humid and windy
areas should not be preferred.
Areas that can get sun and have
good ventilation should be chosen.

The volume of the hive should be
adjusted according to the size of
the colony, the number of combs
should be reduced and it should be
prepared for wintering. Empty
frames should be removed. In cold
weather, wintering should be done
well and the hive should be kept
warm until spring.

It reduces the likelihood of fungi
multiplying.

It prevents thermal stress on bees in the
cold season.
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During the winter months, there
should be enough food in the hive
and quality food should be
provided.

Appropriate treatments should be
applied against Varroa before
wintering the hives.

Protein-rich  foods should be
available in sufficient quantities for
bees in late summer and autumn.
Beehives should be placed in areas
where pollen sources are abundant
in late summer and autumn. If
possible, plants with pollen should
be planted in apiaries. If necessary,
it should be fed with protein-rich
supplements.

A sufficient number of combs
should be used according to the
colony population.

Bees should not be disturbed
during the winter months. Checks
should be made only on sunny
days and during the hottest hours
of the day.

Combs obtained from depopulated
or collapsed colonies should not be
reused.

Contamination of water sources in
the apiary with faeces and
suffocated or dead bees should be
prevented.

Queen and adult bees should be
obtained from breeders without

It prevent the nutritional stress of bees in
the cold season.

It guarantees the effectiveness of the
immune system of bees.

It prevents nutritional stress in bees.

It prevents thermal stress in bees.

It prevents thermal stress in bees.

It reduces the possibility of contamination

It reduces the risk of inter-colony
contamination. It reduces the risk of inter-
colony  contamination. A  colony's
depopulation often means there is a
problem. Also, small colonies are more
susceptible to diseases.

Bees showing genetic resistance to
Nosema spp. are resistant to Nosemosis.
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Nosema spp. Resistant bees
should be used.

If there is diarrhea in the hive, the
combs should be removed and
burned, and the hive should be
disinfected.

Samples from foraging bees or hive
debris should be sent to diagnose
significant infections in early fall or
spring.

Pathogens such as Varroa should
be controlled, the level of varroa
infestation should be monitored
regularly and precautions should be
taken.

Colonies should be strengthened
with stimulating integrators or feed
supplements in autumn and spring.

It reduces the infection levels of diseases
in hives.

Early detection of diseases can prevent
contamination of other colonies in
apiaries.

Healthy bees have a stronger immune
system and may be better at fighting
pathogens.

Nutritional stress caused by a lack of food
suppresses the immune system of bees
and makes them susceptible to infections.

Amoebiasis

Beekeeping tools and equipment
should be cleaned and disinfected
regularly.

Hives should be placed in sunny
and dry areas and humid and windy
areas should be avoided.

Colonies should be strengthened
by feeding bees fortified with
special herbal substances or
vitamin supplements in autumn and

spring.

Pathogen control should be done to
keep the colonies healthy,
especially Varroa.

It reduces the bacterial population in the
hive.

It reduces thermal stress in bees.

It prevents nutritional stress in bees.

In particular, Varroa causes
immunosuppression in bees.
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Honeycombs should be removed
from colonies with signs of illness
such as diarrhea and wax should
be melted.

Supplements should be applied to
infected colonies.

Bees should not be fed pollen or
honey from unhealthy colonies.

Comb exchanges should not be
made between diseased and
healthy colonies.

It reduces the possibility of transmission of
the disease to healthy colonies.

It reduces nutritional stress in bees.

It reduces the possibility of transmission of
the disease to healthy colonies.

It reduces the possibility of transmission of
the disease to healthy colonies.

American
(AFB)

Foulbrood

Only strong colonies should be kept
in the apiary.

Bees should not be fed with honey
or pollen of unknown origin.

The queen bee should be replaced
at least every two years.

At least 30% of the old
honeycombs should be renewed
every year.

Adult bees, comb, honey, hive
debris, etc., at regular intervals
without symptoms. The subclinical
presence of AFB in colonies should
be determined by sending samples
for analysis.

Weak or small colonies are more
susceptible and vulnerable to diseases.

Honey and pollen of unknown origin may
contain AFB spores. Spores of the agent
can be found in affected hives and honey
that do not yet show symptoms of AFB.
Healthy colonies that consume honey
containing spores of the agent may
become infected.

Well-fertilized young queens are more
productive. Feeding of the brood creates a
strong colony with worker bees that
remove diseased broods and dead larvae.

New combs contain fewer bacteria than
old combs. Thus, it is an effective and
preventive measure not only against AFB
but also against many bee diseases.

It is good practice to diagnose P.larvae in
colonies before clinical signs appear. The
sleeve does not need to be opened to
remove debris, so there is no heat loss in
the sleeve. If P.larvae is detected in the
hive as a result of the examination, the
beekeeper will have information about the
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Hives should be cleaned and
maintained regularly to prevent
robbing.

Old honeycombs and wax must be
melted down to destroy the spores.

infected hive. Takes

precautions.

necessary

Theft causes inter-hive transmission of
AFB spores.

It prevents the transmission of infection.

European Foulbrood

There should always be enough
pollen and food such as honey in
the colonies, especially at the
beginning of the season.

The queen bee should be replaced
at least every two years.

At least 30% of the old
honeycombs should be renewed
every year.

Honeycombs should not be
transferred between hives without a
health check.

Bees should not be fed honey and
pollen cakes. It should be fed only
its own honey or pollen. In addition,
the honey and pollen used must be
completely safe and free of
bacteria/viruses.

Even if no symptoms are observed,
samples of adult bees, honey, and
other hive debris should be taken
regularly from healthy-appearing
colonies and sent to the laboratory

Prevents SHB from spreading to apiaries
and hives where it is absent

Well-fertilized young queens are more
productive. Feeding of the brood creates a
strong colony with worker bees that
remove diseased broods and dead larvae.

Bacteria and pesticides, heavy metals,
etc. pollutants accumulate in old
honeycombs over time.

It prevents the transmission of pathogens
from diseased colonies to healthy
colonies.

Melissococcus plutonius can be
transmitted through contaminated honey
and pollen.

Early diagnosis of the disease allows the
beekeeper to take certain measures to
prevent the spread of the disease. In the
presence of stress, diseases can occur
even months later. Sampling for early
detection also prevents economic losses
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for the diagnosis of the causative
agent.

Hive controls should be increased
to detect European foulbrood (EFB)
or other brood diseases in a timely
manner. In order to check the
clinical symptoms of bee diseases,
a comprehensive  examination
should be carried out at the
beginning, at the end of the active
season, and after periods of lack of
nectar flow or rainy periods.

Periodic cleaning and maintenance
of the hives should be done
regularly to prevent theft.

While melting the honeycombs, the
wax must be safely processed to
destroy  bacteria and  other
pathogens.

EFB-resistant bees should be
selected.

Queens of infected colonies should
be replaced.

Clean  beekeeping  equipment
should be used and tools and
equipment should be disinfected
regularly.

caused by production reductions and
colony losses. In addition, it can prevent
the careless spread of diseases by the
beekeeper.

AFB and EFB infections are more
common in colonies with nutritional stress
due to pollen and nectar deficiency.
Nutritional  deficiencies can  occur
especially at the beginning or end of the
beekeeping active season when there are
few nurse bees or when flowering is
significantly reduced.

Broken and cracked hives can attract
robber bees from other colonies. This can
increase the spread of infectious diseases.

When using wax for basic honeycomb in
hives, the wax should be heated at 121 °C
for at least 3 minutes to prevent
contamination of pathogens and to
inactivate all bacteria, including spore-
forming bacteria.

Colonies that have not shown EFB
symptoms in the past should be used.

Genetically susceptible queens should not
be used for breeding and colony
formation.

Tools and equipment should always be
cleaned after checking for infected
colonies. Disposable gloves should be
used in infected hives and hive tools and
equipment should be disinfected.
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Chalkbrood

Stonebrood

The hives should be placed in
suitable areas where the hive
entrance is not exposed to the
wind, and away from the sun and
humid areas.

Infection-resistant queens should
be selected.

There should always be enough
food in the hive. Nutritional
supplements should be given when
necessary.

For the apiary area, preferably a
sunny, moisture-free location
should be chosen.

For proper hive management:

* If necessary, ventilation inside the
hive should be supported by
enlarging the hive entrance hole.

» Water should be prevented from
entering the hive;

« It should be prepared in
accordance with the winter by
reducing the number of
honeycombs;

» Empty combs should be removed,
and only honey and pollen-stored
combs should be left in the colony
during winter months.

At least one-third of the combs
should be replaced each year.

In periods when there is no nectar
and pollen flow, sufficient food
should be available in the colonies.
Additional feeding should be given
if necessary.

It reduces thermal stress on bees and
minimizes exposure to moisture.

It reduces the number of hives affected by
the infection.

Reduces nutritional stress in colonies.

It makes it difficult for fungi to grow.

Humidity prepares a suitable environment
for the reproduction of fungi.

It reduces the microbial population,
including fungi, in the hive.

Avoiding feeding stress reduces the
likelihood of bees becoming infected.
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Only strong colonies should be kept Weak colonies may be more susceptible

in the apiary. Healthy but weak to disease than healthy colonies.
colonies should be combined with

another stronger colony.

Especially in the spring, the number
of adult bees and broods should be

balanced.

Moldy pollen should not be given to

In the spring, the number of offspring to be
fed increases. If there are not enough
adult bees for feeding, feeding stress
occurs.

Moldy honeycombs often appear opaque

bees and moldy honeycombs \whitish or greenish in color. Honeycombs

should not be used in hives.

in this appearance are
contaminated with fungi.

strongly

*Table-7. information is taken from (Cazier, J.A., Rogers, D., Hassler, E. & Wilkes, J.T. 2018a. A healthy colony
checklist. In: Bee Culture: The Magazine of American Beekeeping [online]. [Cited 6 July 2022]. https://
www.beeculture.com/a-healthy-colony-checklist/, Cazier, J.A., Rogers, D., Hassler, E. & Wilkes, J.T. 2018b. A healthy
colony checklist, Part 2. In: Bee Culture: The Magazine of American Beekeeping [online]. [Cited 6 May 2021].
https://www.beeculture.com/a-healthy-colonychecklist-part-2/, Dolezal, A.G. & Toth, A.L. 2018. Feedbacks between
nutrition and disease in honey bee health. Current Opinion in Insect Science, 26: 114-119. https://doi.org/10.1016/].

€0is.2018.02.006).

Stress factors such as chemical, physical,
metabolic and infectious agents are predisposing
factors for viral disease outbreaks. The emergence
of viruses can be reduced by applying GBPs and
BMBs for Varroa and Nosema diseases.

Good beekeeping practices are essential to prevent
diseases and stress factors should be kept to a
minimum. The adoption of GBPs allows the
beekeeper to establish and maintain strong and
healthy colonies, limiting disease outbreaks. It also
reduces the damage caused by diseases, and limits
and prevents their spread. Adhering to the
principles of good beekeeping practice, products
that are safe for health, protection of the health of
bee colonies and maximum economic gain are
obtained. Good beekeeping practices require a
responsible and trained beekeeper, a healthy
environment, suitable apiculture, suitable facilities
for honey extraction and storage, appropriate
beekeeping pieces of equipment, regular
maintenance of this equipment, healthy bee
colonies and healthy food and water for bees.

In addition to maintaining good hygiene,
beekeepers visiting apiaries should pay attention to
biosecurity for other beekeepers or the natural

environment. Pests, diseases and weeds carried by
soil, beekeeping equipment, tools, clothing and
shoes can introduce pests that are harmful to other
apiaries, agricultural industries or local vegetation.
Farm biosecurity should always be considered
when entering an apiary. A "Come Clean, Go
Clean" policy should be followed wherever
possible.

Good beekeeping practices (GBPs) and disease-
specific  biosecurity = measures (BMBs) in
beekeeping can prevent honeybee diseases,
thereby reducing the use of veterinary drugs in
beekeeping and the risk of residues in hive
products. BMBs have important implications for
honey bee health and productivity. BMBs focus on
honey bee health. It may vary by geographic area
due to factors such as climatic conditions,
beekeeping technology, bee breeds or breeds, and
different prevalence, virulence and economic
impact of pathogens. BMBs are constantly evolving
and should be periodically revised depending on
the introduction and spread of new diseases and
pests, and changes in pathogens and stressors.
Good beekeeping practices are the foundation of
sustainable and resilient beekeeping. It represents
a prerequisite for the application of BMBs in apiary
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and colony management. If GBPs are applied
systematically by beekeepers, it is possible to
implement BMBs and make them effective. BMBs
aim to prevent both the introduction and spread of
bee diseases in an apiary or colonies in a particular
region. GBPs and BMBs are very important in the
daily activities of beekeepers to maintain honey bee
health and reduce the incidence and prevalence of
pathogens.
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Ethical statement: Ethics committee approval is
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