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Antioxidant Effect of Achillea biebersteinii in Different Extracts and Extinguhishing Activity
on DPPH

Duygu DOGAN", ismet MEYDAN?
ABSTRACT

Achillea biebersteinii (A. biebersteinii), one of the Achillea species, has been proven to have positive
effects in terms of pharmaceuticals thanks to the components it contains. Our study was designed to investigate
the quenching activity of A. biebersteinii on total phenolic component, total flavonoid component and DPPH
radical. The total flavonoid component amounts of the ethanol and water extract of A. biebersteinii plant were
calculated to be equivalent to quercetin, and the total phenol component amounts to gallic acid. The DPPH radical
quenching activity of the ethanol and water extract of the 4. biebersteinii plant was investigated by modifying the
Teixeira method. The copper Il ion reduction method (CUPRAC) is inspired by the Apak method. We can say that
the water and alcohol extract of 4. biebersteinii gave good results compared to BHA and BHT, which have good
quenching activity on DPPH radical. It was observed that 4. biebersteinii was rich in flavonoids and phenolics. As
a result of Cuprac analysis, it was stated that the effect of the aqueous extract was significant compared to the
positive controls. The A. biebersteinii plant is thought to be effective in the treatment of many diseases, especially
cancer, due to its powerful antioxidant and radical quenching activity..

Keywords: Achillea biebersteinii, Phenolic, Flavonoid, Cuprac, Antioxidant

Achillea biebersteinii'nin Farkh Ekstraktlarda Antioksidan Etkisi ve DPPH Uzerindeki Sondiirme
AKktivitesi

OZET

Achillea tiirlerinden biri olan Achillea biebersteinii (A. biebersteinii), icerdigi bilesenler sayesinde
farmasotik agidan olumlu etkilere sahip oldugu kanitlanmistir. Calismamiz, A. biebersteinii'nin toplam fenolik
bilesen, toplam flavonoid bilesen ve DPPH radikali iizerindeki sondiirme aktivitesini arastirmak igin
tasarlanmustir. 4. biebersteinii bitkisinin etanol ve su ekstraktinin toplam flavonoid bilesen miktarlar1 quercetin'e,
toplam fenol bilesen miktarlar1 ise gallik aside esdeger olarak hesaplandi. A. biebersteinii bitkisinin etanol ve su
oziitiniin DPPH radikal sondiirme aktivitesi Teixeira yontemi degistirilerek arastirildi. Bakir II iyon azaltma
yontemi (CUPRAC), Apak ve arkadaglarinin ¢alismalarindan esinlenerek yapilmistir. A. biebersteinii'nin su ve
alkol dziitiiniin, DPPH radikali {izerinde iyi sondiirme aktivitesine sahip olan BHA ve BHT'ye kiyasla iyi sonuglar
verdigini soyleyebiliriz. 4. biebersteinii' nin flavonoidler ve fenolikler agisindan zengin oldugunu goriildii. Cuprac
analizi sonucunda sulu ekstrenin etkisinin pozitif kontrollere gore onemli oldugu belirtildi. 4. biebersteinii
bitkisinin, gii¢lii antioksidan ve radikal sondiirme aktivitesinden dolay1 basta kanser olmak iizere birgok hastaligin
tedavisinde etkili oldugu diisiiniilmektedir.

Anahtar Kelimeler: Achillea biebersteinii, Fenolik, Flavonoid, Kuprak, Antioksidan
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INTRODUCTION

The defense systems that work in the body to prevent the formation of reactive oxygen
species, prevent the damage caused by these substances and provide detoxification are called
antioxidant defense systems or antioxidants. Antioxidants are substances that react very quickly
with radicals and prevent the progress of oxidation and peroxidation. The roles of antioxidants
include neutralizing excess free radicals, protecting cells against toxic effects of free radicals, and
contributing to disease prevention. Studies have proven that plants have especially phenolic,
flavonoid and many other antioxidant-rich components (Altindag and Ozdek, 2021; Meydan and
Seckin, 2021).

Free radicals are known to cause many diseases, especially cancer. It has been proven that
antioxidants in plants have preventive effects against these diseases (Sokmen et al., 2004; Ayeygin
et al.,, 2020). It has been shown that plant extracts prevent the oxidative process, protect against
diabetes and have antimicrobial effects (Ozdek et al.,2020). In a previous study, it was revealed that
evening primrose oil reduced oxidative stress in rats with metabolic syndrome (Mert et al.,2020).
Plants are important bioactive products that attract attention in the field of pharmacology thanks to
the phenolic compounds they contain. It is preferred in cosmetics, health and food sectors thanks to
the essential oils in the plant. (Lobo et al., 2010; Altindag and Ragbetli, 2021).

Achillea, one of the plant genera, is one of the most important species of the Asteraceae
family and there are more than 100 species in the world (Mirahmadi et al., 2017). It has many
varieties in Europe, West Asia, New Zealand and North America. Apart from this, this medicinal
herb, which is found in different regions of Iran, is also used in hypoglycemic, anti-hemorrhoid,
anti-diarrheal antacid, carminative, anthelmintic and antibacterial, antimicrobial drugs (Kojourian et
al., 2017). We also see the effect of Achillea species preventing the formation of oxidative stress by
eliminating free radicals. A. biebersteinii is called yellow flower. This perennial plant has erect
stems with a height of 30-60 cm (Akkol et al., 2011). It is used as a natural remedy for pain and
wounds among the public (Baris et al., 2006).

In an antibacterial study on the plant of A. biebersteinii, it was seen to have a sensitive effect
on the bacteria used (Hammad et al., 2013). In another study in which essential oil and methanol
extracts were used, it showed an antimicrobial effect and proved its antioxidant activity to be
positive as a result of the tests. In the research conducted on gastric ulcers, protective and
therapeutic results against the stomach were obtained (Abd-Alla et al., 2016). A. biebersteinii has
shown that it is an alternative for treatment in a study conducted as a new drug candidate on
anticholinesterase molecules (Sevindik et al., 2015).

MATERIALS AND METHODS
Preparation of plant extract

A. biebersteinii, which has been used in traditional medicine for a long time, is known as
yarrow (Baharara et al., 2015). A. biebersteinii, whose leaves are up to 10 cm, is also used as a folk
remedy to increase appetite and stop bleeding (Yildirim et al., 2015). The plant, which was properly
collected from Van, was first washed with tap water and then pure water. After drying at room
conditions and grinding, 50 g of samples were taken and dissolved in 250 ml of ethyl alcohol. Ethyl
alcohol was removed by evaporator. The solid material obtained was stored at +4 degrees for study.

Determination of total phenolic contents
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Total phenolic determination of A. biebersteinii was determined according to the Folin-
Ciocalteu method (Alhakmani et al., 2013). Distilled water and methanol were added to 0.04 ml of
the plant mixture. It was incubated for 2 hours by adding 20% Na>COs3 diluted with 0.2 ml of Folin-
Ciocalteu reagent. It was measured at 765 nm absorbance value and compared with the gallic acid
calibration curve.

(y = 315.56x + 28.202 R = 0.9983) 0

Total phenols were evaluated on gallic acid (mg gallic acid / g dry weight).
Antioxidant activity (DPPH)

The radical scavenging activities of the samples were adapted according to the DPPH method
(Teixeira et al., 2013). DPPH and the same ratio extract solutions were prepared in 5 different
concentrations as 25, 50, 100, 200 and 250 pg /ml. 3 ml of plant extract and positive control were
taken and DPPH solution was added on them. The mixtures formed in the tubes were left to
incubate for 30 minutes in the dark and at room temperature. At the end of this period, absorbance
values were read at 517 nm.

% I = [(Akontrol-Aample) / Akontrol] x 100 @)

As a result of these processes, a graph of A. biebersteinii —water, A. biebersteinii —alcohol
concentration was obtained, With the increasing DPPH ethanol concentration. The graph is based
on the equation above.

Total flavonoid component amount determination

The component determination of A. biebersteinii ethanol and water extract was made by
adapting from the work that previously determined this method (Zhishen et al., 1999). Quarcetin is
used as a standard. 0.1 ml of 10% Al (NO3)3, 0.1 ml of IM KCH3COO- and 3.8 ml of methanol
were added to the A. 1 ml of quarcetin and 1 ml of extract are added to the prepared tubes and
mixed. The mixtures obtained were incubated at 25 °C for 40 minutes. Then, absorbances at 415 nm
were read.

Total antioxidant capacity cuprac test

The CUPRAC test, which is the copper ion-reducing antioxidant capacity method(Apak et al.,
2004), is a selective assay based on electron transfer. The redox reagent used is bis (neocuproin)
copper (II) chelate. The reagent, showing its effectiveness at pH 7.0, gives 450 nm measurement
(Ozyiirek et al., 2011). In this study, neocuproin solution was prepared with 1 ml copper (II)
chloride, 1 ml ammonium acetate buffer (at pH 7,0). The mixture was left for 30 minutes and was
read against the empty reagent at 450 nm. Then, the samples with extracts were incubated at 50 °C
for 20 minutes, and then measured at 450 nm absorbance.

RESULTS AND DISCUSSION
Determination of total phenolic contents

Phenolic compounds in plant ingredients contribute significantly as antioxidants. Studies
show that there is a positive relationship between phenolic compounds and antioxidant activity
(Meydan et al., 2020). In the comparative study of Achillea phrygia, it was observed that the
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phenolic content of the methanol extract was found to be 41.13+0.74 (mg GAE /g extract) and that
it had a higher content than the other plant compared to it (Zengin et al., 2017). In another study
conducted on different parts of Achillea millefolium plant, we see that the highest phenolic value
was in flower-ethanol (19.30 PETP (mg)) (Keser et al., 2013).

Achillea species with a wide range of phenolic content are important for evaluation. In our
study, we confirmed that both other species and A. biebersteinii have these complexes. When we
compare it between its types, we see that it has a rich content. We found that the total phenolic
content of A. biebersteinii ethanol and water extract was equivalent to the gallic acid we determined
according to the Folin-Ciocalteus method. The absorbance values against the increasing absorbance
value of gallic acid were plotted. It has been determined that it shows its high efficiency more in
ethyl alcohol extract.

Table 1. Water and ethyl alcohol total phenolic component content

Total phenolic (ng GEs/mg extract)*

Water ekstract 420.4431+20.2478

Ethyl alcohol 131.7057+21.7457

*: PEs, gallic asid equivalents (y=315,56x + 28,202 R? =0.9983).

Values are given as the mean and standard deviation of 3 parallel measurements.

900 - Gallic asid

y = 315,56x + 28,202
R2=0,9983

800 -

700 -

600 -

500 -

400 +

300 -

200 -

100 +

Figure 1. Gallic acid standard chart for total phenolic. The coefficient of determination (R?), which
expresses the explanatory power of the model, was found to be 0.9983

Antioxidant activity (DPPH)

DPPH, which depends on a characteristic absorption, is a spectrophotometric method used for
radical scavenging. With the plant extract providing H atoms, there is a significant decrease in the
reduced radical (Oke et al., 2009; Mirahmadi et al., 2017). The radical scavenging ability of
Achillea wilhelmsii was determined as 0.08 mg /ml and it was found to be higher than the standards
used BHA (0.07 mg / ml) and can be used in the medical field (Alfatemi et al., 2015).
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In our study, the cleaning efficiency of A. biebersteinii BHA and BHT is shown in figure 2. It
was observed that the radical scavenging activity increased due to the increasing concentration.
Quenching activities at 500 pg /ml which is the highest concentration for BHA, BHT, water extract
and alcohol extract, respectively; we see it as 95.07%, 93.28%, 75.21% and 87.26%. We can say
that A. biebersteinii has high radical scavenging ability with this presented study.

©
(3}
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—n
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\

[+
(3.}
1

75 <

~
o
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—&— BHT
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(3.}
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!
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Figure 2. DPPH radical quenching activity

T
0 100

Total flavonoid component assay

The total flavonoid content is particularly linked to the antioxidant. Therefore, flavonoid
contents are determined while looking at antioxidant activity (Kundakovic et al., 2005). In the
determination of flavonoid content for Achillea millefolium, the flavonoid content of the methanol
extract was found to be 41.2+1.7 (QE / g) (Eghdami et al., 2010). In our study, the total flavonoid
component content of A. biebersteinii ethanol and water extract was calculated as equivalent to
quarcetin. It was read at an absorbance of 415 nm. The values of A. biebersteinii extract were
plotted against increasing quarcetin concentration. (Figure 3) The total flavonoid component
amount of the ethanol extract of the plant was found to be equivalent to 104.8814+31.7487 pg / ml
quarcetin. Compared with other studies with Achillea species, it was seen that the plant in our
current study has rich flavonoid contents.

Table 2. Total flavonoid component content of water and ethyl alcohol

Total flavonoid (ugQEs/mg extract)*

Water ekstract 306.8412+18.47

Ethyl alcohol 104.8814+31.7487

*: QEs, quercetin equivalents (y=355,37x +-23,191R? =0.9952)

Values are given as the mean and standard deviation of 3 parallel measurements.
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Figure 3. Quercetin standard chart for total flavonoid. Gallic acid standard chart for total phenolic.
The coefficient of determination (R?), which expresses the explanatory power of the model, was
found to be 0.9952.

Total antioxidant capacity cuprac test

Studies have shown that the Cuprac method is superior to other antioxidant tests (Gorinstein
et al., 2006). In the study in which antioxidant activities of Achillea sivasica were examined, it was
found that the contents of methanol were between 0.6+0.02 and 0.94+0.02 as a result of the cuprac
test. (Haliloglu et al., 2017). In our study, the absorbance measurements made on the reagent used
in this analysis on A. biebersteinii are shown in the graphic. Compared to the reagents we used,
good results were obtained due to the increase in the amount of ethyl alcohol and aqueous extract.

Table 3. Cuprac test results for positive controls and extracts. The average of 3 parallel
measurements obtained from the results cuprac tests was taken as means = SD (n = 3).

Extracts 100 pg/ml
Ethyl alcohol 0.78333+0.011
Water 1.231667+0.019
BHT 1.244+0.021
BHA 1.630+0.034
o-TOC 1.02733+0.015
cuprac
2
15

0,5
, Hm I -I m -l m B
BHA

'Alcohol water BHT TOC'

m10pg/mL  m25pg/mL 50 ug/mL  m 100 pg/mL

Figure 4. Cuprac test results at different concentrations
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CONCLUSION

Herbal medicines used in the world constitute a significant part of the total medicines. The
damages caused by chemical drugs have led to the study of the therapeutic effects of herbs. These
bioactive compounds, potentially as preservative ingredients, are also used as food additives.
Important effects such as antioxidant, antimicrobial, anti-fungal and antibacterial have been
discovered in most of the plants from the sufficient amount of phenolic structures it contains. Most
Achillea species, which are rich in content, have proven these properties as a result of studies and
have been used in folk medicine for a long time. In our study, we investigated the antioxidant
parameters of A. biebersteinii, one of the Achillea species, and its effect on DPPH radical.

We know that the phenolic and flavonoid compounds contained in plants have potential as
antioxidants. In the present study, the phenolic contents of. A. biebersteinii were calculated as
equivalent to gallic acid. We see that the values obtained in ethanol and water extract are
significant. The total flavonoid amount of A. biebersteini was found to be equivalent to
104,881+31,7487 pg / ml quarcetin for ethanol. We observed that the quenching activity of DPPH
radical, especially the alcohol extract, was % 87 at 500 pug/ml. In our cuprac test, we found that our
plant had very good values compared to BHT, BHA and a-TOC ‘used as reference. According to
the results obtained, we believe that phytochemicals can be used as antioxidant agents in the health
field. Considering the researches made with medicinal plants like this, it is predicted that it will
provide more development in the field of medicine.
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OZET

Bu calisma 2015 yilinda Igdir ilinde yiiriitiilmiis olup, Salak ve Teberze kayisi ¢esitlerinde tam
ciceklenmeden sonra 32. giinden itibaren 20 giin araliklar ile meyvede fiziksel ve baz1 kimyasal icerikler
incelenmistir. Fiziksel dl¢imlerde meyve agirligi, meyve eni, meyve boyu, meyve yiiksekligi, meyve hacmi
ve meyve yogunlugu, kimyasal 6l¢iimlerde ise titre edilebilir asitlik, suda ¢6ziinebilir kuru madde miktar1
(SCKM) ve meyve suyu pH’s1 ele alinmistir. Hasada kadar dort kez 6rneklenen meyvelerde fiziksel gelisim
bakimindan ti¢ biiylime safthasi tespit edilmistir. Bu sathalar 1. hizli biiylime sathasi, 2. yavas biiylime sathasi
ve 3. hizli biiyiime safhas1 olarak belirlenmistir. Ugiincii hizli biiyiime sathasinda incelenen kimyasal
iceriklerden titre edilebilir asitlik azalirken, SCKM ve meyve suyu pH’s1 artmistir. Aragtirma sonucunda,
incelenen kayisi gesitlerinde optimum hasat kriterlerini belirlemek ve meyvedeki degisimleri daha iyi
gorebilmek i¢in meyve tutumundan sonraki evrelerde bes giinlilk 6rnek alma sikliginin yani sira sekerler,
vitaminler, renk, mineral ve fenolik bilesikler ile meyve sertligi gibi daha farkli meyve kalite parametreleri
ilave edilerek ¢caligmanin genisletilmesi tavsiye edilmektedir.

Anahtar Kelimeler: Kayisi, [gdir, Meyve biiyiime evreleri

Alteration of Some Physical and Chemical Composition in Apricot (Prunus armeniaca L.) During
Fruit Development

ABSTRACT

This study was carried out in Igdir province in 2015. Variation in the weight, dimensions (width,
length and height), volume and density of apricot fruit as physical and in their content of total soluble solid
(TSS), titratable acidity and pH as chemical characteristics were investigated in Salak and Teberze apricot
cultivars during fruit development from 32 days after last bloom to the sampled with 20 day intervals in the
study. Fruit samples were taken four times until harvest. We determined three development stage in terms of
physical alteration in the fruits such as first fast growing stage, second slow growing stage and third fast
growing stage. In the third fast growing stage a remarkable decreasing determined titratable acitidy of fruit
juice while total soluble solid and pH was increased. As a result of the research, in order to determine the
optimum harvesting criteria for the examined apricot cultivars and to better see the changes in fruit, besides
the interval of sampling for five days in the stages after fruit set, it is suggested to broaden the study by
adding more different fruit quality parameters such as sugars, vitamins, colour, minerals and phenolic
compounds and hardness.

Keywords: Apricot (Prunus armeniaca L.), Igdir, Fruit development stages
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GIRIS

Meyveler icerdikleri mineral, vitamin, lif ve baz1 fitokimyasallar ile insanlarin beslenmesinde
¢ok onemli rolleri bulunmak ile birlikte renkleri, tat ve aromalar1 ile de insanlar1 cezbetmektedirler.
Bu meyvelerden biriside sert ¢ekirdekliler grubunda yer alan kayis1 (Prunus armeniaca L.) olup,
essiz tadi ile yaz aylarinda sevilerek tiiketilmektedir.

Diger meyvelerde oldugu gibi kayisida da kaliteli bir iiriin elde etmek icin fenolojik
asamalardan itibaren hasada kadar biiylime ve gelisme evrelerinin bilinmesi bir takim kiiltiirel
tedbirlerin (sulama, giibreleme vb.) hangi zamanda yapilacagi konusunda fikir vermesi agisindan
onemlidir. Bununla beraber meyvedeki fiziksel ve kimyasal degisimlerin izlenerek optimum
hasadin belirlenmesi ve bu donemde hasat edilmesi meyvedeki kalitenin korunmasi agisindan
gerekmektedir (Giileryiiz ve ark., 2001). Kayisida ge¢ hasat raf omriinii azaltirken ¢ok ciddi
kayiplarinda olugsmasina sebep olmaktadir. Erken hasadin getirecegi en 6dnemli sorunlar rekoltede
azalma, agirlik kayiplar1 (Karagali, 2009) meyve tat ve aromasinda noksanlik, tekstiirde asir1 sertlik,
olgunlukta eksiklik gibi meyve kalitesinde yasanacak problemler olacaktir (Mencarelli et al., 2006).

Esitken (1992) Erzincan ekolojik kosullarinda Hasanbey, Salak ve Sekerpare kayisi
cesitlerinde, Bolat (1993) Igdir sartlarinda Salak kayisi ¢esidinde, Karlidag (1998) Malatya’da farkl
rakimlarda yetistiriciligi yapilan Hacihaliloglu, Soganci, Hasanbey, Kabaas1 ve Sekerpare kayisi
cesitlerinde yetistirme donemi boyunca meyvede fiziksel ve kimyasal degisimlerin seyrini
incelemisler, meyve biiyiimesinin ¢ift sigmoid egri meydana getirdigini ve meyve gelisiminin hizli-
yavag-hizli olmak {izere li¢ sathada gerceklestigini bildirmislerdir. Ayn1 arastirmacilar meyvede
hasada dogru SCKM, pH, seker miktarinda artiglar yasanirken titre edilebilir asitlikte azalmanin
oldugunu bildirmislerdir. Ozel¢i ve ark. (2021) Hacihaliloglu kayisi cesidinde fiziksel gelisimin
biiyiik bir boliimiiniin ¢agla déneminin ilk bir aylik peryodunda gerceklestigini, meyvedeki tatlanma
ve renklenme gibi kalite parametrelerinin hasada yakin donemde yiikseldigini bildirmislerdir.

Diinya kayisi tiretimi FAO 2019 yili verilerine gore 4 083.861 tondur (FAO, 2021). Tiirkiye
kayist tiretiminde 2019 yili verilerine gore 846 606 ton ve %20.73’likk bir pay ile diinya lideri
durumundadir. Tiirkiye kayisi tiretiminin yaklasik %4.6’lik kismu sofralik olarak Aras havzasinda
yer alan Igdir’dan karsilanmaktadir (TUIK, 2021). Bu bdlgede iiretilen kayisinin yaklasik %90’1lik
kismini sofralik Salak kayisi ¢esidi olusturmaktadir (Kaya ve ark., 2014; Kaya ve ark., 2016).

Yapilan bu arastirmada Igdir ilinde 6nemli bir sofralik cesit olan Salak ile yine bdlgenin
onemli cesitlerinden olan ve ayni zamanda Salak kayist ¢esidinin tozlayicisi olarak da kullanilan
Teberze cesidinde ¢igeklenme sonundan itibaren hizli hiicre boliinmesinin oldugu ilk bir aylik
donemden sonra meyvelerde peryodik olarak fiziksel ve kimyasal degisimlerin incelenmesi
amaclanmustir.

MATERYAL ve METOT
Materyal

Bu caligma Igdir iline bagli Enginalan kdyiinde bulunan bir iiretici bahgesinde ytiriitiilmiistiir.
Calisma materyali olarak zerdali anaglar iizerine asilanmis 9-10 yasindaki Salak ve Teberze kayisi
cesitlerinden her ¢eside ait ticer agac¢ kullanilmistir. Deneme alaninda esit bakim kosullarina sahip,
biiylime ve gelisme performansi birbirine yakin agaglar segilmistir.

Metot

Kayisi ¢esitlerinde ¢iceklenme sonu olarak belirlenen 27 Mart 2015 tarihinden itibaren 32 giin
sonra 20 giinliik araliklar ile 4 kez O6rnek alinmistir. 29 Haziran 2015 tarihinde hasat zamanina
girildigi donemde son ornekler alinmistir. Deneme de her bir ¢esit icin licer aga¢ kullanilmis bir
agac bir tekerriirii temsil edecek sekilde planlama yapilmis ve her agagtan 15’er meyve Ornegi
almmustir. Ornekler agaglarin her yoniinii temsil edecek sekilde tesadiifen alinmistir. Bu islem
ciceklenme sonu olarak belirlenen 27 Mart 2015 tarihinden itibaren 32. giin, 52. giin, 72. giin ve 92.
giin dort kez gerceklestirilmistir.
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Elde edilen 6rneklerin meyve agirligr 0.01 g hassasiyete sahip terazi ile, meyve eni, meyve
boyu ve meyve yiiksekligi degerleri ise 0.01 mm hassasiyete sahip dijital kumpas kullanilarak
Olcililmiistiir. Meyve hacmi 6l¢ii silindiri kullanilarak, yogunluk ise agirligin hacim degerine boliimii
sonucunda elde edilmigtir. Meyve orneklerinden ¢ikartilan meyve sularinda SCKM degeri dijital
masaiistii WAY-2S marka refraktometre ile, meyve suyu pH’s1 Jenco marka tasmabilir pH metre ile
belirlenmistir. Titre edilebilir asitlik degeri, bir miktar meyve suyu bir miktar saf su ile seyreltilip
siiziildiikten sonra 0.1 N NaOH ile pH 8.1°e gelinceye kadar titrasyon yapilmis ve harcanan hacim
iizerinden hesaplama yapilarak g.100? malik asit cinsinden ifade edilmistir (AOAC, 1984).

Istatistik Analiz

Ug tekrarlamali olarak ytriitiilen bu ¢alismada verilere JMP 7.0 paket programu kullanilarak
varyans analizi yapilmistir. Ornekleme yapilan donemler arasindaki farkin belirlenmesinde
ortalamalara LSD testi uygulanmaistir.

BULGULAR ve TARTISMA

Yapilan veri analizi sonucunda meyve agirli§i, meyve boyu, meyve eni, meyve yiiksekligi,
meyve hacmi ve meyve yogunlugu gibi fiziksel 6zelliklerin 6rnek alma zamanlar arasindaki fark
her iki cesitte de onemli bulunmustur. Salak ¢esidinde ilk 6rnekten hasada dogru meyve agirhig
6.72-61.53 g, meyve boyu 31.38-49.58 mm, meyve eni 20.78-45.06 mm, meyve yiiksekligi 18.68-
46.43 mm, meyve hacmi 7.23-71.83 ¢cm® ve meyve yogunlugu ise 0.77-0.90 g.cm™ degerleri
arasinda degisim gosterdigi belirlenmistir. Teberze cesidinde ise meyve agirhigi 4.14-29.29 g,
meyve boyu 24.30-37.41 mm, meyve eni 19.27-35.61 mm, meyve yiiksekligi 16.11-37.84 mm,
meyve hacmi 5.37-32.30 cm® ve meyve yogunlugu 0.77-0.90 g.cm™ olarak tespit edilmistir (Cizelge
1 ve Cizelge 2). Dogru ve ark. (2015) Salak kayisi ¢esidinde yaptiklart bir ¢caligmada ortalama
meyve agirhigini 53.42-73.82 g; meyve ¢apimi 41.06-48.83 mm; cekirdek agirligmi 1.81-4.85 g
olarak saptamislardir. Yine Salak kayisi ¢esidinde yapilan bir ¢calismada Giilsoy ve ark. (2016)
meyve agirhigimi 53.42-73.82 g, meyve boyunu 49.47-56.80 mm, meyve enini 41.06-48.83 mm,
meyve yiiksekligini 40.53-47.27 mm olarak tespit etmislerdir. Muradoglu ve ark. (2016) ise meyve
agirhigimi Salak’ta 51.79 g, Teberze’de 46.69 g oldugunu bildirmistir.

Salak ¢esidinde cigeklenme sonundan itibaren gegen ilk 32. glinde alinan meyve orneklerine
gore 52. giinde agirlik artis1 %159.1, 52. giin alinan meyve 6rneklerine gore 72. glinde agirlik artis:
%47.7 ve 72. glin alinan meyve Orneklerine gore 92. giin agirlik artist %139.2 olmustur. Teberze
cesidinde ise sirasiyla %86.0, %40.5 ve %170.7 oranlarinda agirlik artisi saptanmistir. Tam
ciceklenmeden sonra 20 giinliilk araliklar ile dort kez aliman meyve oOrneklerindeki fiziksel
degisimler 3 safhada gercgeklestigi belirlenmistir. Bunlar 1. hizli biiylime safhasi, 2. yavas biiylime
safhast ve 3. hizli biiyiime safhalaridir (Sekil 1 a ve b; Sekil 2 a, b ve ¢). Benzer sekilde Esitken
(1992) Erzincan kosullarinda Salak, Hasanbey ve Sekerpare cesitlerinde meyvelerin ¢ift sigmoid
bliylime egrisi olusturdugunu ve hizli-yavas-hizli olmak iizere ii¢ biiylime safhasinin oldugunu
rapor etmistir. Ikinci donemde biiyiimedeki duraganlagsma g¢ekirdegin taslasma siirecine girmesi,
embriyonun biiylime ve gelisme donemini tamamlamasi ile aciklanabilir. Nitekim Karacali (2009)
bu duragan donemde perikarpta gelismenin yavasladigini, endokarpta ligninlesme ve doku
sertlesmesinin oldugunu, embriyonun bu déonemde gelisme donemini tamamladigini bildirmistir.

Cizelge 1. Salak ve Teberze kayisi gesitlerinin farkli donemlerde meyve agirligi (g), meyve hacmi
(cm®), meyve yogunlugu (g.cm™)

. Meyve Meyve Meyve
CSIGGS Aglrlél () Hacmiy(cm3) Yogunlug)lll (g.cm?)
Salak Teberze Salak Teberze Salak Teberze
32 6.72d 4.14d 7.23d 5.37d 0.93b 0.77b
52 17.41c 7.70 c 16.67 ¢ 8.90c 1.04 a 0.88 ab
72 25.72 b 10.82 b 28.83 b 1250 b 0.90b 0.87 ab
92 61.53 a 29.29 a 71.83a 32.50a 0.86Db 0.90a
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Ayni siitunda farkli harfler ile gosterilen ortalamalar arasindaki fark P<0.05 diizeyinde 6nemlidir. CSIGGS; ¢iceklenme
sonundan itibaren gegen giin sayisi.
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Sekil 1. a: meyve agirligl, b: meyve hacmi, c: meyve yogunluguna ait degisimler

Cizelge 2. Salak ve Teberze kayist ¢esitlerinin farkli donemlerde meyve boyu (mm), meyve eni
(mm), meyve yiiksekligi (mm)

_ Meyve Meyve Meyve
CSIGGS Boyu (mm) Eni (mm) Yiiksekligi (mm)
Salak Teberze Salak Teberze Salak Teberze
32 31.38d 24.30d 20.78 d 19.27 d 18.68d 16.11d
52 36.44 ¢ 26.71c 26.82 c 21.55¢ 28.79 ¢ 24.07 c
72 39.55b 29.21b 34.72b 23.28 b 32.92b 26.99 b
92 49.58 a 37.41a 45.06 a 35.61a 46.43 a 37.84 a

Ayni siitunda farkl harfler ile gosterilen ortalamalar arasindaki fark P<0.05 diizeyinde énemlidir. CSIGGS; ¢igeklenme
sonundan itibaren gegen giin sayisi.
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Sekil 2. a: meyve boyu, b: meyve eni, c: meyve yiiksekligine ait degisimler

Ornek alma zamanlarinin meyvenin titre edilebilir asitlik, suda ¢dziinen kuru madde miktar
(SCKM) ve meyve suyu pH’s1 iizerine etkisi Salak ve Teberze c¢esitlerinde 6nemli bulunmustur.
Salak ¢esidinde asitlik 1.60-0.38 g.100g™, SCKM %5.08-%13.09, meyve suyu pH’s1 3.28-4.79,
Teberze ¢esidinde asitlik 1.85 g.100 g1-0.56 ¢.100 g, SCKM %6.01-%13.80, meyve suyu pH’s1
3.34-4.34 arasinda degisim gostermistir. Her iki c¢esitte de hasada dogru asitlik azalirken, SCKM ve
meyve suyu pH degerleri artis gostermistir (Cizelge 3). Ozelci ve ark. (2021) Malatya ekolojik
kosularinda Hacihaliloglu kayis1 c¢esidinde meyve gelisimi siliresince meyvenin kimyasal
degisimlerini incelemisler ve hasada dogru asitligin azaldigin1 fakat SCKM ve meyve suyu pH
degerinin arttigini bildirmislerdir. Yaptigimiz ¢aligmada kayisi ¢esitlerinin ¢iceklenme sonundan
itibaren gegen 72. gilin alinan meyve 0rneklerine oranla 92. giinde alinan meyve 6rneklerinde asitlik
oraninda en fazla azalis ve SCKM ve pH degerinde en fazla artis bu donemde olmustur (Sekil 3 a, b
ve ¢). Bu donem ise 3. hizli biiyiime sathasina tekabiil etmektedir. Salak ¢esidinde asitlik %-72.46
azalig, SCKM’de %65.70 artis, pH degerinde %37.64 artis belirlenmistir. Teberze cesidinde ise
asitlikte %-63.87 azalis, SCKM’de %177.67 artis ve pH degerinde ise %26.16 oraninda artisin
oldugu tespit edilmistir. Esitken (1992) benzer sekilde asitlikte olgunlugun artmasi ile 3. hizh
biliylime sathasinda diisiis, SCKM’de 2. yavag biiyliime evresine gore 3. hizli biiylime safthasinda
hizli artis ve pH’da ise olgunluk arttikca artis oldugunu rapor etmistir. Bolat ve ark. (2004) ve
Karlhidag (1998) baz1 kurutmalik kayisi1 cesitlerinde olgunluk arttitkca SCKM’de artis oldugunu
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asitlik miktarinda ise azalisin oldugunu bildirmislerdir. Muradoglu ve ark. (2016) Salak ¢esidinde
asitligi %0.21, SCKM degerini %14.67, pH degerini 5.27 olarak, Teberze ¢esidinde ise asitligi
%0.24, SCKM degerini %24.00 ve pH degerini 5.21 olarak tespit etmislerdir.

Cizelge 3. Salak ve Teberze kayisi cesitlerinin farkli dénemlerde titre edilebilir asitlik (g.100g™),
SCKM (%) ve pH degerleri

CSIGGS Titre Edilebilir SCKM Meyve
Asitlik (g.100g?) (%) Suyu pH’s1
Salak Teberze Salak Teberze Salak Teberze
32 1.60b 1.85a 5.08d 6.01Db 3.28d 3.34¢c
52 2.18a 1.80b 7.21c 570c 3.38¢ 3.45b
72 1.38¢ 155¢c 7.90b 4.97d 3.48Db 3.44b
92 0.38d 0.56d 13.09 a 13.80 a 479 a 4.34a

Ayni siitunda farkli harfler ile gosterilen ortalamalar arasindaki fark P<0.05 diizeyinde dnemlidir. CSIGGS; gigeklenme
sonundan itibaren gegen giin sayisi.
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Sekil 3. a: titre edilebilir asitlik, b: SCKM, c: pH degerlerine ait degisimler
SONUC ve ONERILER

Bu ¢alismada, {ilkemizin 6nemli bir sofralik kayisi ¢esidi olan ve biiylik pazarlarda aranan
Salak kayisi ¢esidi ile Teberze cesidinin ¢iceklenme sonrasi farkli meyve gelisim evrelerine ait
orneklerdeki bazi fiziksel ve kimyasal degisimler ortaya konulmustur. Sonuglarimiz her iki kayisi
cesidi i¢cin meyvelerin fiziksel gelisimi bakimindan {i¢ biiylime sathasinin (ilk hizli biiyiime, yavas
biiyiime ve ikinci hizli biiylime) meydana geldigini gostermektedir. Ayrica ikinci hizli biiyiime
sathasinda iki ¢esit icin meyvenin kimyasal 6zelliklerinde (SCKM ve pH) artislarin meydana
geldigi, titre edilebilir asitlik degerinde ise azaliglarin oldugu belirlenmistir. Sonug¢ olarak, sonraki
arastirmalarda degerlendirilecek olan kayis1i ¢esitlerinde biiyiime evrelerinin daha detayl
incelenebilmesi ve optimum hasat kriterlerinin daha net saptanabilmesi igin farkli kalite
parametrelerinin ¢alismaya eklenerek drnekleme sikliginin 5 giinliik araliklar ile yapilmasi tavsiye
edilmektedir.
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Antibacterial and Antifungal Activity of Nanofungal Molecules Using Pleurotus eryngii
Mushroom
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ABSTRACT

Molecular synthesis at nano level is becoming a growing field of science due to its treatment
and solution-oriented applications. Plants and bacteria in particular have an important place in
nanoparticle production. The positive results of nanofungal structures in scientific studies in recent
years have led the scientific world to turn to fungal nanomolecule synthesis. Silver coated
nanofungal structures are highly preferred in medical and industrial applications. In our study, the
Antibacterial and Antifungal activity of nano molecules obtained by using Pleurotus eryngii (Heliz
Mushroom) and AgNO; was investigated by using Disk diffusion method. Ten different clinical
strains were used in the study. Looking at the results obtained, it was determined that nano
molecules formed zones varying between 9.1-15.0 against pathogenic microorganisms used. In
addition, it was observed that nanoparticles formed zones more effective against some pathogens
than antibiotics used as positive control.

Keywords: Nanofungal, Pleurotus eryngii, Antibacterial, Antifungal, AgNO3

Pleurotus eryngii Mantar1 Kullanilarak Elde Edilen Nanofungal Molekiillerin Antibakteriyal
ve Antifungal Aktivitesi

OZET

Nano diizeyde molekiil sentezi, tedavi eksenli ve ¢dziim odakli uygulamalar1 nedeniyle her
gecen giin biiyiiyen bir bilim alan1 haline gelmektedir. Ozellikle bitkiler ve bakteriler nanoparcacik
iiretiminde onemli bir yere sahiptir. Son yillarda nanofungal yapilarin bilimsel ¢alismalarda olumlu
sonuglar vermesi, bilim diinyasinin mantar yapili nanomolekiil sentezine yonelmesine neden
olmustur. Glimiis kapli nanofungal yapilar tibbi ve endiistriyel uygulamalarda ¢ok fazla tercih
edilmektedir. Yapmis oldugumuz calismada Pleurotus eryngii (Heliz Mantar1)) ve AgNO3
kullanilarak elde edilen nano molekiillerin Disk diflizyon metodu kullanilarak Antibakteriyal ve
Antifungal aktivitesi arastirildi. Calismada 10 farkli klinik sus kullanildi. Elde edilen sonuglara
bakildiginda nano molekiillerin kullanilan patojen mikroorganizmalara karst 9.1-15.0 arasinda
degisen oranlarda zonlar olusturdugu belirlendi. Ayrica nanopargaciklarin bazi patojenlere karsi
pozitif kontrol olarak kullanilan antibiyotiklerden daha etkili zonlar olusturdugu goriildii.
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INTRODUCTION

Nanomolecules production technology has gained an increasing momentum in recent years.
The scope of the study area has gradually expanded. Especially in terms of medicine and
biotechnology, the use of nano materials has become widespread. Nanoparticles are known to have
versatile research areas such as biomedical applications, drug discovery, and cosmetics (Chaudhuri
& Paria, 2012). The most extensively used metals in nanoparticle production research are structures
such as Ag, Au, Pt and Pd. Among these, silver-derived nanoparticles have shown good results due
to their important application in biomedicine (Kumar et al., 2020). Silver-based nanomolecules
have a significant antibacterial capacity (Mohanpuria et al., 2008). It has become important to use
silver nanoparticles as antimicrobial agents against the ever-increasing threats created by antibiotic-
resistant microorganisms compared to other metals (Parashar et al., 2009). The use of biological
synthesis approaches (plants, fungi, bacteria, algae, and actinomycetes) in the production of
nanoparticles provides more advantages over other methods, as they are simple, cost-effective,
reliable and environmentally friendly (Kumar and Yadav, 2009). Mushrooms have been used by
humans for nutritional and medicinal purposes, due to their many pharmacological properties
(Muszynska et al., 2018). Pleurotus eryngii mushroom, which grows mostly in the Eastern Anatolia
Region in our country, is an important species that is consumed as food and has economic
importance (Akyiiz and Kirbag, 2007). Pleurotus eryngii is a mushroom species whose cultivation
is rapidly increasing in many countries due to its taste, high nutritional content, medicinal
properties, aromatic structure and long shelf life (Rodriguez Estrada, 2008; Moonmoon et al.,
2010). Pleurotus eryngii mushroom contains many compounds with antioxidant properties such as
polysaccharides and polyphenols (Lin et al., 2014). In addition, Pleurotus eryngii mushroom is
preferred by scientists in medical, pharmaceutical and biotechnological studies (Gregori et al.,
2007). Among the medicinal effects of various biological compounds produced by Pleurotus
eryngii, it has been determined that Eryngeolysin has an antibacterial effect and Eryngin has an
antifungal effect (Staji et al., 2009). Because of the medical and biomedical applications of silver
nanoparticles, the use of fungal-derived polysaccharides is an important step towards natural
medicine development (Radhakrishnan and Peter, 2021).

In this study, the antibacterial and antifungal activity of nano molecules obtained by using
Pleurotus eryngii (Heliz Mushroom) and Silver Nitrate grown in its natural environment in the
province of Van was investigated.

MATERIALS AND METHODS
Preparation of mushroom extract

Pleurotus eryngii (Heliz) mushroom (Figure 1) collected from the province of Van was first
described in accordance with systematic principles. The species determination of the collected
mushrooms was made in Van Yiiziincii Y1l University, Faculty of Science, Department of Biology.
After the appropriate sterile conditions were provided in the laboratory, the washing process was
performed. Then it was dried at room temperature for two weeks. After this time was completed,
the mushrooms were powdered with the help of a powerful grinder. Taking 50 g of the sample
obtained, it was mixed with 250 ml of distilled water. This solution was kept at 300 rpm for 24
hours with the help of magnetic stirrer. Then it was subjected to boiling process at 80 °C for 15
minutes. The solution obtained was filtered using Whatmann No: 1 filter paper. The resulting
aqueous extract was stored at +4 ° C to be used in nanoparticle production study (Selvi and
Sivakumar, 2014; Meydan, 2021).
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Figure 1. Pleurotus eryngii (Heliz) mushroom

Synthesis of AgNOs3 structured nano molecules

I mM 500 ml AgNO3 solution and 100 ml Pleurotus eryngii aqueous extract prepared for
nanomolecular synthesis were reacted in a flask. In this reaction that took place at room
temperature, color change (yellow — brownish tone) occurred after 35-40 minutes (Figure-2).
Centrifugation was used to separate the nanoparticles from the solution. The solution was
centrifuged at 10,000 rpm for 8 minutes and the supernatant was removed with a micropipette. The
pellet in the lower part was washed three times. The nano molecules obtained in this way were left
to dry for four days at 40 °C. It was then kept at +4 °© C for Antibacterial and Antifungal activity
(Prakash et al., 2013, Sun et al., 2014,).

Figure 2. Color change during nanomolecule synthesis.

Antimicrobial activity

Antibacterial and Antifungal effects of nano molecules formed by using Pleurotus eryngii
mushroom and AgNO; were investigated using disk diffusion method. Patented and clinical strains
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used in the study (Table 1) were obtained from Van Yiiziincii Yil University Research and
Application Hospital. Pathogens were first allowed to grow in Tryptic Soy Broth broth (24 hours).
Miiller Hinton medium was used for the disk diffusion method. Pleurotus eryngii extract and
AgNPs/Pe clusters were absorbed into 6 mm diameter blank discs. This process was carried out
gradually with 25 pL on each disk (Figure 3). Rifampin and Oleandomycin antibiotics were used as
positive controls for the reliability of the study. Discs prepared at room temperature, Rifampin (5
png) and Oleandomycin (15 pg) antibiotic discs were placed in pathogen-planted media with the
help of a sterile forceps. It was kept in the oven for 24 hours at 36.5-37 °C for incubation.
According to the results obtained, zone measurements were made and images were recorded
(Senthilkumar and Sivakumar, 2014; Meydan and Segkin 2021).

Table 1. Strains used in the study

Pathogenic Microorganisms

Acinetobacter baumannii

Bacillus cereus ATCC 10876
Enterococcus faecalis ATCC 29212
Enterococcus faecium
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa ATCC 27853
Salmonella enterica
Staphylococcus aureus ATTC 29213
Candida albicans ATTC 90028 (Fungus)

Figure 3. Absorption of samples on blank discs
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RESULTS AND DISCUSSION

Many studies have been conducted on the antimicrobial activities of nanoparticles in recent
years. Silver nanoparticles (AgNPs) obtained using Pleurotus citrinopileatus extract were found to
have a bactericidal effect against pathogenic bacteria such as Escherichia coli and Staphylococcus
aureus (Maurya et al., 2016). In our study, Antimicrobial activity of AgNPs/Pe, mushroom extract
and antibiotics used as positive control, obtained by using Pleurotus eryngii mushroom and AgNOs3,
were investigated using disk diffusion method. It was observed that Ag-NPs obtained using
Calotropis procera leaf and fruit extract caused a significant decrease in the colonization levels of
Vibrio cholera and enterotoxic Escherichia coli bacteria (Salem et al., 2015). According to a study
in rabbits, silver-coated nanoparticular implants were determined to inhibit Staphylococcus aureus
biofilm formation (Gupta et al., 2014). Silver nanoparticles tend to affect more than one site in
bacterial cells as biocides and therefore have a broad spectrum (Markowska et al., 2013). It has
been determined that Ag NPs/Vb obtained by using Veronica beccabunga plant has antibacterial
effect against Bacillus subtilis, Escherichia coli, and Pseudomonas aeruginosa microorganisms
(Seckin and Meydan, 2021). Syed et. al., (2019) found that silver nanoparticles synthesized using
the root extract of Cassia toral L. showed antibacterial action against P. seudomonas and S. aureus
pathogens. According to the data obtained as a result of the study, it was determined that AgNPs/Pe
formed zones varying between 9.1-12.2 mm against nine different pathogenic bacteria. It was seen
that the nano molecules used had antibacterial activity. C. albicans and C. tropicalis showed high
sensitivity to AgNPs (Mallmann et al., 2015). Candida albicans mushroom was used to determine
the antifungal effect. It was determined that AgNPs formed an inhibition zone of 15 mm diameter
against Candida albicans pathogen and thus showed antifungal effect. The zone diameters obtained
as a result of the disk diffusion method are given in Table 2. Looking at the results, it was seen that
Silver nanoparticles were more effective against Bacillus cereus ATCC 10876 bacteria than
Rifampin antibiotics. In addition, AgNPs were determined to have a much better activity than
Oleandomycin and Rifampin antibiotics against Pseudomonas aeruginosa ATCC 27853 and
Candida albicans ATTC 90028 pathogens. Some images obtained in the study are given in Figure
4.

Table 2. Zone diameters obtained as a result of the disk diffusion method.

Pathogenic Microorganisms AgNPs/Pe Pe Extract Oleandomycin  Rifampin
(mm) (mm) (mm) (mm)
Acinetobacter baumannii 9.4 8.0 9.5 10
Bacillus cereus ATCC 10876 12.1 - 21.6 11.3
Enterococcus faecalis ATCC 29212 11.0 9.2 13.5 15.3
Enterococcus faecium 10.1 8.2 14.7 -
Escherichia coli 9.2 8.3 - 9.4
Klebsiella pneumoniae 12.2 - 13.3 -
Pseudomonas aeruginosa ATCC 27853 11.0 - 9.0 9.1
Salmonella enterica 9.1 8.1 11.3 12.2
Staphylococcus aureus ATTC 29213 11.2 - 20.5 11.4
Candida albicans ATTC 90028 (Fungus) 15.0 - - -
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Figure 4. Some images obtained as a result of the Disk Diffusion method

CONCLUSION

Bacterial and fungal infections have become a serious health problem. The resistance of
pathogenic microorganisms to existing antibiotics has become an urgent issue in the medical world.
For this reason, developing new antibacterial and antifungal agents with antimicrobial activity and
easily accessible is a must in terms of health. It is thought that the nano molecules obtained by using
the Pleurotus eryngii mushroom have a high antimicrobial effect and can be used in the production
of active ingredients, especially in the field of pharmacology.
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Determmation of Chemical Properties of The Hot Springs Waters and Comparison of Bacteria: Hot
Springs in The East and Southeast Anatoha Region of Turkey
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ABSTRACT

Thermal hot water samples were collected in 2017 from six different hot springs from eastern and
southeastern Turkey's (Agri, Van, Sirnak, Mardin, Siirt and Erzurum). During the study period, the analysis of
various physicochemical properties of the water samples and the diversity of microorganisms in the hot springs
were investigated. During the study period, eleven physico-chemical parameters such as water temperature,
pH, conductivity, nitrogen dioxide, ammonium, nitrate, iron, aluminum, copper, lead and sulfur were studied.
Five different bacterial strains have been detected in one or more of different hot springs. The electrical
conductivity (EC) was ranged from 942,8 mS/cm to 5,158 mS/cm in the water of the hot spring. The
conductivity and pH value of only Hista thermal source were determined as 942.9 (mS/cm) and 9.1. In all other
sources the conductivity varied above 1000 (mS/cm) and the pH between 6.9 and 8.5. The NO, value ranges
of the hot springs are determined as 0.254 to 0.613 mg/L. The source temperatures of the hot spring water were
determine minimum and maximum temperature values for Agri (Davut and Kopru), Erzurum (Pasinler), Van
(Hasanabdal), Siirt (Hista), Mardin (Dargecit) and Sirnak (Guclukonak), (62-78°C), (40-46°C), (60-66°C),
(62-67°C), (59-62°C) and (59-67°C) respectively. In terms of physical and chemical properties, it was
observed that there are generally differences in the hot spring waters.

Keywords: Bacillus, Hot Springs, Physico-Chemical properties, Thermophilic, Hot water

Tiirkiye'nin Dogu ve Giineydogu Anadolu Bolgesindeki Kaplica Sularinin Kimyasal, Fiziksel ve
Bakteriyel Ozelliklerinin Arastirilmasi

OZET

Tiirkiye'nin dogu ve giineydogusundaki alt1 farkli kaplicadan 2017 yilinda (Agri, Van, Sirnak, Mardin,
Siirt ve Erzurum) termal sicak su Ornekleri toplanmistir. Caligma siiresince su Orneklerinin ¢esitli
fizikokimyasal oOzelliklerinin analizi ve kaplicalarda bulunan mikroorganizma g¢esitliligi arastirilmstir.
Calisma siiresince su sicakligi, pH, iletkenlik, nitrojen dioksit, amonyum, nitrat, demir, aliiminyum, bakir,
kursun ve kiikiirt gibi on bir fiziko-kimyasal parametre incelenmistir. Bes farkli bakteri tiirii bir veya daha fazla
farkli kaplicada tespit edilmistir. Kaplica suyunun kaynak sicakliklari sirastyla Agri (Davut ve Koprii),
Erzurum (Pasinler), Van (Hasanabdal), Siirt (Hista), Mardin (Dargegit) ve Sirnak (Giigliikkonak) i¢in minimum
ve maksimum sicaklik degerleri (62-78°C), (40-46°C), (60-66°C), (62-67°C), (59-62°C) ve (59-67°C) olarak
belirlendi. Kaplica sularinda fiziksel ve kimyasal 6zellikler bakimindan da genel olarak farkliliklar gézlenildi.

Anahtar Kelimeler: Bacillus, Kaplicalar, Fiziko-Kimyasal 6zellikler, Termofilik, Sicak su
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INTRODUCTION

Water, which is the most fundamental component of vital activities and a good solvent, can be
exposed to physical and chemical changes and biological contamination and therefore, it can be the
source of many diseases that can pose problems for living things (Donderici et al., 2010). Waters that
accumulate at the depths of the soil suitable for geological conditions and come out spontaneously
from an exit point are defined as spring water (Agaoglu et al., 1999). Turkey, a region which is rich
in terms of hidrotermal and grabens, faults, volcanoes and alpine regions of the Himalayas and is in
the zone of hydrothermal alteration (Simsek, 1997). Turkey's continental crust, Anatolia fragmented
and have changed over time as the lower plate northward movement of the Arabian plate with the
right place. These displacements allowed the entrance of magma in Eastern Anatolia, resulting in the
emergence of volcanic formations such as Agri, Tendurek and Nemrut (Pasvanoglu, 2013; Saroglu
et al., 1980; Sengor and Kidd, 1979). The chemical, physical and microbial diversity of thermal
waters, especially the effect of water-rock interactions and the differences of waters in geothermal
systems, have attracted the attention of researchers in recent years (Fournier, 1979; Mahon, 1970;
Federica Valeriani et al., 2018; F. Valeriani et al., 2017).

Microorganisms can be found in almost all places in the world (mountains, volcanic rocks, deep
sea waters, glaciers and so on) under very extreme conditions to survive. Microorganisms differ in
terms of their growth and development by maintaining their vitality in varying temperature parameter
ranges. When microorganisms that survive are categorized according to these parameters; They are
classified psychrophils, mesophiles, thermophiles and hyperthermophiles (Baltaci et al., 2017).
Thermophilic bacteria are common in soil, hot springs and volcanic habitats. Thermophilic bacteria
are divided into 4 groups as moderate thermophiles (50-60°C), extreme thermophiles (65-80°C),
hyperthermophiles (80-110°C) and hyperthermophiles (110°C and above) (Oztas Gulmus and
Gormez, 2020). Considering all these conditions, microorganisms that can survive in extremely hot
conditions are known as extremophiles (Pathak and Rathod, 2014). Among extremophiles,
thermophiles have attracted great attention from past to present because of their ability to survive
very high temperatures; they are even active at a high temperature. In this respect, they are more
resistant to both stable protein structures and various chemicals. Since thermophilic microorganisms
can remain stable at very high temperatures in fields such as the pharmaceutical, food industry, paper
industry and chemical industries, the enzymes of such microorganisms have also interested
researchers (Ulucay, 2018).

Turkey has 133 pieces of thermal water is at a temperature of 40°C and above (Akkaya and
Kivanc, 2009). Therefore, it is important to study these thermal water sources. In this context, in this
study, it was aimed to determine of physical and chemical properties of water samples taken from
different hot water sources. Thus, the physicochemical properties of the collected water samples were
determined and compared with their biological contents obtained on our previous studies (Ulucay,
2018).

MATERIAL AND METHODS
Study area

In this study, the samples were examined taken from six different locations in the eastern and
southeastern of Turkey. Agri (Davut and Kopru), Erzurum (Pasinler), Van (Hasanabdal), Siirt (Hista),
Mardin (Dargecit) and, Sirnak (Guclukonak) are approximately 1925 m, 1869 m, 1890 m, 900 m, 940
m and, 950 meters above sea level, respectively (Ulucay, 2018). The highest temperature values of
the hot spring waters were measured as approximately 78, 46, 66, 67, 62 and 67°C, respectively.

Water samples were collected from the exit points of hot water springs with autoclaved glass
jars in June and July 2017.

Physical and chemical structure of waters
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Water samples were analyzed for a pre-defined set of physical and chemical properties
(Sample’s conductivity, NOs! (Nitrate), NHs"' (Ammonium), NO,' (Nitrite), Fe (Iron), Al™
(Aluminum), Cu (Copper) and Pb (Lead) values) in the water analysis laboratory of the Kars
Provincial Directorate of Public Health. The water temperature and pH were measured (Model No.
AZ 8685) by carefully immersing the digital thermometer 5 to 10 cm in the hot water of the source
and the readings were noted.

Bacterial isolates

The bacteria isolated from the same hot springs on our previous study were used in this study.
Thereby, the physical and chemical properties of the thermal waters were correlated with these
isolates (Ulucay, 2018).

RESULTS AND DISCUSSION
Physical and chemical structure of waters

The data of all ten physico-chemical properties got under the sampling process in June and July
2017 from the hot springs in six different locations are given in Table 1. The minimum and maximum
temperature values: for Davut and Kopru, Pasinler, Hasanabdal, Hista, Dargecit and Guclukonak hot
springs, (62-78°C), (40-46°C), (60-66°C), (62-67°C), (59-62°C) and (59-67°C) respectively. When
the pH values of the water in the hot springs were examined, it was observed that the pH ranged from
6.9 to 9.1. These pH results showed that some of the thermal spring waters are acidic and the others
are basic. Similarly, when the literature is examined, the pH range has also been reported in other hot
springs (Ghilamicael et al., 2017; Kumar and Sharma, 2019; Singh et al., 2015). The conductivity of
water is a measure of the amount of electrolyte (total cation or anion) in the water. Conductivity value
in water is closely related to the sum of dissolved solids and decreases with increasing temperature
and increases in pollution. The presence of ammonium, possible bacterial cultures, sewage and
livestock wastes in the waters are important parameters as an indicator of pollution. When looking at
other parameters encountered in water, nitrate and nitrite found in nature are ions that are components
of the nitrogen cycle. Considering the standard values in potable water, pH, conductivity, nitrate,
nitrite and ammonium levels are reported as 6.5-9.5, 2500 ps/cm, 50 mg/L, 0.5 mg/L and 0.5 mg/L,
respectively (Cetin et al., 2016). In general, the electrical conductivity (EC) was ranged from 942,8
mS/cm to 5,158 mS/cm in the water of the hot spring. Similarly, it was observed that the electrical
conductivity values varying between 281.94 and 9108.4 in samples taken from seven different hot
spring in Ethiopia thermal springs (Haki and Gezmu, 2012). In studies conducted in some hot springs
in Turkey, it was also observed the differences in terms of these values. For example, it was observed
that the electrical conductivity was between 222 and 5750 (mS/cm) in samples taken from thirteen
different hot spring (Pasvanoglu, 2013). Aksoy et al. (2009) in their study; Examining the thermal
water resources in the Balcova region in Turkey, it was determined that the conductivity values of all
samples taken because of the examination were over 1000 (mS/cm) and when the values in
groundwater are examined; they have determined that their pH is between 7 and 8.9. (Aksoy et al.,
2008). The amount of carbonate, bicarbonate and carbon dioxide dissolved in the water also has an
effect on the pH of the water. pH is an important factor for chemical reactions and biological life in
water (Alemdar et al., 2009). The specific electrical conductivity of groundwater is defined as the
conductivity of one cubic centimeter of water at 25°C. In the previous study, chemical data show that
Diyadin waters were heated by magmatic activity associated with Tendurek volcano (Pasvanoglu,
2013). With every 1°C increase in temperature, the electrical conductivity increases by 2%. Electrical
conductivity increases depending on the dissolved salt content of the water. The specific conductivity
is expressed in microsiemens/cm (ps/cm) (Orgev and Inanc, 2004). In our study, the conductivity and
pH value of only Hista thermal source were determined as 942.9 (mS/cm) and 9.1. In all other sources
the conductivity varied above 1000 (mS/cm) and the pH between 6.9 and 8.5. When compared with
the potable water values, it is seen in Table 1 that the thermal spring waters are outside the reference
ranges.
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Iron is one of the abundant elements in the earth's crust and is one of the undesirable substances
in water resources. These elements penetrate into the water as a result of erosion in the soil and rocks
(Donderici et al., 2010). Ammonium has the capacity to be easily converted to nitrite first and then
to nitrate under suitable reaction conditions with two-step biological oxidation. The nitrite in the
environment plays an active role in the synthesis of carcinogenic nitrosamines by combining with
amines and amides, which are harmful to human health. In addition, ammonium reacts with free
chlorine to form chloramines (Kurama and Poetzschke, 2002). While the NO value ranges of the hot
springs are determined as 0.254 to 0.613 mg/L, the average NO: level of the thermal springs has been
reported as 0.007 mg/L. When the copper (Cu), iron (Fe) and lead (Pb) values in groundwater are
examined, it is determined as Cu (4.3 pg/L and 58.8 pg/L), Fe (24 ng/L-4886 pg/L) and Pb (0.3 pg/L-
9.5 ng/L), respectively (Aksoy et al., 2008).

Table 1. Physico-chemical parameters analysis of hot springs water samples

Hot Springs pH Conductivity NO; NH4 NO3 Fe Al Cu Pb S
Sources (S (mgl) (mgl) (mgl) (mgl) (mgl) (mg) (mgl) (mg/L)

Potable 6,5- <2500 <0,5 <0,5 45-50 <0,2 <0,2 <0,05 <0,01 <0,01
Water Value 9,5

Limits

Average Hot 7,79 1,899 0,007 2,15 38,5 0,377 0,09 0,5 1,69 0,02
Springs

Limits

Pasinler 6,94 3,177 0,378 1,06 0 0,749 0 0 0,860 0,03
Dargecit 6,90 1,782 0,613 2,39 2,5 >1,000 0,134 8,26 >1,000 0,039
Guclukonak 7,90 1,146 0,375 >2.58 0 0,925 0,50 3,19 >1,000 0,027
Hista 9,1 942.9 0,390 >2.58 0 1,099 0,4 1,81 >1,000 0,029
Hasanabdal 6,2 5,158 0,395 0,008 0 0,389 0,181 0 0,666 0,021
Davut 8,5 1,551 0,254 2,01 0 0,611 0,17 0 0,728 0,019
Kopru 7,4 2,254 0,273 0,79 0 0,817 0,23 0 0,454 0,017

Microbial cultures

Five different bacterial isolate (Bacillus coagulans, Bacillus licheniformis, Bacillus subtilis,
Bacillus thuringiensis and Geobacillus kaustophilus) detected in the thermal springs (Ulucay, 2018)
are given in Table 2.

Table 2. Bacterial isolates of hot springs

Regions
Bacteria
Kopru Davut Hasanbdal Hista  Guclukonak Dargecit Pasinler

Bacillus subtilis + + - + - - +
Bacillus thuringiensis + - - + + + +
Bacillus licheniformis + + - - - - +
Bacillus coagulans + - + - - - +
Geobacillus

+ - - + - - +
kaustophilus

Present (+), absent (-)
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All five different isolates were identified in the water samples collected from Kopru and
Pasinler hot springs. As seen in the table, B. subtilis and B. licheniformis were detected in the Davut
hot spring; B. coagulans was observed in the Hasanabdal hot spring; B. subtilis, B. thuringiensis and
Geobacillus kaustophilus were identified in Hista; B. thuringiensis was observed in Guclukonak and
Dargecit hot springs. Savas et al. (2009) identified various thermophilic Bacillus species in the East
and Southeast of Turkey from hot springs (Savas et al., 2009).

CONCLUSION

Most geothermal areas in Turkey are directly related to underground volcanism. Kopru and
Davut thermal geothermal systems in Diyadin are also in contact with each other with networks where
fault fractures are formed. Thermal spring waters are constantly renewed by recharging the rain water.
With the flow from these cracks and fractures to the area where the major heat source is located, there
is a continuous transition from rocks and soil to water. The precipitation in the studied areas penetrates
deep fault and rupture zones and the waters are mixed.

Considering the temperature and various chemical values, only thermophilic microorganisms
can survive here. The pH values determined from the springs revealed the structure that the water of
the hot spring can be alkaline. According to the data got, it was concluded that all thermal springs
except Pasinler have very high temperatures.
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Universite Ogrencilerinin Agir Metal Konusundaki Bilgi Durumlar1 Uzerine Bir inceleme
Semsinnur GOCER'", Hava Seyma YILMAZ?
OZET

Bu calismanin amaci, liniversite 0grencilerinin agir metal konusundaki bilgi durumlarinin
belirlenmesidir. Tanimlayici tipteki bu arastirma, Yozgat Bozok Universitesi Egitim Fakiiltesi
2019-2020 egitim- 6gretim yilinda Temel Egitim Bilimleri Okul Oncesi Ogretmenligi Ve Simf
Egitimi boliimlerinde 6grenim gérmekte olan 523 6grenciyle yapilmistir. Verilerin analizinde Ki
kare testi kullanilmistir. p<0.05 anlamli kabul edilmistir. Ogrencilerin %78.2’si agir metali
duyduklarini, %69.4’1 agir metalin bir kimyasal/katki maddesi oldugunu ifade etti. Agir metalin
zararli oldugunu ifade edenlerin orani ise %73.6 idi. Ogretmen adayr dgrencilerin agir metal
hakkinda belirli bir bilgi birikimine sahip olduklar1 ancak bu bilginin yiizeysel oldugu ve yeterli
olmadig tespit edilmistir.

Anahtar Kelimeler: Ogrenci, Agir metal, Cevre kirliligi
A Study on The Knowledge Status of University Students on Heavy Metal
ABSTRACT

The aim of this study is to determine the knowledge of university students about heavy metal.
This descriptive study was conducted with 523 students studying at Yozgat Bozok University
Faculty of Education in the 2019-2020 academic year, in the departments of basic education
sciences, preschool teaching and classroom education. Chi-square test was used in the analysis of
the data. p <0.05 was considered significant. Of the students 78.2% stated that they heard about
heavy metal, them of 69.4% of stated that heavy metal is a chemical / additive. The rate of thos who
stated that heavy metal is harmful was 73.6%. As a result of the research, it was determined that the
teacher candidates have a certain knowledge about heavy metal, but this knowledge is superficial
and not sufficient.

Keywors: Student, Heavy metal, Environmental pollution
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GIRIS

Cevre kirliligi, tiim diinyada oldugu gibi tlilkemizde de giin gegtikge istenmeyen ve tehlikeli
boyutlara ulasan en 6nemli sorunlarindan biridir (Vural ve ark., 2016). Cevre kirliligi denildigi
zaman akla gelen ve en fazla iizerinde durulmasi gereken kirlilik tiirlerinden biri de agir metal
kirliligidir. Termik santraller yasadigimiz ¢evreye, gerek kati halde bulunan agir metallerle gerekse
gaz halinde bulunan agir metaller ile biiyiik zarar vermektedirler ve bunlarin sayisi iilkemizde de
oldukca fazladir. Ornegin yakilan kdmiirlerden olusan atiklarin dogaya herhangi bir 6n islem
yapilmaksizin bilingsizce birakilmasi ¢evre kirliligine yol agmaktadir. Yine kat1 yakitlarin yakilmasi
ortama yiiksek miktarda gaz halindeki agir metal pargaciklarinin salinmasina neden olmaktadir
(Aydin, 2013). Agir metaller insan viicudunda belirli bir dozda bulunan metaller olsa da viicuttaki
miktarlar1 belli bir degerin iizerine ¢ikt1g1 zaman insan igin toksik etki olusturmaktadir. Ozellikle,
inorganik giibreler, fabrikalardan olusan atiklar ve motorlu tagitlar hem havada hem de toprakta ve
suda agir metal konsantrasyonlarinda artisa ve dolayisiyla canlilarin biinyesine girmesine neden
olabilmektedir (Sahin ve ark., 2004). Ornegin toprak biinyesinde bulunan agir metallerin bitki
yapisina katilmasi ve besin zinciri yoluyla diger canlilara da gegmeleri en tehlikeli durumlardandir.
Yine serbest iyon seklinde bulunan agir metaller tabandaki suya sizarak igme sularina karisir ve bu
sekilde icme sularinin niteliginin bozulmasimna neden olmaktadir. Bununla beraber topraktaki

canlilara da zarar vererek faaliyetlerini olumsuz bir bigimde etkilemektedirler (Vural ve ark., 2016;
Cepel, 2003).

Agir metallerin ¢evreye verdikleri zararin azaltilmasi i¢in bireyler agisindan riskli bir durum
olarak algilanmasi1 ve tehdit olarak goriilmesi son derece onemlidir (Erten, 2004). Bu nedenle
ogretmen aday1 olan {iniversite 6grencilerinin konu ile ilgili sahip olduklart bilgiler ¢ok dnemlidir
(Giiler, 2009). Bu calismanin amaci, toplumda ¢evre konularina duyarliligi saglamada 6nemli bir
grup olan tiniversite 6grencilerinin agir metal konusundaki bilgi durumlarinin belirlenmesidir.

MATERYAL ve METOT

Universite dgrencilerinin agir metal konusunda bilgilerinin belirlenmesi amaciyla yapilmis
tanimlayict tipteki bu aragtirma, Eyliil-Kasim 2020 tarihleri arasinda yiiriitiilmiistiir. Yozgat Bozok
Universitesi Egitim Fakiiltesi 2019-2020 egitim- 6gretim yilinda Temel Egitim Bilimleri Okul
Oncesi Ogretmenligi ve Smif Egitimi béliimlerinde &grenim gérmekte olan 600 &grencinin
arastirma kapsamina alinmasi planlanmistir. Arastirma sonunda 523 6grenciye ulasilmistir.

Arastirmanin verileri; arastirmacilar tarafindan literatlir incelemesi sonucunda olusturulan
anket formu ile elde edilmistir. Anket formu yas, cinsiyet gibi sosyo demografik bilgilerin yani sira,
ogrencilerin agir metal konusuna iliskin bilgilerini degerlendiren 15 sorudan olusmaktadir. Veri
toplama araci olan anket formu Ogrencilere online olarak uygulanmistir. Arastirma sonunda 523
ogrenciye ait veriler degerlendirilmistir. Veriler istatistik paket programda degerlendirilmis olup,
sonuglar say1 ve ylizdelik dilimler ile ifade edilmistir. Agir metal ile ilgili sorulara verilen yanitlarin
cinsiyet, boliim ve sinif degiskenleri ile karsilagtirilmasinda ise Ki kare testi kullanilmistir. p<0.05
anlamli kabul edilmistir. Arastirma icin gerekli kurum izni ve Yozgat Bozok Universitesi Klinik
Arastirmalar Etik Kurul onayr (2017-KAEK-189 2020.06.23 17) alinmustir. Arastirma siirecinde
Helsinki Deklarasyonu kurallarina uyulmustur.
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BULGULAR

Arastirmamizda, 0grencilerin yas ortalamasi, 23.5+ 0.2 idi. Arastirmaya katilan 6grencilerin
%48.2°si erkekti. Ogrencilerin %57.0’si okul oncesi Ogretmenligi, %43.0’i ise siuf egitimi
boliimiinde, %26.6’s1 ise 1. simifta dgrenim gérmekteydi. Ogrencilerin %82.8i kendilerinde tan
konulmus bir hastalik olmadigini ifade etti.

Tablo 1. Ogrencilerin agir metal ile ilgili sorulara verdikleri yanitlarin dagilimi (n:523)

Sorular Say1 %
Evet 409 78.2
Agir metali duydunuz mu? Hayir 114 218
Bir kimyasal/katki maddesi 363 69.4
Demir, bakir, civa, kursun gibi elementler 86 16.5
Sizce agir metal nedir?* Bir tag/kaya pargasi 50 9.6
Antioksidan/probiyotik 40 7.6
Sigarada bulunan bir madde 34 6.5
Evet 385 73.6
Agir metal zararh midir? Hayir 12 23
Fikrim Yok 126 24.1
Fabrika atiklarinda 139 26.6
Toprakta 80 153
Agir metal nerede bulunur? Coplerde 29 55
Havada 20 39
Denizde 12 2.3
Hepsinde 235 449
Higbirinde 8 1.5
Deniz baliklar1 211 40.4
Sebze, meyve igeren bebek mamalari 33 6.3
Agir metal bulunan gidalar nelerdir? Gezen tavuk yumurtasi 19 3.6
Hepsi 174 333
Higbiri 86 16.4
Bazi boyali oyuncaklar 93 17.8
Deodorant, krem vb. kozmetik tirtinler 75 143
Agir metal bulunan maddeler nelerdir? Yipranmis mutfak kaplari 49 9.4
Folyo 44 8.4
Hepsi 229 43.8
Higbiri 32 6.1
Piller 1 0.2
Tiiketilen gidalarla 149 28.5
Sanayi tesislerinde yakin mesafelerde bulunarak 113 21.6
Otoyol gibi yerlerde havay1 soluyarak 29 55
Denizde yiizdiglimiiz zamanlarda 13 2.5
Agir metallerin viicuda alinma yollari nelerdir? Hepsi 212 40.5
Higbiri 7 1.3
Gida tiiketimi ile 171 32.7
Sizce agir metalleri viicudumuzdan nasil ilag kullanarak 38 7.3
atabiliriz? Yoga, plates yaparak 35 6.7
Fikrim yok 278 533
Ameliyat olarak 1 0.2
Yogurt 351 67.1
Agir metalleri viicuttan atmak i¢in hangi iiriinii Bal/polen/art siitii 84 16.1
tercih ederdiniz? Kinoa/giya 48 9.1
Cim suyu 40 7.7
Markette satilan iiriinlerde agir metal icerik ve Evet 421 80.5
miktarlari yazsin ister miydiniz? Hayir 81 15.5
Gerek yok 21 4.0
Uriinde belirtilen agir metal bilgisiyle ilgilenip Evet, okur ve almazdim 383 91.0
almaktan vazgecer miydiniz?(n:421) Fikrim yok 38 9.0
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Internet, sosyal medya 246 47.0
Agir metaller ile ilgili bilgileri nereden 6grenmek Aile hekimi 159 304
isterdiniz? TV programinda bir doktor 86 16.5
Diger(Okulda, alanda uzman kisilerden) 32 6.1
Sizce, son zamanlarda tiim diinyay: etkileyen Fikrim yok 155 29.6
Covid-19 viriisii ile dogadaki agir metal miktar: Azalmigtir 140 26.8
nasil degismistir? Artmstir 139 26.6
Degismemistir 89 17.0

*: Birden fazla segenek isaretlenmigtir

Ogrencilerin %78.2’si agr metali duyduklarmi ifade ederken, %69.4’ii agir metali bir
kimyasal/katki maddesi olarak tanimladiklarini belirtmislerdir. Agir metalin zararli oldugunu ifade
edenlerin orani ise %73.6 olarak belirlenmistir.

Ogrenciler agir metalin en fazla fabrika atiklarinda (%26.6), ikinci olarak toprakta (%15.3),
%44.9’u ise hepsinde (fabrika atiklarinda toprakta ¢oplerde, denizde) bulundugunu belirtmislerdir.
Ogrenciler en fazla agir metal bulunan gidanin deniz baliklari(%40.4), en fazla agir metal bulunan
maddenin ise baz1 boyali oyuncaklar (%17.8) oldugunu ifade etmislerdir. Ogrencilerin %43.8°1 ise
seceneklerin hepsinde (bazi boyali oyuncaklar, deodorant, krem vb. kozmetik iiriinlerle, yipranmig
mutfak kaplar1 ve folyo) agir metal bulundugunu ifade etmislerdir.

Agir metallerin viicuda en ¢ok tiiketilen gidalarla alindigini (%28.5) oldugunu, %40.5°1 ise
seceneklerin hepsi ile (tiiketilen gidalarla, sanayi tesislerinde yakin mesafelerde bulunarak, otoyol
gibi yerlerde havay1 soluyarak ve denizde yiizdiiglimiiz zamanlarda) alindigin1 belirtmislerdir.

Ogrencilerin  %32.7’si agir metallerin viicuttan gidalarla atilabilecegini, agir metalleri
viicuttan atmak i¢in ise en fazla yogurdu (%57.7) tercih edeceklerini ifade etmislerdir.

Ogrencilerin %80.5°i markette satilan iiriinlerde agir metal ile ilgili icerik ve miktarlarin
yazilmas1 gerektigini, yine evet diyenlerin %73.2’side lriinde belirtilen agir metal bilgisiyle
ilgilenip tiriinii almaktan vazgegecegini belirtmislerdir.

Ogrencilerin %47.0°1 agr metaller ile ilgili bilgileri internet/sosyal medyadan 6grenmek

istediklerini ifade etmislerdir.

Ogrenciler tiim diinyay1 etkileyen Covid-19 viriisiiniin, dogadaki agir metal miktar iizerine
nasil bir etkisi oldugu sorusuna ise %26.8’i azalmistir derken, %29.6’s1 fikrinin olmadigini
belirtmislerdir.

Tablo 2. Ogrencilerin bazi sosyo-demografik 6zelliklerinin agir metali tanimlama ile ilgili soruya
verdikleri yanitlarla iligkisi

Demir. bakir. Sigarada
Bir kimyasal/katk1 Bir tag/kaya Antioksidan/probiyotik
civa. kursun gibi bulunan bir
maddesi pargast
elementler madde
X2 .p
Say1(%) Say1(%) Say1(%) Say1(%) Say1(%) x:8.182
25 23 20 13
Erkek(n:252) 171(67.9)
Cinsi (%9.9) (%9.1) (%7.9) (%5.2)
nsiyet
11 27 20 21 :0.080
Kadm(n:271) 192 (70.8) P
(%4.1) (%10.0) (%7.4) (%7.7)
14 7 13 8
1. (n:139) 97 (69.8)
(%10.1) (%5.0) (%9.4) (%5.8)
8 6 7 3
2. (n:125) 101 (%80.8)
Sumf (%6.4) (%4.0) (%5.6) (%2.4) x2:32.047
nt
6 24 11 12 :0.001
3. (n:128) 75 (%58.6) P
(%4.7) (%18.8) (%8.6) (%9.4)
4. (n:131) 90 (68.7) 8 13 9 11
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Okul dncesi

| 205
ogretmenligi
£ £ (%68.8)
Bolim (n:298)
158
Sinuf egitimi(n:225)
(%70.2)

(%6.1)

23

(%7.7)

13

(%5.8)

(%9.9)

29
(%9.7)

21
(%9.3)

(%6.9)

(%7.7)

(%7.6)

(%8.4)

18

(%6.0)

16

(%7.1)

x2:0911
p:0.910

Tiim simniflardaki 6grencilerde agir metali bir kimyasal/katki maddesi olarak tanimlayanlarin
orani, diger gruplara gore anlamli derecede yiiksekti (p=0.001)

Tablo 3. Ogrencilerin baz1 sosyo-demografik 6zelliklerinin “Agir metal zararh nudir?” sorusuna

verdikleri yanitlarla iligkisi

Evet Hayir Fikrim Yok
Sayi(%) Sayi(%) Sayi(%) X% p
189 6 57
Erkek(n:252)
Cinsi (%75.0) (%2.4) (%22.6) x2:0.581
insiyet
Kadin(n271) 196 6 69 p:0.748
’ (%72.3) (%2.2) (%25.5)
105 5 29
1. (n:139)
(%75.5) (%3.6) (%20.9)
99 3 23
2. (n:125)
(%79.2) (%2.4) (%18.4) x2:12.940
Siuf 3 (@128) 81 3 44 p:0.044
L (n:
(%63.3) (%2.3) (%34.4)
100 1 30
4. (n:131)
(%76.3) (%0.8) (%22.9)
8
Okul 6ncesi 6gretmenligi 231 %2.7) 59
Boli (n:298) (%77.5) - (%19.8) x2:7.192
Olim
p:0.027
154 4 67
Sinuf egitimi(n:225)
(%68.4) (%1.8) (%29.8)

Tiim smiflardaki 6grencilerden agir metali zararli bulduklarini ifade edenlerin orani, agir
metali faydali bulan ve fikri olmayan gruba gore anlamli derecede yiiksekti (p=0.044).

Tablo 4. Ogrencilerin bazi sosyo-demografik 6zelliklerinin agir metalin bulundugu yer ile ilgili
soruya verdikleri yanitlarla iligkisi

Fabrika

Toprakta Coplerde Havada Denizde Hepsinde Higbirinde
atiklarinda
Say1(%) Say1(%) Say1(%) Say1(%) Say1(%) Say1(%) Say1(%) X2 .p
55 45 14 12 6 116 4
Erkek(n:252)
Cinsi (%21.8) (%17.9) (%5.6) (%4.8) (%2.4) (%46.0) (%1.6) x2:7.493
nsiyet
84 35 15 8 6 119 4 p:0.278
Kadm(n:271)
(%31.0) (%12.9) (%5.5) (%3.0) (%2.2) (%43.9) (%1.5)
27 23 7 7 3 71 1
1. (n:139)
(%19.4) (%16.5) (%5.0) (%5.0) (%2.2) (%51.1) (%0.7)
30 15 0 1 6 72 1
2. (n:125)
(%24.0) (%12.0) (%0.0) (%0.8) (%4.8) (%57.6) (%0.8) x2:45.649
Siuf 45 20 10 3 2 44 4 p:0.000
3. (n:128)
(%35.2) (%15.6) (%7.8) (%2.3) (%1.6) (%34.4) (%3.1)
37 22 12 9 1 48 2
4. (n:131)
(%28.2) (%16.8) (%9.2) (%6.9) (%0.8) (%36.6) (%1.5)
Béli Okul dncesi 76 44 20 10 5 142 1 x2:11.269
6lim
ogretmenligi (%25.5) (%14.8) (%6.7) (%3.4) (%1.7) (%A47.7) (%0.3) p:0.080
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(n:298)
Siuf 63 36 9 10 7 93 7
egitimi(n:225) (%28.0) (%16.0) (%4.0) (%4.4) (%3.1) (%41.3) (%3.1)

Agir metalin; fabrika atiklarinin, topragin, c¢oplerin, denizin ve havanin hepsinde birlikte
bulundugunu ifade edenlerin orani tiim siniflardaki 6grencilerde, diger gruplara goére anlaml
derecede yiiksekti (p=0.000). Ogrencilerin agir metalin bulundugu yer ile ilgili soruya verdikleri
yanitlar ile cinsiyet ve boliime gore yapilan karsilastirmada ise anlamli bir farklilik yoktu (Cinsiyet:
p=0.278, Boliim: p=0.080).

Tablo 5. Ogrencilerin baz1 sosyo-demografik ozelliklerinin agir metalin viicuda alimma yolu ile
ilgili soruya verdikleri yanitlarla iligkisi

Sanayi
Otoyol gibi Denizde
tesislerinde yakin
Tiiketilen gidalarla yerlerde havay1 yiizdiigiimiiz Hepsi Higbiri
mesafelerde
soluyarak zamanlarda
bulunarak
X4 p
Say1(%) Say1(%) Say1(%) Say1(%) Say1(%) Say1(%)
83 51 13 7 96 2
Erkek(n:252)
Cinsi (%32.9) (%20.2) (%5.2) (%2.8) (%38.1) (%0.8) x*:5.888
nsiyet
Y Kadm(n:271) 66 62 16 6 116 5 p:0.317
adin(n:
(%24.4) (%22.9) (%5.9) (%2.2) (%42.8) (%1.8)
I (:139) 38 30 13 5 52 1
L(n:
(%27.3) (%21.6) (%9.4) (%3.6) (%37.4) (%0.7)
2. (n:125) 31 21 1 1 69 2
L(n:
(%24.8) (%16.8) (%0.8) (%0.8) (%55.2) (%1.6) x%:24.866
Siuf 3 (n128) 39 31 7 3 45 3 p:0.052
L (n:
(%30.5) (%24.2) (%5.5) (%2.3) (%35.2) (%2.3)
4 (131 41 31 8 4 46 1
L (n:
(%31.3) (%23.7) (%6.1) (%3.1) (%35.1) (%0.8)
Okul éncesi X X - 5
7 66 17
ogretmenligi
| (0:298) (%29.2) (%22.1) (%5.7) (%2.7) (%39.6) (%0.7) x%:2.812
Béliim n:
) 04 p:0.729
62 47 1 5 5
Sinuf egitimi(n:225)
(%27.6) (%20.9) (%5.3) (%2.2) (%41.8) (%2.2)

Erkek 6grencilerin %38.1°1, kiz 6grencilerin %42.8’1 agir metalin; tiiketilen gidalarla, sanayi
tesislerine yakin mesafelerde bulunuldugunda, otoyol gibi yerlerdeki havanin solunmasiyla ve
denizde yiiziilmesi ile viicuda alindigini ifade etmislerdir. Tiim siniflarda ve boliimlerde de benzer
sekilde agir metalin tiim bu segeneklerin hepsi ile(tiiketilen gidalarla, sanayi tesislerinde yakin
mesafelerde bulunarak, otoyol gibi yerlerde havayi soluyarak ve denizde yliziilen zamanlarda)
viicuda alindigin1 ifade edenlerin orani daha yiiksekti (Tablo 5). Ancak 6grencilerin bazi 6zellikleri
ile agir metalin viicuda alinma yolu ile ilgili soruya verdikleri yanitlar arasinda anlamli bir farklilik
yoktu (Cinsiyet: p=0.317, Sinif: p=0.052, Boliim: p=0.729).

TARTISMA

Ogrencilerin agir metal ile ilgili bilgilerinin belirlendigi arastirmanmizda; dgrencilerin ¢ogu
(%78.2) agir metali duyduklarin1 ve yaridan fazlasi da (%69.4) agir metali bir kimyasal/katk1
maddesi oldugunu belirtmislerdir (Tablo 1).

Arastirmamizda agir metalin sigarada bulunan bir madde oldugunu ifade edenlerin orani
oldukca diisiiktii (%6.5) (Tablo 1). Oysa sigarada arsenik, kadmiyum gibi bircok agir metal
bulundugu, sigarada bulunan kadmiyumun ortalama %10'unun insanlar tarafindan solundugu
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bilinmektedir (Rakicioglu, 1991). Yine Tiirkiye genelinde 18 ve daha yukar1 yastaki kisilerin
%33,4'1 sigara kullanmakta oldugu bildirilmistir (Bektas ve ark., 2012). Aragtirmamiza katilan
ogrencilerin biiylik bir boliimiiniin agir metalin ne oldugunu biliyor olmasina, hatta kimyasal/katk1
maddesi olarak goérmesine ragmen sigarayr bu kadar masum kabul etmesi, Tiirkiye’de genglerin
bliylik bir oranda sigara kullanmasindan kaynaklandigini diisiindiirmektedir.

Ogrenciler agir metalin fabrika atiklarinda (%26.6), ikinci olarak toprakta (%15.3),
bulundugunu belirtmislerdir (Tablo 1). Literatiirde hava, su ve topraga agir metal kirliginin bulagma
sebeplerinin; sanayi faaliyetleri, fabrikasyon giibreler, madencilik isletmeleri, volkanik siirecler,
endiistriyel atiklari gibi etmenler oldugu belirtilmektedir(Stresty ve ark., 1999). Arastirmamizda
ogrencilerin biiylik ¢ogunlugu (%44.9) agir metalin bulundugu kaynaklarin fabrika atiklari, toprak,
copler ve deniz oldugunu ifade etmislerdir (Tablo 1). Bu sonu¢ ogrencilerin agir metallerin
nerelerde bulunabilecegi ile ilgili bilgi sahibi olduklarini ortaya koymaktadir.

Ogrenciler en fazla agir metal bulunan gidanin deniz baliklar1 (%40.4), en fazla agir metal
bulunan maddenin ise bazi boyali oyuncaklar (%17.8) oldugunu ifade etmislerdir. Ogrencilerin
%43.8’1 ise segeneklerin hepsinde (bazi boyali oyuncaklar, deodorant, krem vb. kozmetik iiriinlerle,
yipranmig mutfak kaplar1 ve folyo) agir metal bulundugunu ifade etmislerdir (Tablo 1). Bazi
bilimsel ¢aligmalar da agir metallerin balik tiirlerinde risk teskil ettigini belirtmistir. Sonmez ve ark.
(2016), Fe, Cu, Ni, Zn metallerinin baz1 balik tiirlerinde Tiirk gida kodeksi ve WHO tarafindan izin
verilen limitler icerisinde oldugunu belirtse de kadmiyum ve kursunu bu limitlerin iizerinde tespit
etmiglerdir. Ayrica baliklardaki agir metal riski haberlere de konu olmaktadir (Anonim, 2020a;
Anonim, 2020b; Anonim, 2020c; Anonim, 2020d). Arastirmamizdan elde edilen bu sonug;
ogrencilerin bilimsel kanitlar sunan c¢aligmalardaki bilgilerden ziyade televizyon/internet
ekranlarinda bu konunun haber yapilmasindan da etkilenmis olabilecegini diisiindiirmektedir.

Arastirmamizda 6grencilerin %28.5°1 agir metallerin viicuda tiiketilen gidalarla, %40.5°1 ise
seceneklerin hepsi ile (tiikketilen gidalarla, sanayi tesislerinde yakin mesafelerde bulunarak, otoyol
gibi yerlerde havay1 soluyarak ve denizde yiizdiiglimiiz zamanlarda) alindigini1 ifade etmislerdir.
“Otoyol gibi yerlerde havay1 soluyarak™ yanitini verenlerin orani ise %5.5 gibi diisiik bir paya sahip
olmustur (Tablo 1). Kennedy ve ark. (2002), ¢alismalarinda 6grencilerin ¢evre bilgisi ve ¢evreye
yonelik tutumunun arastirildigi calismada, 6grencilerin, hava kirliligi konusunu, ¢evreye yonelik
tutumlarini en fazla etkileyen degisken olarak belirlemistir. Calismamizdaki bu sonug; dgrencilerin
ya hava kirliligi kavrami igerisine agir metali yerlestiremediklerinden ya da hava kirliligini bir
kirlilik olarak gérmediklerinden kaynaklanabilir.

Arastirmamizda 6grencilerin %32.7’si agir metallerin viicuttan gidalarla atilabilecegini, agir
metalleri viicuttan atmak icin ise en ¢ok yogurdu tercih edeceklerini ifade etmislerdir. Bunun yani
sira 0grencilerin yaridan fazlasi agir metallerin viicuttan atma konusunda “fikrim yok” se¢enegini
isaretlerken ardindan gelen soruya yine yaridan fazlasi “yogurt” secenegini yanitlamistir (Tablo 1).
Ogrencinin bu sorularda muhakeme yapamamis oldugu diisiiniilmektedir. Sosyobilimsel Muhakeme
Yetenegi, istatistiksel olarak bakilan sonuglarda Ogrencilerin  sosyo-bilimsel muhakeme
yeteneklerinin diisiik oldugu neticesine varilmistir (Tiizlingiig, 2019).

Arastirmamizda O6grencilerin  biiyiik ¢ogunlugu (%80.5) markette satilan iiriinlerin
ambalajinda agir metal ile ilgili icerik ve miktarlarin yazilmasi gerektigini ve %73.2’si de {irlinde
belirtilen agir metal bilgisini dikkate alarak {iriinii almaktan vazgecebilecegini belirtmislerdir (Tablo
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1). Ogrenciler burada bilingli bir tutum sergilemislerdir. Nitekim literatiirde tiiketicilerin son
yillarda iriinlerin etiket bilgilerini daha dikkatli bir sekilde takip etmekte oldugu belirtilmektedir
(Emeksiz ve ark., 2005).

Ogrencilerin %47’si agir metaller ile ilgili bilgileri internet/sosyal medyadan 6grenmek
istediklerini ifade etmislerdir (Tablo 1). Literatiirde genglerin ihtiya¢ duyduklar1 bilgiye ya da
herhangi bir konuda elde ettikleri bilgilere %90 oraninda internetten ve %70 oraninda Facebook’tan
ulastig1 belirtilmektedir (Kamiloglu ve ark., 2014). Arastirmamizdan elde edilen bu sonug¢ genglerin
sosyal medya kullanimi i¢in yapilan ¢aligmalar ile benzerlik gostermektedir.

Ogrenciler tiim diinyay1 etkileyen Covid-19 viriisiiniin, dogadaki agir metal miktar iizerine
nasil bir etkisi oldugu sorusuna ise %26.8’i azalmistir derken, %29.6’s1 fikrinin olmadigini
belirtmislerdir (Tablo 1). Bu soruya artmistir, azalmistir ya da fikrim yok diyenlerin orani birbirine
yakin bulunmustur. Ulkemizin iginden gectigi pandemi siirecinde dgrencilerin de zihninde bu viriis
ile ilgili gelisim siirecinin heniiz tam olarak sekillenemedigi diisiiniilmektedir.

Arastirmamizda 0grencilerden agir metali bir kimyasal/katk1 maddesi olarak tanimlayanlarin
orani (Tablo 2), agir metali zararli bulduklarini ifade edenlerin orani (Tablo 3) ve agir metalin;
fabrika atiklarinin, topragin, ¢Oplerin, denizin ve havanin hepsinde birlikte bulundugunu ifade
edenlerin orani (Tablo 4); bu sorularda farkli yanitlar veren 6grencilere gore tiim siniflarda anlaml
derecede yiiksek bulunmustur.

Ogretmen adaylari ile yapilan ¢alismada (Aydin, 2013) fen bilgisi boliimii 6grencilerinin agir
metal ve radyasyon akademik basar1 testi puanlar1 bakimindan 4. siniflarda anlamli bir fark oldugu
bulunamadigi belirlenmistir. Arastirmadan elde ettigimiz bu sonug; Ogrencilerin agir metali
kimyasal ve katki maddesi olarak algilayip tehlikeli ve zararli oldugunu, ayrica agir metallerin
bir¢ok alanda yaygin bir bigimde bulunabilecegini diisiindiiklerini gostermektedir.

Arastirmanmin  Kisithliklari: Arastirmanin tek merkezli yiirlitiilmiis olmasi1 sebebiyle elde
edilen sonuclar1 topluma genellememiz miimkiin degildir.

SONUC

Arastirma sonucunda, 6gretmen aday1 olan 6grencilerin agir metal hakkinda belirli bir bilgi
birikimine sahip olduklart belirlenmis olsa da ancak bu bilginin ylizeysel ve yeterli olmadig1 tespit
edilmistir. Ogrencilerin egitim siireglerinde 6zellikle agir metal konusunu da igine alan cevre
egitimi ile ilgili konulara daha fazla 6nem verilmesi onerilir.
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ABSTRACT

Secondary metabolites, especially essential oils are of the widely used phyto-chemicals for various purposes. In
this regard, numerous studies have been reported on profile of these reputed metabolites in medicinal and aromatic plant
(MAPs) species. Of the substantial family of the MAPs, Lamiaceae is of the reputed group with a notable number of
plant species. Regarding the species of this group, sage (Salvia officinalis) and rosemary (Rosmarinus officinalis) are of
the well-known and widely-studied species. Herewith the current study, we profiled the essential oil composition in
leaves of both species. Accordingly, the analysis revealed that camphene (29.40%), 1,8-cineole (37.26%), camphor
(13.48%), borneol (3.69%), trans-caryophyllene (5.42%), and a-thujone (5.78%) were of the predominant compounds
identified for S. officinalis, whilst camphene (22.45%), 1, 8-cineole (35.36%), linalool (3.67%), camphor (10.80%),
cyclohexane,(1-methylethylidene) (3.09%), o-fenchyl alcohol (3.03), 2-cyclohexen-l-one, 2-methyl-5-(1-
methylethenyl) (2.12%), and endo-bornyl acetate (4.50%) were of the principal components in leaves of R.
officinalis. The next studies on the relevant species might be focused on the biological activity of the essential oils.

Keywords: Terpenoids, Secondary metabolites, Volatile oils, Lamiaceae
Salvia officinalis ve Rosmarinus officinalis'in Ucucu Yag Bilesimi
OZET

Sekonder metabolitler, 6zellikle ugucu yaglar, cesitli amaglar i¢in yaygin olarak kullanilan fitokimyasallardandir.
Bu baglamda, tibbi ve aromatik bitki tiirlerinde bilinen bu metabolitlerin profili hakkinda ¢ok sayida ¢aligma rapor
edilmistir. Cok sayida 6nemli bitki tiiriine sahip olan Lamiaceae dnemli tibbi ve aromatik bitki gruplarindandir. Bu
grubun tiirleriyle ilgili olarak adagay1 (Salvia officinalis) ve biberiye (Rosmarinus officinalis) bilinen ve iizerinde ¢okga
calisilan tiirlerdendir. Bu ¢aligma ile birlikte her iki tiiriin yapraklarindaki ugucu yag bilesiminin profilini ¢ikardik. Buna
gore analiz, camphene (%29.40), 1,8-cineole (%37.26), camphor (%13.48), borneol (%3.69), trans-caryophyllene
(%5.42), and o-thujone (%5.78) S. officinalis i¢in tanimlanan baskin bilesiklerden bazilar iken, R. officinalis igin
tamimlanan camphene (%22.45), 1, 8-cineole (%35.36), linalool (%3.67), camphor (%10.80), cyclohexane,(1-
methylethylidene) (%3.09), a-fenchyl alcohol (%3.03), 2-cyclohexen-1-one, 2-methyl-5-(1-methylethenyl) (%2.12), ve
endo-bornyl acetate (%4.50) yapraklarindaki ana bilesenler oldugunu ortaya ¢ikardi. Belirtilmis olan tiirlerle ilgili
sonraki ¢alismalar, ugucu yaglarin biyolojik aktivitesine odaklanabilir.
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INTRODUCTION

Plants synthesize and accumulate metabolites for their sustainable and proper vegetative and
generative development. Those metabolites are mainly sorted into the classes, viz. primary
metabolites and secondary metabolites. Of those metabolites, primary metabolites are common to
all organisms but the secondary metabolites are confined to the plant kingdom and specific to plant
species, in general. Considering their functions, primary metabolites are strictly required for the
proper growth and development of the plants. However, as reported above, the secondary
metabolites are species-specific and not common to all plants, suggesting that the relevant
metabolites are not essential for development and productivity of the plants but their assumed
protective roles have been postulated in response to the abiotic and biotic environmental conditions
(Rhodes, 1994; Pichersky and Gang, 2000; Akula and Ravishankar, 2011; Pagare et al., 2015).
Regarding the detailed functions of secondary metabolites against stress factors, comprehensive
analysis and deduction have been well-reported (see: Gershenzon, 1984; Mazid et al., 2011; Ahmad
et al., 2018; Ashraf et al., 2018; Mahajan et al., 2020; Kulak et al., 2019).

Considering the chemical diversity of secondary metabolites; two major groups are elucidated
and the first one is nitrogen-deficient molecules (terpenoids and phenolics) and the later is nitrogen-
containing molecules (alkaloid) (Patra et al., 2013). Of these compounds, essential oils are
composed of terpenoids and phenylpropanoids.The biosynthesis and regulation of the essential oil
are mainly based on the genetic structure of the plants (Rodrigues et al., 2013; Webb et al., 2014).
However,their production is also strictly affected and regulated by the environmental conditions
(Yavari et al., 2010; Sangwan et al., 2011; Abdelmajeed et al., 2013; Hassiotis et al., 2014).

Regarding the plant species, MAPs are characterized with the secondary metabolites and they
are reputed plant species due to their chemical composition for their pharmaceutical and relevant
uses (Inoue and Craker, 2014; Bouyahya et al., 2020). Of the plant diversity of this group,
Lamiaceae (also known as Mint family) possess 236 genera with anapproximately identified of
7000 species, constituting the largest plant groups of MAPs (Gharib, 2006; Ramasubramania,
2012). Regarding the well-known and reputed species of MAPs, sage (S. officinalis) and rosemary
(R. officinalis) are commonly studied for their chemical composition due to their significant uses in
various fields (for sage: Okaiyeto et al., 2021; Ovidi et al., 2021; Jedidi et al., 2021; for rosemary:
Lesnik et al., 2021; Nguyen et al., 2021; Ielciu et al., 2021).

Essentialoil of sage is mainly characterized with 1,8-cineole, camphor, a-thujone, B-thujone,
borneol, viridiflorol, an dmanool (Raal et al., 2007; Taarit et al., 2010), whilst a-pinene, 1,8-cineol,
(+)-camphor, and piperitone are of the reported compounds for rosemary (Gachkar et al., 2007;
Hussain et al., 2010). As previously reported in a quite number studies, the essential oil content and
their composition are not constant but exhibit plasticity in response to the developmental stage and
environmental conditions (Ashraf et al., 2018; Mahajan et al., 2020; Kulak et al., 2019). In this
regard, it is common to profile the chemical composition of the same plant species collected from
different origins due to possible alterations in the chemical diversity. The studies regarding sage and
rosemary essential oil composition are relatively common (Es-sbihi et al., 2021; Gdger et al., 2021
for sage; Jafari-Sales and Pashazadeh, 2021; Soulaimani et al., 2021 for rosemary). According to
the postulated opinions regarding the reports of many studies, we can hypothesize that the sage and
rosemary plants obtained from Igdir regions may exhibit different chemo-types or diversity of
essential oils. In this context, along with the current work, essential oil yield and composition were
revealed and then discussed with the former reports, in comparison.
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MATERIALS AND METHODS
Plant material

Sage (Salvia officinalis) and rosemary (Rosmarinus officinalis) were purchased from local
spice shops in Igdir province (Turkey). Their scientific identifications were done by Dr. Ramazan
Gurbuz and Dr. Muhittin Kulak (Igdir University).

Essential oil extraction

30 g of dried plant samples were subjected to hydro-distillation using Clevenger apparatus for
two hours. Then the distillate of oils were separated and preserved at +4 °C for further
chromatographic analysis (Karadag et al., 2021).

GC-MS analysis of essential oil

For the identification of essential oil compounds, we used Thermo GC/MS Trace Ultra.
Regarding GC conditions, DB-5MS column (30m*0, 25 mm*0, 25um) was employed. Flow rate of
carrier gas of helium was 1.0 mL/min. Oven temperature was kept at 40 °C for 1 min and then
increased from 40 to 120 °C at a rate of 5 °C/min and waited for 2 min. The relevant temperature
was then increased to 240 °C with a rate of 10 °C/min and kept for 3 min.The injection part
temperature was set as 240 °C. The mass spectrometer was operated in EI mode at 70 eV. Split ratio
was set as 20:1. Mass range 45—450 m/z; scan speed (amu/s): 1000. The components were
identified using NISTO08, Willey7n.1 and HPCH1607 libraries reference compounds (Celikcan,
2021).

RESULTS AND DISCUSSION

Essential oil compounds identified in sage and rosemary leaves are collectively presented in
Table 1, following their elution order on the DB-5MS column as presented in Figure 1 A-B.
Herewith, the present findings of the study revealed that camphene (29.40%), 1,8-cineole (37.26%),
camphor (13.48%), borneol (3.69%), trans-caryophyllene (5.42%), and a-thujone (5.78%) were of
the predominant compounds identified for sage leaves (S. officinalis), accounting 95.03% of the
total variation of the compounds. In the former reports, Santos-Gomes and Fernandes-Ferreira
(2001) reported that a-pinene, camphene, R-thujon, camphor, R-humulene, a-caryophyllene, and
viridiflorol were mostly pronounced compounds in the chemical composition of sage leaves,
reporting the percentage of camphene (4.22%), 1,8-cineole (6.47%), camphor (19.51%), borneol
(0.06%), trans-caryophyllene (not detected), and a-thujone (25.50%). In the study by Raal et al.
(2007), 1, 8-cineole (2.7-14.6%), camphor (11.3-29.8%), a-thujone (3.0-26.6%), B-thujone (1.6-
12.9%), borneol (1.6-11.8%), and viridiflorol (1.1-15.7%) were revealed to be principal components
of sage oils. In their studies, the samples were analyzed from the sage of various sources, viz.
France, Hungary, Belgium, Russia, Greece, Ukraine, Scotland, Moldavia, Estonia, Estonia, and
Estonia. In addition to the profiling the chemical variations of sage samples (Venkatachalam et al.,
1984; Delamare et al., 2007; Alizadeh and Shaabani, 2012; Tosun et al., 2014; Khedher et al.,
2017), the relevant species were also and widely exposed to the stress factors at aiming to increase
or decrease the some desired metabolites for highest quality and to reveal the biosynthesis
mechanisms of the concerned compounds (Bettaieb et al., 2009; Taarit et al., 2009; Taarit et al.,
2010; Es-sbihi et al., 2020; Kulak et al., 2020).

Considering the essential oil composition of rosemary (R. officinalis); the same optimized
chromatographic conditions coupled with DB-5MS column were employed. According the analysis,
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camphene (22.45%), 1, 8-cineole (35.36%), linalool (3.67%), camphor (10.80%), cyclohexane,(1-
methylethylidene) (3.09%), o-fenchyl alcohol (3.03), 2-cyclohexen-1-one, 2-methyl-5-(1-
methylethenyl) (2.12%), and endobornyl acetate (4.50%) were of the principal components in
leaves of rosemary (Table 1, Figure 1-B). Regarding the previous studies, in the study by Hussain et
al. (2010), 1,8-cineol (38.5%), camphor (17.1%), a-pinene (12.3%), limonene (6.23%), camphene
(6.00%) and linalool (5.70%) were of the identified major compounds. Moreover, Gachkar et al.
(2007) reported that the rosemary samples included a-pinene (14.9%), 1,8-cineole (7.43%) and
linalool (14.9%). As the case reported for S. officinalis exposed to various exogenous treatments,
the similar applications were also employed for R. officinalis (Kulak, 2019; Abbaszadeh et al.,
2020; Kulak, 2020; Mohamadi and Karimi, 2020; Raffo et al., 2020).
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Figure 1: GC-MS chromatogram of A) S. officinalis and B) R. officinalis
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Table 1. Essential oil compounds of Salvia officinalis and Rosmarinus officinalis

No RT Compounds CAS Salvia officinalis Rosmarinus officinalis
1 2.15 Hexane 110-54-3 ND 0.02
2 4.76 Hexanal 66-25-1 0.08 ND
3 5.99 Cyclohexane, (1- 5749-72-4 0.42 ND

) methylethylidene)- '
4 7.38 Bornylene 464-17-5 0.07 ND
5 7.38 Cyclohexene 586-62-9 0.07 ND
6 7.39 a-Terpinene 99-86-5 ND 0,06
7 7.39 ¢-Terpinene 99-85-4 ND 0.06
8 7.39 4-Terpinenyl acetate 4821-04-9 ND 0.06
9 8.87 Camphene 79-92-5 29.40 22.45
10 11.30 1,8-Cineole 470-82-6 37.26 35.36

11 12.10 ¢-Terpinene 99-85-4 1.02 ND
12 13.37 Linalool 78-70-6 ND 3,67
13 13.51 a-Thujone 546-80-5 5.78 ND
14 13.97 Fenchyl acetate 13851-11-1 ND 1.41
15 14.01 a-Campholene Aldehyde 4501-58-0 0.34 ND
16 14.81 Cyclohexanol 2102-62-7 0.13 ND
17 14.84 Camphor 76-22-2 13.48 10.80
18 15.40 1-Borneol 464-45-9 3.69 8.26
19 16.04 a-Terpineol 98-55-5 2.03 ND
20 Cyclohexane,(1-

16.10 methylethylidene)- 10482-56-1 ND 3.09

21 16.02 a-Fenchyl alcohol 470-08-6 2.04 3.03
22 Bicyclo[3.1.1]hept-3-en-2-one,

16.39 4,6,6-trimethyl- 80-57-9 ND 1.14

23 16.64 trans-Carveol 1197-07-5 0.04 ND
24 17.08 cis-3-Hexenyl isovalerate 35154-45-1 0.01 ND
25 2-Cyclohexen-1-one,

17.40 2-methyl-5-(1-methylethenyl)- 99-49-0 ND 2.12

26 17.50 Linalyl Acetate 115-95-7 0.35 ND
27 18.05 Z-Citral 106-26-3 0.01 ND
28 18.78 Endobornyl Acetate 76-49-3 0.38 4.50
29 Phenol, 2-methyl-5-(1-

19.21 methylethyl)- 499-75-2 0.04 1.46

30 19.64 1-P-Menthen-8-Y1 Acetate 80-26-2 0.03 ND
31 20.18 Citronellyl acetate 150-84-5 0.10 ND
32 20.20 a-Copaene 3856-25-5 ND 0.26
33 20.20 cis-Myrtanol 15358-92-6 ND 0.08
34 20.59 a-Terpinenyl Acetate 80-26-2 0.56 ND
35 2071 Phenol, 2-methoxy-4-(2- 97-53-0 ND 0.44

propenyl)-

36 20.87 Geranyl acetate 105-87-3 0.17 ND
37 20.87 Neryl acetate 141-12-8 0.17 ND
38 21.23 (-)-Isoledene 95910-36-4 0.01 ND
39 21.36 a-Copaene 3856-25-5 0.03 0.48
40 21.89 Diphenyl ether 101-84-8 0.01 0.32
41 22.35 trans-Caryophyllene 87-44-5 5.42 1.59
42 22.81 Neryl acetate 3879-26-3 ND 0.08
43 23.37 Naphthalene 30021-74-0 0.01 0.29
44 23.66 Ledene 21747-46-6 0.01 ND
45 23.77 a-Muurolene 31983-22-9 ND 0.17
46 23.91 a-Bisabolene 495-61-4 ND 0.12
47 25.05 (+) spathulenol 77171-55-2 0.00 ND
48 25.32 Veridiflorol 552-02-3 0.06 ND
49 25.30 a-elemene 5951-67-7 ND 0.04
50 30.62 Manool 596-85-0 0.01 ND
51 30.62 Sclareol 515-03-7 0.01 ND
52 33.70 Quercetin 7,3',4'-Trimethoxy 6068-80-0 0.00 ND

ND: Not detected; RT: Retention time
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As reported in a quite number of studies, the percentage and in some cases are relatively
different in sage leaves (Halbesleben and Wheeler, 2008). The differences might be attributed to the
harvesting time (pre-blooming, during blooming, post-flowering) (Ostadi et al., 2020), organs (leaf,
stem, flower, and aerial parts) (A¢ikgoz and Kara, 2020), ecological conditions of the growing area
(Jordan et al., 2013), post-harvest processes (packaging, transporting, drying techniques storage,
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harvest techniques etc.) (Szumny et al., 2010; Jaspal et al., 2021).Those, in an extent, can confirm
our hypothesis and targets of the current report because plant system and therefore biosynthesis of
metabolites are responsive to the numerous variables as uttered above. We can thereby deduce that
the relevant essential oil profiling studies will always be great interest of the phyto-chemists and
plant biologists. In order to support our comments or hypothesis; we had a quick a search on web of
science (on May 16, 2021) using following criteria “(sage OR Salvia AND essential oil) Refined
by: WEB OF SCIENCE CATEGORIES: (PLANT SCIENCES) Time-span: All years. Indexes:
SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCL.” From Web of
Science Core Collection, 900 documents were roughly recorded. In the last five years, the number
of studies were as 2017 (n=44), 2018 (n=44), 2019 (n=51), 2020 (n=70), and 2021 (n=20; between
January and May 16, 2021). The same search was done for rosemary, being about 400 documents
for the relevant species with a number of studies 2017 (n=20), 2018 (n=32), 2019 (n=30), 2020
(n=34), and 2021 (n=8; between January and May 16, 2021). The search trend confirms our
comments, suggesting that those plants deserve to be investigated for their chemical composition
and their uses.

CONCLUSION

Herewith the study, we profiled the essential oil composition of well-known species of
Lamiaceae family, such as S. officinalis and R. officinalis. Considering the compounds, the principal
compounds of S. officinalis were as camphene, 1, 8-cineole, camphor, borneol, trans-caryophyllene,
and a-thujone, whilst camphene, 1,8-cineole, linalool, camphor, cyclohexane, (1-methylethylidene),
a-fenchyl alcohol, 2-cyclohexen-1-one, 2-methyl-5-(1-methylethenyl), and endobornyl acetate were
of the major compounds in R. officinalis oils. The differences were revealed with the previous
reports, which were deemed to be consequences of the environmental conditions and post-harvest
practices. In the ahead studies, the essential oils samples might be assayed for an array of biological
activity tests to associate the compound profile and the possible biological activities.
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Soyada Protein Disiilfit izomeraz’larin In Silico Analizi
Fatih DEMIREL"
OZET

Protein disiilfit izomerazlar protein katlanma siirecinde disiilfit baglarinin dogru bir sekilde
olusmasinda gorev alan thioredoxin domaini i¢eren molekiiler saperonlardir. Hayvanlarda PDI
proteinlerinin katalitik ve saperon rollerinin arastirildigi birgok ¢alisma mevcuttur. Bitkilerde ise
PDI proteinlerinin varyasyonu ve fonksiyonu ile ilgili c¢alismalar simirlidir. Bu ¢aligmada
Arabidopsis PDI geni referans alinarak soya genomunda 12 PDI geninin varligi gosterilmis ve bu
genlere ait proteinlerin 6zellikleri in silico yaklagimlar ile ortaya konmustur. WCXXC aktif dizi
motifinin GmPDI6¢c ve GmPDI6d proteinlerinde korunmadigi ve diger proteinlerde bu dizinin
mevcut oldugu tespit edilmistir. Protein modellemesi sonucunda soya PDI proteinlerinden GMQE
skoru en yiiksek olani ele alinarak Tobacco ringspot virus’e ait kilif proteini arasindaki etkilesim
docking ile ortaya konmustur. Caligma sonucunda elde edilen in silico analiz sonuglarinin deneysel
yaklagimlar ile dogrulanmasi gerekmektedir.

Anahtar Kelimeler: Soya, Protein disiilfit izomeraz (PDI), in silico, Protein-protein docking
In Silico Analysis of Protein Disulfide Isomerases in Soybean
ABSTRACT

Protein disulfide isomerases are molecular chaperones containing the thioredoxin domain that
are involved in the correct formation of disulfide bonds during the protein folding process. There
are many studies investigating the catalytic and chaperone roles of PDI proteins in animals. Studies
on the diversity and function of PDI proteins in plants are limited. In this study, the presence of 12
PDI genes in the soybean genome was shown with reference to the Arabidopsis PDI gene. The
properties of the proteins belonging to these genes were revealed by in silico approaches. It was
found that the active site-WCXXC motif was not conserved in the GmPDI6c and GmPDI6d
proteins, but this sequence was present in other proteins. As a result of protein modeling, the protein
with the highest GMQE score among soy PDI proteins was taken into consideration and its
interaction with the coat protein of Tobacco ringspot virus was revealed through docking. The in
silico analysis results obtained from the study need to be verified by experimental approaches.
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GIRIS

Protein disiilfit izomerazlar’lar (PDI) grubu endoplazmik retikulumun liimenindeki yeni
sentezlenmis  proteinlerde  disiilfit  baglarinin  olusumundan,  rediikksiyonundan  ve
izomerizasyonundan sorumlu olan oxidoreductase sinifindaki enzimlerdendir (Frand and Kaiser
1998; Tu et al. 2000; Wedemeyer et al., 2000). Hedef proteinde PDI araciligiyla disiilfit bag
olusumu, proteinin dogru katlanmasi, stabilitesi, katalitik aktivitesi ve diger proteinler ile
interaksiyonu icin gereklidir (Freedman et al., 1994; Aslund and Beckwith, 1999). PDI’lar
kendilerinin integral redox-aktif thioredoxin domain ile distilfit baglarini1 degistirirler (Kanai et al.,
1998; Motohashi et al., 2001). PDI ile iligkili bircok gen tiim genom sekanslamasi araciligiyla
bir¢ok Okaryotik genomda tanimlanmigtir. Bu genlere karsilik gelen bir¢ok proteinin biyokimyasal
fonksiyondan yoksun oldugu gosterilmis ve bunlar PDI-benzeri (PDI-Like) proteinler olarak
adlandirilmigtir. PDIL proteinleri thioredoxin (TRX) siiper ailesi igerisinde ¢oklu gen ailesinin bir
iiyesidir (Jacquot et al., 2002). Bu atasal ailedeki biitiin proteinler CXXC dortlii peptit sekansinda
Cys kalitilar1 araciligryla fonksiyona sahip olan en az bir yapisal domaine sahiptir (Ellgaard, 2004;
Wilkinson and Gilbert, 2004). TRX adli bu domainler korunmus i¢ boyutlu konfarmasyonda dizili
olan amino asitlere sahiptir (Kemmink et al., 1997). Proteindeki CGHC motifi proteinin biitiin
potansiyel indirgeme reaksiyonlarini modiile eder ve boylece disiilfit baglarini aktif olarak okside
etmek ya da indirgemek icin aktif sistein dizilerinin katalitik yetenegini diizenler (Chivers et al.,
1997). Biitiin PDI aile iiyeleri disiilfit baglarin1 yeniden diizenlenme potansiyeline sahip olmasina
ragmen, sadece birkac iiyede bu aktivitenin gergeklestirildigi ve geriye kalanlarin fonksiyondan
ziyade evrim araciliiyla bu ailenin iiyesi durumunda kaldig1 goriilmiistiir (Galligan and Petersen,
2012). Thioredoxin ailesinde PDI’dan sonran en yaygin calisilan aile iiyelerinin Erp57, Erp72,
Erp29, Erp44 ve PDIA2 oldugu belirtilmistir (Appenzeller-Herzog and Ellgaard, 2008).

Hayvanlarda ve mayalarda PDI’lar farkli hiicresel fonksiyonlara sahiptir. PDI’lar hiicrenin
canliligi, iyon alimi, gen transkripsiyonun aktivasyonu, hiicre farklilasmasi gibi birgok hiicresel
faaliyet icin gereklidir (Ferrari and Soling, 1999; Honscha et al., 1993; Markus and Benezra, 1999;
Ohtani et al.,, 1993; Fornes and Bustos-Obregon, 1994). PDI’lar ¢ekirdekte, sitoplazmada,
endoplazmik retikulumda, mitokondri ve hiicre dis1 ortamlarda bulunurlar (Cheng et al., 1987;
Couet et al., 1996; Wilson et al., 1998; Lahav et al., 2000; Rigobello et al., 2001; Turano et al.,
2002). PDI’larin proteinlerin agregasyonunu onleyerek saperon gorevi istlendikleri de rapor
edilmistir (Irvine et al., 2014)

Insan PDI proteini dort modiiler domainden (a,b,b’,a’) ve karboksil ugta endoplazmik
retikulum retansiyon sinyalinden (KDEL) olusmaktadir (Alanen et al., 2003). Domain a ve a’ di-
sistein motifi (CXXC) ile thioredoxin domainiyle homoloji paylasan katalitik domainlerdir. b ve b’
domain ise U-geklinde tiim molekiiliin tersiyer yapisim1 muhafaza etmede rol oynamaktadir
(Kemmink et al., 1997; Byrne et al., 2009).

Hayvanlarda mevcut olan PDI’larin ¢ogu ER (Endoplazmik retikulum)’de stres durumunda
katlanmamig protein cevabinda yer alir. Bu siire¢ ¢cogunlukla diyabet ve ndérodejenaratif hastaliklar
gibi bir¢ok hastaligin gelisimi ve ilerlemesi ile yakin iligkilidir (Kemmink et al., 1997; Byrne et al.,
2009). Hayvanlarda ¢ok ¢alisilan PDI proteinlerin varligi piring (12), bugday (9), salgam (Brassica
napobrassica) (32) ve musir (22) gibi farkli bitkilerin genom sekanslarinda da tanimlanmis olmasina
ragmen, bu proteinin bitkilerdeki caligmalar1 sinirlidir (Houston et al., 2005; D’Aloisio et al.,
2010; Onda and Kobori, 2016; Kayum et al., 2017). Bitkilerde bulunan PDI proteinlerinin
hayvanlardaki gibi protein katlanmasi ya da yeniden katlanma siireglerinde rol oynadigi rapor
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edilmistir (Takemoto et al., 2002; Lu and Christopher, 2008; Kimura et al., 2015; Onda and Kobori,
2016; Peng et al., 2017). Ayrica bu proteinlerin bitkilerde embriyo kesesinin olgunlagmasi, tohum
gelisiminde endotelial hiicrelerin programli hiicre 6liimii ve biyotik strese cevap olusturmada rol
aldiklar1 da bildirilmistir (Wang et al., 2008; Gruber et al., 2007; Ondzighi and Staehelin, 2008).
Bitkiler biiylime ve gelisme donemlerinde bir¢ok stres faktdriine maruz kalmaktadir. Bitki
PDI’'larinin abiyotik stres altinda up-regiile oldugu bilinmektedir. Brachypodium distachyon L.
ve Brassica rapa ssp. pekinensis’e ait PDI genlerinin abiyotik stres altinda up regiile oldugu ve
coklu stres cevabinda rol oynadigi goriilmiistiir (Zhu et al., 2014; Kayum et al., 2017).

Tahillarda PDI proteinleri {izerine yapilan aragtirmalarda c¢ogunlukla tohum depo
proteinlerinin siniflandirilmasindaki roller {izerine odaklanilmistir. Bugdayda ve piringte tohum
depo proteinin yeniden pozisyonlandirilmasi siireci, baslangi¢ polipeptitlerin ER liimenine transferi,
peptitlerin katlanmasin1 ve endosperm hiicrelerine depozosiyonunu kapsamaktadir (Shewry and
Halford, 2002; Herman and Schmidt, 2004; Vitale and Ceriotti, 2004; Tosi et al., 2009). Bu olaylar
birkag giinliik periyod igerisinde ger¢eklesmektedir. Hiicre i¢i ER stresini temsil eden tohum protein
stirecleri ve dis cevresel faktorler depo proteinlerinin miktar1 ve kalitesini biiyiikk Olclide
etkilemektedir (Dupont et al., 2006).

Son zamanlarda bilgisayar tabanli teknoloji ile biyoinformatik yaklasimlar gelistikge, bitki,
bakteri, fungus ve hayvan gibi farkli organizmalara ait sekans verilerinin kullanimina olanak
saglayan in silico analizlere izin veren yaklagimlar yayginlasmistir. in silico analiz, giiniimiizde
genlerin fonksiyonlarinin anlasilmasi, yeni genlerin ortaya c¢ikarilmasit ve ilag gelistirme gibi
amaglar dogrultusunda sik¢a kullanilan bir yaklasimdir. Bu ¢aligmada hayvanlara kiyasla bitkilerde
daha az calisilmis olan PDI proteinlerinin soya genomunda varligi arastirilmis ve bu genlere ait
proteinlerin farkli 6zellikleri in silico analizler ile ortaya konmaya ¢alisilmistir. Ayrica, ¢aligmada
PDI proteinleri ile soyada hastaliga neden olan Turnip mosaic virus’e ait kilif proteini arasindaki
interaksiyon da arastirilmistir.

MATERYAL ve METOT

Arabidopsis PDI genomik sekansi (At3g54960) BLASTn arastirmasi igin referans alindiktan
sonra soya (Gylicine max Wmd82.a2.vI) genomunda PDI genlerinin varlig1 Phytozome v13 database
kullanilarak taranmistir. Soya PDI genlerinin yapis1t Houston ve ark. (2005)’nin rapor ettigi EST,
TA ve cDNA’lar goz Oniine alinarak olusturulan gen modeli ile karsilastirilarak Gene Structure
Display Server (GSDS) (http://gsds.cbi.pku.edu.cn/) programi kullanilarak olusturulmustur (Sekil
1). Soya PDI’lara ait amino asit sekanslari Phytozome database’den elde edilmistir. Soya PDI
amino sekans hizalama (aligment) PARALINE Multiple Sequence Aligment kullanilarak
gerceklestirilmistir  (Sekil 2). Peptitlere ait fizikokimyasal oOzellikler Protparam araci
(https://web.expasy.org/protparam/) kullanilarak elde edilmistir (Cizelge 1). Proteinde disiilfit
baglari ve lokasyonlar1 SCRATCH Protein Predictor programi
(http://scratch.proteomics.ics.uci.edu/) kullanilarak arastirilmistir (Cizelge 1). Peptit sekanslarina ait
protein 3-D (3 boyut) yapist swiss-model database (https://swissmodel.expasy.org/interactive)
kullanilarak belirlenmistir ve bu modeller protein docking i¢in kullanilmistir. Protein-Protein
interaksiyonunun belirlenmesi icin HDOCK SERVER kullanilmistir
(http://hdock.phys.hust.edu.cn/).
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Cizelge 1. Soya PDI proteinlerinin fizikokimyasal 6zellikleri

pl
» , MW (kDa) o
Ornek Gen ismi Accession No Kromozom Ba§lang}<; ?’ms . . (protelr{ (molekiiler Amino asit D}sulﬁt Pozisyonlar
bolgesi bolgesi izoelektrik - say1s1 bag sayist
agirlik)
noktast)
1 GmPDIl4a  Glyma.14G152000 14 32942545 329479906 528 33834.16 496 2 (’1'%;0{"
47650.66 290-29,
2 GmPDII4b  Glyma.14G050600 14 3961456 3965431 541 : 483 3 64-67,
192-195
3 GmPDI4  Glyma.04G247900 4 51508103 51512541 5.06 S8714.88 525 2 4172'_‘;261’
4 GmPDI6a  Glyma.06G114700 6 9307220 9315112 574 44398.02 394 2 3307;;%6
5 GmPDI6b  Glyma.06G114800 6 9319023 9322977 4.88 S6115.09 503 2 (’1'%;0{"
6 GmPDI6c  Glyma.06G218800 6 23847777 23849959 771 14296.90 126 2 (’7'7151’3102'
7 GmPDI6d  Glyma.06G245200 6 41415611 41418860 9.40 1837244 196 2 27'5977’94'
00 ¢ - -
8  GmPDIl3a  Glyma.13G077300 13 18273603 18279038 532 33699.98 495 2 60(15’6;05
62382.13 106-109,
9 GmPDII3b  Glyma.13G326200 13 42127387 42131740 472 : 558 2 445448
47827.82 64-67, 192-
10 GmPDI2a  Glyma.02G266900 2 45143254 45147258 537 ‘ 438 3 195, 200-
296
40843.43 57-60, 87-
Il GmPDI2b  Glyma.02G014000 2 1271043 1276316 537 : 368 3 94, 180-
183
57-60, 87-
12 GmPDIIO  Glyma.10G014700 10 1313154 1318059 5.73 40355.80 364 3 94, 176-
179
BULGULAR ve TARTISMA

Bitkilerde PDIL ailesine ait proteinler hakkinda bilgi edinmek i¢in veri tabanlarinda
gerceklestirilen arastirmalarda sorgu kelimesi olarak Arabidopsis PDI kullanilmaktadir. Soya
genomunda Blastn ile 12 GmPDI geninin varlig1 belirlenmistir (Sekil 1). Bu genlerdeki intron ve
exon bolgeleri ve gen uzunluklar1 Sekil 2°de verilmistir. Genler arasindaki intron sayist 1 ile 10
arasinda degisirken, ekzon sayisi ise 3 ile 11 arasinda degismektedir. PDIL proteinlerinde TRX
(thioredoxin), ferrodoxin, glutaredoxin, ferrodoxin, peroxidoxin gibi domainler yer almaktadir
(Jacquat et al., 2002). Multiple Sequence Aligment (Coklu sekans hizalama) sonucunda CXXC
terapeptit kataliktik sekansin GmPDI proteinlerinde korunmus oldugu ortaya konmustur. Houston et
al. (2005), Arabidopsis bitkisine ait AtPDI proteinlerindeki aktif dizi motiflerinin WCGAC,
WCARS, WCVNC, WCINC seklinde varyantlara sahip oldugunu gdstermistir. Holmgren (1985),
WCXXC dizilerinin disiilfit oksidasyon/rediiksiyon ve izomerizayondan sorumlu oldugunu rapor
ederken, diger arastirmacilar WCXXA motifinin sadece disiilfit izomerizasyonundan sorumlu
oldugunu belirtmistir (Woycechowsky et al., 2000; Serratoet al., 2008). Iwasaki et al., (2009)
CPRS/CXXC dizilerinin ER liimen’ine lokalizasyonda sorumlu oldugunu gdstermistir.
Biyokimyasal ve hiicre fraksiyon ¢aligmalar1 PDI aktivitesinin genellikle ER ile iliskili oldugunu ve
salgilama yolaklarinin ¢oguna katildigin1 géstermistir (Houston et al., 2005). Cogu PDI proteini ER
hedefleme icin sinyal peptiti olarak tahmin edilen NHj-uca ait sekansa sahiptir. Diger taraftan
bir¢cok protein de COOH-terminal KDEL motifine sahiptir (Pelham, 1990). Bu ¢alismada, amino
asit aligment sonucunda proteinin N’ terminal ucunda bulunan korunmus KDEL sekanslarinin soya
PDI proteinlerinde de korunmus genellikle korunmus oldugu belirlenmistir (Sekil 3). Proteine ait
disiilfit baglarinin sayis1 2 ve 3’tiir. Soya PDI proteinlerindeki en kiigiik amino asit sayis1t GmPDI6
proteinine ait iken en biiylikk Amino asit sayist 558’dir. GmPDI proteinlerindeki izoelektrik
noktasinin 4.72 ile 9.40 arasinda degistigi goriilmiistiir (Cizelge 1).
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Defline Score E oY \Jew
P Cmrs 3205 E-34
p Cnrds 3205 1.1E.84
P Cnr0e 2024 28E-79
P Ch12 208.7 43ES
P Cnrg 744 POE4
P Cnw20 1854 51E.38
P Crer? 1838 1.8€-37
P cn02 808 TE-12
P cCw02 538 23E-4
P Cne2 500 2883
P Cn10 452 P0E-3
P Cwo7 84 35€-2

Sekil 1. Soyada Phytozome PDI blast sonucu

Bitki viriisleri tarafindan kaynaklanan enfeksiydz hastaliklar tarimsal iiretimi ve kiiresel
olarak tarimsal iiriin miktarini negatif olarak etkilemektedir. Soya insan ve hayvan beslenmesinde
onemli bir besin kaynagidir. Tobacco ringspot virus soya bitkisini enfekte eden viriisler arasindadir.
Bitkisel ve hayvansal kaynakli hastaliklarda bitki ve patojen arasindaki protein interaksiyonlari
hastaligin olusum mekanizmasinin anlagilmasi admma ©6nem tagimaktadir. PDI proteinlerinin
hayvanlarda hastaliklarla iliskili oldugu bir¢ok ¢alisma da ele alinmistir. Bitki hastaliklarinda ile bu
proteinin iliskisi adina yapilan ¢alismalar oldukca sinirlidir. Yang ve ark. (2014), PDI proteinlerinin
bitki virlislerine duyarlilikta rol oynadigini bildirmistir. Bu ¢alismada Tobacco ringspot virus kilif
proteini ile soya PDI proteininin geni arasindaki interaksiyon arastirilmistir. Kilif proteini ve PDI
proteini arasinda bir ligan-reseptor baglanmasinin miimkiin oldugu, protein docking sonucuna gore
belirlenmistir (Sekil 4).

Glyma.14G 152000 s ——— - - —

Glyma. 14G050600 W — —— — = — — — —

Glyma.04G247900 S —— e ————— o —

Glyma.06G 114700 ' o e e -

Glyma.06G 114800 B — - e o = s G

Glyma.06G218800

Glyma.06G245200 - -

Glyma.13G077300 . —— — m ——— e — ———— — a———

Glyma.13G326200 - ™ e e e = ™ ¢ S

Glyma.02G266900 — ————

Glyma.02G014000 - —— e o =, G

Glyma.10G014700 . - el — O — O ‘
. . N , R X ., , ;
0kb 1kb 2kb 3kb 4kb 5kb 6kb kb

Legend:

CDS s upstreany downstream = Intron

Sekil 2. Soya PDI genlerinin yapisi
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Glyma. 066245200 --MATLFDSLAVVRLP -~ ~TAARRTSVH-L - - - -PHCA-GLRLRP - - - - - ATVLKG- - -VWTVAATDADAHPS - - LAQEYGIRGF PTIKVFAPG-KPPVDYQGARDVKPT

Glyma. 146050600 --MPKSQFRTPFLVSLPLLLFIFNLTPSHALYG- -~ASSPVLQLTPSNFKSKVLNSNGVVLVEF FAPNCGHCQAL TPTWEKA ATVLKG- - -VWTVAATDADAHPS - - LAQEYGIRGF PTIKVFAPG-KPPVDYQGARDVKPT

6l RTPFLVSFSLLLFIFNLTPSYALYG- -ASTPVLQLTPSNFKSKVLNSNGVVLVEF FAPKCGHCQAL TPTWEKA ATELKGED - -VILAKVDATEENE - - LAQQYDVQGFPTVHFFVDG- - IHKPYNGQRTKDAT

Glyma. 136326200 MRILVLLSLATLLLFSSFSPTFCDHLADDEDLSFL GOFED QPEVDEKDVVVLKEKNF TDAVKNNRFVII-VEF YAPHCGHCQALAPEYARA GSSFKKAK - SVLTGKVDCDEHKS - - L CSKYGVSGYPTIQWFPKGSLEPKKYEGPRTADSL

Glyma. 026014200 --MENYQIUSRRIALGAFAFVLLFL---SA- ~SADDVVVL SEDNFEKEVGODRGAL - VEF VAPWCGHCKKLAPEVEKL G55y AK - SVLTGKVDCDEHKS - - LCSKYGVSGYPTIQHFPKGSLEAKKYEGPRTAESL

G[yma.lGGOIIUOB MEKYQIWSRRIALAAFAFALLFQ- - -SA- ~SADDVVVLSEDNFEKEVGQDRGAL -VEF YAPWCGHCKKLAPEYEKL

Glyma.06G218800 MFSSH-------- -~ K ¢

e 266114700 VY- ~DESDVLTLDHSNFSDTVSTYSLIV-] VEFYAPRCGHCKKLAPEWKV:gtSS"DPPW":E\I’g:x:z;;gt"@'"“ """ #EILR"GG’*"VQEVKGPHEADG!
04624 MPKFFHSIFRGTH TCFFFVF Fi -EKEFVLTLDHSNFHDTVSKHDF IV-VEFYAPWCGHCKKLAPEYEKA o

giﬂ:,gggﬁzzgg “renst 6ﬁ&“ﬁé;;r‘v’;fitttirgizf:?g _EKEFVLTLDHSNFHDTVSKHDF IV - VEFVAPNCGHCKKLAPEVEKAASILSSHDPPIVLAKVDANEEKNkDLASQYDVkGFPTINILRNGGKNVQEVKGPREADGI

Glyma. 146152000 HHNNNRVSTHFLFVSSLLSLFA-QIS ~EKEFVLTLDRSNFSDIVTKHNFVV -VEFYAPKCGHCHKLAPEYEKA ASILSSNDPPVILAK FQUQGFPTIKIL

Glyms. 136277300 MAHHNNIRVSICFLFASSLLSLFA-QIS KEFVLTLNRSNFSDIVTKHNFVV- ve;mpwcancmxupgygk,\As1LSSNDPPVILAKVDANEEKNRELASQFQVQGFPTIKILRNGGKWQDVWPREADGI

Glyma. 066245200 _AAASR -VASPARRIASRAARVACEAQ

Glyma . 146050600 e e GSSDK -TETSSSVELNSGNFDELVIKSKELWIVE - FFAPWCGHCKKLAPEWKKASNSLKGK

Glyma.026266900 AEFALQQVK ALLKDRLSGKATG ~TETSSSVELNSGNFDELVIKSKELWIVE FFAPWCGHCKKLAPEWKKASNNLKGK

Glyma. 136326200 VTHIRKKIGPGIYNLTTVEEAQRILTNETKVVLGF LNSLVGPESEEL AA-ASRLEDDVNF VQTVNPDVAKLFHIDQQVKRPALILIKkEEEALNHFDGKFEKSAIADFVFSN&LPLV\'IFTRESAV -PSVFENPIKKQLLLFA-TSNDSETLVPAFKEAAKSFKGKLIFVYVENDNE

Glyma.02G214000 -

Glyma.10Ge14700 - -

Glyma. 066218800 - _SFSVEEFDNFSALAEKLHSDYDF GHPLN--VKLLPRGESSVSGPTVRLSKPFTGLFVDFQ-VF - LCILDFS-

Glyma.066114700 VDYLKKQSCSVS- KFSGEEFDNFT--AEKLRADYDL GHTHN--AKHLPRGESSVTGPTVRLFNPFDEFFVDFQ-~ - rLQSQFKmESFKSkVRETAEQVRQQGLSFLV

Glyma. 046247900 VDYLKKQSGPASTEIKSADEATAFIGENKVAIVGVFPKFSGEEFDNFSALAEKLRSDYDF GHTLN--AKHLPRGESSVSGPVVRLFKPFDELFVDFQ-DFNVEALEKFVEESSTPWTVF AMLFINFT;

Glyma.066114800 VDYLKKQSGPASTEIKSADEATAF IGENKVAIVGVFPXF SGEEFDNF SALAEKLRSDYDF GHTLN--AKLLPRGESSVSGPVVRLFKPFDELFVDFQ-| omvsmexrveessww‘rvr NNEPSNHPFWKFFNSPNMAVYLFINFTAEGNEAIKSXVREAAEQVKQQGVSFLV

Glyma.14G152000 VDYLKKQSGPATAEIKSADDASALIGKNKVVIVGVFPKFSGEEYENFNALAEKLRSEYDF GHTLD--AKYLPRGESSVTGPVVRLFKPFDELFVDSH-DFHMEALEK MMFVNFTADNADSLKLK

Glyma.13G077300 VDYLKKQSGPATTEIKSADDASAL IDKNKVVIVGVFPKFSGEEYENFNALADKLRSEYDF SHTLN--AKHLPRGESSVTGPVVRLFKPFDELFVDFY- DFNHEALSKFVEESSVPIV‘I’VF TVDNADSLKSKI snvr—am

Glyma.06G245200 DTAVEVAPITD--- ANGQSLY - -LESESAVLVE------------- FWAPLCGP  CRMIHPIIDELAKQYAG--KLKCYKLNTDESPSTATRYGIRSIPTVHIFKSGEXKDTVI-

Glyma.14G050600 DCDAEXSLMSRFKVQGFPTILVFGADKDSPIPYEGARTALATESFALEQLETNVAPPEYT ELHSPDVLEEKCGSAAICFVAFLPDILDSKAEGRNIYLQQLLSVAEKFKRSPYSYVIWVAA GNQ-PDLEKNVGVGGYGYPALVALNLKKAVYAPLKSAFELD- - -QIIEFVKEAGRGG- - -

Glyma.026266900 DCDAEKSLMSRFKVQGFPTILVFGADKDSPIPYEGARTASATESFALEQLETNIAPPEVT ELVSPDV'-EEKCGS‘*AICF"AFLPDIL LQQLLSVAEKFK GKQ-PDLI VALNLKKAVYAPLKSAFELD- - -QITEFVKEAGRGG- - -

Glyma. 136326200 DVGKPVSEYFGTSGNAPKVLGYTGNDDGKKFVLDGEVTTDKT <PFYKS D=~ -~LDESKDVLLE- IYAPWCGH CQSLEPTYNKLAKHLRNIDSLVIAKHDGTTNEHPRAKPD--GFPTLLFFPAGNKSFOPIT

= , ITEGDLL -AGTNVKTA AWVVLTSENFNEVY- -LOETKDVLVE - CKSLAPTYEKVATAFKLEEDVVIANLDADKYKDLAEKYDVSGF PTLKFFPKGNKAGEEY -

Glyma.10G@14700 - - NVVVLTPENFNEVV- -LDEAKDVLVE- CKSLAPTYEKVATAFKLEEDVVIANLDADKYRDLAEKYDVSGFPTLKFFPKGNKAGEDY -

Glyma.06G218800 SFCFF ----LLLC-
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Glyma.04G247900 ESSQGAFQYFGLKEEQVPLI-IIQHNDGKKF - FKPNLEADHIPTWL EDIV--FKSGKNVLLE- CKQLAPILDEVAISYQSDADVVIAKLDATANDIPSETFDVQGYPTV-YFRSASGKLSQY -

Glyma.06G114800 ESSQGAFQYFGLKEEQVPLI-IIQHNDGKKF - FKPNLEADHIPTWLK: EDIV--FKSGKNVLLE- CKQLAPILDEVAISYQNEADVVIAKLDATANDIPSETFDVQGYPTV-YFRSASGKLSQY-

Glyma. 146152000 EASQGAFQYFGLKENQVPLH-TTQHNDGKKF - LKTNVEPDHIATWL QDIV- -FNSGKNVLLE- CKKLAPTLEEVAVSYQSNPDVIIAKLDATANDIPRETFEVQGYPTV-YFRSASGKISQY -

Glyma.13G@77300 EASQGAFQYFGLKENQVPLI-VIQHNDGKKF - LKTNVEPDHIATWLS QDIV--FNSGKNVLLE-------------. Wi CKKLAPILEEVAVSYQSNPDVIIAKLDATANDIPRDTFDVQGYPTV-YFRSASGQISQY-

Glyma.06G245200 ==GAVPKSTLTTSIEKFV-==---mmmmmmmm e e e e e e e

Glyma.14G050600 ~KGNLPLQGTPTIVKT! IIEEDEFSLEEL!
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Glyma.06G114700 -DGNRTKEDIIEFIEKNQ-

Glyma. -EGGRTKEDIIEFI

Glyma.06G114800 -DGGRTKEDIIEFII

Glyma. 146152000 -DGSRTKEDITDFIEKNR -~~~ -~~~

Glyma.13G077300 -DGSRKKEDIIDFIEKNR--~-~-~~~~--|

Kilif protein

Complex Template Information

Molecule Chain ID Align_length Coverage Seq_ID (%)
Receptor A 120 1.000 100.0
Ligand A 513 1.000 100.0

Sekil 4. Protein-Protein docking sonucu
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SONUC

Bu calisma 6nemli bir baklagil bitkisi olan soya bitkisindeki PDI proteinlerinin yapisal olarak
farklihig1 ve fonksiyonel dzellikleri {izerine dnemli bilgiler sunmaktadir. In silico analizler PDI ile
Tobacco ringspot virus kilif proteini arasinda baglanma deseni gorsellestirilmistir. Protein-protein
interaksiyonu ile ilgili amino asit kalintilarinin belirlenmesi i¢in kapsamli caligmalara ihtiyag
duyulmaktadir. in silico galismalardan elde edilen bilgiler yeni genlerin karakterizasyonu ve
fonksiyonel 6zelliginin belirlenmesi i¢in dnemli veriler sunmaktadir. Dolayisiyla bu c¢aligmanin
sonugclari ileride PDI proteinleri ile ilgili gergeklestirilecek ¢aligmalara katki saglayacaktir.
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Swab Analysis, Its Importance and Applications in Personnel Hygiene and Business
Sanitation Monitoring
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ABSTRACT

Swab analysis is of paramount importance especially in the detection of microorganisms
taken from surfaces as well as identification, counting and description of these microorganisms and
hygiene monitoring. Responsible personnel, food contact tools and equipment play role in the
contamination of food with bacteria. It can be identified by swab analysis whether foods, food
production equipment, personnel and environment have bacteria or not. Swab samples are of great
importance in taking any cross-fertilization under control. While performing analyses, correct
selection of swab analysis method should be attached importance as correct swab analysis method
selection influence the sensitivity of the results of analyses.

Keywords: Swab analysis, Hygiene and sanitation, Swab method

Swab Analizi, Personel Hijyeni ile Isletme Sanitasyonu Takibinde Onemi ve Uygulamalari

OZET

Swab  analizi, Ozellikle yiizeylerden toplanan mikroorganizma tespitinde, bu
mikroorganizmalarin tespit edilmesi, sayilmasi ve tanimlanmasinda, hijyen takibinde biiyiilk 6nem
tagimaktadir. Sorumlu personel, gidalarla temas eden alet ve ekipmanlar, gidalara bakterilerin
bulagmasinda rol almaktadir. Ozellikle gidalarin, gida iiretim ekipmanlarinin, personelin ve ortamin
bakteri tasiyrp tasimadigi swab analizi ile belirlenebilmektedir. Herhangi bir ¢apraz iliremenin
kontrol edilmesinde swab Ornekleri biiylik 6nem arz etmektedir. Analizler yapilirken, swab analiz
metodunun dogru secilmesi dikkate alinmasi gereken bir konudur. Ciinkii swab analizinde
metotlarin dogru se¢ilmesi, analiz sonug¢larinin hassasiyetini etkilemektedir.
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INTRODUCTION

Detection, counting and identification of pathogenic microorganisms collected from surfaces
is the essential in hygiene monitoring, environmental sampling and bio-threat assessment across
diverse fields of applications. For rapid and sensitive detection of bacteria and viruses, molecular
analysis methods such as real-time PCR are commonly applied. To ensure optimal limits of
detection, the initial sample collection must be highly efficient and reproducible. Cotton swabs have
traditionally been recommended for microbial surface sampling as well as sampling of human
biological traces (Jansson et al., 2020).

Swab and swab analysis methods

Swab consists of a flock layer with long support body structure for collection and transfer of
biological material samples and defined by a large number of fibres attached and placed at the end
(Triva, 2019). In Figure 1, a sterile disposable swab sample is given.

Figure 1. Sterile disposable swab (Anonymous, 2021a)

Today, it has been determined that traditionally used swab materials affect swab efficiency.
Swab material selection may depend on the nature of the target organism, change in time after
accumulation on the surface (namely, wet or dry sample). It is generally accepted that swabs of the
same material show equal performance in sampling. In addition, another issue originates from the
differences in recovery between swabs of the same material (Jansson et al., 2020).

In the study carried out by Jansson et al. (2020) in which they evaluated sampling efficiencies
for 15 different swabs made of cotton (5), flocked nylon (3) and foam (7), they reported that cotton
swabs and small foam swabs were advantageous for sampling from non-absorbent surfaces while
foam swabs were advantageous for sampling from all surfaces, and wood areas tested, and foam
sticks should be preferred when collecting viruses, regardless of the surface material. It was
reported that foam swabs are generally advantageous on absorbent surfaces, such as wood (Figure
2), and recoveries under optimal were obtained for all surfaces tested by nylon flocked swabs. It
was emphasized in the same study that there was also a high difference in recovery efficiencies
between different swabs of the same material, and it was important to evaluate specific swabs for
the intended use before application. (Jansson et al., 2020).
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Figure 2. Foam tip swab and sponge swab (Anonymous, 2021b)

For sampling with swabs, the swab tip is first swept once on the surface in a slalom-like
pattern (black arrow heads). Next, the swab is swept perpendicularly for a second time on the
surface to the first sweeping direction (grey arrow heads) and sampling is performed (Figure 3).
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Figure 3. Sampling procedure by swab (Jansson et al., 2020).

After making sampling operation by sterile swabs, swab is put into a tube containing sterile
physiological saline water or peptone water and transferred to laboratory quickly at +4 °C, and
finally examination is conducted after appropriate dilutions are made according to the
microorganism to be detected. (Oz and Ozgen Arun, 2019). Vortexing operation is carried out

before dilution so that the samples on swab are mixed with the peptone water thoroughly (Unal and
Ozmen-Togay, 2017).

Adenosine triphosphate (ATP) bioluminescence method, which is performed with swabs,
except for the traditional use of swab sticks, enables the total surface cleanliness, including the
presence of organic residue and microbial contamination, to be tested quickly by providing results
within minutes. ATP bioluminescence is considered a highly effective biosensor providing a
sensitive, non-destructive and real-time testing (Larson et al., 2003; CaPuto et al., 2011; Chollet and
Ribault, 2012). The ATP bioluminescence detection test is based on the fact that ATP is an
important source of biological energy found in various microbes and therefore reflects the presence
of living microbes (Luo et al., 2009). Quantitative measurements of ATP bioluminescence have
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been applied to biological and environmental systems for years (Caprita and Caprita, 2005). Thanks
to these, the use of ATP bioluminescence method is getting widespread as a monitoring method at
HACCP (Hazard Analysis and Critical Control Point). ATP measurement technique can be used
successfully without any technical staff in order to train food processors and cleaning personnel on
personal issues or kitchen hygiene, and to minimise possible errors that personnel may cause during
applications. Morever, ATP bioluminescence method must be used after being integrated with
microbiological tests as part of a compatible surface cleanliness monitoring system as it does not
have similar functions with quantification of the microbial load on food contact surfaces (Aycicek
et al., 2006).

ATP is one of the building stones with significant functions in energy transfer reactions of all
cells (Unliitirk and Turantas, 1999). ATP bioluminescence method is indeed based on the
formation of bioluminescence light as a result of the reaction of oxygen and luciferin enzyme in the
presence of ATP (Ipek, 2017). ATP hygiene monitoring system detects ATP in all animal, plant
origin cells, mould and yeast cells. (Erkog, 2019). In ATP bioluminescence method, the devices
called luminometers and specially developed, are used. The sample, received from a parallel of 100
cm? surfaces, was placed in the swab compartment of the device by using the special swabs of the
device. After the cover is closed, the reading is started and the relative light unit (RLU) value, read
on the screen at the end of the time of measurement, is recorded (Ipek, 2017; Oz and Ozgen Arun,
2019). In Figure 4, sampling, placement of swab into the device and reading are demonstrated.

Figure 4. Basis of adenosine triphosphate (ATP) bioluminescence method (Anonymous, 2020)

In their study comparing the results of ATP bioluminescence and traditional hygiene
determination methods in order to identify surface cleanliness in a hospital kitchen, Aycicek et al.
(2006) found that there were more dirty surfaces than clean surfaces according to the ATP
measurement results of steel meat processing bench, marble oven bench, wood meat processing
bench, oven handle and tap head. In addition, the microbiological swab technique results for steel
vegetable preparation bench, plastic meat processing bench, portable meat chopping table, portable
vegetable chips tray, meat grinder, crushing machine, gastronome, meat and vegetable knives
concluded that the number of clean surfaces was higher than dirty surfaces. In a similar, Oz and
Ozgen Arun (2019) performed tests on surfaces experimentally contaminated with different
microorganisms by utilising ATP bioluminescence method and classical swab method in parallel.
Moreover, it was stated that the most reliable results were obtained from the surfaces contaminated
with Salmonella. TIpek (2017) used ATP bioluminescence and standard swab method in the ezine
cheese production line to specify the effectiveness of feasibility of disinfection with new
disinfectant formulas. As a result of the study, common Bacillus spp. impurities were determined in
process areas (36.75%), Enterobacteriaceae (25.64%) and Pseudomonas (23.93%) species.
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The use of ATP bioluminescence technique is not also recommended in hygiene and
sanitation practices at premises where dry cleaning methods are applied and the products, such as
milk powder and flour are produced as product residues cannot be completely removed. The use of
ATP bioluminescence technique is not recommended in hygiene and sanitation practices due to the
adsorption possibility of sea-borne light-emitting bacteria in food premises that process fish and fish
products. Unliitirk and Turantas (1999) urge that bioluminescence feature is found in lightning
bugs, marine bacterium, some marine species and freshwater fish in the nature.

Use of swab methods in personnel hygiene and business sanitation monitoring

Hygiene is defined to be a science covering knowledge and applications required for the
protection of health at every stage of human life and for ensuring the sustainability of the
environment and human health. Personnel hygiene is described as keeping the body clean and all
protective measures taken against the factors causing diseases. Personnel hygiene and health of
individuals working in food premises affect food safety directly. For this reason, the personnel
working in food premises must know and implement personnel hygiene rules and must have basic
knowledge level regarding sanitation and kitchen at every stage where food is brought to our
kitchen (Giirpinar et al., 2020).

Personnel hygiene is of paramount importance in ensuring ideal hygiene conditions at food
premises, and the personnel working at food premises are one of the most important contamination
causes. This type of personal illness, carelessness and negligence, is infecting and infecting other
personality and plays the most important role in cross-contamination (Nerin et al., 2016). When
evaluating individuals in terms of personal hygiene, there are differences between microbial loads
on hands. In addition, there are natural differences due to skin flora, age, gender and geographical
regions where lived in, physical and biological features of the skin area (Giirpinar et al., 2020).

Fields of administration

In the study carried out by Fida and Agaoglu (2004), in which they specified 20 restaurants as
pilot in the region of Agr and examined these restaurants in terms of tool-equipment,
environmental and personnel hygiene, they used the cotton swab method in taking samples from
tool-equipment and other surfaces. As a result of the microbiological analyses, the samples received
from the hands of the cook, working at the restaurants controlled, resulted in the primary sources of
contamination, and general hygienic conditions of the restaurants examined in this study were not
good.

In a thin sheet of dough plant, hands of personnel working in production and packaging were
examined in terms of coliform bacteria and Staphylococcus aureus by utilising the swab-rubbing
technique. Swabs soaked in sterile physiological saline were brought into contact with a surface of
5x5 cm for 20 seconds on the right-hand palm of the personnel, and the swabs were brought to the
laboratory. Examination was made on suitable media for microorganisms. Accordingly, the number
of coliform bacteria and S. aureus on the hand samples of the personnel working at the thin sheet of
dough rolling section of all three facilities were found to be higher than the hand samples of the
packaging personnel (Arda and Aydin, 2011). In the study (Diimenet al., 2019), 5 located in
different geographical regions of Turkey and operates as a franchise under the same brand name
100 bakery business, has visited over 12 months. Visit him, he received a total of 6 swabs from a
business, 3 from food contact surfaces and 3 from tools and equipment used in food production and
sales. These swab samples were then examined regarding the parameters of total mesophilic aerobic
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bacteria, coliform bacteria, Escherichia coli and S. aureus. The results showed that while the
Marmara region had the lowest microbiological load, the Central Anatolia Region had the highest
microbiological load.

Aydogan (2016) identified Astrovirus (AsV), Norovirus (NoV) and Rotavirus (RoV), which
are ranked among the most important factors of viral gastroenteritis cases, in the swab samples
taken from the hands (palm, upper hand, fingers and fingernails) of 47 personnel working in the
production department of 5 different milk and dairy products in Burdur City Center and Bucak
District. At the end of the study, AsV, NoV and RoV virus antigens were not found in examined
hand swab samples.

Swab samples were taken by sterile swab sticks from bench, cutting board, refrigerator
handle, tap, dry storage shelf and serving spoons in 32 different meal preparation departments
providing feeding programs to primary and secondary schools in Mpumalanga, Africa. In these
swab samples, aerobic colony count, Escherichia coli O157:H7, Salmonella, S. aureus and Listeria
monocytogenes identifications were performed. When the results were assessed in accordance with
South African Government Regulation 962, it was found that bench top and dry storage areas had
the worst results and that most of the food contact surfaces had insufficient hygiene conditions
(Sibanyoni and Tabit, 2019).

Erkog (2019) carried out a total viable bacteria count by taking swabs from vegetable and all
surfaces, equipment and hand of personnel that vegetable contacted for each stage of vegetable until
they are bought by consumers. For total bacteria count, culture was received from the vegetable to
be tested under sterile conditions by touching the cotton tip of the swab, and then a measurement
with a luminometer was performed. When evaluated regarding the total number of viable bacteria,
the highest number of bacteria was found in the carrot vegetable during the service stage.

Various diseases may occur due to the transfer of microorganisms from the surfaces
contaminated with pathogenic microorganisms to the body by hands. In this regard, in the study
conducted in the province of izmir, a total of 100 samples were taken from shopping carts in 20
different markets, and total viable count and E. coli analyses were performed. The total viable count
on push arms of the shopping carts was determined to be in the range of 0,82-4,88 log kob/10 cm?,
No coliform and E. coli was detected. Therefore, it was reported that high number of
microorganisms on the shopping carts may pose a risk for public health, and proper cleaning and
disinfection operations should be specified and applied for shopping carts (Giindiiz et al., 2019).

Tiimer (2014) argued that he specified the effectiveness of the steam disinfection device used
in surface cleaning and disinfection in kitchens that provide catering services by counting the
breeding colonies after receiving microbial swab samples from different parts of kitchen surfaces,
such as meat bench, vegetable cutting, floor, door handle and napkin box and 25 c¢cm? area by damp
rod for colony counting (E. Coli and Acinitobacter Baumanni) before and after the procedure. It
was reported that when comparing microbial colony count after steam cleaning-disinfection, a
significant decrease was achieved excluding meat bench. No difference was found on meat bench
regarding colony examination before and after the cleaning.

In order to determine the qualification of hygiene training at cafeterias, Adenosine
Triphosphate Bioluminescence Test (ATPBT) was performed by receiving samples from kitchen
surfaces, kitchen tools and hand surfaces of personnel by means of swab before and after training
periods. After providing a hygiene training, a decrease was observed in median values of ATPBT
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scores regarding the surfaces of work benches, dining tables and tool-equipment. Knowledge level
of the personnel should be increased to prevent foodborne diseases (FBD). In addition to these, this
knowledge should also be put into practice. It was reported that the hygiene awareness of the
personnel would be increased more by the measurability of the effectiveness of hygiene training and
practices (Dere, 2018).

In the study in which ten different areas of cheese making rooms of 16 factories, including
five food contact surfaces and five non-food contact surfaces, were sampled before and after food
safety or sanitation training, samples were taken by swab for microbiological analyses. The
designated area was sampled with the swab using two perpendicular sequences of “S” strokes,
followed by a third diagonal streak, always with rotation of the swab to ensure contact of all parts of
the swab surface. It was reported that these swabs were used in ATP bioluminescence method and
microbiological examination. Surfaces and drainages were determined to be the areas with the
highest microbial load at the end of analyses. It was also expressed that Listeria spp. was identified
in 5 samples before training and in 3 samples after training at all factories, and no more than one
sampling site was found to be positive at any factory, and the same sampling area was identified to
be positive only at one factory both before and after training (Machado and Cutter, 2016).

In yoghurt production, samples were received from hands of personnel and surfaces by swab
method for HACCP practices, and the steps of raw milk, pasteurization, yeasting, filtering and
storage process were labelled to be critical control points (Karabiyik, 2006). 2 different swab
samples were received from an area bounded by a sterile frame with an internal area of 15 cm? in
order to sample the cutting boards and knife handles in food processing areas at university canteens.
In the first swab, sterile cotton swabs to be used for counting of total coliform E. coli,
Enterobactericeae, S. aureus and sulphite-reducing anaerobic bacteria were soaked with maximum
recovery dilution agent containing 0.05% Sodium thiosulfate and then were applied on the surfaces
of knives and cutting boards for 3 times in 3 directions. In addition, the second swab was taken
directly into sterile tubes containing 10 ml half fraser broth and used for the pre-enrichment phase
(Pamuk et al., 2018).

Aksu et al. (2017) reported that they used sterile swabs, which were moistened by sterile 1/4
Ringer's solution before sampling and then wiped on specified surfaces and finally transferred to a
test tube containing sterile 10 mL 1/4 Ringer's solution, when taking samples from the food contact
surfaces of hypermarkets for microbiological analysis. For taking samples from the hands of the
personnel working at the food section and contacting with food, the sterile swab sticks moistened
with 1/4 Ringer's solution were wiped on the 10 cm? area of the hands of personnel in perpendicular
direction for 20 seconds. In the study investigated the number of E. coli and S. aureus on the hand
samples and the number of total aerobic mesophilic bacteria (TMVB) and coliform bacteria on the
samples taken from food contact surfaces, it was indicated that food hygiene, good manufacturing
practices and HACCP system had to be followed in the food preparation and sales sections of the
hypermarkets (Aksu et al., 2017).

In the study carried out by Yal¢in (2018) in which Total Mesophilic Viable Bacteria (TMCB)
and Enterobacteriaceae number of carcasses before and after cooling was specified by taking
samples from a total surface of 400 cm? by sponge swab technique, it was concluded that there were
mistakes related to hygiene during the cutting process in the slaughterhouse according to the values
determined before cooling while the values specified after cooling suggested that there was a
contamination caused by cold storage room, personnel and/or tool-equipment. It was also identified
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in the same study that Salmonella spp., which should not be detected on lamb carcasses according
to the Turkish Food Codex Microbiological Criteria Communiqué, was found on 3 carcasses before
cooling and on a different carcass after cooling.

In another study, total aerobic mesophilic viable bacteria, coliform and fecal coliform
bacteria, S. aureus and mould-yeast were counted, respectively by utilising the swab samples taken
from the hands and clothes of the personnel working in hospital kitchens, which were considered to
be contamination source during the preparation of food in hospital kitchens (Unal and Ozmen
Togay, 2017). In the study in which a food poisoning occurred at a hospital cafeteria was examined,
B. cereus reproduction was identified in the samples of bread board, robot switch button and oven
opening lever and B. cereus was specified to be the cause of the epidemic as a result of
microbiological analysis of swab samples taken from the kitchen environment. The contamination
occurred during the consumption of salad with cross-contamination since the raw vegetables used in
the salad were not washed adequately or the preparation areas and materials in the kitchen were not
cleaned sufficiently (Terzi et al., 2018).

In another study to which 50 students enrolled in the department of Gastronomy and Culinary
Arts participated, it was reported that the swab samples were received from hand before hand
washing and after proper hand washing, and swab examinations were performed on Plate Count
Agar (PCA) medium to count total aerobic bacteria. The study concluded that there was a decrease
of 99% and above in the initial load of 41 students, 85-75% in 4 students, and 50% and below in 5
students. It was also argued that the awareness of these students, who would work at food and
beverage services business, was raised regarding that they were the sources of cross-contamination
and having information and implementing correct hand washing techniques (Giirpinar et al., 2020).

In the study performed by Kocatepe et al. (2011), in which they took samples by cotton swab
method from three different fishing benches for microbiological control (from the shelf on which
silver hake would be sold when fishing benches were clean in the morning and on the evening when
the benches were not cleaned), they reported that they obtained the best results from the bench with
nine sections, smooth floor, rounded corners, bottom cooling and sufficient slope for water drainage
and made of stainless steel.

Hareket (2019) stated that samples were taken from extraction unit, extraction tank, filling
tank and three filling units, used in the manufacturing of orange juice, before and after CIP in order
to examine regarding the yeast, total mesophilic aerobic bacteria (TMAB) and lactic acid bacteria
(LAB) parameters, and then yeasts in the environment were identified by molecular methods
according to the findings obtained, and finally the microflora of the yeasts that were effective on the
shelf life and quality of orange juices and spoil the freshly squeezed orange juice in the production
and filling lines were determined.

CONCLUSION

Correct selection of tools and equipment to be used for healthy food production in the
production area and hygienically valuable. At this point, various methods are used to detect
personnel hygiene and business sanitation. It is important that the tools and equipment chosen for
healthy food production in the production area are selected correctly and used hygienically. Swab
method is a practical analysis method used in the detection of microorganisms regarding personnel
hygiene and sanitation, surface control, environments and food. In our study, the application of
swab method, which is one of the practical and widely used methods in the detection of
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microorganisms related to personnel hygiene and sanitation, surface control, environments and
food, has been discussed. At the same time, the traditional use of swab and ATP bioluminescence
method were examined in detail in our study. In general, the use of ATP bioluminescence technique
is recommended to give fast and reliable results, but it is not recommended for hygiene and
sanitation use of ATP bioluminescence technique, except for product residues, in enterprises where
drycleaning methods are applied, such as milk powder and flour. At this point, new swab analysis
methods should be developed by taking these problems into consideration. In the swab analysis, it
was emphasized that the swab material also affects the analysis sensitivity and the appropriate swab
material should be used for appropriate analysis.

Briefly, with the swab method for the determination of personnel hygiene and facility
sanitation, Total coliform bacteria, total mesophilic aerobic bacteria (TMAB), sulphite-reducing
anaerobic bacteria, lactic acid bacteria (LAB), Escherichia coli, Staphylococcus aureus, aerobic
colony count, Escherichia coli O157 : H7, Salmonella, Listeria monocytogenes, Acinitobacter
Baumanni, Enterobactericeae, B. cereus, Astrovirus (AsV), Norovirus (NoV) and Rotavirus (RoV)
have been detected in the literature review.
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