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CM SAF Oransal Bulut Kapahhg (CFC) Verisinin Basarimi ve Dogu
Anadolu Gozlemevi (DAG) Yerleskesi icin Analizi

Kazim Kaba" ", Cahit Yesilyaprak™ 2

!Astrofizik Arastirma ve Uygulama Merkezi (ATASAM), Atatiirk Universitesi, Erzurum, Tiirkiye
2Astronomi ve Uzay Bilimleri, Fen Fakiiltesi, Atatiirk Universitesi, Erzurum, Tiirkiye

Makale Tarihgesi Oz — Dogu Anadolu Gozlemevi (DAG) projesi 2011 yilinda Erzurum’da baslatilmistir. DAG’da 2021 yili sonunda
Génderim:  01.02.2021 ilk 151810 alinmasiyla Tiirkiye'nin en biiyiik (4 m) optik ve ilk kizil6tesi teleskobunun kurulum siirecini tamamlamasi

planlanmaktadir. Yer tabanli astronomik gozlemevleri igin bulutluluk en hayati atmosferik parametredir. Bulutluluk
Kabul: 11.06.2021 orani, bulut tiirleri ve bulut degisimi yer tabanl bir gdzlemevinde astronomik gozlemlerin yapilmasin kisitlayabilir
Yayum: 20.09.2021 veya tamamen engelleyebilir. Bu nedenle bu ¢alisma DAG yerleskesinin bulutluluk degerlerine odaklanmistir. Bu

kapsamda DAG yerleskesi i¢in bulutluluk degerleri analiz edilerek yerleskenin yillik agik giin sayilari belirlenmistir.
Bu amag i¢in galismamizda sabit yoriingeli meteorolojik uydu olan ve Tiirkiye’yi de kapsayan METEOSAT uydu
verileri kullanilmistir. EUMETSAT 1in (European Organisation for the Exploitation of Meteorological Satellites;
Avrupa Birligi Meteorolojik Uydu Isletme Teskilat1) denetim ve koordinasyonunda olan CM SAF (Satellite Appli-
cation Facility on Climate Monitoring; iklim Yénetimi Uzerine Uydu Uygulama Birimi), METEOSAT verilerinden
iklimsel ¢aligmalar i¢in atmosferimize ait gesitli veri setleri iiretmektedir. Bu verilerden biri olan ve 1991 - 2015
yillar1 arasini kapsayan CFC (Cloud Fractional Cover; Oransal Bulut Kapalilig1) verisinin 6ncelikle Tirkiye i¢in
tutarlilik testi yapilarak iriiniin basarimi arastirilmigtir. Test sonuglart bu iiriiniin tutarliiginin bazi kentlerimiz
(Adana, Ankara ve Erzurum) i¢in nispeten diisiik kaldigini gostermistir. Sonraki asamada DAG i¢in CFC verisinden
saatlik, giinliik, aylik, mevsimlik ve yillik bulutluluk analizleri yapilarak DAG yerleskesinin agik giin sayis belir-
lenmistir.

Arastirma Makalesi

Anahtar Kelimeler — Astronomi, bulutluluk, CFC, dogu anadolu gézlemevi, meteosat, uzaktan algilama

Validation of CM SAF Cloud Fractional Cover (CFC) Data and Analysis
of CM SAF CFC Data for the Eastern Anatolia Observatory (DAG) Site

!Astrophysics Research and Application Center (ATASAM), Atatiirk University, Erzurum Turkey
Department of Astronomy and Space Sciences, Science Faculty, Atatiirk University, Erzurum, Turkey

Article History Abstract — Eastern Anatolia Observatory (DAG) project was initiated in Erzurum in 2011. Turkey’s largest (4 m)
01.02.2021 and the first infrared telescope is planned to complete its installation process by taking its first light at the end of

2021 at DAG. This study was focused on the atmospheric properties of the DAG site in terms of cloudiness known
Accepted:  11.06.2021 to be the most vital atmospheric parameter for ground-based astronomical observatories. For ground-based astro-
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Published:  20.09.2021 nomical observatories, cloud cover is vital atmospheric parameter. For this reason, this study focused on the cloudi-
ness values for the DAG site. In this regard, cloud coverage values for the DAG site were analysed and the annual
Research Article numbers of nights convenient for observation at the site were determined. For this purpose, data from METEOSAT,

which is a meteorological satellite on a geostationary orbit with full sky coverage over Turkey, was used in the
study. The CM SAF (Satellite Application Facility on Climate Monitoring) under the supervision and coordination
of EUMETSAT (European Organization for the Exploitation of Meteorological Satellites) produces various data sets
of the earth atmosphere for climatic studies from METEOSAT images. CFC (Cloud Fractional Cover) product,
which is one of these data sets covering 1991 - 2015, was first tested for consistency for Turkey and the success of
the product in representing cloud coverage was investigated. Validation results showed that the success of this
product remained relatively low for some cities such as Adana, Ankara and Erzurum. In the next stage, hourly, daily,
monthly, seasonal and annual cloudiness analyses were performed for the DAG site from the CFC data, and the
number of nights convenient for observations at the DAG site was determined from this data.
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1. Giris

Yeryiizii tabanli astronomik gézlemler i¢in en belirleyici etken yildizlardan gelen 15181n sagilmasina ve
sogurulmasina neden olarak 15181n teleskopa ulagimini kisitlayan veya engelleyen Diinya’nin atmosferidir.
Atmosferin karakteristik 6zelliklerinin yiliksek dogrulukta tespiti ve siirekli takibi; gézlem yontemlerinin,
projelerinin, aygitlarin planlanmasi, hazirlanmasi ve kaliteli gozlemsel veriler elde edilmesi igin ¢ok
onemlidir. Atmosfer, bir gozlemevinin degerli gozlem zamaninin etkin bir sekilde kullanilmasi i¢in de kritik
Oneme sahiptir. Yeryiizii atmosferi meteorolojik olarak bulutluluk, sicaklik, yagis, basing, nem ve riizgar gibi
temel parametrelerle degerlendirilmektedir. Astronomik gézlemler igin ilk temel meteorolojik parametre
bulutluluk olup bulutluluk orani, bulut tiirleri ve bulutluluk degisimi gibi bilgiler gozlemler i¢in ¢ok
onemlidir. Bir gézlemevi igin bulutluluk bilgileri hem gézlemevi i¢in segilen yerleskenin kalitesini ve ne
siklikta gbzlem yapilabilecegi bilgisini verir, hem de yapilacak gozlemlerin tiiriinii ve kullanilacak gézlemsel
aygitlarin 6nceden hazirlanmasi i¢in bilyiik bir firsat saglar.

Gilinlimiizde iilkelerin meteoroloji birimleri yerinde 6l¢iimler, uydu gozlemleri ve radar kayitlar: gibi ¢esitli
araglarla farkl disiplinlerin (ziraat, ulagim, astronomi gibi) ihtiyaci olan atmosferik ve meteorolojik verilerin
Ol¢iimiinii, takibini, yonetimini ve dagitimini yapmaktadir. Meteoroloji servislerinin yani sira ¢esitli kurum
ve kuruluslarda (gézlemevleri, kent yonetimleri ve tarim igletmeleri gibi) kendi meteorolojik istasyonlarini
kurarak ihtiya¢ duyduklari bilgilere ulagsmaktadir. Bu farkli yontemlerle elde edilen atmosferik verilerden biri
de bulutluluk bilgileridir. Geleneksel olarak, meteorolojik yer istasyonlarinda bulutluluk bilgisi, gézlemciler
(rasatgilar) tarafindan yiizdesel olarak belirlenirken; son dénemlerde yine yeryiizii tabanli olarak genis agili
kameralar (ASC: All Sky Camera) ile gokyiiziiniin goriintiisii alinarak ve bu goriintiilere cesitli analizler
yapilarak bulutluluk bilgileri elde edilmektedir. Diger bir bulutluluk 6l¢iim yontemi ise Diinya c¢evresinde
belirli yoriingelerde bulunan meteoroloji uydularindan uzaktan algilama ydntemiyle elde edilen bulutluluk
bilgileridir. Ayrica, sayisal hava tahmin modellerinden de gelecege ait bulutluluk bilgisi elde edilmektedir.
Bulutluluk bilgilerine ait kategorik ve siirekli degerler olmak {izere, bulut maskesi (CMa: Cloud Mask), bulut
tipi (CT: Cloud Type) ve bulut oran1 (CF: Cloud Fraction) bilgileri elde edilerek; enerji, ulagim, iklim
degisikligi ve astronomi gibi farkli disiplinlere ait caligmalarda kullanilmaktadir (Badescu ve Dumitrescu,
2016; Chernokulsky ve Esau, 2019; Hellemeier vd., 2019; Kotarba vd., 2019).

Bulutlar 6ncelikle gezegenimizde canliligin devami igin gerekli olan yagis olusumuna imkan sunarken,
yeryliziine ulagan kisa dalga enerji ve uzaya kacan uzun dalga enerji miktarina da etki ederek Diinyanin
enerji dengesinde 6nemli bir rol oynar. Bu olgular gibi bulutlarin ¢ok 6nemli gorevleri olmakla birlikte kara,
deniz ve hava olmak iizere ulagima ve goriis mesafesine olumsuz etki edebilir. Bunun disinda astronomi
acisindan baktigimizda astronomik goézlemlerin yapilip yapilamayacagini ve gozlem yapildigi takdirde
gozlem asamasinda kullanilabilecek cihaz ile yontemleri ve elde edilen gozlem verilerinin kalitesini
bulutluluk oran1 ve bulut tipleri olumsuz etkileyebilir.

Astronomide, 6zellikle gdzlemevi yer se¢imi ile gézlemlerin planlanmasi ve degerli gézlem zamaninin en
etkin sekilde kullanilmasi adina, kisa ve uzun dénemli atmosferik kosullarin anlik ve siirekli takibi icin
meteorolojik veriler yaygin olarak kullanilmaktadir. Gozlemevlerinin kurulumu i¢in yer se¢imi agsamasinda
ve kurulduktan sonra yerleskede gozlem yapilabilecek acik giin sayisini belirlemek igin basta bulutluluk
bilgileri degerlendirilmektedir (Aksaker vd., 2015; Aksaker vd., 2020; Calisse vd., 2004; Falvey ve Rojo,
2016; Hellemeier vd., 2019; Hidayat vd., 2012; Koc-San vd., 2013; Mclnnes ve Walker, 1974; Schock vd.,
2009; Vernin vd., 2011). Gozlemevleri i¢in atmosferik ve astronomik kosullarin anlik ve siirekli takibi ile

ileriye doniik tahminler, uzaktan algilama yontemleri ve analizleriyle ¢ok daha fazla dogrulukta yapilmaya
baglanmistir. Bu tiir calismalar, benzer sekildeki biitlin bliyiik gézlemevleri i¢in gliniimiizde vazgecilmez
hale gelmistir. Uzaktan algilama verileri, sayisal olmalari, genis alanlar1 kapsamalar1 ve diisiik maliyetleri
nedeniyle pek ¢ok avantaja sahiptir. Uzaktan algilama verileri igerisinde bulut verisi ilk iiretilen iiriinlerden
biri olmasinin yani sira iyi belirlenmesi de 6nemli bir avantajdir.
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Bu calismada Dogu Anadolu Gozlemevi (DAG) igin bulutluluk degerleri analiz edilerek acik giin sayilari
belirlenmistir. Bu amag i¢in ¢alismamizda sabit yoriingeli meteorolojik uydu olan ve Tiirkiye’yi de kapsayan
METEOSAT uydu verileri kullanilmistir. EUMETSAT i (European Organisation for the Exploitation of
Meteorological ~Satellites; Avrupa Birligi Meteorolojik Uydu Isletme Teskilat1) denetim ve
koordinasyonunda olan CM SAF (Satellite Application Facility on Climate Monitoring; Iklim Yonetimi
Uzerine Uydu Uygulama Birimi), METEOSAT verilerinden iklimsel ¢aligmalar i¢in atmosferimize ait gesitli
veri setleri tiretmektedir. Bu verilerden biri olan ve 1991 - 2015 yillar1 arasim1 kapsayan CFC (Cloud
Fractional Cover; Oransal Bulut Kapalilig1) verisinin (Stoéckli vd., 2017) oncelikle Tiirkiye igin tutarlilik testi
yapilarak {iriiniin basarimi arastirilmistir. Sonraki asamada DAG i¢in CFC verisinden saatlik, giinliik, aylik,
mevsimlik ve yillik bulutluluk analizleri yapilarak bu veriden DAG yerleskesinin agik gilin sayisi

belirlenmistir. Ayrica CFC verisinden tiim Tiirkiye’yi kapsayacak sekilde uzun yillik ortalama bulut atlasi
elde edilmistir. Bolgemiz igin CM SAF CFC verisinin tutarliliginin arastirilmasi ve astronomik amaglt
kullanim ilk olup bu {iriin ile DAG bulutluluk bilgileri ve karakteristik 6zellikleri ilk kez bu ¢alisma ile
sunulmustur.

2. Materyal ve Yontem

2.1. Materyal

Bu ¢alisgmada CM SAF tarafindan gelistirilen CFC verisinin basarimini Tiirkiye i¢in test etmek tizere Do-
gu Anadolu Goézlemevi (DAG) igin bulutluluk degerleri CFC verisinden analiz edilmistir. CFC verisinin
dogrulugunu test etmek i¢in hem MGM yer 6l¢iimii hem de uydu Slglimiiniin giinliik ortalama bulutluluk
degerleri kullanilmigtir. MGM istasyonlarinda (klima) 07, 14 ve 21 yerel saatlerinde yapilan bulut 6lgtimle-
rinden elde edilen giinliik ortalama bulut degerleri 0 - 10 araliginda deger alirken CFC degerleri 0 - 100 ara-
liginda degismektedir. Farkli 6l¢ekte olan bu veri setlerini kiyaslamak igin CFC degerleri 0 - 10 araligina
normalize edilmistir. Calisma alan1 olarak Tiirkiye ve DAG yerleskesi ele alinmigtir. Tiirkiye 26 - 45° dogu
boylamlar ile 36 - 42° kuzey enlemleri arasinda yer alirken DAG 3170 m rakimda Karakaya - Erzurum tepe-
sinde 39.78° Kuzey enlemi ve 41.23° Dogu boylaminda yer almaktadir. Sekil 1’de ¢alisma alanini ve tutarh-
lik i¢in kullanilan istasyonlar ile DAG konumunu gdsteren harita, Tablo 1’de ise kullanilan yer istasyonlari-
nin enlem, boylam, rakim ve sehir bilgileri verilmistir. Istasyonlarm giincel bilgilerine MGM (Meteoroloji
Genel Miidiirliigii) kaynaklarindan ulasilabilir (MGM, 2021a).

Sekil 1. Calisma alani

Tiirkiye deniz seviyesinden ortalama 1130 m yiikseklige sahip olup yillik ortalama sicaklik degerleri 3.6 °C
ile 20.1 °C arasinda degismektedir (Deniz vd. 2011). Yillik ortalama yagis miktar1 648 mm civarinda iken,
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ortalama giineslenme siiresi 6.9 saat/giin ve ortalama global giines radyasyonu 4.2 kWsa/m? degerindedir.
Tiirkiye’nin Akdeniz ve Ege kiyilari ile Marmara bolgesinde Akdeniz iklimi, i¢ kistmlarinda karasal iklim ve
Karadeniz bolgesinde ise Karadeniz iklimi 6zellikleri goriiliir (lyigun vd. 2013; Kaba vd. 2018; Sahin ve
Cigizoglu 2012). Erzurum’da karasal iklim 6zellikleri goriilmektedir. Kislar uzun ve karli, yazlar ise kisa ve
ik geg¢mektedir. Erzurum sehir merkezinde bulunan meteoroloji istasyonu 1929 yilindan beri gézlem
yapmaktadir. Yaklagik 90 yillik gozlemlerden elde edilen sonuglara gore, ilde en soguk gegen aylarin
ortalamasi, —9.2 °C, en sicak gegen aylarin ortalamasi ise 19.5°C olarak Slgiiliirken; en diigiik sicaklik —37.2
°C, en yiiksek sicaklik ise 36.5 °C olarak ol¢iilmiistiir. Ayrica yine MGM kayitlarina gore yillik yagis miktar
yaklagik 432.2 mm'dir. En az yagis kis doneminde kar seklinde diismekte olup kar yagish giin sayis1 yaklasik
olarak 50 giindiir. Kar ortiisii siiresi ise yaklasik 114 giindiir. Il en fazla yagis1 ilkbahar ve yaz mevsiminde
almaktadir (MGM, 2021b; Toy ve Kantor, 2017).

Tablo 1

Calismada kullanilan meteorolojik yer istasyonlarinin konum bilgileri

istasyon Enlem Boylam Rakim Sehir istasyon Enlem Boylam  Rakim Sehir
Numarasi1 __ (Derece)  (Derece)  (m) Numarast _ (Derece)  (Derece) (m)

17022 41.45 31.78 135 Zonguldak 17150 39.63 27.92 102 Balikesir
17030 41.34 36.26 4 Samsun 17155 39.42 29.99 969 Kiitahya
17038 41.00 39.78 39 Trabzon 17172 38.47 43.35 1675 Van

17040 41.04 40.50 3 Rize 17190 38.74 30.56 1034 Afyonkarahisar
17062 40.97 29.06 16 Istanbul 17196 38.69 35.50 1094 Kayseri
17066 40.77 29.93 76 Kocaeli 17201 38.64 39.26 989 Elazig
17069 40.77 30.39 30 Sakarya 17220 38.39 27.08 29 izmir
17070 40.73 31.60 743 Bolu 17237 37.76 29.09 425 Denizli
17074 41.37 33.78 800 Kastamonu 17244 37.98 32.57 1031 Konya
17078 41.20 32.62 259 Karabiik 17255 37.58 36.92 572 Kahramanmaras
17086 40.33 36.56 611 Tokat 17261 37.06 37.35 854 Gaziantep
17090 39.74 37.00 1294 Sivas 17265 37.76 38.28 672 Adiyaman
17094 39.75 39.49 1216 Erzincan 17270 37.16 38.79 550 Sanhurfa
17096 39.95 41.19 1758 Erzurum 17280 37.90 40.20 674 Diyarbakir
17116 40.23 29.01 100 Bursa 17300 36.91 30.80 64 Antalya
17123 39.81 30.53 787 Eskisehir 17340 36.78 34.60 7 Mersin
17130 39.97 32.86 891 Ankara 17351 37.00 35.34 23 Adana
17135 39.84 33.52 751 Kirikkale 17355 37.10 36.25 94 Osmaniye
17140 39.82 34.81 1301 Yozgat 17370 36.59 36.15 4 Hatay

CM SAF’in vizyonu Diinya ikliminin anlasilmasi i¢in yiiksek kalitede uydu bazli kiiresel enerji ve su
dongtisi triinleri gelistirme, arsivleme ve dagitma ile ilgili stirdiiriilebilir hizmetleri saglamaktir. CM SAF,
METEOSAT verilerinden iklimsel caligmalar igin atmosferimize ait gesitli veri setleri liretmektedir. Bu
verilerden biri olan ve 1991 - 2015 yillar1 arasini kapsayan CFC verisidir (Bojanowski vd., 2018; CM SAF,
2017; Stoekli vd., 2017). CFC iirtinii METEOSAT uydularindaki (MSG 1, 2, 3 ve 4) SEVIRI (The Spinning
Enhanced Visible and InfraRed Imager; Doénen Gelismis Goriinir ve Kizildtesi Goriintileyici) ve
SEVIRI'nin 6nciilii olan MVIRI (Meteosat Visible and Infrared Imager; Meteosat Goriiniir ve Kizilétesi
Goriintiileyici) algilayicisinin genis bant (METEOSAT 1 - 7) ve 10.8 um kanallar1 kullanilarak 1991 - 2015
yillarint ve METEOSAT kapsama alanint (METEOSAT Full disk) igerecek sekilde iiretilmistir. CFC uzun
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donem iklim verisi olmasi nedeniyle iklimsel calismalar i¢in ¢cok uygun bir veri setidir. SEVIRI ve MVIRI
algilayicilarinin yiiksek zamansal (<30 dK) ve konumsal (<5 km) ¢6ziiniirliikleri CFC iiriini igin yeterli/etkili
¢ozliniirlik saglamistir. METEOSAT genis bir alanm1 kapsamasi nedeniyle Avrupa, Afrika ve Atlas okyanusu
alanlar1 icin CFC verileri iklimsel ¢aligmalara izin verir. CFC verisi saatlik, giinliik ve aylik olarak
dagitilmaktadir. CFC verisinin yer-konuslu meteoroloji istasyonlarindan elde edilen veriye gore dogruluk
testi giinlik degerlerden yapilarken analizler igin saatlik, giinlik ve aylik CFC degerleri kullanilmustir.
Calismada analiz edilmek {izere indirilen veriler giinliik 9131 adet netcdf (Network Common Data Form)
dosyast olup toplam boyutu 55 GB, aylik 300 adet netcdf dosyasi olup toplam boyutu 1.1 GB ve aylik
ortalama saatlik veri 300 adet netcdf dosyasi olup toplam 36 GB boyutundadir. CFC {iriinii yiiksek seviye
(Level 3) iirtin olup piksel ¢oziiniirliigii 0.05 derecedir (~5.5 km) ve piksel degerleri bulutlulugu yiizdesel
(%0 - %100 ) olarak vermektedir.

2.2. Yontem

Bu ¢alismada uydu verileri ile yer verileri arasindaki iliski degerlendirilmek amaciyla korelasyon analizi
kullanilmistir. Esitlik 2.1°’de CFC degiskeni uydu bulut verisine, MGM degiskeni ise yer bulut verisine
karsilik gelmektedir. CM SAF CFC iiriiniiniin Tiirkiye genelindeki yer-konuslu meteoroloji istasyonlarindan
alinan veri ile karsilagtirmak ve sonuglarini degerlendirmek igin istatistiksel parametreler kullanilmigtir. Bu
parametrelerden r® (r: Linear Correlation Coefficient-Lineer Korelasyon Katsayisi), MBE (Mean Bias Error;
Ortalama Yanli Hata), MAE (Mean Absolute Error; Ortalama Mutlak Hata) ve RMSE (Root Mean Square
Error; Kare Ortalama Karekok Hata) esitlik 2.2'den 2.5'e kadar verilen ifadelerle hesaplanir. Bu ifadelerde, n
toplam veri sayis1 olup G;, ve G sirasiyla meteorolojik yer istasyonlarmda 6lgiilen bulut verileri ve bu
verilerin ortalamasidir. S;, ve S ise uydudan hesaplanan bulut verileri ve bu verilerin ortalamasidir. r%
modeldeki bagimsiz degiskenler tarafindan agiklanan varyans miktarimi temsil eder. MBE, yerden olgiilen
bulut degerleri ile uydudan hesaplanan bulut degerleri arasindaki farklarin ortalamasidir ve MBE, yapilan
tahminin gercek degerlerden daha yiiksek veya daha diisiik oldugu bilgisini saglar. MAE, yonlerini dikkate
almadan bir dizi tahmindeki hatalarin ortalama biiyiikliiglinii verir. RMSE, ayn1 zamanda hatanin ortalama
bityiikliigiinii de dlcen ikinci dereceden bir hata hesaplama kuralidir. iki nicelik arasinda yiiksek bir dogruluk
icin, r* degeri yiiksek (bire yaklasmali) ve MBE, MAE ve RMSE degerleri diisiik (sifira yaklagsmali)
olmalidir.

CFC
MGM=m*<10)+b 2.1)

2 2= (Gi— G Si—9)°

= = 2 (2.2)
ie1(Gi — G2 XL, (S = 5)
1 n
n i=1
1 n
i=1
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RMSE = (2.5)

3. Bulgular ve Tartisma

Bu ¢alismanin temel amaci DAG yerleskesinde bulut degerlerinin zamansal analizinin yapilarak yillara
gore gozlem yapilabilecek acik giin sayilarinin belirlenmesidir. Eger bir gdzlemevinin uzun dénem iklimsel
ozellikleri bilinirse gelecek i¢in siirli bir 6lgiide olsa da tahminler yapilarak uygun gézlem zamanlari ve
gbzlem tiirleri belirlenebilir. Ayrica bir gdzlemevinin genis zaman araligina yayilmis atmosferik degerleri
kullanilarak gegmis, mevcut ve gelecekteki atmosferik kosullar hakkinda bilgi elde edilebilir. Bu durumda
atmosferik kosullarin kétiiye gitmesine karsin kaliteli gdzlem iiriinleri elde edebilmek icin 6nlem almabilir.
Ornegin gozlemevinde kullanilan cihazlarin dzellikleri gelistirilebilir, hatta gdzlemevinin tasinmasima bile
karar verilebilir. Bu amag i¢in CM SAF CFC iiriinii, genis zamansal arsivi (1991 - 2015) nedeniyle tercih
edilmistir. CFC iiriini son kullaniciya yonelik, iist seviye (Level 3), veri on isleme ve veri isleme
asamalarma ihtiyag duyulmadan dogrudan kullanima hazir bir veri setidir. Bu veri seti ile DAG igin
bulutluluk analizi yapilmadan once giinliik CFC verilerinin bagarimi test edilmistir. Tiirkiye arazisine/alanina
miimkiin oldugunca homojen dagilmig 38 adet meteoroloji istasyonunda olgiilen giinliik bulut degerleri ve
giinliik CFC goriintiilerinden bu istasyon konumlarina denk gelen piksel degerleri arasindaki korelasyon
analiz edilmistir. Bu iki nicelik arasindaki lineer korelasyona iliskin katsayilar (m, b) ve ilgili istatistiksel
parametreler Tablo 2’de verilmistir. DAG konumuna en yakin MGM istasyonu olmasi nedeniyle 17096 -
Erzurum istasyonuna ait bulut degerleri ile bu konuma denk gelen CFC bulut degerlerinin dagilim grafigi ise
Sekil 2’de verilmistir. Erzurum istasyonu ile DAG yerleskesi arasindaki kus bakisi uzaklik yaklagik 17 km
olup MGM yer istasyonlarinda 6lgiilen bulut degerleri 20 km’lik gapa sahip bir alani temsil etmektedir. Sekil
2’deki dagilim grafigi MGM Erzurum yer istasyonu olgiimii ile Erzurum istasyonuna denk gelen CFC
degerlerini gostermektedir. Hem yer hem de uydu Olglimiiniin giinlilk ortalama bulutluluk degerleri

kullanilmigtir. MGM istasyonlarinda 07, 14 ve 21 yerel saatlerinde yapilan bulut 6lglimlerinden elde edilen
giinliik ortalama bulut degerleri 0 - 10 araliginda deger alirken CFC degerleri 0 - 100 araliginda
degismektedir. Farkli 6lgekte olan bu veri setlerini kiyaslamak i¢in CFC degerleri 0 - 10 araligina normalize

edilmistir.

Tablo 2

MGM ve CFC verileri arasindaki iliski katsayilar1 ve istatistiksel parametreler

Istasyon Istasyon

Numaras m b r MBE MAE  RMSE Numaras m b r MBE MAE  RMSE
17022 082 023 081 -079 131 1.76 17150 079 038 081 059 122 1.67
17030 077 078 079 -060 1.29 1.65 17155 083 0.36 074 047 134 1.89
17038 068  1.64 072 -051 141 1.76 17172 079  0.02 077 095  1.39 1.87
17040 0.83  0.09 074 102 150 1.97 17190 083 019 077 063 123 1.78
17062 084 027 080 -110 146 1.95 17196 079 015 075 091  1.39 1.97
17066 080 0.76 079 037 121 1.66 17201 083 032 080 041 113 1.65
17069 083 015 079 -082 136 1.81 17220 077 022 086 064 107 1.49
17070 078 054 072 -070  1.47 1.94 17237 083 -010 085 -082 112 1.60
17074 0.84 0.0 075 092 145 1.97 17244 080 0.27 079 061 121 1.66
17078 075  0.30 070 -112 161 2.24 17255 08 032 08 078 1.05 1.55
17086 080 0.28 080 082 130 1.75 17261 08 022 080 073 114 1.74
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Tablo 2’nin devami.

istasyon m b r’ MBE MAE RMSE istasyon m b r’ MBE MAE RMSE
Numarasi Numarasi

17090 079 024 0.73 081 139 1.98 17265 0.89  0.09 0.89 034 084 1.24
17094 081 0.20 0.77 -0.77 131 1.83 17270 081 -012 084 -0.78  1.05 1.58
17096 071 0.26 0.61 -1.35 178 2.51 17280 0.84  0.09 0.85 -054  1.00 1.49
17116 081 -009 082 -1.05  1.38 1.87 17300 080 0.34 0.86 035 094 1.28
17123 0.81 047 0.81 043 115 1.59 17340 071 0.89 0.78 019 1.2 1.57
17130 068  1.63 0.46 0.06 1.78 2.78 17351 076  0.77 0.76 014  1.20 1.63
17135 073  1.29 0.50 -0.03 171 2.68 17355 079  0.67 0.75 017 125 1.74
17140 0.82 001 0.73 -0.87 143 2.01 17370 072 0.76 0.75 044 132 1.72
(Calismada kullanilan lineer denklem: MGM = m * (%) + b)

Tablo 2’den r* degerleri incelendiginde iki bulut verisi arasindaki en diisiik tutarlhiligin oldugu istasyon 0.46
degeri ile 17130 - Ankara istasyonudur. En yiiksek uyumun oldugu istasyon ise 0.89 degeri ile 17265 -
Adiyaman istasyonudur. 38 adet test istasyonun r’ degerleri 0.46 - 0.89 arasinda degismekte ve tiim
istasyonlarm ortalama r® degeri 0.77 olarak elde edilmistir. Bagka bir ifadeyle korelasyon katsayisi (r) 0.77 -
0.94 araliginda degismekte ve tiim istasyonlarin ortalama r degeri 0.88 olarak hesaplanmistir. Bu deger
istatistiksel veri gruplari arasinda giiclii bir lineer korelasyon bulundugu anlamina gelse de iki farkh
yontemle elde edilen bulut degerlerinin uyumunun daha yiiksek olmasi beklenen/istenilen bir durumdur. 15
adet istasyonun r? degeri ortalamanin (0.77) altinda olup bu istasyonlardan bes tanesi (Trabzon, Rize, Bolu,
Kastamonu ve Karabiik) Karadeniz bélgesinde, bes tanesi (Sivas, Ankara, Kirikkale, Yozgat ve Kayseri) ¢
Anadolu bdlgesinde ii¢ tanesi (Adana, Osmaniye ve Hatay) Akdeniz bolgesinde ve diger ikisi Erzurum ile
Kiitahya istasyonlaridir. Bu istasyonlar incelendiginde Erzurum ve Kiitahya hari¢ diger istasyonlarin ii¢ fakli
bolgede (Karadeniz, I¢ Anadolu ve Akdeniz) konum olarak birbirine yakin oldugu goriiliir. Bu diisiik
uyumun oldugu istasyonlar hem deniz etkisinin oldugu, hem de deniz etkisinden uzak olan istasyonlar olmasi
bakimindan uydu 6l¢iimii (CFC degerleri) i¢in uydu verileri ile arasindaki lineer korelasyonun daha zayif
oldugu istasyonlar hakkinda anlamli bir yorum yapmak miimkiin degildir. Tablo 2’de istasyonlarin MBE
degerlerinin —1.35 ile 0.06 arasinda degismekte oldugu ve tiim istasyonlarin ortalama MBE degerinin —0.65
oldugu gortilmektedir. MBE degerlerinin 17130 - Ankara istasyonu hari¢ negatif olmasi tiim bu istasyonlarda
CFC verisinin yer olgiimlerinden genelde daha yiiksek hesaplandigi anlamma gelir. Istasyonlarin MAE
degerleri 0.84 ile 1.78 arasinda degismekte ve tiim istasyonlarin ortalama MAE degeri 1.3 olarak
hesaplanmustir. istasyonlarin RMSE degerleri 1.24 ile 2.78 arasinda degisirken tiim istasyonlarin ortalama
RMSE degeri 1.81 olarak gerg¢eklesmistir.
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Sekil 2. 17096 - Erzurum istasyonu i¢in MGM ve CM SAF giinliik ortalama bulut kapalilig

Her 6l¢timde oldugu gibi, ister yer ister uydu bazl 6lgtim olsun, bulut degerlerinin 6lgiimiinde de sistematik
ve/veya tesadiifi hata bulunmaktadir. Buna bu g¢aliymada kullanmilan CFC firiinii ve meteorolojik yer
istasyonlarinda gozlemciler tarafindan olgiilen bulut degerleri de dahildir. MGM o&lglimlerinde zamansal
siirekliligin olmamasi1 ve insan faktorii gibi nedenlerden dolayr hata meydana gelmektedir. Ote yandan uydu
kayitlarinda ise uydu goriis agis1 arttikga goriintiilerin kenar kisimlarina dogru hassasiyet diigebilir. Bu hata
kaynaklar1 dikkate alindiginda her istasyon igin aymi dogrulukta ve hassasiyette Ol¢iim yapilmasi
beklenemez. Bu nedenle tutarlilik sonuglari her bir istasyon igin farkli ¢ikmaktadir. CFC iiriin tutarlilik
calismalart CFC driniiniin MODIS, PATMOS-X, CLARA-A2, CLAAS-A2 ve CCA4CL-AVHRR veri
setlerine gore daha yiiksek bulutluluk degerleri verdigi belirtilmistir (CM_SAF, 2017). Bu bilgiye ve
Erzurum tutarlilik sonuglarina ragmen bu verinin 6zellikle genis kapsama alani ve arsivi sayesinde (25 yil)
bolgesel kiyaslamalar ve zamansal analizler bakimindan degerli bilgiler icerecegi diisiincesiyle DAG
yerleskesinin bulutluluk analizleri CFC veri setleri kullanilarak yapilmustir.

Sekil 3 DAG yerleskesi igin 1991 - 2015 yillar1 arasindaki verilerden elde edilmis uzun yillarin saatlik
ortalama bulutluluk degerlerini gostermektedir. Grafik incelendiginde yiiksek bulutluluk degerlerinin giindiiz
saatlerinde ve diisiik bulutluluk degerlerinin ise gdzlemlerin yapildig1 gece saatlerinde gergeklestigi goriiliir.
Astronomik goézlemlerin gece yapilmasi nedeniyle bu durum gézlemevleri igin olumlu bir sonugtur. DAG
yerleskesi i¢in minimum bulutluluk degeri (%44.89) 01:00 UTC (yerel saate ile 04:00) civarinda
gergeklesirken maksimum bulutluluk degeri (%65.74) 11:00 UTC (yerel saate ile 14:00) civarinda meydana
gelmektedir. Grafikten 01:00 UTC zamaninda DAG bulutluluk orant minimum iken 03:00 UTC zamaninda
(yerel saat ile 06:00, alaca karanlik zamani) bir pik goriilmektedir. 05:00 UTC zamanindan sonra DAG
yerleskesinin bulutluluk degerleri artisa gegmekte ve 11:00 UTC zamaninda maksimum degere ulagsmaktadir.
Bu saatten itibaren bulutluluk azalarak gézlemlerin yapildig1 gece saatlerinde disiik degerlere ulagsmaktadir.
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Sekil 3. DAG yerleskesi i¢in saatlik ortalama CFC degerleri
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Sekil 4. DAG yerleskesi i¢in aylik ortalama CFC degerleri

Sekil 4 ve Sekil 5’te DAG igin CFC bulut degerlerinin sirasiyla gézlem yapilan siire boyunca elde edilen
aylik ortalamalar1 ve uzun yillar boyunca elde edilen veriden yilin her bir ay1 i¢in ortalamalar1 verilmistir.
Sekil 4’te DAG aylik ortalama bulut degerleri %13 (2007, Eylil) ile %87 (Nisan 2011) araliginda ve
ortalama %52.62 civarinda degismektedir. Ayrica DAG yerleskesi icin 1991 yilindan 2015 yilina dogru
bulutluluk oraninin azalma egiliminde oldugu hesaplanmigtir. Bu durum iklim, tarim ve hidroloji gibi pek
¢ok disiplin i¢in olumsuzluk olusturmasina karsin astronomi ig¢in olumlu bir durumdur. Sekil 5’ten DAG
yerleskesi i¢in yiiksek bulut degerlerinin Aralik - Mayis (%50’den fazla) ve diisiik bulut degerlerinin Haziran
- Kasim (%50’den az) aylar1 arasinda gergeklestigi goriliir. Bu bilgiye gore Haziran - Kasim arasinda
astronomik gozlem yapma olasiligimin daha yiliksek olacagi degerlendirilmelidir. DAG yerleskesi igin

minimum bulutluluk orani (%31.40) Agustos ayinda iken maksimum (%64.84) bulutluluk orani Nisan
ayinda ger¢eklesmistir.
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Sekil 5. DAG yerleskesi i¢in uzun yillara yayilan veriden elde edilen aylik ortalama CFC degerleri
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Sekil 6. DAG yerleskesi i¢in mevsimsel ortalama CFC degerleri

Sekil 6’da DAG i¢in mevsimlik bulut degisimleri verilmistir. Sekil 6’dan ilkbahar ve kis bulut degerlerinin
hem yiiksek hem de yillara gore cok degiskenlik gosterdigi ve yaz ile sonbahar bulut degerlerinin ise
nispeten daha diisiik ve yillara gore daha kararli oldugu goriiliir. Ote yandan 1991 yilindan 2015 yilina kadar
mevsimsel degerlerin egilimi kis ve yaz mevsimleri igin belirgin sekilde diisiis gosterirken ilk bahar ve
sonbahar mevsim degerlerinin artis egiliminde oldugu hesaplanmstir. Ozetle Sekil 6’daki DAG
yerleskesinin mevsimsel grafiklerinden astronomik gézlem i¢in en fazla agik giin bulunan mevsimler yaz ve
sonbahar mevsimleridir. Bu mevsimsel sonuclarm aylik degerler (Sekil 5) ile uyumlu oldugu acik bir sekilde
goriiliir. Sekil 7’de DAG yerleskesi i¢in CFC verilerinden yillik bulut degerlerinin degisimleri verilmistir.
Sekil 7°de DAG i¢in minimum (%47.58) ve maksimum (%58) bulut degerleri 2000 ve 1992 yillarinda
gerceklesirken diger yillarin degerleri bu aralikta degigsmektedir. Tiim bu yillarin ortalama degeri ise %52.62
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olarak hesaplanmistir. Ayrica 1991 yilindan 2015 yilina kadar bulut degerlerinin azalma egiliminde oldugu
hesaplanmistir. Bu durum ise iklim degisikliginin bir sonucu olarak degerlendirilebilir.
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Sekil 7. DAG yerleskesi i¢in yillik ortalama CFC degerleri

DAG yerleskesi icin yillik gozlem yapilabilir giin sayisin1 belirlemek amaciyla CM SAF giinlik CFC
goriintiilerindeki DAG konumuna karsilik gelen piksel degerleri ii¢ kategoriye ayrilmistir: Piksel degeri
%?25’ten kiigiik olanlar “agik”, %25 ile %75 arasinda olanlar “pargali bulutlu” ve %75’ten biiyiik olanlar
“kapali hava” olarak gruplandirilmustir (Mekhaimr, 2017). Agik olarak belirtilen 151k6lgtim (fotometrik) ve
pargali bulutlu olarak tanimlanan tayfolgtim (spektroskopik) gézlemlerin yapilabilecegi hava sartlarim ifade
etmektedir. Bu kriterlere gére DAG igin elde edilen degerler yillara gore Tablo 3’te ve Sekil 8’de verilmistir.
Tablo 3 incelendiginde tiim yillarin ortalama “agik” giin sayisinin 87, “parcali bulutlu” giin sayisinin 168 ve
“kapali hava” giin sayisimin 109 olarak hesaplandigi goriilebilir. Bu ortalama degerlere gore “acik” ve
“pargali bulutlu” giinlerin toplami 255 giin olup, bu yilda gézlem yapilabilecek maksimum giin sayisi igin iyi
bir tahmindir. Ote yandan CFC bulutluluk degerlerinin hem yiiksek olmasi hem de giindiiz bulutluluk
miktarinin yiiksek oldugu disiiniildiigiinde gergek gbzlem yapilabilir gece sayilarinin Tablo 3’te verilen
degerlerden daha yiiksek olacagi beklenmelidir. Ayrica Tablo 3 ve Sekil 8’den “kapali hava” ve “pargali
bulutlu” degerlerin azalma egiliminde ve “agik” degerlerin ise artig egiliminde oldugu goriilebilir. Bu durum

kaliteli astronomik gozlem zamanlarinin artig1 anlamina gelir. Tiirkiye i¢in yapilan astronomik gézlemevi yer
secim c¢aligmasi (Aksaker vd., 2015) ve DAG i¢in yapilan ¢alisma (Yiizliikoglu, 2017) dikkate alindiginda bu
bolimde verilen CM SAF bulutluluk degerleri bu iki ¢alismadaki bulgularla uyumlu bulunmamistir. Bu
caligmalarda hem farkli meteorolojik verilerin kullanilmasi hem de kullanilan yontemlerin/kriterlerin farkli
olmasi nedeniyle elde edilen sonuglar da farklilik géstermistir. CM SAF CFC iiriin tutarlilik ¢alismalart CFC
iirtinliniin MODIS, PATMOS - X, CLARA - A2, CLAAS - A2 ve CC4ACL - AVHRR veri setlerine gore daha
yiiksek bulutluluk degerleri verdigi belirtilmistir. CFC bulut verisinde uydu alt noktasindaki piksellerin
goriintiideki kenar piksellere gore daha tutarli oldugu baska bir ifadeyle uydu zenit agisinin artmasiyla iiriin
basariminin diistiigii belirtilmistir (CM SAF, 2017). Tiirkiye ve DAG alanlari ise CFC goriintiilerinde uydu
alt noktasindan uzak olup kenara yakin boliimde yer almaktadir. Bu olumsuzluklara ragmen bu veri seti

ozellikle genis arsivi sayesinde (25 yil) degerli bilgiler igermektedir. Bu {irliin uydu kapsama alanina diisen
noktalarin birbiriyle kiyaslanmasini saglayabilir ya da bir noktanin bulutluluk trendini daha dogru bir sekilde
verebilir. Ayrica, bir gézlemevinin iklimsel 6zelliklerinin degisimi hakkinda bilgi sunar. Fakat bunlar

314



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 3, Sayfa: 304-318

astronomik gozlem zamaninmi belirlemek iizere bu iirlini kullanmak i¢in yeterli olmayabilir. CFC iiriinii
bulutluluk oranini ve bulut maskesi tiriinleri de bulut olup olmadig: bilgisinin saglamaktadir. Oysa parcalt
bulutlu ve yar1 gegirgen (kiimiilis ve sirrus gibi) bazi bulut tiirlerinin varliginda da astronomik gézlemler
yapilabilir. Bu nedenle bulutluluk orani, bulut maskesi ve bulut tipi trinlerinin birlikte kullanilmasi bir
gbzlemevinin agik giin sayisinin belirlemek adina daha dogru sonuglar verebilir.

Tablo 3
CFC verilerine gore DAG yerleskesinin yillik gézlem durumu
Ack Parcali Bulutlu Kapalh Hava Ak Parcal Bulutlu Kapal Hava
Yillar Yillar
(<%25) (>=%25 ve <=%75) (>%75) (<%25) (>=%25 ve <=%75) (>%75)
1991 71 179 113 2004 87 165 114
1992 63 180 123 2005 88 157 118
1993 84 173 108 2006 94 155 114
1994 84 175 105 2007 81 183 101
1995 81 177 107 2008 102 178 86
1996 79 178 109 2009 68 182 115
1997 92 138 135 2010 83 159 122
1998 99 161 105 2011 78 169 117
1999 98 166 97 2012 88 172 106
2000 107 173 86 2013 101 158 106
2001 90 146 125 2014 84 181 100
2002 89 175 101 2015 109 163 93
2003 83 152 130
200
Acik (<%25) —=— Pargali (>=%25 ve <=%75) =e=~ Kapal (>%75)
180 -
160 -
% 140
s A )
2 { II \ R ll \\ -
3 4 ~
a3 120 (,’ % ! 'I % II \\’A‘\ ',’ ~
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Sekil 8. CFC verilerine gore DAG yerleskesinin yillik gézlem durumu

Sekil 9’da Tiirkiye’nin genis bir zaman araligi i¢in yillik ortalama CFC bulutluluk haritas1 verilmistir.
METEOSAT tiim goriintii ortalama haritada (65 derece kuzey ve giiney enlemleri ile 65 derece dogu ve bati
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boylamlarmi kapsiyor) minimum, maksimum, ortalama ve standart sapma degerleri sirasiyla, %8.83,
%89.43, %53.89 ve %27.30 iken Tiirkiye haritasinda minimum, maksimum, ortalama ve standart sapma
degerleri sirasiyla, %27.40, %71.41, %46.16 ve %10.19 olarak gerceklesmistir. DAG igin ise ortalama deger
%52.62 olup bu deger Tiirkiye ortalamasinin yaklasik %6 iizerindedir. CFC verisi bulutlulugu yiiksek
Olgmesine ragmen goriintii icinde ele alinan noktalarin kiyaslanmasi anlamli sonu¢ verecektir. Tiirkiye
haritasinda Giiney ve Ege kiyilar1 diisiik bulutluluga sahip iken Kuzeye dogru gidildik¢e bulutluluk orani
artmakta ve en bulutlu bolgemiz Dogu Karadeniz bolgemiz olarak ortaya ¢ikmaktadir.

42°N

36°N

I - - - - E—

30 35 40 45 50 55 60 65 70

Sekil 9. CFC uzun yillik (1991 - 2015) Tiirkiye bulut atlast

4. Sonuclar

CM SAF giinliikk CFC degerleri yer-konuslu meteoroloji istasyonlarindan elde edilen bulutluluk degerleri
ile karsilastirilmis ve DAG yerleskesi igin saatlik, giinliik, aylik, mevsimsel ve yillik bulutluluk analizi
yapilarak DAG igin yillara gore agik giin sayilart hesaplanmistir. Analizler sonucunda lineer korelasyon
katsayist (r) 0.77 - 0.94 araliginda degismekte ve tiim istasyonlar i¢in ortalama r degeri 0.88 olarak
hesaplanmustir. r* degerleri incelendiginde yer ve uydu bulut verileri arasindaki en diisiik tutarliligim oldugu
istasyon 0.46 degeri ile 17130 - Ankara istasyonudur. En yiiksek uyumun oldugu istasyon ise 0.89 degeri ile
17265 - Adiyaman istasyonudur. DAG yerleskesi i¢in 1991 - 2015 yillan arasindaki verilerden elde edilmis
uzun yillarin saatlik ortalama bulutluluk degerlerine gore yiliksek bulut degerleri giindiiz saatlerinde ve diigiik
bulut degerleri astronomik gozlemlerin yapildigi gece saatlerinde gergeklesmistir. DAG yerleskesi igin
minimum bulutluluk orani (%31.40) Agustos ayinda iken maksimum (%64.84) bulutluluk orani Nisan
ayinda gerceklesmistir. DAG yerleskesi i¢in yillik ortalama minimum (%47.58) ve maksimum (%58) bulut
degerleri 2000 ve 1992 yillarinda gerceklesirken 1991 - 2015 zaman diliminde bulut degerleri azalma
egilimindedir. DAG yerleskesi igin tiim yillarin ortalama “agik™ giin sayist 87, “parcali bulutlu” giin sayisi
168 ve “kapali hava” giin sayist 109 olarak hesaplanmistir. Ayrica “kapali hava” ve “pargali bulutlu”
degerlerin azalma egiliminde ve “a¢ik” degerlerin ise artis egiliminde oldugu tespit edilmistir. Tiirkiye
haritasinda minimum, maksimum, ortalama ve standart sapma degerleri sirasiyla, %27.40, %71.41, %46.16
ve %10.19 olarak gergeklesmistir. DAG igin ise ortalama deger %52.62 olup bu deger Tiirkiye ortalamasinin
yaklasik %6 lizerindedir.
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Oz — Dut yapraklar: halk arasinda cesitli hastaliklarda geleneksel olarak kullanilan bir bitkidir. Bitkilerin gosterdik-
leri gok cesitli biyolojik etkinlikleri icerdikleri bilesenlerden kaynaklanmakta olup, bitkinin fitokimyasal bilesimi ve
biyolojik potansiyeli yetistigi bolgeye gore degisiklik gostermektedir. Bu ¢alismada Edirne ilinde yetisen beyaz ve
siyah dut agaci yapraklarindan elde edilen su ve etanol ekstraktlarinin antioksidan aktivitesinin ve in vitro enzim
inhibisyon testleri ile antidiyabetik kapasitesinin belirlenmesi amaglanmistir. Beyaz ve siyah dut agaci yaprak
ekstraktlarinin toplam fenolik madde miktar1 35.08-47.57 pg gallik asit esdegeri/mg, flavonoid miktar1 18.40-46.25
pg rutin esdegeri/mg ve tanen miktar1 4.59-7.53 pg tannik asit esdegeri/mg araliklarinda tayin edildi. Antioksidan
aktivite testlerinde 1,1-difenil-2-pikrilhidrazil (DPPH) ve 2,2’-azinobis-(3-etilbenzotiazolin-6-siilfonik asit) (ABTS)
radikallerini gidermede (ECs sirasiyla 0.31 mg/mL ve 0.79 mg/mL) ve CUPRAC metodunda (9.1 pmol troloks
esdegeri antioksidan kapasite-TEAC) siyah dut yapraklarinin etanol ekstrakti yiiksek aktivite gosterirken, beta-
karoten agartma metodunda beyaz dut yapraklarinin etanol ekstrakti (ECsp 0.47 mg/mL) daha iyi sonug¢ verdi. Dut
yapraklarinin sadece su ekstraktlarinin metal iyonlarini selatlama giiciine sahip oldugu goriildi. Antidiyabetik
aktivite ¢aligmasinda yapraklarin su ekstraktlar1 degisen oranlarda a-amilaz ve a-glukozidaz inhibisyonu gosterdi.
Su ekstraklarmin karbonhidrat sindirim enzimleri {izerine potansiyel inhibitor etkisi gostermesi, tilkemizde besin
olarak tiiketilmeyen dut yapraklarinin ilag hammaddesi kaynag1 olarak degerlendirilebilecegini; siyah dut yaprakla-
rinin ise antioksidan katki amagh olarak kozmetik uygulamalarda kullanilmak iizere ekonomiye kazandirilabilecegi-
ni disiindiirmektedir.
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Abstract — Mulberry leaves are used traditional medicine in many diseases. The various biological activities of the
plants are due to its chemical contents, therefore the phytochemical composition and biological potential of the plant
vary according to the region where it grows. In this study, it was aimed to determine the antioxidant activity and
antidiabetic potential using in vitro inhibition tests of leaves of white and black mulberry obtained from trees grown
in Edirne. Total phenolic, flavonoid and tannin contents of leaves extracts were determined in the range of 35.08-
47.57 pg gallic acid, 18.40-46.25 pg rutin and 4.59- 7.53 pg tannic acid equivalents, respectively. While ethanol
extract of black mulberry leaves showed high activity in CUPRAC method (9.1 umol TEAC), 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonicacid) (ABTS) radicals scavenging
assays (ECsp 0.31 mg/mL and 0.79 mg/mL, respectively), the ethanol extract of white mulberry leaves showed better
carotene bleaching activity (ECso 0.47 mg/mL). Only water extracts of leaves were observed to have metal chelating
capacity. In the antidiabetic activity study, the water extracts of leaves showed varying degrees of inhibition on a-
amylase and a-glucosidase. The potential inhibitory effect of water extracts on carbohydrate digestive enzymes
shows that mulberry leaves can be considered as a source of a drug candidate in the antidiabetic drug researches.
Also black mulberry leaves can be used in cosmetic applications due to their antioxidant properties.
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1. Giris

Antioksidanlar serbest radikallerin zararli etkilerine kars1 metabolizmanin korunmasini saglayan endojen
veya eksojen maddelerdir. Giiniimiizde serbest radikaller ve oksidatif stres; yaslanma, katarakt, diyabet,
kanser, kardiyovaskiiler hastaliklar, cesitli dokularin ve organlarin hasar1 gibi bir¢cok hastalik ile
iligkilendirildigi (Dasgupta ve Klein, 2014; Halliwell ve Gutteridge, 1990) i¢in metabolizmanin eksojen
kaynakli antioksidanlarca desteklenmesi 6nem kazanmustir. Ayrica lipid peroksidasyonunu 6nlemek iizere

gida sektoriinde, kozmetik ve ilag endiistrilerinde de antioksidan etkili molekiiller veya karisimlar
kullanilmaktadir. Bu sektorlerce ve tiiketiciler tarafindan 6zellikle taze meyve ve sebzelerde bulunan dogal
antioksidanlara karst artan bir ilgi vardir. Bitkilerin antioksidan o6zellikleri polifenolik bilesikler,
karotenoidler ve askorbik asit basta olmak iizere igerikleri fitobilesenlerden kaynaklanmaktadir. Baslica
fenolik asitler, flavanonlar, flavonlar, antosiyaninler, izoflavonlar, tanenleri kapsayan polifenolik bilesikler;
bitkilerin sekonder metabolitleridir ve bitkilerin savunma mekanizmasi olarak bir¢ok kisminda sentezlenirler
(Pietta, Minoggio ve Bramati, 2003).

Gilinlimiize kadar yapilan antioksidan aktivite ¢aligmalarinda meyve, sebze, baharat ve tibbi bitkilerin ¢esitli
kisimlar1 kullanilmigtir. Dogal antioksidan madde arayisinda, incelenen antioksidan kaynaginin etkili ve
giivenilir olmasinin yaninda, son zamanlarda ucuz olmasi, kolay elde edilebilir olmasi ve atik bitkisel mater-
yallerin degerlendirilmesi gibi 6zelliklere de sahip olmasi bir hedef haline gelmistir. Bu sebeple meyveleri
yenilebilen ancak yapraklar1 besin olarak kullanilmayan agaclar bu alandaki ¢alismalarda yer almaktadir
(Gougoulias, 2015; Liaudanskas vd., 2014: Orak, Selen Isbilir ve Yagar, 2012; Pontes vd., 2019; Souza vd.,
2020; Zoral ve Turgay, 2014).

Dut bitkisi Moraceae (Dutgiller) familyasindan Morus cinsini olusturan agag tiirleridir. Beyaz dut (akdut) ve
siyah dut (karadut) olarak bilinen Morus alba ve Morus nigra mn meyveleri sevilen bir yiyecek iken, yap-
raklar1 gida olarak tiiketilmemektedir. Beyaz dut agaci meyvesi icin, golgesinden yararlanmak igin ve yap-
raklar1 ipekbocegi yetistiriciliginde kullanilmak {izere yetistirilmektedir. Karadut eczacilikta ilaglarin tadini
ve kokusunu degistirmede, gida sektdriinde ise renk pigmenti olarak kullamlmaktadir. Ulkemizde dut yap-
raklar1 geleneksel halk ilaci olarak da kullanilmaktadir. Dut yapragindan hazirlanan ¢ay; halk arasinda bogaz
iltihaplarini tedavi etme, kuru oksiiriigii giderme, egzama tedavisi, kan sekerini diislirme amagclariyla kullani-
lirken, karadut meyvelerinden elde edilen surup ise yeni dogmus bebeklerin agizlarinda olusan pamukguk
tedavisinde kullanilmaktadir. Beyaz ve siyah dut yapraklar1 6zellikle kan sekeri seviyesini diigsiirmek amagli
iilkemizin ¢esitli bolgelerinde kullanilmaktadir (Tuzlact ve Bulut, 2007; Tuzlaci ve Sadikoglu, 2007; Tuzlact
ve Senkardes, 2011). Uzakdogu iilkelerinde ise 6zellikle Cin tibbinda dut agacinin yaprak ve dallar1 karaci-
geri korumak, ates ve kan basincini diisiirmek icin kullanilirken, Tayland’da dut yapragi ¢ay: antidiyabetik
bir icecek olarak tiiketilmektedir. Bununla birlikte son zamanlarda Cin’de dut yapraklari sebze olarak giinliik
diyete eklendigi i¢in, pek ¢ok dut ¢esidi besin ve fonksiyonel bilesenleri agisindan da bilimsel arastirmalarin
konusu olmaktadir (Xiao vd., 2020; Yu vd., 2018).

Diyabet hastaliginda geleneksel halk ilaci olarak cesitli bitkiler kullanilmaktadir (Yatoo vd., 2017). Ulke-
mizde kullanilanlardan bazilar1 kudret nar1, banaba, cemen, gurmar, tar¢in, ginseng tiirleri, zeytin yapragi,
kekik, igde yapragi, ardig ve 1sirgandir (Aslan ve Orhan, 2010; Tuzlaci ve Sadikoglu, 2007; Tuzlaci ve Bulut,
2007). Genellikle seker hastaligi olarak bilinen Diabetes mellitus (DM), basta karbonhidrat metabolizmasi
olmak tizere lipid ve protein metabolizmalarini da etkileyen; hiperglisemiyle karakterize, kronik, metabolik
bir hastaliktir (Sonia ve Sharma, 2014). DM’nin tibbi tedavi siirecindeki temel yaklasimlardan biri a-amilaz
ve a-glukozidaz gibi karbonhidratlar1 parcalayan enzimlerin inhibisyonunu saglayarak, karbonhidrat emili-
mini azaltmaktir (Cubuk ve Ince, 2015). Bitkilerde yaygi olarak bulunan diyet polifenollerinin antioksidan
kapasitelerinin yaninda, s6zii gegen bu sindirim enzimlerine karsi inhibitor etkilerinin de oldugu bildirilmistir
(Xiao vd., 2013; Asgar, 2013). Literatiirde farkl: tiir ve menseili dut yapraklarinin antioksidan ve hipoglise-
mik etkilerini inceleyen ¢alismalar mevcuttur (Anwar vd., 2015; Hasim, Uci ve Didah, 2020; He vd., 2020;
Igbal vd., 2012; Levickiene vd., 2017; Thabti, Marzougui, Elfalleh ve Ferchichi, 2011; Yu vd., 2018). Bu
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caligsmalar incelendiginde; dut yapraklariyla yapilan antioksidan aktivite ¢alismalarinin toplam fenolik mad-
de ve flavonoid tayinlerinin yaninda 6zellikle DPPH veya ABTS radikallerini giderme aktivitesi ile sinirli
olduklart goriilmektedir. Ayrica bitkinin tiirii ve cinsi gibi genetik faktorler; iklim, bitkinin yetistirildigi bol-
ge, toprak cesidi gibi ¢evresel etkiler ve tarim uygulamalarina bagl faktorler dolayisiyla ¢alisilan dut yaprak-
larinin biyoaktif bilegsen miktarlari genis bir aralikta olabildigi i¢in gosterdikleri biyolojik aktiviteler de farkli
olabilmektedir. Bu sebeplerden dolay1 sunulan bu ¢alismada Edirne ilinde yetisen beyaz ve siyah dut yaprak-
larinin in vitro antidiyabetik aktivitesinin ve antioksidan aktivitesinin incelenmesi hedeflenmistir. Dut yaprak-
larmin antioksidan aktivitesi bes farkli metod (DPPH® ve ABTS®" giderme giicii, p-karoten agartma metodu,
CUPRAC metodu, metal selatlama kapasitesi) kullanilarak kapsamli bir sekilde degerlendirilmis ve
ekstraktlarda toplam fenolik madde, flavonoid madde ve tanen miktar tayinleri de yapilmstir. Yapilan ¢alis-
ma ile Edirne yoresinde yetistirilen bu iki dut agaci tiiriiniin yapraklari, igerdigi fitobilesenler ve antioksidan
potansiyelleri agisindan kiyaslanmustir.

2. Materyal ve Yontem

Musabeyli Koyii (Edirne)’nde yetismis olan beyaz ve siyah dut agaci yapraklar1 yerel halk pazarindan
(Haziran, 2017) satin alindi. Kullanilan kimyasal maddeler Sigma-Aldrich ve Riedel-de Haen firmalarindan
satin alinmig olup, hepsi analitik safliktadir.

2.1. Bitki Ekstraktlarinin Hazirlanmasi

Yapraklar laboratuvarda direk gilines 15181 almayan, aydinlik ve havadar bir ortamda kurutulduktan sonra
Waring blenderde 6giitiildii. Kurutulmus ve parcalanmis olan beyaz ve siyah dut yapraklarinin tizerine 6r-
nek:¢oziicli oran1 1:25 (w/v) olacak sekilde etanol (%80) eklendi. Toplam 6 saat 25°C’de 180 rpm ¢alkala-
mali su banyosunda ekstraksiyonlar1 yapildi. Siiziildiikten sonra ¢oziiciisii evapore edildi. Su ekstraktlarinin
hazirlanmasi igin siyah ve beyaz dut yapraklarina 6rnek:¢6ziicti oran1 1:10 (w/v) olacak sekilde saf su ekle-
nerek, agzi kapali halde 15 dk 1siticida 80°C’de 1sitildi. Siiziildiikten sonra 6rnekler liyofilize edildi. Deney-
lerde, elde edilen bu ham ekstraktlar kullanildi. Tiim denemeler iki kez tekrarland1 ve her seferinde ikiser
paralel 6rnek calisildi.

2.2. Fitobilesen Miktarimin Tayini

Fenolik madde, flavanoid ve tanen miktar tayinleri spektrofotometrik yontem kullanilarak gerceklestirildi.
Toplam fenolik madde tayini Folin-Ciocalteau reaktifi (FCR) kullanilarak Singleton ve Rossi’nin (1965)
metoduna gore yapildi. 100 uL (1 mg/mL) 6rnek tizerine 4.5 mL destile su, 100 uL FCR eklendi. Vortekste
calkalandiktan sonra 300 pL %2’lik Na,COj eklendi ve iki saat ¢alkalamali su banyosunda bekletildi. Spekt-
rofotometrede 760 nm’de absorbanslari 6l¢iildi. Standart fenolik madde olarak 50-500 pg/mL konsantrasyon
araligindaki gallik asit ¢ozeltileri kullanmlda.

Toplam flavonoid tayininde AICI; ile 6rneklerin selat olusturmasi esasina dayanan metod kullanildi
(Zhishen, Mengcheng ve Jianming, 1999). Etanol ve su ekstrakti 6rneklerinden 0.1 mL alinarak, hacimleri
destile su ile 2.5 mL’ye tamamlandi. Uzerlerine 75 uL %5 NaNO, eklendikten sonra 5 dk oda sicakliginda
bekletildi. Daha sonra 150 pL %10’ luk AlClsx6H,0 eklenip 6 dk oda sicakliginda bekletildi. 0.5 mL 1 M
NaOH eklenerek vortekslendi ve olusan pembe renkli komplekslerin absorbanslar1 510 nm’de dl¢iildii. Stan-
dart flavonoid olarak 25-200 pug/mL konsantrasyon araligindaki rutin ¢6zeltileri kullanildi.

Tanen tayini i¢in; 100 puL (1 mg/mL) 6rnek tizerine 500 uL Folin-Denis reaktifi ve 1 mL doygun Na,CO;
cozeltisi eklendi. Toplam hacim saf su ile 10 mL’ye tamamlandiktan sonra 30 dk bekletildi ve A=700 nm’de
absorbanslar1 ol¢iildii (Katoch, 2011). Standart olarak 10-70 pg/mL konsatrasyon araligindaki tannik asit
cozeltileri kullanilda.
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2.3. Antioksidan Aktivite Testleri

DPPH ve ABTS siipiirme metodlar1 kullanilarak orneklerin serbest radikal siipiirme kapasiteleri belirlen-
di. Blois’in metoduna (Blois, 1958) gore ¢alisilan DPPH radikal siipiirme aktivitesinde farkli konsantrasyon-
larda (100-1000 pg/mL) hazirlanan 6rnek veya standart madde (BHA, biitillenmis hidroksi anisol) ¢ozeltile-
rine 0.1 mM DPPH ¢o6zeltisi eklendi ve 30 dakika oda kosullarinda karanlikta bekletildi, 517 nm’de absor-
banslar1 okundu. Ornek yerine etanol veya su kullanilarak kontrol tiipii hazirlandi. Denklem 2.1 kullanilarak
standartlarin ve Orneklerin serbest radikal giderme etkinlikleri % inhibisyon olarak hesaplandi. Akonrol kONt-
rol tiipliniin absorbansini ve Ay Ornek veya standartin absorbansini gostermektedir.

%I = [ (AKontrol - AOrnek) / AKontrol] x 100 (21)

ABTS radikal siipiirme aktivitesi deneyinde, ABTS ¢0zeltisi ve sodyum persiilfat ¢ozeltisi 1:0.5 oraninda
karistirilarak 16 saat bekletildi ve ABTS radikalinin (ABTS®*") olusumu saglandi. Hazirlanan ¢dzeltinin ab-
sorbansi etanolle seyreltilerek 734 nm’de 0.70 absorbans verecek hale getirildikten sonra kullanildi. ABTS
radikal ¢ozeltisi eklenen 6rnek (100-1000 pg/mL) veya standart madde (BHT, biitillenmis hidroksi toluen)
cozeltileri 30 dk karanlikta bekletildikten sonra 734 nm’de absorbanslari 6l¢iildi (Re vd., 1999). Denklem
2.1°deki formiil kullanilarak radikal giderme oranlar1 hesaplandi.

Dut yapragi ekstraktlarina B-karoten agartma yontemi uygulanarak ekstraktlarin lipid peroksidasyonunu 6n-
leme yetenekleri incelendi (Miller ve Luiz-Larrea, 2002). 100-1000 pg/mL konsantrasyonlarda hazirlanan
orneklere, B-karoten ve linoleik asitten olusan substrat emiilsiyonu eklendi. A=490 nm’de ilk absorbanslari
(to) 6l¢iildii. Mikroplakalar etiivde 50 °C’de 2 saat inkiibe edildikten sonra absorbanslari (t150) tekrar 6l¢iildii.
Sentetik antioksidan BHT ile deney tekrarlandi. Tiim 6rnekler i¢in denklem 2.2 ve 2.3’te verilen formiiller

ile hesaplamalar yapilarak, ortamda olusturulan lipid peroksidasyonunu engelleme oranlar1 % inhibisyon
olarak hesaplandi.

R=[In(Ao / Aux ) ]/t (2.2)

B-Karoten agartma orani (%) = [ (Rkontrol “Romek) / Rkontrot ] X 100 (2.3)

Denklem 2.2’deki t inkiibasyon siiresini; Ay 0rneklerin inkiibasyondan onceki ilk absorbans Slgiimiinii; Az
orneklerin inkiibasyondan sonraki absorbans 6l¢iimiinii; R B-karotenin bozunma oranini ifade etmektedir.

Beyaz ve siyah dut yapragi ekstraktlarinin antiradikal aktivite ve lipid peroksidasyonunu énleme sonuglari
ECs degeri olarak verildi. ECsq (etkin konsantrasyon) degeri ortamdaki radikalin yarisini1 gidermek igin ge-
rekli olan ekstrakt miktar1 olarak tanimlanmakta olup, ekstrakt konsantrasyonuna karsi inhibisyon grafikleri
cizilerek hesaplanmaktadir. ECs, faktorii antioksidan aktiviteyi degerlendirmede en sik kullanilan parametre-
dir (Molyneux, 2004).

Ekstraktlarin toplam antioksidan aktivite tayini CUPRAC (Bakir (II) indirgeyici antioksidan kapasite) yon-
temi ile calisildi (Apak, Giiclii, Ozyiirek ve Karademir, 2004). Mikroplaka kuyucuklarina esit hacimde (50
uL) CuCl,x2H,0, neokuproin ve amonyum asetat tampon (pH=7.0) ¢dzeltileri konuldu. Uzerlerine her bir
ekstrakttan (50-750 pg/mL) eklendikten sonra su ile belirlenen toplam hacme (205 pL) tamamland: ve 30 dk
karanlikta bekletildi. A=450 nm’de absorbans ol¢iimleri yapildi. Ekstraktlar yerine alkol veya saf su konula-
rak kontrol ¢aligildi. Standart antioksidan (BHT) igin de ayni deney prosediirii uygulandi. Antioksidan 6zel-
lik gosteren ¢esitli bilesiklerin antioksidan giigleri, troloks esdegeri antioksidan kapasitesi (TEAC) olarak
verilmektedir. TEACcuprac degerlerini bulmak igin test edilen bilesigin ve troloksun konsantrasyon-
absorbans grafikleri ¢izildi ve grafiklerin egimleri birbirine oranlandi (Denklem 2.4) (Apak vd., 2004).
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TEACcuprac = Egimemer / Egimrroroks (2.4)

Metal selatlama aktivitesi tayininde dut yaprag: ekstraktlarinm Fe*? iyonlarim selatlama kapasitesi Dinis ve
arkadaslarinin agikladigi prosediire gore galisildi (Dinis vd., 1994). Dut yapragi su ve etanol ekstraktlar: 25-
1000 pg/mL konsantrasyon araliginda hazirlandi. Orneklere FeCl, ¢ozeltisi eklenerek 30 dk oda sicakliginda
bekletildi. Daha sonra ortama demir iyonu ile pembe renkli kompleks yapan ferrozin ¢ozeltisi eklendi ve 10
dk bekletildikten sonda 562 nm’de absorbanslar1 6lgiildii. Ekstrakt eklenmeden kontrol tiipii hazirlandi. Bu
metodda diisiik absorbans degerleri, yiiksek demir iyonu selatlama giiciinii ifade etmektedir. Orneklerin me-
tal giderme kapasiteleri Denklem 2.5 kullanilarak % olarak hesaplandi.

Metal selatlama orani (%) = [ (Akontrol = Admek ) / Akontror] X 100 (2.5)

2.4. Antidiyabetik Aktivite Testleri

Orneklerin antidiyabetik etkisini belirlemek {izere Apostolidis ve ark. onerdigi metod kullanild:
(Apostolidis, Kwon ve Shetty, 2007). Deney tiiptine 0.5 mL %0.1°lik nisasta ve 0.1 mL amilaz enzimi (3.0
U, domuz pankreatik kaynakli) alinarak 25 °C’de 15 dk inkiibe edildi. 3,5-dinitro salisilik asit (DNS) reaktifi
eklenerek 5 dk kaynatildi. Tiipler sogutulduktan sonra 550 nm’de absorbanslari 6l¢iildi. Enzim yerine tam-
pon alinarak sahit numune tiipii calisildi.

Ekstraktlarin a-amilaz enzimi {izerinde inhibe edici etkisinin olup olmadigini incelemek i¢in; dncelikle ekst-
raktlar (1.0, 2.5, 5.0 ve 10 mg/mL konsantrasyonlarda) ve amilaz enzimi 37 °C’de 15 dk inkiibe edildi. Daha
sonra yukaridaki prosediir uygulandi. Ayrica her bir 6rnek i¢in enzim yerine tampon konularak numune kor-
leri galisildi. Ekstrakt eklenmeden enzimatik aktivitesi olgiilen tiip %100 aktif kabul edildi. Denklem 2.6
kullanilarak 6rneklerin a-amilaz enzimini inhibe etme oranlari hesaplandi. Denklemde Aamiiz %100 aktif
kabul edilen tiipiin absorbansi; Aggsrake Orneklerin absorbanslarindan, numune korii absorbanslar: ¢ikarildik-
tan sonra elde edilen absorbans degerini ifade etmektedir.

Amilaz inhibisyonu (%) = [(Aamiz-Aeksra) / Aamiiz] X 100 (2.6)

a-Glukozidazin aktivite tayininde substrat olarak p-nitropenil-a-D-glukopiranosid (p-NPG) ve enzim ¢6zel-
tisi (0.2 U, Saccharomyces cerevisia kaynakli a-glukozidaz) karistirilarak 37 °C’de 15 dk inkiibe edildi. 0.1
M Na,COj; ¢ozeltisi eklendikten sonra 405 nm’de absorbanslari okundu (Apostolidis, Kwon ve Shetty,
2007).

Ekstraktlarin a-glukozidaz enzimi iizerinde inhibe edici etkisinin olup olmadigini incelemek i¢in; 1.0, 2.5,
5.0, 10 mg/mL’lik konsantrasyonlardaki ekstraktlar enzim ile 37 °C’de 15 dk inkiibe edildi. Daha sonra yu-
karidaki gibi a-glukozidaz aktivite tayin prosediirii uygulandi. Enzim yerine tampon konularak ekstraktlarin
numune korleri galigildi. Ekstraktlarin a-glukozidaz inhibisyon degerleri denklem 2.7°deki formiil ile % in-
hibisyon olarak hesaplandi. Agjukezidaz %0100 aktif kabul edilen tiipiin absorbansi; Agysyake Orneklerin absor-
banslarindan numune korii absorbansi ¢ikarildiktan sonra elde edilen absorbans degerini ifade etmektedir.

Glukozidaz inhibisyonu (%) = [(Aciukozidaz-Aekstrakt) / Aclukozidaz] X 100 (2.7)
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3. Bulgular ve Tartisma

Bitkilerin gosterdikleri biyolojik aktiviteleri ve saglik iizerindeki etkileri icerdikleri basta fenolik
bilesikler olmak iizere diger biyoaktif metabolitlere atfedildigi icin, dncelikle elde edilen ham ekstraktlarin
toplam fenolik bilesik, flavonoid ve tanen miktarlar1 belirlendi. Dut yapragi ekstraktlarinin fenolik madde
icerigi bitkilerde en yaygin olarak bulunan gallik asit esdegeri olarak; flavonoidler genis bir ¢esitlilik
gosterdiginden flavonoid igerigi bir flavonol glikozidi olan rutin esdegeri olarak ve tanen miktar1 ise
hidrolizlenebilen tanenlerden en sik bulunan tannik asit esdegeri olarak hesaplandi (Tablo 1).

Tablo 1.
Dut yapraklarinin su ve etanol ekstraktlarinin fitobilesen icerikleri

Toplam Toplam Tanen’
Ekstrakt/ Kisaltma Fenolik* Flavonoid® pug TAE/mg
Coziici ug GAE/mg ug RE/mg
Beyaz Dut Yapragi/Su B-Su 47.57+0.21 40.97+0.11 4.59+0.29
Beyaz Dut Yapragi/Etanol B-EtOH 35.08+0.16 19.64+0.08 6.05+0.48
Siyah Dut Yapragi/Su S-Su 47.22+0.24 46.25+0.14 5.15+0.68
Siyah Dut Yapragi/Etanol ~ S-EtOH 37.69+0.42 18.40+0.07 7.53+£0.54

IGallik asit esdegeri olarak, “Rutin esdegeri olarak ve *Tannik asit esdegeri olarak tayin edilmistir.
Sonuglar 2 deneyin ortalamasi + standart sapma olarak verilmistir.

Calismada siyah ve beyaz dut yapraklarinin su ekstraktlarindaki (S-Su ve B-Su) fenolik madde miktarlar
etanol ekstraktlarindan (S-EtOH ve B-EtOH) daha yiiksektir. Siyah ve beyaz dut yapraklarinin su ekstraktla-
rindaki toplam flavonoid miktarlari, etanol ekstraktlarindakinin yaklasik iki kat1 kadardir. Tanen miktarlari
birbirine yakin olmakla birlikte, 4.59-7.53 pg TAE/mg araligindadir. Elli ¢esit dut yapraginin %70’lik etanol
ekstraktlarindaki tanen dagilimi 0.45-1.49 g/100 g olarak bildirilmistir (Xiao vd., 2020). He vd. (2020) 12
cesit dut yapraginin %50’lik etanol ekstraktlarinda fenolik madde igerigini 11.49-30.03 mg GAE/g ve flavo-
noid igerigini de 24.24-58.42 mg RE/g araliginda belirlemislerdir. Diger bir ¢alismada da 19 ¢esit dut yapra-

ginin %80’lik metanol ekstraktlar1 i¢in fenolik madde igerigi 8.76-20.26 mg GAE/g ve flavonoid igerigi ise
21.36-56.41 mg RE/g olarak tayin edilmistir (Yu vd., 2018). Calismamizda tayin edilen flavonoid miktarlar
bu ¢alismalarin sonuglarina yakin iken, toplam fenolik miktarlar1 biraz daha yiiksek degerlerdedir. Chon vd.
(2009) beyaz dut (Morus alba L.)’un kok, yaprak, dal ve meyvesi ile yaptiklari ¢alismalarinda, en yiiksek
fenolik madde miktariin bitkinin kok ve yaprak kisimlarinda oldugunu ifade etmislerdir. Elde edilen meta-
nolik ekstraktlarda toplam fenolik siralamasini kg basina mg ferulik asit esdegeri cinsinden kok (117.742.0)
> yaprak (71.4£2.4) > dal (49.0£1.5) > meyve (11.2+0.3) olarak bildirmislerdir.

Dut agacinin farkli bolgelerde yetismesi, agacin tiirii, yapragin toplanma zamani ve olgunluk derecesi bitki-
nin biyobilesen icerigini 6nemli Sl¢iide etkilemektedir. Ayrica taze veya kurutulmus ornekle c¢aligilmasi,
ekstraksiyon yontemi ve ¢oziiciisii de ekstrakta gegen fitobilesen icerigini ve dolayisiyla ekstraktin gostere-
cegi biyolojik aktiviteyi etkilemektedir. Zhishen vd. (1999) ilkbaharda (Mayzs, 11.7-26.6 pg rutin ekivalen-
ti/g) toplanan dut yapraklarinin flavonoid miktarlarinin sonbaharda (Kasim, 9.84-23.4 pg rutin ekivalenti/g)
toplananlardan daha yiiksek oldugunu bildirmistir. Ayni ¢alismalarinda taze yapraklar ile etiivde veya oda
kosullarinda kurutulmus yapraklarin flavonoid miktarlarinin da farkli oldugunu belirtmislerdir. He vd. (2020)
geng yapraklarin fenolik ve flavonoid igeriginin olgun yapraklardan daha yiiksek oldugunu ve daha yiiksek
antioksidan aktivite gosterdiklerini bildirmistir. Fenolik ve flavonoid igeriginde gbzlenen bu farkliliklar ¢o-

ziicli ve ekstraksiyon proseslerinin ¢esitliliginden kaynaklanabilecegi gibi, miktar tayini i¢in kullanilan stan-
dart maddelerin farkli olmasi da ¢aligsmalarin kiyaslanmasini zorlagtirmaktadir.
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Gida, bitki ekstraktlari ve biyolojik sistemlerin antioksidan kapasitelerini degerlendirmek igin gesitli in vitro
metodlar kullanilmaktadir. Bu metodlar kullanilan substratin cinsi ve 6zelligi, oksidasyon sartlari, test orta-
minin heterojenitesi gibi birgok faktorden etkilenmektedir ve dolayisiyla antioksidan kapasiteyi belirleyebil-
mek icin kullanilabilecek standart bir tek metod yoktur. Bu yiizden gida veya bitki ekstraktinin antioksidan
aktivitesini belirlemek i¢in birden fazla metod kullanilmaktadir. Bu caligmada da dut yaprag: ekstraktlarinin
serbest radikal stipiirme etkinligini belirlemek i¢in DPPH ve ABTS radikallerini giderme metodlart kullanil-
di. CUPRAC ve B-karoten agartma yontemleri ile toplam antioksidan kapasiteleri belirlendi. Geg¢is metalleri
reaktif oksijen tiirlerinin olusumunda rol oynadigi igin 6rneklerin metal selatlama aktivitesi de degerlendiril-
di.

Calismamizda siyah dut yapragi, ozellikle alkol ekstrakti, serbest radikal gideriminin 6l¢iildiigl iki metotda
da beyaz dut yapragindan daha iyi sonug vermistir (Tablo 2). Her iki dut yapragi etanol ekstraktlarinin DPPH
radikalini stipiirme etkinligi konsantrasyona bagl olarak artmakla birlikte, 500 pg/mL ve tizerindeki kon-
santrasyonlarda daha yiiksek olarak gozlenmistir. Ayrica siyah dut yapragi etanol ekstraktinin (ECso= 0.31
mg/mL) DPPH’ giderme giiciiniin, sentetik antioksidan BHA (ECsp=0.24 mg/mL) ile karsilastirilabilir di-
zeyde oldugu goriilmektedir. Chon vd. (2009) dut bitkisinin (Morus alba L.) farkli kisimlartyla yaptiklari
caligmada DPPH serbest radikalini giderme deneyinde 1000 pg/g konsantrasyonda en yiiksek aktiviteyi yap-
rak (%70), dal ve kokten elde edilen metanol ekstraktlarinda; en diisiik aktiviteyi ise %35 inhibisyon orani ile
meyve metanol ekstraktinda tayin etmislerdir. Calisgmamizda DPPH giderme oran1 1000 pg/mL konsantras-
yonda beyaz dut yapragi etanol ekstraktinda %83.16+0.16, su ekstraktinda ise %56.02+2.84 olarak belirlen-
mistir.

Tablo 2.
Siyah ve beyaz dut yapragi ekstraktlarinin antioksidan aktiviteleri
DPPH’ ABTS"™ Karoten CUPRAC
giderme giderme agartma (umol TEAC)
(ECsomg/mL)  (ECso mg/mL)  (ECso mg/mL)
B-Su 0.53 0.83 - 5.5+0.12
B-EtOH 0.52 0.84 0.47 8.7+0.08
S-Su 0.415 0.83 - 6.5:+0.07
S-EtOH 0.31 0.79 0.72 9.1+0.11
Sentetik 0.24 (BHA) 0.05 (BHT) 0.03 (BHT) 52.6+0.24 (BHT)
Antioksidan

100-1000 pg/mL konsantrasyon araliginda ¢ozeltileri hazirlanan her bir dut yapragi 6rneklerinin antiradikal
etkinligi ABTS"" giderme metodu ile de ¢alisildi. Artan konsantrasyonla birlikte radikal giderme etkinliginde
artis olmasina ragmen, tiim orneklerde en yiiksek inhibisyon oranlari1 en yiliksek konsantrasyonda gozlendi.
Tablo 2°de verilen ECsy degerlerine gore ABTS radikalini gidermede en etkili 6rnegin, 0.79 mg/mL ECs,
degeri ile siyah dut yapragi etanol ekstraktinin oldugu goriilmektedir. Benzer sekilde Anwar vd. (2015) de
dort tiir dut yapragindan Morus nigra (siyah dut) yapraklarinin giiglii antioksidan ve antimikrobiyal aktivite
gosterdigini bildirmislerdir. He vd. (2020) 12 ¢esit dut yapragi ile yaptiklar1 aragtirmada, DPPH ve FRAP
antioksidan metodlarindan elde ettikleri verilere gore, bazi kiiltiirlerin daha yiiksek aktivite gdsterdigini ve
genel olarak da flavonoid ve fenolik miktar1 yiiksek olan dut yapraklarinin yiiksek antioksidan aktiviteye

sahip oldugunu rapor etmislerdir. Dutun meyvesiyle de ¢alisilmistir; Giindogdu vd. (2011) ii¢ tiir dut meyve-
siyle yaptiklar1 ABTS radikali giderme ¢aligmasinda, koyu renkli dutlarin agik renkli dutlardan daha yiiksek

TEAC degeri oldugunu bildirmislerdir. Dut meyvesiyle ilgili bagka bir ¢alismada ise DPPH radikali, siipe-
roksit ve hidroksil radikallerini giderme etkinlikleri ¢caligilmis ve genel olarak etanol ekstraktlarinin 400 pg
ve lizerindeki miktarlarda iyi derecede DPPH’ siipiirme etkinligi oldugu bildirilmistir (Bae ve Suh, 2007).
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Ekstraktlarin toplam antioksidan aktivitesi -karoten/linoleik asit model sistemi kullanilarak degerlendirildi.
Yontemin temeli 1s1 etkisiyle linoleik asit oksidasyonu sonucu olusan peroksitlerin inhibisyonunun 6l¢iilmesi
esasina dayanir. Bu metodda tiim 6rnekler 100-1000 pg/mL konsantrasyon araliginda caligilmig ve su ekst-
raktlarindan elde edilen sonuglarin %40 inhibisyon oraninin altinda oldugu gériilmiistiir. Dolayisiyla bu so-
nu¢ deneysel ortamda olusturulan lipid peroksidasyonunu énlemede, siyah ve beyaz dut yapraklarinin su
ekstraktlarinin yeterince etkili olmadigini isaret etmektedir. Bu durum; diger metodlara gore daha apolar
karakterli olan test ortaminda, su (1.00) ve etanol (0.65) ¢oziiciilerinin polaritelerinin farkli olmasi ve bu
sebeple etanol ekstraktindan daha fazla etki alinmig olmasiyla agiklanabilir. Alkol ekstraktlari, su ekstraktla-
rina gore daha iyi olmakla birlikte 500 pg/mL ve iizerindeki konsantrasyonlarda lipid peroksidasyonunu
onlemede etkili olmuslardir. Konsantrasyon-% inhibisyon grafiklerinden bulunan ECs, degerleri beyaz dut
yapraginin etanol ekstrakti i¢in 0.47 mg/mL ve siyah dut yapraginin etanol ekstrakti i¢in 0.72 mg/mL olarak
hesaplanirken, sentetik antioksidan BHT igin ise 0.03 mg/mL olarak hesaplanmistir (Tablo 2). Literatiirde
eritrosit membran modeli (Andallu, Shankaran, Ullagaddi ve lyer, 2014) ve amonyum tiyosiyanat yontemi
(Anwar vd., 2015) olarak bilinen farkli metodlar kullanilarak dut yapraklarinin lipid peroksidasyonunu 6n-
lemesine dair yapilan ¢aligmalar bulunmaktadir. Anwar vd. 'nin arastirmasinda ¢alisilan dort tiir (M. alba, M.
nigra, M. macroura Mig ve M. laevigata W.) dut ekstraktinin yiiksek oranlarda (%60.23-88.51) aktivite gos-
terdigi, Andallu vd. 'nin ¢alismasinda ise Morus indica L. yaprak ekstraktinin eritrosit membran modelinde
olusturulan lipid peroksidasyonunu ve hidroperoksidlerin olusumunu azalttigi bildirilmistir. Hasim, Uci ve
Didah (2020) M. alba L. (beyaz dut) yaprag etanol ekstraktinin, 1siyla indiiklenen linoleik asit oksidasyonu-
nu onleme giiciinii TBA (tiyobarbiitirik asit) metodu ile tayin etmisler ve caligtiklar1 konsantrasyonlarda
%36-45.3 inhibisyon oranlarina ulagsmiglardir.

Toplam antioksidan kapasitenin 6l¢iimii; hidrofilik ve lipofilik antioksidanlara daha iyi cevap verebilen ve
daha kararli olan CUPRAC deneyi kullanilarak da degerlendirildi. Bu metodda 6rneklerin kuprik iyonunu,
kuproze indirgeme kapasiteleri troloks esdegeri antioksidan kapasitesi (TEAC) olarak verilmekte ve biiyiik
TEAC degeri yiiksek antioksidan kapasiteyi ifade etmektedir. Karoten agartma metodu ile yapilan toplam
antioksidan aktivite tayinine benzer sekilde; her iki dut ¢esidi i¢in de alkol ekstraktlarindan elde edilen so-
nuglar su ekstraktlarina gore daha yiiksek bulundu (Tablo 2).

Hidrojen peroksit, gecis metalleri arasinda ozellikle Fe** varliginda en reaktif tiir olan hidroksil radikalinin
olusumuna yol acar. Bu ylizden gegis metallerinin selatlanmasi lipid peroksidasyon siirecinin 6nlenmesi veya
geciktirilmesinde 6nemli rol oynamaktadir. Uygulanan metod Fe*? iyonlarini baglamak iizere, giilii bir de-
mir selatlayici olan ferrozin reaktifi ile 6rnekte bulunan metal baglayici bilesiklerin yarismasi esasina daya-
nir. Ornek tarafindan Fe*?/ferrozin kompleksinin olusumunun engellenmesi yani diisiik absorbans okunmasi
ornegin metal selatlama giicli oldugunun gdstergesidir. Calismamizda siyah ve beyaz dut yapragi su ekstrakt-
lar1 etanol ekstraktlarindan daha iyi metal selatlama yapmustir ve bu ekstraktlarda metal selatlama giiciinde
konsantrasyona bagl bir artis gézlenmistir. Ancak calisilan tim konsantrasyonlarda, alkol ekstraktlarinin
metal selatlama oranlar1 %15’in altinda kalmistir (grafikte gosterilmedi). En yiiksek aktivite beyaz dut yap-
ragmin su ekstraktinda (B-Su) goriilmiistiir (Sekil 1). Fenolik bilesiklerden antosiyaninlerin metal selatlama
giicli olmadig1, ancak polifenolik bilesikler ve 6zellikle flavonoidlerin metal selatlama kapasitesinin oldugu
rapor edilmistir (Brouillard ve Dangles, 1993). Calismamizda her iki dut tiiriiniin de su ekstraktlarinin metal
selatlama giiciiniin alkol ekstraktlarindan daha iyi olmasi; su ekstraktlarinin toplam fenolik ve flavonoid mik-
tarlarinin alkol ekstraktlarina gore daha yiiksek olmasindan kaynaklanabilir.
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Sekil 1: Siyah ve beyaz dut yapragi su ekstraktlarinin metal selatlama oranlari (%)
(Degerler 2 deneyin ortalamasi + standart sapma olarak verilmistir)

Diyabet tedavisinde en onemli terap6tik yaklagimlardan birisi yemek sonrasi (postprandial) hiperglisemiyi
diistirmektir. Bu da sindirim kanalinda karbonhidratlar1 hidrolizleyen a-amilaz ve a-glukozidaz enzimlerinin
inhibisyonu yoluyla karbonhidrat emilimini engelleyerek yapilmaktadir. a-Glukozidaz inhibitorleri giinii-
miizde oral antidiyabetik ajan olarak kullanilmaktadir (Arituluk ve Ezer, 2012), ancak yan etkileri olmayan
ve dogal kaynakli inhibit6r arayis1 da devam etmektedir. Dut kan sekerini diistirmek amagli halk ilac1 olarak
kullanildig1 i¢in (Tuzlaci ve Sadikoglu, 2007; Tuzlaci ve Bulut, 2007), dut agacinin farkli kisimlartyla ilgili
olarak dutun hipoglisemik etkisini incelemeye yonelik in vivo galigmalar mevcuttur (Bondada, Venkat ve
Nallanchakravarthula, 2014; Jozefczuka vd., 2017), dut yapragiyla ilgili olarak deneysel diyabet yapilmig
sicanlarda Morus alba (beyaz dut) yapraklarinin ekstraktlarinin hipoglisemik etkisi incelenmistir
(Madalageri vd., 2016; Mohammadi ve Naik, 2012). Calismamizda dut yapraklarinin antidiyabetik kapasite-
sini degerlendirmek iizere; su ve etanol ekstraktlarinin dort konsantrasyonunda ¢alisilarak in vitro a-amilaz

ve a-glukozidaz inhibisyon testi yapilmistir. Her iki enzim igin de; dut yapraklarinin su ekstraktlarinin alkol
ekstraktlarindan daha yiiksek oranda enzimleri inhibe ettigi gortldii. o-Amilaz enzimini siyah dut yapraginin
etanol ekstrakti (S-EtOH) en yiiksek  %31.65+£0.48 oraninda inhibe ederken, su ekstrakti (S-Su)
%45.48+0.42 oraninda inhibe etmistir (Sekil 2). Beyaz dut yapraginin su ekstraktinda (B-Su), artan konsant-
rasyon ile inhibisyon orani artmasina ragmen en fazla %31.61+0.12 oraninda inhibisyon gézlenmistir. Pozitif
kontrol olarak kullanilan akarboz, a-amilaz enzimini 1 mg/mL konsantrasyonda bile %76.77+5.22 oraninda
inhibe etmistir.
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Sekil 2: Siyah ve beyaz dut yapragi ekstraktlarinin a-amilaz % inhibisyon oranlari
(Degerler 2 deneyin ortalamasi + standart sapma olarak verilmistir)
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Sekil 3: Siyah ve beyaz dut yapragi ekstraktlarinin a-glukozidaz % inhibisyon oranlari
(Degerler 2 deneyin ortalamasi = standart sapma olarak verilmistir)

Dut yapraklarinin etanol ekstraktlari ¢alisilan konsantrasyonlarda a-glukozidaz enzimi iizerinde inhibisyon
etkisi gostermezken, siyah dut yapraginin su ekstrakti (S-Su) 10 mg/mL konsantrasyonunda glukozidaz en-
zimini %41.36+0.65 oraninda inhibe etmistir. a-Glukozidaz inhibit6rii olarak kullanilan akarbozun inhibis-
yon orant 1 mg/mL konsantrasyonda %52.83+2.15’tir. Hasim, Uci ve Didah (2020) da ¢alismalarinda beyaz
dut yaprak ekstraktinin 309.8 ug/mL ICsq degeri ile akarbozdan (ICsq 0.25 pg/mL) ¢ok diisiik oranda inhibis-
yona yol agtigin1 belirtmistir. Antidiyabetik aktivite caligmasindan elde edilen sonuglar, 6rneklerin su ekst-
raktlarinin alkol ekstraktlarindan daha yiliksek enzim inhibisyonuna yol actigim1 gostermektedir. Bu, amilaz
ve glukozidaz enzimlerini inhibe eden biyoaktif metabolitlerin etanolden ¢ok su ekstraktina gectigini isaret
etmektedir. Calismamizda beyaz ve siyah dut yapraklarinin su ekstraktlarindaki toplam fenolik ve flavonoid
bilesenleri etanol ekstraktlarindan daha yiiksek miktarda tayin edilmistir (Tablo 1). Dut yapraklar: rutin, ker-
setin, izokersetin ve diger flavonoidleri icermektedir (Zhishen vd., 1999). Dut ekstraktlarinin a-glukozidaz
izerinde gosterdigi inhibisyon etkisi icerdigi fenolik ve flavonoid bilesenlerine ek olarak, dut yapraklarinda
bulunan 1-deoksinojirimisin (DNJ) (Hu vd., 2013) ve moracin (Tu vd., 2019) gibi diger biyoaktif bilesenler-
den kaynaklanabilir. Jozefczuka vd., (2017) dut yapraginda yiiksek oranda bulunan bir iminoseker tiirevi
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olan 1-deoksinojirimisinin nisasta sindirimini ve absorsiyonunu azalttigim bildirmistir. Liu vd. (2015) M.
alba cinsi dutun dokuz farkli kismindan (geng siirgiinler, yaprak, meyve, dalin kabugu, aga¢ gévdesi kabugu,
kok kabugu, dalin odun kismi, gévdenin odun kismi ve kdkiin odun kismi) hazirladiklari ekstraktlarda 1-
deoksinojirimisin miktar tayinini yaparak, bu bilesigin ekstraktlarin a-glukozidaz {izerine inhibisyon aktivi-
tesini arastirmistir. DNJ bilesiginin aga¢ gdvdesi kabugu, kok kabugu, yaprak ve geng siirgiin ekstraktlarinda
diger kisimlara gore daha yiiksek oldugunu, yaprak ve geng siirgiinlerin a-glukozidaz {izerinde yarigsmali tip
inhibisyon yaptigini bildirmislerdir.

Elde edilen sonuglara gore her iki tiir dut yapraginin su ekstraktlariyla karbonhidrat sindirimiyle iligkili en-
zimlerin inhibe edilmesi, halk ilact olarak dut yapragi ¢aymin i¢ilmesi seklindeki geleneksel kullanimi des-
tekler niteliktedir. Bu ekstraktlarin gosterdigi antidiyabetik etki, dut yapraginin icerdigi bu flavonoid sinifi
fenolik bilesiklerinden kaynakli olabilir. Flavonoidler ayrica metal selatlama, lipid peroksidasyonunu engel-
leme, reaktif oksijen tiirlerinin katildig1 prosesleri azaltma o6zellikleri ile giiclii antioksidan aktivite gosteren
bilesiklerdir.

Yapilan bir ¢alismada alt1 farkli kiiltiire ait dut yapraklari Nisan ve Ekim aylar1 boyunca her ay toplanarak
dort temel fenolik bilesenleri (klorojenik asit, benzoik asit, rutin, astragalin) ve antioksidan aktivite iizerine
hasat zamaninin etkisi arastirildiginda, sonuglarda dikkate deger farkliliklar oldugu bildirilmistir (Zou vd.
2012). Son yapilan yeni bir ¢alismada ise Xiao vd. (2020) 50 dut ¢esidinin yapraklarinda DNJ, gama-amino
biitirik asit (GABA), tannin, flavonoid ve polisakkarit i¢eriklerini aragtirmis ve Cin’in 11 farkl ili, Japonya,
Sri Lanka ve Ozbekistan’dan toplanan bu dut gesitlerinde analizlenen biyoaktif bilesenler arasinda farklilik-
lar oldugunu bildirmislerdir. Dolayisiyla ¢aligmalarda agacin tiirii, yetistigi yer, materyalin toplanma zamani

gibi parametrelerin bitkinin fitokimyasal igerigi lizerinde etkili oldugu goriilmektedir. Eski ¢aglardan beri
yetisen ve farkli kiiltiirlerde farkli uygulama alanlar1 bulan dut yapraklari, oniimiizdeki siiregte fonksiyonel
bir gida katk1 maddesi olma potansiyeli ile (ince ve Cagindi, 2020), 6zel gay veya igeceklere eklenmek sureti
ile veya giinliik diyete sebze olarak dahil edilerek kullanim alan1 bulabileceginden dolay1 bu ¢aligmada Edir-
ne ilinde yetisen beyaz ve siyah dut yapraklariin antioksidan aktivite yoniinden kapsamli incelenmesi ve
antidiyabetik aktivite agisindan potansiyelinin arastirilmasi amaglanmigtir.

4. Sonuglar

Calismamizda Edirne yo6resinde yetismis olan beyaz ve siyah dut agaci yapraklarinin su ve etanol ekst-
raktlarinin icerdigi fitobilesen miktarlar1 belirlenmis ve ham ekstrakta gecebilen biyoaktif bilesenlerin anti-
oksidan aktiviteleri DPPH® ve ABTS®" giderme metodlar1, B-karoten agartma metodu, CUPRAC metodu ve
metal selatlama metodunu igeren bes farkli antioksidan aktivite testi kullanilarak degerlendirilmistir. Tim
ekstraktlarda konsantrasyon artisi ile radikal giderme oranlarinda ve toplam antioksidan aktivitede artis ol-
makla birlikte, siyah dut yapragmin etanol ekstrakti digerlerine goére daha iyi aktivite gdstermistir. Onemli
ikincil metabolitlerden olan polifenolik bilesikler, bitkilerin gosterdikleri antioksidan aktivite ve enzim inhi-
bisyonu gibi biyolojik aktivitelerden sorumludurlar. Calismamizda yaprak su ekstraktlarinin in vitro kosul-
larda iki 6nemli karbonhidrat sindirim enziminin aktivitesini azaltmasi; kaynatilarak i¢ilen dut yapragi suyu-
nun halk arasinda hipoglisemik etki amagli kullanimini desteklemesine ragmen, daha genisletilmis ¢aligmala-
ra ihtiyag vardir. Beyaz ve siyah dut yapragi su ekstraktlari, karbonhidrat sindirimi ile ilgili enzimler {izerin-
de %50’nin altinda inhibisyon etkisi gostermistir. Ancak son zamanlarda bitki kaynakli dogal tirtinler ile
enzim inhibisyonu, ilag gelistirme ¢aligsmalarinda 6nem kazandig1 i¢in bu inhibisyon oranlar1 dikkate deger-
dir. Bu sonuglar, bitkinin enzim aktivitesini inhibe eden biyoaktif bilesikler i¢erdigi anlamini tasimakta olup,
a-amilaz ve a-glukozidaz inhibisyonundan sorumlu bilesiklerin tanimlanmalarina yonelik daha fazla ¢alis-
manin gergeklestirilmesiyle dut agaci yapraklan saglik, gida veya kozmetik alanlarinda dogal bir kaynak
olarak degerlendirilebilir.
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Article History Abstract — Citrobacter freundii bacteria were grown in LB medium containing cadmium ion. In order to reduce
Received: 08.06.2021 adverse effect caused by cadmium, different concentrations of vitamin C, were added to the growth medium. While
’ A the concentration of bacteria grown was determined by spectrophotometer, the amounts of water and fat-soluble
Accepted:  31.08.2021 vitamins were also determined by HPLC. The cadmium concentration varied from 0 (control), to 10, 20, 40, 60, 75,
Published:  20.09.2021 100, 125 ppm in LB growth medium. The effect of cadmium has not been observed on the growth of bacteria, up to
40 ppm, on the other hand no significant microorganism growth was observed over 150 ppm cadmium. Significant
Research Article change of bacteria concentration was observed in the medium containing 75, 100 and 125 ppm Cd. Microorganism
concentrations decreased 18.8, 40.5 and 45.5 percent in the growth medium containing 75, 100 and 125 ppm Cad-
mium respectively. With the addition of 75 ppm vitamin C to the same growth medium, microorganism concentra-
tion was decreased about 2.0, 28.0 and 31.0 percent, respectively compared to the control. In addition, fat and
water-soluble vitamins in bacteria grown in cadmium-containing medium was decreased in comparison to the
control (p<0.05). With the addition of 25, 50 and 75 ppm vitamin C to cadmium-containing medium, fat and water
soluble vitamin concentrations were increased. As a result, it can be said that the negative effects of cadmium on
bacterial growth and vitamin content can be reversed by the addition of vitamin C in to the growth medium of

bacteria.

Keywords —Cadmium, Citrobacter freundii , HPLC, vitamin C, vitamins

1. Introduction

Bacteria is a microscopic single-cell species that prosper in a number of medium, such as soil, water, in-
side gut. Bacteria may be grouped on the basis of cell structure, cell metabolism or cell component variations
like structure of DNA, fatty acids, pigments and antigens. Bacteria often give us a hand of support in various
occasions such as conversion of milk to yogurt or helping with our digestion. As only bacteria and some
archaea have the genes and enzymes required for synthesizing vitamin B, also known as cobalamin and
supplying it via the food chain almost all animal life depends on bacteria for survival (Fang et al. 2017). Bac-
teria have a remarkable ability to breakdown a number of organic compounds and have been used in the pro-
duction and bioremediation of waste. Bacteria also used to remove oil spills to digest the hydrocarbons
(Cohen, 2002). C. freundii is a member of the Enterobacteriaceae family which is gram-negative bacterium
(O'Hara et al. 1997), that is a soil microorganism, may also be seen in other places such as food intestinal
tracts and sanitation (Wang et al. 2000). Even though C. freundii is a bacterial pathogen, also plays a big part
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in the environment's nitrogen cycle, which is responsible for environmental reduction of nitrate to nitrite
(Puchenkova, 1996). Heavy metals are toxic to living things even at low concentrations (Banfalvi, 2011).
Cadmium is a heavy metal that has a substantial environmental and functional effect (Paschal et al. 2000). In
biological systems, cellular organs and components such as cell membranes, mitochondria, lysosomes, endo-
plasmic reticulum, nuclei, certain metabolic enzymes, detoxification and cell damage repair have been doc-
umented to be impaired by heavy metals. Metal ions interact with components in cells, including DNA and
nuclear proteins, causing damage to DNA and then altering conformation (Beyersmann & Hartwig, 2008).
Cadmium induces cytotoxic effects in an in vitro experiment at concentrations 0.1 to 10 mM and the free
radical damage to DNA. Vitamins perform regulatory functions in the living system rather than being a part
of compounds. In this respect, they are similar to hormones and play a catalyst role in metabolic events. Vit-
amins help the efficient use of nutrients in energy generation (Kennedy, 2016). Vitamin C is effective in the
release of some hormones in case of stress and has a strong antioxidant effect (Devaki & Raveendran, 2017).
Bacteria are the microorganisms with the highest number and mass on earth. Bacteria are used in the synthe-
sis of many drugs used in the health industry because they use cheap renewable resources to multiply, their
ability to reproduce at a high rate, and they can be modified due to their simple structure. In addition, it pro-
vides a great advantage in terms of medical research, as they have many common features with other living
things. For the stated reasons, C. freundii (NRRL B-2643) was preferred in the study. The aim of this study
is to investigate the effect of cadmium together with the counter effect of vitamin C on the growth and vita-
min contents of C. freundii.

2. Materials and Methods

2.1. Material

In this study, Citrobacter freundii (NRRL B-2643) grown in LB medium (10.0 g peptone, 5.0 g Yeast
extract and 10.0 g NaCl per liter) was used. C. freundii available in our laboratory was used. All chemicals
used in the study are of analytical purity and were obtained from Sigma-Merck.

The following groups were studied;

1. Control: C. freundii was added to sterile LB medium.

2. Cadmium group: Different amounts of cadmium chloride were added to the control group.
3. Vitamin C group: Different amounts vitamin C solution was added to the cadmium group.

After inoculation, it was incubated at 37 °C with 150 rpm, for 18 hours in an orbital shaker (Selecta Rotabit,
Spain). At the end of the incubation period, the concentration of bacteria was determined by reading the
absorbance at 600 nm with spectrophotometer (CHEBIOS s.r.1. Italy)

Then growth medium centrifuged at 8000 rpm, 10 °C for 10 minutes, (Niive NF 800 R Tiirkiye) the
precipitated cells were washed twice with distilled water, and centrifuged again and used in further
processing.

2.2. Determination of fat soluble vitamins

6.0 mL ethanol was added to the known of amount of bacteria and vortexed. Then, the bacteria solution
was sonicated (Wise Clean, WUC-AQ3H, 170 W) in ice water bath, 10 times each for 30 seconds. After that
it was centrifuged at 8000 rpm for 10 minutes, then 1.0 mL of n-hexane was added to each tube and centri-
fuged again for 6 minutes, the n-hexane phase was taken into the glass tube and this process was repeated
twice. The hexane was removed under vacuum at 30 °C and 1.0 mL of methanol was added to solve vitamins
and transferred to HPLC vials for analysis. Methanol-acetonitrile-water (33:63:4 v/v) was used as mobile
phase (ODS-2 column, 25 ¢cm, 4.6 mm ID, 5 um) (Miller et al. 1984; Ibrahim et al. 2017).
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2.3. Determination of water soluble vitamins

The known amount of microorganism taken and 3.0 mL of distilled water was added and vortexed. The
mixture was sonicated 10 times in ice-water bath for 30 seconds each. Then, 1.0 mL of 0.5 M HCIO, added
and vortexed, the mixture were centrifuged at 8000 rpm for 10 minutes. The supernatant was taken into vials
and analysed by HPLC. Analyses of water soluble vitamins determined according to (Amidzi¢ et al. 2005
and Ibrahim et al. 2017) using Supelcosil LC-18-DB column (150 mm x 4.6 mm ID, 5 um), methanol, 5 mM
heptanesulfonic acid sodium salt in 0.1% trimethylamine (25:75 v/v), pH 2.8 as mobile phase.

2.4. Statistical Analysis

All measurements were triplicated and results were subjected to statistical analysis by SPSS 10.0 and
significance was expressed as p<0.05.

3. Results and Discussion

C. freundii was grown in the presence of 0 (Control), 10, 20, 40, 60, 75, 100 and 125 ppm cadmium in
LB medium. It was observed that, C. freundii concentration was not effected significantly by the addition of
cadmium up to 40 ppm when compared to the control (p>0.05). Addition of cadmium to the LB growth
medium at 75, 100 and 125 ppm reduced the concentration of C. freundii to about 18.8, 40.5 and 45.5
percent respectively to the control. No significant microorganism growth was observed in cadmium
concentrations higher than 150 ppm (Figure 1).

5 A
4 4

3

C.freundii
Concentration (g dw/L)

0 10 20 40 60 75 100 125 150
Cadmium Concentration (ppm)

Figure 1. C. freundii concentrations at varying cadmium concentration

In the study conducted by Yigit et al. (2013) it was reported that the growth rate of Lactobacillus brevis
started to decrease more than 35 ppm cadmium. It has been demonstrated that 100 ppm cadmium concentra-
tion has a negative effect on the growth of B. mucilaginosus and A. niger microorganisms (Monballiu et al.
2015). The decrease in microorganism concentration may be due to the toxic effect of cadmium in the cell,
which effects many metabolic activities including protein synthesis (Cinar, 2003).

To observe the counter effect of cadmium, various concentrations of vitamin C were added to the growth
medium containing 75, 100 and 125 ppm cadmium. Vitamin C has a role in tissue repair, protein formation,
inactivation of toxic metals and protection of other vitamins (such as A and E), DNA from the harmful ef-
fects of oxidation (Hamza, 2017). In a study conducted by Sahiti et al. (2020), it was reported that vitamin C
reduced the heavy metal accumulation in the tissues. Due to these properties of vitamin C, various concentra-
tions of vitamin C (25, 50 and 75 ppm) were added to the LB medium containing cadmium, in order to re-
duce the negative effect of cadmium. The concentration of microorganisms in the control (4.37 g dw/L) in-
creased the to 4.64, 4.77 and 4.82 g dw/L, with the addition of vitamin C, 25, 50 and 75 ppm respectively.

It can be seen from the results that, the negative effect of cadmium decreased due to the increase in the vita-
min C concentration added to the growth LB medium (Figure 2). As can be seen in Figure 2, 75 ppm vitamin
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C added to the growth medium containing 100 ppm cadmium, the bacteria concentration increased from 2.60
to 3.04 g dwi/L.

It has been reported that vitamin C is one of the effective factors in reducing the toxicity of cadmium (Fox et
al., 1980). Vitamins, which have different biochemical functions, are organic compounds that are needed in
small amounts for the proper functioning of metabolism. They are divided into two groups, fat and water-
soluble. Retinoids are essential compounds for vision, reproduction, growth and strength of epithelial tissue.
Carotenoids are powerful antioxidants against radical attacks as they pre-vent radicals formed during lipid
peroxidation (Gutteridge &Halliwell, 1988).

r 57 o @ Control @0 ppm C vit
E 4 @25 ppm Cvit @50 ppm C vit
i - .
B '?3 ] @75 ppm C vit
25 31
25
=3 2
O€
8
c 1 A
S
O a
0 75 100 125

Cadmium Concentration (ppm)
Figure 2. C. freundii concentrations at varying cadmium concentration with addition of vitamin C.

Vitamin E is an important in protecting unsaturated fatty acids in the cell membrane against the oxidation of
free radicals. By saturating peroxides and hydroperoxides with hydrogen ions, it reduces the activity of per-
oxide radicals and inhibits the formation of auto-oxidation (Ognjanovic et al. 2003). The experimental results
showed that a significant amount of vitamin A, E and B-carotene were decrease in the microorganism de-
pending on the cadmium concentration added to the growth medium (p <0.05) (Figure 3,4,5). The loss of
vitamin A, E and B-carotene in the C. fruendii 75 ppm cadmium in the LB medium was found to be 48, 45
and 41 percent, respectively, on the other hand, addition of 125 ppm cadmium in to the LB growth medium,
increased the vitamin loss to 71, 55 and 49 percent, respectively (Figure 3,4,5). Addition of vitamin C to the
growth medium containing cadmium reduced the fat-soluble vitamin losses in the microorganism. The
amount of reduction in vitamin losses was found to be depend on the added vitamin C concentration to the
medium (Figure 3,4,5). When vitamin A, E and B-carotene concentration compared in the microorganism
with and without addition of 75 ppm vitamin C to the LB medium containing 75 ppm cadmium, it was ob-
served the increase of these compounds in the microorganism 0.30, 0.96 and 0.11 pg/g dw, respectively.
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Figure 3. Effect of cadmium and vitamin C on the level of vitamin A in C. freundii.
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Figure 4. Effect of cadmium and vitamin C on the level of vitamin E in C. freundii.
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Figure 5. Effect of cadmium and vitamin C on the level of Beta-carotene in C. freundii.

Vitamins By, B,, Bs, Bs and Bg play a key role in the energy metabolism of the cell. Vitamin B; and Bg is an
essential for a health of nervous system while vitamin B; regulates blood circulation. Vitamin B and togeth-
er with vitamin By, they play a role in the formation of red blood cells. Vitamin B, is an important in nucleic
acid metabolism and myelin synthesis in addition to methyl transfer (Schellack, 2015; Young et al. 2019).
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A significant decrease in the amount of water-soluble vitamins in the microorganism was observed with the
addition of cadmium to the growth medium. Increase of vitamin loss was proportional to the cadmium con-
centration in the nutrient medium (p<0.05) (Figure 6,7,8,9,10,11,12,13). Decrease in the level of C, By, B,,
Bs, Bs, Bg, Bg and By, vitamins in the microorganisms, containing 75 ppm cadmium in the growth medium,
were 77, 66, 67, 50, 35, 34, 44 and 45 percent respectively. In addition, 125 ppm with cadmium in medium,
further decreased the respective vitamin contents to 92, 83, 92, 66, 53, 47, 60 and 63 percent, respectively.
Vitamin C added to the medium containing cadmium decreased the water-soluble vitamins loss in the micro-
organism. The amount of decreased in water-soluble vitamin losses has been shown to depend on the vitamin
C concentration added to the medium (Figure 6,7,8,9,10,11,12,13). With the addition of 75 ppm vitamin C to
the growth medium of bacteria containing 100 ppm cadmium, the amount of vitamins C, B,, B,, Bs, Bs, B,
By and By, in the microorganism, has increased about 5.5, 2.3, 2.0, 45, 36, 30, 0.8 and 0.32 ppm, respective-
ly.
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Figure 6. Effect of cadmium and vitamin C on the level of vitamin C in C. freundii
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Figure 7. Effect of cadmium and vitamin C on the level of vitamin B, in C. freundii.
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Figure 8. Effect of cadmium and vitamin C on the level of vitamin B, in C. freundii.

300 - = Control =0 ppm C vit

5 250 4 @25ppm Cvit @50 ppm C vit
= @75 ppm C vit
=2 200

5%

2 o0 150 -

8 V)

> 100 -
m
£ 50 A
>

0 75 100 125
Cadmium Concentration (ppm)

Figure 9. Effect of cadmium and vitamin C on the level of vitamin B; in C. freundii.
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Figure 10. Effect of cadmium and vitamin C on the level of vitamin Bsin C. freundii.
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Figure 11. Effect of cadmium and vitamin C on the level of vitamin Bgin C. freundii.
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Figure 13. Effect of cadmium and vitamin C on the level of vitamin By, in C. freundii,

Leigh (1983) found the amounts of vitamins B,, B,, B, Bs, Bs, B4, By in B. subtilis bacteria as 5.8, 36, 1530,
210, 2200, 0.11 and 1.10 pg / g dw, respectively. The reason for the decrease in the amount of vitamins with
the addition of cadmium to the nutrient medium may be the result of the change in the membrane, DNA and
thiol proteins of the microorganism, its interaction with antioxidant enzymes, inhibition in energy metabo-
lism and oxidative stress (Casalino et al. 2002).

As a result, it can be said that vitamin C added to the nutrient medium containing cadmium increases both
the concentration of microorganisms and the amount of fat and water-soluble vitamins by reducing the toxic
and negative effects of cadmium on metabolism.
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4. Conclusions

It has been observed that, depending on the concentration of cadmium added to the LB medium for the
production of the microorganism, the growth of the bacteria as well as the decrease in the content of fat and
water soluble vitamins. The addition of vitamin C, known for its antioxidant properties, to the nutrient medi-
um containing cadmium reduced the negative effect of cadmium depending on the vitamin concentration.
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Article History Abstract — Kefir is traditionally produced using kefir grains, while lyophilized culture is widely used in industry.

- Microbial fermentation of kefir has critical importance on its aromatic profile and sensory attributes as well as its
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physicochemical parameters. The main objective of this study was to compare the differences between some physical,

Accepted:  08.07.2021 chemical, microbiological, sensory attributes and volatile components in kefir fermented with kefir grains and lyoph-

Published:  20.09.2021 ilized cultures during storage. The compositional characteristic of kefir cultured by both kefir grains and lyophilized

starter were monitored during 21-day storage in this study. In contrast to dramatic decreases in titratable acidity,
serum separation and Streptococcus spp. count, an increase in the amount of various aroma compounds including 2-
heptanone, butyric acid, hexanoic acid and octanoic acid was observed during storage of kefir samples. Incubation
with lyophilized starter culture promoted kefir’ sensory and rheological attributes besides of improving its diacetyl
and acetic acid aroma intensities compared with that incubation with kefir grain. “Sour”, “sweet”, “salty” and “bite
(CO,)” were developed as taste terms, while “cooked” “creamy”, “fermented”, “dairy” and “yeast” were some aro-
matic terms for kefir samples developed by sensory evaluation. Consumer acceptance scores of the kefirs produced
by using lyophilized cultures were higher than samples with grain.
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1. Introduction

Consuming fermented dairy products including yoghurt, cheese, sour cream, koumiss, and kefir have re-
cently attracted attention due to their bioactive, functional and nutraceutical ingredients. Several researchers
reported that nutrition benefits and health claims on the fermented dairy products such as regulating effect on
the immune and nervous systems (Davras, Guzel-Seydim & Tas, 2018; Lv & Wang, 2009), treatment effect
of inflammatory bowel disease (Sevencan et al., 2019), broad-spectrum antimicrobial, antimutagenic (Ahmed
et al., 2013; Kussendrager & Van Hooijdonk, 2007; Leite et al., 2013), antioxidant effects (Erdogan et al.,
2019; Mulder et al., 2008), hypertension and high cholesterol levels lowering effects (Ahmed et al., 2013;
Nielsen et al., 2014).

Although kefir has consumed in different countries from Eastern Europe to Central Asia owing to their healing
effects since ancient times, it has still increasingly gained popularity today. Kefir is defined as drinkable dairy
product obtained by fermentation with starter cultures or kefir grains, which contain various lactic acid and
acetic acid bacteria spp., and yeasts (Codex Stan, 2003; Magalhaes et al., 2011). It was reported that kefir
should have at least 2.7% protein, less than 10% fat, and at least 0.6% titratable acidity and 107 and 10* cfu/g
LAB and yeast, respectively (Codex Stan, 2003).

Traditionally, kefir is produced from 0.3-2 mm cauliflower-shaped, white to yellow-white in color, small or
large irregular kefir grains include polysaccharide matrix and coagulated milk proteins. Moreover, kefir grain
contains a balanced proportion of bacteria (L. kefir, L. kefirogranum) and yeasts (S. kefir and C. kefir). These
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microorganisms are carried out to milk from grain during kefir fermentation. Afterwards, kefir grains were
filtered and preserved for reusing for next batches (Chandan, 2013; Guzel-Seydim et al., 2021). The most
significant distinction among kefir and the other dairy products is that kefir has self-carbonated, foamable
structure and refreshing flavor because of CO. produced by yeast during alcohol fermentation.

Formation of flavor compounds in dairy products is known as a complex process, which comprises chemical
and biochemical transformation of milk constituent (Kranenburg et al., 2002). Metabolic activity of starter
cultures is main source of these complex processes. In this context, several flavor compounds are formed by
metabolism of lactic acid bacteria, which are dominant flora in dairy products. Among flavor compounds in
dairy products, carbonyl compounds such as acetaldehyde (yoghurt), acetoin (creamy), butanone (fruity), di-
acetyl (butter) are defined as main compounds, and other ones are responsible for enhancement of flavor or
has important role as a precursor for the formation of main flavor components (Cheng, 2010). Moreover, lactic
acid and alcohol fermentations induce sour/acidic taste and yeast aroma in kefir (Chandan, 2013).

Kefir is a good source of B-group vitamins, nutritionally important minerals (calcium, potassium, sodium etc.),
and bioactive peptides described as angiotensin converting enzyme inhibitor, antithrombotic activities and
nerve-calming effects (Lv & Wang, 2009), essential amino acids and conjugated linoleic acid (CLA) (Ebner
et al., 2015; Sherkat, Shamsi, &Arjmand, 2016). In addition, continuous consumption of kefir might also re-
duce higher glucose and LDL levels and induce to protection against to Helicobacter pylori (Ahmed et al.,
2013).

Lyophilized culture is widely used culture in industry. Kefir grain is commonly used in home or small-scale
production. It was known that using lyophilized culture or kefir grain can lead differences in the physico-
chemical, microbiological, and various sensory characteristics in the product. Comparing differences between
kefir samples fermented with kefir grains and lyophilized cultures in terms of some physical, chemical, micro-
biological, sensory attributes and volatile components during storage were aimed in the present study.

2. Materials and Methods

2.1. Materials

Two different kefir grains (G1 and G2) and lyophilized starter cultures (L1 and L2) were used in the present
study. Grains were kindly provided by Danem Ltd. (G1) (Suleyman Demirel University Techno Park) and
Ankara University (G2) (Department of Dairy Technology). Lyophilized kefir cultures were provided from
Danem Ltd. (L1- Sevdanem) and Chr. Hansen Bio-Kefir culture (L2-eXact® KEFIR 2) (Chr. Hansen's
Laboratory, Denmark).

2.2. Kefir Production

Ultra-high temperature (UHT) milk (SEK Dairy Company, Bursa, Turkey) was used to produce kefir sam-
ples. Kefir grains were activated into small amount of milk at 250C for 18-24 h in the incubator (Niive ES-
120, Turkey). Activated kefir grains were inoculated (3 g grain/L milk) into UHT milk and milk samples were
placed in an incubator for 18-24 h at 25 °C. Kefir fermentation was ended about at pH 4.8 and all kefir grains
were filtered through a sieve. Prepared kefir samples (G1, G2) were filtered into sterile jars under aseptic
conditions. Remaining kefir grains were retained in previously boiled and cooled tap water in the fridge at 4°C
to be used in the other production process. To obtain kefir produced by lyophilized culture, activation process
was not needed since the lyophilized culture was self-activated. The same fermentation process was used to
obtain kefir samples (L1, L2) using lyophilized culture (0.5 g culture/L milk). All samples coded as G1, G2,
L1, L2 were stored at refrigerator for 21 days.

2.3. Physicochemical and Microbial Analyses

Total dry matter (%), protein (%) and titratable acidity (lactic acid%) were measured in accordance with
Bradley et al. (1992). pH and viscosity analyses were performed by using a pH meter (Sartorius BP-11,
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Germany) and a rotational viscometer (Brookfield viscosimeter DV II+Pro, Brookfield Engineering, USA),
respectively. Total fat and ash contents were determined using NEN method 3059 (NEN, 1969) and AOAC
method 945.46 (AOAC, 2000), respectively. Compositional analyses of the samples were carried out on the
first day of storage. Serum separation of the samples were measured in accordance with Atamer & Sezgin
(1986). All chemicals, solvents and internal standards were purchased from Merck Co. (Darmstadt, Germany)
and Aldrich Chemical Co. (St. Louis, USA). Number of Streptococcus spp., Lactobacillus spp. and yeast in
the samples were determined according to Dave & Shah (1996), IDF (1997) and Unliitiirk & Turantas (1996),
respectively.

2.4. Determination of Volatile Compounds

Aroma active compounds were determined by Solid phase microextraction-Gas chromatography—
olfactometry (SPME-GCO). To identify and quantify volatiles gas chromatography-mass spectrometry (GC-
MS) was used. The procedures mentioned in Sen and Karagiil Yiiceer (2019) were used for both GCO and
GCMS analysis.

2.5. Sensory Evaluation of Kefir Samples

While, Spectrum™ analysis used to identify the special taste and aroma attributes of the kefir samples, the
consumer acceptance test was done by using hedonic scale (9-point) to determine liking of the samples
(Meilgaard, Civille & Carr, 1999). Five female and one male panelists (ages 24-45 years) used Spectrum™
method to evaluate the samples. All panelists received approximately 100 hours of training to generate and
define sensory descriptors. 15-point scale was used to determine the intensity of the attributes.

Consumer acceptance test of kefir samples (25-30 mL) were performed by using 9-point hedonic scale for
appearance, consistency, and taste/flavor properties at room temperature (25°C). All panelists were also asked
to rank the kefir samples they liked (from most preferred with number 1 to least preferred with number 4) at
the end of sensory evaluation. Consumer panel consisted of 101 subjects (mainly academician and student)
evaluated the kefir samples (Meilgaard et al., 1999). All samples were served to panelists in disposable clear
cups and water was provided to clean the palate.

2.6. Statistical Analysis

To determine the differences among the samples in terms of chemical parameters, One way-ANOVA was
used. Two way-ANOVA was applied to show the effects of storage and types of culture on samples with
respect to physicochemical, microbiological, and sensory characteristics. The findings of consumer analysis
were evaluated by Kruskal-Wallis test (Sheskin, 2000). SPSS (1994) and Minitab (2010) were used for all
statistical analysis. All analyses were duplicated.

3. Results and Discussion

3.1. Physicochemical Characteristics of Kefir Samples

Basic composition of UHT milks used to produce kefir samples were followed as 11.35-11.41% dry matter,
0.68% ash, 6.68-6.75 pH, 0.18% titratable acidity, 3.26-3.47% protein and 3-3.08% fat contents. In this study,
the basic contents of kefir samples fermented with kefir grain and lyophilized cultures were determined on the
1st day of storage (Table 1). Amount of protein in the samples were ranged from 3.64 to 4.22%. No significant
differences among the samples in terms of protein content were detected (P>0.05).
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Table 1
Basic composition of kefir samples on the first day of storage

Kefir samples (Mean £SE)

Content (%)

Gl G2 L1 L2
Protein 3.64+0.17 3.71+0.01 3.69+0.12 4.22+0.20
Fat 2.76 + 0.05% 2.88+£0.03? 2.69 + 0.01° 2.68 +0.01°
Dry matter 10.62 + 0.05° 10.54 + 0.09° 10.93+0.02*¢  10.68 +£0.02%
Ash 0.69 + 0.01° 0.68 +0.01° 0.71+0.012 0.69 + 0.01°

abcMeans followed by different letters in the same row represent significant differences (P<0.05). SE: Stand-
ard error. G1 and G2: kefir samples produced by kefir grains, L1 and L2: kefir samples produced by lyophi-
lized starter cultures

Kok-Tas et al. (2013) described that protein contents of kefir samples fermented with kefir grain and lyophi-
lized cultures were 3.47% and 3.45%, respectively. Similar findings were also reported by Karag6zlii (1990).
Moreover, there were no significant differences in fat and dry matter contents of both kefir groups (G1-G2 and
L1-L2). The fat contents of kefir samples were ranged between 2.68-2.88% whereas dry matter ranged between
10.54-10.93% in kefir samples. The findings of the present study supported by the findings of previous studies
on kefir (Glizel-Seydim et al. 2005; Karagozlii 1990; Kok-Tas et al. 2013)

pH, titratable acidity (%), serum separation (mL) and viscosity (cP) measurements of kefir samples fermented
with kefir grain and lyophilized cultures were carried out during the storage (Table 2). The effect of storage
on pH values in kefir samples was not significant (P>0.05) while kefir type affected pH values (P<0.05).
Sample G2 had the highest pH value (4.73), while the lowest pH (4.35) was determined in sample L2 (Table
2).
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Table 2

The changes of physicochemical properties in kefir samples during storage

Kefir samples (Mean £SE)

Storage (days) G2 L1 - L2 Mean
1 4.39 £ 0.02 4.70£0.01 4.39+0.01 4.33+£0.01 4.45+0.17
7 4.43+£0.01 4.77 +£0.01 4.43+0.02 4.35+0.01 4.50+0.19
21 4.45+0.02 4.72 +0.03 4.45 £ 0.03 4.36 +0.01 4.50+0.17
Mean 4.42 £0.03° 4.73+£0.04° 4.42 £0.03° 4.35+0.02°¢
Titratable acidity (lactic acid %)

Gl G2 L1 L2 Mean
1 0.82+0.01 0.69+0.01 0.82+0.01 0.86 £ 0.01 0.80+0.07~
7 0.76 £0.01 0.65+0.02 0.76 £ 0.01 0.78 £0.01 0.74 + 0.068
21 0.71+£0.05 0.68 +£0.02 0.74 £0.02 0.81+£0.01 0.71+0.068
Mean 0.76 + 0.062 0.67 +0.02° 0.77 + 0.042 0.82 +0.042

Serum separation (mL)

Gl G2 L1 L2 Mean
1 8.25+0.25 8.75+0.25 8.75+0.25 9.25+£0.25 8.75+0.41
7 7.60+£0.25 7.75+0.25 8.50 £ 0.50 8.25+£0.25 8.03+£0.42
21 7.75+1.25 8.25+0.75 8.13+£0.13 8.38+£0.13 8.13+£0.27
Mean 7.87+0.34 8.25+0.50 8.46 £ 0.31 8.63 £ 0.54

Viscosity (cP)

Gl G2 L1 L2 Mean
1 140.05+£1.70 75.80 = 10.20 147.90 £ 1.00 148.18 £1.42 127.98 £ 34.99
7 140.85+1.88 74.60 +13.30 148.82 +0.03 149.45 £ 0.20 128.43 £36.10
21 137.98 +9.68 77.90 £ 15.50 140.45 +1.05 141,97 +0.78 12458 £ 31.16
Mean 139.63 +1.48¢2 76.10 + 1.67° 146.53+ 4.59° 146.53 + 4.00°

abcMeans followed by different letters represent significant differences among kefir samples
A-B Means followed by different letters represent significant differences among days of storage (P<0.05). SE: Standard error. G1 and
G2: kefir samples produced by kefir grains, L1 and L2: kefir samples produced by lyophilized starter cultures

Kok-Tas et al. (2013) evaluated pH values in the stored kefir samples fermented with kefir grains and lyophi-
lized cultures for 21 days. The researchers reported that pH values of kefir samples fermented with lyophilized
cultures at 1, 7 and 21 days of storage were 4.49, 4.39 and 4.35, respectively while kefir samples fermented
with kefir grain had pH 4.47, 4.38 and 4.29 in 1, 7 and 21 days of storage, respectively. Differences in pH
values of the kefir samples can be ascribed to the diversity of kefir microbial flora.

Titratable acidities (%) of the samples were expressed as lactic acid. Effects of storage and kefir varieties on
the titratable acidities were statistically significant, but the interactions in storage time and kefir varieties were
not found to be significant. All titratable acidities decreased during the storage period. L2 group kefirs had the
highest titratable acidity (0.82%), but kefirs in group G2 had the lowest titratable acidity (0.67%). No distinct
differences were found in titratable acidities among other kefir samples. It was thought that using different
cultures in kefir production and variation in lactic acid contents of each sample had led to difference between
kefir samples. Kok-Tas et al. (2013) found lactic acid contents in the kefir samples fermented with kefir grains
and lyophilized cultures between 0.84-0.92% and 0.81-0.92% respectively during 21-day storage.

Amount of serum separation (mL) in all samples were ranged between 7.87 to 8.63 mL during storage period
(Table 2). Effects of storage and types of culture and interactions in storage time and kefir varieties on serum
separation were not found to be significant. Ersoy & Uysal (2003) studied serum separation in kefir samples
produced by kefir grain and lyophilized cultures. The results obtained for serum separation were determined 6
mL, 12 mL and 12 mL at 1, 6 and 9 days of storage, respectively. The results of serum separations in G1 and
G2 samples were higher than those reported in the literature, pH values of G2 group were lower than those
reported values to first day of storage.

There was a significant difference between kefir types in terms of viscosities (P<0.05), while kefir type by

storage interactions and storage (P>0.05) were not significant in terms of viscosity values. The highest
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viscosity was determined in L1 and L2 samples (146.53 cP), and the lowest mean was in G2 sample (76.10
cP). There were no significant differences among G1, L1 and L2 samples in terms of viscosity measurements.
In a study conducted by Kok-Tas et al. (2013), viscosities of samples with kefir grain were measured 225, 202
and 247 mPa.s, when the viscosities of kefir samples fermented by lyophilized cultures were recorded as 312.7,
294.3 and 292.5 mPa.s after 1, 7 and 21 day, respectively.

3.2. Microbiological Characteristics of Kefir Samples

Changes in the counts of Streptococcus spp., and Lactobacillus spp. were presented in Table 3. Interaction
of storage and samples on the counts of Streptococcus spp. and Lactobacillus spp was significant. Statistically
significant reduction was determined in the count of Streptococcus spp. in sample L2 unlike other kefir samples
during 21 day of storage (P<0.05). The mean counts of Streptococcus spp. in G1, G2 and L1 samples were
8.70, 8.52 and 8.62 log cfu/mL, respectively. For Lactobacillus spp., G1 sample had the lower counts than
other kefir samples in the 1% day of storage while no significant differences were observed between kefir
samples on the 21" day (P>0.05).

Similar results were also observed in previous studies. Kok-Tas et al. (2013) showed that Lactobacillus spp.
count was ranged 8.03-9.21 log cfu/mL in kefir produced by grains while kefir samples produced from lyoph-
ilized culture had approximately 9.12 log cfu/mL of Lactobacillus spp. during the 21-day storage. Yeast count
in kefir samples ranged between 1.33-5.56 log cfu/L and yeast count of kefir samples had been changed de-
pending on the type of kefir culture (P<0.05). Generally, kefir samples produced by lyophilized culture had
the lower yeast count than kefir samples produced by kefir grains. For example, the highest yeast count was
observed in G2 sample (5.56 log cfu/L), whereas L2 sample (1.33 log cfu/L) had the lowest yeast count during
the storage. The result was supported by the findings of Giizel-Seydim et al. (2005). The researchers found
that the count of yeast in kefir samples produced by kefir grain and lyophilized culture ranged between 5.50-
5.32 log cfu/mL and 4.77-5.0 log cfu/mL, respectively. Moreover, the yeast count in kefir samples produced
by starter kefir culture increased during storage and this increase in yeast count was not determined by the
researchers for kefir samples produced by using kefir grains.

In contrast to our findings, Yildiz (2009) determined higher Lactobacillus spp. and yeast counts as av. 7.41
log cfu/mL and 8.06 log cfu/mL, respectively in kefir samples with 3% fat content during 23-day storage at 4
°C.

Table 3
Counts of Streptococcus spp. and Lactobacillus spp. in kefir samples during storage (log cfu/mL)

Kefir samples (Mean £SE)

Streptococcus spp.

Storage (days)

Gl G2 L1 L2 Mean
1 8.99 £ 0.0142 8.84 +£0.0172 8.62 +0.03% 6.81+0.0752 8.32+£0.15
21 8.40 +£ 0.03”2 8.19 + 0.497 8.61 +0.09% 1.62 +0.31Bb 6.71+3.39
Mean 8.70 £ 0.42 8.52 +0.46 8.62 +0.01 4,22 +5.08

Lactobacillus spp.

Gl G2 L1 L2 Mean
1 4,54 +0.345° 6.98 £ 0.9142 8.42 +0.04%2 7.04 +0.2472 6.75+1.61
21 6.96 + 0.0242 6.98 +£0.13%2 7.08 £ 0.014° 6.85 + 0.0842 6.97 £ 0.06
Mean 5.75+1.71 6.98 + 0.01 7.75+0.95 6.95+ 0.06

ABMeans followed by different letters represent significant differences between the means of kefir samples for the same storage day

a b Means followed by different letters represent significant differences between the means of storage day for the same kefir sample
(P<0.05). SE: Standard error. G1 and G2: kefir samples produced by kefir grains, L1 and L2: kefir samples produced by lyophilized
starter cultures
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3.3. Volatile Compounds of Kefir Samples

Thirteen aroma- active compounds were detected in kefir samples in the present study. Ketones, sulfur,
esters and acids are major aroma active compounds in kefir samples and their intensities varied depend on
kefir samples (Table 4).

Formation of diacetyl in dairy products is mainly due to lactose and citrate metabolism of Lactococcus lactis
ssp. lactis biovar. Diacetylactis and Leuconostoc spp. (Giineser & Karagiil-Yiiceer, 2011). Diacetyl was deter-
mined at higher intensity than other flavor compounds except butyric acid in all kefir samples. In general, the
intensity of diacetyl of kefir samples produced from lyophilized culture was higher than those produced from
kefir grain. 1-octen-3-ol is formed by lipid oxidation of milk fat and associated with mushroom or metallic
flavor (Karagiil-Yiiceer et al., 2009). 1-octen-3-ol was determined at low intensities in all kefir samples except
L1. Sample G1 had higher intensity of this flavor than others. Dimethyl sulfur and methional were associated
cooked and boiled potato flavors, respectively. Both components were known as Strecker degradation products
and are considered as off-flavor for dairy products (Karagiil-Yiiceer et al., 2009). Dimethyl sulfur was deter-
mined only in sample G1, while methional was determined in all kefir samples. In terms of methional intensity,
kefir samples produced from kefir grains had higher values than those produced from starter culture.

Ester type flavor compounds are formed through the reaction of acids with alcohols. This reaction has im-
portant role in the metabolism of yeast to produce fruity flavors in the fermentation stages. Ethyl-3-methyl
butyrate, which is associated fermented creamy and fruity flavors, was identified only in kefir samples pro-
duced by using kefir grains with similar intensities. This observation could be related to the count of yeast in
kefir grains due to natural kefir grains contains higher yeast count than that of freeze-dried kefir cultures.

Acidic compounds determined in all kefir samples were acetic acid (vinegar), butyric acid (rancid) and hexa-
noic acid (cheesy). All of these compounds were associated with sharp flavor and bacterial group contained in
dairy products and caused acidity came from fatty acid. Several dairy products like cheese, cream, milk powder
had these acidic flavor compounds. It is considered that butyric acid is major volatile acidic compound and
responsible for rancid and sour flavor of fermented dairy products (Giineser & Karagiil-Yiiceer, 2010; Karagiil-
Yiiceer, Drake, & Cadwallader, 2001;). Butyric acid and acetic acid were found in both kefir groups. Aroma
intensities of acetic acid were lower in kefir samples produced by kefir grains than others. However butyric
acid intensities of the kefir samples were similar. Other compounds including maltol and homofuraneol which
were associated burnt sugar or caramel like flavor, were only determined L1 and L2 samples, respectively.
They can be formed from lactose in dairy products by heat treatment (Cadwallader & Singh, 2009).
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Table 4
Aroma-active compounds determined in kefir samples at the first day of storage

Aroma intensity® (Mean +SE)

No Compound RI? Aroma

Gl G2 L1 L2

1 Dimethyl sulphur <500 Sulphur, cooked potato 1.00£0.01 ND ND ND

2 Diacetyl 571 Buttery 5,00+0.71 450+0.71 6.00+0.71 550+0.71
3 Acetic acid 618  Vinegar, sour 1.50+£0.01 1.00+0.01 3.00£0.01 2.00+0.01
4 Unknown 1 796 Dust/concrete ND ND 150+0.71 ND

5 Butyric acid 806 Rancid 550+0.71 550+114 6.25+0.35 5.00+0.01
6 Ethyl-3-methyl bu- 860 Fruity, creamy 200+141 200+035 ND ND

tyrate

7 Unknown 2 861 Burnt sugar ND ND 1.50+0.71 ND

8 Methional 912  Boiled potato 725+035 4.00+141 3.00+141 6.00+0.71
9 Unknown 3 937 Rose 0.40+057 ND ND -

10  1-octen 3-ol 986 Mushroom 1.50+0.01 0.90+£0.14 ND 0.70+0.21
11 Maltol 1030 Burnt sugar, caramel ND ND 0.80+0.01 ND

12 Hexanoic acid 1046  Cheesy 0.50+0.71 ND ND ND

13 Homofuraneol 1165 Burnt sugar ND ND ND 1.50+0.71

ND: not detected; 2RI values calculated from gas chromatography—olfactometry results on HP-5 column, ®°Mean aroma intensities (post-
peak intensity, 10-point scale) of kefir samples given by two sniffers on DB-5 columns. SE: Standard error. G1 and G2: kefir samples
produced by kefir grains, L1 and L2: kefir samples produced by lyophilized starter cultures

Total 23 volatile compounds including ketones, aldehydes, acids, alcohols, esters, and lactones were identified
in kefir samples. Sixteen of these volatiles were determined in all kefir samples (Table 5).

Acetoin, 2- heptanone, 2-nonanone and 2-undekanone as ketones were determined in kefir samples. Acetoin
was determined in all kefir samples through the storage. At the 1% and 21" days of the storage, the acetoin
content of kefir samples ranged between 31.08 and 0.38 pg/100g. The highest acetoin content was determined
in L2, although G2 sample had the lowest acetoin content. The amount of acetoin increased in G2 sample
during storage while a decrease in acetoin content was determined in other kefir samples. Similarly, Giizel-
Seydim et al. (2000) found that acetoin content of kefir decreased from 25 pg/g to 16 pg/g during the storage.
2-heptanone was determined as another ketone in all kefir samples. In general, the amount of 2-heptanone was
higher in kefir samples produced from kefir grains than those of produced from starter culture. The highest
amount of 2-heptanone as 2.81 ug/100g was determined in G2 sample on the 21° day storage and the lowest
amount of 2-heptanone was determined in L2 sample on the 1% day of the storage. G1, G2 and L1 kefir samples
were similar in terms of the amount of 2-nonanone on the 1%tand 21° day of the storage. The content of 2-
nonanone in kefir samples changed from 0.06 ug/100g to 0.53 pg/100g. The amount of 2-undecanone did not
change in all kefir samples during storage.

Development of typical sour taste and acidic flavor of the kefir is the result of the acid fermentation of micro-
bial flora in the kefir. In this study, several acidic compounds including acetic acid, butyric acid, 3-methyl
butyric acid, hexanoic acid and octanoic acid were determined in kefir samples. The amount of acetic acid in
kefir samples were the highest compared to other acids. Moreover, the amount of acetic acid increased during
storage and kefir samples produced by using starter culture had higher acetic acid than those produced from
kefir grains.
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Table 5
Volatile components (ug/100 g) quantified using by solid phase microextraction (SPME)-GC-MS in kefir samples at the 15tand 21™ days of storage

No

Volatile compounds

RI2

Kefir samples (Mean £SE)

Gl

1t day 21" day 1%t day 21" day 1%t day 21" day 1t day 21" day
1 Acetic acid 598 137.36 +1.33  197.31 +25.84 110.18 +£5.27 147.46 £ 0.83 153.75 + 33.91 233.59 +1.86 177.19 £2.13 220.60+23.69
2 Acetoin 705 16.95+1.29 18.03 £ 4.41 2.61+£2.29 0.38+0.34 1542 +£7.31 14.70 + 3.38 31.08 +£3.93 25.80+ 10.31
3 Isoamyl alcohol 729 ND ND ND 5.82 £ 0.45 ND ND ND ND
4 Butyric acid 817 46.13 +3.59 57.12+4.42 51.80+0.14 52.01+14.81 42.97 +11.29 76.67 £ 8.77 64.63+1.88 65.63 + 6.65
5 3-methyl butyric acid 856 1.34+0.82 1.55+ 0.66 0.77+0.12 2.04+£0.08 0.19+0.11 1.68+0.21 0.80 £ 0.57 0.81+0.26
6 Styrene 885 ND ND 0.13+0.01 0.65+0.20 ND ND ND ND
7 2-Heptanone 890 1.65+0.02 2.28+0.20 250+0.12 2.81+1.97 1.47 £0.52 2.07+0.21 0.44 +0.18 0.72+0.23
8 2-Heptanol 898 ND ND ND ND ND ND 0.63+0.18 142 +1.17
9 Methoxy phenyl oxime 909 1.00+0.01 1.25+0.15 1.43 +0.03 1.46 +0.16 0.74+0.34 0.96 £ 0.15 1.08 +0.03 1.08 + 0.09
10 Hexanoic acid 1007 100.44+£3.83 114.71+19.82 108.34 + 2.34 110.07 + 30.17 88.43 + 16.77 131.04 + 18.42 114.85+555  127.88+16.87
11 Heptanoic acid 1075 0.83+0.59 1.01+0.56 0.64 +0.06 2.05+0.50 1.57 £ 0.57 1.63 +£0.07 0.57+0.13 1.24 £ 0.96
12 2-Nonanone 1086 0.35+0.03 0.50+0.16 0.47 +£0.05 0.53+0.26 0.33+£0.10 0.39 + 0.06 0.06 £ 0.01 0.06 £0.01
13 Nonanal 1094 ND ND ND ND ND ND 0.20+£0.04 0.30+0.16
14 Pristane 1145 0.93+0.13 0.90+0.22 1.14 + 0.04 1.70+£0.97 0.82+0.25 1.09 + 0.09 1.21+0.09 1.61+0.39
15 Octanoic acid 1174  19.23+3.10 20.68 + 7.65 23.30+ 1.79 21.76 £5.19 16.85+ 3.16 21.11+2.01 18.72 +£0.50 27.11+5.77
16 Nonanoic acid 1261 2.84+1.37 5.05+0.35 0.55+0.03 8.34+ 3.66 5.06 +1.64 5.64+211 0.41+0.21 5.54+3.01
17 2-undecanone 1284  0.06 +0.01 0.07+0.03 0.09+0.01 0.10+0.02 0.05+0.02 0.06 £ 0.01 0.05+0.01 0.05+0.01
18 Triacetin 1339 0.06 £0.06 0.80+0.11 0.03+0.03 1.53+0.44 0.01+0.01 0.81+0.36 0.01+0.01 1.26 £0.43
19 n-Decanoic acid 1356 5.88+4.78 2.67+1.95 2.35+0.09 2.36 £0.21 1.70 £ 0.46 1.74 £ 0.65 1.52+0.01 5.15+2.28
20 8-Decalactone 1494 0.03+0.01 0.02£0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.04 £0.01 0.05+0.01
21 Dodecanoic acid 1549 0.30+0.25 0.40+0.09 0.03+0.02 0.20+0.01 ND ND ND 0.19+0.10
22 Tetradecanoic acid 1745 ND ND ND ND ND ND ND 0.12+0.12
23 Hexadecanoic acid 1944 ND ND ND ND ND ND ND 0.08 +£0.08

ND: not detected; %:RI (Retention Index) values calculated from gas chromatography—mass spectrometry results on HP-5 MS column. SE: Standard error. G1 and G2: kefir samples produced by kefir
grains, L1 and L2: kefir samples produced by lyophilized starter cultures
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Butyric acid is responsible from rancid aroma in dairy products and determined in all kefir samples during

storage. The highest butyric acid content was determined in sample L1 at the end of storage. Hexanoic acid is
associated with cheesy and rancid flavor in food products and is responsible for pungent sour taste. The amount
of hexanoic acid increased during storage in all kefir samples.

Octanoic acid is the main aroma compound in milk, and it has similar acid/sour characteristic with hexanoic
acid. The amount of octanoic acid increased in G1, L1 and L2 samples during storage. However, the amount
of this acid decreased in G2 sample through storage. The highest octanoic acid amount was determined in L2
samples in 21" day of the storage.

Yeast flora in kefir has important role in alcohol fermentation. Isoamyl alcohol and 2-heptanol were only
determined in G2 and L2 samples, respectively. Especially, it was thought that detection of isoamyl alcohol
was associated with the highest yeast count in G2 sample on the 21" day. The amount of 2-heptanol increased
in L2 sample through 21 days of the storage.

Esters are generated by interaction of fatty acids with alcohols at mild process parameters and low cost. Aro-
matic esters are responsible to natural fruity and flower characteristics in foods (Sa et al., 2017). Only, triacetin,
triester of acetic acid and glycerol, as ester was determined in kefir samples. The amount of triacetin increased
in all kefir samples through the storage. The highest amount of triacetin was determined in G2 sample on 211"
day of the storage.

The other group of flavor compounds in dairy products is lactones. Lactones are formed by heat treatment of
v- or 8-hydroxy acids and triglycerides. Peach, sweet and milk-like flavor are associated with lactones in dairy
products (Karagiil-Yiiceer et al., 2009). In this study, all kefir samples had 6-decalactone during the storage.

3.4. Sensorial Characteristics of Kefir Samples

Sensory descriptors developed by the panel members for the kefir samples were shown in Table 6. “Sour”,
“sweet”, “salty” and “bite” were developed taste terms for kefir samples while “cooked” “creamy”, “fer-
mented”, “animal like”, “dairy” and “yeast” were the aromatic terms. Similar sensory characteristic terms were
determined in other dairy products (Giineser & Karagiil-Yiiceer, 2011; Isleten & Karagiil-Yiiceer, 2006).

Effect of significant interaction between storage and kefir types was determined on the samples in terms of
“cooked”, “fermented”, “dairy”, “yeast”, “sour”, “salty” and “bite”. Storage had significant effect on the
creamy aroma of the kefir samples whereas animal like-aroma of the kefir samples was affected by culture
type (P<0.05). According to these results, cooked and dairy aroma was found to be higher in kefir samples
produced from starter culture at 1% day of the storage than those produced from kefir grain. Both aromas
decreased in kefir samples produced by starter culture for 21 days storage, but the same aromas remained stable
in kefir samples produced by kefir grains during storage. The highest fermented aroma was determined in L2
samples at 1% day of the storage while there were no significant differences in other kefir samples during
storage. Similarly, the highest yeast aroma was determined in G1 sample at 1% day of the storage. At the 71"
day of storage, the lowest value was determined in G1 while the highest value was observed in G2 samples in
terms of yeast aroma. Changes in yeast aroma in sample G1lwere significant during storage, while no signifi-
cant differences were found in the other kefir samples. Moreover, the highest intensity of creamy in kefir
samples was determined at the first day of the storage. After 7" day of storage, the intensity of creamy flavor
did not change in the kefir samples. Animal like aroma was found to be higher in kefir samples produced from
kefir grains than kefir samples produced from lyophilized culture.
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Table 6

Sensory attributes of kefir samples during storage

Kefir samples (Mean =SE)

Storage (days) Gl G2 L1 L2 Mean
Sour
1 3.44 + 0.06"2 1.96 +0.21Bab 2.32 +0.158B2 2.38 +0.1382 2.53+0.64
7 1.71 +0.087° 2.44 £0.35%2 2.06 + 0.06"2 2.34 £0.21%2 2.14 +0.33
21 1.98 +0.1270 1.73 £0.23/° 2.05 + 0.05%2 1.97 £0.38%2 1.93+0.14
Mean 2.38 £0.93 2.04 +0.36 2.14 +£0.15 2.23+0.23
Sweet
1 1.86+0.11 1.84 +0.04 2.24 £0.15 2.04 +0.04 2.00+£0.19
7 2.11+0.19 1.90+0.27 2.05+0.05 2.11+0.02 2.05+0.10
21 1.99+0.11 1.88 +£0.08 1.69+0.02 1.84+0.09 1.85+0.12
Mean 1.99 +0.13 1.87 +0.03 1.99 +0.28 2.00 +£0.14
Salty
1 1.21+0.04A2 0.71 + 0.05B¢ 0.75+ 0.01B2 0.65 +0.158° 0.83 +0.26
7 1.12+0.11A8a 1.25+0.0142 0.93 +0.03B2 1.00 +£0.01482 1.08 +0.14
21 0.93+0.027° 0.98 + 0.017° 0.94 + 0.06%2 1.01 +£0.1142 0.97 +0.04
Mean 1.09+0.14 0.98 +0.27 0.87 £0.11 0.89 +0.21
COy (bite)
1 1.71 +£ 0.04A2 0.44 + 0.02B2 1.69 +£0.1242 2.01 + 0.09%4 1.46 +0.70
7 0.36 +0.038° 0.36 £ 0.0652 0.60 +0.03ABP 0.91 + 0.03%° 0.56 +0.26
21 0.59 +0.058° 0.60+0.1882 0.97 £0.03ABb 1.06 + 0.27Ab 0.81 +0.25
Mean 0.89 +0.72 0.47 £0.12 1.09 +£0.55 1.33+0.60
Cooked
1 3.11+0.0752 2.61+0.11 3.92 + 0.08%2 3.97 £0.13%2 3.40 + 0.66
7 3.30 +£ 0.0412 3.19+0.317 3.25+0.087 3.30 £ 0.05% 3.26 £0.05
21 3.23 £0.0272 3.15+0.19% 3.23+£0.067 3.15 +0.02Ab 3.19 +0.05
Mean 3.21+0.10 2.98+0.32 3.47+0.39 3.47+0.44
Creamy
1 4.07+0.19 3.75+0.10 5.46 +0.25 5.23+0.27 4.63 +0.84°
7 4.23+0.19 3.65+0.52 4.38+0.42 4.46+0.13 4.18 +0.378
21 4.23+0.02 3.78+0.19 3.99+0.32 3.94 +0.27 3.99 +0.198
Mean 4.18 +0.09 3.73+0.07 4.61 +0.76 4.54+0.65
Fermented
1 5.55 + 0.0942 3.86 + 0.158° 5.55 £0.2142 5.82+0.1172 5.20 +0.90
7 5.09 £0.05%2 5.86 + 0.23%2 5.07 £ 0.19%2 5.38 + 0.09%2 5.35+0.37
21 5.11 +£0.03%2 4.65 + 0.607° 5.01 +0.30% 5.34 £ 0.46%2 5.03 +0.29
Mean 5.25+0.26 4,79 £1.01 5.21 +0.30 5.51 +0.27
Animal-like
1 0.71+0.17 0.85+0.07 0.02 +0.02 0.09+0.01 0.42 +0.42
7 1.61 +0.06 2.11+0.98 0.00+0.01 0.00+0.01 0.93 +1.09
21 0.33+0.01 1.80 +0.55 ND ND 0.53 +0.86
Mean 0.88 +0.66* 1.59 +0.66* 0.01 +0.01Y 0.03 +0.05Y
Dairy
1 2.88 +0.13BP 3.88 + 0.09AB2 4.48 + 0.4072 417 +0.13Aa 3.85 +0.69
7 5.51+0.42%2 4.36 + 0.657B2 4.13 + 0.0988 4.11 + 0.068 453 +0.67
21 3.88 + 0.097° 3.80 £ 0.4742 1.59 + 0.098P 1.59 + 0.098P 2.72 +1.30
Mean 4.09+1.33 4.01+0.30 3.40 +1.58 3.29 +1.47
Yeast
1 4.57 £0.19% 2.98 +0.27B2 2.70 +£0.0282 3.01+0.135 3.32+0.85
7 1.00 + 0.018¢ 2.79+ 1.16" 1.84 £0.09A0a 1.82 +£0.07AB2 1.86 +0.73
21 2.44 + 0.027° 2.57 +0.4072 2.03+0.11%2 2.15+0.2742 2.30 £0.25
Mean 2.67 +£1.80 2.78 +0.21 2.19 +0.45 2.33 +0.61

ND: not detected; *¥ Means followed by different letters represent significant differences in kefir samples for animal like
aroma ((P<0.05).*P Means followed by different letters represent significant differences in kefir samples for creamy aroma
(P<0.05).2¢ Means followed by different letters represent significant differences in the same kefir types during storage
(P<0.05).AB Means followed by different letters represent significant differences among the kefir samples (P<0.05). G1
and G2: kefir samples produced by kefir grains, L1 and L2: kefir samples produced by lyophilized starter cultures
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Sour, salty and bite intensities changed depending on kefir types during storage. No significant differences
were found among kefir samples in terms of sweet taste. The intensity of sweet taste in kefir samples ranged
between 1.69 to 2.24 scores. On the 1% day of the storage, G2, L1 and L2 samples had similar sensory scores
with regards to sour and salty taste while G1 sample had the highest score for the same taste attributes. After
1%t day of storage, perception of sour and salty tastes increased in G2, L1 and L2 samples and there were not
significant differences were determined in sour and salty tastes of all kefir samples through the end of storage.
CO; can be formed by microbial metabolism in some dairy foods. The lowest bite score was determined in G2
sample at the first day of the storage and this sensory property was not change in G2 samples during storage.
In case of other kefir samples, bite perception of the panelists decreased through 21 days of the storage. This
could be related to the decreasing of CO, production by microorganisms.

Consumer perception of the samples were evaluated by 9-point hedonic scale. The differences between the
evaluated sensory properties were mostly due to consistency and taste/flavor attributes. Moreover, statistically
significant difference (P<0.05) was also observed in the appearance of G2 sample with the lowest score (5.23).
The higher sensory scores were found in samples produced with lyophilized cultures as considered from con-
sistency and taste/flavor scores. For example, taste/flavor scores of L1 and L2 samples were between 6.66 and
6.41, while samples G1 and G2 had 6.14 and 4.49 scores, respectively.

Kefir samples belong to G groups have the lowest viscosity during the storage may be associated with the
lowest consistency scores in G2 samples. Similar findings to our results for kefir samples have been reported.
In a study, some sensory attributes of kefir samples produced using kefir grain and lyophilized cultures were
evaluated during the 9-day storage and reported that no significant difference in appearance and consistency
scores was observed between tested kefir samples (Ersoy & Uysal, 2003).

Giineser & Karagiil-Yiiceer (2010) used cow and goat milk combinations (100% cow milk, 75% cow
milk+25% goat milk, 50% cow milk+50% goat milk, 100% goat milk) for the formulation of four different
kefir samples. Researchers compared the appearance and consistency scores of all kefir formulations but did
not find the statistically significant difference. Ersoy & Uysal (2003) and Yildiz (2009) reported that the stor-
age period had negative effect (reducing scores) on the taste-flavor attributes of kefir samples.

Consumer preference of the sample L1 by the panelists is higher than the samples L2, Gland G2. Sample G2
had the least preferred kefir. We believe the reason behind the observed the lowest overall acceptance score of
G2 might be related to lower taste and aroma attributes including sour, sweet, CO; (bite), creamy, fermented,
and higher scores of animal-like and yeast aromas.

4. Conclusion

In this study, physicochemical, microbiological properties, and aroma compounds of kefir samples varied
by using the kefir grains or lyophilized cultures. Particularly, using lyophilized culture ensured more preferred
results. Intensities of diacetyl and acetic acid were higher in samples with lyophilized cultures. Consumer
acceptance scores of the samples with lyophilized cultures were higher than samples with grain. Furthermore,
the only fermentation with kefir grain was not efficient enough to be liked in terms of consistency, taste/flavor,
and appearance of kefir samples.
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Research Article the second stream of Model II, 11, and IV use nDSM, nDSM + NDVI and nDSM + NDVI + IR, respectively. Thus,
by comparing the models trained based on different data combinations, the contribution of different input data to the
success of boundary extraction was revealed. For the training of the models, boundary maps produced from The
International Society for Photogrammetry and Remote Sensing (ISPRS) Potsdam data set and input datasets
augmented by rotation, mirroring and rotation were used. When the test results obtained from two-stream and multi-
data-based models are evaluated, 11% higher recall values have achieved with Model IV compared to the original
HED. The outcomes clearly revealed the importance of using multispectral band, height data and vegetation
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1. Introduction

The studies for automatic extraction of natural and man-made object boundaries from optical images
obtained from aerial cameras and satellite sensors have been carried out by Geomatics and Computer vision
disciplines for many years and are still up-to-date with increasing interest. Automatic object extraction, which
is particularly one of the main topics in Photogrammetry and Remote Sensing (RS) disciplines, has a very
important task in environmental monitoring, risk management, precision agriculture, and effective database
updating for Geographic Information Systems. Different methods have been used in the semantic classification
studies that started in the 80's until today. Cheng et al. (2016) includes a comprehensive review of the studies
conducted in this field. Although significant progress has been made with the different algorithms and methods,
there are issues that need improvement, especially in terms of accuracy, efficiency and speed.

While the extraction methods continue to improve, on the other hand, the increasing image resolutions in
parallel with the developments in sensor technologies have made new researches in semantic classification
studies necessary. Since the early satellite images with low spatial resolution generally did not allow object
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extraction, semantic classification studies were mostly carried out to obtain regional features. However, thanks
to the increased spatial resolutions (SPOT, Pleiades, aerial photographs, etc.) as the result of the development
in image technology, it became possible to automatically extract objects and determine object boundaries;
studies have focused on these areas. On the other hand, the visibility of complex object geometries with high
resolution necessitated the development of semantic classification methods. Automatic object extraction,
which will form a basis for high-accuracy studies such as engineering projects, cadastral studies, through high-
resolution remote sensing images and aerial photographs, is one of the most challenging issues in this field
(Han et al., 2017; Altinoluk et al., 2020).

In recent years, it has been observed that deep convolutional neural networks (DCNN) have an important place
in semantic classification and object boundary extraction studies on remote sensing images. According to many
researchers, the success of deep networks stems from their ability to learn end-to-end efficient matching
between raw images and class labels (Kinzie & Kuh, 2004; Marmanis et al., 2018). Many classifications and
object extraction studies have been carried out on remote sensing images by using Deep Networks with
different architectures. Guo et al. (2018) and Yuan et al. (2021) discusses the many deep learning methods
used in remote sensing in detail. In these studies, the errors occurring especially at the object boundaries
revealed the need for studies on the extraction of the boundaries that determine the linear object edges.

Hariharan et al. (2011) proposed a method using an image-based weighted feature vector with the object
definition frame, also known as the activation window in order to determine the boundary lines belonging to
the object. Then, the final boundary lines of the whole image were formed by combining the border lines
obtained from the detected objects in different categories. The combination used in this study has formed the
basis for deep learning methods in determining object boundaries. Shen et al. (2015) used a customized training
method by classifying line data in convolutional networks into subclasses depending on their shapes. In this
method, positive loss function based on all class assignments is used and the loss is dealt out among subclasses.
Later, because the shapes of the sub-classes are different from each other, a different model parameter was
determined for each subclass and these classes were trained.

The one of the most cited studies in the literature for border detection is the Holistically-nested Edge Detection
(HED) method (Xie & Tu, 2015). In HED, holistic expression means that a network can obtain edge map
directly from image input, and nested expression represents using side outputs. HED, which was created using
the Deep Supervised Network structure (Lee et al., 2015) and pre-trained VGG network parameters, has
provided significant improvements in object boundaries and edge detection. Kokkinos (2015) developed HED
with a multi-scale approach that designs different dimensions of the image pyramid as a single HED.

Edge extraction is considered with different task descriptions in networks that can perform multiple tasks
instead of a single task. In their study, Kokkinos (2017) developed a network called UBERNet, which is
suitable for the need for training data in different content for different tasks including edge extraction and the
need for increased computing load due to multitasking. UBERNet is a fully convolutional network designed
with task-oriented special layers placed on the basis of the VGG network. Network highlights can be expressed
as follows: Bringing together the upper layers and middle layers by skipping layers, and making use of the
spatial knowledge of lower level neurons in edge extraction, reducing slow learning rates with batch
normalization in the middle layers and applying extended convolution. Chen et al. (2016) used the low-level
layers of the DeepLab network (Chen et al., 2014) for edge detection with semantic segmentation as well as
edge estimation, and obtained the improved semantic map from the results with an end-to-end architecture. On
the other hand, Dai et al. (2016) performed a semantic segmentation that is sensitive to each object instance,
in other words, identifying the object instances separately. This architecture, which was developed as
multitasking and end-to-end, revealed the object examples of a class by sharing the property maps of three
separate tasks.
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In another study on segment boundaries, Ultrametric Contour Map was obtained by combining the horizontal
and vertical orientations of multi-scale border lines and feature maps created as side outputs of the convolution
network (Maninis et al., 2017). Marmanis et al. (2018) tried to minimize the edge defects that occur as a result
of semantic segmentation by defining the HED and SegNet architecture for the remote sensing images in an
integrated network for spectral, DSM and nDSM datasets in a multi-scale. In this study, double-stream HED-
H and Segnet-H architectures are proposed instead of classical architectures by including height data as the
second input data in education. CaseNet, which aims to determine the classes to which the borderlines belong,
was developed on the layer jump and ResNet architecture, which shares the category-dependent edge
activations in the top convolution layer and combines them with the lower layer property map (Yu et al., 2017).
This study identified edge semantics despite some class inconsistencies. Bokhovkin & Burnaev (2019)
proposes a novel loss function, namely a differentiable surrogate of a metric accounting accuracy of boundary
detection. In the study, validation of proposed loss function is carried out with various modifications of UNet
architecture on a synthetic dataset as well as real-world data. Alam et. al. (2021) proposes an improved
Encoder-Decoder deep learning model that combines SegNet with index pooling and adapted U-net for suitable
for multi-targets semantic segmen-tation of RS images. In the study, it is stated that by index pooling it is
possible to obtain a more clear details for the segmentation of the edges.

However, recent related works have not shown how remote sensing-oriented datasets such as near-infrared
band, height information, vegetation index might contribute to boundary extraction in deep learning. In this
study, a dual stream network architecture that is able to extract object boundaries utilizing nDSM, NDVI and
IR as additional data types for the RGB band information is proposed. In addition, the contribution of data
types to the success of boundary inference was revealed by comparing the models trained based on different
data combinations.

2. Data Preparation

In this study, The Potsdam dataset, which has been accessed within the scope of the International Society
for Photogrammetry and Remote Sensing - Working Group I11/4 was used (Rottensteiner et al., 2012). The
datasets include true orthophotos, Digital Surface Models (DSMs) and ground truths produced from true
orthophoto mosaic. True orthophotos and DSMs are in 5 cm ground sampling distances, Universal Transverse
Mercator (UTM) projection and WGS84 datum. True-orthophotos and DSMs are available in 38 pieces of
6000 x 6000 pixel sizes, and 24 training and 14 test ground truths are available in tiff image format. True
orthophotos are presented as three different combinations of four bands with 8-bit spectral resolution: Red-
Green-Blue-Infrared (RGBIR), Infrared-Red-Green (IRRG) and Red-Green-Blue (RGB). In addition to DSMs
presented with values encoded in 32-bit float data type, Normalized Digital Surface Models (nDSMs) produced
by subtracting surface heights from digital elevation models are also included as an image data in jpeg image
format.

In the preparation of the data, considering GPU memory limits and unintentional memorization, the
appropriate image size for the input data was determined as 800 x 800 pixels with a 150 pixels overlap. As a
result of this approach, 81 input data were generated from each image of 6000 x 6000 pixels. On the other
hand, data augmentation should be considered to expand limited datasets as it can improve the performance of
deep learning models (Shorten and Khoshgoftaar, 2019). Particularly, the brightness values of RGB and IR
data were changed by = 50%, by predicting the effect of different image acquisition angles and reflection
differences. Figure 1 depicts the effect of rotation, mirroring and contrast changes for an RGB image after
augmentation was implemented. RGB, nDSM, NDVI, IR and label data were mirrored and the original and
mirrored images were rotated 90, 180 and 270 degrees. Therefore, the original RGB, IR datasets and nDSM,
NDVI, label datasets were augmented 24 times and 8 times, respectively. The number of datasets resulting
from this approach is given in Table 1. All input data preparation processes were coded and carried out in
GNU Octave environment.
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Four different datasets RGB, nDSM, NDVI and IR extracted from the Potsdam benchmark were defined
as input sets in the study. Single band IR datasets were sliced from the RGBIR images and NDVI datasets
were calculated and produced using the first and fourth bands of RGBIR true orthophotos. To produce labels
for boundary data, the segmented label data containing border information have been processed.

r=0.m: No. r=0.m: No, r=0.m: No, r=0.m: Yes. r=0, m: Yes. £=10; m Y;s,
cc: No cc: -%50 cc: %350 cc: No : cc: -%350 cc: %50 _

2
>
p. .

r=90. m: No, r=90. m: No. r=90. m: No. r=90, m: Yes. r=90. m: Yes. r=90, m: Yes.
cc: No cc: -%50 cc: +%50 cc: No cc: -%50 cc: +%50

3

. 8 s Ol AL 0 . I AN
r= 180, m: No. r= 180, m: No. r= 180, m: No, r=180.m: Yes. | r=180.m: Yes, | r=180.m: Yes,
cc: No cc: -%350 cc: %350 cc: No cc: -%50 cc: %50

r=270. m: No, r=270, m: No, r=270. m: No, r=270,m: Yes. | r=270.m: Yes, | r=270. m: Yes,
cc: No cc: -%350 cc: +%50 cc: No cc: -%50 cc: %50

Figure 1. Augmentation result of an RGB image for rotation (r) in degrees, mirroring (m) and contrast
change (cc)

Table 1
Number of augmented samples
Datatype Rotation Mirroring  Contrast ~ Number of samples

RGB + + + 73872

nDSM + + - 24624

NDVI + + - 24624

IR + + + 73872

Label + + - 24624

Total 221616
3. Methods

Four models, Model I, 11, 11l and IV have been discussed in this paper to determine data contribution to
boundary extraction. Model | (Xie and Tu, 2015) is composed of one stream HED with RGB input, whereas
Model II, 111 and IV are designed with one parallel stream getting additional inputs beside Model 1. Some
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combinations of nDSM, NDVI1 and IR are utilized as inputs of Model 11, 111, and IV in their second streams,
while RGB true orthophotos data is used as input in their first stream as shown in Table 2. Marmanis et al.
(2018) also proposed a dual stream HED that is summarized in Figure 2; however they fed their model with
only DSM datasets at second branch.

Table 2
Input datasets for the models
Model no First stream Second stream
| RGB -
Il RGB nDSM
Il RGB nDSM + NDVI
v RGB nDSM + NDVI + IR
[ — — — = [—— — = — T T T T =
Stream1 | Stream 2 | Conv.CF:nvqutlon. |
I | IMP:Ma)umum pooling |
| I [ | F: Fusion |
||_ - 1] [l - T De: Deconvolution |
Input I Input I | $O: Side output
S 2 i |L: Lossfunction _ _ !
ComviTy - Comviit o
|'m” jeevi 2l = | Fea so; [—| L
|| =ME1_ (| =ME1_ )
_d_ ¥ +
1 Conv2_1 L [l Conv2_1 I| De
i[Conv2_2);| nCenva_2)i == | Feane S0y [—» L
(I _MP2_ | [1_MP2_ |
S +
I Conva_1] ' | Conv3_1 '; |
l| Conva_2 'l | Conv3_2 'l De
l|:' I|:' — | Feons s0; |—| L
w3 1 I MP3
I v I v
- — 4l = .l
I| Conv4_1 [ I| Conv4_1 I +
|| Conv4_2 || Conv4_2 De
| MP4 | MP4
i I
coer e +
| Conv5_1 I| | Conv5s_1 I|
|Conv5 2 | |Conv5 2 | De
|Conv5_3| | |Conv5_3| p— Feoms SQ; |[—» L
L MP5 | L MP5 _
__ _ I — _ _ _| l
Boundary image |—» L

Figure 2. Dual stream model for object boundaries

By using different data types in the training of models, the effect of data other than RGB on the performance
of the neural network was measured. The first stream was started with VGG-16 weights, but since there were
no trained models of the input data to be used in the second stream of Models 2 and 3, the random initialization
method was used initially. Since the input of the second flow of Model 4 is three-layered, the starting weights
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were transferred from VGG-16 in this flow as well. Dual Stream HED (DS-HED) treats the convolution layers
before each maximum pooling layer in both streams as a side output layer. Then, deconvolution and balanced
cross-entropy loss function are applied to the side output layers, respectively, and the object boundary map is
produced by combining these outputs as mentioned in Xie and Tu (2015). Two-stream net architecture consists
of 26 convolutions, 10 maximum pooling, and 5 deconvolutions. All tests were carried out on a desktop
computer including Intel(R) Core(TM) i7-7820X CPU @ 3.60GHz, 2xGeForce RTX 2080 Ti 128 GB RAM.

4, Results and Discussion

Determining the most suitable model requires long processing times due to the very high size of the training
data. In order to make a quick comparison between the performance of different models, an evaluation was
made using training data sets produced from two selected layouts instead of the entire training data set. Initial
model training experiments were accomplished by selecting the layouts 2-10 and 5-12 representing different
characteristics such as buildings, roads and vegetation. Among the HED models trained for class boundaries
inference, Model I trained with RGB was used as the base comparison model. The performances of Model Il
and Model 111 that were tested with nDSM and NDV 1 datasets added to the second stream, including RGB in
the first stream, examine the success according to Model 1. With Model IV, all data of nDSM, NDVI, IR were
used for the second flow of HED. The graphs of the training and validation loss values generated during the
training of all models depending on the increasing number of epochs are shown in Figure 3. Since the number
of training data was kept low in the preliminary evaluation, some deviations were observed in validation values
due to the number of epochs. Table 3, on the other hand, explains the number of data, the number of epochs
and the accuracy results of the training based on the map data of all models 2-10 and 5-12.

True Positive (TP), True Negative (TN), False Positive (FP) and False Negative (FN) numerical values
were considered to determine the error evaluation and accuracy rates between the predicted results and the
actual values. With these numeric values, precision, sensitivity and f-score values were calculated with the
following equations 4.1, 4.2 and 4.3.

TP

o 4.1

precision TP + FP ( )
TP

L 4.2

recall = TP FN #2)

precision X recall
f — score = 2 X — 4.3
precision + recall

Since the original boundary lines in the ground truth data are thinner and the predicted boundary lines are
thicker, the pixel predictions that are not lines but within the near area of the original line are assigned as FP
values and artificially increases the number of FP. In other words, since the difference in line thickness in the
ground truth data with the boundary lines estimated by the models creates a much higher number of FP values
compared to FN values, the recall criteria for boundary inference performance are more meaningful than the
precision and f-score criteria. For this reason, especially high recall values were evaluated as the criterion for
success, and it was observed that the Model IV reached the highest accuracy as explained in Table 3. An
increase of 11% was observed in recall values, when Model | were compared to Model V. 11% rise in recall
indicates that Model IV as one of our proposed DS-HED architectures outperformed Model | representing the
original HED.
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Figure 3. The graphs of the training and validation loss for Model I, 11, Il and 1V
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Table 3

Accuracy results for the models that were trained using layouts 2-10 and 5-12
Model Batch Training  Val/Test Epoch  Time Precision  Recall F-score
no size data # data # (min)
I 12 130 16/16 43 37 0.2486 0.7638 0.3751
I 6 130 16/16 53 58 0.2391 0.8390 0.3721
Il 6 130 16/16 48 69 0.2455 0.8222 0.3781
v 6 130 16/16 62 63 0.1996 0.8779 0.3253

The model 1V, which was determined as the most successful model as a result of the comparison, was
retrained by using the whole data set and the values in Figure 4 and Table 4 were obtained. Since the land use
diversity in the data set is higher in the whole data set, a slight decrease was observed in the recall value
compared to the previous experiment.

Model Train and validation loss Function error

0.45
0.35

\ 0.3
0.4 ‘

0.2

M 1(\/\.«/\\,{\%/\ N

0.3
0.15

Sk 10k 15k 20k 5k 10k 15k 20k
— Train loss = Train function error
Validation loss Validation function error

Figure 4. The graphs of the training and validation loss for Model 1V based on the whole data

Table 4

Accuracy results for the models that were trained using the whole layouts
Model Batch Training  Val/Test Epoch  Time Precision  Recall F-score
no size data # data # (hr)
[\ 6 3120 384/384 50 10 0.2724 0.8535 0.4130

HED based networks produce side outputs from 800x800 pixel size patches and aggregate these side
outputs to create the final boundary map. Sample five side outputs created by the retrained Model IV are
shown in Figure 5. It is seen that different levels of detail in the image are represented in the side outputs. The
final boundary map created by the combination of these five side outputs, the ground truth and the original
input image is shown in Figure 6.
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Side output | Side output Il Side output lll Side output IV Side output V

Figure 5. Side outputs extracted from Model 1V

Final output Ground truth RGB image

Figure 6. The final boundary map, ground truth and RGB image

Boundary maps were estimated from 800x800 patches from the test layouts with Model 1V. All patches
included in a layout are combined and a 6000x6000 boundary map is created for that layout. Figure 7 shows
the estimated boundary map, ground truth and RGB images of the five layouts.

S

Test I Test I

Figure 7. First row: Estimated boundaries; Second row: ground truths; Third row: RGB orthophotos.
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5. Conclusions

In this study, automatic border extraction, which is an important problem in remote sensing, is discussed
and models have been created and trained to eliminate the deficiencies in this subject. When the results
obtained from two-stream and multi-data models are evaluated, an increase in the boundary extraction
performance has been achieved. This situation revealed that, except from RGB, multispectral bands, height
information and vegetation information must be used as input data in boundary extraction. It has been observed
that three-layer data is more advantageous than one or two layers in the second stream, since it allows transfer
learning. This situation shows that training three data in each stream is an option that should be considered in
future studies. On the other hand, it is important to find a balance between batch size and input size in order to
use the GPU memory optimally. In the future, this problem is likely to disappear due to the improvement in
graphics cards. Another problem encountered was in obtaining ground truth data. It takes a lot of time to
prepare a data set that presents the boundary data accurately. For this reason, boundary extraction is prepared
from semantic data with handmade methods. Both the inadequacy of the handmade methods and the border
uncertainties on the images make ground truth data suspicious. Therefore, it is natural for models trained
according to these ground truth data to suffer prediction losses due to data instability.
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1. Introduction

Wheat, especially durum and bread wheat, is a one of the main foods used as human nutrition in the world-
wide. Wheat genome evolution has been under the impact of hybridization and polyploidization events. Wheat
varieties consist of 13 diploid and 18 allopolyploid species. Archaeological evidence points out einkorn wheat
(Triticum monococcum), which is diploid, have been domesticated in the Karacadag mountains of Turkey,
during the Pre-Pottery Neolithic period (Heun et al., 1997). However, bread wheat (Triticum aestivum), which
was rooted in two main domestication events, is an allohexaploid (AABBDD). First domestication event was
resulted with allotetraploid (AABB) durum wheat is rooted in the part of Fertile Crescent region in Turkey on
2.5-4.5 MYA. The second domestication event is allohexaploidization of bread wheat (Dubcovsky & Dvorak,
2007).

In plants, repetitive DNA is mostly derived from the proliferation of retrotransposons play significant roles in
the evolution of almost all organisms. Most of the retrotransposons are inactive in the genome under normal
condition, although they can be induced by some environmental conditions such as biotic and abiotic stresses
(Arvas et al., 2021). Especially in wheat, polyploidy has been associated with the presence of retrotransposons
that they can cause an increase in genome size (Hartley & O’neill, 2019). BARE1 is the most common and
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active Long Terminal Repeat (LTR)-retrotransposon, especially in somatic tissues (Marakli, Yilmaz & Gozu-
kirmizi, 2012). Another barley retrotransposon is Nikita has been widely used in different studies such as
genetic diversity and determination of polymorphism patterns in polyploids (Bayram et al., 2012). Moreover,
sequence analysis indicated Sukkula sequences are mostly conserved in barley. In plants, active retrotranspos-
ons play important roles for genome diversification due to transposition and accumulation potentials. Espe-
cially, barley-specific retrotransposons have been studied and their transferability exhibited that these re-
trotransposons provide valuable information about species diversification during the evolutionary time
(Marakli et al., 2019).

Well-studied barley retrotransposons, including BAREL, Nikita and Sukkula were aimed to identify in bread
and einkorn wheat in this study. For this purpose, the presence of BARE1, Nikita and Sukkula was investigated
by using IRAP-PCR technique and results were analysed by Dice similarity coefficient. This is the first report
to demonstrate Sukkula and Nikita insertions in wheat genome and is expected to provide insight into the
effects on genomic variations.

2. Materials and Methods

2.1. Plant Growth Conditions

T. aestivum and T. monococcum plant seeds were provided from Directorate of Trakya Agricultural
Research Institute in Turkey. Surface sterilization of wheat seeds performed with 70% ethanol at 2 minutes,
0.1% HgCl; at 20 minutes, rinsed with dH>O at 10 minutes, 20% commercial bleach at 15 minutes (with 3
drops of TWEEN® 20) (Unilever Industry and Trade Turkish Joint Stock Company, Istanbul; Sigma, P1379,
Merck SA, Argentina) and then seeds were washed with sterile distilled water for three times. Afterward, seeds
were placed as 7 seeds in each petri dish containing MS medium (Caisson, Smithfield, USA). Both wheat
seeds were germinated for ten days at 25 +2°C, 16h light/8h dark period under controlled conditions in a
growth chamber (Miprolab MK500, Ankara). HgCl, and TWEEN® 20 were not used in surface sterilization
of bread wheat, rest of protocol performed as same.

2.2. Genomic DNA Extraction

Six seeds were randomly selected among both bread wheat and einkorn wheat. Genomic DNA extraction
was performed the manufacturer's protocol by using the HiPurA® Plant Genomic DNA Miniprep Purification
Kit (Himedia, Einhausen, Germany). DNA concentration was evaluated by UV spectrophotometry (Thermo
Scientific, AZH1705428). DNA integrity was observed on agarose gel (1%) electrophoresis.

2.3. IRAP-PCR

Four of T. aestivum plants’ DNAs were mixed and six of T. monococcum plant’s DNA were mixed and used
as template of IRAP-PCR method (Biorad, Dubai). Primers of Sukkula, Nikita, and BARE1 retrotransposon
used in IRAP-PCR showed at Table 1. IRAP-PCR was performed with Ex Taq™ DNA Polymerase Perfect
Mix (Takara, RR039B, Saint Germain en Laye, France).

Table 1

Primer sequences used in IRAP-PCR.
Primer Sequences Reference
Sukkula 5’GTCGGGCTACGGCTGCAAGG 3’ Leigh et al., 2003
Nikita 5’CGCATTTGTTCAAGCCTAAACC 3° Rodriguez et al., 2006
BARE1 5’ATCATTCCCTCTAGGGCATAATTC 3> Schulman et al., 2004
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IRAP-PCR was carried out under the following order: 95°C for 10 min, followed by 40 cycles of 95°C for 30
sec, 55 and 61 °C used as annealing temperature for 30 sec for Nikita and Sukkula, respectively, and 72°C for
3 min. Final extension was at 72°C for 10 min. For BAREL primer, gradient PCR was conducted at annealing
temperatures 59-65°C. Obtained products were evaluated by using 2% agarose gel.

2.4. Polymorphism Analysis

The Dice Similarity Coefficient was used the evaluation of the polymorphism rates of samples (Dice, 1945;
Nei & Li, 1979). Also, the GelJ v.2.0 program was used to cluster the samples (Heras et al., 2015).

3. Results and Discussion

Wheat is a dominant food is consumed in may diets by billions of people. Two main varieties dominate the
current global wheat production; one is the durum wheat and bread wheat the other. Nowadays, einkorn wheat
is mostly used for improving to pesticide and disease resistance, biotic and abiotic stress tolerance.
Additionally, the improvement of agriculturally significant crops has accelerated by genomic studies.
However, studying with wheat (Triticum spp.) is challenging due to its large size and the genome complexity
(Appels et al., 2018). We conducted retrotransposon analysis in bread wheat and einkorn wheat to understand
the wheat genome evolution and domestication footsteps. In this study, most abundant retrotransposons —
Sukkula, Nikita and BARE1- in barley were selected and their transposition events were investigated by using
IRAP-PCR. According to our results, Sukkula and Nikita presence were demonstrated in wheat at first time.
However, we do not able to show BAREL existence in both wheat varieties.

According to the electrophoresis results, 10 bands were detected in T. aestivum, ranging from 200 to 1,500 bp
for Sukkula (Figure 1a), but band patterns were not observed in T. monococcum. Analysis of Nikita band
profiles totally showed 30 bands: 6 monomorphic and 9 polymorphic bands ranging from 500 to 3,500 bp
(Figure 1b). For Nikita, polymorphism rates were calculated as 0-81% in between bread and einkorn wheat
(Figure 1c). Also, the phylogenetic tree of Nikita was clustered for bread wheat and einkorn wheat shown in

Figure 1d.
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Figure 1: Result of IRAP-PCR analysis. (a) IRAP-PCR products of Sukkula on 2% agarose gel, (b) IRAP-PCR
products of Nikita on 2% agarose gel, (c) polymorphism rates of Nikita in two wheat species, (d) clustering of
wheats based on the results of Nikita IRAP-PCR. NTC: no template control.
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Retrotransposon amplification events are the main reason of ‘genome obesity’ in plants and shape the genome
structure. Retrotransposon accumulation and polyploidization are not entirely independent events, however,
both two mechanisms affect one another has also been great influence for crop breeding and domestication.
The wheat genome has also undergone massive amplification and accumulation of transposons. Interestingly,
transposon content was found to be very similar between sub-genomes of bread wheat. Moreover, transposon
analysis demonstrated no evidence for explosion of transposon amplification in bread wheat genome after
polyploidization events (Wicker et al., 2018). On the other hand, our findings suggest that Nikita contributed
the genome obesity in bread wheat. Nikita has been reported as the fourth most active retrotransposon in barley,
while BARE1 was found the most active retrotransposon (Leigh et al., 2003). Active retrotransposons are
mostly useful to study plant diversification due to their transpositions and accumulation potentials in the
genome. Many reports exhibited polymorphism among species through retrotransposon movements according
to their activities in the genome (Marakli, 2019).

Therefore, we selected Nikita to evaluate polymorphism rates in both wheat varieties. According to our results,
Nikita was demonstrated in both bread wheat and einkorn wheat, indicating that Nikita is present and active in
wheat genome. Moreover, polymorphism percentage was found as 81% in our study, suggesting that two wheat
varieties had different pathways during the long evolutionary time. Retrotransposon transpositions and
amplification can be activated by stress conditions, reduced DNA methylation, or after genome rearrangements
which can lead the escape from host silencing mechanisms (Ito & Kakutani, 2014).

Sukkula was first identified in barley genome at Mlo locus. Interestingly, Sukkula means “shuttle” in Finnish
because of these elements are non-autonomous belonging to large retro-transposon derivatives or LARDs
(Shirasu et al., 2000). Additionally, some studies also indicated the presences in different genomic regions
based on selection and “host control” pressures in a very long evolutionary time (Rebollo, Romanish & Mager,
2012). In our study, we demonstrated the Sukkula existence only in bread wheat, not in einkorn wheat. These
findings suggested that Sukkula elements insertions may be occurred during the domestication of wheat. As it
is known, domestication is a key event together with allopolyploidization to shape the wheat genome (Avni et
al., 2017). However, further genome analysis is needed to determine in which domestication time Sukkula has
inserted the wheat genome. Additionally, both barley and wheat have emerged the same regions at Fertile
Crescent. Both these two species have evaluated in close regions may lead up to the horizontal gene transfers.

In some cases, insertion and amplification potentials of a transposon families are shared by related species.
Interestingly, a transposon family in one species can be observed with a high copy number, while some
transposon families in close relatives can be present with a low copy number (Estep, DeBarry & Bennetzen,
2013). Studies suggest that BAREL in barley is the most active retrotransposon (Marakli, Yilmaz &
Gozukirmizi, 2012). However, we did not able to detect BARE1 transposition events in both bread wheat and
einkorn wheat. One of the main reasons why BARE1 cannot be detected can be the absence of BARE1 in wheat
genome. Also, another reason can be the lack of recognition sites of primer due to the deterioration of the LTR
sequences. Further analysis is required to reveal main reason why BAREL primer did not study in wheat
genome.

4. Conclusion

Whole-genome sequences analysis in plants highlight the major roles of retrotransposon in evolution of wild
and domesticated plant species such as einkorn wheat and bread wheat. The existence of barley
retrotransposons -Nikita and Sukkula- was observed in the wheat genome at first time, although the presence
of BAREL could not be detected in this study. Such information will contribute to reveal the effects of the
retrotransposons on wheat genome organization during the domestication events.
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Published:  20.09.2021 Siirgii and Cardak faults were mapped with special attention to the lithological, structural, and geomorphological
features of the study area. Investigations along the Holocene river valleys along the approximately E-W trending
Siirgii and Cardak faults evidently indicate that these faults represent sinistral active fault morphology. In terms of
morphometric assessments, mountain front sinuosity (Smf), the Valley Floor Width-to-Valley Height ratio (V) and
Stream Length-Gradient Index (SL) were employed along the mountain-piedmont junction and on the drainage net-
work. Recorded Smf values range from 1.21 to 1.48, and average Vf rates are between 0.20 and 1.12, which typically
indicate high tectonic activity for the Siirgii and Cardak faults. SL indice exercised along the 10 valleys in the study
area, the recorded values vary between 5.8 and 1330.0; besides, the higher anomalies are recorded adjacent to the
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1. Introduction

Earthquakes are one of the most destructive natural disasters that have certain consequences on mankind's
life, economy, and social communities. Densely populated civic settlements dominated with active faults are
prone to destructive earthquakes; hence, people living in nearby regions should exercise preparations in
advance against earthquakes. Within the boundaries of the study area, there exist active deformation zones
with high earthquake potential such as the Southeastern Anatolia Thrust Belt and the East Anatolian Fault
Zone (EAFZ), which are generated as a result of the collision between the African-Arabian and Eurasian plates
in the north-south orientation. Immaculate examination of the morphotectonic properties of the aforementioned
zones can facilitate our understanding of the characteristic features of these faults.

Performed investigations up to the contemporary era, show that the manifold activities along the faults generate
different geomorphologic features on the earth’s crust (Keller and Pinter, 2002). Morphometric discipline is
one of the most popular and effective measures to interpret and evaluate the connotations of these features.
There exist many geological, geomorphological, and tectonic studies on the northern branch of the EAFZ
between Celikhan and Goksun (Peringek and Kozlu, 1984; Yilmaz, 2002; Westaway, 2004; Kog, 2005; Sunkar,
Giinek, & Canpolat, 2008; Duman and Emre, 2013; Kog and Kaymake1, 2013; Emre et al., 2016). Nonetheless,

1 1% musabalkaya@ksu.edu.tr

2% ozden@comu.edu.tr

31 akyuz@itu.edu.tr

*Sorumlu Yazar / Corresponding Author


https://doi.org/10.28979/comufbed.557792
https://dergipark.org.tr/en/pub/comufbed
http://orcid.org/0000-0001-0002-0003
http://orcid.org/0000-0001-0002-0003
http://orcid.org/0000-0001-0002-0003

Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 3, Pages: 375-392

morphotectonic investigations remained unprecedented in this area. Hence, within the architecture of this
original research article morphotectonic characteristics of the 160-km-long deformation zone including the
Siirgii and Cardak fault segments have been discovered and analyzed (Figure 1).

The Siirgii and Cardak faults have been analyzed rigorously in order to form a basis for morphotectonic studies.
The Siirgii and Cardak faults runs through numerous settlements such as Celikhan, Kurucaova, Siirgii, Nurhak,
Barisg, Ekindzii, Ericek, Cardak, Giiciiksu, and Goksun. Thus, discovering and revealing the earthquake hazard
potential of the Siirgii and Cardak faults is of utmost importance in terms of human life, industrial, and urban
planning and engineering studies.

The foremost goal of this study is to examine and analyze the Siirgii and Cardak fault segments with
morphotectonic discipline. Consequently, morphotectonic assessments exercised for this purpose. Acquired
data represent valuable information about the Late Quaternary activity of the Stirgii and Cardak faults and the
impacts of these faults on the morphologic and topographic evolution of this domain. In addition, mountain-
piedmont junctions, valleys, and drainage networks associated with the Siirgii and Cardak faults evaluated with
guantitative morphometric indice methods, which cater good insight about the tectonic activity of these faults.

In what follows, with pursuing a general to specific mean, first, the EAFZ is explained, and then the Siirgii and
Cardak faults, which are a part of the northern branch of the EAFZ, are discussed in detail. Finally, compiled
information about the Geology around the Siirgii and Cardak faults is presented.
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Figure 1. (a) Location of the study area on the active fault maps of Turkey (simplified from Emre et al (2013)).
(b) Orientation of active faults in the study area (Emre et al., 2013;_226: Cardak fault, 227: Siirgii fault, 231:
Dogansehir fault, 232-1: Malatya Fault-Akg¢adag segment).
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1.1. The East Anatolian Fault Zone

The EAFZ is one of the most important and highly active faults of Turkey; thereby, many geological,
geomorphological, tectonic, and paleoseismological studies have been carried out along the fault zone. The
East Anatolian Fault Zone prolongs for approximately 580 km length with a dominant sinistral sense of motion
(Saroglu, Emre, & Kuscu, 1992). The general geometry of the fault zone predominantly shaped by a series of
active faults which are positioned with parallel, subparallel, and oblique orientations (Sengor, 1980; Nalbant,
McCloskey, Steacy, & Barka, 2002; Ozdemir and Incedz, 2003; Herece, 2008; Kop et al., 2014; Emre et al.,
2016). The EAFZ starts from Karliova in the northeast, runs through the Kahramanmaras and ultimately ends
around the Dead Sea Fault. The EAFZ indicate a single strand strike-slip fault geometry until the west of
Celikhan, from this point onwards, nevertheless, it is switched into several bifurcations where deformation
accommaodates within a wide zone (Duman and Emre, 2013). The main branch of the EAFZ between Karliova
and Antakya was split into 7 segments by Emre et al. (2016). These are namely: Karliova, Ilica, Palu, Potiirge,
Erkenek, Pazarcik and Amanos segments (Figure 2).

From Celikhan to Iskenderun Bay, the northern branch of the Eastern Anatolian Fault Zone prolongs for about
380 km and represents characteristic features of an active left-lateral strike-slip fault along its orientation. From
Northeast to Southwest, this fault zone is divided into 9 segments: Siirgii, Cardak, Savrun, Cokak, Yakapinar,
Andirin, Toprakkale, Yumurtalik and Karatas segments (Duman and Emre, 2013; Emre et al., 2016).
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Figure 2. The figure shows the general geometry of the Eastern Anatolian Fault System (the main branch,
northern branch and associated fault segments; Duman and Emre, 2013). Abbreviations: FS, fault segment;
RB, releasing bend; RS, releasing stepover; RDB, restraining double bend; RSB, restraining bend; PB, paired
bend; (1) Diizigi-Osmaniye fault segment; (2) Erzin fault segment; (3) Payas fault segment; (4) Yakapinar fault
segment; (5) Cokak fault segment; (6) Islahiye releasing bend; (7) Demrek restraining stepover; (8) Engizek
fault zone; (9) Maras fault zone.

Although theories regarding the onset of deformation along the EAFZ is controversial, there is a consensus on
the Late Pliocene age among researchers (Saroglu et al., 1992; Westaway, 2004; Yonli, Altunel, Karabacak,
& Akyiiz, 2013). Geodetic data indicate approximately 10 mm/y slip rate throughout the fault zone, yet
geological investigations demonstrate that the slip rates vary between 4-11 mm/y (McClusky et al., 2000;
Reilinger et al., 2006, Herece, 2008; Yonli et al., 2013; Emre et al., 2016). Regarding the displacement and
offset measurements along the EAFZ, conducted studies reported 15-27 km of sinistral displacement based on
the offset of Firat river and the displacement amount of the pre-Pliocene rocks (Yonli et al., 2013).

1.2. The Northern Branch of EAFZ Between Celikhan and Goksun

Between Celikhan and Goksun, the Siirgii and Cardak faults that constitute the northern branch of the EAFZ
are the subject of this study (Figure 1). Many studies on this area, defined the Siirgii and Cardak faults as a left
lateral strike-slip faults (Peringek and Kozlu, 1984; Yilmaz, 2002; Westaway, 2004; Duman and Emre, 2013;
Emre et al., 2016). A number of other studies, on the other hand, based on remote sensing methods, field

377



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 3, Pages: 375-392

observations and fault slip data acclaimed that the Siirgii Fault Zone, which consists of Siirgii and Cardak fault
segments, are representing dextral strike-slip kinematic characteristics (Kog, 2005; Sunkar et al., 2008; Kog¢ &
Kaymakgi, 2013). Furthermore, Duman and Emre (2013) based on the recorded systematic offsets along the
Holocene drainage networks, stated that there exist 3mm/y and 2.5 mm/y of slip throughout the Siirgii and
Cardak faults respectively.

1.2.1. The Siirgii Fault

The Siirgii fault differentiates from the EAFZ around the west of Celikhan and runs through the west of
Nurhak, enclosing the Nurhak fault complex. The E-W trending Siirgii fault extends approximately for 75 km
and represents active left-lateral strike-slip fault geometry (Peringek and Kozlu, 1984; Yilmaz, 2002;
Westaway, 2004; Duman and Emre, 2013; Emre et al., 2016).

The research conducted by Kog (2005) and Kog and Kaymakei (2013) on the Siirgii fault, claimed that the
western part of the Siirgii fault demonstrate predominant right-lateral strike-slip motion and reverse
components, while the eastern part represents prevailing right-lateral strike-slip motion with a normal
component, mainly based on evaluated remote sensing methods, field observations, and fault slip data. These
two studies declared that the dextral motion of the Siirgii Fault Zone could be explained by the westward escape
of the Maras Block as a result of the N-S collision of the Arabian Plate and the Anatolian Block.

Moreover, another study by Sunkar et al. (2008) contended that the Siirgii Fault Zone and EAFZ are both
independent fault zones, and supported the right-lateral motion of the fault zone. Moreover, another study by
Sunkar et al. (2008) contend that the Siirgii Fault Zone is an individual fault zone from EAFZ, and interweave
the right-lateral motion of the fault zone to this hypothesis. In this paper, the geomorphologic properties of the
Kurucaova and its surrounding regions (covering an area of 30 km?) located in the south of the Siirgii fault
were investigated.

The Yilmaz (2002)’s study shows that prolonged ridges in the eastern part of the Siirgii fault; and irregular
valleys interrupted by the fault at pour point section, and sinistrally offset rivers in the western parts of Siirgii
fault are the main distinct morphological structures. A total of 4 km left-lateral offset was detected along the
fault; therefore, even in the premier context, the fault must have developed in the Pliocene period (Yilmaz,
2002). Although the eastern extension of the Siirgii fault up to Siirgli town is dipping in the north direction,
the fault segment in the west of Siirgii is dipping 850 southwards and its slope angle decreases gradually
towards the depth (Taymaz, Eyidogan, & Jackson 1991; Yilmaz, 2002).

Duman and Emre (2013) claimed that the 17-km-long and 1-km-wide zone located in the eastern part of Siirgi
fault is characterized by a shutter ridge. This distinctive structure shows that the Siirgii fault is effective in
shaping the morphology of the region. Then the fault continues for 20 km westward along the southern branch
of the Siirgii river valley, where tributaries and intervening ridges are systematically offset. The western margin
of the fault is represented by two sub-parallel faults at a 5 km distance and then meets the Nurhak fault
complexity (Duman and Emre, 2013).

Duman and Emre (2013) investigations represent that a Holocene aged alluvial fan was offset by the surface
rupture, indicating that the Holocene surface faulting occurred along the Siirgii fault during a large earthquake.
However, the same research also states that the 1986 Siirgii earthquakes with magnitudes of 5.6 and 5.8 are
not associated with a surface deformation on the Siirgii fault.

1.2.2. The Cardak Fault

The ~85-km-long Cardak fault represents a concave geometry between Nurhak and Goksun. In about 10
km east of Ericek (Goksun), the fault jumps towards the right direction over a nearly 500 m wide stepover,
and then fault tips bifurcates into two branches toward east (35km) and west (50 km) directions. By and large,
starting from the west of Nurhak district the eastern section of the fault represents a linear geometry. The
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Cardak fault disrupts the creeks flowing on the wide alluvial fan deposits between Baris and Gozpinar by
offsetting them from 100 to 135 meters. In the west of Ekin6zil, this fault offset Ceyhan Valley 3 km to the
left (Duman and Emre, 2013). In addition, Duman and Emre (2013) stated that the 50-km-long western section
of the Cardak fault cuts the folds and older thrusts and exhibits an evident active left-lateral fault morphology;
besides, in this part, the Holocene river valleys and bedrocks displaced and offset by the fault.

1.3. Geology of the Study Area

In order to map the geological formations and structural features in the study area, detailed investigations
were conducted with thorough observations during field studies around the fault zone. The orientation of the
fault was observed during the field study based on the current Active Fault Map of Turkey prepared by the
General Directorate of Mineral Research and Exploration (MTA) in 2013 (Emre et al., 2013). During different
intensive field trips, the Siirgi and Cardak faults were mapped with special attention to the lithological,
structural, and geomorphological features of the study area (Figure 3).

The geological map of the 160-km-long and nearly 15-km-wide zone enclosing the E-W trending Siirgii and
Cardak faults was prepared (Figure 3). During the map preparation stages, the 1/100.000 scale geological map
of the Elbistan-L37 and L38, Malatya-L39 and L40, Gaziantep-M37 and M38, Sanliurfa-M39 and M40
sections published by the MTA (2014) were utilized. Since the Siirgii and Cardak faults run through the edges
of the aforementioned map sections, eight 1/100.000 scale geologic maps were combined and the basis was
formed. Lithological units of the study area are divided into 3 main groups: namely pre-Miocene, Miocene,
and post-Miocene units. Pre-Miocene basement rocks, which blanket a large proportion of landscape within
the study area, consists of magmatic, metamorphic, and sedimentary rock types. Magmatic rock units,
including basalt, diabase, spilitic basalt, agglomerate, and volcano-sedimentary rocks exposed to the east of
the study area.

Metamorphic rocks, however, are prevailing throughout the whole study area, and rock samples such as
marble, recrystallized limestone, schist, calcschist, mica schist, serpentine, peridotite, gabbro, metagabbro,
gneiss, augen gneiss, quartzite, phyllite, and amphibolite are frequently exposed at different sections of the
area. Sedimentary rocks within the pre-Miocene basement rocks spread throughout the study area. Moreover,
sedimentary rock units like limestone, conglomerate, sandstone, mudstone, neritic limestone, dolomite,
siltstone, claystone, and shale are also observed sporadically in the study area (Bedi and Yusufoglu, 2018;
Coban and Dalkilig, 2018; Usta et al., 2018).

In the study area, the Miocene units disseminate at the south of the Cardak fault; moreover, they are enumerated
as lower Miocene sandstone-mudstone-limestone unit, Middle Miocene sandstone-mudstone-limestone unit,
Upper Miocene claystone-sandstone unit, and Upper Miocene-Pliocene sandstone-mudstone-limestone units
(Baydar and Yergok 1996; Usta et al., 2018).

Pliocene-Quaternary units in the study area are Pliocene conglomerate-sandstone-mudstone unit observed in
the north of Siirgi dam, Pliocene sandstone-mudstone-limestone unit detected in NW of Ekindzii district
located around the north of the Cardak fault, Plio-Quaternary conglomerate-sandstone-mudstone unit observed
around Kurucaova to the south of the Siirgii fault and the Pliocene-Pleistocene alluviums seen in the north of
the western edge of the Siirgii fault (Tatlar; Usta et al., 2018).

Within the study area, the faults cut and run throughout valleys and basins where Quaternary units lie across
them. These units can be enumerable as alluvium, debris flows, young and old alluvial fan deposits. The
alluvium deposits exposed along the valleys and faults throughout the study area are generally composed of
poorly cemented gravel, sand, silt, clay and mud. Old Alluviums, on the other hand, usually consist of poorly
consolidated gravel, sand, clay and mud that lies along river terraces and valleys delimited by high hills. These
units are observed around the Nurhak district within the study area.
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Alluvial fans are observed along the Siirgii Fault Zone in the study area. The alluvial fans are predominantly
composed of conglomerate, sandstone, siltstone with caliche, and mudstone from the apex toward the toe (Bedi
and Yusufoglu, 2018). The Old Alluvial Fan is observed in Resadiye and Kurucaova villages in the southern
sections of the Siirgii fault. These are made up of gravel, sand, silt, and clay-sized materials that were
transported from high altitudes by floods. Debris flows mostly detected adjacent to the faults within the study
area, they consist of poorly sorted and consolidated blocks, pebbles, and negligible amounts of sand and clay
which is formed as a result of sediment flux through steep spurs (Usta et al., 2018).

2. Materials and Methods

Morphometric analysis is one of the imperative tools to evaluate and assess the impacts of tectonic activity
on the development of geomorphic processes and earth crust’s morphology (Keller and Pinter, 2002). To
investigate morphological properties of any fault zone and to implement morphometric analysis in the study
area, a Digital Elevation Model (DEM) with 10 m ground resolution should be generated utilizing 1/25000
scale digital topographic maps enlisting the ArcGIS program. DEM data can also be generated by downloading
raster data (satellite image) with 12.5 m or 30 m resolutions form from different international resources (e.g.
NASA or ESA).

In order to perform morphotectonic investigations, the Digital Elevation Model (DEM) of the study area
generated from Alos Palsar data (ASF, 2020) with 12.5 m ground resolution, the data were downloaded from
https://search.asf.alaska.edu/#/. With the utilization of the identical data, the Hill-Shade map of the study area
was produced with the ArcGis 10.7 software, and then Siirgii and Cardak faults were integrated into the map.
Next, with the aid of ArcHydro Tools within the ArcGis software, the drainage basins and stream networks of
the study area were plotted on the DEM data.

Within the scope of this paper, prior to the morphometric indice evaluation, the Rock Strength classification
of lithological units within the study area was defined. Then morphometric indice calculations were exercised
within the study area. These investigations include implementation of mountain front sinuosity (Smf) along
the mountain-piedmont junctions, Valley Floor Width-to-Valley Height ratio (Vf), and Stream Length-
Gradient (SL) indice calculations on the drainage networks and basins which cater invaluable information
regarding the geomorphologic evolution of the region and the impacts of the tectonic framework on this
evolution.

2.1. Rock Strength

Since the rock resistance of different lithologies against erosion is vital regarding the interpretation of
morphometric indice calculations and results, the rock strength of the different geologic units in the study area
are defined. In this context, the lithological units in the study area are split into 5 classes considering the
mechanical rock resistance classification defined by Selby (1980) (e.g. Yildirim, 2014; Khalifa, Cakir, Owen,
& Kaya, 2018; Sancar, 2018; Topal, 2019). Lithologic units within the study area are classified according to
different rock strength categories (i.e. very low strength, low strength, moderate strength, high strength and
very high strength).

2.2. Mountain Front Sinuosity (Smf)

Mountain front sinuosity is one of the most effective tools to define tectonically active mountain fronts
from inactive mountain fronts and it is represented by this formula: Smf = Lmf/Ls (Keller and Pinter, 2002).
Where Lmf is the total length of the lineation throughout the topographic contour along the mountain front
and Ls is the distance between two margins of the straight line along the mountain front (Figure 4a). This
indice is beneficial to assess the rate of tectonic activity through the mountain front (Keller and Pinter, 2002).
Bull (2008) stated that if the Smf indice is below 1.4 it represents a low rate and if the quantity is between 1.4
and 3, it depicts a medium range. Low and medium Smf indexes are an indicator of high tectonic activity along
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mountain fronts (Keller and Pinter, 2002). In the study area, a total of 7 Smf calculations were performed, 4
on the Siirgii fault and 3 on the Cardak fault.

2.3. Valley Floor Width-to-Valley Height Ratio (V)

The valley floor width to valley height ratio indice defines the differences between U-shaped flat-floored
valleys (with relatively high Vf values) and VV-shaped valleys (with relatively low Vf values; Keller and Pinter,
2002). The valley floor width to the valley height ratio is one of the popular tools to evaluate the ongoing
tectonic uplift rate in a region and is defined by this formula: Vf=2.Vfw /[(Eld-Esc) + (Erd-Esc)] (Keller and
Pinter, 2002). Where Vfw indicates the width of the valley floor, Eld and Erd show the heights of the left and
right edges of the valley respectively, and the Esc depict valley floor altitude (Figure 4c). VT indice values are
categorized into 3 main classes according to the acquired and evaluated result from different studies by
manifold researchers (Silva, Goy, Zazo, & Bardaji, 2003; El Hamdouni, Irigaray, Fernandez, Chacon, & Keller
2008). Thus, VT values less than 0.5 show high tectonic activity (Class -1), and if the Vf quantity is confined
to the 0.5-1 range, then the tectonic activity is medium (Class-2); finally, Vf values higher than 1 indicate
minimum tectonic activity level (Class-3).

2.4. Stream Length-Gradient Indice (SL)

Stream length-gradient indice is a powerful tool to evaluate the relationships between tectonic activity, rock
resistance, and topography along with bedrock river profiles, and it is represented by this formula:
SL=AHXxL/AL (Figure 4b; Hack, 1973; Keller and Pinter, 2002). Where SL is stream length-gradient index,
AH is the change in channel altitude, AL is the channel length of the measured proportion, and L is the distance
from the midpoint of the interested section where the indice is calculated towards upstream of the highest point
on profile (Keller and Pinter, 2002; Troiani, Galve, Piacentini, Della Seta, & Guerrero, 2014). Many studies
based on the EI Hamdouni et al. (2008)’s work (e.g. Kole, 2016; Saber, Isik, & Caglayan, 2018) categorized
SL indice values into 3 main tectonic groups: namely class 1: 500 <SL, class 2: 300 <SL <500, and class 3:
SL <300. In similar sources, the height ranges culled out in SL calculations range from 100 to 250 meters in
those studies (e.g. Troiani et al., 2014; Topal, 2019).

Drainage Center of
e = divide reach

Mountain
range (( Basin

Elevation (m)

A Distance (km) B

Figure 4. (a): Diagram utilized in the calculation of mountain front sinuosity (Keller and Pinter, 2002). (b):
Schematic for the calculation of stream length-gradient indice (Hack, 1973). (c) Parameters used in Vf
calculations (Keller and Pinter, 2002).
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The lengths of the calculated valleys in this study are relatively short and vary between 3.803 and 15.123
meters; hence, SL measurement interval values are assigned 10 m, 20 m, and 50 m due to the length of the
evaluated valleys. Subsequently, since the aforementioned values regarding the tectonic classification of the
SL indice correspond to the large-scale studies, they were reformulated and reduced by half. The SL values of
this study were divided into 3 tectonic classes: namely class 1: 250 <SL, class 2: 150 <SL <250, and class 3:
SL <150.

3. Results and Discussion

In this research, the morphotectonic properties of the Siirgii and Cardak faults that constitute a small
proportion of the northern branch of the EAFZ were investigated. To support the results of the morphotectonic
investigations, geologic features of the study area were discovered with a thorough literature review and
performed field studies. Morphometric analysis within this area caters information regarding the
geomorphologic evolution of the region and the effects of tectonic activity on this evolution.

3.1. Seismicity of the Siirgii and Cardak Faults

According to historical and instrumental earthquake records, plenty of earthquakes occurred within the
Stirgii and Cardak faults’ sphere of the influence (Taymaz et al., 1991; Guidoboni, Comastri, &, Traina, 1994;
Ambraseys, 2009; Duman and Emre, 2013). Over the latest centuries, the most important earthquakes occurred
on the EAFZ are; 1513 Pazarcik, 1544 Elbistan, 1822 Antakya, 1866 Karliova, 1872 Antakya, 1874 Gezin,
1875 Sivrice, 1893 (Celikhan, 1905 Potiirge, 1971 Bingdl, 1977 Palu, 1986 Mayis-Haziran Siirgli, 1998
Ceyhan, January 24, 2020 (M=6.8) Sivrice (Elaz1g) earthquakes (Taymaz et al., 1991; Duman and Emre,
2013). Among those events, according to the historical earthquake records, the 1544 Zeytun (Elbistan)
earthquake event occurred around the Cardak fault with a magnitude of 6.8 (Ambraseys, 2009; Duman and
Emre, 2013). As a result of this event, the previous settlement of Armenian’s the Zeytun town (today known
as Stileymanli village in the Kahramanmaras) and a part of Elbistan were demolished (Ambrassy, 2009).
Contemplating all of the aforementioned points and the subtle facts that the Cardak fault runs 23 km north of
Siileymanli and 20 km south of Elbistan, we can boil down the conclusion that, most probably, the Cardak
fault was responsible for the 1544 earthquake.

Based on the historical earthquake records (Guidoboni et al., 1994; Ambraseys, 2009), the Arabissus (presently
known as Elbistan/Kahramanmaras) settlement, established by Maurice, a former emperor, was demolished
two times as a result of the two major earthquakes in 584/585 AD and 587 AD respectively. Considering the
location of Elbistan and the position of the active faults around the neighbouring regions, it is exorbitantly
liable that at least one of the 584/585 AD and 587 AD earthquakes were generated by the Cardak fault.

Earthquake records during the instrumental period demonstrate two destructive earthquakes events occurred
around the north of the Siirgii fault, in the vicinity of Dogansehir, on 5th of May (Ms=5.8) and 6th of June
(Ms=5.6) respectively (Taymaz et al., 1991; Yilmaz, 2002; Duman and Emre, 2013). Through instrumental
period, there also exist earthquake records on the Cardak fault as well. According to the data represented by
the Bogazi¢i University Kandilli Observatory and Earthquake Research Institute National Earthquake
Monitoring Center (KOERI-RETMC, 2021), in 1922, in the southwest of Ekinozii (Kahramanmaras), an
earthquake event occurred with a magnitude of 5.5; furthermore, in 1978, another event with a magnitude of
5.0 arise in the vicinity of Nurhak (Kahramanmaras; Figure 5).
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Figure 5. Distribution of the earthquakes within the study area and neighbouring regions throughout the
instrumental period (1900-2021; KOERI-RETMC, 2021).

3.2. Morphometric Analysis

Offsets along different streams were detected at various locations along the Siirgii and Cardak faults
enlisting the field operations, Google Earth images, and the analyzed stream networks on the DEM (Figure 6).
Along the valleys located at the east of Siirgii village (Dogangehir/Malatya), systematic sinistral offsets with a
maximum displacement of 330 meters were detected, this phenomenon simply indicates the powerful effect of
the Siirgii fault on these stream network (Figure 6a). In the western part of the Siirgii fault, around the south of
Tatlar village, a left lateral offset was observed throughout the Tatlar River with approximately 1 km
displacement (Figure 6b). In the central part of the Cardak fault, about 16 km west of Ekindzi district
(Kahramanmaras), 280 m of offset detected along the Kilicinpinar Stream (Figure 6c¢). Further, at the western
margin of the Cardak fault, leftward offsets of up to 216 meters were observed in the streams flowing into
Goksun Stream around Aslanbey farm (Goksun/Kahramanmarag; Figure 6d). Contemplating all of the results
and field evidences, it may be stated that the Siirgii and Cardak faults are active left-lateral strike-slip faults.

East of Stirgli

030 ™

Southeast of Karadut
-

Figure 6. The stream offsets detected throughout the Siirgii fault (a: east of Siirgii district, b: south of Tatlar
village) and Cardak fault (c: west of Ekinézii, d: around Aslanbey farm). The black arrows indicate the offsets
that were not measured.
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By and large, morphometric indices assessments are exercised to evaluate the impacts of regional tectonic
activity. The quantitative outcomes of morphometric data can be utilized to understand the geomorphological
evolution of large domains or to contrast different segments of an active fault (Keller and Pinter, 2002; Selguk,
2016; Topal, Keller, Bufe, & Kogyigit, 2016; Basmeniji et al., 2021). In this study, morphometric analyzes like
Rock Strength Classification, Mountain Front sinuosity (Smf), Valley Floor Width-to-Valley Height Ratio
(Vf), Stream Length-Gradient Index (SL) were performed.

3.2.1. Rock Strength

According to the rock resistance classification defined by Selby (1980), the lithological units in the study
area are classified into 5 categories: namely very low strength (alluvium, debris flow, alluvial fan deposits),
low strength (conglomerate, sandstone, limestone, mudstone, siltstone, claystone), medium strength (schist,
phyllite, serpentinite), high strength (basalt, diabase) and very high resistant (marble, quartzite, gneiss). Based
on this classification, rock units with very high and low strengths cover a great proportion in the study area.
Rocks with high resistance are observed only in the SE of the Siirgii fault. Rocks with the medium are sporadic
throughout the study area. Very low strength lithological units, however, are observed along valleys and basins
that are bounded by the faults in the study area (Figure 10).

3.2.2. Mountain Front Sinuosity (Smf)

Along tectonically active mountain fronts uplifts rate prevail over erosional processes, and demonstrate low
Smf values. On the other hand, dominant erosional processes along mountain-piedmont junction denote high
Smf values (Keller and Pinter, 2002; Silva et al., 2003). Overall, in this study, 7 Smf values were calculated
totally, 4 on the Siirgii fault and 3 on the Cardak fault. Along the eastern part of the Siirgii fault, parallel to an
extending ridge, the Siirgii 1 segment depicts Lmf and Ls values of 23.465 and 18.185 m respectively. Thus,
here the mountain front sinuosity (Smf) has been calculated as 1.29 (Figure 7). Around the southern section of
the fault, at the southern boundary of the Kurucaova basin, two Smf values were also calculated. The Siirgii 2
segment yield Lmf: 23.162 m, Ls: 15.665 m, and Smf: 1.48, yet through the Siirgii 3, the Lmf and Ls values
are 10.032 and 7.330 m respectively. These quantities indicate 1.37 for the Smf. The Smf calculations along
the Siirgii 4 segment (the middle segment of the Siirgii fault) denote Lmf: 22.230 m, Ls: 17.085 m, and Smf:
1.30 (Figure 7). The obtained values along the Siirgii fault demonstrate that the tectonic forces are more
impactful in terms of the basin development, in comparison to the erosional processes here.

Through the Cardak 1 segment, within a basin in the eastern part of the Cardak fault, Lmf and Ls were
calculated as 16.693 and 13.818 m; thus, Smf value is 1.21 (Figure 8a). Since the western part of the Cardak
fault represents a curved geometry, two Smf assessments were conducted along the mountain fronts in this
location (Figure 8b). Smf measurements on the Cardak 2 segment imply values of 23.323 and 16.631 m for
Lmf and Ls respectively which provide 1.40 for Smf indice along this segment. Finally, around the western
section of the Cardak fault, Lmf and Ls measured as 30.565 and 25.049 m. Therefore, Smf for Cardak 3
segment was calculated as 1.22 (Figure 8b). The measured Smf quantities on the Cardak fault indicate that
tectonic activities are effective elements in governing the basin developments along the related faults.

3.2.3. Valley Floor Width-to-Valley Height Ratio (Vf)

The ratio of valley floor width to valley height ratio is one of the popular and beneficial indices to evaluate
the tectonic uplift rate in a region. "V" shaped valleys with low Vf values indicate high uplift rates in a region.
On the other hand, high Vf quantities represent that the uplift rate is low, for domination of erosional processes
over tectonic activities (Keller and Pinter, 2002; Silva et al., 2003). In this study, Vf values associated with the
river channels along the mountain fronts were calculated; besides, it is aimed to classify the relative tectonic
activities and uplift rates of the different fault segments. Thereby, Vf profiles were plotted with an
approximately 180-meter interval for each valley (starting from the outlet point along the mountain front
towards upstream) and Vf values calculated immaculately for each profile. In this study, a total of 122 Vf
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values were calculated within the study area, 53 through the drainage basins associated with the Siirgii fault,
and 69 along the drainage basins associated with the Cardak fault. Last but not least, Vf{ values averaged for
each valley and mean Vf values were calculated for each segment. For this purpose, 16 valleys on the Siirgii
fault and 20 valleys on the Cardak fault have been utilized (Figures 7 and 8). These values and their associated
Smf values are given in Table 1.

The average VT values for the Siirgii fault and its southern parts vary between 0.42 and 1.09 (Figure 7, Table
1). Except from the value of 1.09 obtained from a valley (S2v2) at the southern part of the fault, the Siirgi
Fault’s Vfvalues indicate high (class-1) and moderate (class-2) tectonic activity levels. The average VT values
recorded for the valleys associated with the Cardak fault range between 0.20 and 1.12 (Figure 8, Table 1).
Similarly, in this section, the average Vf value calculated along solely one valley (C2v5) was higher than 1
(1.12). Apart from that, the Vf values associated with the Cardak fault indicate high (class-1) and moderate
level (class-2) tectonic activity.

Some studies, state that there is a relative relationship between Vf values and Smf quantities and relative
tectonic activity of faults evaluated based on this relative relation (Rockwell, Keller, & Johnson, 1984; Silva
et al., 2003). Pondering the calculated Smf and Vf values related to the Siirgii fault, it is evident that the uplift
and tectonic activity rate along the Siirgii fault (the Siirgii 1 and Siirgili 4 segments) are relatively higher than
the southern section of the fault (the Siirgii 2 and Siirgii 3 segments). Moreover, along the Cardak fault, it is
conspicuous that the segments located in eastern and western margins (the Cardak 1 and Cardak 3) reflect
higher tectonic activity and uplift compared to the middle part (the Cardak 2 segment; Table 1 and Figure 9).

A combination of the calculated Smf values and the average Vf value of each valley throughout the Siirgii and
Cardak faults indicate a good correlation between Vfand Smf values with R? = 0.8682 (Figure 9). Overall, the
results of Smf and Vf analysis in the study area indicate that the Siirgii and Cardak faults have high tectonic
activity (Class I; Figure 9).

Table 1.
Smf and average VT quantities calculated along the mountain fronts of the Siirgii and Cardak faults.
Siirgii Fault Cardak Fault
Smf Smf Valley Vf Smf  Smf Valley Vf

name value name avr. name value name avr.
= o Slvl 0.49 Civl 0.72
_%;.” ‘_\: S1v2 0.68 . Clv2 0.43
7 SIv3 042 ¥, Clvd 065
S2vl 0.65 T ‘: Clv4  0.48
8 o Sav2 1,09 S Clv5 0.0
.?5” :, S2v3 0.73 Cilve 0.59
n S2v4 0.61 Clv7 0.20
S2v5 0.50 C2vl 0.50
- S3vl 062 4 _ Ca2 058
2 S3v2 062 £ S ca3 o081

= - = —
= —  S3v3 0.65 O C2v4d  0.56
S3v4 0.86 C2vs 112
- S4vl  0.63 C3vl 0.5
T Q S4v2 0.73 C3v2 0.54
% —~  S4v3 0.6 9 C3v3  0.93
S4v4 051 5 x C3va 034
=] — C3v5 0.38
o C3v6  0.56
C3v7 0.35
C3v8 0.38
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Figure 7. The calculated Smf values and locations of the Vf profiles along the Siirgii fault and associated
mountain fronts located at the southern section of the fault.
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Figure 8. The Smf values calculated in the east (a) and west (b) sections of the Cardak fault and the locations
of the plotted Vf profiles along the analyzed valleys.
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Figure 9. The graph demonstrates the uplift rates (a) and the correlation (b) of Smf and Vf values calculated
along the mountain fronts in the study area (Rockwell et al., 1984).

3.2.4. Stream Length-Gradient Index (SL)

In this study, SL calculation interval values were defined as 10 m, 20 m, and 50 m based on the length of
the evaluated valley. Acquired SL values by surveying the valleys in the study area are divided into 3 tectonic
classes, namely class 1: 250 <SL, class 2: 150 <SL <250, and class 3: SL <150.

As a framework of this investigation, a total number of 77 SL indices were calculated along 10 valleys, more
precisely 6 on the Siirgii fault and 4 on the Cardak fault. Performed calculations started at the highest upstream
point along the valleys which are positioned perpendicular to the fault’s strike, and then the fault was
transcended; finally, calculations at the outlet point where the stream meets the main river completed. The
obtained SL values range from 5.8 to 1330.0, and the greatest anomalies were observed at the east of the
Cardak fault (Cardak SL.1), across a distinct mountain front which evolved and controlled by the fault (Figures
10 and 11b).

Within an area without lithological differentiations, change in morphology, and tectonic activity, the SL indice
values are prospected to reflect an ascending trend without showing anomalies (Kéle, 2016). Analysis of the
thalweg profiles of SL indices along the Siirgii fault indicates that the Siirgii SL.0, SL.1 and SL.4 values only
show minuscule anomalies and they stood at the "class 3" range in the tectonic classification (based on the SL
indice anomaly classification; Figure 10). Examination of the Siirgii SL.2, SL.3, and SL.5 profiles in and
around the Siirgii fault demonstrate that the SL indice values depict high anomaly values and fall in the "class
1" and “class 2" tectonic classification range (Figure 10). When the Siirgii SL.3 profile is examined, it is
observed that it shows high anomaly (331.8) around the fault (Figure 11a).

SL values measured along the linear valleys shaped by strike-slip faults are expected to stand at low quantities
due to the acute impacts of denudation on the rocks along the fault zone (Keller and Pinter, 2002). It was
observed that the average value of SL indice (Stirgii SL.0) through a collateral valley along the fault strike in
the eastern part of the Siirgii fault was only 31.

Assessment of the thalweg profiles of SL indices along the Cardak fault, which is the second active structure
in the study area, represent that the values along the Cardak SL.4 valley show a trivial anomaly and difference;
hence, it is stood at the "class 3" value range according to the tectonic classification based on the SL indice
anomaly ratio (Figure 10). Evaluation of the Cardak SL.1, SL.2, and SL.3 profiles yield high anomaly values
for the SL indice ("class 1" and "class 2 according to the tectonic classification) in and around the Cardak
fault (Figures 10 and 11b). Stream length-gradient indice analysis reveals that the Siirgii and Cardak faults
play an essential role in the evolution and development of the tectonic regimes in the study area.
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Figure 10. The map shows the locations and tectonic classes of SL indices and the rock strength classification
of the different lithological units in the study area based on Selby (1980)’s fundamental rock resistance
definitions.
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Figure 11. Longitudinal river profiles with high anomalies associated with the Siirgii (a) and Cardak (b) faults.

4. Conclusion

In this study, the morphotectonic properties and characteristics of the Siirgii and Cardak faults were
discovered. Enlisting the field studies, Google Earth images, and the plotted stream network on the DEM data,
stream offsets were detected along the Siirgii and Cardak faults at a different location within the study area.
These observations reveal that the Siirgii and Cardak faults represent active sinistral strike-slip fault
morphology. Within the framework of morphometric indice calculations, a total number of 7 mountain front
sinuosity (Smf) values were calculated in the study area, 4 on the Siirgii fault and 3 on the Cardak fault. The
variation of the Smf values between 1.21 and 1.48 indicate domination of the tectonic activity over the
denudation process along the basin within the study area. In the study area, average Vf values were calculated
from 16 and 20 valleys along the mountain fronts of the Siirgii fault and Cardak faults. Overall, the calculated
average VT values vary between 0.20 and 1.12. The combination of the calculated Smf and Vf values within
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the study area indicate high activity for the Siirgii and Cardak faults. The observed high stream length-gradient
indice (SL) anomalies on the Siirgii and Cardak faults and adjacent landscapes along the 77 profiles throughout
10 valleys in the study area shows that these faults play an active role in the tectonic evolution of the region.
Eventually, morphometric investigations cater valuable information about the geomorphologic evolution of
the region and the effects of the tectonic process on this evolution.
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Makale Tarihgesi Oz — Marmara havzasmin Batisinda bulunan Kavak Cayinin sucul Gastropoda ve Bivalvia faunast ile bazi su kalitesi 6zellik-
. . lerinin arastirilmasini amaglayan bu ¢alismada, Kavak Cay1 havzasindan segilen bes istasyondan 2016 yili igerisinde, makro-
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omurgasiz taban faunasi ve su 6rneklemeleri mevsimsel olarak gergeklestirilmistir. Standart 6rnekleme yontemleri kullanilarak
Kabul: 19.08.2021 yapilan taban faunasi 6rneklemelerinden sonra taban faunasindaki gastropod ve bivalv 6rneklerine ait bireylerin tiir teshis ve
sayimlar1 laboratuvarda gergeklestirilmigtir. Molluska tiirlerinin istasyonlara gore birey sayisi, baskinlik ve frekans degerleri
Yayum: 20.09.2021 hesaplanmigtir. Bunun yaninda, tespit edilen tiirlerin tolerans degerleri de verilmistir. Ornekleme istasyonlarinda yerinde 61-
ciilen su sicakligi, ¢6ziinmiis oksijen (doygunluk ve yogunluk), pH, toplam ¢6ziinmiis katilar, elektrik iletkenligi gibi paramet-
Arastirma Makalesi reler kaydedilmistir. Diger su kalitesi parametrelerinden niitrient ve bazi elementler ise laboratuvarda iyon kromotografisi
cihaz ile analiz edilmistir. Caliyma sonuglarina gore, arastirma bolgesinde sucul molluska faunasina ait toplam 17 takson
belirlenmistir. Yerinde ve laboratuvarda 6lgiilen su kalitesi parametreleri Tiirkiye Su Kalitesi Kontrolii Yonetmenligine gore
karsilastirildiginda, 6rnekleme istasyonlarmin 6lgiilen parametrelere gére birinci (en yiiksek) ve dordiincii kalite (en diisiik)
smiflan arasinda olduklar1 belirlenmistir. Ozellikle ¢oziinmiis oksijen ve Aliiminyum gibi bazi parametrelerin etkisiyle su
kalitesi siniflarinin diistiigii gézlenmistir. Sonug olarak, Kavak Cay1 ve havzasinda belirli su kalite parametrelerinin su kalite-
sini kotiilestirdigi, buna bagh olarak da, ortamda yasayan molluska faunasi kompozisyonunun genel olarak organik kirlilige
toleransh tiirlerden olugtuklari goriilmiistiir.
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1. Giris

Sucul ekosistemler siirekli olarak ¢esitli kaynaklardan gelen kirletici insan faaliyetlerinin etkisi altindadir
(Salanki, Salanki, Kamardina ve Rozsa, 2003). Sucul ekosistemler i¢inde akarsular ise en fazla baskisiya maruz
kalan ve ilk olarak etkilenen ortamlardir. Bu nedenle siirekli olarak su kimyasi kalitesi ve ekolojik kalite anla-
minda kontrol edilmesi gerekmektedir (Hering vd., 2006). Biyolojik indikatorler, sucul ekosistemlerin kalite-
sinin izlenmesinde uzunca bir siiredir kullanilmaktadir (Rosenberg ve Resh, 1993). Su zeminine bagli olarak
yasayan (taban omurgasizlari, fitobentoz, makroalg gibi) komiinitlerin ¢evresel degiskenlerle ile etkilesimleri,
yalnizca mevcut durumu degil ayn1 zamanda uzun bir zaman dilimi igerisinde olusan etkilerin gosterilmesini
de saglamaktadir (Rosenberg, 1998).

Sucul mollusklar, taban omurgasizlar igerisinde ekolojik ve biyolojik izleme c¢alismalarinda, hemen hemen
tiim sucul ortamlarda bulunabilmeleri, yliksek cesitlilige sahip olmalar1 ve kirleticilere karsi az ya da ¢ok tepki
gostermesi ile 6ne ¢ikan bir canli grubudur (Goldberg, 1986; Salanki, 1989). Bazi taksonomik gruplar (familya
seviyesinde) sinirli tolerans gosterse de, bazilar1 genis toleransa sahiptir (Yildirim, 1999; Mandaville, 2002).
Bu nedenle siklikla pasif ve aktif biyolojik izleme ve risk degerlendirme ¢alismalarinda kullaniimaktadir
(Borcherding ve Volpers, 1994).

Tiirkiye gibi gelismekte olan iilkelerde dogrudan veya aritilarak sucul ortamlara salinan evsel ve endiistriyel
atiklar giderek artmakta olan bir problemdir (Demirbas, 2001). Buna bagli olarak, endiistrilesme ve hizli niifus
artig1, 6zellikle son yillarda énemli bir sorun haline gelmistir (Karslioglu, Baba ve Ozan, 2004). Ulkemiz su

kaynaklarinin korunmasi ve iyi ekolojik duruma getirilmesi ¢alismalari, Avrupa Birligi’ne uyum programu ile
hiz kazanmig, bu baglamda Su Cergeve Direktifi (SCD) (2000/60/AT) iilkemizde uygulamakta ve yiizey sula-
rinin fiziko-kimyasal ve biyolojik izleme programlari yiritilmektedir (Bulut ve Birben, 2019). Biyolojik iz-
leme programlarinda en ¢ok kullanilan ve SCD kapsaminda bir kalite unsuru olan taban biiyiikk omurgasizlar
su kiitlesi hakkinda kapsamli bir degerlendirme imkan1 sunmaktadir (Karr, 1999; Kenney, Sutton-Grier, Smith,
ve Gresens, 2009; Kazanci vd., 2010). Taban omurgasizlar i¢inde 6nemli bir yeri olan tatlisu mollusklari
hakkinda tilkemizde yapilan ilk ¢alismalar Roth (1839) ile baglamis, miiteakiben yerli ve yabanci ¢ok sayida
bilimsel ¢calismayla (Schiitt, 1964; Schiitt ve Bilgin, 1970; Bilgin, 1980; Schiitt ve Sesen, 1993; Yildirim, 1999;
Ustaoglu, Balik ve Ozbek, 2001, 2003; Oktener, 2004; Yildirim vd., 2006; Kebapci ve Yildirim, 2010; Kili-
caslan ve Ozbek, 2010; Kosal-Sahin, Bahadir-Koca ve Yildirim, 2012; Odabasi ve Georgiev, 2014; Yildirim,
Kebapei, Koca ve Yiice, 2015; Kosal-Sahin ve Zeybek, 2016; Giirlek, 2017; Giirlek, Kosal-Sahin, Dokiimcii
ve Yildirim, 2019; Gozler ve Baytasoglu, 2020; Tomilova vd., 2020; Odabasi, Akay ve Koyuncuoglu, 2020;
Sands vd., 2020) hiz kazanmustir.

Marmara bdlgesinin 6nemli bir béliimiinii temsil eden Canakkale Ilinin kapladig1 alandaki sucul ekosistem-
lerde oldukga sinirli sayida ekolojik ¢caligma mevcuttur. Diger taraftan Gelibolu Yarimadasi (Canakkale) sinirl
Tatlisu kaynaklarinin varligi ile dikkat ¢ceken bolgelerden birisidir. Biga Yarimadasi i¢su havzalarinda bazi
faunistik (Bilgin, 1980; Sar1, Balik, Ustaoglu ve Ilhan, 2006; Odabasi, Kebapci ve Akbulut, 2013; Odabasi ve
Georgiev, 2014; Odabasi, Arslan, Ozdilek ve Odabas1, 2019) ve ekolojik (Akbulut vd., 2009a; Akbulut vd.,
2009b; Odabas1 ve Biiyiikates, 2009) konulari ele alan bilimsel ¢alismalarin varligi goriilse de, Canakkale’nin

Avrupa kismindaki en 6nemli dogal sucul ekosistemi olan Kavak Cay1’nda ¢ok az ¢caligma mevcut olup (Kelkit
ve Oztiirk, 2005; Akbulut, Odabasi, Odabas1 ve Celik, 2006), sucul omurgasizlari hakkinda hig bilimsel veri
bulunmamaktadir.

Kavak Cay1 ve havzasinin bazi kollarinda gergeklestirilen bu ¢alismada, sucul molluska tiir ¢esitliligi ile bazi
su kalitesi parametrelerinin belirlenmesi amaglanmigtir. Calisma alanini olusturan boélgede bu konu ile ilgili
bir bilimsel ¢alisma bulunmamasindan dolay1 ilk olma 6zelligi tasiyan bu aragtirma, bolgenin ve iilkemizin
zoocografik bilgi birikimine katki sunabilecek niteliktedir.
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2. Materyal ve Yontem

2.1. Ornekleme Bolgesi

Marmara bolgesinin Trakya boliimiinde ve Canakkale ili ile Tekirdag ili arasinda yer alan Kavak Cayi,
calisma alanin1 olusturmaktadir. 50 km uzunlugundaki Kavak Cayi Gelibolu Yarimadasini gecip Saroz
korfezi’ ne dokiiliir. Korudagi’ ndan dogan Kavak Cay1, 1100 m%sn’lik bir su debisine sahiptir (Anonim
2013). Havzayi etkileyen baslica kirleticilerin evsel atiklar, evsel kati atiklar, zirai ilag ve giibre kullanimlarmin
oldugu belirtilmektedir. Kavak Cay1 Deltasi, 2010 yilinda Ozel Cevre Koruma Alani olarak kabul edilmistir,
bunun yani sira birinci derece dogal sit alanidir. Ulkemizdeki 6nemli 135 sulak alan icinde kalmaktadir
(Anonim, 2013).

Bu caligmanin amacina ydnelik olarak, Kavak Cay1 havzasinda 5 farkli 6rnekleme istasyonu secilmistir. Kavak
deltasina yakin bir konumda bulunan birinci 6rnekleme istasyonu Kavakkody yakinindan belirlenmistir. Birinci
istasyona yakin konumdaki Kavakkoy kopriisii, ikinci drnekleme istasyonu secilmistir. Evrese Beldesinin
yakinindaki alandan secilen bdlge, caligmanin {igiinclii Ornekleme istasyonudur. Dordiincii 6rnekleme
istasyonu, Bayrami¢ Beldesi yakinindan belirlenmistir. Yiiliice Koyii yakinindan belirlenen 6rnekleme alani
ise bu ¢alismanin besinci ve son istasyonudur (Sekil 1, Tablo 1).
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Sekil 1. Calisma bolgesinde secilen 6rnekleme noktalart
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Tablo 1
Caligma alaninda segilen istasyonlarin koordinatlar1 ve érnekleme tarihleri

Istasyonlar Ornekleme zamanlarn  Koordinat
29.01.2016, 24.05.2016

KV1 31.08.2016, 03.11.2016 4037 237 N/26'53°97 E
K\V2* 24.05.2016, 03.11.2016  40° 36° 49” N/ 26° 53’ 0" E
K\V/3* 20.01.2016, 24.05.2016  40° 40° 12" N/ 26 53° 32" E
Vi 20012016, 24052016, 0\ .\ o i g

31.08.2016, 03.11.2016
KV5** 29.01.2016, 24.05.2016  4041°39° N/26'58’ 9 E
* Akarsu yatag1 cevresindeki alt yap1 caligmalar1 nedeniyle her donem 6rnekleme yapilmamistir

**Qrnekleme noktasinda su akisi olmadigi dénemlerde drnekleme yapilmamustir

2.2. Bentos Orneklemesi ve Tiir Teshisleri

Molluska tiir ¢esitliliginin belirlenmesi amaciyla akarsu tabani ¢oklu habitat yontemi (BS EN 16150:2012)
ile 6rneklenmistir. Yontem, her bir akarsu i¢i habitatin (Kumlu, Camurlu, Bitkili, Detritus) akarsu boyunca 20
m mesafe i¢indeki kapladigi alanin biiyikliigiine gore el kepgesi (25 cm taban uzunlugu ve 500 p ag goz
acikligi) ile orneklenmistir. Bununla birlikte 6rnekleme alaninda bulunan tas ve bitkilik habitatlar incelenmis,
bulunan farkl: tiirdeki ornekler pens, firca gibi aletler yardimiyla drneklere dahil edilmistir. Orneklerin
fiksasyon icin %80°lik etil alkol kullanilmigtir. Laboratuvara getirilen bentik 6rnekler organizma gruplarina
ayrilmistir. Gruplara ayrilan organizmalar Stereo zoom (Olympus SD30) mikroskop kullanilarak teshis
edilmistir. Teshisler Gloer (2015), Killeen, Aldridge, Oliver ve Council (2004), Bilgin (1980), Kornuishin
(1996), Schiitt (1965), Oztiirk, Onen ve Dogan (2008) ve Lopes-Lima vd. (2021)’e gére yapilmistir. Tiirlerin
fotograflanmas1 ve oOlgeklendirilmesinde Zeiss Stemi 508 ile biitliinlesik Axiocam 105 color cihazi
kullanilmigtir,

2.3. Suyun Fiziksel ve Kimyasal Degiskenleri

Bentik 6rnekleme yapilan 6rnekleme istasyonlarinda suyun pH, ¢6ziinmiis oksijen, TDS (toplam ¢oziinmiis
katilar) parametreleri ¢oklu parametre 6lger (HI 98194, pH/EC/DO multiparameter) ile yerinde kaydedilmistir.
Ayrica 500 mL’lik polietilen 6rnekleme kaplarma alian su érnekleri de Mg*?, Ca*?, CI, NH4",N, NOs", POy,
B, Ni, Co, Zn, Fe, Al, Ba, Mn, Cr, Cu, Pb, Cd ve Na* K, Ca iyonlarinin analizleri i¢in Canakkale Onsekiz
Mart Universitesi Merkez Laboratuvarina soguk zincirde transfer edilmistir. Su parametreleri Su Kalitesi
Kriterleri yonetmeligi (Anonim, 2004) ile karsilagtirthip degerlendirilmistir.

2.4. Veri Analizi

Teshis edilen tatlisu mollusklart istasyonlardaki bulunuslarina gére baskinlik ve siklik degerleri PAST
(4.05) paket programi ile hesaplanmistir. Su kalitesi parametrelerinin istasyonlardaki degerlerinin mevsim
ortalamalar1 ve standart sapma degerleri belirlenmistir.

3. Bulgular ve Tartisma

Calisma boyunca gerceklestirilen 6rneklemelerde teshis edilen toplam takson sayisi 17°dir. Gastropoda
smifina ait Bithynia tentaculata, Bithynia sp., Ecrobia ventrosa, Bittium reticulatum, Valvata piscinalis ve
Rissoa sp., Galba truncatula, Gyraulus piscinarum, Planorbis carinatus, P. intermixtus, Physella acuta, Radix
labiata olmak tizere toplam 12 takson teshis edilmistir. Bivalvia sinifindan ise Pisidium nitidum, Musculium
lacustre, Pisidium sp. ve Abra sp. ile Unio eucirrus olmak iizere 5 taksonun varligi belirlenmistir (Tablo 2).
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Tablo 2
Teshis edilen sucul mollusklar ve bulunduklari rnekleme istasyonlari
Tiirler / Istasyonlar KV1 KV2 KV3 KV4 KV5
Gastropoda/ Caenogastropoda
Bithynia tentaculata
Bithynia sp.
Valvata piscinalis
Bittium reticulatum
Ecrobia ventrosa
Rissoa sp.
Gastropoda/Heterobranchia
Galba truncatula
Gyraulus piscinarum
Physella acuta
Planorbis carinatus - - + - -
Planorbis intermixtus
Radix labiata + - - - -
Bivalvia
Musculium lacustre
Pisidium nitidum - -
Pisidium sp.
Abra sp.
Unio eucirrus

+ + + 4+ + +

+ + +
1
1
1
1

+
1
1
1
1

+ +
1
1

+ + +
1
1
1
1

Calisma boyunca tespit edilen tiirlerden birey sayisi olarak en bol tiirlerin %19.84 baskinlik degeri ile Galba
truncatula ile Valvata piscinalis oldugu belirlenmistir (Tablo 3). Sayica fazla olan bu gastropodlardan V.
piscinalis’ in Istasyon I ve istasyon IV’ten &rneklendigi belirlenmistir. G. truncatula’ nin ise sirasiyla en fazla
istasyon IV ve istasyon Il1l’ten 6rneklendigi goriilmistiir (Tablo 3). Birey sayisi yiiksek olan gastropodlar ile
birlikte, V. piscinalis, Pisidium sp. ve Physella acuta %22.22 frekans degeri ile galisma boyunca en sik
rastlanilan taksonlardir (Tablo 3). Bivalvia grubuna ait taksonlardan sayica en bol olaninin %19.05 dominans
orant ile Pisidium nitidum’un 6ne ciktign goriilmektedir. Bu tiiriin en fazla birey sayisi Istasyon IV
istasyonunda tespit edilmistir. Akbulut vd. (2009a)’a gore Atikhisar Baraj1 ve Sarigcay (Canakkale)’da yapilan
calismada Molluska faunasina ait toplam 29 takson tespit edilmistir. Atikhisar Baraji ve Sari¢ay’da
gergeklestirilen bu ¢alismada Physella acuta tiiriiniin %11.76 baskinlik ve %15.63 frekans degeri ile en baskin
ve en sik rastlanan gastropod oldugu ortaya konulmustur. Physella acuta Kavak Cayi’nda diisiik birey sayisi
ile temsil edilmesine ragmen frekansi en yiiksek tiirdiir. Iki calisma arasinda tiir gesitliligi bakimindan

benzerlik bulunsa da, Sarigay ve Atikhisar Barajinda daha yiiksek bir tiir ¢esitliligi goriilmektedir. Bu iki
calisma, bivalv taksonlar1 bakimindan karsilastirildiginda, Kavak Cayin’da Pisidium nitium tiiriniin, Sarigay
akarsuyu ve Atikhisar Barajinda ise Dreissena polymorpha tiiriiniin baskinlik ve siklik bakimindan belirgin
bigimde 6ne ¢iktiklar goriilmektedir. P. acuta ve D. polymorpha istilaci canlilar arasinda gosterilen, sirasiyla
Kuzey Amerika kitasi ve Dogu Avrupa kokenli mollusklardir (Dillon, Wethington, Rhett ve Smith, 2005;
Stanczykowska, Lewandowski ve Ejsmont-Karabin, 1983). Canakkale ilindeki (Anadolu tarafindaki)
akarsularda varlig: tespit edilen D. polymorpha, Potamopyrgus antipodarum ve P. acuta gibi bazi istilaci
mollusk taksonlarinin (Odabasi, Arslan, Ozdilek ve Odabasi, 2019), sonuncusu hari¢ Kavak Cayi’nda var

olmadig1 goriilmiistir.
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Tablo3

Istasyonlarda tespit edilen canli tiirlerinin mevsimlere gore dagilimi

MEVSIM ILKBAHAR YAZ SONBAHAR KIS

iSTASYON 1234 5 1234 5 1 2345 1 2345 Iiorz;am %D F %F
Gastropoda/ Pulmonata

Galba truncatula 00027 O 4 0010 O 1 0000 0 0800 50 19.84 5 27.78
Gyraulus piscinarum 0000 O 2 000 O 0 00O00O 0 00O0O0 2 0.79 1 5.56
Physella acuta 0000 O 0 002 O 3 1000 1 000O0 7 2.78 4 22.22
Planorbis carinatus 0001 0 0 00O 0 0 00O0O 0 00O0O 1 0.4 1 5.56
Planorbis intermixtus 0000 O 0 000 O 1 0000 0 00O0O0 1 0.4 1 5.56
Radix labiata 0000 O 0 000 O 3 1000 0 o0O0OO0OO0 4 1.59 2 11.11
Gastropoda/ Prosob-

ranchia

Bithynia tentaculata 0001 O 0 000 O 5 0000 0 0000 6 2.78 3 16.67
Bithynia sp. 0000 O 0 000 O 5 0000 0 0000 5 1.98 1 5.56
Valvata piscinalis 0000 O 3 0210 O 350000 0 00O0O0O 50 19.84 4 22.22
Bittium reticulatum 0008 O 0 000 O 150000 14 0000 37 14.66 3 16.67
Ecrobia ventrosa 000O0 O 4 000 0 2 0000 0 00O0O 6 2.78 2 11.11
Rissoa sp. 0003 O 2 000 O 9 0000 0 00O0OO0O 14 5.56 3 16.67
Bivalvia

Musculium lacustre 000O0 O 0 001 0 0 00O0O 0 00O0O 1 0.4 2 11.11
Pisidium nitidum 0004 O 0 000 O 0 00O00O 0 0O0O0O 48 19.05 1 5.56
Pisidium sp. 0002 O 5 000 O 9 0020 0 0O0OO0OO 18 7.14 4 22.22
Abra sp. 0000 O 1 000 O 0 00O00O 0 00O0O0 1 0.4 1 5.56
Unio eucirrus 0000 O 2 000 O 0 00O00O 0 00O0O0 2 0.79 1 5.56
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Galba truncatula’nin yiiksek pH (9.6’ ya kadar) degerlerinde yasayabildigi ve insan yerlesimlerine yakin
lokalitelerde bulunduklart bildirilmistir (Glder, Yildirim ve Kebapei, 2015). Kavak Cay1’nda akarsu boyunca
tarim ve hayvancilik faaliyetlerinin yaygin olmasi ve suyun pH degerlerinin (Tablo 4) bu tiiriin bolgedeki
dagilimin tesvik ettigi sdylenebilir. Ayn1 zamanda, molluska faunasinin Kavak Cayi’nda nispeten diisiik
cesitlilik sergilemesinin yukarida belirtilen ¢evresel kullanimlar ile ilgili olabilecegi diisiiniilmektedir.

Kavak Cayi’nda gergeklestirilen bu ¢alismada, teshis edilen bir¢ok gastropod ve bivalv tiirliniin (Bithynia sp.
B. tentaculata, V. piscinalis, B. reticulatum, E. ventrosa, Rissoa sp., G. truncatula, G. piscinarum, P. acuta, P.
carinatus, P. intermixtus, R. labiata, Pisidium sp., Abra sp., U. eucirrus) I. istasyonda bir arada bulunduklari
goriilmektedir (Tablo 2). Olgiilen su kalite parametresi bakimindan SKKY’ne gére 1. ve IV simif yiizey suyu
ozelligi tasiyan bu istasyonda organik kirlilige orta derecede toleransli taksonlarin bulunmasi (Kerney, 1999;
Cabuk, Arslan ve Yilmaz, 2005; Seddon, Kebapei ve Van Damme, 2014), bu istasyonun mollusk taksonlarinin
tercih ettikleri habitatlar1 da bulundurmasiyla agiklanabilir. Caligmanin birinci istasyonu nehir agzi
ekosistemine yakin oldugundan, tipik bir ac1 su tiirii olan E. ventrosa (Kerney, 1999) ve B. reticulatum, Rissoa
sp., Abra sp. gibi bazi denizel taksonlarin bu ortamda diger tatlisu mollusklari ile diisiik sayida da olsa birlikte
bulunmalari olagan bir durumdur. Kiiresel bir istilaci olan ve Kuzey Amerika kokenli P. acuta (Dillon,
Wethington, Rhett ve Smith, 2005; Semenchenko, Laenko ve Razlutskii, 2008; Odabasi, Arslan, Ozdilek ve
Odabasi, 2019), bu ¢alismada G. truncatula’dan sonra en sik rastlanilan ikinci tiir oldugu tespit edilmistir.
Akbulut vd. (2009a)’un bulgularina gore ise P. acuta Sarigay ve Atikhisar Barajinda en bol ve sik bulunan
tirdiir.

Tablo 4
Ornekleme Istasyonlarindaki Baz1 Su Kalitesi Parametreleri ortalama degerleri, standart sapmalari (£) ve su
kalitesi siniflar

Parametreler KV1 KV2 KV3 KV4 KV5

pH 7.06+1.39 7.01 £1.82 8.47 +0.26 7.71+1.44 8.39+0.26
Kalite Simifi | | | | |

E.i (nS/cm) 1115 1468 1198 3278 3278
Sicakhik 13.39 +10.62 16.86 + 4.15 15.354+9.63 14.73+5.87 16.95+9.65
Kalite Simifi | | | | |

CO (%) 87.37+41.47 63.65+20.17 58.65+16.19 539+1507 51.2+14.14
Kalite Sinifi | i i i i

CO (mg/L) 6.88 +1.87 829+ 1.46 591 +0.37 5.37+1.29 49+0.34
Kalite Sinifi I | i 1] 1
TDS (mg/L) 306.69 £ 407.22 443.77+574.49 758 £118.8 835 +£176.74 555 +£72.13
Kalite Simifi | | | 1 |

Cl - (mg/L) 21.43 i i 18.97 i
Kalite Sinifi I I

SO4 (mg/L) 43.3 ) ) 36.15 ]
Kalite Simifi | |

NOs (mg/L) 3.42 ) ) 13.21 )
Kalite Siifi | n

Na* (mg/L) 12.7 £10.03 5.87+1.42 1453+ 1514 342+1.75 13.42+13.59
Kalite Simifi | | | [ |
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Tablo 4 (Devami)

Parametreler KV1 KV2 KV3 KV4 KV5

Cd (pg/L) 0.31 0.19 137+ 2.75

Kalite Sinifi | ) | | )

Pb (ng/L) 11.29 £7.56 8.6 6.72 £ 5.18 9.3 +£3.74 1.53 £2.16
Kalite Sinifi Il I I | |

Cu (png/L) 3.04 +1.52 195 +1.43 2.11 £2.9 1.79 +1.33 3.03 £1.6
Kalite Sinifi | | | | |

Cr (ng/L) 0.8 £0.36 0.11 0.3 0.41 0.53
Kalite Simifi | | | | |

Mn (pg/L) 142.68 +211.08 4.08 +1.63 9.53 £5.11 9.21 £2.97 591 +0.007
Kalite Simfi Il | | | |

Ba (ng/L) 68.5 +£37.38 34.26 £3.82 4438 £16.56 64.52 +£33.52 32.97 £0.42
Kalite Simifi | | | | |

Al (mg/L) 41.47 £40.9 51.01 £52.19 55.29 +45.72 40.75 £32.47 18.25 +1.66
Kalite Sinifi v v v v v

Fe (ug/L) 31.45 13.33 2.45 21.89 9.13
Kalite Simifi | | | | |

Co (mg/L) 1.17 £0.35 0.96 +0.43 0.99 +0.81 0.6 £0.41 0.35 £0.09
Kalite Sinifi | | | | |

Zn (ng/L 6.38 +8.23 291 0.45 3.47

Kal(iilegSu)nfl | | | | ALA

Ni (mg/L) 475 £5.26 4.1 0.62 0.87 +£1.38

Kalite Sinifi | | | | ALA
Mg (mg/L) 2.60 +1.49 2.68 £0.12
Kalite Sinifi ) ) ) | |

B (mg/L) 79.28 £ 33.17 35.97+12.33
Kalite Sinifi ) i ) | |
Ca(mg/L) 1.17+0.18 0.96 £0.23 0.99 +0.46 0.6 £0.03 0.35+0.11
Kalite Sinifi | | | | |

K (mg/L) 8.11+2.24 5.6+£0.9 5.52 +£3.42 2.11 2.77
Kalite Sinifi | | | | |

ALA: Analiz Limiti Altinda

Elde edilen verilere gore, Kavak Cayi’ndaki birey sayisi bakimindan en bol bulunan bivalv tiirii Pisidium
nitidum’dur. Kuiper vd. (1989)’a gore Kuzey Avrupa’da daha yaygin olan P. nitidum, soguk sulara toleransl

bir tiirdiir. (Akbulut vd., 2009a) tarafindan Canakkale ili i¢ sularindan varligi bildirilen bu tiirtin, Tiirkiye’deki

diger havzalardan varlig1 bilinmemektedir.

Kavak cayinda belirlenen 6rnekleme istasyonlarindaki taksonlarin tolerans degerlerinin Hilsenhoff dlgegine

gore (Mandaville, 2002) genelde yiiksek toleransli ve toleransli kategorisinde yer aldiklart goriilmektedir

(Tablo 5). Bu bakimdan bu ¢alismadaki drnekleme istasyonlarinin organik kirleticilerin baskisi altinda oldugu

sOylenebilir. Yerinde ve laboratuvarda oOlgiilen su kalitesi parametrelerinden CO yogunluk ve yiizde
doygunlugu, NO; ve Al degerlerinin SKKY ’ne gore ¢ogunlukla I11. ve IV. sinif su kalitesi 6zelligi sergilemistir
(Tablo 4). Bu durumun bolgedeki tarimsal faaliyetlerin yogunlugundan ve yerlesim yerlerindeki alt yapi
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eksikliginden (Anonim, 2013: 35) kaynaklandigi 6ngoriilmektedir. Aliiminyum elementinin sudaki birincil
kaynagi toprak ve kayaglardir (Miller, Kopfler, Kelty, Stober ve Ulmer, 1984), bu baglamda, Kavak Cayinin
iist havzasinda deva eden baraj ingaatinin (Cokal Baraj1) aliiminyum degerlerini yiikselttigi diisiiniilebilir.

Tablo 5

Teshis edilen Molluska taksonlara ait Hilsenhoff biotik indeksine gore taksa tolerans degerleri

Taksonlar Tolerans indikator/ Taksonlar Tolerans indikator/ Taksonlar Tolerans indikator/

Degeri  Su kalitesi* Degeri  Su kalitesi* Degeri  Su kalitesi*

G. 6 T/O B. 8 YTI/S M. lacustre 6 T/O
truncatula tentaculata

G'. . 8 YT/S Bithynia sp. 8 YTI/S P. nitidum 8 YT/S
piscinarum

P. acuta 8 yrs Vo 8 YT/S  Pisidumsp. 6 T/0

piscinalis

P. B.
carinatus 6 T/0 reticulatum yok Abra sp. yok

P. . 6 T/O E. yok U. eucirrus 6 T/0
intermixtus ventrosa

R. .

labiata 6 T/O Rissoa sp. yok

*: T (toleransl), YT (yiiksek toleransli), O (orta; organik kirlilik mevcut), S (sagliksiz; belirgin organik kirlilik
mevcut)
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Sekil 2. Calisma alanindan teshis edilen taksonlar. A: Galba truncatula, B: Radix labiata, C: Physella acuta,
D: Bithynia tentaculata, E: Planorbis intermixtus, F: Planorbis carinatus, G: Gyraulus piscinarum, H:
Bithynia sp., I: Valvata piscinalis, J: Bittium reticulatum, K: Ecrobia ventrosa, L: Rissoa sp., M: Abra sp., N:
Pisidium nitidum, O: Pisidium sp., P: Musculium lacustre, R: Unio eucirrus (Olgek Bar1 A-P: 1 mm, R: 1 cm)
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4. Sonuclar

Cografi olarak Trakya bolgesinde yer alan ve Marmara Havzasiin bir akarsu ekosistemi olan Kavak
Cay1i’nda gergeklestirilen bu calismada teshis edilen mollusk faunasi taksonlar1 ¢alisma bolgesinde ilk kez
bildirilmistir. Teshis edilen taksonlarin genel olarak toleransli ve yiiksek toleransh olduklari belirlenmistir.
Buna ragmen istilac1 6zellik sergileyen mollusk taksonlarinin bulunmayzisi, ya da diistik birey sayisi ile temsil
edilmesi (P. acuta gibi) dnemli bir dagilim ve popiilasyon yapist bulgusu olarak degerlendirilmistir. Cevresel
arazi kullanimi1 bakimindan, Kavak Cay1 tarim alanlarinin ve bazi yerlesim alanlarinin etkisi altindadir. Bu
durum, baz1 su kalitesi verilerine yansidig1 gibi, agirlikli olarak ekolojik toleransi yiiksek mollusklarin varlig
ile de kendini gostermistir. Tatlisu habitatlarinin sucul ekosistem igerisinde en fazla baski altindaki habitatlar
olduklan belirtilmektedir (Angelier, 2002; Mason, 2002). Calisma alamimizda elde edilen veriler dikkate
alindiginda, Kavak Cayi’nda nitrat, aliminyum ve ¢ézlinmiis oksijen gibi bazi su kalitesi parametrelerinin su
kalite smifin1 distrdiigic ve tespit edilen mollusk taksonlarinin genelde toleranshi ozellikte oldugu
gorilmektedir. Gerekli tedbirlerin alinmasiyla su kalitesinde ve sucul organizma komiinitesinde olumlu

gelismeler kaydedilmesi ongoriilmektedir.
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Oz — Canakkale Savasi (Canakkale Muharebeleri), I. Diinya Savasi sirasinda 1915-1916 yillari arasinda Gelibolu
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planlanan bolgelerde yapilan jeofizik, jeodezik ve uzaktan algilama ¢aligmalari ile belirlenmistir. Calisma kapsaminda
ilk olarak; tiim alanlarda [HA gbriintiileri yardimiyla sayisal yiikseklik modeli olusturulmus ve ortofotolar {izerinden yer
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olarak kullanilmistir. Caligma kapsaminda arastirma bolgeleri Sahindere Sehitligi ve Lone Pine Aniti gevresi olarak
segilerek jeofizik, jeodezik ve uzaktan algilama-insansiz hava araci (IHA) uygulamalar: yapilmistir. Sahindere
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1. Giris

Canakkale savaglarinda gerek alanin genisligi gerekse savasin siddetine bir de siire bakimindan oldukca
kisa zamanda gerc¢eklesmesi eklendiginde hem sehitlik alanlarin yerlerinin hem de savas kalintilarin yerlerinin
tam bilinmemesi normaldir. Bu dogrultuda onceki caligmalar sig jeofizik yoOntemlerdeki gelismelerin
yeraltinda gdmiilii durumda bulunan yapisal unsurlarin (mezar, top, mithimmat gibi) ortaya ¢ikarilmasinda ve
IHA calismalarinin ise siperlerin belirlenmesini kolaylastirdigi gériilmektedir (Biiyiiksarag, Bektas, Tulunay,
ve Ates, A., 2013; Biiyiiksarac vd. 2014; Yalciner, 2012; Yiicel, Yiicel, Yal¢iner, ve Yilmaz, 2018).

Canakkale savaslarinda kaybettigimiz sehitlerimizin naaslarinin yerlerinin belirlenmesi ve aradan gegen 103
yil sonra bile gereken saygiya kavusmalar i¢in gereken ¢aligmalari yapmak bu ¢aligmadaki en dnemli amag
olmustur. Caligma alaninin tiim cephelere yonelik olmasinin gerek zaman gerekse sonuglarin yorumlanmasi
agisindan etkin olmayacagi aciktir. Bu dogrultuda ¢alismalarin ilk asamasi olarak saha belirleme ve
gbzlemlerin yapilarak dogru noktalarin belirlenmesi biiyiik énem tasimaktadir. Ozellikle itilaf devletlerinin
kara harekatina yonelik ¢ikartma yaptigi sahil kesimleri 6ncelikli olmustur (Sekil 1). Bununla beraber yerleri
kesin olarak belli olmayan sehitlik alanlar1 da hem jeofizik yontemler ile arastirilacak hem de ylizeydeki
durumlari insansiz hava araci (IHA) yardinu ile haritalanmustir.

Google Earth

Sekil 1. Google Earth goriintiisii iizerinde ¢aligsma alanlarinin gosterimi

2. Materyal ve Yontem

Caligmanin baslangicinda literatiir ve ofis caligsmalar1 1518inda belirlenen bolgeler iizerinde jeolojik ve
jeomorfolojik gdzlemler yapilmistir. Hava ve uydu fotograflarinin, topografik haritalar ile karsilastiriimasi ile
arazinin ayrmtili topografyasi sayisal olarak olusturulmustur. Buna destek olarak IHA ile uygulanan
fotogrametrik ¢alismalar ile 6lgim sahalarimin yiiksek ¢oziintirliikli sayisal yiikseklik modeli ve ortofotosu
olusturulmustur. Bu sayede uygulanacak olan jeofizik dl¢iimlerin yerleri tam olarak sayisal ortamda da
islenmistir.

Yeralt1 radar1 yonteminde (GPR); yatay dogrultuda yere uygulanan bir¢ok jeofizik yontem, son yillarda
yapilarda da etkili sekilde uygulanmaktadir. Ozellikle hasar vermeden inceleme gerektiren tarihi binalarda
oldukca 6nemli bir istiinliik saglanmaktadir. Farkli jeofizik yontemlerin bir¢ok tarihi bina inceleme projesinde
basariyla uygulanmasina karsin, en etkili yontemin yeralti radar1 yontemi (GPR) oldugu ¢ogu uygulayici
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tarafindan kabul gérmektedir. Yeralt1 radari, arkeolojik alanlarda ve kiiltiirel miras aragtirmalarinda oldukca
etkili ve yaygin sekilde kullanilan bir jeofizik yontemdir (Martinez-Garrido, Fort, Gomez-Heras, Valles-Iriso,
ve Varas-Muriel, 2018; Johnston, Ruffell, McKinley, ve Warke, 2018; Yalciner, Kurban, ve Altinel, 2017;
Yalgmer, Biiyiiksarac, ve Kurban, 2019). Yeralti radar1 yontemi (GPR), elektromanyetik sinyallerin iletimi ve
daha sonra bilinen siireksizliklerin {irettigi yansimalarin alinmasi yoluyla duvarlar ve zeminler altindaki
yiizeyden goriilemeyen yapiy1 ortaya ¢ikarabilmektedir (Ming-Chih, Yu-Ming, Kun-Fa, ve Hui-Chi, 2009;
Persico, Ciminale, and Matera, 2014). Yiiksek frekansli yeralti radar1 yontemi (GPR) 6l¢iim diizenegi geregi
var olan antenler, 1-60 ns araliginda, ¢ok yiiksek ve asir1 ¢ok yiiksek (30-3000 MHz) bandinda kisa
elektromanyetik sinyal génderir. Yeralt1 radar1 yontemi (GPR), tahribatsiz kolay uygulanabilirligi ve yiiksek
hassasiyetteki yiiksek ¢oOziiniirlikkte verdigi sonuglar sayesinde, miihendislik jeolojisinden, ¢evre
aragtirmalarina, arkeolojik ¢alismalardan, yapisal miihendislik c¢alismalarina kadar bircok alanda
kullanilmaktadir (Daniels, 2004). Son olarak, yine Istanbul’da Kariye Miizesi restorasyonu dncesi yaptiklari
calismada Yalciner vd. (2019), yeralti radar1 yontemi (GPR) ve Ultrasonik Darbe Hizi (UPV) Testini kapsayan
tahribatsiz test tekniklerini kullanarak yapisal elemanlarin tas kalitesi, yapi i¢i geometrisi ve fiziksel
ozelliklerini yorumlamiglardir. Benzer sekilde ¢ok sayida ¢alismada bu yontem ile tarihi yapilarin hasarsiz
incelemeleri yapilmustir (Leucci, Masini, Persico, ve Soldovieri, 2011; Leucci, Masini, ve Persico, 2012;
Moropoulou, Labropoulos, Delegou, Karoglou, ve Bakolas, 2013; Kanl1 vd., 2015; Gil, Mas, Lerma, Torner,
ve Vercher, 2019). Teknolojik gelismeler sayesinde yiiksek frekansli antenlerin (450 MHz - 2.3 GHz)
kullanilmasi ile tarihi 6nem tasiyan binalarin ve yapilarin restorasyon calismalarinda da vazgegilmez bir
tahribatsiz aragtirma yontemi (NDT) olarak kendine yer bulmustur (Yalciner vd., 2019). Bu ¢alismada da

yeralt1 radar1 yontemi tahribatsiz olarak calisma sahalarinda 6l¢iimler gerceklestirilmistir. Yaklasik 6 m niifuz
derinligine kadar yiiksek ¢oziiniirliiklii goriintiiler elde etmek i¢cin Mala marka 450 MHz HDR PRO cihazi ile
hem yatay hem dikey dogrultuda uygulanan &lgiimler ile taramalar gergeklestirilmistir (Sekil 2). Olgiimlerde
kullanilan parametreler Tablo 1’de verilmistir.

Sekil 2. Caligmada kullanilan 450 MHz HDR anten ile yeralti radar1 (GPR) uygulamasi
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Tablo 1
Yeralti radar1 yontemi (GPR) ile yapilan 6lgiimlerde kullanilan parametreler
Anten Frekansi 450 MHz (HDR)
Iz Arah@ 0.035m
Ornek Sayisi 512
Ornekleme Frekans1 5120 MHz
Zaman Penceresi 114.45ns
Profil Aralig 0.5m

Yeraltt radar1 profillerinin sayisal olarak yorumlanmasi, aslinda jeoradar sinyali tarafindan {iretilen
parabollerin incelenmesi ve tekdiize olmayan daha yiiksek yogunluklara sahip alanlarin aranmasi islemidir. Bu
islem tarihsel binalar altindaki yapilarin yerini ve boyutlarin1 dogrulamak igin tahribatsiz aragtirma yontemi
(NDT) yaklagimi olarak ele alinmaktadir. Yapilan veri islem siirecinde her profil i¢in sinyal genlikleri gruplanir
ve aralarinda bir karsilagtirma yapilir. Daha sonra sinyalin genliginde ilk 6nemli degisikligin oldugu derinlik
aranir. Yeralti Radari sinyalinin zayiflamasina neden olan gerekce tanimlanir. Son olarak, sinyalin yayilim
kosullarindaki degisiklikleri 6l¢mek i¢in yazilim filtreleri kullanir.

3. Saha Calismalari

3.1. Sahindere Sehitligi

Sahindere Sehitligi Sevki Pasa haritalarinda da tam olarak belirtilmis ve gilinlimiizde Sehitlik olarak
diizenlenmistir (Sekil 3). Calismalarda ilk olarak IHA goriintiilerinden iiretilen sahanin koordinatli 3 boyutlu

sayisal yiikseklik modeli olusturulmustur (Sekil 4a). Daha sonra ise belirlenen 4 farkli alanda yeralt1 radari

yontemi (GPR) ile 6lgtimler gergeklestirilmistir (Sekil 4b).

Sekil 3. Sahindere Sehitligi gdsterimi.(a) Googleearth iizerinde yeri (kirmizi kutu). (b) Sevki Pasa haritasinda
yeri. (¢) Glinlimiizdeki Sehitlik gosterimi.
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Sekil 4. UAYV ile elde edilen yiikseklik modeli ve yiiksek ¢oziintirliiklii ortofoto. (a) Sahindere Sehitligi ¢aligma
alanin THA gériintiilerinden iiretilen sayisal yiikseklik modeli. (b) Sahindere Sehitliginde, yeralt1 radari
yonteminin (GPR) uygulandig alanlar.

3.2. Lone Pine

Lone Pine, yani Yalniz Cam, ismini Avustralyali askerlerin 25 Nisan 1915'te ¢ikartmadan buraya
geldiklerinde biiyiidiigiinii gordiikleri tek ¢gam agacindan aliyor. Canakkale'nin Eceabat ilgesine bagl Kocadere
Koyt sinirlart igerisinde yer alan mezarligin dogu ucunda da ayni isimle anilan bir anit var. 25 Nisan 1915
tarihinden agustos ayma kadar Lone Pine'de ¢ok agir carpigsmalar meydana gelmis. Calismalarda ilk olarak
IHA goriintiilerinden iiretilen sahanin koordinatli 3 boyutlu sayisal yiikseklik modeli olusturulmustur (Sekil
5). Daha sonra ise belirlenen uygun alanda, yeralti radar1 yontemi (GPR) ile 6lgtimler gergeklestirilmistir (Sekil

5¢).
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Sekil 5. Lone Pine calisma alanin (a) GoogleEarth fotografinda gosterimi (kirmizi kutu). (b) IHA
goriintiilerinden tiretilen sayisal yiikseklik modeli. (c) Yeralti radari yonetimin (GPR) uygulandigi alanlar.

4. Bulgular

Calisma yapilan bolgelerde toplanan veriler islenerek 3 boyutlu hacimsel veri haline doniistiiriilmiistiir
(Sekil 6). Bu verilerin 3 boyutlu hale getirilmesi sayesinde ayrintili derinlik gosterimleri kat haritasi olarak da
hazirlanmig (Sekil 7) ve en iyi temsil eden derinlikler belirlenerek yorumlamada kullanilmistir (Sekil 8).
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Sekil 6. Sahindere Sehitligi ¢alisma bolgesi Alan 2’de elde edilen yeralti radari (GPR) verilerinin tiim
derinliklerde gésterimi (koyu renkli alanlar belirtilere karsilik gelmektedir).
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Sekil 7. Sahindere Sehitligi ¢alisma bolgesi Alan 2’de elde edilen yeralt1 radar1 (GPR) verilerinin derinlik
kesitlerinin gosterimi (koyu renkli alanlar belirtilere karsilik gelmektedir).
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Sekil 8. Sahindere Sehitligi ¢alisma bolgesi Alan 2°de elde edilen yeralti radar1 (GPR) verilerinin en iyi derinlik
olan 240 cm derinlik gosterimi (koyu renkli alanlar belirtilere karsilik gelmektedir).
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4.1. Sahindere Sehitligi

Sahindere Sehitligi calismalar1 4 bolgede uygun yerler segilerek gerceklestirilmistir (Sekil 4). Alanlar IHA
gortintiilerinden hazirlanan ayrintili ortofoto iizerine incelenen 4 ayri bolgenin genel olarak en iyi belirtiyi
temsil eden derinlik segilerek yerlestirilmis ve yoruma hazirlanmigtir (Sekil 9).

N ’ ¥ ne

i T i’ Sk bk
Sekil 9. Sahindere Sehitligi caligma alaninda uygulanan yeralti radarina (GPR) ait sonuglar (koyu renkli alanlar
belirtilere karsilik gelmektedir).

Sahindere Sehitligi cevresinde yapilan ¢alismalar tiim alanlarda oldugu gibi IHA uguslar ile baslamis ve
giiniimiizdeki sehitlik igerisini kapsamayacak sekilde en uygun olan 4 ayr1 alanda gergeklestirilmistir (Sekil
4b). Olgiim yapilan her alanda “Olas1 Sehitlik” diye tanimlanabilecek belirtiler yaklasik 240 cm derinlikte
karsimiza ¢ikmistir (Sekil 10). Normalde mezar igin fazla olan bu derinligin ¢evre diizenlemesi yapilmis alanda
olas1 bir deger oldugu anlasilmistir. Bélgede yapilan 6lgtimler sonucu belirlenen olasi Sehitlik alanlar1 belirti
olarak birbirlerine ¢ok yakin oldugu icin sayr vermekten kagmilmustir. Alan olarak yaklasik 1130 m?
hesaplanmis bu da toplam 6l¢iim alanin yaklasik 2300 m? oldugu i¢in %50’sine karsilik gelmektedir. Kaba bir
hesap ile mezarlarin 2 m? civarinda bir alan kapladig1 diisiiniildiigiinde ise yaklagik 500 — 550 olas1 Sehit
Mezari olma ihtimali bulunmaktadir.
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Om 10m 20m 0m 40m 50m|

Sekil 10. Sahindere Sehitligi 6l¢iim bolgesinde elde edilen sonuglarin gosterimi. (a) Yeralti radar1 (GPR) ile
elde edilen verilerin tizerine belirtilerin yerlestirilmis goriintisii. (b) Belirlenen bulgularin ortofoto tizerinde
gosterimi.

4.2. Lone Pine

Lone Pine ¢aligma alaninda THA 6lgiimleri sonrasinda yaklasik 1100 m?’lik bir alanda yeralt: radar1 (GPR)
6lgtimleri devam etmistir (Sekil 5¢). Yapilan dlgtimlerin gdsterimi igin derinlik haritasi olusturulmustur (Sekil
11). Bu derinliklerin daha iyi tanimlanabilmesi i¢in derinlik kesiti haritas1 olusturulmustur (Sekil 12). Elde
edilen derinlik haritasinda asil yapisal unsurlarin 150 cm derinde oldugu goriilmistiir (Sekil 13). En iyi temsil
ettigi diisiiniilen 150 cm derinlikteki yapisal unsur IHA gériintiilerinden olusturulmus yiiksek ¢oziinirliiklii
ortofoto ile ¢akigtirilarak belirtilerin tam yeri ortaya ¢ikarilmistir (Sekil 14).
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(koyu renkli alanlar belirtilere karsilik gelmektedir).

Sekil 12. Lone Pine ¢aligma alaninda elde edilen yeralt1 radarina (GPR) ait verilerin derinlik Kesitlerinin

43985

430z A4SES

4,458

4,45E6

gosterimi (koyu renkli alanlar belirtilere karsilik gelmektedir).
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Sekil 11. Lone Pine galisma alaninda elde edilen yeralti radarina (GPR) ait verilerin tiim derinliklerde gosterimi
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Sekil 13. Lone Pine ¢alisma alaninda elde edilen yeralt1 radarina (GPR) ait verilerin en iyi derinlik olan 150
cm derinlik gosterimi (koyu renkli alanlar belirtilere karsilik gelmektedir).
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Sekil 14. Lone Pine ¢aligma alaninda elde edilen belirtinin 150 cm derinde ortofoto tizerinde gosterimi (koyu
renkli alanlar belirtilere karsilik gelmektedir).

Lone Pine olarak adlandirilan bolgede yapilan ¢alismalar siperlerin haberlesmesinde kullanildig1 diistiniilen
tiinel yapilarinin yerlerinin arastirilmasina yonelik gerceklestirilmistir. Bu dogrultuda bolgede yaklasik 1100
m2’lik bir alanda 6l¢iim gergeklestirilmistir (Sekil 5c). Saha kosullar1 nedeni ile (yiiksek egim ve bitki Ortiisii)
daha genis bolgelerin dl¢timleri yapilamamistir. Buna ragmen tiinel yapist oldugu diisiiniilen yapilar 150 cm
derinlikte belirlenmistir (Sekil 15).
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Sekil 15. Lone Pine 6lgiim bolgesinde elde edilen sonuglarin gosterimi. (a). Yeraltt Radari (GPR) verileri
tizerine belirtilerin yerlestirilmis goriintiisii. (b) Belirlenen bulgunun ortofoto tizerinde gosterimi.
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5. Sonuclar

Proje siirecinde belirlenen iki farkli ¢aligma bolgesinde de sonuglara ulagilmigtir. Elde edilen sonuglar daha
onceki bilgilere katki saglamakla beraber tarihin 6nemli bir yerini tutan Canakkale savaslarinin gectigi bu
alanlarda bilinmeyenlere 151k tutulmustur. Calisma genel olarak tiim alanlarda IHA goriintiileri ile elde edilen
sayisal yiikseklik modeli ve ortofotolar iizerinden yapilan yer belirleme islemleri ile baglamistir. IHA uguslar
sayesinde gozle yerden belirlenemeyen yapisal birgok unsur (siper, gukur vb.) modellerde belirlenmistir. Ayni
zamanda yiiksek hassasiyetli GPS ile uygulanan yeralti radar1 (GPR) o6l¢iimlerinde de altlik olarak
kullanilmistir. Sahindere Sehitligi cevresinde yapilan ¢alismalar ile dl¢lim yapilan her alanda “Olas1 Sehitlik”
diye tamimlanabilecek belirtiler yaklagik 240 cm derinlikte karsimiza ¢ikmistir. Lone Pine olarak adlandirilan
bolgede yapilan ¢alismalarda ise siperlerin haberlesmesinde kullanildig: diisiiniilen tiinel yapilarinin yerlerinin
arastirilmasina yonelik gergeklestirilmistir. Bunun sonucunda ise, tiinel yapist oldugu diisiiniilen yapilar 150
cm derinlikte belirlenmistir. Canakkale savaglarini gecti bolge olan Gelibolu Yarimadasi sinirlari igerisinde
gergeklestirilen yliksek hassasiyetli Jeofizik ve uzaktan algilama ¢aligmalar1 sonucunda daha 6nce hakkinda
bilgi az ya da olmayan konulara 1s1k tutulmustur. Proje kapsaminda alanin genigligi nedeni ile sadece 2 farkli
lokasyonda gerceklestirilen calismalar hedeflenen amaca ulasmistir. Koordineli olarak multi-disipliner
yiriitiilen bu ¢aligmanin devami olacak ¢alismalarda, bu ¢alismanin izinde segilecek yeni alanlar arastirilarak
daha fazla bilinmeyene 151k tutmak miimkiin olacaktir.
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fibrils in a total area are bigger than 5 umin lengths and less than 3 pm in width. Three of fibrils were observed to
have the characteristics of chrysotile fibres morphemically and elementally. In addition, airborne samples were ana-
lyzed using a TEM instrument. According to the results obtained, 13 of the observed fibrils in total were bigger than
5 um in length and less than 3 um in width and based on Electron Diffraction analysis and elemental composition
(EDXA) results of these fibrils, and they were not observed to have the characteristics of chrysotile fibres. Most of
the observed fibrils were noted to be other inorganic minerals (lizardite) fibrils. Additionally, the obtained results
show that the asbestos concentration in the air is below the limit specified by the provision (0.1 fiber/cmd).
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1. Introduction

Assessment of occupational exposure to air pollutants in workplaces has an essential place in worker health
and safety programs (Melville & Lippmann, 2001; Marioryad et al., 2011). In the last few decades, there has
been a growing interest in determining the harmful effects of inorganic fibrils in the air of the working
environment on human health. In addition, another concern is to find the source of these air pollutants and to
minimize the exposure. One of the most dangerous inorganic fibres is asbestos group fibrils in the workplaces.
Asbestos is a general term employed for crystallized silicate minerals in fibril form, commonly found in nature.
From which fibre to be used in industry through processing is obtained. Its significance for the industry is that
it is resistant against heat, friction, acidic, and alkaline. It has a high-tension resistance. It is dielectric, and
fibrous have an elastic feature. It is vital to investigate whether such inorganic fibrils are present in the air
around the working environment.

For this reason, the air quality of the working environment is constantly examined in many industrial
establishments. According to the literature, it has been noticed that asbestos and its derivatives are observed in
the working air of some industrial activities. However, there is limited information about the air quality in
terms of asbestos for the companies that produce refractory materials from magnesite ore. In order to eliminate
this deficiency in the literature, it was aimed to characterize the fibers by performing an asbestos analysis using
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SEM and TEM in the ambient air in the factory of a company that produces high quality and durable refractory
materials from magnesite ore for the iron and steel industry in Turkey. Additionally, this is the first record
study on the determination of the asbestos in the ambient air of the reflector material production from
magnesite ore.

1.1. Magnesite Ore and Refractory Material Production

Magnesium (Mg) is an alkaline earth element and one of the most abundant elements in the earth's crust
(Erdogan and Yildiz, 1995). Due to the high affinity of the Mg to oxygen, it is coated with a matt-coloured
oxide layer in the ambient air. Because of this feature, MgO (Magnesia), which is formed by the element Mg
with oxygen, is used to produce refractory materials. It does not melt up to 2800 °C, and it can maintain its
solid structure at high temperatures (Erdogan and Yildiz, 1995). The most important source of magnesia is
magnesite (MgCOs), a magnesium carbonate mineral. It is common in nature and theoretically contains 52.3%
COy, 47.7% MgO and a limited amount of Fe,QOg; its hardness is between 3.4 and 4.5. It is a mineral with a
specific gravity of 2.9-3.1 (Erdogan and Yildiz, 1995). Sinter magnesite is produced from magnesite ore to be
used in quality and durable refractory materials, mainly for the iron and steel industry.

1.2. Asbestos Effects on Human Health

According to the World Health Organization, approximately 125 million people are exposed to asbestos at
workplaces worldwide (WHO, 2007). It can result in asbestos-related diseases such as lung
cancer, mesothelioma, or asbestosis (Park, 2018). Several factors are listed as an asbestos concentration in the
ambient air, the exposure time, size and type of the fibers, functional and anatomical conditions of exposed
employers, and the respiratory rate associated with physical exertion for the health hazard of asbestos (Rodilla
etal., 2021). The previous studies figure out the most significant risk exists with exposure to amphibole fibers,
followed by mixed fibers (amphibole and chrysotile), and finally, chrysotile (Rodilla et al., 2021). In addition,
the risk of asbestos in the air bases on the type of asbestos, the physicochemical characteristics of these fibers,
the intensity of exposure and, for some pathologies, co-exposures with other carcinogens (Rodilla et al., 2021).
Therefore, these factors should be considered while measuring the ashestos health effects. On the other hand,
the governments or unions have been lovered the exposure limit values in order to protect workers’ health year
by year.

1.3. Regulations Regarding to Asbestos

When the European Union (EU) regulations are examined, there are primarily two European Union
Directives concerning asbestos. The first regulation is the European Union Directive 83/477/EEC covering the
measures intended for work health and safety in workplaces where asbestos or asbestos-related materials are
used (EU, 1983). The existing member country legislation designed to protect workers against asbestos in
European Union countries have been prepared upon considering European Union Directive 83:477:EEC dated
19 September 1983 (EU, 1983). To strengthen the “controlled use” regime, council directives 91/383/EEC
dated 25.06.1991 (EU, 1991), 2003/18/EEC dated 27.03.2003 (EU, 2003) and 2009/148/EC dated 30.11.2009
(EU, 2009) that prescribes amendments in the said directive have been issued and adapted. Some of those
amendments have allowed the safe use of asbestos products by following specific procedures. The second one
is the European Union Directive 76/769/EEC (EU, 1976) covering the provisions regarding asbestos use and
marketing. Regulations regarding asbestos in Turkey can be listed as follows:

*  “Guidelines Regarding the Measures to be Taken Inflammable, Explosive, Hazardous and Harmful
Works and Workplaces™" was adopted pursuant to the article 74 of Labor Law number 1475 and was
published on the Official Gazette 14752 dated 24.12.1973 (APTSR, 2005).

* “Regulations on Controlling Harmful, Hazardous Substances and Products” adopted by
Environmental Ministry that was published on Official Gazette number 21634 dated 11.07.1993 as
well as the regulations which prescribed amendments in the laws (APTSR, 2005).
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» “Regulations on Health and Safety Measures Intended for Workers Working with Asbestos” adopted
according to article 30 of Labor Law number 6331 and which was published on Official Gazette
number 28539 on 25.01.2013. According to article 11 of those regulations, the provision stating
“Employer shall make sure that eight hours time-weighted average (ZAOD-TWA) value of asbestos
concentration in the air to which the workers are subjected shall not exceed 0,1 fiber/cm®" is valid
(ACSGOHY, 2013).

» “Regulation on Restriction and Prohibition of Hazardous Substances and Mixtures” which is intended
for the prohibition of the manufacture and use of asbestos that is causing cancer as well as the
marketing of asbestos-containing goods and that was published in Official Gazette number 29182
dated 21.11.2014 (ZMKKYHY, 2014) has been reissued upon taking into consideration of the 17th
attachment regarding the limitations on the Registration, Evaluation, Authorization and Restriction of
Chemicals Regulations regarding the Registration, Evaluation, Permission and Limitation of
Chemicals pursuant to the European Union Parliament and Council number 1907/2006/EC (EU, 2006)
and was published on the Official Gazette number 27687 dated 29 August 2010. Thus, reissued
regulations have entered into force as of 31 December 2010. According to the third paragraph of (A)
section under the heading “1. Provisions regarding Asbestos" in the Attachment 1 of the Regulations
it is stated that "Chrysotile asbestos (white asbestos) fibers cannot be extracted, manufactured, used in
the manufacture of any other products or for any other purposes, and cannot be marketed with the
intention of sale or use” (ZMKKYHY, 2014).

2. Materials and Methods

In determining the method, the sample type to be analyzed and the analysis device used are considered
essential matters. Among the most commonly used devices in asbestos measurement are scanning electron
microscope (SEM) and transmission electron microscope (TEM). Bogazi¢i University Environmental Sciences
Institute performed sampling from ambient air through using ISO 14966 "Ambient air — Determination of
numerical concentration of inorganic fibrous particles — Scanning electron microscopy (SEM) method" and
asbestos analysis has been conducted with SEM instrument consistent with the said method (1SO 14966, 2002).
Asbestos analysis in the samples obtained from ambient air has been performed in accordance with ISO 13794
“Ambient air — Determination of asbestos fibres — Indirect-transfer transmission electron microscopy (TEM)
method” by RJ Lee Group in the USA through using a TEM instrument as well (ISO 13794, 1999).

2.1. Sampling

Sampling from ambient air for asbestos analysis was performed to simulate the exposure of workers to the
dust caused by asbestos or ashestos-containing materials. The opinions of the workers and representatives were
taken while obtaining samples, and the sampling points were determined in line with such opinions. Four
airborne sampling points were chosen: i) pre-treatment and size reduction plant; ii) despatch area; iii)
production plant; and iv) storage yard. Air samples for determining the asbestos rate in ambient air were taken
using three-piece disposable special filters (capillary-pore polycarbonate filter) in 25 mm diameter and having
0.8 um pore size upon taking into consideration the 8 hours work shift. Sample taking filters have been placed
on filter fixers adjustable to 1.5 meters from the ground (Figure 1), and sampling has been performed for 8
hours at the flow rate of 8 L/min by the flow rate adjustable vacuum pump. Two parallel samples and a total
of 8 samples were taken for minimizing test shortcomings.
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Figure 1. Sampling from ambient air in the stockyard

2.2. Preparation of Samples for Analysis

Obtained samples from ambient air have been sent to the US accredited RJ Lee laboratories, where they
have been taken to a preliminary process. The samples were kept at 480 °C temperature for 6 hours through
plasma asher by RJ Lee and thus, water and inflammable substances were eliminated in the filter. After ashing,
the filter was rid of acid and soluble substances by being cleaned with 30% diluted hydrochloric acid (HCI).
Sample preparation includes ashing and dispersion of the collected particles. Thanks to these processes, all
asbestos that had entered the material particles or particle agglomerates were measured. The pre-treated
ambient air sample was divided into two equal parts in RJ Lee laboratories. The first part was analyzed at
Bogazigi University - Advanced Technologies Central Laboratories, the second part was analyzed in RJ Lee
Group Laboratories. Parallel samples have been used in each analysis.

2.3. Asbestos Analysis Using SEM Instrument

Determination of the type of inorganic fibrils in the ambient air and their numerical concentration were
performed at Bogazici University laboratory according to ISO 14966 method and by using SEM. In this
method, fibers whose length is more than 5 microns and width is less than 3 microns, and with a size 3 times
more than the width have been taken into consideration. During the analysis accelerating voltage of the
scanning electron microscope (SEM) was adjusted as 20kV. The scanning process of the sample was
performed at the magnification in the rate of 2000 X and 20000 X depending on the observed fibril sizes. In
the analysis performed according to the ISO 14966 method with SEM, the detection limit was determined as
300 fiber/m?on the scanning area of 1 mm? filter (ISO 14966, 2002). Approximately an area of 1 mm? has
been scanned on the filter, and the fibril concentration of counted fibrils has been determined by using the
formula (Equation 2.1) given below (ISO 14966, 2002). Since the pre-treated sample was divided into three
parts, the result was multiplied by the verification factor. Verification factor was found through the
multiplication of the rate remaining from the sample, which was subject to preliminary process and the parts
of samples allocated for laboratories and then dividing the same by the dilution factor. Chemical compositions
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(elemental analysis) of the observed fibrils through energy dispersive X-rays analysis (EDXA) were
determined and classified as asbestos fibrils, calcium sulphate fibrils, and other inorganic fibrils.

Number of Counted Fibrils Filter Area (mm?)

Fibril Concentration (f/ml) = x Verification Factor (2.1)

X
Analyzed Area (mm?2) Vacumed Air Amount (ml)

2.4. Asbestos Analysis using TEM Instrument

Determination of types and numerical concentration of inorganic fibrils present in the ambient air according
to 1SO 13794 method by using a transmission electron microscope (TEM) were performed by RJ Lee Group
laboratories in the USA. TEM sample grids were examined in low and high magnification powers and
quantitative fibril count were performed in the randomly selected grid openings. The lowest detection limit for
the scanned area of TEM samples is checked by total suspended particles concentration after ashing and watery
phase distribution processes. This depends on the chemical properties of the dispersed particles (ISO 13794,
1999). The atmosphere whose total suspended particle concentration is approximately 10 pg/m? is equivalent
to a clear countryside atmosphere. If it is assumed that 4000 liters of the air have been filtered, an analytical
accuracy of 0.5 structure/L is reached. And the examined area of 0.195 mm? in TEM samples is equivalent to
the detection limit of 1.8 structure/L (1SO 13794, 1999). The fibril concentration of the counted fibrils has
been determined by using the equation 2.1. Since the obtained sample were divided into three parts, the result
was multiplied by verification factor. Verification factor is found through multiplication of the rate remaining
from the sample which was subject to preliminary process and the parts of samples allocated for laboratories
and then dividing the same by the dilution factor.

In TEM analysis, electron diffraction (ED) was used to examine the crystal property of fiber, and energy-
dispersive X-ray analysis (EDXA) was used to determine the elemental composition. Fiber classification
process, order and morphological examination of fiber are based on electron diffraction pattern in a specific
area and the qualitative and quantitative energy dispersive X-ray analysis. Identification and verification of
chrysolite were only performed by quantitative ED, whereas the identification and validation of amphibole
were performed by quantitative EDXA and quantitative zone axis ED (Atabey, 2009). Fiber classification was
also performed.

2.5. Classification of the Observed Fibers

Asbestos analyses are being performed by using different instruments. In this study, the same samples have
been analyzed using appropriate standard methods in other analysis devices, and the differences have been
presented.

2.5.1. Morphological Classification

The observed fibers are separated into two classes: tube-shaped and non tube-shaped in terms of their
morphological structures (Deer et al., 2009). Electron Diffraction (ED) is an electron microscope technique
where the crystal feature of the sample is examined. Each fiber is further analysed by using energy dispersive
X-ray analysis (EDXA) techniques. The following methods should be used when fibers are examined through
ED and EDXA techniques (1ISO 13794, 1999; Rees et al., 2001; Deer et al., 2009). Crystal properties of some
mineral fiber such as chrysotile are easily damaged due to the high current density required for EDXA
examinations. For this reason, ED examination should be completed before the EDXA spectrums of such fibers
are taken. In the examination of more stable fibers such as amphibole ED or EDXA may be used in the same
priority (Deer et al., 2009).

ED technique may be qualitative or quantitative. TEM device and ED technique are used for asbestos analyses.
Qualitative ED involves visual inspection of the general characteristics of ED design achieved from a randomly
directed fiber on a TEM monitor screen without detailed measurements (Deer et al., 2009). ED patterns
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obtained from such fibers with cylindrical symmetry as chrysolite do not change when they are bent around
their axis, and the patterns obtained from randomly directed fibers of such minerals can be interpreted
guantitatively. For lizardite that does not have cylindrical symmetry, if the fiber is only directed towards the
main crystallographic axis which runs parallel to the electron beam, then the ED patterns thus obtained can be
interpreted quantitatively (Deer et al., 2009). Structural demonstration of standard chrysotile, lizardite and
antigorite fibrils are shown in Figure 2.

Monoclinic or Trigonal, hexagonal »
orthorhombic (-) X or monoclinic (-) Monoclinic or
Y Triclinic (-)
al|Z
B
Chrysotile e
v=B Lizardite Antigorite

Figure 2. Structural forms of chrysotile, lizardite and antigorite fibers (adopted and redrawn from Deer et
al., 2009).

2.5.2. Classification According to Elemental Composition

Interpretation of EDXA spectrum can be qualitative or gquantitative. For qualitative interpretation of a
spectrum, the peaks of X rays resulting from elements inside the fiber are recorded. For a quantitative
interpretation, after the ground extraction has been made, clear peak areas are obtained out of X-ray peaks
resulting from the elements inside fibers. This method allows a quantitative interpretation to be made for
mineral containing silicium as well (Cossette & Delvaux, 1979). In order to obtain an EDXA spectrum, the
view of a fiber is moved towards the center of the screen, and the objective gap is zoomed out. An appropriate
electron beam diameter is selected, and it is turned in a way as to collide into fiber beam. Depending on the
device, it may be necessary to bend the sample towards the X-ray detector. It may be required to use Scanning
Transmission Electron Microscope (STEM) process type in some devices. The time required to obtain a
suitable spectrum varies based on fiber diameter and factors regarding the device (ASTM, 2002). For a
guantitative interpretation, a statistically valid number of counts should be present for each peak. The analyses
of sodium-containing fibers with small diameters are critical because such fibers are located in the lowest
energy range for which the X-ray detector is less sensitive. In order to detect the existence of sodium in such
fibers, the spectrum should be taken in a sufficiently long time period (Cossette & Delvaux, 1979). The data
obtained from the EDXA analyses the observed fibrils in SEM and TEM analyses. The Chrysolite, Amosite,
Crocidolite, Anthophyllite, Tremolite and Actinolite values (%) prepared based on reference asbestos minerals
in Table 1 have been taken from 1SO 14966 standard method (ISO 14966, 2002). The elemental composition
values for lizardite have been quoted from "Rock-forming minerals: Layered silicates excluding micas and
clay minerals” and thus included in Table 1 (ISO 14966, 2002; Deer et al., 2009).
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Table 1
Elemental data of asbestos fibrils (ISO 14966, 2002; Deer et al., 2009).
Chrysotile  Amosite  Crocidolite  Antophylite Tremolite Actinolite Lizardite

SiO2 (%) 36 to 44 49 to 53 49 to 56 53 to 60 55 to 60 51 to 56 3910 42
MgO (%) 381042 lto7 Oto3 17to 34 2010 26 1210 20 3910 43
FeO (%) Oto3 34 1to 44 13to 21 0to20 0to5 5to 15 Oto2
Fe203 (%) 0to5 0to5 1310 20 0to5 Oto5 Oto5 Oto3
Al20s (%) Oto2 Oto1l Oto1l 0to3 0to3 O0to3 Otol
CaO (%) Oto2 Oto2 Oto3 0to3 10to 15 10to 13 Oto1l
K20 (%) Otol Otol Otol Otol Otol Otol Otol
NazO (%) Otol Otol 4109 Otol Oto2 Oto2 Otol
H20 (%) 12t0 14 2t05 2t05 1t06 1t03 1t03 12t0 13

In the interpretation of fibril analysis, chrysolite's morphological structure is characteristic and can be easily
understood through experience. However, a few minerals with similar appearance and morphological
observation are insufficient for most samples (1SO 13794, 1999). If the determined characteristics of the pattern
correspond to those obtained from reference chrysolite, then the ED pattern obtained from chrysolite is highly
characteristic of that mineral. However, the crystal property of fiber could be damaged due to various factors,
and it may not provide an ED pattern. In that case, elemental composition (EDXA spectrum) could be the only
relevant data added to the morphological observation (1SO 13794, 1999).

3. Results and Discussion

3.1. Analysis of Ambient Air Samples Using SEM

The samples collected from ambient air were analyzed using a scanning electron microscope (SEM) at the
Advanced Technologies R&D Central Laboratory of Bogazigi University. The methods obtained were
evaluated considering the chemical and structural (morphological) characteristics of the asbestos fibers as
contained in methods and reference books. The analyses conducted with an SEM instrument on 2 parallel
samples (Airborne 1 and Airborne 2) collected from ambient air are summarized in Table 2. Figure 3 shows
the 3 chrysotile fibrils observed by the analyses. Chrysotile fibrils of the samples collected from ambient air
are shown together with EDXA results. Figure 4 shows example images of another inorganic mineral (lizardite)
fibrils observed by the analysis of ambient air.

Table 2
SEM analysis results of the samples collected from ambient air
Number of Fibrils

Asbestos Concentration *
Sample Verification Analyzed2 Observed
Code Area, mm -
Chrysotile Other s/mm? s/ml
Airborne 1 0.7666 1 1 80 (13) <0.76 <0.00001
Airborne 2 0.7965 1 2 75 (10) <1.6 <0.00004

* Concentration calculation was made according to the conditions of the sample received
“<” indicates that the concentration is lower than the determination limit
“()” indicates the number of the fibrils bigger than 5 um

In light of the data obtained, the observed fibrils were analyzed both morphologically and elementally. The
tubular shape, which is the morphologic structure of the chrysotile, was determined in the fibrils observed as
a result of the analysis.
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In the elemental compositions obtained as a result of the EDXA analyses of the chrysotile fibers, the percentage
of SiO; is observed to be between 40 and 44, and the ratio of MgO is observed to be between 38 and 42. These
values match the elemental data of the chrysotile fibers as given in Table 1.

Other inorganic mineral (lizardite) fibers were found among the fibrils observed by the analyses conducted
with an SEM instrument on the samples collected from ambient air. The lizardite fibrils observed as a result
of the investigation were determined to have a morphologically planar (flat) and stringy structure. In the
elemental compositions obtained due to the EDXA analyses of other inorganic mineral (lizardite) fibers, the
percentage of SiO; is observed to be between 39 and 42, and the percentage of MgO is observed to be between
39 and 43. These values match the elemental data of the lizardite fibers as given in Table 1.

According to the Labor Law number 6331 and which was published on Official Gazette number 28539 on
25.01.2013 and article 11 of that regulations, the provision stating “Employer shall make sure that eight hours
time-weighted average (ZAOD-TWA) value of asbestos concentration in the air to which the workers are
subjected shall not exceed 0,1 fiber/cm*®" is valid (ACSGOHY, 2013). The obtained results (0.00004 fiber/cm?)
show that the asbestos concentration in the air is below the limit specified by the provision (0.1 fiber/cm?).

Since the equipment required to examine the crystal structure of the observed fibrils is not available in the
SEM device, the crystal structures of the fibers could not be examined. For this reason, it is not sufficient to
use the SEM device alone in such analyses.
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Figure 3. Chrysotile fibrils were observed in ambient air and their elemental analysis results.
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Figure 4. Other inorganic minerals (lizardite) fibrils were observed in ambient air and their elemental
analysis results.
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3.2. Analysis of Ambient Air Samples Using TEM

The samples collected from ambient air were analyzed with a transmission electron microscope (TEM) at
RJ Lee Group Laboratory in the USA. The methods obtained were evaluated considering the chemical and
structural (morphological) characteristics of the asbestos fibers as contained in methods and reference books.
According to the TEM analysis results obtained from the samples collected from ambient air (Airborne 1 and
Airborne 2), Chrysotile fibril was not observed as a result of the analysis. The detected fibrils were indicated
to be other mineral (lizardite) fibrils. Results of the samples collected from ambient air analyzed using TEM
are summarized in Table 3.

Table 3
TEM analysis results of the samples collected from ambient air

Number of Fibrils .
Verification ~ Analyzed Observed Asbestos Concentration *

Sample Code Coefficient ~ Area, mm?
Chrysotile Other s/mm? s/ml
Airborne 1 4.089 0.09243 0 53 (2) <44.2 <0.0044
Airborne 2 3.426 0.18504 0 102 (11) <185 <0.0019

* Concentration calculation was made according to the conditions of the sample received
“<” indicates that the concentration is lower than the determination limit
“()” indicates the number of the fibrils bigger than 5 um.

According to EDXA analyses of the obtained fibrils, they were observed to be consistent with the spectrums
of chrysotile and antigorite among the serpentine group minerals. In addition, the fibers are understood to have
a magnesium silicate structure. Examples of the observed serpentine structures on Airborne 1 and Airborne 2
are shown in Figure 5. According to the results obtained, 13 of the fibrils observed as a result of the analysis
in total were bigger than 5 um in length and less than 3 um in width and based on ED analysis and elemental
composition (EDXA) results of these fibrils, and they were observed not to have the characteristics of chryso-
tile fibers. The majority of the observed fibrils were noted to be other inorganic minerals (lizardite) fibrils.

Figure 5. Typical serpentine structures were observed on samples.

Analyses with the TEM device give more reliable results in determining the types of fibrils observed. The most
striking result of this study is that it is not correct to decide on the determination of asbestos types based on a
single method or analysis device. The fibers should be determined by using appropriate methods and analysis
devices with advanced image properties according to the sample type in such studies. On the other hand, since
the detection limits of the SEM and TEM devices are different, it can be thought that the difference between
the concentrations is related to this.
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4, Conclusion

Asbestos analysis was conducted on the samples obtained from ambient air using the SEM instrument at
both Bogazi¢i University Central Laboratory and RJ KLee Group. According to the results of the analyses
conducted by Bogazi¢i University, 23 of the fibrils observed in total are consistent with the phrase “bigger
than 5 umin lengths and less than 3 um in width”, as set out in the “Regulation on Health and Safety Measures
for Those Working with Asbestos”. 3 of these fibrils were observed to have the characteristics of chrysotile
fibers morphemically and elementally. Airborne samples were analyzed RJ Lee Group using TEM instrument
as well. According to the results obtained, 13 of the observed fibrils in total were bigger than 5 um in length
and less than 3 um in width and based on ED analysis and elemental composition (EDXA) results of these
fibrils; they were observed not to have the characteristics of chrysotile fibers. Majority of the observed fibrils
were noted to be other inorganic mineral (lizardite) fibrils. As a result of the asbestos analysis carried out on
ambient air samples by SEM device according to the method no ISO 14966 by Bogazici University, asbestos
concentration was found as 0.00004 fibre/cm?®. RJ Lee Group carried out concurrent analyses according to 1SO
13974 method by TEM. According to the analysis results obtained from the TEM device, ashestos concentra-
tion was 0.0004 fibre/cm?. All of these values are below the detection limit of the relevant analysis devices.
Furthermore, they are below the limit specified by the provision “The employer shall ensure that 8-hour
weighted average value (TWA) of the asbestos concentration in the air the workers are exposed to will not
exceed 0.1 fibre/cm®” according to article 11 of The Regulation on Health and Safety Precautions in Those
Working with Asbestos published in the Official Gazette dated 25.01.2013 and 28539 in force. In addition, the
most significant result of this study is that it is not appropriate to make a decision on the determination of
asbestos types based on a single method or analysis device.
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Oz -Bu calismada Ggiitiilmiis misir Grneklerinde toplam antosiyanin ve fenolik igeriklerinin yaki kizil Gtesi (NIR)
spektroskopisi ile tespitine yonelik gelistirilmis kalibrasyon modellerinde, spektral 6n islem ve dalga boyu se¢im
yontemlerinin tahmin basarisina etkisi aragtirilmistir. Aragtirma materyali olarak 200 farkli misir 6rnegi kullanilmistir.
Calismada 6n islem olarak; birinci tirev (FD), ikinci tiirev (SD), standart normal degisim (SNV) ve bu yontemlerin
birlikte kullanildig: 2 farkli kombinasyon karsilastirilmigtir. Spektral veriler 2 farkli dalga boyu se¢im yontemi (VIP
ve SR) ile ayr1 ayri isleme alinmustir. On islem ve dalga boyu segim yontemlerinin uygulanmasindan sonra hedef
degiskenlerin tahmini i¢in iki farkli model olusturma tekniginden (PLS ve SVMR) faydalanilmistir. Boylelikle,
calismada toplam fenolik ve toplam antosiyanin igerigi i¢in 36’ar model kiyaslanmigtir. Olusturulan modeller dis
dogrulama islemine tabi tutularak model giivenilirlikleri test edilmistir. Caliyjma sonucunda musir tanesinde
antosiyanin ve fenolik bilesen iceriginin tespitinde kullanilan kemometrik yontemin, model basarisini arttirdig:
gorillmiistir. Caligmada karsilastirilan modellerden antosiyanin igerigi i¢in FD-SNV-SR kombinasyonu ile
olusturulan modelin (RMSECaF0.0Z, R2c3|20.96, RPDCa|:5.36, RMSEVa|:0.03, RZVaI:O.QO, RPDVa|:3.14) tahmin
basarist yiiksek bulunmustur. Fenolik bilesen igerigi i¢in ise PLS modelleme teknigi daha basarili (RMSEc, =0.06,
R2Cal =0.66, RPDcy;=1.71, RMSEy;=0.07, R?/,=0.46, RPDyy=1.38) bulunmustur. Sonug olarak, uygulanan
kemometrik yontemlerin NIR ile sekonder bilesen tespitine katk: sundugu belirlenmistir.
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Abstract —In this study, the effect of spectral pretreatment and wavelength selection method combinations for
determination of total anthocyanin and phenolic contents by near infrared (NIR) spectroscopy on prediction success
was investigated. Two hundred maize samples were used as experimental material. As a pre-treatment in the study;
First derivative (FD), second derivative (SD), standard normal variate (SNV) were compared with 2 different
combinations using these methods together. Spectral data were processed separately with the combination of 2
different wavelength selection methods (VIP and SR). After applying pretreatment and wavelength selection methods,
two different model generation techniques (PLS and SVMR) were used to estimate the target variables. Thus, 36
different models each were compared for total anthocyanin and phenolic contents in the study. The model reliability
was tested by subjecting the created models to external validation. Results showed that the chemometric method used
to determine the anthocyanin and phenolic component content in corn grain increased the model success. Estimation
of the model (RMSEcm = 002, R2c3| = 096, RPDca = 536, RMSEVN = 003, szm = 090, RPDya = 314) for
anthocyanin content its success was found to be high. For the phenolic content, PLS modeling technique was found
to be more successful (RMSEc, = 0.06, R% = 0.66, RPDcy = 1.71, RMSEVal = 0.07, R%, = 0.46, RPDy, = 1.38).
As aresult, it has been determined that chemometric method applications contribute to secondary component detection
with NIR.
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1. Giris

Sekonder metabolitler diger bitki tiirlerinde oldugu gibi misirda da iriin kalitesini etkileyen Onemli
bilesenlerdir. Bu bilesenler icerisinde antioksidan etkiye sahip olan fenolik bilesikler ve antosiyaninler hem
beslenme hem de saglik acisindan Onemlidir. Flavonolid bilesiklerinin en 6nemli grubunu olusturan
antosiyaninler misir tanesine renk vermektedir. Renkli misir genotipleri ise ¢ok uzun yillardan beridir
tatlandirict ve renklendirici olarak yetistirilmekte ve tiiketilmektedir (Jing vd., 2005). Fenolik bilesikler ise
biyokimyasal olaylarda oksidatif etkileri azaltan ve bitkinin hayatsal faaliyetlerinde rolleri olan
biyokimyasallardir. Yulaf, bugday ve pring ile kiyaslandiginda en yiiksek antioksidan etki ve fenolik bilesen
icerigi misirdadir (Adom ve Liu, 2002). Misirin beslenmedeki payr dikkate alindiginda bu bilesenlerin
artirtlmast arzu edilmektedir. Bu amagla son yillarda antioksidan kapasitesi yiiksek misir genotiplerinin
gelistirilmesi i¢in dnemli bir caba harcanmaktadir (Ji vd., 2010). Bu yonde yapilan arastirmalarda ise kullanilan
orneklerde antosiyanin ve fenolik bilesenlerin analiz edilmesine ihtiya¢ duyulmaktadir.

Antosiyanin analizlerinde genel olarak 6ziitleme isleminin ardindan farkli 6l¢lim cihazlar1 ve yontemleri
kullanilmaktadir. Bu yéntemlerin basinda yiiksek basingli sivi kromotografisi, ince tabaka kagit kromotografisi
ve son yillarda giincel hale gelen niikleer manyetik rezonans spektroskopisi gelmektedir (Keles, 2015). Fenolik
bilesenler de antosiyaninlere benzer sekilde oOziitleme sonrasinda kromotografik ya da UV-goriiniir
spektroskopik yontemler kullanilarak analiz edilebilmektedir. Ancak bu analiz yontemleri uzun zaman
harcanan, yiiksek emek ve is giicii gerektiren, kimyasal sarfinin yiiksek islemlere ihtiyag duymaktadir. Bu
nedenle antosiyanin ve fenolik bilesenlerin kisa siirede ve kimyasal harcanmayan ¢evreci analiz yontemlerinin
gelistirilmesi gerekmektedir. Bu konuda yakin kizil 6tesi spektroskopisi (NIR) 6nemli alternatiflerden birisidir.
Zira NIR spektroskopisi tahil iirtinlerinde farkli biyokimysal bilesenlerin tespitinde basarili sonuglar vermistir.
Bu kapsamda misir ununda farkli biyokimyasal bilesenlerin tespiti (Baye vd., 2006; Egesel ve Kahriman, 2012;
Egesel vd., 2016; Kahriman vd., 2019; Kahriman vd., 2020) i¢in NIR spektroskopisinin kullanildig1 ¢esitli
arastirmalar yiiriitilmiistiir. Bu calismalarin yani sira misirda antosiyanin igeriginin belirlenmesi amaciyla
tahmin modellerinin gelistirilmesini konu edinen 6rnek caligmalar yapilmistir (Mangalvedhe vd., 2015).
Ayrica gelistirilen NIR kalibrasyon modellerinin farkli misir genotipleri karakterize etmek amaciyla bazi
arastirmalar yapilmistir (Redaelli vd., 2016). Ozellikle misir tanesinde diger biyokimyasal bilesenler iizerine
cok sayida aragtirma yiiriitiilmiis olmasina karsin, toplam fenolik ve antosiyanin igerinin NIR ile tespitini konu
edinen sinirh sayida aragtirmaya rastlanmigtir (Mangalvedhe vd., 2015; Meng vd., 2015; Redaelli vd., 2016).
Bu aragtirmalarin  biiyiikk kismi modelleme teknigi olarak klasik yaklagimlarin kullanilmig oldugu
arastirmalardir. Bunlarin yani sira antosiyanin ve fenolik iceriginin tespitini konu edinen mevcut
aragtirmalarda kemometrik yontemlerin ¢esitliliginin ve model basarisina etkisini kapsamli olarak ele
alimmamustir.

Kemometrik uygulamalar, spektral verilerdeki diizensizliklerin giderilmesi, hedef degiskenle iligkili dalga
boylarmin secilmesi, se¢ilen dalga boyuna sahip tahmin modellerinin gelistirilmesi ve dogrulanmasi gibi ii¢
temel adimi igermektedir (Kahriman ve Egesel, 2018). Spektral verideki istenmeyen degisimlerin ortadan
kaldirilmast i¢in uygulanan birinci adimda kullanilan tekniklerden bazilari, birinci tiirev (FD), ikinci tiirev
(SD), Coklu Sagilma Diizeltmesi (MSC), Standart Normal Degisim (SNV) ve farkli degisken se¢im yontemleri
gibi ¢esitli geleneksel yontemlerdir (Yi vd., 2016). FD ve SD gibi tiirev alma iglemleri {ist {iste binen spektral
piklerin diizeltilmesi ile sinyal diizeltmesi saglayan yontemlerdir (Agelet ve Hurgburg Jr., 2010). MSC ve SNV
ise reflektans 6l¢iimlerinde 151k sagilmindan kaynakli bozulmalar1 gidermek amaciyla yaygin olarak kullanilan
yontemlerdir (Agelet ve Hurgburg Jr., 2010). Kemometrik uygulamalar i¢erisinde degisken se¢imi amaciyla
yaygin olarak kullanilan yontemler ise; Ardisik Projeksiyonlar Algoritmasi (SPA), Rekabet¢i Uyarlanabilir
Yeniden Agirliklandirilmis Ornekleme (CARS), Rassal Orman (RF), Degisken Onemlilik Projeksiyonlari
(VIP), Segicilik Orani (SR) yontemleridir (Lao vd., 2020). Bunlar, spektral veride yer alan degiskenlerin
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kalibrasyona konu olan degiskenlerle ilgili olanlar1 veya iligkisiz olanlar1 belirlemeye imkan vermektedir.
Degisken se¢im yontemlerinin kullanilmasi spektral veride hedef degisken ile en fazla iligkili olan dalga
boylarinin modelde kullanilmasina ve daha dogru tahmin sonuglari alinmasina imkan vermektedir. Klasik
yontemler olan kabul edilen modelleme tekniklerinin baslicalar1 ise Coklu Dogrusal Regresyon (MLR) Temel
Bilesen Regresyonu (PCR) ve Kismi En Kiigiik Kareler Regresyonu (PLSR) yontemleridir ancak bu yontemler
151k ile madde arasinda dogrusal olmayan iliskileri yeterince agiklayamamaktadir (Pasquini, 2003). Klasik
yontemlere alternatif olarak gelistirilen ve dogrusal olmayan modelleme teknikleri ise daha ¢ok makine
O0grenmesine dayali yaklasimlara dayanmaktadir ve 6n 6grenmeli ya da 6n 6grenmesiz olarak siniflandirilir.
Ogrenme tabanli olmayan modeller, spektral verilerin genel yapisini anlamak igin kullanilirken, 6grenme bazli
modeller 6nceden bilinen veri yapilarina dayanmaktadir (Yi vd., 2016). Bu yontemler i¢erisinde Yapay Sinir
Aglar1 (ANN), Destek Vektor Makineleri (DVM) gibi yontemler sepktral model gelistirme amaciyla yaygin
kullanilan tekniklerdendir (Agelet ve Hurgburg Jr., 2010). Spektral model gelistirme adimlarinda kemometrik
yontemlerin cesitli kombinasyonlariin kullanimi, tarimsal {iriinlerde biyokimyasal bilesenlerin analizinde
NIR cihazlarindan yararlanma imkanint artirmaktadir. Bu nedenle NIR tahmin modellerinde hedef degiskene
gore uygun kemometrik uygulamalarin belirlenmesi 6nem arz etmektedir.

Bilimsel literatiirdeki calismalar dikkate alindiginda, antosiyanin ve fenolik bilesenler gibi sekonder
metabolitlerin NIR ile tespitinde kemometrik yontemlerin etkisinin yeteri diizeyde arastirllmadigi goriilmistiir.
Ulkemiz kaynakli literatiirde ise NIR ile toplam antosiyanin ve fenolik igeriginin belirlenmesini konu edinen
herhangi bir ¢aligmaya ulasilamamistir. Bu arastirma 6giitiilmiis misirlarda antosiyanin ve fenolik bilesenlerin
NIR ile tespitinde farkli 6n islem (On islemsiz, FD, SD, SNV, FD+SNV, SD+SNV), dalga boyu se¢im
yontemleri (Tim spektrum, VIP ve SR) ve modelleme tekniklerinin (PLS ve SVM) etkisini ortaya koymak
amacityla yiiriitiilmiistiir. Ayrica bu calismada hedef degiskenler ile spektral veri toplanan bolgedeki dalga
boylarinin iligkisi de incelenmistir.

2. Materyal ve Yontem
2.1. Materyal

Caligmada toplam 200 farkli dane misir 6rnegi kullanilmigtir. Bu 6rneklerin tamami Canakkale Onsekiz
Mart Universitesi, Ziraat Fakiiltesi Tarla Bitkileri Boliimii’'nde 2019 yilinda yiiriitilen musir 1slah
caligmalarindan elde edilmistir. Kullanilan 6rnekler tane rengi bakimindan farkli 6zelliklere (beyaz, sari,
turuncu, mor) sahip genotiplere ait olsa da biiyiik kismi1 misirda yaygin goriilen tane rengi 6zelliklerini
tasimaktadir. Misir ornekleri, analize kadar laboratuvarda +4 °C’de muhafaza edilmistir. Analiz edilecek
ornekler laboratuvar degirmeninde 0.5 mm’lik elekle 6giitiilmiistiir.

2.2. Olgiimlenen Ozellikler

Toplam Antosiyanin Icerigi (mg/kg): Orneklerin antosiyanin icerikleri Abdel-Aal ve Hucl (1999)
tarafindan 6nerilen yonteme gore tespit edilmistir. Bu amagla 500 mg 6giitiilmiis numune 10 ml 1N metanolik
HCI (%85:15) igerisinde 30 dk oda sicakliginda ¢alkalanmistir. Daha sonra 6rnekler 8000 g’de 20 dk santrifiij
edilmistir. Her bir 6rnegin {ist fazindan 200 mikrolitre alinarak 96 kuyucuklu mikroplaya konulmus ve 535 nm
ve 700 nm absorbans degerleri alinarak cyanidin 3-glucoside esdegeri cinsinden (mg/kg CGE) antosiyanin
igerikleri belirlenmistir.

Toplam Fenolik Bilesen igerigi (%): Toplam fenolik bilesen analizlerinde Uluslararast Bugday ve Misir
Arastirmalar Merkezi (CIMMYT) tarafindan gelistirilen metot kullanilmistir (Galicia vd., 2009). Bu amagla
20 mg ogiitiilmiis 6rnek {izerine 1.3 ml 1.2 M HCI-Metanol ¢ozeltisi eklenerek 42°C’de 1100 rmp’de 30 dk
calkalanmustir. Ornekler oda sicakligma geldikten sonra 14000 rpm’de 5 dakika santrifiij edilmistir. 500
mikrolitre list faz alinarak yeni bir ependorf tiipiine konulmus ve evaporatérde kurutulmustur. Kurutulan 6rnek
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1.3 m metanol igerisinde ¢oziilerek kolorimetrik reaksiyona tabi tutulmustur. Bu amagla, her bir 6rnekten 50
mikrolitre almarak 96 gozenekli mikroplakaya konulmustur. Orneklerin {izerine 40 mikrolitre %25°lik Folin-
Ciolalteu soliisyonu eklenmis, ardindan 110 mikrolitre 400 mM Na,COs ilave edilmistir. Mikroplaka 800
rmp’de 10 saniye calkalandiktan sonra 6rnekler 42 °C’de 9 dakika inkiibasyona tabi tutulmustur. Ardindan
orneklerin 765 nm’de absorbans degerleri alinarak gallik asit ile olusturulan standart kiirve yardimiyla
orneklerin fenolik bilesen igerikleri gallik asit esdegeri (GAE) tespit edilmistir.

2.3. Spektral Modellerin Gelistirilmesi ve Dogrulanmasi

Ogiitiilmiis 6rnekler masaiistii NIRS cihazinin (Spectrastar 2400D, Unity Scientific, ABD) déner kap modu
kullanilarak, 1200-2400 nm arasinda her bir dalga boyuna ait spektral veri almmustir. Orneklerden spektral
veri toplanirken toplam 48 farkli noktadan 6l¢iim yapilmis ve bu dl¢iimlerin ortalamasi 6rnek spektrumu olarak
kaydedilmistir. Ornek spektrumlar1 jdx formatinda birlestirilerek kalibrasyon olusturma calismalarinda
kullanilmak iizere metin (.txt) dosyalarina doniistiiriilmiistiir. Tahmin modelleri olusturulmadan 6nce tiim veri
seti kullanarak tip dis1 6rnekler uzaklastirilmis ve kalan 200 adet 6rnek kalibrasyon (n=150) ve dis dogrulama
seti (n=50) olmak iizere iki alt gruba ayrilmistir. Bu ayrim igleminde Kennard-Stone algoritmasindan
yararlanilmigtir. Calismada 6 farkli 6n islem, 3 farkli secim yontemi ve 2 farkli modelleme teknigi
kullanilmistir (Tablo 1). Her 6nisleme ait spektral veri her bir dalga boyu se¢im yontemi ile muamele edildikten
sonra, her bir modelleme yontemi ile ayr1 ayri analiz edilmistir. Boylelikle incelenen her bir 6zellik i¢in toplam
36 farkli model olusturulmus ve degerlendirmeye almmustir. Caligmada kullanilan 6nislemler spektral
modelleme ¢aligmalarinda yaygin kullanilan yontemlerden secilmis olup, bu yontemlerle ilgili bilgiler giris
boliimiinde sunulmustur.

-(E;tljll;mlada kullanilan kemometrik teknikler ve modelleme yontemleri

On Islem Dalga Boyu Se¢im Yontemi Modelleme Teknigi

1) On Islemsiz 1) Tiim Spektral Veri 1) Kismi En Kiigiik Kareler Reg.
2) Birinci Tiirev (FD) 2) Degisken Onemlilik Projeksiyon. (ZF)) I]_)Se)stek Vektér Makin. (SVM)
3) ikinci Tiirev (SD) 3) Secicilik Orani (SR)

4) Standart Normal Degisim (SNV)

5) FD+SNV

6) SD+SNV

Onislemler ve modelleme ¢alismalarinda R programinda (R Core Team, 2019) gelistirilen SelectWave web
uygulamast  (Kahriman  ve  Liland, 2021)  kullanilmistir.  SelectWave  uygulamasi  (
https://bafr.shinyapps.io/SelectWave/) internet tizerinden farkli kemometrik uygulamalar ile tahmin modeli
gelistirmeye imkan veren bir uygulamadir. Bu uygulamaya yiiklenen spektral veri ve referans analiz
sonuglarindan elde edilen modeller igin kalibrasyon setine (n=150) ait RMSEca, R%ca Ve RPDca degerleri ile
kalibrasyon seti disinda (n=50) 6rneklerle yapilan dis dogrulama setinde RMSEvai, R%va ve RPDyg istatistikleri
hesaplanmigtir. Olusturulan modeller bu istatistiklere gore degerlendirilmis olup, RMSE degeri diisiik, R? ve
RPD degerleri yiiksek modeller basarili tahmin veren modeller olarak kabul edilmistir. RPD degerleri Sans vd.
(2020) tarafindan 6nerilen skalaya gore yapilmistir. Bu skalada modeller iyi (RPD > 2), orta (1.4 < RPD <2),
zay1if (RPD < 1.4) olmak iizere ii¢ sinifa ayrilmistir. Degerlendirme yapilirken 6nce kalibrasyon setine ve dig
dogrulama setine ait istatistiklerin her ikisi i¢in de yukaridaki sart1 saglayan modeller basarili kabul edilmistir.
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3. Bulgular ve Tartisma

3.1. Antosiyanin ve Fenolik icerigi Bakimindan Ornek Setindeki Degisim

Bu calismada kalibrasyon ve dis dogrulama setinde bulunan istatistikler Tablo 2°de gosterilmistir.
Antosiyanin igerigi bakimindan kalibrasyon setinde bulunan aralik (%0.02 CGE ve %0.47 CGE) degerlerine
gore dis dogrulama setindeki 6rneklerin antosiyanin igerigi setine ait sinirlar i¢erisindedir. Antosiyaninler misir
tanesinde renk olusumuna neden olan bilesenlerdir ve genellikle mor-kirmizi renk olustururlar (Lago vd.,
2014). Calismamizda kullanilan 6giitiilmiis misir 6rneklerinin beyaz, sari, turuncu, mor ve kirmizi tane renkli
misirlar bulunmaktadir. Bu durum antosiyanin igerigine yonelik analiz sonuglarin1 ve tanimlayici istatistikleri
dogrudan etkilemistir.

Fenolik bilesenler misir ununda antioksidan etkiye sahip olan biyokimyasallardir. Kalibrasyon seti ve dig
dogrulama setinde fenolik asit i¢eriginin ¢ok yakin ortalama sahip oldugu buna karsin dis dogrulama setindeki
degisimin kalibrasyon setinden daha yiiksek oldugu goriilmektedir (Tablo 2). Lopez-Martinez vd. (2009) misir
ununda ortalama fenolik asit igerigini 343 mg GAE/100 g (%0.343) olarak rapor etmistir. Caligmamizda elde
edilen ortalamanin bu degerin iizerinde oldugu tespit edilmistir. Bu durum g¢alismamizda kullanilan genotip
sayisinin fazla olmasma ve kullanilan materyalde genetik cesitlilik bakimindan yiiksek bir varyasyon
bulundurmasina baglanabilir. Nitekim az sayida ve genetik gesitlilik bakimindan sinmirli degisim gosteren
materyallerle yiiriitiilen bir ¢calismada toplam fenol igerigi 112.05- 244.90 ng GAE/g (%0.11-%0.25 GAE)
arasinda bulunmustur (Sabanci, 2016).

Z?ltt):)c;iianin ve fenolik bilesenler i¢in 6rnek setlerinde tanimlayici istatistikler.
Antosiyanin (mg CGE/Kkg) Fenolik Bilesen (% GAE)
Ornek Seti Kalibrasyon Dig Dogrulama Kalibrasyon Dis Dogrulama
N 150 50 150 50
Ortalama 0.14 0.12 0.67 0.67
S. Sapma 0.09 0.08 0.09 0.09
Minimum 0.02 0.01 0.41 0.52
Maksimum  0.47 0.37 0.96 0.91

3.2. Kalibrasyon Modellerinin Degerlendirilmesi

Antosiyanin igerigine yonelik olusturulan PLS tahmin modelleri i¢in bulunan degerler Tablo 3’de, SVM
model degerlendirme sonuglar1 ise Tablo 4’de gosterilmistir. PLS yonteminde, FD+SNV o6nislemi ve VIP
dalga boyu kombinasyonundan (RMSEca=0.03, R%ca=0.87, RPDca =2.88, RMSEva=0.05, R%/=0.74,
RPDva=1.97) diger veri seti kombinasyonlarindan daha basarili sonuglar elde edilmistir. SVM modelleri
icinde FD+SNV+SR kombinasyonu ile olusturulan modelin diger modellerden daha iyi sonug¢ verdigi
goriilmiistiir. Diisiik hata ve yiiksek R?> ve RPD degeri veren bu modelin (RMSEca=0.02, R%:.=0.96,
RPDcs=5.36, RMSEva=0.03, R?%,=0.90, RPDva=3.14) antosiyanin iceriginin belirlenmesinde
kullanilabilecegi saptanmustir (Tablo 3, Sekil 1). Tiim spektral verinin herhangi bir 6n islem uygulanmadan
kullamldigi PLS modeli (R?%ca=0.15, R%/2=0.10) ile bu modelin R? degerleri kiyaslandiginda (R?ca=0.96,
R2/2=0.90), spektral veriden yararlanilarak antosiyanin igeriginin agiklanabilmesi bakimindan kalibrasyon
setinde yaklasik 6 kat, dis dogrulama setinde ise 9 kat daha artis oldugunu sdylemek miimkiindiir (Tablo 3).
Tiim spektral veriye 6nislem uygulanmasinin tahmin basarisini dikkate deger sekilde artirdigi goriilse de, dalga
boyu se¢im yontemi uygulanmasi halinde modele iliskin tahmin giicliniin yiikseldigi gorilmektedir.

Antosiyanin igeriginin misir tanesinde NIR spektroskopisi tespitine yonelik bir aragtirmada (Mangalvedhe vd.,
2015) olusturulan kalibrasyon modeline ait R? degeri 0.72 dis dogrulama setine iliskin R? ise 0.93 olarak
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hesaplanmigtir. Arastirmamizda gelistirilen modellerden kalibrasyon seti igin benzer sonuglara ulagilmig ancak
dis dogrulamaya iliskin R? degerleri bu calismadan daha diisiik bulunmustur. Bu durumun baslica nedeni
kullanilan o6rneklerdeki antosiyanin miktarindaki degismeler ve kullanilan spektroskopi cihazlarindaki
farkliliklardir. Mangalvedhe vd. (2015) tarafinda yiiriitiilen arastirmada 0-900 mg/kg’lik genis bir varyasyon
var iken, kullanilan cihaz ise 900-1650 nm arasini taramaktadir. Arastirmamizda ise antosiyanin igerigine
iligkin varyasyon daha diisiik olmakla birlikte kullanilan cihazin tarama araligi (2100-2400 nm) daha genistir.
Antosiyanin igerigi i¢in spektral veriye 6n islem uygulanmasi halinde 6l¢iim basarisinin arttigi gézlenmistir.
Kemometrik yontem uygulamalarinin spektral model basarisina olumlu yonde etki ettigini gosteren farkl
caligmalar vardir (Alfieri vd. 2019; Kahriman, 2017). Calismamizdan elde edilen sonuglar da bu bulgular
dogrular niteliktedir.

a) Kalibrasyon Sefi b) Dis Dogrulama Seti G) Kalibrasyon Seti d) Dig Dogrulama Seti

Model Tahmini
Model Tahmini

Model Tahmini
Model Tahmini

Referans Analiz Referans Analiz Referans Analiz Referans Analiz

Sekil 1. Antosiyanin igerigi icin PLS yonteminde (a, b) ve SVM yonteminde (c, d) en iyi tahmin sonucu veren
kalibrasyon ve dis dogrulama setlerine ait tahmin grafikleri

¥2zll(a)m?;.antosiyanin icerigine yonelik NIR tahmin modellerine ait degerlendirme istatistikleri
Onislem Se¢im Yontemi RM RMSEca RZ%a RPDca  RMSEva Ry RPDval
On islemsiz ~ Tiim Spektrum  PLS 0.09 0.15 1.09 0.09 0.10 1.06
FD Tiim Spektrum ~ PLS 0.04 0.85 2.66 0.05 0.70 1.85
SD Tiim Spektrum  PLS 0.04 0.82 2.37 0.06 0.65 1.71
SNV Tiim Spektrum  PLS 0.03 0.88 2.92 0.05 0.69 1.83
FD+SNV Tiim Spektrum ~ PLS 0.06 0.58 1.55 0.07 0.48 1.40
SD+SNV Tiim Spektrum  PLS 0.04 0.82 2.38 0.06 0.64 1.68
OnIslemsiz  VIP PLS 0.09 0.15 1.09 0.09 0.10 1.06
FD VIP PLS 0.04 0.85 2.61 0.05 0.72 1.91
SD VIP PLS 0.04 0.82 2.37 0.05 0.68 1.79
SNV VIP PLS 0.03 0.87 2.88 0.05 0.74 1.97
FD+SNV VIP PLS 0.03 0.86 2.72 0.05 0.71 1.88
SD+SNV VIP PLS 0.05 0.75 2.03 0.06 0.62 1.64
On Islemsiz SR PLS 0.09 0.15 1.09 0.09 0.10 1.06
FD SR PLS 0.04 0.85 2.65 0.05 0.70 1.83

FD: Birinci tiirev; SD: Ikinci tiirev; SNV: Standart normal degisim; RM: Regresyon metodu; VIP: Degisken
onemlilik projeksiyonu; SR: Seg¢icilik orani.
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Tablo 3 (devamu).
Toplam antosiyanin icerigine yonelik NIR tahmin modellerine ait degerlendirme istatistikleri

Onislem Se¢im Yontemi  RM RMSEca RZ%a RPDca RMSEva R?va RPDva

SD SR PLS 0.04 0.82 2.37 0.06 0.65 1.71
SNV SR PLS 0.07 0.51 1.43 0.07 0.40 1.30
FD+SNV SR PLS 0.06 0.57 1.53 0.07 0.47 1.39
SD+SNV SR PLS 0.04 0.81 2.36 0.06 0.63 1.66
Onislemsiz  Tiim Spektrum SVM  0.04 0.82 2.39 0.05 0.64 1.69
FD Tim Spektrum  SVM  0.02 0.97 5.47 0.03 0.88 2.93
SD Tim Spektrum  SVM  0.02 0.96 5.27 0.03 0.88 2.93
SNV Tim Spektrum  SVM  0.02 0.96 5.16 0.03 0.88 2.92
FD+SNV Tim Spektrum  SVM  0.02 0.97 5.39 0.03 0.88 2.92
SD+SNV Tim Spektrum  SVM  0.02 0.96 521 0.03 0.88 2.94
On islemsiz  VIP SVM  0.10 0.10 0.96 0.08 0.20 1.00
FD VIP SVM  0.02 0.97 5.37 0.03 0.89 3.09
SD VIP SVM  0.02 0.97 5.50 0.03 0.89 3.11
SNV VIP SVM  0.03 0.89 2.99 0.04 0.72 1.92
FD+SNV VIP SVM  0.02 0.96 4.85 0.03 0.89 3.09
SD+SNV VIP SVM  0.02 0.97 5.46 0.03 0.90 3.13
On islemsiz SR SVM  0.10 0.10 0.96 0.08 0.20 1.00
FD SR SVM  0.02 0.97 5.54 0.03 0.89 3.10
SD SR SVM  0.02 0.97 5.48 0.03 0.89 3.12
SNV SR SVM  0.03 0.90 3.12 0.04 0.80 2.25
FD+SNV SR SVM  0.02 0.96 5.36 0.03 0.90 3.14
SD+SNV SR SVM  0.02 0.97 5.42 0.03 0.90 3.13

FD: Birinci tiirev; SD: Ikinci tiirev; SNV: Standart normal degisim; RM: Regresyon metodu; VIP: Degisken
onemlilik projeksiyonu; SR: Segicilik oran.

Toplam fenolik igerigi igin olusturulan PLS ve SVM model degerlendirme sonuglari ise Tablo 4’de
gosterilmistir. Kullanilan her iki modelleme tekniginde de 6n islemsiz spektral verinin VIP dalga boyu se¢im
yoOntemine uygulanmasi ile olusturulan modellerin, digerlerinden daha basarili sonug verdigi gozlenmistir. Bu
modelere ait degerlendirme istatistikleri birbiri ile kiyaslandiginda ise PLS tekniginde basarili bulunan ve 6n
islem uygulanmadan VIP dalga boyu se¢imi yapilan modelin (RMSEca=0.05, R%c4=0.71, RPDca=1.87,
RMSEva=0.06, R%2=0.66, RPDva=1.72) SVM tekniginde basarili bulunan ve 6n islem uygulanmadan VIP
dalga boyu se¢imi yapilan modelden (RMSEca =0.06, R%ca =0.66, RPDca=1.71, RMSEv4=0.07, R%/2=0.46,
RPDva=1.38) nispeten daha basarili sonug verdigi izlenmektedir (Tablo 4, Sekil 2). Ancak toplam fenolik
icerigi i¢in olusturulan bu modellerin RPD degerlerine gore modellerin orta diizeyde (1.4 < RPD < 2)
giivenilirlige sahip oldugu anlasilmaktadir.

Meng vd. (2015) ogiitiilmemis ve ogiitilmis misir tanesi numunelerinde fenolik bilesen tespitine yonelik
geligtirdikleri NIR kalibrasyon modellerinde R? degeri %90’in iizerinde olan modellerin oldugunu
bildirmislerdir. Mevcut ¢alismada gelistirilmis modellerin R? degerleri Meng vd (2015) tarafindan ¢alismada
gelistirilmis modellerden diisiik bulunmustur. Bu durumun baslica nedenlerinden birisi kullanilan 6rnek setinin
fenolik madde icerigi bakimindan ¢ok biiyiik bir degisime sahip olmasidir. Aragtirmamizda bu biyokimyasal
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bilesen igin tespit edilen sinir degerler nispeten dar bulunmustur. Bu durum gelistirilen kalibrasyon
modellerinin degerlendirme istatistiklerine yansimustir.

Tablo 4.

Toplam fenolik igerigine yénelik NIR tahmin modellerine ait degerlendirme istatistikleri

On Islem Secim Yontemi  RM RMSEca R%a RPDca RMSEva R%a  RPDya
On islemsiz ~ Tiim Spektrum PLS 0.05 0.71 1.87 0.06 0.65 1.71
FD Tiim Spektrum PLS 0.06 0.67 1.75 0.06 0.60 1.60
SD Tiim Spektrum PLS 0.05 0.72 1.91 0.07 0.48 1.40
SNV Tiim Spektrum PLS 0.06 0.67 1.77 0.06 0.60 1.60
FD+SNV Tiim Spektrum PLS 0.06 066 1.73 0.06 0.60 1.59
SD+SNV Tim Spektrum PLS 0.06 0.62 1.64 0.07 0.45 1.36
On islemsiz ~ VIP PLS 0.05 0.71 1.87 0.06 0.66 1.72
FD VIP PLS 0.06 0.67 1.75 0.06 0.60 1.61
SD VIP PLS 0.04 0.83 245 0.07 0.55 1.50
SNV VIP PLS 0.06 0.68 1.78 0.06 0.61 1.62
FD+SNV VIP PLS 0.06 0.66 1.74 0.06 0.60 1.61
SD+SNV VIP PLS 0.04 0.80 225 0.07 0.53 1.48
On Islemsiz SR PLS 0.05 0.71 1.87 0.06 0.65 1.71
FD SR PLS 0.06 0.67 1.75 0.06 0.60 1.60
SD SR PLS 0.05 0.72 1.91 0.07 0.47 1.39
SNV SR PLS 0.06 0.67 1.77 0.06 0.60 1.60
FD+SNV SR PLS 0.06 0.66 1.73 0.06 0.60 1.59
SD+SNV SR PLS 0.06 0.62 1.64 0.07 0.45 1.36
On Islemsiz ~ Tiim Spektrum SVM 0.04 083 244 0.09 0.34 1.25
FD Tiim Spektrum SVM 0.01 0.99 12.21 0.09 0.43 1.34
SD Tiim Spektrum SVM 0.01 0.99 10.95 0.09 0.43 1.34
SNV Tiim Spektrum SVM 0.01 0.99 11.59 0.09 0.43 1.34
FD+SNV Tiim Spektrum SVM 0.01 0.99 13.92 0.09 0.43 1.34
SD+SNV Tiim Spektrum SVM 0.01 0.99 12.21 0.09 0.43 1.34
On islemsiz ~ VIP SVM 0.06 0.66 1.71 0.07 0.46 1.38
FD VIP SVM 0.02 095 441 0.08 0.31 1.22
SD VIP SVM 0.01 0.99 12.54 0.09 0.22 1.14
SNV VIP SVM 0.05 0.79 219 0.07 0.45 1.37
FD+SNV VIP SVM 0.03 0.88 2.89 0.07 0.43 1.34
SD+SNV VIP SVM 0.01 099 9.36 0.09 0.22 1.15

FD: Birinci tiirev; SD: Ikinci tiirev; SNV: Standart normal degisim; RM: Regresyon metodu; VIP: Degisken
onemlilik projeksiyonu; SR: Segicilik orani.
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Tablo 4 (devami).

Toplam fenolik igerigine yonelik NIR tahmin modellerine ait degerlendirme istatistikleri

On Islem Secim Yontemi  RM RMSEca R%a RPDca RMSEva R%a  RPDya

On Islemsiz SR SVM 0.10 0.20 1.00 0.10 0.10 1.00
FD SR SVM 0.01 099 855 0.08 0.28 1.19
SD SR SVM 0.01 0.99 10.99 0.09 0.22 1.15
SNV SR SVM 0.04 0.83 243 0.07 0.43 1.33
FD+SNV SR SVM 0.02 098 6.36 0.08 0.33 1.23
SD+SNV SR SVM 0.01 099 11.84 0.09 0.22 1.14

FD: Birinci tiirev; SD: Ikinci tiirev; SNV: Standart normal degisim; RM: Regresyon metodu; VIP: Degisken
onemlilik projeksiyonu; SR: Segicilik orani.

a) Kalibrasvon Seti b) Dis Dodrulama Seti C) Kalibrasvon Seti d) Dis Dodrulama Seti

Model Tahmini
Model Tahmini
Model Tahmini
Model Tahmini

Referans Analiz Referans Analiz Referans Analiz Referans Analiz
Sekil 2. Fenolik bilesen igerigi i¢in PLS yonteminde (a, b) ve SVM yonteminde (c, d) en iyi tahmin sonucu
veren kalibrasyon ve dis dogrulama setlerine ait tahmin grafikleri

3.3. Modellerde Etkili Dalga Boylari

Elektromanyetik spektrumda NIR bolgesindeki dalga boylarinin 151k enerjisi ile etkilesimi komplike bir
yapidadir. Maddelerin yapisinda bulunan C-H, O-H, N-H ve S-H gibi kimyasal baglarm 151k ile etkilesimi
sonucunda bu baglar esneme, biikiilme gibi hareketler yapmaktadir (Pasquini, 2003). NIR spektroskopisinde,
elektromanyetik spektrumda temel yakin kizil 6tesi bolgesi (750-2500) ile organik bilesenlerin yapisindaki
alifatik ve aromatik (C-H), karboksil (C-O), hidroksil (O-H) ve amin-amid (N-H) baglarinin enerji
diizeylerindeki degisimin olgiilmesine dayanmaktadir (Williams ve Norris, 1987). Fenolik bilesenler ve
antosiyaninler temel olarak C-H, O-H baglar1 bulunduran biyokimyasal bilesenlerdir. Bu bag yapilar1 genel
olarak fenolik maddelerle iliskilendirilmektedir (Nicolai vd., 2007).

Antosiyanin igerigi i¢in olusturulan PLS ve SVM modellerinde etkili bulunan dalga boylarin1 gdsteren grafik
Sekil 3’te gosterilmistir. Modelleme teknigine gore etkili bulunan dalga boylarimin degisim gdsterdigi
anlagilmaktadir. PLS modelinde etkili bulunan dalga boyu sayist SVM modelinden daha az sayidadir. PLS
modelinde etkili dalga boylar1 1200 nm, 1400 nm, 1700 nm ve 1900-2400 nm arasindaki bdlgelerde yer
almistir (Sekil 3a). SVM modelinde 1750 nm ve 2050 nm’ye yakin bolgeler disinda kalan bolgelerdeki dalga
boylarinin tahminleyici olarak yer aldigi goriilmektedir (Sekil 3b). Mariani vd. (2015) bitkisel 6rneklerde
antosiyanin igeriginin NIR spektral bolgesinde yer alan 1232-1279 nm, 1319-1522 nm, 1792-2009 nm ve
2245-2387 nm dalga boylarinda olustugunu bildirmislerdir. Antosiyaninlerin kimyasal yapisi dikkate
alindiginda hidroksil grubun birinci overton bolgesi 1400-1600 nm arasi bolge ile etkilesimde oldugu, C-O ve
O-H baglarinin deformasyon bolgesi olan 2100 nm ve O-H, C-C baglarinin kombinasyon bant bdlgesi olan
2276 nm’ye yakin bolgeler de antosiyaninlerle iliskili oldugu bildirilmistir (Noah vd., 1997). Antosiyaninler
suda ¢oziinebilen bilesenlerdir bu sebeple ornek igerisindeki nem igerigi ile iliski olan dalga boylarmin da
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dikkate alinmasinda yarar vardir. Su ile NIR bolgesinde iliskili oldugu bilinen bantlar 760, 970, 1190, 1450 ve
1940 nm dalga boylaridir (Paulsen ve Singh, 1994). Calismamizda tarama yapilan bolgede (1200-2400 nm) su
ile iligkili bulunan dalga boylarinin da tahmin modellerinde yer aldigi goriilmektedir. Bu durum antosiyanin
miktarinin s6z konusu bantlar tarafindan maskelenmesine neden olabilir ve basarili bulunan modellerde s6z
konusu bdlgelerin elemine edildigi goriilmektedir.

a) b

Deger

1200 1400 1600 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400

Dalga Boyu (nm) Dalga Boyu (nm)

Sekil 3. Antosiyanin i¢in en iyi tahmin sonucu veren PLS (a) ve SVM (b) modellerde etkili bulunan dalga
boylarini gdsteren grafikler

Fenolik bilesenlerin tespitinde PLS ve SVM yontemlerinde basarili bulunan modeller i¢in taranan spektral
aralikta (1200-2400 nm) ayn1 bolgelerin etkili oldugu saptanmustir (Sekil 4). Olusturulan PLS ve SVM yontemi
icin 1200 nm, 1500 nm, 1800 nm, 2100 nm ve 2200 nm bolgelerindeki dalga boylarinin etkili oldugu
goriilmektedir (Sekil 4). Literatiirde fenolik bilesenlerin NIR spektral bolgesinde farkli bolgelerle ilgili oldugu
rapor edilmistir. Miller (2001) NIR spektrumunda 1415 nm’den 1512 nm’ye ve 1955 nm’den 2035 nm’ye
kadar olan boélgelerin fenolik bilesenlerle ilgili karakteristik bantlar bulundurdugunu rapor etmistir. Diger
fonksiyonel bag tepkileri igerisinde, O-H hidroksil grubu (1514 nm), C-O baglarinin etkili oldugu 2056 nm ve
C-H baglarimin birinci overtone bolgesindeki 1762 nm, 2142 nm ve 2170 nm’deki dalga boylarinin fenolik
bilesenlerle iliskili oldugu bildirilmistir (Osborne, 1993). Sorgumda yiiriitiilen bir ¢alismada 400-2500 nm
arasinda taranan spektral aralikta 508 nm, 608 nm, 114 nm, 1304 nm, 1680 nm, 1904 nm, 2104 nm, 2230 nm
ve 2244 nm dalga boylarinin tahmin modellerinde etkili oldugu bildirilmistir (Alfieri vd., 2019). Calismamizda
fenolik bilesenlere yonelik modellerde etkili bulunan bdlgeler bilimsel ¢alismalardaki séz konusu spektral
araliklar1 igermektedir.

a) / b)

o

08
08

Deger
06
Deger
06

04
04

02
02

T T T T T T T T T T
1200 1400 1600 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400

Dalga Boyu (nm) Dalga Boyu (nm)

Sekil 4. Fenolik bilesenler i¢in en iyi tahmin sonucu veren PLS (a) ve SVM (b) modellerde etkili bulunan
dalga boylarinm gosteren grafikler
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4. Sonuclar

Misir orneklerinde toplam antosiyanin ve fenolik igeriginin tespitinde NIR spektroskopisi cihazindan
yararlanilabilecegi goriilmiistiir. Bu cihazda gelistirilen kalibrasyon modellerinde kullanilan kemometrik
yontemlerin model basarisina dnemli etkisi oldugu anlasilmistir. Arastirmada her 6zellik icin gelistirilen 36
ayr1t modelden basarili bulunan modellerin spektral 6nislem ve dalga boyu se¢im yontemlerinin kullanildig
modeller oldugu dikkat cekmistir. Antosiyanin igerigi icin FD+SNV+SR kombinasyonu ile SVM modelleme
yontemi olusturulan modelin tahmin basarisinin diger modellerden daha yiiksek oldugu gézlenmistir. Toplam
fenolik bilesen icin 6n iglem uygulanmadan VIP dalga boyu se¢im yontemi diger kombinasyonlardan daha
yiiksek basari saglasa da, bu modellerin tahmin giivenilirlikleri orta diizeyde kalmistir. Antosiyanin igerigi i¢in
PLS ve SVM modelleme yontemlerinde farkli dalga boylarinin etkili oldugu goriilmiis ve SVM ydnteminde
tarama yapilan spektral aralikta daha fazla sayida bolge tahmin modeline dahil olmustur. Buna karsin toplam
fenolik igerigi icin ise her iki modelleme yonteminde de etkili dalga boylariin ayni oldugu goriilmiistiir.
Ileride bu bilesenlere yonelik calismalarda farkli kemometrik yéntemlerin de kullanilmasi faydali olacaktir.
Kullanilacak 6rnek setinde hedef degiskenler bakimindan varyasyonun 6rnek sayis1 ve biyokimyasal igerik
bakimindan degisimin artirilmasi da model basarisini olumlu yonde etkileyebilir. Antosiyanin ve fenolik
bilesenlerin yam sira diger sekonder metabolitlerin NIR ile tespitinde kemometrik yontemlerin etkisine yonelik
calismalar da yapilmalidir.
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0Oz — Dokudaki gerekli oksijen seviyesinin normal degerin altna diismesi hipoksi olarak tanimlanir. Hipoksi kati
timorlerde sik karsilagilan bir durumdur. Tiimér hiicreleri yeterli oksijen alamadiginda hiicre 6liimiine gitmeden 6nce
genetik farkliliklar olusturarak hipoksik duruma adapte olmaktadir. Bazi tiimérlerde radyo veya kemoterapotik tedavi
direncinin gelisiminde hipoksinin rol oynadig1 gosterilmistir. Birgok klinik galiyma sonucunda tiimériin hipoksik
oldugu ve hipoksik durumun yiikselmesiyle de timor ¢apinin arttigi gosterilmistir. Hipoksik hale gelen timor
hiicrelerinin, hiicre 6liim sinyallerine ve apoptoza karsi duyarliliginin azalmast sonucu bolgesel ve sistemik olarak
agresif olabilmektedir. Ayrica hipoksi; tiimér proliferasyonu, anjiyogenez ve sistemik metastaz sinyalizasyonunu
arttirabilmektedir. Hiicrelerdeki hipoksinin molekiiler mekanizmasindan sorumlu temel protein ailesi HIF (Hipoksi
ile Indiikelenebilir Faktor)’ dir. Bugiine kadar, insan hiicrelerinde diisiik oksijen seviyelerine yanit olarak ii¢ HIF
protein ailesi tiyesi tespit edilmistir. HIF-1, HIF-2 ve HIF-3 olarak isimlendirilen bu heterodimerlerin her birisi, nor-
moksik kosullarda ayrigan o alt birim ve B alt birimden olusan proteinlerdir. HIF ailesi tiyeleri glikoz alimi ve meta-
bolizmasi, eritropoez, anjiyogenez, hiicre proliferasyonu ve apoptoz dahil olmak tizere birgok hiicresel siiregte yer
alan genlerin ifadesini diizenleyerek hem oksijen dagitimini hem de oksijen yoksunluguna adaptasyonu kolaylastirir-
lar. Bu derleme, HIF’ in molekiiler ¢aligma mekanizmasini, hipoksinin biyolojik fonksiyonlarini ve hiicre kiiltiirii

laboratuarlarinda kullanilan farkli hipoksi modellerini 6zetlemektedir.
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Abstract — A decrease in the required oxygen level in the tissue below the normal value is defined as hypoxia. Hy-
poxia is a common condition in solid tumors. When tumor cells can not get enough oxygen, they adapt to the hypoxic
state by creating genetic differences before going to cell death. Hypoxia has been shown to play a role in developing
radio or chemotherapeutic treatment resistance in some tumors. As a result of many clinical studies, it has been demon-
strated that the tumor is hypoxic, and the diameter of the tumor increases with a hypoxic state. As a result of the
decreased sensitivity of tumor cells to cell death signals and apoptosis, tumor cells can become regionally and system-
ically aggressive. Also, hypoxia can increase tumor proliferation, angiogenesis, and systemic metastasis signaling.
The main protein family responsible for the molecular mechanism of hypoxia in cells is HIF (Hypoxia Inducible
Factor). To date, three HIF family members have been identified in response to low oxygen levels in human cells.
Named as HIF-1, HIF-2 and HIF-3, each of these heterodimers consists of a subunit and p subunit decomposing under
normoxic conditions. Members of the HIF family facilitate both oxygen delivery and adaptation to oxygen deprivation
by regulating the expression of genes involved in many cellular processes, including glucose uptake and metabolism,
erythropoiesis, angiogenesis, cell proliferation, and apoptosis. This review summarizes the molecular working mech-
anism of HIF, the biological functions of hypoxia, and different hypoxia models used in cell culture laboratories.
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1. Giris

Oksijen, aerobik hiicrelerin enerji metabolizmasinda 6nemli bir faktordiir. Cogu anabolik siire¢, sinyal
yolaklar1 ve enzimatik reaksiyonlar, mitokondriyal oksidatif fosforilasyon ve glikolizden iiretilen ATP’ ye
ihtiya¢ duyar. Hiicreler, hiicresel oksijen tedarigini sinirlayan farkli kosullara maruz kaldiklarinda, oksidatif
metabolizma tehlikeye girer ve ATP’ ye bagl siiregleri etkiler (Mungai, Waypa, Jairaman, Prakriya, Dokic
vd., 2011; Wang, Jiang, Rue ve Semenza 1995). Dokudaki gerekli oksijen seviyesinin normal degerin altina
diismesi hipoksi olarak adlandirilir (Selvendiran, Bratasz, Kuppusamy, Tazi, Rivera vd., 2009).

Hipoksi kati timorlerde sik karsilagilan bir durumdur. Tiimér hiicreleri yeterli oksijen alamadiginda hiicre
Oliimiine gitmeden once genetik farkliliklar olusturarak hipoksik duruma adapte olmaktadir (Cekin, 2007).
Bazi tiimorlerde radyo veya kemoterapotik tedavi direncinin gelisiminde hipoksinin rol oynadigi gosterilmis-
tir. Birgok klinik ¢aligma sonucunda tiimdriin hipoksik oldugu ve hipoksinin yiikselmesiyle de tiimor ¢apinin
arttig1 gosterilmistir. Apoptoz programlanmis bir hiicre 6liim mekanizmasidir ve zararli olan hiicreleri ortadan
kaldirmaktadir. Bu mekanizma birgok dokunun diizgiin gelisiminde rol oynamaktadir ayrica yetiskinlerde or-
gan fonksiyonlarinin gelisimi i¢in kritik bir géreve sahiptir. Apoptoz ¢ogunlukla birgok hiicre i¢i ve hiicre dis1
sinyal molekiilleri vasitasiyla ya da fizyolojik ve patolojik indiikleyiciler araciligiyla baslayabilmektedir. Hiic-
reler yogun hipoksi altinda ya da anoksi (oksijen eksikligi) sirasinda mutasyona ugramis ve hipoksi ile indiik-
lenmis hiicrelerin birikmesini 6nlemek i¢in apoptoza giderler (Guo, Song, Jiang, Liu, Yu vd., 2006). Ancak,
hipoksik hale gelen tiimér hiicrelerinin, hiicre 6liim sinyallerine ve apoptoza karsi duyarliliginin azalmasi so-
nucu bolgesel ve sistemik olarak agresif olabilmektedir. Ayrica hipoksi tiimor hiicrelerinin proliferasyon, an-
jiyogenez ve sistemik metastaz sinyalizasyonunu arttirabilmektedir (Selvendiran vd., 2009).

Hiicrelerdeki hipoksinin molekiiler mekanizmasindan sorumlu temel protein HIF’ dir. 1992 yilinda
(Eritropoietin) EPO’ nun 3’ Hipoksi cevap elementi (HRE; 5-RCGTG-3) ile oksijene bagimh bir sekilde
etkilesen ¢ekirdek faktorii kesfedilmistir. Bu DNA baglayan komplekse “Hipoksi ile indiiklenebilir faktor-1”
ya da ‘HIF-1’olarak isimlendirilmistir. (Goldberg, Monyer ve Choi, 1988; Semenza, Nejfelt, Chi ve
Antonarakis, 1991; Tepebasi ve Calaboglu, 2016). Hipoksideki molekiiler mekanizmanin genetik cevabi i¢in
bir biiylime faktorinii kodlayan EPO geni i¢in kapsamli arastirmalar yapilmigtir. EPO, kirmizi kan hiicrelerin
iiretimini diizenleyerek, fizyolojik oksijen homeostazinin temel belirleyicilerinden biri olan kan oksijen tagima
kapasitesini kontrol eden hematopoietik bir biiyiime faktoriidiir. Rekombinant EPO, belirli anemi tiplerinin,
Ozellikle kronik bobrek hastaligiyla baglantili aneminin tedavisinin temel dayanagi olarak kullaniimistir.
Bobrek ve karaciger hiicreleri tarafindan EPO mRNA’ s1 ve protein iiretimi seviyeleri 1.000 kat veya daha
fazla artabilir. Bu yanit, oksijenle diizenlenmis gen ekspresyonu ¢alismalari igin ilk odak noktasiydi ve HIF,
bu siirecin merkezi transkripsiyon aracisi olarak tanimlanarak kesfedilmistir. Transkripsiyon faktorii olan
HIF-1o> nin DNA iizerindeki HRE bolgesine baglandigi ve bu sekilde hipoksiye cevap vererek gen
ekspresyonunda 6nemli bir role sahip oldugu gosterilmistir (Baysal, 2016; Cekin 2007; Wang vd., 1995;
Rankin ve Giaccia, 2008; Selvendiran vd., 2009).

2. HIF Ailesi ve Protein Yapisi

HIF ailesi iiyeleri glikoz alim1 ve metabolizmasi, eritropoez, anjiyogenez, hiicre proliferasyonu ve apoptoz
dahil olmak iizere bir¢ok hiicresel siirecte yer alan genlerin ifadesini diizenleyerek hem oksijen dagitimini hem
de oksijen yoksunluguna adaptasyonu kolaylastirirlar. Bunlar, oksijene duyarli ve heterodimerler olarak
DNA' ya baglanan bir transkripsiyon fakoriidiir. Bu proteinleri temel sarmal-dongii-sarmal (basic helix loop
helix; bHLH) transkripsiyon faktorlerinin PAS (PER-ARNT (arilhidrokarbon reseptorii niikleer translokator)
-SIM) ailesinin iiyeleridir. ARNT olarak da bilinirler ve HIF-1’in B alt birimini ifade ederler (Goldberg vd.,
1988; Rankin vd., 2008).

Bugiine kadar, insan hiicrelerinde diisiik oksijen seviyelerine yanit olarak ti¢ HIF ailesi {iyesi tespit edilmistir.
HIF-1, HIF-2 ve HIF-3 olarak isimlendirilen bu heterodimerlerin her birisi, normoksik kosullarda ayrisan o alt
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birim ve B alt birimden olugur (Javan ve Shahbazi, 2017; Rankin vd., 2008; Tameemi, Dale, Jumailyand ve
Forsyth, 2019). Hipoksik durum hiicresel ve gelisimsel yanitlara esas olarak HIF1A geni tarafindan kodlanan
HIF-1a aracilik eder. Alternatif birlestirme ile iiretilen ii¢ HIF-la izoformu (HIF-la, HIF-2a, HIF-3a)
tamimlanmistir (Yeo, 2019). Tiim HIF ailesi tiyelerinde bulunan bHLH domaini, DNA baglanmasina ve PAS
domain ise dimerizasyonuna aracilik eder. Bu proteinin aktif bolgesi, bir oksijen sensorii olarak islev goren
oksijen bagimli degredasyon domaini (ODD) igerir. Sekil 1, HIF ailesi iiyelerinin domain yapisini
gostermektedir. Ek olarak, HIF ailesi iiyeleri, hedef gen aktivasyonuna aracilik eden transaktivasyon domaini
(TAD) igerir. HIF-la ve HIF-2a, hedef gen aktivasyonuna katkida bulunan iki TAD bdlgesi igerir (Rankin vd.,
2008; Torres, Navaa, Ruiz, Quiroz ve Gutierrez, 2017). HIF-1a alt birimi, bir inhibitdr alan ile kdprilenmis
TAD-N ve TAD-C (sirastyla N ve C terminal transaktivasyon alanlari) icerir. TAD-N, ODD ile ortiisiir ve
protein stabilitesi ile iligkilidir. TAD-C, protein stabilitesinden bagimsiz olarak p300/ CBP gibi ortak
aktiflestirici ile etkilesime girer ve tam HIF aktivitesi i¢in gereklidir (Lando, Peet, Gorman, Whelan, Whitelaw
vd., 2002). Yapilan ¢alismalarla, HIF-1' in insan ve fare dokularinda her yerde eksprese edildigini ve oksijen
eksikliginde eritropoez ve glikoliz gibi fizyolojik reaksiyonlarin sekteye ugramamasi igin anjiyogenezde de
regiilator role sahip oldugu belirlenmistir (Semenza, 1988).

Ug izoform arasinda izoform 1, hem yapisal hem de islevsel olarak kapsamli bir sekilde incelenmis ve
karakterize  edilmistir ~ (Selvendiran  vd., 2009). HIF-1la, kromozom  14021-24 iginde
yer alan HIF1A geni tarafindan kodlanan ve 15 ekzondan olusan bir transkripsiyon faktordiir. HIF-1a, 836
amino asitten olusur ve molekiiler agirlig1 120 kDa’ dir. HIF-1a, her ikisi de ¢ift sarmal seklinde diizenlenmis
iki zincirli, alfa zinciri (oksijen tarafindan diizenlenir) ve beta zincirinden olusan bir heterodimerdir. Iki
niikleer lokalizasyon sinyali (NLS) vardir, ancak sadece C-terminal konumunda bulunan NLS, ¢ekirdekte HIF-
la birikiminden sorumludur. N-terminal bdlgesinde, HRE araciligiyla dimerizasyon ve DNA baglanmasi igin
gerekli olan bHLH ve PER-ARNT-SIM A (PAS A) alanlar1 bulunur (Cekin, 2007).

Bagll::ma Dimerizasyon Stabilite Transaktivasyon
HIF-1a . A PAS B OobDD TAD TAD 836 aa
HIF-2a . A PAS B oDD TAD TAD 874 aa
HIF-3a . A PAS B oDD  TAD 662 aa
ARNT 1 . A PAS B TAD 789 aa
ARNT-2 . A PAS B TAD 717 aa

Sekil 1. HIF ailesi iiyelerinin domain yapis1 (Rankin vd., 2008’ den esinlenerek ¢izilmistir.)

HIF’ ler oksijen yoksunlugunda transkripsiyonel tepkilere aracilik eden transkripsiyon faktorlerinin
(bHLH)/PER-ARNT-SIM (PAS) etki alani ailesinin iiyeleridir. Oksijene duyarli bir HIF-a alt biriminden
(HIF-1a,-2a veya-3a) ve bir yapisal HIF-f alt biriminden (ARNT1 ve ARNT2) olusan heterodimerler olarak
DNA’ ya baglanirlar. Tiim HIF ailesi tiyelerinde bulunan bHLH ve PAS alanlari, sirasiyla DNA baglanmasina
aracilik eder. HIF-a alt birimi 6zel bir ODD igerir. Ek olarak, HIF ailesi iiyeleri, hedef gen aktivasyonuna
aracilik eden TAD alanlar igerir. HIF-1a ve HIF-2a, hedef gen aktivasyonuna katkida bulunan iki TAD
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bolgesi bulundurur. HIF-la ve HIF-2a’ nin DNA baglanma ve dimerizasyon domainleri yapisal bir perspek-
tiften benzer olsa da, bu iki formun transaktivasyon domainleri birbirinden farklidir (Sekil 1). HIF-2 ayn1 za-
manda endotelyal PAS proteini, HIF benzeri faktér (HLF), HIF ile iliskili faktér (HRF) ve ‘Per-Arnt-Sim°
(PAS) siiper ailesi 2’ nin (MOP2) iiyesi olarak da adlandirilir. HIF-1 ile yaklasik %48 amino asit sekans
homolojisine sahiptir. Baska bir fark ise HIF-lo” nin her yerde yaygin bir ifadeye sahip olmasi, HIF-2a
ifadesinin ise spesifik dokularla daha simirli olmasidir. HIF-1a’ nin aksine HIF-20 ekspresyonu, endotel
hiicreleri, glial hiicreler, tip II pndmositler, kardiyomiyositler, bobrek fibroblastlari, pankreas ve duodenum
interstisyel hiicreleri ve hepatositleri igeren spesifik hiicre tipleriyle sinirlidir. Genel olarak, iki form hipoksiye
farkl1 biyolojik cevaplar vermektedir (Rankin vd., 2008; Tameemi vd., 2019).

HIF-3a, sirastyla HIF-1a ve HIF-2a’ ya %57 ve 53 amino asit sekans dzdesligi olan bir bHLH-PAS alanim
ve sekans olarak %61 benzer ODD alanini sifreler. Transaktivasyon alan1 HIF-3a” da mevcut degildir, bu da
bu formun baskilayici bir etkiye sahip oldugu anlamina gelir ve HIF-la’ nin kendisine baglanarak transkripsi-
yonu baglatmasini dnler. Bu eylem nedeniyle HIF-3a, ‘inhibitor Per-Arnt-Sim PAS’ alani (IPAS-PAS) olarak
da adlandirilir (Rankin vd., 2008; Tameemi vd., 2019). IPAS/HIF-1a kompleksi HRE bolgesine baglanamaz.
Bu nedenle, IPAS, HIF aracili hedef gen ekspresyonunu ve HIF-1a’ nin transkripsiyonel aktivasyonunu inhibe
eder. (Lee, Bae, Jeong, Kim ve Kim, 2004). En ge¢ kesfedilen HIF-3, ¢esitli dokularda ekspre edilmektedir.
I1k olarak IPAS’ 1n birlesmesi ile HIF-3, kesfedilmistir (Lee vd., 2004) ve HIF-1 ile dimerize olarak HRE’
lere baglanir (Gu, Moran, Hogenesch, Wartman ve Bradfield 1998). IPAS higbir endojen transaktivasyon ak-
tivitesine sahip degildir. HIF-1" in amino terminal bdlgesi ile etkilesime girerek, HIF-1" in dominant negatif
regiilatorii olarak hareket edip DNA’ ya baglanmasini 6nler (Makino, Cao, Svensson, Bertilsson, Asman vd.,
2001). HIF regiilasyonunda antagonistik etki gosterdigi diistiniilen HIF-30, inhibitor gorevi gosteren PAS do-
mein proteini (IPAS) lizerinden HIF-1a y1 negatif regiile ederek HIF sistemini inhibe eder (lllingworth, Loe-
narz, Schofield ve Domene, 2010).

Oksijen seviyeleri, HIF-a alt birimlerinin protein stabilitesini, hiicre i¢i lokalizasyonunu ve transkripsiyonel
potansiyelini etkileyebilirken, ARNT alt birimi yapisal olarak c¢ekirdekte eksprese edilir ve aktivitesi
hipoksiden etkilenmez. HIF-1a, bir transkripsiyon faktorii olarak rol oynamak i¢in ARNT ile dimerlesir. Her
alt birim, PAS-A ve PAS-B olarak adlandirilan iki PAS alanini igerir. bHLH ve PAS alanlari, a ve B alt birimi
arasinda heterodimer olusumu ve DNA baglanmasi i¢in gereklidir (Lee vd., 2004).

3. Oksijen Bagimh HIF Yolu

Hipoksi, hiicrelerin veya dokularin yeterli oksijenden yoksun kalmasina neden olan, oksijen dagitimi ve
oksijen tiiketimi arasindaki homeostatik dengenin diizensizligidir (Martin, Diamond, Gronthos, Peet ve
Zannettino, 2011). HIF-1, diisiik oksijen ortamina hiicresel adaptasyonun ana diizenleyicisidir (Dengler ve
Espinosa, 2013). Normoksi durumunda, HIF-1a’ daki ODD domaini igindeki iki prolin rezidiisii iizerinde
bulunan prolin hidroksilazlar PHD’ ler vonHippel-Lindau (pVHL-tiimdr baskilayici protein) ubikitinasyonu
ve proteazomal bozunmayi tetikler. Hidroksilasyon reaksiyonu, aKG (PHD substrat alfa-ketoglutarat)’ nin
siiksinata doniigiimiiyle birlestirilir ve bunun i¢in askorbat ve demir (PHD ko-faktérler) ko-faktor olarak
kullanilir. Buna paralel olarak, oksijene bagimli bir sekilde PHD’ lere benzer diizenlenen bir asparajinil
hidroksilaz olan HIF’ i onleyen faktor (FIH), ko-aktivator alimimi Onleyerek normoksideki HIF-1
transkripsiyonel aktiviteyi bastirir. Hipoksi ise, PHD’ leri inhibe eder ve HIF-1a’ y1 stabilize eder. Daha sonra
cekirdege gecer ve yapisal olarak ifade edilen HIF-1p ile dimerize olur. Sekil 2, HIF-1a’ nin oksijene bagimli
diizenlenmesini gostermektedir. Aktif HIF-1 kompleksi olusturur ve glikolitik metabolizmay1, anjiyogenez ve
hayatta kalmay:1 tesvik eden genlerin transkripsiyonunu aktive eder (Lommarini, Porcelli, Gasparre ve Kurelac,
2017; Maxwell, Wiesener, Chang, Clifford, Vaux vd., 1999).
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Sekil 2. HIF-1a’ nin oksijene bagimli diizenlenmesi (Lommarini vd., 2017’ den esinlenerek ¢izilmistir.)

Normoksi durumunda, iki prolin kalintis1 iizerinde, PHD’ ler HIF-1a, pVHL aracili ubikitinasyonu ve hidrok-
sile HIF-1a’ nin proteazomal bozunmasin tetikler. Hidroksilasyon reaksiyonu, aKG’ nin siiksinata donisii-
milyle birlestirilir ve bu durum igin askorbat ile demir iceren ko-faktdr gerekir. Hipokside, hidroksilasyon
inhibe edilir ve HIF-1a ile HIF-1f dimerize olarak ilgili transkripsiyon faktorlerine baglanirlar ve anjiyogenez,
glikolitik metabolizma ve hayatta kalmay1 destekleyen genleri uyarirlar.

HIF-1a ve HIF-2a yiiksek derecede sekans 6zdesligi, benzer bir protein yapisi ve birkag ortak hedefi paylas-
masina ragmen, benzersiz gen regiilasyon modellerine aracilik ederler. HIF-1a her yerde eksprese edilirken,
HIF-2a yalnizca belirli hiicre tiirleri ve tiimdr tiirleri tarafindan ifade edilir. HIF-1a, akut hipoksiye yanitta
baskin bir rol oynar, HIF-2a ise kronik hipoksiye yaniti yonlendirir (Yu, Tang ve Sun 2017).

4. Hipoksi ve Anjiyogenez

Anjiyogenez oldukg¢a karmasik bir siire¢ ile gergeklesir. Vaskiiler system, vaskiillogenez ve anjiyogenez
olmak Ttizere iki farkli sistem {izerinden gelisir. Yeni kan damar olusumuna yetigkinlerde anjiyogenez adi
verilirken, embiyonik gelisim safhasindaki kan damar1 farklilagmasina ise vaskiillogenez adi verilir.
Anjiyogenez sisteminde damardaki endotelyal hiicrelerin etrafini saran bazal membran, enzimatik
reaksiyonlarla degrede olur ve anjiyogenik uyaranlar takiben endotelyal hiicreler komsu stromaya goger.
Ardindan hiicrelerin farklilagmasi, maturasyonu ile baslayan siirecte liimen olusumunu takiben perisitlerin
gdocii ve tiiplerin kivrimlarinin biraraya gelmesi ile yeni kan damarlarinin olusumu tamamlanmis olur (Redmer,
Doraiswamy, Bortnem, Fisher, Jablonka-Shariff vd., 2001; Risau, 1997). Timorli dokularda anjiyogenik
aktivite baskilanirsa besin gereksinimi ve atik maddelerin uzaklastirilma dongiileri saglanamayacagindan
dolay1 tiimor bilylimesi 1-2 mm ile sinirlt kalir. Anjiyogenez kanser gelisiminde ve kanserin ¢evre dokulara
yayiliminda 6nemli bir mekanizmadir (Bamberger ve Perrett, 2002). Embriyonik donemdeki damar sistemi
gelisirken, burada gergeklesen bir¢ok olay eriskin bir organizmadaki anjiyogenez durumunda oldugu gibidir.
Ozellikle bu durum hipoksi durumunda gerceklesen metabolik cevaplarla birgok yonden benzerlik gosterir
(Folkman, 1997; Folkman ve Shing, 1992; Intaglietta, Johnson ve Winslow, 1996). Ik damar sisteminin
gelisimi vaskiilogenez olarak bilinir. Damarsal ag1 olugturmak {izere 6ncii endotelyal hiicreleri farklilagirlar ve
bu islem hem embriyonik, hemde embriyo disi mezoderm igerisini kapsar. Olusan damar aglarmin
yayilabilmesi ve degisimleri i¢in yeni kapiller damarlarin olugsmasi gereklidir. Yine bu damarsal aglarn,
tomurcuklanmasi ve Onceden olusan damar agmin yeniden organize edilerek kiigiik ve biiylik damarlari
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olusturmasi ile stireg ilerlemektedir. Olugan damarsal yapilarin olgunlagmalar1 ig¢in bazal membran {izerinde
salman ¢ok sayida faktoriin varligina ve perivaskiiler hiicrelerin yeniden programlanmasina baglidir
(Konukoglu ve Turhan, 2005).

HIF, vaskiiler endotelyal biiyiime faktorii (VEGF) reseptorleri FLT-1 (Fms Related Receptor Tyrosine Kinase
1) ve FLK-1 (Fetal liver kinase 1), plazminojen aktivator inhibitorii (PAI-1), trombosit kaynakli biiyiime
faktori B (PDGF-B), matris  metaloproteinazlar (MMP-2  ve  MMP-9), TIE  reseptori
ve anjiyopoietinler (ANG-1 ve ANG-2) dahil ¢ok sayida pro-anjiyogenik faktoriin ekspresyonunu
indiikleyebilir. HIF tarafindan aktive edilen tiim bu pro-anjiyogenik faktorler arasinda, giiclii bir endotelyal
mitojen olan VEGF-A, bir¢ok insan timoriinde yiiksek oranda eksprese edildigi i¢in en dikkate deger
proteindir. Hem fizyolojik hem de patofizyolojik anjiyogenezde, HIF-1a yolaginin, VEGF gibi diger pro-
anjiyogenik faktorleri yukari regiile ederek damar olusumunun ana diizenleyicisi oldugu gosterilmistir
(Demirer, Ayten ve Tas, 2014; Lugano, Ramachandran ve Dimberg, 2019; Lv, Li, Zhang, Hu, Li vd., 2017).

Damar olusum kaskadinin her adimi1 HIF-1 tarafindan desteklenir. Ozellikle, VEGF izoformlar1 (VEGEF-A,
VEGF-B, VEGF-C ve VEGF-D) anjiyogeneze katilan birincil faktorlerdir. HIF-1 tarafindan baslatilan
anjiyogenez siklikla VEGF’ e bagimlidir ¢ilinkii HIF-1 vaskiiler endotelyal biiyiime faktoriiniin ana uyaricisidir
(Jozsef Jaszai ve Schmidt, 2019; Olgen, Bigak ve Nebioglu, 2002; Schito, 2018; Zimna ve Kurpisz, 2015).
HIF-1a, endotelyal hiicre (EC) biyolojisi ve anjiyogenezde dnemli bir rol oynar. Tang ve arkadaglari tarafindan
yapilan bir calismada EC hiicrelerinden HIF-1a’ nin susturulmast sonucu HIF-lo kaybinin
kemotaksis, proliferasyon, yer degistirme ve yara iyilesmesi dahil olmak {izere EC’ nin anjiyogenez
davranisini onledigi gosterilmistir (Tang, Wang, Esko, Giordano, Huang vd., 2004). HIF-2a’ nin ise hiicre
proliferasyonu, gog¢, kan damarlarinin olgunlagsmasi ve metastaz dahil olmak {izere anjiyogenezin birgok
yoniinii diizenledigi gosterilmistir (Befani ve Liakos, 2018).

Timoér anjiyogenezi, premalign donemlerde meydana gelen pro-anjiyogenik sinyallerle meydana gelir
(Rundhaug, 2005). Tiimor dokularinda anjiyogenetik dengeyi ¢ok sayida faktor bozmaktadir. Bunlar arasinda
belirli onkogenleri aktive eden veya tiimor baskilayici genleri inaktive eden genetik mutasyonlar, hipoksi ve
asidozis gibi metabolik stresler, ayirica tlimor/lezyonlar igerisindeki immiin/inflamatuvar yanitlarin etkisi ile
anjiyogenetik dengenin bozulmasi sayilabilir (Carmeliet ve Jain, 2000). Tiimor dokusunun invaziv ve meta-
statik karakter kazanabilmesi i¢in yeni kan damarlarinin yapilanmasina ihtiya¢ vardir. Ciinkii yeni kan da-
marlariyla doku i¢in gerekli besin maddeleri, oksijen ve biiyiime faktorleri saglanir. Salinan belli faktorlerle
tiimor hiicresi anjiyogenezi uyarir. Tiimor dokusunun daha fazla biiyiiyebilmesi, invaziv ve metastatik karakter
kazanabilmesi i¢in anjiyogenez sarttir (Demirer vd., 2014).

5. Kanserde Hipoksi

Hiicrelere ve dokulara yetersiz oksijen gitmesinin bir durumu olan hipoksi, iglevsel olmayan vaskiilatiirler
ve mevcut kaynagi asip hizla ¢ogalan kanser hiicreleri nedeniyle neredeyse tiim kati timor tiplerinde siklikla
gozlenir. Tiimorlerin i¢indeki hipoksik mikro ortamlar, radyoterapi ve birgok sitotoksik ilacin etkinligini
siirlar (Yu vd., 2017). Kanser hiicrelerinin hizli cogalmasi nedeniyle, tiimor, normal damar sistemindeki besin
ve oksijen kaynagini hizla tiikketir ve hipoksik hale gelir. Hipoksik tiimor bolgelerinden anjiyogenik faktérlerin
iiretimi, tlimor kitlesinin vaskiilarizasyonunu tetikler. Normal fizyolojik anjiyogenezde oldugu gibi pro- ve
anti-anjiyogenik faktorlerin diizenlenmesi, vaskiiler sizintiya ve laminer olmayan kan akisina yol acar. Bu da
hipoksik timdr bolgeleri ile sonuglanir. Bu nedenle, kati bir tiimor, siddetli hipoksi ve nekroz alanlariyla
doludur (Eales, Hollinshead ve Tennant, 2016). Patolojik olarak anjiyogenezin en 6nemli sekli kanserdir.
Kanser hiicreleri anjiyogenez ile bulunduklari doku ve ortamdan baska doku ve organlara ulasimi saglarlar
(Sevimli, Ozgelik ve Sevimli, 2015).

Kanser; iltihaplanma, tlimor gelisimi ve ilerlemesinde kilit oyuncudur, bu nedenle kronik iltihapl hastaliklarin
kansere yatkinlik olusturdugu diisiiniilmektedir. Crohn hastalig1 ve iilseratif koliti igeren inflamatuar Bagirsak
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Hastalig1 (IBD) kronik bir bagirsak hastaligidir. Bu durumdan etkilenen hastalarin kolon kanseri, dzellikle
Kolit-liskili Kolon kanseri (CAC) gelistirme riski daha yiiksektir. Hipoksik inflamasyonun énemli oldugu
kolon tiimor olusumunda hem HIF-1a hem de HIF-2a eksprese edilir (D’Ignazio, Batie ve Rocha, 2017).

Cesitli caligmalar, HIF’ in karsinogenezde merkezi bir rol oynadigimi gostermektedir. Birincisi, HIF yaygin
kanserlerin ¢ogunda aktive olur. HIF-a ekspresyonu ¢ogu normal dokuda seviyesi diisiik iken, tiimérlerde hem
HIF-1a hem de 2a seviyeleri yiikselir, farkli dokulardan gelen habis tiimorlerin %54 i her iki proteini de
igerirler. Ozellikle kan damarlarina uzak bolgelerde ve nekrotik hiicrelerin smirlarinda, muhtemelen en siddetli
hipoksi altindaki hiicrelerde asir1 eksprese edilirler. Bu degisikligin, tiimdr hiicrelerinin hipoksik ortama uyum
saglamasina yardimci oldugu &ne siiriilmiistiir. ikinci olarak, kiiltiirlenmis hiicrelerde tanimlanan kanser ve
HIF hedefleriyle iliskili genlerin ¢arpici bir uyumu vardir. VEGF ve glikolitik enzimler, normal dokulara gore
timorlerde daha yiiksek seviyelerde eksprese edilir (Liu ve Simon, 2004; Talks, Turley, Gatter, Maxwell, Pugh
vd., 2000).

HIF-1a ekspresyonu, oksijenden bagimsiz bir sekilde Src ve Ras onkogeninin biiylime faktorleri, sitokinler
veya aktivasyonu ile indiiklenebilir (Maxwell, Pugh ve Ratcliffe, 2001; Semenza, 2003). Buna, translasyon
oranindaki artis aracilik eder. HIF aktivasyonu, hem kemoterapi ve radyoterapiye direncte bir artis ile hem de
artmis bir metastaz potansiyeli ve hasta mortalitesi ile iligkilidir (Talks vd., 2000). HIF asir1 ekspresyonu
genellikle artan ksenograf biiyiimesi sikligi ile iliskilidir. Baskin negatif HIF veya ARNT nakavt formlarinin
ekspresyonu yoluyla HIF inaktivasyonu, tiimor biiyiimesinin azalmasina yol agar (Liu vd., 2004). Hipoksi, kati
timorlerde siklikla goriiliir ve tiimor hiicreleri, farkli oksijen esiklerinde ortaya ¢ikan, ¢ok sayida heterojen
degisiklige yol agan farkli sinyal yollarini1 aktive ederek hayatta kalir. Aslinda, kotii huylu biiylime sirasinda,
hipoksik bolgeler, artan genetik kararsizlik ve tiimor metastaz riski ile iligkili olan daha agresif fenotip ile
iliskilidir (Challapalli, Carroll ve Aboagye, 2017).

Tiimér hiicreleri HIF i aktive etmek icin farkli yollar gelistirmistir. Ornekler arasinda VHL ve PTEN gibi
timor baskilayict genlerin inaktivasyonu, H-RAS ve c-MYC gibi onkogenlerin aktivasyonu ve IGF-1, IGF-2
ve PDGF gibi ¢esitli biiyiime faktorii yollarinin artan aktivitesi yer alir (Maxwell vd., 2001).

6. HIF-1o’> min Transkripsiyonel Diizenlenmesi

HIF tarafindan transaktivasyonu, HIF-10/ARNT’ nin hedef genlerin promoterleri ve gii¢lendiricilerindeki
HRE’ lere baglanmasi ile gergeklesir. ARNT bir transkripsiyonel aktivasyon alami igerirken, HIF-1a ve
HIF-2a iki transaktivasyon alanina, yani N- terminal (NAD) ve C-terminal aktivasyon alanlari (CAD) igerir.
NAD, ODD alan ile ortiisiir ve CAD, CBP/p300 gibi transkripsiyonel ortak aktiflestiricilerle etkilesime girer.
Ikincisi bir asparajinil hidroksilaz tarafindan CAD da korunmus amino asitler YDCEVNV/AP’ de bir asparajin
kalintisinin hidroksilasyonunun inhibisyonundan sonra meydana gelen O2’ ye duyarh bir etkilesimdir. Ayni
zamanda inhibe edici faktor HIF-1 (FIH) olarak da bilinir. PHD’ lere benzer FIH, aktivitesi kofaktor olarak O2
gerektiren bir 2-oksoglutarat bagimli dioksijenaz siiper ailesine aittir. CBP/p300’ e ek olarak, HIF; ortak
aktiflestirici SRC-1 ve transkripsiyon araci faktor 2 ile etkilesime girer. Bu etkilesim, HIF-1" in O2’ ye bagh
bir sekilde transaktivasyon potansiyelini arttirir ve 6zellikle diisiik miktarda CBP ile sinerjik bir etki iiretir.
Ayrica, HRE’ lere HIF baglanmasi, bir¢ok gen i¢in hipoksik indiiksiyon da yeterli degildir. HIF-1a veya
HIF-2a ile Smad3, HNF4, ATF1/CREB1, AP1 ve Ets-1 gibi diger transkripsiyon faktorleri arasindaki sinerjik
i birlikleri bulunmaktadir. VEGF promotorunun optimal bir HIF1a’ ya baglh indiiksiyonu Smad3 varliginda
elde edilmistir (Bracken, Whitelaw ve Peet, 2003; Liu vd., 2004).

HIF-1a, yalnizca hipoksinin kendisine degil, ayn1 zamanda biiylime faktorleri, sitokinler, hormonlar, 1s1 soku
ve besin mevcudiyeti tarafindan uyarilmaya da yanit olarak, MRNA transkripsiyonu ve protein
sentezi yoluyla da diizenlenebilir. ERK/MAPK, JAK/STAT ve PI3K/Akt/mTOR olmak tizere ii¢ biiyiik yol,
ozellikle kanserde HIF-1o’ nin transkripsiyonunu ve translasyonunu arttirmada gorev yapar (Lommarini vd.,
2017).
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7. Deneysel Hipoksi Modelleri

7.1. Kimyasal Hipoksi

Hipoksik durumun molekiiler mekanizmasinda eritropoezi ve dolayisiyla kan 0, tasima kapasitesini
diizenleyen ve biiyiime faktoriinii kodlayan EPO geninin transkripsiyonunun fizyolojik diizenleyicileri yada
EPO ekspresyonunun indiikleyicileri; %1 oksijen (02), kobalt kloriir (CoCl;) ve deferoksamin (DFO)’ dir.
Ayrica EPO ekspresyonunun inhibitorleri aktinomisin D, sikloheksimid ve 2-aminopurin’ dir. EPO
ekspresyonu hiicre tipine 6zgiidiir, ancak HIF-1 aktivitesinin %1 0, CoCl, veya deferoksamin ile
indiiklenmesi, birgok memeli hiicre hattinda tespit edilmistir. Yapilan bir ¢calismada birka¢ glikolitik enzimi
kodlayan RNA' lar, EPO iireten Hep3B hiicrelerinde ve tiretmeyen HeLa hiicrelerinde %1 02, CoCl, veya
deferoksamin ile indiiklenirken, sikloheksimid bunlarin indiiksiyonunu bloke etmistir ve HIF-1 baglanma
bolgelerini iceren glikolitik gen sekanslari, transfeksiyonda hipoksiyle indiiklenebilir transkripsiyona aracilik
etmistir (Torres vd., 2017; Wang vd., 1995).

Hiicre kiiltiiriindeki hipoksi modelleri, hiicresel, biyokimyasal ve molekiiler seviyelerde hipoksi yanitinin ka-
rakterizasyonuna izin vermistir. Tablo 1, hipoksik kosullar1 indiiklemek i¢in kullanilan kimyasal maddeleri
gostermektedir. En yaygin olarak kullanilan kimyasal hipoksi ajanlar1 CoCl, ve demir selatdrii DFO’ dir (Sanc-
hez ve Cardenas, 2018).

Tablo 1
Kimyasal olarak indiiklenmis hipoksi modeli olarak kullanilan bilesikler (Sanchez ve Cardenas, 2018).

Inhibitér tipi Kullamilan bilesik

Oksoglutaratin analoglari Dimetiloksaloglisin
L -Mimosin
Etil 3,4-dihidroksibenzoat
S956711

Fe*? selantlar Deferoksamin
8-Hidroksikinolin
M30
HLA-20
VK28

Metaller Kobalt (Co*?)
Nikel (Ni*?)
Cinko (Zn*?)
Manganez (Mn*?)
Vanadyum (V*5)

Elektron tagima zincirinin ayiricist Dinitrofenol
Dinitrokrezol
Pentaklorofen
m-Klorokarbonil siyaniir
Fenildirazon

7.1.1 CoCl: ile Hipoksik Kosul

Doku kiiltiiriinde hiicrelere belirli konsantrasyonlarda CoCl, uygulanarak, kimyasal olarak hipoksik durum
olusturulabilmektedir. CoCl, ortamdaki prolin hidroksilazlara baglanir ve prolin hidroksilaz enziminin
HIF-1a’ y1 hidroksillemesini engeller. Hidroksilasyon olmadigi i¢in tiimdr baskilayici protein VHL, HIF-1a’
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ya baglanamaz. HIF-1a hiicrede degrede olmadan aktif hale gelerek birikir ve hedef genlerin transkripsiyonu
icin promotorlarda bulunan HRE bdlgesine baglanir. (Yuan, Hilliard, Ferguson ve Millhorn, 2003). CoCls,,
normoksik kosullar altinda HIF-1a ve HIF-2a’ y1 giiclii bir sekilde stabilize eder. Diisiik oksijen kaynakli
hipoksi ve diger hipoksi taklitlerinin kullanimu ile karsilastirildiginda, HIF-1a ve HIF-2a’ nin stabilizasyonu
birkag saat siirdiiriiliir. Bu nedenle, bu model kullanicilara, numunelerini normoksik kosullar altinda islemek
ve analiz etmek i¢in daha genis bir zaman aralig1 saglar. CoCl; ile hipoksik kosul olusturma mekanizmasini
gostermektedir (Sekil 3) (Sanchez vd., 2018). Literatiirde bu kimyasalin kullanimina yénelik ¢ok sayida
calisma bulunmaktadir (Hatipoglu, Hirohata, Cilek Ogawa, Miyoshi, vd., 2009; Okuyan, Turkoglu ve Kockar,
2020; Turkoglu ve Kockar, 2016; Turkoglu ve Kockar, 2012).

CoCl,

HIF »
hidroksilax
+

Sekil 3. CoCly ile hipoksik kosul olusturma ve mekanizmasi (Yuan vd., 2003’ den esinlenerek ¢izilmistir.)

7.1.2 DFO (Deferoksamin - Demir Selator) ile Hipoksik Kosul

Demir homeostazi normal hiice metabolizmasi i¢in énemlidir ve eksikligi ya da fazlaligi bir¢cok hastalik
durumuna sebebiyet vermektedir. Elde edilen sonuglara gore demir, hayvanlarda kolorektal tiimorler,
adenokarsinoma, hepatomalar, meme tiimorleri, sarkomlar ve renal tiibiiler hiicreli karsinom gibi kanserlerin
patogenezinde rol oynayan kanserojen yada kofaktorler olarak bilinmektedir. Hemokromatoz demir
metabolizmast bozuklugudur. Hemokromatoz hastalarinin viicutlarinda, viicutlarinin ihtiyaglarindan daha
fazla demir birikir. Hemokromatozdan muzdarip hastalar ¢esitli malignitelere karsi belirgin sekilde artan
duyarlilik gosterir. Kanser gelisimi yada ilerlemesinde demirin patojenik rolii 6nemli 6lgiide bilinmemektedir.
Demir selatér maddeleri in-vitro, in-vivo ve klinik ¢alismalarda kayda deger 6nemli anti-timor aktivitelere
sahiptir. (Guo vd., 2006).

HIF-1a’ nin proteozomal degradasyonu ig¢in hidroksillenmesi gerekmektedir. DFO, prolin hidroksilazlar
inhibe eder ve bu inhibisyon sonucu, bu siireci durdurmakta ve HIF-1o’ nin birikimine sebep olmaktadir. DFO,
HIF-la proteininin birikimini uyararak parcalanmasina engel olmaktadir. Deforoksamin ilact son
konsantrasyonu 100 uM olacak sekilde hesaplanarak hiicrelere uygulanmaktadir. Bu ilaglarin deneylerde
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pekgok kez agilarak kullanimi miimkiin olup ekonomik ve kolaydir (Wu ve Yotnda, 2011). DFO ve kobalt
HIF-1a’ y1 farkli mekanizmalar yoluyla stabilize etmektedir. DFO, HIF-1a” ya 6zgii prolinin aktivitesi i¢in
gerekli demiri selatlayarak HIF-1o’ nin hidroksilasyonunu inhibe eder. Bunun aksine, kobalt, translasyon
veya baglanma agsamasinda eklendiginde VHL baglanmasini 6nler (Woo, Lee, Park ve Kwon, 2006).

7.2. Fiziksel Hipoksi

Hiicre kiiltiirii igin hipoksik bir ortam yaratabilen ve koruyabilen giivenilir bir deneysel cihaz
gereklidir. Boyle bir amag i¢in mevcut birkag model vardir. Biri, %1 Oy, %5 CO, ve %94 N iceren diisiik
O, gazi ile doldurulabilen modiiler inkiibatér odasidir. Oda, sabit bir gekil ve boyutta kati malzemelerden
yapilmustir ve son yillarda aragtirma laboratuvarlarinda en yaygin kullanilan hipoksi odasidir. Bagka bir hipoksi
modeli, bir hiicre kiiltiirii yetistirme cihaz1 kullanmaktir. Bir digeri ise, sicaklik ve bagil nemin yan1 sira O ve
COz’ nin hassas kontroliinii saglayabilen hipoksi istasyonudur. Uzun vadeli bir hiicre kiiltiirii i¢in hipoksik bir
ortam saglar. Ikinci ve {i¢iincii modeller oldukga pahalidir ve giinliik olarak hipoksi deneyleri yapmayan kiiciik
laboratuarlar i¢in uygun olmayabilir (Wang, Jin ve Zhong, 2014).

Bir diger inkiibator bazli hipoksik kosul ise well plakalarinda gerceklestirilmektedir. Belirli bir miktara ulasmig
hiicreler normoksik kosul i¢in %21 hipoksik kosul i¢in %1 O olacak sekilde dengelenir. 16x16 in¢ boyutunda
sisebilen hazneye konulur. Hava gecirmez plastik torba alt kdselerine baglanmis iki gaz baglant1 noktalar ile
hazir hale getirilir. Bir cam plaka, kiiltiir kaplarina desteklik saglamak icin igerisine yerlestirilir. Otaklavlanmig
su ile 1slatilmis siinger haznenin i¢ine yerlestirilir. Kilif gaz baglantis1 araciligiyla yavasca vakumlanir ve ya-
litilmig bir alan olusturmak i¢in kapatilir. Hazne maksimum kapasitenin hemen hemen %80 dolulukta olacak
sekilde belirlenmis gaz ile, A baglanti noktasindan doldurulur. Sekil 4* de gosterildigi gibi gaz ¢ikist olan B
baglant1 noktas1 bir kelepge ile kontrol edilir. Sizdirmayacak sekilde baglanti noktalarina bakilarak kelepceleri
ile kapatilir ve hazne 37 °C de inkiibasyona birakilir. Atmosfer basincini izlemek i¢in monametre kullanilir.
Hipoksik kosul i¢in oksijen gazi N ile dengelenir ve %5 CO- kullanilir. Gaz doldurulmast sirasinda gaz akisi
2psi tek kademeli regiilator ile kontrol edilmektedir. Hazne kapasitesinin %80’ 1 doldurulur ve iki baglanti
noktas1 tamamen kapatilir. Belirli zaman araliklarinda bakilmak i¢in dnceden ayarlanmig 37 °C inkiibator i¢ine
yerlestirilir (Baysal, 2016; Wang vd., 2014).

A

Sekil 4. Sisirilebilir kapali haznede hipoksik kosul modeli (Wang vd., 2014)

8. Sonuglar

Kanserde, hiicrelerinin siirekli ve hizli cogalmasi sebebiyle kanser hiicreleri, damar sisteminde bulunan
besin ve oksijen kaynagini tiiketir. Oksijen seviyesinin normalin altina diismesi sonucu hipoksik durum olusur.
Tlimdr hiicreleri yeterli oksijen alamadiginda hiicre 6liimiine gitmeden 6nce genetik farkliliklar olusturarak
hipoksik duruma adapte olmaktadir. Hiicrelerde hipoksiden sorumlu olan HIF olarak bilinen protein ailesi
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iiyeleri ozellikle hiicre kiiltlirii calismalarinda kimyasal ve fiziksel olarak indiiklenebilmektedir. Bu derleme,
HIF’in molekiiler ¢aligma mekanizmasini, hipoksinin biyolojik fonksiyonlarim1 ve hiicre kdiltiirii
laboratuarlarinda kullanilan farkli hipoksi modellerini 6zetlemektedir.
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