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OZET Biyokimya

Bu calismada, pastoérizasyon (72 °C'de 15 saniye) ve kaynatma

islemlerinin (100 °C'de 5 dakika) keci siitii melatonin ve toplam Aragtirma Makalesi
protein seviyeleri tizerindeki etkilerinin arastirilmasi amac¢lanmigtir.

Calismada Hatay ilinde 6zel bir ciftlige ait 20 adet saglikli keciden Makale Tarihgesi

alinan stitler kullanilmistir. Her bir siit 6rnegi ¢ig siit, pastorizasyon Gelig Tarihi  :03.02.2021
islemi (72 °C'de 15 saniye) ve kaynatma islemi (100 °C'de 5 dakika) Kabul Tarihi :01.07.2021

icin esit sekilde bolinmis, 3 grup olusturulmustur. Sttlerin
melatonin duzeyleri ticari ELISA kiti ile, toplam protein dizeyleri
spektrofotometrik olarak manuel yontemlerle belirlenmigtir.
Kaynatilmis siit oérneklerinde (4.20 + 0.39 pg ml?!) melatonin
seviyelerinin, ¢ig siit (3.19 = 0.25 pg ml') érneklerine kiyasla yiiksek
oldugu belirlenmistir (P<0.05). Isil islem gérmiis gruplar arasinda
Bradford yontemi ile belirlenen toplam protein diizeyleri a¢isindan
fark olmamakla birlikte, Lowry yontemi ile belirlenen kaynatilmis stit
grubu toplam protein diizeylerinin diger gruplara gore 6nemli 6l¢uide
diisiik oldugu belirlenmistir (P<0.001). Bradford ve Lowry yontemleri
ile belirlenen toplam protein diizeyleri acisindan ¢ig sut grubu
(r=0.723, P<0.01), pastorize siit grubu (r=0.838, P<0.01) ve
kaynatilmis siit grubu (r=0.449, P<0.05) icin pozitif korelasyonlar
tespit edilmigstir. Ke¢i stitiine pastorizasyon islemi uygulamasinin sit
melatonin ve toplam protein dilizeylerini etkilemedigi, ancak
kaynatma iglemi uygulanmasi ile sit toplam protein diizeylerinin
distiigli, melatonin diizeylerinin ise ylikseldigi belirlenmigtir. Bu
baglamda, siitte ELISA yontemi ile melatonin analizi yapilmadan
once, melatoninin baglh oldugu proteinden ayirmak amaci ile, siite 6n
iglem yapilmasinin yararh olabilecegi 6ngorilmustir.

Anahtar Kelimeler
Bradford

Lowry

Stiit Melatonin
Toplam Protein

Melatonin Levels After Heat Treatment in Goat Milk: Relation of Total Protein

ABSTRACT Biochemistry
Objective of this study was to investigate the effects of pasteurization )
(15 seconds at 72 °C) and boiling processes (5 minutes at 100 °C) on Research Article

goat milk melatonin and total protein levels. The milk of 20 healthy
goats obtained from a private goat farm were used as materials. Each

Article History

milk sample was divided into 3 for raw milk, for pasteurization and Received ) 03.02.2021
for boiling process. Melatonin levels in raw, pasteurized and boiled Accepted +01.07.2021
milk were determined with commercial ELISA kit while total protein Keywords

levels were determined spectrophotometricly by manual methods. Bradford

Melatonin levels in boiled milk samples (4.20+0.39 pg ml!) increased -

(P<0.05) compared to raw milk (3.19+0.25 pg ml!) samples. While Milk Melatonin

there was no difference between the heat-treated groups in terms of
total protein levels determined by Bradford method, the total protein
levels determined by Lowry method decreased significantly in boiling
process group compared to the other groups (P<0.001). Positive
correlations were determined between total protein levels determined
by Bradford and Lowry methods in raw (r=0.723, P<0.01), pasteurized
(r=0.838, P<0.01) and boiled (r=0.449, P<0.05) milk samples.
Pasteurization process applied to goat milk did not change milk

Toplam Protein
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melatonin and total protein levels, and boiling process decreased total
protein levels, while increased melatonin levels. Before melatonin
analysis was performed in milk by ELISA method, it was predicted
that a pre-treatment of milk may be useful in order to separate

melatonin from the bound protein.

Ataf igini Ispir M, Peker Akalin P, Kazak F, Bagpinar N 2022. Kegi Siitlinde Isil Islem Sonrasi Melatonin Seviyeleri:
Toplam Protein Iliskisi. KSU Tarim ve Doga Derg 25 (3): 431-438. https://doi.org/10.18016/ ksutarimdoga.vi.
873422,
To Cite : ispir M, Peker Akalin P, Kazak F, Baspinar N 2022. Melatonin Levels After Heat Treatment in Goat Milk:
Relation of Total Protein. KSU J. Agric Nat 25 (3): 431-438. https://doi.org/10.18016/ksutarimdoga.vi.873422.
GIRIS fonksiyonlar1 bulunmaktadir. Melatoninin, inek ve

Keci siitii iiretimi sadece az gelismis iilkelerde, temel
beslenme ve ge¢im kaynagi sagladig: i¢in degil, aym
zamanda gelismig {tlkelerdeki insanlarin sofistike
tuketici zevklerine ¢esitlilik saglamasi ve inek stta
urunleri ile ilgili bir takim sorunlar yasayan kisiler
(alerji, mide-bagirsak problemleri vb.) icin bir
alternatif sunmasi gibi nedenlerle giinimiuzde 6nem
tasimaktadir (Haenlein,1986; Park 2010; Lad ve ark.,
2017; Yilmaz, 2017). Tiirkiye'de gerek dogal, gerekse
ticari olarak en yaygin olarak kullanilan sit inek
stutadir. 2010-2011 verilerine gore, Turkiye toplam
st iretiminin % 91.7’sini inek siti, % 6’sin1 koyun
suti, % 2’sini kec¢i suti ve % 0.3'ni manda sutia
olusturmaktadir (Atasever ve Giilag, 2012). Ortalama
bilesim  bakimindan inek  sltine  benzerlik
gostermekle birlikte, fizikokimyasal niteliklerindeki
baz1 farkliliklar nedeniyle, keci siitii inek sutiinden
daha degerli olarak kabul edilmektedir. Inek siitiine
gore daha yiiksek oranda kiigiik ¢aplh yag globulleri
bulundurmas1 ve sit proteinlerinin 6zellikle de a-
kazeinin kalitatif ve kantitatif acidan farkhliklar
gostermesi, keci stiitiintin daha kolay sindirilebilmesini
saglamaktadir. Bu 6zelligiyle de bebekler, yaglilar ve
sit veren kadinlarin beslenmesinde ustinlikleri
bulunmaktadir (Yilmaz, 2017). Ayrica keci siitii, sigir
stitundeki 6nemli bir alerjen olan as-1 kazeini 6nemli
élciide daha diisiik seviyede icerir (Lara-Villoslada ve
ark., 2004). Kisacasi, keci siitii, inek siitii ile
kiyaslandiginda, daha dusiik kolesterol igermesi
(Haenlein, 2004), yag sindirilebilirliginin daha yiiksek
olmas: (Park ve ark., 2007), baz1 vitamin ve mineral
diizeyleri ile (Belewu ve Aiyegbusi, 2002; Park ve ark.,
2007), non-protein nitrojen igeriginin daha yiiksek
olmas1 (Park ve ark., 2007) gibi nedenlerle, insan
beslenmesinde inek stitiine tercih sebebi
olabilmektedir (Lad ve ark., 2017).

Pineal bez tarafindan, triptofan amino asitinden
sentezlenen bir indol bilesigi olan melatonin, sentez
ve salmimi 1si1k tarafindan kontrol edilen bir
hormondur. Melatonin sentez ve salinimi karanlikta
artmakta, aydinhikta 1g1k ile birlikte baskilanmaktadir
(Ozgiiner ve ark., 1995). Karanhkta ve uykuda iken
sentezlenen melatoninin hiicre yenilenmesi, anti-
aging, anti-kanserojen, bagisiklik  sisteminin
gliglenmesi, uyku diizeninin saglanmasi gibi bir takim
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keci sutiinde 5-25 pg ml! diizeylerinde bulundugu
rapor edilmistir (Eriksson ve ark., 1998; Baskett ve
ark., 2001; Valtonen ve ark., 2005). Melatoninin
stitteki konsantrasyonu, serum konsantrasyonu ile
paralel olarak ditirnal bir seyir izlemektedir ve gece
sagilan siitlerde melatonin diizeyleri giindiiz sagilan
siitlere gore yiiksektir (Milagres ve ark., 2014). Yiiksek
melatonin seviyeli gece siitii tiiketen yash kisilerin
uyku diizeninin iyilestigi rapor edilmistir (Valtonen ve
ark., 2005).

Insan ve rat kan plazmasinda melatoninin ozellikle
albiimine baglanarak tasindigni (Cardinali ve ark.,
1972), toplam melatoninin (bagl ve serbest) % 23
kadarimin ise serbest oldugu bildirilmistir (Kennaway
ve Voultsios, 1998). Kecilerde beyin omurilik sivisinda,
protein dizeyleri disiik oldugundan, melatoninin
buyuk oranda serbest olarak bulundugu tahmin
edilmektedir (Cardinali ve ark., 1972). Siitlerde ise
melatoninin proteinlerle iligkisine dair bir ¢alismaya
rastlanmilmamaigtir.

Sutler, fabrikasyon islemleri sirasinda besinsel
diizeylerinde degisime maruz kalmaktadir. Ticari
olarak satilan uzun émiirlii (UHT) ve pastorize inek
stitunun yagsiz kuru madde, yag, protein, laktoz ve
kazein dizeylerinin, ¢ig inek siitine kiyasla disik
oldugu bildirilirken, ticari olarak satilan UHT kegi
suti i1le cig keci sutu kiyaslandiginda bahsedilen
parametrelerin 6nemli diizeyde degismedigi
bildirilmistir (Yilmaz, 2017). Diger yandan keci
stitunin fizikokimyasal kompozisyonunun inek siti
ile kiyaslandiginda 1s1l igleme daha duyarli oldugunu
bildiren c¢alismalar da bulunmaktadir (Raynal-
Ljutovac ve ark., 2007; Chen ve ark., 2019). Islenmis
inek  siitiindeki (UHT, pastérize) melatonin
diizeylerinin, ¢ig siittekine goére daha disiik oldugu
bildirilmistir (Schaper ve ark., 2015). Ancak, literatiir
taramasinda, keci stiitlerinde 1s1l islem sonrasinda,
melatonin diizeylerinin arastirildigi herhangi bir
¢alismaya rastlanilmamigtir.

Besinsel yonden degerli bir siit olan keci siitiiniin 1s1l
iglem sonrasinda melatonin yoéniinden bir kayba
ugrayip ugramadiginin ortaya konulmasi, 1s1l iglemin
keci stit proteinleri tizerine etkisinin ve melatoninin bu
stirecte sit proteinleri ile 1iligkisinin belirlenmesi
amaglariyla; sunulan c¢alismada kegi  siitline



KSU Tarim ve Doga Derg 25 (3): 431-438, 2022
KSU J. Agric Nat 25 (3): 431-438, 2022

Arastirma Makalesi
Research Article

uygulanan pastérizasyon (72 °C’de 15 sn) ve geleneksel
olarak evlerde uygulanan kaynatma isleminin (100
°C'de 5 dk) siit melatonin ve toplam protein
diizeylerine etkileri aragtirilmigtir.

MATERYAL ve METOD

Hatay ilinde bulunan yari entansif 6zel bir keci
ciftliginden, nisan ayinda (Bagil nem % 60-70, sicaklik
en yikksek 22 °C, en diisiik 12 °C), ayni bakim
beslemeye tabi tutulan, 1-4 yasli, saglikli, 20 adet
keciden (10 Halep, 10 Kilis kecisi), 20 adet siit 6rnegi
toplanmigtir. Siitler, hayvan sahibinin sabah (10:30-
11:00) meradan dénen kecilerden siit sagimi yaptig1
sirada temin edilmigtir. Sitler klinik olarak saglikli
gériinen memelerin sag lobundan alinmigtir. Meme
baglar1 % 7071ik etil alkollii pamuk ile sterile edilmigtir.
Ik 2-3 sikim siit atilmis ve 50 mllik steril falkon
tuplere 20’ser ml sut ornekleri alinmigtir. Toplanan
slit 6rnekleri soguk zincirde biyokimya laboratuvarina
getirilmis ve wuygulamalara kadar -20 °C’de
saklanilmisgtir.

Yirmi adet keciden elde edilen sut 6rnekleri, deney
sirasinda ¢oziindirulerek, 5’er ml'lik 3 egit parcaya
b6liinmus ve gruplar olusturulmustur: Grup 1, ¢ig st
grubu olup, her bir numuneden 5 ml ¢ig sit alinarak
olusturulmustur. Grup 2, pastorize siit grubu olup, st
orneklerine (5 ml) laboratuvarda pastérizasyon islemi
(72 °C’de 15 sn) uygulanmistir (Grant ve ark., 1999).
Bu amagla siitler, 1siya dayanikli cam tiipler igerisinde
(20 adet cam tiip ile), bir tiip sporu iizerinde, ben-
mari’ye yerlestirilmigtir. Sitlerin i¢ 1s1s1 Dijital
termometre (Testo SE&Co.KGaA, Tiirkiye) ile
Olciilmustur. Tup sporu uzerinde bulunan bir siit
ornegi icerisine daldirilan termometre ile, siitiin ig
1s1s1n1n 72 °C’ye yiikseldigi gozlemlendiginde, sttler 15
sn bekletildikten sonra hemen kirik buz bulunan bir
ktuvete alinarak 6 °C’ye sogutulmustur. Grup 3
kaynatma siit grubu olup, siit érneklerine (5 ml)
kaynatma islemi (100 °Cde 5 dk) uygulanmistir
(Metwally ve ark., 2011). Bu amacla 1siya dayanikh
cam tiiplerdeki siit 6rnekleri (20 adet cam tiip ile), su
15181 100 °C olan ben-mari icerisinde (termometre ile
siit i¢ 1s1s1 90 °C 6lciilen) 5 dk bekletildikten sonra
hemen kirik buz bulunan bir kiivet icerisinde 6 °C’ye
sogutulmustur.

Sit melatonin diizeylerinin analizi Milagres ve ark.
(2014) ile Schaper ve ark. (2015)'nin inek siitii icin
modifiye ettigi insan direkt tiikiiriik melatonin ELISA
kiti (RE54041, IBL International, Almanya) ile
gerceklestirilmistir. Bu amagla sttler 5400 rpm x 15
dk x +4 °C’de santrifiij edilmis ve tistteki yagl tabaka
uzaklagtirilmigtir. Geriye kalan stut serumu kit
prosediiriine  gére  analizlenmistir.  Ornekleme
oncesinde siit serumu 6rnekleri kit igerisindeki 6rnek
sulandiric: ile dért kat sulandirilmistir (Milagres ve
ark., 2014, Schaper ve ark. 2015).

Prosediir: Melatonin antijeni ile kaplanmis mikropleyt
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kuyucuklarimin kullanildigr yéntemde, kuyucuklara
standart ¢ozeltileri ve st 6rnekleri eklendikten sonra
tracer olarak biotinle igaretlenmis melatonin antikoru
ve HRP (Horse radish peroxydase) birlikte verilerek
inkube edilmistir. Inkubasyon sonrasi plaklar
yikanarak tracer’a baglanmamig HRP’ler
uzaklagtirilmig, yikanan plaklara subsrat eklenerek
inkube edilmis ve inkubasyon sona erince stop
solusyonu ile enzim reaksiyonu durdurulmus ve 10
dakika i¢inde 450 nm'de absorbanslar okunmustur.
Standart egri olusturularak sonuglar hesaplanmigtir.
Sonuclar pg ml ! olarak verilmigtir.

Siit toplam protein diizeylerinin analizleri

Sut toplam protein tayini amaciyla, yaygin olarak,
stitteki nitrojen seviyelerinin belirlendigi Kjeldahl
metodu (Barbano ve ark., 1990) kullamlmasina
ragmen, sunulan ¢calismada 1s1l iglemin sut proteinleri
ve melatonin tizerine etkilerinin, ayrica bu siirecte
melatonin ile protein iligkilerinin arastirilmasi
amaciyla, peptid baglarinin varliginda protein tayini
gerceklestirilen Lowry yontemi (Lowry ve ark., 1951)
ile amino asitlerin de reaksiyon verdigi Bradford
yéntemi (Bradford, 1976) siit proteinlerinin tayini
amaciyla kullanilmigtir. S181r serum albiimini (Sigma-
A2153) standart olarak kullamilmis ve protein
diizeyleri, standart ile ¢izilen absorbans-
konsantrasyon grafigi uzerinden hesaplanmigtir.
Sonuclar g dI'l olarak verilmistir. Sit toplam
proteinlerinin analizi 5400 rpm x 15 dk x +4 °C’de
santrifiij edilmis ve yagi alinmig siit serumlarinda
gerceklestirilmigtir.

Lowry yontemi

Prensip: Bu yontemde, alkali ortamda Cu*?, proteinin
yapisini olusturan peptit baglariyla birleserek Cu*'e
indirgenir ve biliret kompleksini olusturur. Daha
sonra, Folin ve Ciocolteu’nun fenol reaktifi ilave edilir
ve  fosfotungstik ve  fosfomolibdik  asitlerin
indirgenmesiyle molibdenyum mavisi ve tungsten
mavisi renkleri meydana gelir. Olusan renkli
kompleksin 700 nm’deki optik dansitesi,
spektrofotometrede (UV 2100 UV-VIS Recording
Spectrophotometer Shimadzu, Japonya) 6lciilerek
protein diizeyleri belirlenir (Lowry ve ark., 1951).
Prosediir: Calisma reaktifi hazirlamak i¢in; 0.1 N
NaOH'te (Merck 1,06462) % 21lik Na2COs (Merck
1,06392) cozeltisi hazirlanmis, bu ¢ézelti daha sonra %
1’lik CuSOs4 cozeltisi (Carlo Erba UN3077) ve % 271ik
Na-K tartarat cozeltisi (Carlo Erba 474117) ile
98/1/1(v) oraminda karstirilmistir. Numune ve
standart tiuplerine 10 ul siit serumu ve standart
¢ozeltisi eklenmigtir. Kor tiiptine 10 pl bidistile su
eklenmigtir. Tuplere calisma reaktifinden 2,5 ml
eklenmigtir. Tupler vortekslenmis ve 25 °C’de 10 dk
bekletilmigtir. Tiplere, hacimsel olarak 1/1 oranda
distile su ile hazirlanan Folin-Ciocalteu’s reaktifinden
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(Carla Erba UN3264) 0,25 ml eklenmistir. Tiipler
karigtirnlmig ve 25 °C’de 30 dk bekletildikten sonra,
absorbanslar spektrofotometrede 700 nm’de kére kars:
okunmustur.

Bradford yontemi

Prensip: Bu yontemde, Coomassie brillant blue G250
boyast (Sigma 27815), negatif bir yiike sahiptir ve
protein uzerindeki amino asitlerin pozitif ylukiine
baglanir (Bradford, 1976). Olusan renkli kompleksin
595 nm’deki optik dansitesi spektrofotmetrede
Olciilerek, protein diizeyleri belirlenir. Prosedir:
Bradford reaktifi hazirlamak amaciyla 40 mg
Coomassie Brillant blue G250, 50 ml % 95’lik etanolde
cozuldikten sonra, tizerine 55 ml % 85’lik fosforik asit
(Sigma 79617) eklenmistir. Son hacim bidistile su ile 1
L'ye tamamlanmistir. Hazirlanan reaktiften her bir
ornek, standart ve kor tiipiine 1 ml eklenmigtir.
Reaktifin  lzerine siit serumu Ornekleri ve
standartlardan 20’ser pl eklenmigtir. Kér tiipi igin 20
ul bidistile su kullanilmigtir. Tupler karstirihip 10 dk
oda 1sisinda Dbekletildikten sonra 595 nm’de
spektrofotometre ile absorbans 6l¢glimleri yapilmigtir.

Istatistik Analizler

Elde edilen degerler SPSS 15.0 programinda ANOVA
ile degerlendirilerek, gruplar arasi farkliliklar post-
hoc Duncan testi ile ortaya konulmustur. Bradford ve

Lowry metodlar1 1ile belirlenen toplam protein
dizeyleri arasindaki iligkiler student’s t-testi ile
belirlenmigtir. Korelasyon analizleri, veriler normal
dagilim gésterdiginden, Pierson testi ile yapilmigtir.
P<0.05 6nem diizeyinde 6nemli kabul edilmigtir.

BULGULAR ve TARTISMA

Cig siitte, pastorize edilen ve kaynatilan keci
sutlerinde melatonin ve toplam protein diizeyleri
Cizelge 1'de sunulmustur. Kaynatma iglemi
uygulanan siit o6rneklerinde melatonin diizeyleri
(4.20+0.39 pg ml), cig siit 6rneklerine (3.19+0.25 pg
ml) kiyasla yiiksek bulundu (P<0.05). Toplam protein
diizeyleri degerlendirildiginde, Bradford yontemi
belirlenen toplam protein diizeyleri agisindan gruplar
arasinda bir farklilik bulunmaz iken, Lowry yontemi
ile belirlenen toplam protein diizeylerinin kaynatma
uygulanan grupta diger gruplara gore 6nemli diizeyde
diisiik oldugu belirlenmistir (P<0.001). Cig siit ve
pastorize sutteki toplam protein diizeyleri Bradford
yontemi ve Lowry yontemi ile belirlenen diizeyler
acisindan birbiri ile yakin bulundu (P>0.05).
Kaynatma uygulanan gruplarda ise Bradford yontemi
ile belirlenen toplam protein diizeyleri (2.26+0.13 g dI
1), Lowry metodu ile belirlenen toplam protein
diizeylerinden (1.92+0.09 g dI') yiikksek olarak
belirlenmistir (P<0.05).

Table 1 Melatonin and total protein levels in raw, pasteurized and boiled milk (Mean+SE) (n=20)
Cizelge 1. Cig siitte, pastirize edilen ve kaynatilan siitlerde melatonin ve toplam protein diizeyleri (Ort+SH) (n=20)

Stut Numuneleri Melatonin Toplam Protein Toplam Protein
(pg mlY) Bradford (g dl') Lowry (g dI'1)

Cig sit 3.19+0.25 b 2.33+0.07 2.32+0.07 =

Pastorize sut 3.42+0.24 ab 2.27+0.10 2.28+0.05 2

Kaynatilan sut 4.20+0.39 2 2.26+0.13 1.92+0.09 b

P <0.05 >0.05 <0.001

abe Aym stitundaki farkli harfler istatistiksel olarak énemli dizeyde farklidir. P<0.05 and P<0.001.

Cig siit, pastorizasyon ve kaynatma 1si1l iglemi
uygulanan sttlerde ilgili biyokimyasal parametreler
arasindaki korelasyonlar Cizelge 2, 3 ve 4'de
sunulmustur. Cig siit 6rneklerinde Bradford metodu
ile Lowry metodu kullanilarak belirlenen toplam
protein diuzeyleri arasinda yiiksek pozitif korelasyon
belirlenmistir  (r=0.723, P<0.01). Pastorizasyon
uygulanan siit orneklerinde Bradford metodu ve
Lowry metodu kullanilarak belirlenen toplam protein
diizeyleri arasinda yuksek pozitif korelasyon
belirlenmistir (r=0.838, P<0.01). Kaynatma islemi

uygulanan sutlerde Bradford metodu ile Lowry
metodu kullanilarak Dbelirlenen toplam protein
diizeyleri arasinda, diger uygulamalara gore

kiyaslandiginda, zayif pozitif korelasyon belirlenmigtir
(r=0.449, P<0.05).

Cig slutte insan saghg agisindan  zararh
mikroorganizmalar bulundugundan, insan tiiketimine
sunulmadan 6nce ¢ig stitler bir takim 1s1l iglemlere tabi
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tutulmaktadir. Ancak 1s1l iglem uygulamalarinin sit
bilesenlerinde bir takim degisikliklere neden oldugu
bilinmektedir (Metwally, 2011; Yilmaz, 2017). Siite
uygulanan 1s1l iglemler sonrasinda siitte bulunan
proteinlerin konformasyonlarinin degistigi ve boylece
proteinlerin denatiirasyona ve/veya agregasyona
ugradiklar1 bildirilmektedir (Jimenez-Saiz ve ark.,
2015, Lamberti ve ark., 2018). Kegci siitiinde temel
olarak 5 protein tipi bulunur; bunlar as2-kazein, B-
kazein, x-kazein, B-laktoglobiilin ve a-laktalbiimindir.
Major protein fraksiyonu inek siitiinde asl-kazein
iken, keci siitiinde B-kazeindir (Chandan ve ark.,
1992). Keci siitiiniin = kazein miselleri inek
stutininkinden daha az cozunir formdadir ve 1s1
kargisindaki dayanilirligi daha azdir, dolayis: ile 1s1
artis1 ile B-kazein kaybi daha fazladir (Juarez ve

Ramos, 1986). Giiniimiizde geleneksel kaynatma
yonteminin sut proteinleri igerigi ve konformasyonel
degisimi hakkinda sinirli veri bulunmaktadir:
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proteinlerin 55-70 °C’de ikincil yapilarinin bozuldugu,
70-80 °C’de disilfit baglarinin koptugu, 80-90 °C’de
yeni intra- ve inter-molekiler baglarin kuruldugu ve

90-100 °C’de agregatlarin olustugu bildirilmektedir
(Wal, 2003).

Table 2 Correlations between melatonin and total protein in raw milk
Cizelge 2. (ig siitlerde melatonin ile toplam protein arasindaki korelasyonlar

Cig Siit

Toplam Protein Bradford (g d1'1)

Toplam Protein Lowry (g dl')

Melatonin (pg ml?) 0.270

Toplam Protein Bradford (g dl1')

0.264
0.723*

*P<0.01 (Pierson testi, n=20)

Table 3 Correlations between melatonin and total protein in pasteurized milk
Cizelge 3. Pastorizasyon islemi uygulanan siitlerde melatonin ile toplam protein arasindaki korelasyonlar

Pastorize Stit

Toplam Protein Bradford (g dl')

Toplam Protein Lowry (g dl')

Melatonin (pg ml1) 0.321

Toplam Protein Bradford (g d11)

0.218
0.838*

*P<0.01 (Pierson testi, n=20)

Table 4 Correlations between melatonin and total protein in boiled milk
Cizelge 4. Kaynatma islemi uygulanan siitlerde melatonin ile toplam protein arasindaki korelasyonlar

Kaynatilmig Stut

Toplam Protein Bradford (g dl'1)

Toplam Protein Lowry (g dl')

Melatonin (pg ml1) -0.077

Toplam Protein Bradford (g dl'1)

-0.026
0.449*

*P<0.05 (Pierson testi, n=20)

Inek siitiine kaynatma (98 °C’de 16 dk) ve mikrodalga
yontemi ile 1s1l islem uygulamasi sonucunda, tek yonla
elektroforezde peynir alt1 suyu protein (a-laktalbiimin)
bantlarinin zayifladigi, B-laktoglobiilin bantlarinin ise
neredeyse kayboldugu belirlenmistir (Lamberti ve
ark., 2018). Bloom ve ark. (2014) da 20 dk’dan uzun
kaynatma iglemi uyguladiklar1i inek sitiinde a-
laktalbiimin ve B-laktoglobiilinin yiiksek molekil
agirhkli agregatlarinin olustugunu bildirmiglerdir.
Yilmaz (2017), taze keci siitii ile marketlerden
toplanan UHT  kegi  sitlerini  karsilastirdig:
calismasinda keci sitiu toplam protein diizeylerinin
(FOSS MilkoScanTM FT-120, Foss electric, Denmark)
taze siit (% 3.04+ 0.17) ve ticari siitlerde (% 2.94 +0.02)
istatistiksel olarak farkli olmadigini bildirmistir. Taze
inek siitiinde ise toplam protein diizeylerinin (%
3.66+0.16) ticari inek siitii toplam protein
diizeylerinden(% 2.71+0.07) énemli diizeyde yiiksek
oldugunu gozlemlemistir. Formol titrasyon testi ile
belirlenen toplam protein diizeyleri, taze ve pastorize
kegi siitinde 2.90 g dl'l, 63 °Cde 30 dk 1s1l iglem
uygulanmis, yag1 ve hiicreleri alinmis (9800 rpm x 15
dk x 4 °C) siitte 2.63 g dl'! olarak bildirilmistir (Paz ve
ark., 2014). Diger yandan Moreno-Montoro ve ark.
(2015), Kjeldahl metodu ile belirledikleri keci siitii
toplam protein diizeylerini ¢ig siitte 3.62 +£ 0.19 g 100g"
1 santrifiy edilmig ¢ig sttte 4.10 = 0.33 g 100gtolarak
bildirmislerdir. Rukke ve ark. (2010) da santrifiij
edilmis ve yag alinmis ¢ig kegi siitinde Kjeldahl
metoduna goére Dbelirledikleri toplam  protein
diizeylerini 1.72-3.31g 100g? olarak bildirmiglerdir.
Sunulan c¢alismada 5400 rpm x 15 dk x +4 °C’de
santrifij edilerek hem yagi hem de sut hiicrelerinden

435

ayrimlanan ¢ig siit 6rneklerinde Bradford yontemi ile
belirlenen toplam protein dizeyleri 2.33+0.07 g dll,
Lowry metodu ile belirlenen toplam protein diizeyleri
2.32+0.07 g dl! olarak belirlenmistir. Diizeylerin,
Rukke ve ark. (2010)’nin bildirdigi diizeyler arasinda
oldugu, diger arastirmacilarin bildirdigi dizeylerden
ise biraz dusiik oldugu gorildi. Bu durum, protein
analiz metodlarinin farklilig:, keci irklarinin farklhligi,

bolgesel  farklihik, sut alimimin  yilin farkh
zamanlarinda gerceklegtirilmesi gibi nedenlerden
kaynaklanabilir.

Sunulan ¢alismada Bradford yontemi ile belirlenen
toplam protein duzeyleri 1s1l islem uygulamalar: ile
degisim gostermezken, Lowry yontemi ile belirlenen
toplam protein diizeyleri 5 dk sureyle kaynatma
uygulanan siitlerde, diger gruplara goére Onemli
diuzeyde dusik olarak Dbelirlenmistir. Bradford
yonteminde Commassie blue G250 anyonunun
proteinler tizerinde bulunan NHs* katyonik grubuna
baglandiga, polilizin, poliarjinin, politirozin,
polihistinin peptidleri, arjinin, histidin gibi baz1 amino
asitler ve baz1 di ve tri-peptidlerle baglanarak renk
verdigi bildirilmistir (De Moreno ve ark., 1986). Diger
yandan, Lowry metodunda ise Biiret ve Folin
reaksiyonu sonucu, Cu* iyonlari proteinlerde bulunan
peptid baglarina baglanmaktadir (Lowry ve ark.,
1951). Amino asit diizeyi arttik¢a Folin reaksiyonunda
meydana gelen rengin, proteinlere gore azaldigi da
bildirilmistir (Andersch ve Gibson, 1933). Dolayisi ile
sunulan calismada, keci siitii proteinlerinin 5 dk
kaynatma iglemi sonucunda peptid baglarinin
sayisinin azaldigi ve bdylece Lowry yontemi ile
belirlenen toplam protein diizeylerinin disik
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bulundugu sonucuna varilabilir. Bu nedenle sttlerde,
ozellikle 1s1] islem uygulamasi sonrasinda protein
diizeylerinin belirlenmesi amaciyla ‘toplam nitrojen
diizeylerinin belirlenmesinin’ daha hassas ve net
sonuglar verecegi 6ngorilmektedir.

Melatonin, sirkadyen ritim tizerine etkili, ayni
zamanda antioksidan (Maksimovich, 2002), ve
antikanser (Dullo ve Chaudhary, 2009) 6zellikleri
bulunan bir hormondur. Melatonin sentez ve salinimi
karanlikta artmaktadir (Ozgiiner ve ark., 1995).
Ozellikle gece saat 23:00-05:00 siralarinda melatonin
salgilanmasi en yliksek seviyeye ulasir; hiicre iginde ve
kandaki konsantrasyonu giindiize nazaran 3-10 kat
artar (Claustrat ve ark., 2005). Melatonin
hormonunun insan, inek ve keci siitiinde varhigi ve
diizeyleri (5-25 pg ml1) ortaya konulmustur (Eriksson
ve ark., 1998; Valtonen ve ark., 2005). Siit melatonin
diizeylerinin, gece sagilan (gece 02:00-04:00), siitlerde
giindiiz sagilan siitlere oranla daha yiiksek oldugu
bildirilmistir (Milagres ve ark., 2014). Sunulan
calismada giinduz saatlerinde mera déntsiinde alinan
keci stuti melatonin diizeyleri, ineklerde giindiiz
stitiinde bildirilen degerlere yakin ¢gikmigtir. Schaper
ve ark. (2015), farkli marketlerden elde edilen islenmis
sutler ile bir ¢iftlikten elde edilen 10 inege ait ¢ig
stitlerdeki melatonin dizeylerini karsilagtirdiklar:
calismada, islenmis inek siitiindeki (UHT siitte 4.5 pg
ml1, pastérize siitte 7 pg ml'!) melatonin diizeylerinin,
¢ig siittekine (13.6 pg ml?) gére daha diisiik oldugunu
bildirmiglerdir. Sunulan c¢alismada ise ayni sut
lizerine pastérizasyon uygulamasinin, ¢ig siitlere gére
melatonin dizeylerinde bir degisime neden olmadig:
belirlenmistir. Inek siitii tizerine 151l islemin etkileri ile
ilgili calismada (Shaper ve ark., 2015) ayni siit 6rnegi
tuzerine 1s1l iglem uygulamasinin etkileri degil,
marketlerden temin edilen siitler (UHT, pastérize) ile
ciftliklerden elde edilen ¢ig siitler karsilastirilmigtir.
Sunulan ¢alisma ise, hem kegi stitlinde olmas1 hem de
ayni slt Ornegi ftizerine uygulanan 1sil iglemin
melatonin  diizeylerine etkilerinin  arastirilmasi
yonlerinden 6zguindiir.

Yapilan literatiir taramalarinda melatoninin siitte
taginmasi ile ilgili bir ¢aligmaya rastlanilmamigtir.
Insan ve rat kan plazmasinda melatoninin ozellikle
albiimine baglanarak tasindigi (Cardinali ve ark.,
1972), toplam melatoninin (bagh ve serbest) % 23
kadarinin ise serbest oldugu bildirilmistir (Kennaway

ve Voultsios, 1998). Sunulan calismada, serbest
melatonin diizeylerinin  6lgiildigi.  yontemde,
kaynatma iglemi sonrasinda st melatonin

diizeylerinin, pastérize ve ¢ig slt Orneklerine gore
yiksek oldugu goézlemlenmistir. Ke¢i sttt yapisinda
bulunan a-laktalbiminin slitte melatonin
taginmasinda roliiniin olabilecegi diisiiniilebilir. Inek
stitiinde, 1s1l iglem uygulamasi sonucunda,
elektroforetik incelemede, a-laktalbiimin bantlarinin
zayifladigi, B-laktoglobilin bantlarinin ise neredeyse
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kayboldugu belirlenmistir (Lamberti ve ark., 2018).
Yine 20 dk’dan uzun kaynatma islemi uygulanan inek
stitiunde a-laktalbiimin ve B-laktoglobilinin yuksek
molekiil agirlikli agregatlarinin olustugu bildirilmigtir
(Bloom ve ark. 2014). Bu bilgiler 1s18inda, keci
stitiinde bulunan laktalbumine bagh melatoninin, 1s1l
igslem uygulamasi sonrasinda laktalbuminin
denatlirasyonu ve/veya agregasyonu neticesinde
serbest hale gecerek, ELISA analizinde ¢ig sut ve
pastorize siite gore daha yiliksek diizeyde belirlenmis
olmasi olasidir.

SONUC ve ONERILER

Keci sltine uygulanan pastorizasyon isleminin, sit
melatonin ve toplam protein diizeylerini ¢ig siite gére
degistirmedigi, 100 °Cde 5 dk kaynatma
uygulamasinin ise proteinlerin denaturasyonu ve/veya
agregasyonuna neden olabildigi belirlenmistir. Bu
bilgiler 1s181inda keci siitiiniin biyoyararlaniminda
pastorizasyon  igleminin, geleneksel kaynatma
islemine goére daha ustiin oldugu dusinilmusgtir.
Siitlerde ELISA metodu ile melatonin analizi
yapilmadan 6nce, melatoninin sitte bagli bulundugu
proteinden ayristirilmasi amaciyla, siutin, bir o6n
islemden gec¢irilmesinin, melatonin diizeylerinin daha
dogru olarak belirlenmesinde faydali olabilecegi
ongorilebilir.
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ABSTRACT Biology
The objective of this study was to determine the effectiveness and the )
antioxidant activity of Potentilla recta L. (Rosaceae), which is Research Article

traditionally used in the treatment of many diseases, against
pathogenic microorganisms in the skin. The antioxidant activity was

Article History

determined using 1,1-Diphenyl-2-picrylhydrazyl (DPPH') and 2,2- Received :10'03'2021
Azinobis(3-ethylbenzothiazoline-6-sulfonate)  (ABTS*)  radical  ‘iccepted +01.07.2021
scavenging activities, inhibition of B-carotene bleaching, protection of Keywords

2-deoxyribose and bovine brain-derived phospholipids against Potentilla recta

hydroxyl radical-mediated degradation assay, at different Rosaceae

concentrations ranging from 0.001 to 2 mg mL1. Antimicrobial activity Antioxidant

was evaluated against Staphylococcus aureus (ATCC 29213), Antimicrobi.;ll
Staphylococcus epidermidis (ATCC 3699), Pseudomonas aeruginosa 1929

(ATCC 27853) and Candida albicans (ATCC 90028) by microdilution
method. Besides, viability enhancing effects on murine fibroblast cells
(L929) were determined by the MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) method. The key parameters for the
extract included the following: DPPH"® ICso: 0.19 mg mL1, TEAC:
0.76 mmol L Trolox, reduction: 0.87 mmol gl AsscE, and protection
of lipid peroxidation ICso: 0.07mg mL1l. A strong effect on S
epidermidis was observed with 79% inhibition at a concentration of
125 mg mL! but did not show toxicity to L.929 cells below 250 mg mL-
1 concentration. The present findings highlight the need for research
of plants for traditional medicinal uses and the importance of scientific
evaluations.

Potentilla recta L.'nin Antioksidan ve Antimikrobiyal Aktivitelerinin Degerlendirilmesi

OZET Biyoloji

Bu calismada geleneksel olarak bircok hastaligin tedavisinde

kullanilan Potentilla recta L. (Rosaceae) min ciltteki patojen Aragtirma Makalesi
mikroorganizmalara karsi etkinligi ve antioksidan aktivitesi

aragtirilmigtir. Antioksidan aktivite 1,1-Difenil-2-pikrilhidrazil Makale Tarihgesi
(DPPH) ve 2,2-Azinobis (3-etilbenzotiyazolin-6-siilfonat) (ABTS"*) Gelis Tarihi :10.03.2021
radikal temizleme, B-karoten agartmanin inhibisyonu, 2-deoksiriboz Kabul Tarihi :01.07.2021

ve s181r beyninden tiiretilmig fosfolipidlerin hidroksil radikal aracili
degradasyonuna karsi koruma etkileri deneyleri ile 0.001 - 2 mg mL!

Anahtar Kelimeler

arasinda degigsen farkli konsantrasyonlarda  belirlenmistir. Potentilla recta
Antimikrobiyal aktivite, mikrodiliisyon yontemi ile Staphylococcus Rosaceae
aureus (ATCC 29213), Staphylococcus epidermidis (ATCC 3699), Antioksidan
Pseudomonas aeruginosa (ATCC 27853) Candida albicans (ATCC Antimikrobiyal
90028) iizerinde degerlendirilmistir. Ayrica fare fibroblast hiicreleri 1.929

(L929) tizerindeki canlilig1 artirict etkiler MTT (3- (4,5-dimetiltiyazol-
2-11)-2,5-difeniltetrazolyum bromiir) yéntemi ile degerlendirilmistir.
Ekstreler icin temel parametreler: DPPH ¢ ICs0: 0.19 mg mL1, TEAC:
0.76 mmol L1 Trolox, rediiksiyon: 0.87 mmol g1 AsscE ve lipid
peroksidasyonun korunmasi ICso: 0.07 mg mL! olarak belirlenmistir.
125 mg mL! konsantrasyonda % 79 inhibisyonla S. epidermidis
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tizerinde gii¢li bir etki gozlenirken 250 mg mL! konsantrasyonunun
altinda L1929 hiicrelerine toksisite gozlenmemistir. Mevcut bulgular,
geleneksel tibbi kullanimi olan bitkilerin arastirilmasi gerektigine ve
bilimsel degerlendirmenin énemli olduguna 1sik tutmaktadir.
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INTRODUCTION

The Rosaceae family, which includes the Potentilla
genus, is the 19th largest family in the plant kingdom.
It has approximately 100 genera and 2830-3100
species (Folta and Gardiner 2009). Sixty Potentilla
species are widely found in Turkish Flora (Giiner and
Aslan 2012). Potentilla species are known as
“Begparmak otu, Incibar koki, Sari kabusluk” in
Turkey and are popularly used as antipyretic and tonic
agents and also for constipation since ancient times
(Baytop 1999). Underground and aerial parts of species
have traditionally been used to treat inflammations,
some types of cancer, wounds, infections, diarrhea,
diabetes, and some other diseases. Greek physician
Dioscorides recommended the wuse of decoction
prepared from underground parts of Potentilla erecta
in inflammatory facial eczema and ulcerations of oral
cavities. In the Middle Ages, physicians and botanists
defined the Potentilla species in their botanical books
for Europe. Extracts prepared with different solvents
such as water, milk, honey, and ethanol have been
used as an ailment for toothache, sore throats, wound
healing, jaundice, mouth wulcers, dysentery, and
homeostatic (Tomczyk and Latté 2009). The herb parts
of species have been studied in many phytochemical
studies. P. erecta is the first species with the highest
number of identified components among the Potentilla
species, (a total of 68 compounds in the aerial and
underground parts), followed by P. anserina (37
compounds in the aerial and underground parts). The
main groups of these compounds are flavonoids,
condensed tannins, organic and phenolic carboxylic
acids, coumarins, and sterols (Tomczyk and Latté
2009). In a study for investigating the polyphenols of
P. recta; 10 components; 1 neolignan glycoside and 9
flavonoids, were identified and their structures were
elucidated (Séhretoglu and Kirmizibekmez 2011).

Due to the known toxic effects of synthetic drugs,
people's tendency to herbal medicines has increased,
especially in the treatment of simple diseases. For this
reason, it is important to determine the biological
effects and possible toxic effects of plants traditionally
used in treatment. One of the current examples of
these herbal medicines for Anatolia is Potentilla recta.
This plant, which grows naturally in Turkey, is
traditionally used in the treatment of respiratory
diseases, various skin diseases, gastrointestinal and
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neurological disorders, as well as for its wound healing
properties (Tuzlaci, 2006). To better understand the
traditional usage of Potentilla recta, the antioxidant
activity of the plant has been investigated in detail,
and its effectiveness on the microorganisms that cause
infection in the skin has been evaluated. The toxicity
of the plant extract was evaluated using the mouse
fibroblast (1L929) cell line, which is frequently used in
toxicity studies.

MATERIAL and METHOD
Plant material, reagents, and extraction

Potentilla recta was collected from Pinarbasi-
Kayseri/Turkey, in dJune 2013. The herbarium
material from the plant was kept in the Herbarium
(ERCH) of Erciyes University Faculty of Science,
Department of Biology. All the chemicals are
analytical grade and purchased from Sigma Chemical
Company (St. Louis, MO).

Aerial parts of the 150 g dried plant material were
macerated with an appropriate volume of 70%
methanol (MeOH) in 24 hrs in the shaking water bath
(3 times repeats). Methanol phase concentrated under
vacuum (37° C). The obtained concentrated extract was
lyophilized and maintained at -18 C until analysis.

Reduction of iron (III) to iron (IT)

The reduction of iron (III) to iron (II) was assessed by
(Oyaizu 1986) method. The solutions, 0.2 M phosphate
buffer (pH 6.6), 1% (w/v) potassium hexacyanoferrate
solution, 10% w/v trichloroacetic acid (TCA,), and 0.1%
(w/v) FeCls, were used. Extract dissolved in 70% MeOH
and then phosphate buffer and potassium
hexacyanoferrate solutions (2.5 mL each) were added.
TCA (2.5 mL) was added after incubation at 50°C for
30 min. The reaction mixture solution was centrifuged
(1000 g, 10 min). Separated upper layer (2.5 mL) was
added in H20 (2.5 mL) and mixed with 0.5 mL of FeCls.
The absorbance of all samples was read at 700 nm. The
results were evaluated as ascorbic acid equivalents
(AscAE, mmol ascorbic acid/g sample). Triplicate
analyses were done and then mean values are given.

DPPHe Scavenging Assay

DPPH* radical scavenging effects of the extract were
evaluated by Gyamfi, Yonamine et al. (1999) method.
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1 mL of DPPH* methanolic solution (0.1 mM) was
mixed with 50 uL of extract solution and 450 pL of Tris-
HCI1 buffer. The absorbance at 517 nm against the
blind, which is composed of MeOH, was recorded after
incubation of the reaction solutions at room
temperature for 30 min. The inhibition of samples was
calculated with Eq. 1 and the mean ICso values are
given after triplicate analyses.

% Inhibition = [(Abscontrol— AstampIe) /Abscantrol] x 100 (Eq 1)

Inhibition of B-carotene bleaching

In this assay, the antioxidant capacity of the extract
and standards were—evaluated using the method of
Velioglu et al. (1998). After mixing, 1.2 mL of #
carotene solution (1 mg mL in chloroform), Tween 20,
and linoleic acid, chloroform removed from media via
rotary evaporator. The emulsion was prepared by
adding distilled water to this mixture and mixing
gently. For the blanks of the control and samples, the
same procedure was performed without using B-
carotene. After the samples were put into tubes
together with the emulsion, these samples were kept
in a water bath for 2 hours at 50 °C for autoxidation
and the fading level was measured at 470 nm every 15
minutes. Inhibition of B-carotene bleaching was
calculated using Eq. 2.

AA%=[1-(Abs0 sample- Abs120 sample)/(AbsO control
Abs120 control)] x 100 (Eq. 2)

ABTS** Radical Scavenging Activity

The concentrate ABTS** solution was prepared using
2.45 mM K2S20s and after 12-16 hours’ incubation in
dark. This prepared ABTS** radical solution was
measured at 734 nm and diluted with ethyl alcohol
until an absorbance of 0.700 (+ 0.030) was reached. For
the measurement, standard/sample (10 pL) and
diluted ABTS** solution (990 nL) were mixed and then
the kinetic profiles were recorded at 734 nm for 30
minutes (1 min interval). Inhibitions (%) were
calculated using Trolox (TEAC) calibration equations.
Results are given in mean values (n=3) (Re et al. 1999).
(IID)-Catalyzed

Ascorbate-Iron Phospholipid

Peroxidation

Folch VII type bovine brain extract, 10 mM phosphate
buffer saline (PBS) (pH 7.4), FeCl; (1 mM), 2% (w/v)
butylated hydroxytoluene (BHT), TCA (2.8%, w/v), and
2-thiobarbituric acid (TBA) (1%, w/v) were used in the
experiment. Liposome was prepared with bovine brain
extract and PBS. Liposomes (0.2 mL), PBS buffer (0.5
mL), FeCls (0.1 mL) and extract/standard (0.1 mL)
were mixed. Ascorbate solution (0.1 mL) was mixed to
speed up the peroxidation reaction. After incubation
(37 °C, 60 min), BHT (50 puL) of, TCA (1 mL) of and
TBA (1 mL) were added. After the heating process (100
°C) was done in a water bath for 20 minutes,
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chromogens formed by malondialdehyde and
thiobarbituric acid (MDA- (TBA) 2) were extracted
with 2 mL of n-butanol. The absorbance was measured
at 532 nm and Equation 1 was used for calculations.
After triplicate analyses, ICsovalues are given as mean
values (Aruoma et al. 1997).

Iron (I) Chelate Activity

200 pL extract, 100 uL aqueous FeClz (2.0 mM) and
900 pLL methanol were added in a tube. After 5 minutes
of incubation, the reaction was accelerated by ferrozine
(400 pL, 5.0 mM) addition. The absorbance was
recorded at 562 nm after 10 minutes. Na:EDTA
equivalent iron-chelating activity (mgnaseDTA/gsample) 18
given as the average of triplicate analyses (Carter
1971).

Non-site Specific Hydroxyl Radical (¢OH) Mediated 2-
deoxy-D-ribose Degradation

2-deoxyribose (5.6 mM, pH 7.4), FeClyy EDTA (1: 1, v
V), H2O2 (1.0 mM), aqueous ascorbic acid (1.0 mM),
2.8% TCA, and 1.0% TBA were used in the experiment.
100 pL of extract, 500 uL of 2-deoxyribose, 200 pL of
premixed FeCls/ EDTA, H202 (100 pL), and ascorbic
acid (100 uL) were mixed. After incubation at 50 °C for
30 minutes, TCA (1 mL) and TBA (1 mL) were added
and incubated again at 50 ° C for 30 minutes. The
oxidation was calculated as % inhibition after
measuring the absorbance at 532 nm. Equation 1 was
used for ICs0 (n=3) (Halliwell, Gutteridge et al.1987).

Antimicrobial activity

The study to determine the minimum inhibition
concentration was performed according to the Clinical
and Laboratory Standards Institute with
microdilution method (Wayne 2009). Gram (+) strains
Staphylococcus aureus ATCC29213, Staphylococcus
epidermidis ATCC 3699, Gr-(-) strain Pseudomonas
aeruginosa ATCC27853 and fungal culture Candida
albicans ATCC 90028) were used in the study. Mueller
Hinton Agar and Mueller Hinton Broth were used for
bacterial strains and Sabouraud Dextrose Broth and
Sabouraud Dextrose Agar were used for the culture of
C. albicans

Bacterial cultures were transferred to agar medium to
obtain isolated colonies, after 24 hours’ incubation at
37 ° C, 4-5 well-isolated colonies were taken into 0.9%
saline. The turbidity of the prepared bacterial
suspension was set to 0.5 (1 x 108 CFU/mL) McFarland
for bacteria and 5 X 106 CFU/mL for yeast in the
turbidimeter. In a 96-well plate, 5% of bacteria were
cultivated on 0.2 mL nutrient broth containing
different concentrations of plant extract and left for 24
hours at 37 ° incubation. At the end of incubation, the
concentration without turbidity was determined as
Minimum inhibitory concentration (MIC). All analyzes
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were carried out in three parallel.

Cell viability assay on 1929 cells

The L929 (mouse fibroblast) cells were cultivated in
EMEM medium containing 1% penicillin/streptomycin
mixture and horse serum (10%, 37 °C, in 5% CO2 and
95% air). The cell line was purchased from American
Type Culture Collection (CCL-1 Manassas, VA, USA).

Using MTT colorimetric method, the toxicity, and
viability enhancing effect of the extract on the 1.929
cell line was determined. The cultured cells were
counted 24 hours before the experiment and
distributed on a 96-well microplate at a number of 1 x
104 cell/well. After 24 hours, the supernatant of cells
adhering to the plate base was discarded and in 100 uL
medium, 15.6; 31.25; 62.5; 125; 250; 500; 1000 and
2000 ug mL1 concentrated extract was added. After 24
hours’ incubation, the wells were drained and MTT
solution (100 pL, in PBS (5 mg/mL)) was mixed. After
2 hours’ in the incubator, the wells were emptied and
dimethyl sulfoxide (100 pL, DMSO) was dispensed into
the wells. The absorbance was recorded at 570 nm
wavelength using ELISA (Biotek Synergy HT). Results
are given as mean * standard error after triplicate
analyses.

Statistical analyses

Variance homogeneity was tested with the Levene test.
One-way analysis of variance was used for
comparisons between more than two groups. Dunnett's
test and Tukey test were used for multiple
comparisons. The data were evaluated with
SPSS Version 11.0 statistic software package. The
significance level was accepted as p <0.05.

RESULTS
Iron (ITI) to iron (IT) reduction activity

The capabilities of the samples on the reduction of iron
were evaluated and given in Table 1 as ascorbic acid
equivalent. The reducing capacity of the extract was
0.87 mmol g1 AscAE. The extract was not found to be
as active as ascorbic acid (AA), BHT, butylated
hydroxyanisole (BHA), rosmarinic acid (RA) and gallic
acid (GA) used as positive controls for reducing iron
(ITD). The activity of the extract was statistically
significant (P <0.001) than the activity of the
standards.

DPPH - Radical Scavenging Activity

The ICs0 value is defined as the necessary amount to
scavenge 50% of the radical. The decrease in
absorbance is indicative of high free radical scavenging
ability. The ICso value of the extract and the standards
are given in Table 1. P. recta extract scavenged the
DPPH" radical depending on the concentration at
physiological pH and the ICso value was found
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0.19+0.00 mg mL1. However, it has been determined
that the scavenging effect of the AA, BHT, BHA, GA,
and RA were more active than the extract (P <0.001).

Inhibition of B-carotene bleaching

Free radicals formed by the emergence of hydrogen
from linoleic acid attacks B-carotene and the resultant
color changes. The degree of inhibition of oxidation
with P. recta extract was given in Table 1. AAC was
compared to the different groups and statistically
significant variances were identified in the intergroup
comparisons. According to the results, the activity of
the extract was significantly higher (P <0.001) than
the GA and RA groups and lower than the BHT and
BHA groups (P <0.001).

ABTS+eRadical Scavenging Activity

This radical scavenging test measures the amount of
antiradical spectroscopically using the ABTS** radical.
In this method, hydrophilic and lipophilic antioxidants
such as flavonoids, hydroxycinnamic acids, and
carotenoids can be measured. ABTS** scavenging
ability of the P. recta was evaluated and given in Table
1. The extract and all standards were analyzed at 2
different concentrations. After comparison of the
TEAC values, TEAC variance was found statistically
significant in the intergroup comparisons. The activity
of the extract was significantly found lower than GA,
RA, AA, BHT, BHA groups at 0.2 mg mL?!
concentration (P<0.001) and significantly lower than
the BHT, BHA, AA, GA groups at 0.1 mg mL?
concentration (P<0.001) whereas significantly higher
than RA group (P<0.001). The TEAC value of the
extract and the most active GA standard were as
follows respectively: 0.76+0.04 mmol L1 Trolox and
2.49+0.01 mmol L Trolox.

(ITD)-Catalyzed

Ascorbate-Iron Phospholipid

Peroxidation

Biologically important phospholipids in which contain
a high amount of polyunsaturated fatty acids
susceptible to degradation due to hydroxyl radicals
(‘OH). In the experiment, the phospholipid liposomes
obtained from the bovine brain were rapidly subjected
to *OH induced peroxidation, resulting in the
formation of MDA and similar aldehydes. These
reactive aldehydes formed were reacted with TBA and
the resulting pink color was measured. Antioxidants,
which act by removing "OH and preventing the
formation of TBARS, show increasing color intensity
with increasing concentration. As seen in Table 1, the
extract showed higher activity than AA used as
standard. The IC50 value of the extract was 0.07+0.00
mg mL?! and the IC50 value of the AA was 0.90+0.13
mg mL1. ICs0 (mg/mL) values were compared between
the groups and found statistically significant in the
intergroup comparisons. As a result, the activity of the
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extract was significantly lower than the AA group (P the ICso0 value was not calculated.

<0.001), and there were no significant differences from Non-site Specific Hydroxyl Radical (- OH) Mediated 2-
BHT, BHA, GA, and RA. deoxy-D-ribose Degradation

The experiment was based on the principle that the

Iron (I Chelate Activity "OH produced by the Fenton reaction causes

The metal chelating activity is based on the principle deoxyribose attack and degradation products resulting
that ferrozine quantitatively complexes with Fe*2. To from fragmentation react with TBA with low pH and
bind Fe*? ions, ferrozine reagent, a strong iron temperature and constitute pink color. Only AA was
chelator, the metal-binding compounds present in the used as a standard in this experiment. The ICso value
medium compete with the reactive. If the chelating of the ascorbic acid was 0.81£0.12 mg mL? and of the
power is high, the production of Fe*?/ferrozine complex extract was 0.62+0.03 mg mL?1. IC50 values were
18 prevented. The effect Of the extract on the chelation compared between the groups. The extract was not

Of iron (II) ions was investigated and the activity Of the Significantly different from the AA group (P>005)
extract was found to be greater than 10 mg mL! and

Table 1 The antioxidant activity results of P. recta extract and standards
Cizelge 1. P. recta ekstresinin ve standartlarin antioksidan aktivitesi

SampleA AscAeB(mmol g1) DPPHC TBAD AACE TEACF (mmol L1 Trolox)

1C50 1C50

(mg mL1) (mg mL1) 0,1 mg mL! 0.2 mg mL1
BHT 2.26+0.005* 0.12+0.01* 0.09+0.00 933.23+£1.25%  0.55+0.01* 1.45+0.01*
BHA 1.93 £0.006* 0.07+£0.00* 0.02+0.00 987.55+1.33* 0.86+0.01* 1.87+0.01*
RA 3.10+£0.03* 0.04+0.0% 0.05+0.01 661.42+1.10* 0.37+0.01* 1.32+0.00*
GA 4.08+0.01* 0.02+0.00* 0.16+0.06 639.13+0.88* 2.09+0.02* 2.49+0.01*
AscAs 5.72+0.1% 0.13+£0.00* 0.90+0.13* - 1.18+0.01* 1.91+0.00*
P. recta 0.87+0.00 0.19+0.00 0.07+£0.00 857.62+1.14 0.41+0.02 0.76+0.04

ABHT: butylated hydroxytoluene; BHA: butylated hydroxyanisole; RA: rosmarinic acid; GA: gallic acid; AA: ascorbic acid; Pr 70: 70%
methanol extract. B Iron (III) reduction. CDPPH radical scavenging. P Inhibiton of malondialdehyde formation. E Determination of
Inhibition of B-Carotene/Linoleic acid Co-oxidation. F TEAC is defined as the concentration of Trolox (mmol/L) having the ABTS**
radical scavenging activity. * expresses difference with Pr70 extract (P<0.05). Data are expressed as mean + standard error.

Antimicrobial activity aeruginosa (ATCC 27853), and 32.05%, for C. albicans
The extracts were studied at a concentration of 0.0625- (ATCC 90028?- The extrgct h?d the strongest effect on
8 mg mL1! in the antimicrobial activity test. Inhibition S. epidermidis and the viability could not gxceed 22_%-
of viability at a concentration of 0.0625 mg mL! was The weakest effect was on P. aeruginosa, with

found as follows: 44.18% for S. aureus (ATCC 29213), inhibition of 71.78% at 8 mg mL'. Results are
78.29% for S. epidermidis (ATCC3699), 24.05% for P. presented in Figures 1-4.

S.aureus
100

80

60

40

20 l
0

1 0,5 0,25 0,125 0,0625
Concentrations (mg/mL)

Inhibition (%)

Figure 1. Inhibitory effects of P. recta extract on S. aureus. Values given as mean + standard error were specified
in the +95% confidence interval (n = 3)

Sekil 1. P. recta ekstresinin S. aureus lizerindeki inhibe edici etkileri. Ortalama + standart hata olarak verilen
degerler +% 95 giiven araliginda (n = 3) belirtildi
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S. epidermidis
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Figure 2. Inhibitory effects of P. recta extract on S. epidermidis. Values given as mean + standard error were

specified in the £95% confidence interval (n =

3)

Sekil 2. P. recta ekstresinin S. epidermidis tizerindeki inhibe edici etkileri. Ortalama + standart hata olarak verilen
degerler +% 95 giiven araliginda (n = 3) belirtildi

P. aeruginosa

Concentrations (mg/mL)
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Figure 3. Inhibitory effects of P. recta extract on P. aeruginosa. Values given as mean + standard error were

specified in the +95% confidence interval (n =

3)

Sekil 3. P. recta ekstresinin P. aeruginosa tizerindeki inhibe edici etkileri. Ortalama + standart hata olarak verilen
degerler +% 95 giiven araliginda (n = 3) belirtildi

Cell viability assay on 1.929 cells

The effects of the extract studied in the 7.8-2000 pg
mL!l concentration range on cell viability were
evaluated by the MTT method. Experimental data was
presented in Figure 5. The extract has decreased the
viability below 50% between the concentrations of 500-
2000 pg/mL at P<0.001 significant comparisons with
the control. At 250 pg mL 1, the viability was found to
be 73% (P<0.05), while at 7.8 -62.5 pg mL?
concentrations, the viability exceeded 100%.

DISCUSSION

In this study, antioxidant capacity, antimicrobial
potential, and vitality enhancing effects on 1.929 cells
were evaluated to better understand the ethnomedical

444

applications of P. recta. In our previous study, P. recta
was found to have a high amount of total phenolics
(185.85 + 6,51 mgcaE glextrac). In phytochemical
analyzes, kinic acid, ellagic acid, caffeic acid
derivative, kaempferol glycoside, quercetin
glucuronide, quercetin derivative, Bis-HHDP glucose,
and potentillin was found (Okdem et al. 2018). The fact
that the content is rich in phenolic compounds has
enabled P. recta to have high antioxidant capacity.
Phenolic acids and flavonoids exhibit antioxidant
activity by donating electrons (Kang et al. 1996),
(Leopoldini et al. 2004). Antioxidant activity increased
in proportion to the tannin content and the increase in
the tannin concentration has been reported to increase
the iron (III) reducing power in the literature (Zhang
and Lin 2009). From recently published articles
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C. albicans
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Figure 4. Inhibitory effects of P. recta extract on C. albicans. Values given as mean + standard error were specified

in the +95% confidence interval (n = 3)

Sekil 4. P. recta ekstresinin C. albicans tizerindeki inhibe edici etkileri. Ortalama + standart hata olarak verilen
degerler +% 95 giiven araliginda (n = 3) belirtildi

L929
120

100
80
60
40

Viability (%)

20

”l”ln.

7,8 156 31,25 625

Concentrations (ug/mL)

1000 2000 Control

Figure 5. Effect of P. recta extract on 1.929 cell line viability. Values given as mean + standard error were specified
in the +95% confidence interval (n = 3) * P <0.01; ** P < 0.05.

Sekil 6. P. recta ekstresinin L929 hiicre hatti canliligr tizerindeki etkisi. Ortalama + standart hata olarak verilen
degerler +% 95 giiven araliginda (n = 3) belirtildi, * P < 0.01; ** P < 0.05.

(Sut et al. 2019), P. recta methanol extract has been
reported to exhibit 175.60 mg TE g extract iron (III)
reducing activity as measured by Trolox equivalent. In
a different study conducted with Potentilla reptans
and Potentilla speciosa, the iron reduction activities of
extracts were found to be 81.59 to 219.97 mg TE g!
extract for P. reptans and 56.97-214.49 mg TE g1
extract for P. speciosa (Uysal et al. 2017).

The DPPH®* radical scavenging effect of P. recta was
not as high as AA, BHT, BHA, GA, and RA used as
positive controls, but comparing with the literature we
set a lower ICso (0.19+0.00 mg mL1) value from the
results found by Séhretoglu et al (2015).
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In the DPPH radical scavenging activity with 2.
reptans, the ICso value of the aerial part extract was
found to be 12.11 pg mL! and the ICs0 value of root was
found to be 2.57 ng mL1. It has been found that the
radical scavenging effect of the root was higher than
that of the standard BHT (Tomovic et al. 2015). The
biological activities of aqueous extracts of Potentilla
fruticosa, P. norvegica, P. pensylvanica, P.
thuringiaca, P. crantzii, and P. nepalensis were
analyzed and their antiradical activities were found to
be dose-dependently (Tomczyk et al. 2013).

While antioxidant activity is being investigated, it is
essential to use lipid oxidation assay media. The &
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carotene/linoleic acid method, which is one of the most
widely used methods for this purpose, is based on the
principle that the degradation products resulting from
linoleic acid oxidation will turn on the color of the &
carotene molecules (Liyana-Pathirana and Shahidi
2006). It has been observed that the P. recta extract
has higher activity than GA and RA standards.
Although there is no carotene bleach test of P. recta in
the literature, the activity of P. fruticosa was evaluated
and it was reported to exhibit strong antioxidant
activity (Miliauskas et al. 2004).

ABTS* radical removal effect of extract and standards
were evaluated at two different concentrations of 0.1
and 0.2 mg mL!. It has been determined that the
scavenging effect of the extract is not as high as AA,
BHT, BHA, GA, and RA used as positive controls at a
concentration of 0.2 mg mL1. The scavenging effect of
the extract was found to be higher than RA at the
concentration of 0.1 mg mL. It has been observed that
extracts and all standards were more active in the high
concentration in terms of ABTS'+ radical scavenging
effect. In Sut et al.’s (2019) study, it was reported that
P. recta water extract was more active than methanol
and ethyl acetate extracts with a value of 3.85 mmol
TE glextract in ABTS '+ test system (Sut et al. 2019).
Similar results were reported in the study conducted
with P. fruticosa, Potentilla glabra, and Potentilla
parvifolia, with activity results of 2140.22-2763.48
pmol Trolox g1 at a concentration of 0.2 mg mL!
(Wang et al. 2013).

The most important effects of free oxygen radicals are
on the lipid systems. This phenomenon is known as
lipid peroxidation and is briefly defined as the
conversion of membrane phospholipids in cells into
oxidized peroxide derivatives (Yarsan 2014). In this
experiment, phospholipidic liposomes were rapidly
produced MDA with iron (ITI) and ascorbic acid after
"OH- induced peroxidation. Strong antioxidant effect
was obtained from P. recta extract by preventing the
formation of TBARs. The extract had higher activity
than the ascorbic acid standard and did not show a
significant difference in activity according to BHA,
BHT, RA, and GA standards. Leaf, flower, and stem
extracts of P. fruticosa, in the experiment using egg
yolk, have been declared to demonstrate strong
peroxidation inhibition (Yu et al. 2016). In alloxan-
induced diabetic rats P. fulgens at 250 mg kgl bw dose
caused a reduction (75%) in TBARS levels in liver
tissue (Saio et al. 2012). Strong antioxidant properties
of Potentilla species are also prominent with their lipid
peroxidation inhibitory activities, and in our study,
strong inhibition of P. recta on lipid peroxidation was
reported by us for the first time.

Ferrozine test is frequently used in determining the
chelating activity of iron ions. In the test, ferrozine
complexes with Fe*? ions, and these complexes are
evaluated quantitatively. Chelating agents in the
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environment inhibit the formation of Fe*2 complexes
with ferrozine (Sarikurkcu et al. 2015). The iron (II)
chelating activity of P. recta extract was found to be
greater than 10 mg/mL. When we compare the iron (IT)
chelating activity of extract with free radical
scavenging activity results, any correlation is not
observed. This can be attributed to the fact that the
radical scavenging activity experimentation
mechanisms are different. Contrary to our results,
(Grochowski et al. 2017) state that P. thuringiaca
showed strong metal chelating activity and they
associated this with the compound 1-o-beta-D
glucopyranosyl synapate. In a different study
evaluating the metal chelating activity of methanol,
water, and ethyl acetate extracts of Potentilla
anatolica, the results are given between the range of
27.44- 32 mgEDTA g (Uysal and Aktumsek 2015).

The *OH is one of the most active radical that damages
endogen components within the living organisms. In in
vitro Fenton reaction, the *OH bind to deoxyribose and
converts to reactive TBA products by directing non-
specific (Fe +2 + H202 + EDTA) and specific (Fe*2 +
H202) "OH radicals. Phenolics in the extracellular
composition are liable for the scavenging of the *OH in
the ‘OH -induced 2-deoxyribose degradation assay
(Halliwell et al. 1987). The ability to inhibit 2-
deoxyribose degradation directed by the non-specific
‘OH of the extract was observed to be no significant
(P>0.05) difference when compared to the AA used as
a positive control.

The role of microorganisms in chronic wound
pathology is quite important, and the combination of
topical antimicrobial agents is used in the treatment.
Wounds provide the microorganisms from the skin
surface that make up the skin microbiota, a combined
opportunity to gain access to the underlying tissues
and to find optimal conditions for colonization and
growth. S. aureus, S. epidermidis, P. aeruginosa and
C. albicans are microorganisms found in wounds
(Tomic-Canic et al. 2020; Wolcott et al. 2016). In a
study evaluating the antimicrobial activity of extracts
of P. recta against streptococci mutants, the visibility
of inhibition zones was evaluated by measuring the
zone diameters. The results presented that 50%
methanol extract and subfractions (chloroform, diethyl
ether, ethyl acetate, and n-butanol) inhibited the
growth of all the tested oral Streptococci (Tomcezyk et
al. 2011). In another study, the MIC value of P. recta
for S. aureus was stated as 25 mg mL?1, and for 7.
aeruginosa as >100 mg mL! (Tomczyk et al. 2008). The
low effect of P. recta against P. aeruginosain our study
is similar to the literature. Our result that P. recta is
effective against C. albicans is also supported by the
research of Tosun et al. (2006). According to their
results, P. recta showed 21 mm inhibition zone
diameter in the disk diffusion method against C.
albicans.



KSU Tarim ve Doga Derg 25 (3): 439-448, 2022
KSU J. Agric Nat 25 (3): 439-448, 2022

Arastirma Makalesi
Research Article

L929 mouse fibroblast cells are a reference cell often
used in many studies to determine the cytotoxicity of
samples (Karatoprak et al. 2020; Pitz et al. 2016;
Talekar et al. 2017). The extract does not decrease the
viability below 250 pg ml! concentration compared to
the control and even increases the viability in the
concentration range of 7.8-62.5 pg mL! compared to
the control. These results prove that the extract
showed both antioxidant and antimicrobial activity in
the concentration range where it is not toxic to
fibroblast cells and increases proliferation.

CONCLUSION

In this study, antioxidant, antimicrobial and toxic
effects of P. recta on fibroblast cell line were evaluated.
P. recta has been found to have potent antioxidant
capacity and moderate antimicrobial activity. At
effective concentrations evaluated in both antioxidant
and antimicrobial activity tests, the extract did not
show toxicity to fibroblast cell lines and even increased
viability. The results of the study provided preliminary
information to understand the use of P. recta as a
traditional herbal remedy, but in vivo studies are
needed to fully prove efficacy.
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ABSTRACT Research Article
Water is an important part of the ecosystem for life. With
industrialization, pollution in water resources has reached a worrying Article History
level. Water pollution due to heavy metals and their increasing Received £ 22.05.2021
concentrations have caused researchers to increase their interest in Accepted - 09.07.2021
the subject due to the damage they cause to water ecosystems. It
requires serious cost and time to eliminate the pollution caused by Keywords —
heavy metals in water. In recent years, the use of biosorption method B aq]] us S,Ubtl‘h‘,g .
using bacteria to remove heavy metals in water has become B gcz]]us .]wbemformm SP-
widespread. The main reason why this method is preferred is that Biosorption
gram-positive bacteria have a thick peptidoglycan layer on the cell ICP-OES
Wastewater

wall and increases the adsorption capacity. In this study, in drinking,
waste, river water and artificially prepared samples, batch method of
heavy metal biosorption and biosorption competition in multiple
prepared heavy metal solutions were investigated. For these
processes, Bacillus licheniformis sp. Bacillus subtilis sp. and Bacillus
subtilis (ATCC 6051) strains were used as a biosorbent. Biosorbtion of
Cd (II), Cu (ID, Pb (II), Fe (II), Ni (I) and Zn (II) metals from waters
with these biosorbents at different pHs at 25 © C with 0.25 mg Lt It
was carried out using. Surface morphological structures of biosorbents
were evaluated using SEM images and element compositions were
evaluated using EDAX profile. Element content was determined using
ICP-OES. It was determined that heavy metal ions were removed up
to 98% with maximum biosorption at pH 6.0.

Farkl1 Biyosorbentler Kullanarak Su Ortaminda Agir Metallerin Biyosorbsiyon Metodu ile Giderilmesi

OZET Aragtirma Makalesi

Su canlilar i¢in ekosistemin 6nemli parcgasidir. Endustrilesme ile

birlikte su kaynaklarindaki kirlenme endigse edilir boyutlara Makale Tarihgesi
ulagmigtir. Agir metallere bagh su kirliligi ve artan konsantrasyonlari Gelig Tarihi  :22.05.2021

su ekosistemlerine verdigi zarar nedeniyle arastirmacilarin konuya Kabul Tarihi :09.07.2021
olan ilgisinin artmasina sebep olmustur. Agir metallerin sularda

olusturdugu kirliligi gidermek ciddi maliyet ve zaman Anahtar Kelimeler
gerektirmektedir. Son yillarda suda bulunan agir metallerin Bacillus subtilis
uzaklagtirilmasi icin bakteriler kullanilarak biyosorbsiyon Bacillus licheniformis sp.
yonteminin kullanilmas1 yayginlagsmistir. Bu yontemin tercih Biyosorpsiyon
edilmesinin temel sebebi gram pozitif bakterilerin hiicre duvarinda ICP-OES

kalin bir peptidoglikan tabakasina sahip olmasi ile adsorbsiyon Atik su

kapasitesini artirmasidir. Bu ¢aligmada igme, atik, nehir sular1 ve
suni olarak hazirlanan numunelerde galkalamali metod kullanarak
agir metal biyosorbsiyonu ile birlikte goklu hazirlanmis agir metal
¢ozeltilerinde biyosorbsiyon rekabeti incelenmigtir. Bu iglemler i¢in
Dicle nehri bolgesine ait topraklardan izole edilen Bacillus
licheniformis sp. Bacillus subtilis sp. ve Bacillus subtilis (ATCC 6051)
suslar ile sulu ¢ozeltiden Cd (IT), Cu (II), Pb (I1), Fe (II), Ni (I) ve Zn
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(I1) metallerinin biyosorbsiyonu degerlendirildi. B. subtilis suslar1 ve
B.licheniformis sp. organizmalarinin yiizey morfoljik yapilari SEM
goruntiileri, element kompozisyonlari EDAX verileri ile incelendi.
ICP-OES kullanilarak element igerigi tespit edildi. Sulu ¢6zeltideki
Cd (I1), Cu (ID), Pb (ID), Fe (I1), Ni (IT) ve Zn (II) metal iyonlar1 farkh

pHlarda 25 °C de 0,25 mg L1 biomass

ile biyosorbsiyon

gerceklestirildi. pH 6.0 da maksimum biyosorbsiyon ile metal
iyonlarinin % 98 varan oranda giderildigi belirlendi.

To Cite : Baran MF, Diiz Z, Baran A, Keskin C, Aktepe N 2022. Removal of Heavy Metals in Water by Biosorption
Method Using Three Different Bacillus sp-derived Biosorbents. KSU J. Agric Nat 25 (3): 449-458.
https://doi.org/10.18016/ksutarimdoga.vi.941201.

Atif Icin: Baran MF, Diiz Z, Baran A, Keskin C, Aktepe N 2022. Farkli Biyosorbentler Kullanarak Su Ortaminda Agir
Metallerin Biyosorbsiyon Metodu ile Giderilmesi. KSU Tarim ve Doga Derg 25 (3): 449-458.
https://doi.org/10.18016/ksutarimdoga.vi.941201.

INTRODUCTION character than gram negative bacteria in terms of

Heavy metal pollution is a worrying global problem as
a result of rapid industrialization (Yahiaoui et al.,
2020). High concentrations of the heavy metals pose a
toxic threat to all life forms (Wu et al., 2020) (Morcali
and Baysal, 2019). Heavy metal-containing
wastewater from metal coating facilities, mining
activities, fertilizer industry, battery and paper
industries are directly or indirectly discharged into
water sources. Heavy metals are not biodegradable in
water, soil or atmosphere. Biologically accumulating
heavy metals cause toxic and carcinogenic effects for
many organisms (Kucukcongar et al., 2020; Lieswito
et al., 2019).

Various methods are used to remove heavy metals
from water and wastewater (Qin et al., 2020). Ion
exchange (Zendehdel et al, 2019), chemical
precipitation (Eltarahony et al., 2020), coplexing
(Eggermont et al., 2020), membrane filtration (EI-
yazeed et al., 2020), adsorption (Subramani et al.,
2019), biyosorbsiyon (Sabri et al., 2018) methods are
some of them. Biosorption is a favorite technique for
heavy metals removal. Being environmentally friendly
and not requiring high energy increases the interest in
this field by making the method economical. In
biosorption applications, heavy metal adsorbing
sources are considered as biosorbents (Kouli et al.,
2020; Halimahtussaddiyah, 2017; Nasab et al., 2020).
Biosorbent sources such as bacteria (Abedinzadeh et
al., 2020), fungi (Qin et al., 2020; Verma et al., 2013)
yeasts (Yasmin et al., 2020), algae (Liu et al., 2018),
shellfish ( (Keshvardoostchokami et al., 2017), plants
(Parthasarathy and Narayanan, 2014) are used in
biosorption applications. Biosorbtion  studies
performed with biologically sourced adsorbents are in
a very interesting position in terms of easy application
stages, low cost, high biosorption efficiency, reuse of
the adsorbent and not containing toxic chemicals that
will harm health (Qin et al., 2020; Shokoohi et al.,
2020; Khameneh and Moharreri, 2020).

In studies using bacteria as adsorbents, it has been
observed that gram positive bacteria exhibit better

450

biosorption efficiency. Gram-positive bacteria have a
thick cell wall, which increases biosorption (Baran and
Duz, 2019; Biswas et al., 2020).

In this study, the removal of Cd (II), Cu (II), Pb (ID), Fe
(ID, Ni (D, Zn (II) heavy metals prepared at
appropriate pH values with different biomasses using
the batch biosorption technique, and the removal of
these heavy metals It was also aimed to examine the
biosorption competition in the solution.

MATERIAL and METHOD
Isolation of Bacterial Strains

1 g soil sample was taken for each strain to be used in
the isolation of the strains from the soils of the Tigris
river coastal region. The samples were mixed with 4.5
mL of sterile distilled water. The homogenized samples
were kept at 80 °C for 10 minutes (Lennete et al.,
1985). Samples were diluted using sterile water to
obtain colonies. It was incubated at 37 °C by
inoculation on nutrient agar medium containing 10 %
NaCl. At the end of the period, the colonies grown in
the medium were evaluated according to their
morphology. Colonies with Bacillus morphology were
seeded on nutrient agar medium and incubated at
37°C for 1 night (Sneath et al., 1986). Taxonomic
descriptions of Bacillus licheniformis sp. (B.
licheniformis sp.) and Bacillus subtilis sp. (B. subtilis
sp.) by Dicle University, Dr. It was carried out by
Husamettin Aygin.

Equipment and Chemicals

Metal salts of analytical purity Cd(NOs)2.4H20,
Pb(NO3)2, Cu (NO3)2.3H20, Zn(NOs3)2.4H:0,
Fe(S04).7H20 and Ni(NO3)2.7H20 were used. Stock
solutions and pH adjustment (NaOH, HC1 and HNO3)
were used as acid and base in experimental studies.
Stock solutions of iron, lead, copper, nickel, zinc and
cadmium were prepared as 1000 mg/Li from these
metal salts.

Perkin-Elmer OPTIMA 5300 Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES),
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HANNA HI-2211 7000 seven multi brand pH meters,
ALC-4235 A brand model centrifuge devices, as well as
EVO 40 LEQ model SEM-EDAX devices for biosorbent
characterization was used.

Biosorbent Preparation Process

Isolated from the soils on the banks of the Tigris river
B.licheniformis sp. and B. subtilis wild strains as well
as the Bacillus subtilis ATCC 6051 (B. Subtilis) strain
were used for biosorption as a biosorbent. Nutrient
agar, nutrient broth solid media forms were used to the
cultivate bacteria.

The microorganisms used are gram positive bacilli and
have a thick peptidoglycan layer. The structure of this
layer is a large polymer formed by cross-linking
peptide chains with N-acetylglucosamine (NAG) and
N-acetylmuramic acid (NAM) pentapeptide chains
(Reith and Mayer, 2011; Tocheva et al., 2013).

Inoculation was performed on nutrient agar medium.
It was left to incubate at 37 °C for 24 hours. Then the
microorganisms grown were transferred from solid
media to 1.0 liter nutrient broth media. The bacteria
were left in a shaker at 37 °C for 24 hours to grow. The
media content obtained after growth was subjected to
centrifugation at 7,000 rpm for 15 minutes. The bottom
pellet was washed several times with sterile distilled
water. Then it was left to dry. The dried pellet was
passed through a 180 um sieve. B. licheniformis sp.
(FD, B. subtilis sp. (Fs) and B. subtilis (B1) biosorbent
naming was done. Biosorbents have been made ready
for the biosorption process.

Heavy Metal Biosorption with Batch Method

Biosorbtion processes with biosorbents were performed
using the physical adsorption batch method (Ali et al.,
2020). This method is based on the removal of heavy
metals from the aqueous solution by stirring
(Mwandira et al., 2020; Nazmara et al., 2020).
Different pH biosorption trials were carried out and
the pH values in which the metals showed the best
activity among these studies were selected for the
biosorption application. In the studies conducted with
the batch method, the removal of heavy metals at
different pH's and low concentrations in water was
investigated. (Shokoohi et al., 2020; Tengxia et al.,
2020).

Biosorption at Low Concentration

From the stock solutions of 1000 ppm containing metal
salts, dilutions were made for each metal (Cd, Cu, Fe,
Ni, Pb and Zn) and the solutions were prepared with
an initial concentration of 1.5 ppm. The pH of the
solutions of Cd, Cu, Fe, Ni, Pb and Zn was adjusted as
5, 4.5, 6, 6, 5.5 and 6.5, respectively. Then, B1, Fl and
Fs biosorbents were weighed 0.25 mg and left to the
1000 mL flasks. Metal solutions were added and
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agitation was carried out at 25 °C. After the samples
were taken and centrifuged, readings were made with
ICP-OES. After the equilibrium concentrations were
determined, the percentage metal removal capacities
of B1, Fs and F1 biosorbents for each metal were
evaluated. Percent metal removal was calculated using
the equation stated below (Baran and Duz, 2019).

%A=((Co-Cd))/Co x100
Co = Initial metal concentration,

Cd Refers to the concentration of metal at
equilibrium.

(1)

Low Concentration Biosorption Competition

A mixture of metal ions Ni (I), Cd (IT), Pb (ID), Cu (ID),
Fe (II) and Zn (II) with an initial concentration of 1.5
ppm was prepared from the stock solutions. The proper
pH was adjusted. The biosorbents (F1, Fs and B1) were
weighed 0.25 mg and each was placed in a separate
1000 mL flask. The prepared metal mixture solution
was added on them. It was left to stir during
equilibrium at 25 ° C. Samples were centrifuged and
readings for metal contents were made with the ICP-
OES device. Then percent recovery was calculated
with the equation shown in formula (1).
Biosorption Competition in Drinking, River and
Wastewater

B1 biosorbent with the best biosorbent ability was
selected in the applications. This stage, which is the
last stage of biosorption applications, was evaluated
for its applicability to drinking, waste and river
waters. Samples were taken from different stations
(Table 5-6). The initial concentrations of the water
samples taken were determined wath-via the ICP-OES
device. 0.25 mg L-1 of B1 biosorbent was weighed and
put into the flasks and water samples taken from
different points were added on them. I Samples was
were left in a shaking water bath for one hour. The
samples taken at different times were centrifuged and
the Equilibrium concentration was determined.
Percent metal removal was calculated by the equation
defined in formula (1).

FINDINGS and DISCUSSION
Biosorbent Characterization
SEM-EDAX micrographs

Morphological appearances and element compositions
of Fs, F1 and Bl biosorbents before and after
biosorption were evaluated by the SEM analysis. The
bacterial cell is morphologically rod-shaped and has a
smooth surface. However, its morphology changed
after metal biosorption (Figure 1-3) (Pugazhendhi et
al., 2018; Dahaghin et al., 2017).

In the EDAX profile, a decrease was observed in B1
biosorbent after biosorbtion in Potassium (K) ions. In
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the study conducted with the Bacillus gibsonii s-2
strain, it is reported that the biosorbent absorbs lead
ions as a result of the biosorption of the lead metal. In
the EDAX analysis, it was stated that the effective
decrease in Na* ions, one of the ions in the bacterial
profile after biosorption, was based on the ion
exchange between Pb-Na (Zhang et al., 2013). The
decrease in K* in the EDAX profile indicates that
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biosorption occurs by ion exchange in similarly
between K-Pb, K-Fe and K-Cd. In addition, heavy
metals adsorbed after biosorption are also reflected in
the EDAX profile (Figure 4). Similar findings of SEM-
EDX micrographs were presented in recent biosorption
studies (Ayucitra et al., 2017; Zendehdel et al., 2019;
Kucukcongar et al., 2020; Su et al., 2020).

Mag s SOCOKE KNI «2000 SgreA=SEY WO= B IBTAM

Figure 1. SEM images of the B1 biosorbent (A) before and (B) after metal interactions.
Sekil 1. Bl Biyosorbentinin metal etkilesiminden énceki (A) ve metal ile etkilestikten sonraki SEM gériintiileri. (B)

Figure 2. SEM images of the F1 biosorbent (A) before and (B) after metal interactions.
Sekil 2. F1 Biyosorbentinin (A) metal etkilesiminden énceki ve (B) metal ile etkilestikten sonraki SEM gériintiileri.
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Figure 3. SEM images of the Fs biosorbent (A) before and (B) after metal interactions.
Sekil 3. Fs Biyosorbentinin (A) metal etkilesiminden énceki ve (B) metal ile etkilestikten sonraki SEM gériintiileri.

Biosorption Studies

Cd, Cu, Fe, Ni, Pb and Zn 1.5 ppm solutions were
evaluated by biosorption at pH 5, 4.5, 6, 6, 5.5 and 6.5,
respectively. Equilibrium concentrations and metal
removal percentages were calculated using the
equation in formula (1).

When table 1 and figure 5 data were examined and
compared for biosorbtion at low concentrations, it is
seen that the metals that F1, Fs and B1 biosorbents
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adsorb best were Cd and Pb. It is seen that the
biosorbent that provides the best Cd and Pb removal
in biosorbents is B1 with % 98.13 and % 97.53 removal
rates, respectively. It has been reported in the
biosorption studies that Cd and Pb ions are largely
adsorbed (Abedinzadeh et al., 2020; Mwandira et al.,
2020). It has been stated in studies that bacteria are
more resistant to Pb and Cd stress (Su et al., 2020;
Borralho et al., 2020).
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Figure 4. EDAX data of B1 biosorbent (A), after interaction with B1-Pb (B), after interaction with B1-Fe (C), after interaction
with B1-Cd (D).

Sekil 4. B biyosorbentine ait EDAX verileri (A), B1-Pb ile etkilesme sonrasi (B), Bl-Fe ile etkilesme sonras: (C), B1-Cd ile
etkilesme sonrasi (D)
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Table 1. Low concentration metal ion equilibrium concentrations and % recovery data of biosorbents (F1, B1 and

Fs)

Cizelge 1. Biyosorbentlerin (F1, Bl ve Fs) diisiik konsantrasyonda metal iyonu denge konsantrasyonlari ve %
kazanim verileri

B1 FI Fs
i\gitsal pH Colppm) Ceopm Recovery% Ce Gpm Recovery% Ce Gpm Recovery%
Cd 5 1.5 0.028+0.0008  98.13 0.054+0.0007  96.13 0.083+0.0008 94.46
Cu 4.5 1.5 0.178+0.0043 88.13 0.312+0.0032 79.20 0.472+0.0066 68.53
Fe 6 1.5 0.116+0.0038 92.26 0.161+0.0020 89.25 0.375+0.0015 75.00
Ni 6 1.5 0.311+0.0034 79.26 0.339+0.0127 77.40 0.635+0.0052 57.66
Pb 5.5 1.5 0.037+0.0016 97.53 0.059+0.0021 96.06 0.114+0.0017 92.40
Zn 6.5 1.5 0.099+0.0023 93.40 0.135+0.0038 91.00 0.236+0.0055 84.26
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Figure 5. A. Low concentration metal ion biosorption Table, B. The graph of the biosorbent competition with the pH effect of
the B1 biosorbent in the medium containing all metals, C. The biosorbent competition graph with the pH effect of the
F1 biosorbent in the medium containing all metals, D. Graph of biosorbtion competition with pH effect of Fs biosorbent

in media containing all metals.

Sekil 6. A. Diigtik konsantrasyonda metal iyonu biyosorbsiyon grafigi, B. biyosorbentinin metallerin tiimiinii igeren ortamda
pH etkisi ile biyosorbsiyon rekabeti grafigi, C. F1 biyosorbentinin metallerin tiimiinii iceren ortamda pH etkisi ile
biyosorbsiyon rekabeti grafigi, D. Fs biyosorbentinin metallerin tiimiini igeren ortamda pH etkisi ile biyosorbsiyon

rekabeti grafigi.

Biosorbtion competitions of B1, F1 and Fs biosorbents
at different pH values in a mixture solution of Cd (II),
Cu (ID, Fe (ID, Ni (D, Pb (II) and Zn (II) metal ions
were investigated. When Figure 5 and Table 2-4 are
examined, it is observed that the biosorption capacity
of some metals increases and some decreases with the
increase of pH. This reveals the importance of pH in
biosorbent metal adsorption. Studies have indicated
that pH changes affect the biosorption capacity
(Pratush, 2018; Zhao et al., 2019).

When we evaluated the results of biosorption
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application in drinking, river and wastewater, values
were found below the biosorption capacity efficiency
obtained in experimental studies. The presence of
different metal contents in this type of water and their
participation in biosorption may have affected this
situation. The highest biosorption efficiency was
obtained with % 81.09 removal of Pb and % 75 of Cd in
the sample taken before the Dicle river facility (Table
5-6).

Biosorbtion studies performed with different
biosorbents are shown in Table 7.
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Table 2. Results of biosorbent competition of Bl biosorbent in different pH solutions containing a mixture of

metals
Cizelge 2. Bl biyosorbentinin metallerin tiimiinii iceren farkli pH da ortamlarinda biyosorbsiyon rekabetinin
Incelenmesi
pH=5 pH=6 pH=6.5

Metal o o 0
Tons Ce (pm) Recovery % Ce (opm) Recovery % Ce (ppm) Recovery %
Cd 0.176+0.0012 88.26 0.093+0.0009 93.80 0.160+0.0003  89.33

Cu 0.253+0.0039 83.13 0.500+0.0028 66.66 0.639+0.0060  57.40

Fe 0.854+0.0066 43.00 0.510+0.0038 52.66 1.194+0.0030  20.40

Ni 0.320+0.0111 78.66 0.350+0.0040 76.67 0.381+0.0096  74.60

Pb 0.151+0.0011 89.93 0.235+0.0027 84.33 0.5632+0.0014  64.53

Zn 0.348+0.0061 76.80 0.313+0.0039 79.13 0.268+0.0063 82.13

Table 3. Results of biosorbent competition of F1 biosorbent in different pH solutions containing a mixture of

metals
Cizelge 3. F1 biyosorbentinin metallerin tiimiinii i¢eren farkli pH da ortamlarinda biyosorbsiyon rekabetinin
Incelenmesi
pH=5 pH=6 pH=6.5
Metal C o o o
Tons e (ppm) Recovery % Ce (ppm) Recovery % Ce (ppm) Recovery %
Cd 0.446+0.0856 70.26 0.229+0.0036 84.93 0.487+0.0028 67.53
Cu 0.355+0.0054 76.33 0.375+0.0052 75.00 0.453+0.0040 69.8
Fe 0.798+0.0028 46.80 0.550+0.0088 63.33 0.960+0.047 36.00
Ni 0.976+0.0297 34.93 0.895+0.0185 40.33 0.646+0.0090 56.93
Pb 0.246+0.0021 83.66 0.297+0.0015 80.20 0.497+0.0057 66.86
Zn 0.857+0.0059 42.86 0.802+0.0057 46.53 0.404+0.0008 73.06

Table 4. Results of biosorbent competition of Fs biosorbent in different pH solutions containing a mixture of

metals
Cizelge 4. Fs biyosorbentinin metallerin tiimiinti i¢eren farkli pH da ortamlarinda biyosorbsiyon rekabetinin
Incelenmesi
pH=5 pH=6 pH=6.5
Metal
Tons Ce (ppm) Recovery % Ce (pm) Recovery % Ce pm) Recovery %
Cd 0.735+0.0458 51.00 0.328+0.0033 78.13 0.586+0.0145 60.93
Cu 0.568+0.0066 62.13 0.612+0.0050 59.2 0.685+0.0012 54.33
Fe 0.983+0.0104 60.46 0.769+0.0021 48.73 0.979+0.0021 34.72
Ni 1.043+0.0729 30.46 0.947+0.0229 36.86 1.234+0.0069 17.73
Pb 0.418+0.0043 72.13 0.476+0.0015 68.26 0.586+0.0074 61.06
Zn 0.775+0.0062 48.33 0.727+0.0096 51.53 0.574+0.0055 61.70

Table 5. Biosorption efficiency values of Cu, Cd and Pb metals in drinking water and wastewater samples were taken from
different stations.
Cizelge 6. Farkli bolgelerden alinan igme ve atik su orneklerinde Cu, Cd ve Pb metlallerine ait biyosorbsiyon verimi degerleri

Sampling Cu Cd Pb

Point Co ppb Ceppb % recovery | Co ppb Ce ppb % recovery | Co ppb Ce ppb % recovery
DI 15.62+1.8 8.128+0.6 48.07 0.97+0,001 0.44+0.02 54.63 0.66+0.008 | 0.13+0.005 71.73

DNO 106.6+0.35 37.6+0.02 66.03 9.48+0.09 2.37+0.03 75.05 2.75+0.3 0.52+0.8 81.09

DAG 24.04+0.81 | 11.04+1.34 54.16 <LOD <L.OD - 1.13+0.30 0.29+0.004 74.36

DAC 14.25+0.5 7.03+£0.11 51.84 <LOD <LOD - 0.96+0.005 <LOD -

DNS 113.7+0.25 | 113.7+0.25 60.17 13.37+0.06 4.71+0.04 63.16 5.16+0.98 1.29+0.007 75.00
MI 99.74+2.95 | 99.74+2.75 57.98 2.26+0.08 1.03+0.06 54.42 2.34+0.36 0.67+0.009 68.34
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Table 6. Biosorption efficiency values of Ni, Zn and Fe metals in drinking water and wastewater samples taken from different

Cizelge 6. Farkli bélgelerden alinan icme ve atik su érneklerinde Ni, Zn ve Fe metlallerine ait biyosorbsiyon verimi degerleri.

stations

Ni Zn
Egmph Co Ce Recovey Co

0,

Point ppb ppb % ppb
DI 15.80+08 0.08+0.6 61.56 101.0+£9.1
DNO 11.54+0.75 3.57+0.21 68.12 52.28+1.08
DAG 30.16+£2.2 9.6+1.22 69.00 110.34+9.6
DAC 14.9+0.86 4.46+0.07 71.04 51.48+1.28
DNS 22.3+1.45 8.17+0.42 63.33 79.13+£2.9
MI 9.76+0.95 3.51+0.61 64.98 257.7+4.8

Fe

Ce Recovey Co Ce Recovey
ppb % ppb ppb %
42.57+3.02 57.90 8.1+0.21 2.26+0.06 72.09
17.3+1.48 67.01 162.1+3.4 58.32+1.55 67.09
48.6+1.43 56.48 10.8+1.12 3.91+0.07 68.76
19.5+0.04 61.64 7.17+£0.05 2.63+0.04 63.00
34.3+1.48 56.96 213+1.95 79.38+0.38 62.91
90.73+1.6 62.96 71.5+1.36 27.16+1.09 62.31

DI: Diyarbakir Drinking Water, DNO: Tigris River Before Installation, DAG* Introduction to Dicle Treatment Plant, DAC: Leaving Dicle
Treatment Plant, DNS: Tigris River After Facility and MI* MI: named as Mardin Drinking Water samples. DI:Diyarbakir Igme suyu, DNO:
Dicle Nehr i Tesis Oncest, DAG Dicle Aritma Tesisine Giris, DAC” Dicle Aritma Tesisinden Cikis, DNS* Dicle Nehri Tesis Sonrasi, MI: Mardin

Ieme Su numuneleri olarak adlandiriimistir.

Table 7. Results of biosorption studies for heavy metal removal
Cizelge 7. Agir metal adsorbsiyonu igin yapilan ¢alismalar

Biosorbent Metals pH Temperature °C | Removal % References
Chitosan / oxide Ni(ID), Cd(ID), 3 22 98 (Keshvardoostchokami,
nanocomposite Pb (ID et al., 2017)
Algae Cu(I) 4 25-45 96.4 (N A Lieswito, 2019)
Pseudomonas sp Cdr) 7 - 92 (Xu et al., 2020)
Bacillus subtilis Zn(ID) 7.6-8.4 30 89.5 (Sun et al., 2020)
Bacillus gibsonii S-2 Pb (ID 4 40 - (Zhang et al., 2013)
Talaromyces islandicus Pb (ID 5 30 90 (Sharma et al., 2020)
Eucalyptus Pb (I 7 25 85 (Sabri et al., 2018)
camaldulensis
Algae (Mixed culture) Pb (I1) 6 30 95.43 (Mousavi et al., 2019)
Ralstonia solanacearum Pb (ID) 6 35 920 (Pugazhendl)li et al.,

2018
Sargassum muticum Pb (ID 5 20 96 (Hannachi an)d Hafidh,
2020
B. licheniformis Pb (1D 6 30 98 (Wen et al., 2018)

CONCLUSION

Depletion of water resources and exposure to toxic
pollution with heavy metals is a major problem.
Finding ways to deal with them is a serious issue that
every segment should focus on. Various methods are
used to remove toxic contaminated water resources
from heavy metals or to protect them from such
situations. Using biosorbent, heavy metal removal
with biosorption has advantages over physical and
chemical applications. Some of these advantages are
the ease of the application process, the absence of toxic
chemicals in the process stages, and the economical
nature of the biosorbent after the process. When
choosing a biosorbent for biosorbent, qualities such as
its applicability to drinking and wastewater at low
concentrations, high biosorption capacity, cheap cost
and no risk of being a pathogen for human health
should be considered. Considering these criteria, soil
bacilli resistant to extreme conditions, which do not
carry pathogenicity risk, were used as biosorbents. As
a result of the experiments carried out at different pH
values at 25 °C, the maximum adsorption capacity at
pH 6.0 was determined. The morphological change of
biosorption in biomass and its element composition
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were also revealed by via the SEM and EDAX
micrographs. It was determined that the highest
adsorption capacities were about % 98 of Pb (II) and Cd
(ID) metals. As a result, heavy metal removal up to 98
% was achieved with the high metal binding capacity
of bacteria. Considering the widespread presence of
many biosorbents in nature, the biosorption method
will provide significant benefits for heavy metal
removal in water.
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OZET Biyoloji

Bu calismada, reyhan bitkisinin (Ocimum basilicum L.) adventif kok

suspansiyon ve kat1 kultirlerinde rosmarinik asit tiretim olanaklari, Aragtirma Makalesi
toplan fenolik ve flavonoid icerikleri ve antioksidan kapasitenin

belirlenmesi amaglanmigtir. Adventif koék kati kilturlerin Makale Tarihgesi
olusturulmasinda in vitro kogullarda yetistirilen 30 giinliik bitkilerin Gelig Tarihi  :03.06.2021
hipokotil kisimlar1i eksplant kaynag olarak kullamilmigtir. Kabul Tarihi :16.07.2021

Eksplantlar 3.3 g L't MS (Murashige ve Skoog), 30 g L1 sukroz ve 2 g

L1 phytagel ve 2 mg L1 indol-3-biitirik asit iceren besin ortaminda Anahtar Kelimeler

karanlik kosullarda kiiltiire alinmistir. Bu ortamda gelisen adventif Adventif kék
kokler stispansiyon kulturlerinin olusturulmasinda kullanilmagtir. Antioksidan aktivite
Stispansiyon kultirinin 10, 20 ve 30. gunlerinde adventif kokler Fenolik bilesik

hasat edilerek analizler yapilmistir. Adventif kéklerin rosmarinik asit
igerigi HPLC cihaziyla analiz edilmistir. Antioksidan kapasiteleri

Ocimum basilicum
Rosmarinik asit

katyon radikali giderme (ABTS), indirgeme giicii (FRAP) ve serbest
radikal giderme (DPPH) metotlar ile belirlenmistir. Rosmarinik asit
igerigi en yiksek adventif kok siispansiyon kultirinin 30. giniunde
32.38 mg g1 olarak belirlenmistir. En yiiksek toplam fenolik bilesik
icerigi suispansiyon kiltiriunin 20. giintinde 32.94 mg GAE g-! olarak
belirlenmigtir. DPPH, ABTS ve FRAP aktivitesi en yiuksek
stispansiyon kultirinun 30. giiniinde belirlenmigtir. Sonug¢ olarak
reyhan bitkisinin slspansiyon kultirinden elde edilen adventif
koklerin rosmarinik asit uretimi i¢in uygun materyaller oldugu
dustinulmektedir.

Investigation of Rosmarinic Acid Production Possibilities and Antioxidant Capacities in Adventitious
Root Cultures of Basil (Ocimum basilicum L.)

ABSTRACT
In this study, It was aimed to determine the rosmarinic acid
production possibilities, total phenolic and flavonoid contents and
antioxidant activities of adventitious root suspension and solid
cultures of basil (Ocimum basilicum L.). The hypocotyl parts of 30-
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Article History

day-old plants grown under in vitro conditions were used as the source ‘I‘iecelvei 23833831
of explants for the establishment of adventitious root solid culture. ceepie e
The explants were cultured in dark conditions in nutrient medium Keywords

containing 3.3 g L't MS (Murashige and Skoog), 30 g L'! sucrose, 2 g
L1 phytagel and 2 mg L! indole-3-butyric acid (IBA). Adventitious
roots obtained under these conditions were used in the establishment
of suspension cultures. Adventitious roots were harvested and
analyzed at 10, 20 and 30 days of suspension culture.

The rosmarinic acid content of adventitious roots was analyzed by
HPLC. Antioxidant capacities were determined by reducing power
(FRAP), free radical scavenging (DPPH) and cation radical scavenging
(ABTS) methods. The highest rosmarinic acid content was determined
as 32.38 mg g'! on the 30th day of the adventitious root suspension
culture. The highest total phenolic compound content was determined
as 32.94 mg GAE g! on the 20th day of suspension culture. The
highest DPPH, ABTS and FRAP activities were determined on the

Adventitious root
Antioxidant activities
Ocimum basilicum
Phenolic compound
Rosmarinic acid
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30th day of the suspension culture. Overall, it can be concluded that
adventitious roots obtained from suspension cultures of basil plant are

suitable materials to produce rosmarinic acid.
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GIRIS kiiltiirlerinde (Krac'un-Kolarevic” ve ark., 2015),

Lamiaceae familyasinin Ocimum cinsine ait tirleri
Turkiye’de yaygin olarak reyhan veya feslegen olarak
adlandirilmaktadir (Giinay ve Telci, 2017). Reyhan
bitkisi (Ocimum basilicum L.) tibbi ve aromatik bir
bitki olup aromaterapi, kozmetik, parfim ve gida
iiriinlerinde yaygin olarak kullanilmaktadir (Ekmekeci
ve Aasim, 2014). Ayrica reyhan bitkisinin
antibakteriyel, antifungal, antikanser,
antiinflamatuar, antioksidan, antililser, antiviral,
insektisidal, solucan  disuriici, hipoglisemik,
hipolipidemik, kardiyak uyarici ve yara iyilestirici gibi
farmakolojik aktivitelere sahip oldugu da bildirilmigtir
(Marwat ve ark., 2011). Cok sayida genotipi bulunan
reyhan  bitkisinin  kalitesinin  belirlenmesinde
kimyasal bilesimi ¢ok 6nemli bir yer tutmakta ve
baglica fenilpropanoid bilesigini rosmarinik asit
olusturmaktadir (Zeljkovi'c ve ark., 2020). Bu bitkiye
ait genotiplerin yuksek miktarda fenolik bilesik
icerdigi ve en fazla bulunan fenolik bilesiklerin sirasi
ile rosmarinik asit, rutin, sisorik asit, kaftarik asit, 4-
hidroksibezoik asit ve kafeik asit oldugu belirlenmigtir
(Geng, 2016). Rosmarinik asit; kafeik asit ve 3,4-
dihidroksifenillaktik asit esteri olan fenolik bir bilesik
olup biyosentezi fenilpropanoid yolu ile tirozin tirevli
yol araciligiyla ile gerceklesmektedir (Zhang ve ark.,
2014; Jiang ve ark., 2016). Rosmarinik asit ve
turevlerinin antienflamatuar, antioksidan, antialerjik,
antianjiyojenik, antitiimor, antimikrobiyal, antiviral
ve noroprotektif gibi  biyolojik  aktivitelerin
belirlenmesi nedeniyle son zamanlarda yogun ilgi
gormektedir (Kim ve ark, 2015). Ancak dogal
kaynaklarin simirli olmasi ve kimyasal sentezinin
kompleksligi nedeni 1ile bu bilesigi olan talep
karsilanamamaktadir  (Jiang ve ark., 2016).
Rosmarinik aside olan talebi karsilamak igin bitki
hiicre kultiri ve sacak kok kiltirleri gibi
biyoteknolojik yontemlerle tiretim olanaklar: yogun bir
sekilde arastirilmistir (Khojasteh ve ark., 2014). Bu
baglamda Salvia miltiorrhiza, Agastache rugosa,
Coleus forskohlii ve Coleus blumei gibi Lamiaceae
familyasina ait turlerden elde edilen sagak koklerde
rosmarinik asit tiretimi, elistasyonu, biyosentezi ve
biyoaktivitesi kapsamli bir sekilde incelenmigtir
(Srivastava ve ark., 2016). Ayrica rosmarinik asit
Uretimi Salvia officinalis L. bitkisinin in vitro siirgliin
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Satureja khuzistanica Jamzad bitkisinin hicre
siispansiyon kiiltiirlerinde (Sahraroo ve ark., 2016) ve
Coleus blumei bitkisinin kallus ve hiicre stispansiyon
kiiltiirlerinde (Qian ve ark., 2009) arastirilmistir.

Reyhan bitkisinin (Ocimum basilicum) sacak kok
kiillturiinde (Srivastava ve ark., 2016), kallus
kiiltiriinde (Nazir ve ark., 2019; Duran ve ark., 2019)
ve hiicre siispansiyon kiiltiirlerinde (Kintzios ve ark.,
2004) rosmarinik asit {retimi o6nemli 6lciide
incelenmigtir. Ancak adventif kok kiilturlerinde
tiretim olanaklari lizerine ¢aligmalar oldukg¢a sinirh
kalmigtir. Adventif kokler bitkilerin kok digindaki
yaprak ve govde gibi kisimlarindan kok gelisimi
yonunde uyarilmasiyla elde edilen kokler olarak
tamimlanmaktadir (Steffens ve Rasmussen, 2016;
Rahmat ve Kang, 2019). Bu kékler; hizli biiytimeleri ve
biyoaktif bilesiklerin istikrarli tretkenligi nedeniyle
ticari boyutta metabolit tretimine olanak saglayan
uygun materyallerdir (Cui ve ark., 2013; Le ve ark.,
2018; Rahmat ve Kang, 2019). Bu calismada reyhan
(Ocimum basilicum) bitkisinden elde edilen adventif
koklerin kat1 ve sivi1 stispansiyon kiltiir kogullarinda
rosmarinik asit tretim olanaklari, toplam fenolik ve
flavonoid igerikleri ve antioksidan kapasitelerinin

(DPPH, ABTS ve FRAP yontemlerine gore)
belirlenmesi amaglanmigtar.

MATERYAL ve METOD

Adventif Kok Kati Kiiltiirlerin Olusturulmas:
Aragtirmada Dbitkisel materyal olarak in wvitro

kosullarda yetistirilen reyhan (Ocimum basillicum L.)
bitkisi kullamilmistir. Adventif kok kultiirlerinin
olusturulmasinda steril sartlarda yetistirilen bir aylik
bitkilerin hipokotil kisimlari eksplant kaynag: olarak
kullanilmistir. Eksplantlar 3.3 g L't MS (Murashige
ve Skoog, 1962), 30 g L' sukroz ve 2 g L1 phytagel ve
2 mg L7 indol-3-biitirik asit (IBA) iceren besin
ortaminda karanlik ortam kosullarda inkiibatérde (25
°C) kiiltiire alinmistir. Eksplantlar 15. giinde aym
icerikli besin ortamina alt kiltiire alinmgtir.
Kultirin 30. gininde adventif kokler eksplant
kaynaklarindan ayrilarak siispansiyon kiiltiiriiniin
olusturulmasinda kullanilmistir. Ayrica bir kisim
adventif kok kurutularak metabolit igerigi ve
antioksidan aktiviteleri belirlenmigtir.
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Adventif Kok
Olugturulmasi

Stuispansiyon Kiltiirlerinin
Kat1 besin ortaminda geligsen adventif kokler kilturin
30. gilinlinde eksplant kaynaklarindan ayrilarak
stispansiyon kulturlerinin olusturulmasinda baglangic
materyali olarak kullanilmigtir. Sivi kiltirlerin
olusturulmasinda kullanilan besi ortami 3.3 g L't MS
(Murashige ve Skoog, 1962), 2 mg L't IBA ve 30 g L
sukrozdan olugsmaktadir. Besiyerinin pH’s1 1 M NaOH
veya 1 M HCI kullanilarak 5.8’e ayarlandiktan sonra
121°C, 1.2 atmosfer basingta 20 dakika otoklav
edilmistir. Adventif kékler (3 g) 100 mL besin ortami
iceren 250 mL’lik erlanmayerlerde kiiltire alinmigtir.
Erlenmayerler 120 devir dak! hizla ¢alisan calkayici
uzerinde, 25 = 2 °C sicaklikta ve karanlik ortam
kosullarinda inkiibe edilmigstir. Bu kékler stispansiyon
kiltirinin 10, 20 ve 30. giinlerinde hasat edilerek 35
°C’de inkiibator kogullarinda kurutulmustur.

Ekstraktlarin Hazirlanmas:

Sekonder metabolit icerigi (rosmarinik asit, toplam
fenolik bilesik, toplam flavonoid) ve antioksidan
aktivitelerinin belirlenmesinde 0.2 g kurutulmus
adventif koék numuneleri  kullanilmistir. Bu
numuneler metanol-diklorometan (4:1) c¢ézeltisinde
ekstrakte edildikten sonra filtre (0.22 pm) edilerek
analizlerde kullanilmagtir.

Rosmarinik Asit Miktarinin HPLC ile Belirlenmesi

Adventif koklerin rosmarinik asit igerigi yuksek
performansli sivi kromatografi (HPLC) (Shimadzu
Nexera-i LC-2040C 3D Plus, Shimadzu, Japan) cihaz
ile analiz edilmigtir. HPLC uygulamalarinda reverse
phase C18 Phenylhexyl 4.6 x 150 mm kolon (GL
Sciences InterSustain, Japan) kullanilmigtir. Analiz
asamasinda cihaz ve kolon kogullari; akig hizi 1 mL
dak, kolon sicakligi 30 °C, enjeksiyon hacmi 10 pL,
analiz stiresi 25 dakika ve dalga boyu 330 nm olarak
ayarlanmistir. Mobil fazlar ¢oziicii A (deiyonize suda %
0.1 formik asit) ve c¢oziicii B (asetonitril)'den
olusmustur. Coziiculer 0 dak, % 100 A ve % 0 B; 5 dak,
% 80 A ve % 20 B; 10 dak,% 50 A ve % 50; 15 dak, % 30
A ve % 70 B ve 20 dak, % 100 A ve % 0 B ayarli gradient
programina goére yuritulmistir. Adventif koéklerin
rosmarinik asit igerikleri standart bilesik kullanilarak

hazirlanan kalibrasyon grafiginin denklemi ile
belirlenmisgtir.

Total Fenolik Bilesik Miktarinin Belirlenmesi
Adventif koklerin toplam fenolik bilesik igerigi

spektrofotometrik olarak belirlenmigtir. Adventif kok
ekstraktlarindan 100 pL alinarak tizerine sirasiyla 4,5
mL saf su, 100 pL Folin-Cioceltaus reaktifi ve 300 pLL
Na:COs (%21ik) ilave edilmistir. Elde edilen
karigimlar oda sicakliginda iki saat inkiibe edilmigtir.
Bu silirenin sonunda numunelerin absorbanlar
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spektrofotometrede (Shimadzu UVmini-1240) 720 nm
dalga boyunda Ol¢ilmiistir. Numunelerin toplam
fenolik bilesik igerikleri gallik asit (mg GAE g?)
kullanilarak  hazirlanan  standart grafik ile
belirlenmistir (Slinkard ve Singleton, 1977).

Flavonoid Miktarinin Belirlenmesi

Adventif koklerin toplam flavonoid igerikleri
spektrofotometrik olarak belirlenmigtir. Numune
ekstraktlarindan 200 pL igeren deney tiiplerinin
uzerine sirasiyla 1.5 mL etanol, 100 pL AlCIs
(%10’luk), 100 pL. NaCH3COO (1 M) ve 3.1 mL saf su

ilave edilmigtir. Elde edilen karigimlar oda
sicakliginda 30 dakika inkiibe edilmigtir. Bu siirenin
sonunda numunelerin absorbanlar:

spektrofotometrede (Shimadzu UVmini-1240) 427 nm
dalga boyunda ol¢ulmustir. Adventif kéklerin toplam
flavonoid icerikleri kuersetin (mg KUE g7)
kullanilarak  hazirlanan  standart grafik ile
belirlenmistir (Pekal ve Pyrzynska, 2014).

Antioksidan Aktivite Analizleri
Serbest Radikal Giderme Aktivitesi (DPPH)

Adventif koklerin serbest radikal giderme aktivitesi,
ekstraktlarin DPPH- radikalini (2,2-difenil-1-pikril
hidrazil) temizleme kapasitelerinin o&l¢tilmesiyle
belirlenmistir. Farkli miktarlarda (50 pg mL1, 100 pg
mL?, 150 pg mL?) numune ekstraktlari bulunan
deney tiplerinin hacimleri etanol ile 3 mL’ye
tamamlanmigtir. Bu karisimin tizerine 1 mL DPPH -
(0,26 mM, etanolde hazirlanmis) radikali ilave
edilerek giiclua bir sekilde vortekslenmigtir. Reaksiyon
karisimi oda sicakliginda 30 dakika (karanhkta)
bekletildikten sonra 517 nm’deki absorbanslar
spektrofotometrede (Shimadzu UVmini-1240)
Olcilmustir. Adventif koklerin serbest radikal
giderme kapasiteleri radikalin baglangig
konsantrasyonunu %50 oraninda azaltan oOrnek
konsantrasyonu (ICs0) olarak verilmigtir.
Numunelerin I1Cso degerleri derisim/aktivite (%
aktivite) grafiginin denklemi kullanilarak
hesaplanmistir (Blois,1958).

DPPH aktivitesi (%) = [(Ax — An)/Ax *100]
Ax: Kontrol absorbansi

An: Numune absorbansi

Indirgeme Giicii Aktivitesi (FRAP)

Adventif koklerin indirgeme glici aktiviteleri Oyaizu
metoduna gére belirlenmistir (Oyaizu, 1986). Numune
ekstraktlarindan farkl derigsimlerde (100 pg mL, 200
pg mL1, 400 pg mL1) alinarak son hacimleri 0.2 M
fosfat tamponu (pH 6.6) ile 1.25 mLye
tamamlanmigtir. Bu karisimin tizerine 1.25 mL
KsFe(CN)s (%1) ilave edilerek 50 °C’de etiivde 20
dakika inkiibe edilmistir. Inkiibasyon siiresinin
sonunda karigimin tizerine sirasiyla 1.25 mL TCA
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(%10) ve 0.25 mL FeCls (% 0.1) ilave edilerek
absorbanslar1 (700 nm) spektrofotometrede (Shimadzu
UVmini-1240)  8l¢lilmiistiir. Adventif koklerin
indirgeme glcli kapasiteleri troloks standart
antioksidan bilegiginden hazirlanan standart grafigin
denklemi ile (umol TE g doku) belirlenmistir.

Katyon Radikali Giderme Aktivitesi (ABTS)

Adventif koklerin katyon radikali giderme aktivitesi,
ekstraktlarin ABTS + (2,2'-azino-bis 3-
ethylbenzothiazoline-6-siilfonik asit) katyon radikalini
temizleme kapasitelerinin 6lgiilmesiyle belirlenmigtir.
Numune ekstraktlarindan farkli miktarlarda (20 pg
mL1, 40 pg mL1, 80 ug mL1) alinarak son hacimleri
0.1 M fosfat tamponu (PH 7.4) ile 3 mLye
tamamlanmigtir. Bu karigimlarin tizerine 1 ml ABTS-
K2S20s ¢ozeltisi ilave edilerek vortekslenmigtir. ABTS-
K2S20s ¢ozeltisi 2 mM ABTS ¢ozeltisi ile 2.45 mM
K2S20s  ¢ozeltisinin  1:2  oraninda karigtirilarak
karanlik kosullarda alt1 saat inkibe edilmesiyle elde
edilmigtir. Reaksiyon karigimlari karanlikta oda
sicakhiginda 30 dakika inkibe edildikten sonra
absorbanslar: (734 nm) spektrofotometrede (Shimadzu
UVmini-1240) sl¢iilmiistiir. Adventif kéklerin katyon

radikali giderme kapasiteleri radikalin baglangig
konsantrasyonunu %50 oraninda azaltan oOrnek

konsantrasyonu (ICs0) olarak verilmigtir.
Numunelerin ICso degerleri derisim/aktivite (%
aktivite) grafiginin denklemi kullanilarak

hesaplanmigtir (Re ve ark., 1999).

ABTS aktivitesi (%) = [(Ax — An)/Ax *100]
Ax: Kontrol absorbansi
An: Numune absorbansi

Istatistik Analizler

Bu ¢aligmadaki her uygulama ve analiz lg¢ tekrarh
olarak yapilmis olup elde edilen verilerin istatistiki
analizleri SPSS 20 (Armonk, NY: IBM Corp.) programi
kullanilarak gergeklestirilmigtir. Deney gruplar
arasindaki farkhiliklar Duncan g¢oklu aralik testine
gore belirlenmistir (Duncan, 1955).

BULGULAR ve TARTISMA
Sekonder Metabolit Igerigi

Kat1 ve stspansiyon kiiltiirtinden elde edilen adventif
koklerin rosmarinik asit, toplam fenolik bilesik ve
flavonoid igerigi Sekil 1’de verilmistir.

B

3238
30.91 N
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Rosmarm]k asit
(mg g adventif kok)
]

2.77 2.78 3
a a

&
Toplam Flavonoid
(mg KUE g! adventif kok)

Kat1 Kiiltiir (Petri kabi)
Solid Culture (Petri dish)

30
Sispansiyon Kiltirinin 10. Gianii
2 102 Day of Suspension Culture

20
Siispansiyon Kiiltiiriiniin 20. Giinia

15 20% Day of Suspension Culture

10 .
Suaspansiyon Kiltirianin 30.Gani

30 Day of Suspension Culture

Toplam Fenolik Bilegik
(mg GAE g1 adventif kék)

Sekil 1. Farkl kiiltiir kosullarindan elde edilen adventif kéklerin rosmarinik asit (A), toplam fenolik bilesik (B) ve
flavonoid (C) icerikleri (Sekil {izerinde verilen farkli harfler uygulamalar arasindaki farkin istatistiksel
olarak énemli oldugunu géstermektedir)

Figure 1. Rosmarinic acid (A), total phenolic compound (B) and flavonoid (C) content of adventitious roots obtained

from different culture conditions (The different letters given on the figure show that the difference
between the applications is statistically significant)

giinlerde belirlenmigtir. Rosmarinik asit miktar
HPLC cihaz ile belirlenirken toplam fenolik bilesik ve
flavonoid icerigi spektrofotometrik olarak

Kat1 kultirinden elde edilen adventif koklerin
metabolit igerigi kiltiirin 30. glinde belirlenirken
stispansiyon kiultirinin metabolit igerigi 10, 20 ve 30.
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belirlenmistir. Adventif koklerin toplam fenolik bilesik
icerigi gallik aside (mg GAE g1) esdeger olarak
verilirken flavonoid icerigi kuersetine (mg KUE g1)
egsdeger olarak ifade edilmistir.

Adventif kéklerin rosmarinik asit igerigi kati kiillturde
23.86 mg g-! olarak Dbelirlenirken siispansiyon
kiltirlerinde 24.98 ile 32.38 mg g-! arasinda degistigi
belirlenmigtir. En yuksek rosmarinik asit icerigi
slispansiyon kiltirin 30. giintinde 32.38 mg g-! olarak
belirlenmigtir. Stispansiyon kiltirinin 30.
giintindeki rosmarinik asit igerigi kati kiltiirden ve
stispansiyon kiltirinin 10. giniinden 6nemli 6l¢lide
yiiksektir (P<0.01). Ancak siispansiyon kiiltiiriiniin 30.
ve 20. gunleri arasindaki farkin istatistiki olarak
onemli olmadig1 belirlenmigtir.

Srivastava ve ark. (2016), Ocimum basilicum
bitkisinden elde edilen yedi sacak kok hattinin
rosmarinik asit igeriginin 3.13 ile 28.83 mg g-! kuru
agilik (20. giin) arasinda degistigini ifade etmislerdir.
Gen¢ ve ark. (2020) reyhan bitkisinin tarla
kosullarinda yetistirilen dért ¢esidinin rosmarinik asit
igeriginin 2610.15 ile 18460.56 mg kgl kuru agirhik
(2.61015- 18.46056 mg g-! kuru agilik) arasinda
degistigini  belirlemislerdir. Reyhan (Ocimum
basilicum L) bitkisinde yapilan bir diger calismada ise
hiicre stuspansiyon ve kallus kultiiriinde rosmarinik
asit Uretim olanaklari incelenmigtir. Bu calismada
hiicre suspansiyon kultlirlerinin rosmarinik asit
iceriginin en yuksek 10 mg gl kuru agirlik olarak
belirlendigi ve bu degerin kallus kulturinden ve
eksplant kaynag1 olarak kullanilan  bitkinin
yapraklarindan 11 kat daha yiiksek oldugu ifade
edilmistir (Kintzios ve ark., 2003). Verma ve ark.,
(2016) farkh kiiltiir kogsullarinda (in vitro, ex vitro)
yetistirilen reyhan (Ocimum basilicum L.) bitkilerinde
en ylksek rosmarinik asit iceriginin ¢iceklenme
dénemindeki yapraklarda (13.0 mg g1 oldugunu
belirtmiglerdir. Bu calismada slispansiyon
kultirinden elde edilen rosmarinik asit miktarinin
reyhan bitkisinde daha 6nce yapilan kallus, hicre
stispansiyon, sacak kok, in vitro kogullarda yetistirme
ve tarla kosullarinda yetistiricilikten elde edilen
sonuc¢lardan daha yiiksek oldugu gorilmektedir. Bu
baglamda reyhan bitkisinin adventif kok stispansiyon
kultirleri rosmarinik asit tUretimi i¢in uygun
biyoteknolojik yontemler oldugu anlagilmaktadir.

Adventif koklerin toplam fenolik ve flavonoid igerigi
kiultir siiresi ve tipine gére 6nemli 6lglide degismistir.
En yuksek toplam fenolik bilesik igerigi stispansiyon
kiltirinin 20. gininde 32.94 mg GAE g1 olarak
belirlenirken en yiiksek flavonoid igerigi slispansiyon
kiltirinin 30. gininde 2.78 mg KUE g1 olarak
belirlenmigtir. Siispansiyon kultirinin 20. ve 30.
glnlerinde elde edilen sonuglar kati1 kiltiirden ve
stispansiyon kiiltiiriiniin 10. giiniinden 6nemli 6l¢tide
yiiksektir (P<0.01). Ancak siispansiyon kiiltiiriiniin 20.
ve 30. giinleri arasinda énemli farklhiliklar meydana
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gelmemisgtir.

Srivastava ve ark., (2016) reyhan bitkisinden elde
edilen sagak kok hatlarimin toplam fenolik bilesik
icerigi 55.75 ile 161.47 mg g-! kuru agihik (20. giin)
arasinda degistigini ifade etmiglerdir.

Bu bitkide yapilan benzer bir diger arastirmada in
vitro kogullarda yetigtirilen bitkilerin fenolik bilesik
iceriginin 23 ile 71 mg GAE g! kuru agilik arasinda
degistigi ifade edilmistir (Verma ve ark., 2016).
Belirtilen sonuglarin yuriitiilen bu ¢alismadan elde
edilen sonuglardan  olduk¢a  ylksek oldugu
anlagilmigtir. Ancak yapilan oOnceki c¢aligmalar
incelendiginde sacak kok kultirinde ve in wvitro
kogullarda yetistirilen bitkilerin rosmarinik asit
iceriginin toplam fenolik bilesik icerigine oraninin
olduk¢a dusiik kaldigr gorilmustir. Yuritulen bu
calismada adventif kok suspansiyon kiiltiirlerinin
rosmarinik asit igeriginin oldukg¢a ylksek oldugu ve
miktarinin toplam fenolik bilesik icerigine ¢ok yakin
degerlerde oldugu belirlenmigstir. Bu durumun
adventif kok suspansiyon kiltlriiyle {retilen
rosmarinik asidin saflagtirma asamasinda 6nemli bir
avantaj saglayacagi distiniilmektedir.

Antioksidan Aktivite
Adventif koklerin antioksidan kapasiteleri DPPH,
FRAP ve ABTS yontemlerini  kullanilarak

belirlenmigtir. FRAP aktivitesinin sonuglar1 troloks’a
esdeger olarak verilirken DPPH ve ABTS sonuglari ise
radikalin % 50’sini gideren doku miktar: (ICs0) olarak
belirlenmis ve Sekil 2’de verilmigtir.

Adventif koklerin antioksidan aktiviteleri kiltiir tipi
ve slresine baglh olarak Onemli ol¢iide degismistir
(P<0.05). Analizi yapilan ii¢ antioksidan metoduna
gére en yuksek antioksidan aktivite slispansiyon
kiltirinin 30. gininde belirlenmistir. Bu kéklerin
DPPH, ABTS ve FRAP aktivitesi sirasiyla ICso: 73,31
pg mL1, ICs0: 31.14 pg mL! ve 579.39 pmol TE g1
olarak belirlenmistir. DPPH ve FRAP aktiviteleri
kiltirin 20 ve 30. glunleri arasinda 6nemli 6l¢iide
degismemigstir. En digsiik antioksidan aktivite kati
kiltirden elde edilen adventif kéklerde belirlenmigtir.
Antioksidan aktivitesi yliksek olan adventif koklerin
rosmarinik asit, fenolik ve flavonoid igeriginin de
onemli 6l¢uide ylksek oldugu belirlenmigtir. Geng ve
ark. (2020) tarla sartlarinda yetistirilen dért reyhan
(Ocimum basilicum L.) cesidinin FRAP aktivitesinin
150.8 ile 650.2 pmol TE g?! arasinda degistigini
bildirmislerdir. Giilcin ve ark. (2007) reyhan bitkisinin
su ve etanol ekstraktlarinda DPPH serbest radikal
giderme, hidrojen peroksit giderme, stiperoksit anyon
radikal giderme, ferrik tiyosiyanat yontemi, toplam
indirgeme giicli ve metal gelatlama yontemlerine gore
yaptiklar: antioksidan aktivite analiz sonuc¢larina gére
bitki ekstraktlarinin gii¢cli antioksidan aktiviteye
sahip oldugunu ifade etmiglerdir.
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2. Farkl kiiltiir kogullarindan elde edilen adventif koklerin DPPH (A), FRAP (B) ve ABTS (C) yéntemlerine

gore antioksidan aktiviteleri (Sekil iizerinde verilen farkli harfler uygulamalar arasindaki farkin
istatistiksel olarak énemli oldugunu géstermektedir)
Figure 2. Antioxidant activities of adventitious roots obtained from different culture conditions according to DPPH
(A), FRAP (B) and ABTS (C) methods (The different letters given on the figure show that the difference
between the applications is statistically significant)

SONUC ve ONERILER

Bu calismada reyhan bitkisinde siispansiyon ve kati
kiltir kosullarinda elde edilen adventif koklerin
rosmarinik asit, toplam fenolik ve flavonoid igerigi ile
DPPH, ABTS ve FRAP yontemlerine gore antioksidan
aktiviteleri incelenmigtir. Adventif kok siispansiyon
kiltirlerinin rosmarinik asit, toplam fenolik ve
flavonoid igerigi kat1 kiiltiirden oldukga yiiksek oldugu
belirlenmigtir. En yuksek rosmarinik asit igerigi
stispansiyon kiltiriiniin 30. gininde belirlenmistir.
Bu ¢alismadan elde edilen verilerin 1s1ginda adventif
kok stispansiyon kiiltirlerinin rosmarinik asit tretimi
i¢in uygun  biyoteknolojik yontem oldugu
anlagilmaktadir. Ayrica reyhan bitkisinden elde edilen
adventif koklerin rosmarinik asit igeriginin toplam
fenolik bilesik igerigine ¢ok yakin degerlerde olmasi
uretilen rosmarinik asidin saflagtirma asamasinda
onemli bir avantaj saglayacagi diisiiniilmektedir.
Stispansiyon kulturiinden elde edilen adventif
koklerin DPPH, ABTS ve FRAP yontemlerine gore
oldukc¢a yiiksek antioksidan aktiviteye sahip oldugu
gorilmustlr. Kaltiir siresinin artmasiyla antioksidan
aktivitenin de arttig1 ve en yiiksek antioksidan
aktivite suspansiyon kiltirinin 30. glninde
belirlenmigtir. Daha  sonra  yapilacak  olan
calismalarda hormon, MS ve sukroz gibi temel besin
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ortam kosullarinin optimizasyonun saglanmasi
yiksek verimde metabolit ve biyomas elde etmek i¢in
avanta] saglayacaktir. Ayrica rosmarinik asidin
biyosentez onciillerinin besin ortamina ilave edilmesi
ve elisitasyon ¢alismalarinin yapilmasi buyik 6nem
arz etmektedir.
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ABSTRACT

Environmental pollution, especially heavy metal pollution, is an
important environmental problem all over the world. Heavy metals
that accumulate in high concentrations in soil and water ecosystems
are known to damage most functional biomolecules such as DNA, RNA
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and protein in living organisms and cause genotoxicity. For example, Received 20.02.2021
cadmium heavy metal is one of the heavy metals that negatively affect Accepted +07.09.2021
plant growth and development. The purpose of this study was to Keywords

determine the methylcytosine level in the sunflower plant genome and Methylation

the changes in the methylation pattern under cadmium stress. CRED-RA

Sunflower seeds were grown with different concentrations of cadmium Heavy Metal

heavy metal solution (Control, 20, 40, 80, 160, 320, 640 and 1280 ppm) Cadmium

for 3 weeks. According to the data obtained in the study, as the Sunflower

cadmium concentration increased, the growth and development of
sunflower seedlings decreased. After detecting DNA band variations
by RAPD analysis, methylcytosine levels in the sample genome were
determined by CRED-RA technique. As a result of RAPD analysis, the
highest GTS rate was 87.83% at 20 ppm cadmium concentration and
the lowest rate was 81.75% at 320 ppm. Four different methylation
patterns (Type I-IV) were determined according to the CRED-RA
analysis. As a result of the study, significant changes in the DNA
methylation pattern were observed by CRED-RA analysis in the
sunflower genome exposed to cadmium heavy metal stress.

Kadmiyum Agir Metal Stresine Maruz Kalmig Aycicegi (Helianthus annuus L.) Fidelerinin Metilasyon
Modellemesi ve Epigenetik Analizi

OZET

Cevre kirliligi, 6zellikle agir metal kirliligi, tim dinyada 6nemli bir

Tarimsal Biyoteknoloji

cevre sorunudur. Toprak ve su ekosistemlerinde yiiksek Aragtirma Makalesi
konsantrasyonlarda biriken agir metallerin canli organizmalardaki

DNA, RNA ve protein gibi ¢cogu fonksiyonel biyomolekiile zarar verdigi Makale Tarihgesi

ve genotoksisiteye neden oldugu bilinmektedir. Ornegin kadmiyum Gelig Tarihi  :20.02.2021
agir metal, bitki bliyimesini ve gelismesini olumsuz etkileyen agir Kabul Tarihi :07.09.2021

metallerden biridir. Bu ¢alismanin amaci, ayc¢icegi bitki genomundaki
metilsitozin duzeyini ve kadmiyum stresi altinda metilasyon

Anahtar Kelimeler

modelindeki degisiklikleri belirlemektir. Aycicegi tohumlari, 3 hafta Metilasyon
boyunca farkli konsantrasyonlarda kadmiyum agir metal ¢ozeltisi CRED-RA
(Kontrol, 20, 40, 80, 160, 320, 640 ile 1280 ppm) ile biiyiitiildii. Agir Metal
Calismada elde edilen verilere gore kadmiyum konsantrasyonu Kadmiyum
arttik¢a aygicegi fidelerinin biiyiime ve gelismesi azalmigtir. RAPD Aycigegi

analizi ile DNA bandi varyasyonlar: tespit edildikten sonra, numune
genomundaki metilsitozin seviyeleri CRED-RA teknigi ile belirlendi.
RAPD analizi sonucunda, en yluksek GTS orani 20 ppm kadmiyum
konsantrasyonunda % 87.83 ve en dusiik oran 320 ppm'de % 81.75
olmustur. CRED-RA analizine gére dért farkli metilasyon modeli (Tip
I-IV) belirlendi. Calisma sonucunda kadmiyum agir metal stresine
maruz kalan aycicegi genomunda CRED-RA analizi ile DNA
metilasyon modelinde 6nemli degisiklikler gézlemlendi.
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INTRODUCTION but it quickly enters the cells. This metal has some

The sunflower plant is an oil plant that is very high
commercial importance (belongs to the Helianthus
annuus L. Asteraceae family) and has economic value
for agriculture worldwide (Davis 1985). Sunflower (H.
annuus) is a mostly annually grown economically
valuable crop. Its seeds contain oil and are very
important for nutrition. The high fatty acid rate
(~70%) shows the importance of the sunflower plant.
The economic value of sunflower was realized after the
second world war. Subsequently, studies with physical
and chemical content were carried out for quality oil
with a very high oil content, good edible, refinery
quality and high nutritional value. Also, Sunflower
seeds are rich in potassium and vitamin-E as well as
being an important food source in terms of linoleic acid
(Lentz et. al., 2008; Blackmana et, al., 2011).

Important commercial oil crops such as sunflower,
soybean, rapeseed, safflower, poppy, peanut and
sesame are often subjected to various abiotic stresses
such as drought, low temperature, salinity, excessive
water, wultraviolet radiation and heavy metal
contamination (Khurana and Chatterjee, 2001).
Environmental pollution, especially metal pollution, is
one of the global environmental and health problems
affecting many organisms, from microorganisms to
plants, animals and humans. Heavy metals, which can
accumulate intensively in the air, water and soil have
become a dangerous environmental problem that
requires quick action (Yarsan et., al, 2000). Heavy
metal excess in the soil causes damage to the
morphological, cytological, metabolic and genomic
integrity of the plants (Meyerowitz and Somerville,
1994; Hu, 2005; Kosnett, 2007; Kumar et., al, 2009;
Bolukbasi and Aras, 2016; Jia et., al, 2020; Dash et.,
al, 2020). Heavy metals are taken into the cell by
various carriers specific to their structure. They cause
the formation of reactive oxygen species in organelles
by affecting metabolism with various heavy metal
redox reactions (Yildiz et., al, 2011; Yalcin et., al,
2020).

Some metals such as zinc (Zn), copper (Cu), manganese
(Mn) and nickel (Ni) are required in low concentrations
for the growth and development of plants (Kachenko
and Singh, 2004). However, heavy metals such as lead
(Pb), mercury (Hg) and cadmium (Cd) have severe
toxicity. Cadmium, which is not an essential element
especially for plants, is generally found in low amounts
in the soil and adversely affects plant growth and
development. It is not an essential nutrient for plants,
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serious effects on plants such as growth inhibition,
decrease in enzyme activities, photosynthesis and
nutrient intake (Hart et., al, 1998; Toppi and Gabrielli,
1999; Schutzendubel et., al, 2001; Kumar et., al, 2009;
Bolukbasi and Aras, 2016; Jia et., al, 2020; Dash et.,
al, 2020).

Some plants that are called hyperaccumulators can
accumulate 50 to 500 times more metal in their above
and underground parts than the metal concentration
in the soil (Memon et., al, 2001; Clemens, 20086).
Sunflower (Helianthus annuus L.) which is among the
plant specimens (as Nicotiana tabacum L., Brassica
juncea L. and Zea mays L.) that can accumulate
moderate heavy metals but generate high amounts of
biomass, is also defined as a hyperalumulatory plant
(Ozay and Mammadov, 2013; Bolukbasi and Aras,
2016; Kayakoku and Dodru, 2020).

Epigenetics is the branch of molecular biology that
studies gene expression changes that are not caused by
changes in DNA sequences, but are also inherited and
can be passed down from generation to generation. In
other words, it examines the inherited phenotypic
variations that occur with non-genetic environmental
effects. Such changes in DNA sequences can directly
affect the cell or the organism, but there is no change
in the DNA sequence (Martin and Zhang, 2007; Niu et.,
al, 2020).

DNA methylation is one of the best known and applied
DNA modification models, which 1is formed by
enzymatic attachment of a methyl group to the 5th
carbon of cytosine (the transfer of a methyl group from
S-adenosyl methionine to the 5th position of the DNA
cytosine residue catalyze by DNA Methyltransferase
enzymes) and plays an important role in controlling
gene expression in plants. And also DNA methylation
is thought to also contribute to biological defense in
plants (Boyko and Kovalchuk, 2008; Pontvianne et., al,
2010; Taspinar et., al, 2017; Arslan, 2019; Shams et.,
al, 2020).

Many plants adapt to different stresses, such as heavy
metal stress that occurs by changing their own DNA
through the DNA methylation process. DNA
methylation is an inherited modification that is passed
down from generation to generation. The ability to
remove the methyl group to return to the original DNA
structure is a reversible process. Therefore, DNA
methylation is an inherited mechanism and an
important and common treatment method in
determining the methylation pattern (Suzuki and
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Bird, 2008; Chinnusamy and Zhu, 2009; Mirouze and
Paszkowski, 2011; Yagci et., al, 2019; Aydin et., al,
2021).

There are many molecular analyzes used in
determining methylation patterns in the genome (Cai
et., al, 1996; Leljak et., al, 2004). The technique of
coupled/combined restriction enzyme digestion-
random amplification (CRED-RA) is an old however an
effective and valid technique for detecting methylation
patterns in plants. There are many studies in which
the CRED-RA technique has been used successfully to
determine DNA methylation patterns (Grigg and
Clark, 1994; Rein et., al, 1998; Tani et., al, 2005; Karan
et., al, 2012; Bolukbasi and Aras, 2016; Taspinar et.,
al, 2017; Arslan, 2019; Shams et., al, 2020; Aydin et.,
al, 2021).

In this current study, sunflowers (Helianthus annuus
L.) groups exposed to stress with various cadmium
solutions compared with control group plants for
possible methylation differences were evaluated. Thus,
it was aimed PCR-based CRED-RA technique was
used to detect changes in DNA methylation pattern
originating from cadmium heavy metal.

MATERIALS and METHODS

Growth of plant samples and cadmium stress
treatments

Before planting sunflower seeds, their surfaces were
sterilized with 70% alcohol and 30% sodium
hypochlorite solution. The seeds were then washed
three or four times with distilled water. For the
germination and growth of sunflower seeds, viols
prepared using sterile perlite were arranged. The viols
prepared were divided into eight groups. Seven groups
for different cadmium solutions and one group for the
control group. Control group seedlings were irrigated
only with 15 ml distilled water. The other batches were
treated at a reaction volume of 15ml each for
concentrations of 20, 40, 80, 160, 320, 640, 1280 ppm
cadmium solution, respectively. The cultivation
process adjusted in this way was continued for 21 days.
At the end of 21 days, control group and plant samples
treated with cadmium solution were harvested and
stored at -20 degrees until DNA isolation.

DNA isolation from samples

Root fragments (200 mg) taken from samples which
exposed to cadmium stress were powdered using liquid
nitrogen. Subsequently, DNA was isolated from these
samples. For DNA extracting, Lefort's (Lefort et., al,
1998) DNA isolation protocol was followed. Quantity
and quality measurement of isolated genomic DNAs
were determined by Nanodrop (NanoDrop ND-1000
Spectrophotometer, Thermo Scientific). And then it
was confirmed by 1.5% agarose (containing 0.05ul/ml
EtBr) gel electrophoresis.
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PCR (RAPD) Procedure

The RAPD-PCR prosedure was carried out with a total
reaction volume of 25 pl for each DNA samples.
Amplification conditions were optimized with 200 ng of
genomic DNA, 1 X reaction buffer, 3.5 mM MgCls, 20
pM dNTPs, 0.2 mM primer and 0.7U Tagq DNA
polymerase (Promega) and these amounts were used
for PCR mix. Fourteen primers were used for RAPD-
PCR reactions (Table-1). The PCR programme
performed an initial denaturation step of 7.5 minutes
at 95 °C, followed by 94 °C for 90 seconds denaturation,
36 °C for 60 seconds annealing and 72 °C for extension
at 120 seconds. And then, the prosedure followed by at
72 ° C a final extension period of 5 minutes. The
negative control was run on each of the samples to test
for other types of contamination without any DNA
template.

Table 1. Nucleotide sequences of primers were used for
RAPD-PCR reactions

Cizelgel RAPD-PCR reaksiyonda
primerlerin sekanslari

kullanilan

Primers Nucleotide sequence (5°— 37)
OPC-01* TTCGAGCCAG
OPC-02* GTGAGGCGTC
OPC-04* CCGCATCTAC
OPC-06* GAACGGACTC
OPC-07 GTCCCGACGA
OPC-08* TGGACCGGTG
OPC-09 CTCACCGTCC
OPC-10 TGTCTGGGTG
OPC-11* AAAGCTGCGG
OPA-08 GTGACGTAGG
OPB-07 GGTGACGCAG
OPF-05 CCGAATTCCC

* refer to primers which used for CRED-RA analysis

Technique of CRED-RA
DNA digestion with the restriction enzymes

MsplI and Hpall enzymes were used to detect variation
in methylation models of genom of samples between
control and experimental groups. The CRED-RA run
was carried out with a total volume of 20 ul for all
samples. Approximately 1 pg of genomic DNA, 2 pl of
10X reaction buffer and 10U enzyme for restriction
were used in a reaction volume of 20 pl
Microcentrifuge  tubes containing the above
components were kept in a 37 ° C water bath for 3
hours. Following a 3 hour incubation, samples were
kept in a 95 ° C heat block for 15 minutes to inactivate
the reaction.

PCR components and conditions

Approximately 200 ng digestion product, 2.5 ul 10 X of
reaction preservative, 20 mM dNTPs, 2.5 ul MgC12, 0.2
mM, 0.7 U Taq polymerase for each primer were used
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in 25 pl reaction volume. Six of 14 RAPD primers
(indicated in Table 1, as *) were showed monomorphic
band profiles in RAPD-PCR. And so these primers
were used in CRED-RA assay. For optimized reactions,
an initial denaturation step of 96 °C was performed for
90 seconds. Then 45 cycles of 95 °C (denaturation) for
30 seconds, 36 ° C for 60 seconds (binding), 72 °C for
120 seconds (extension) followed by a final extension
period of 72 °C for 10 minutes complete with. And then
samples were confirmed by 1.6 % agarose gel
electrophoresis. A negative control was used for each
group to determine if there was any contamination.

Analysis of CRED-RA data

The digestion reactions were carried out via enzymes
of Hpall and Mspl separately. The data obtained as a
result of the CRED-RA technique were evaluated with
reference to Table 2. The enzymes of Hpall and Mspl
have different digestive abilities depending on the
status of cytosine in the methylation model. The
methylation models were evaluated and the band
profiles were scored as yes/presence (1) and no/absence
(0). While performing CRED-RA analysis, the scores
obtained from the bands were evaluated according to
previous studies (Liu et., al, 2005; Pan et., al, 2011;
Wang et., al, 2011) and 4 different methylation
patterns were determined.

Table 2. Methylation types of Hpall and Msplrestriction enzymes according to their digestion
Cizelge 2. Hpall ve Mspl restriksiyon enzimlerinin kesim kabliyetlerine gore metilasyon tiirleri

Type Methylation Hpall Mspl Score of Band Profile
Patterns X y Z

Type I CCGG digestion digestion -1 +/0 +/0 Non-methylation
GGCC

Type 11 CCGG CCGG  digestion undigestion -/1 +/0 -/1 Semi-methylation
GGCC GGCC

Type III CCGG undigestion digestion -1 -1 +/0 Full-methylation
GGCC

Type IV CCGG undigestion undigestion -1 -/1 -1 Full-methylation
GGCC

x: PCR product is not digested by either enzyme
y: PCR product is digested by the Hpall enzyme
z: PCR product is digested by the Mspl enzyme

RESULTS
RAPD data analysis

In this study, a significant degree of polymorphism was
observed in sunflower samples exposed to cadmium
stress according to the results of RAPD analyzes. In 12
of the 18 RAPD-PCR primers performed in this current
study, different polymorphic DNA bands were detected
from the control group. It showed significant
polymorphic band patterns in primers OPC 09 (57.2%),
OPC 08 (55.50%), OPC 07 (50.00%) and OPC 11
(50.00%) (Table 3).

According to the GTS rates adapted with RAPD
profiles, the highest rate was 87.83% at 20 ppm Cd

concentration. The lowest rate was 81.75% at 320 ppm
Cd stress (Table 4).

CRED-RA analysis

As a result of the analysis; it has been observed that
heavy metals are effective in epigenetic mechanisms,
especially in DNA methylation differences, and this
situation provides resistance to cadmium heavy metal
by forming different types of methylation in sunflower
plants. By CRED-RA analysis, 4 different methylation
types were obtained from sunflower seedlings exposed
to heavy metal stress at different concentrations of
cadmium. In detecting these differences, 6 different
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“+” refer to digestion and “-” refer to undigestion

“1” refer to band presence and “0” refer to band absence

primers giving monomorphic and clear bands were
used to detect methylation differences as a result of the
PCR band profiles. The

Table 3. Results of polymorphism rate of primers were
used for RAPD-PCR reactions

Cizelge 3. RAPD-PCR reaksiyonunda kullanilan pri-
merlerin polimorfizm oraninlari

Primers Polymorphism rate (%)
OPC-01* 15.4
OPC-02* 12.5
OPC-04* 33.3
OPC-06* 36.4
OPC-07 50.0
OPC-08* 55.5
OPC-09 57.2
OPC-10 33.3
OPC-11* 50.0
OPA-08 37.5
OPB-07 26.3
OPF-05 25.3

* refer to primers which used for CRED-RA analysis

Table 4. % change of GTS rates
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Cizelge 4. GKS oranlarindaki degisim ytizdesi

Samples GTS rate (%)
20 ppm 87.83
40 ppm 87.16
80 ppm 86.48
160 ppm 85.13
320 ppm 81.75
640 ppm 83.78
1280 ppm 82.43

sequences of the primers used for this analysis are
given in Table 1. And then, Table 2 is taken as a
reference for determining the methylation patterns

and determining their differences. While evaluating
the methylation pattern, scoring was made as
yes/presence (1) and no/absence (0) in line with the
information in table 2. As a result of these analysis; the
percentages of different methylation types have been
calculated and the highest and lowest concentration
percentages of the methylation types are specifically
indicated (Liu et., al 2007; 2009; Karan et., al, 2012;
Bolukbasi and Aras, 2016). The formulation used in
the calculation is given in Table 5 in detail. The most
striking point here is; Type-IV methylation has the
highest value at all cadmium concentrations.

Table 5. The average (%) rates of methylation types based on data obtained from CRED-RA analysis
Cizelge 5. CRED-RA analizinden elde edilen verilere gére metilasyon tiirlerinin ortalama (%) oranlari

Control 20
Type-I (%) 3.20 230
Type-1I (%) 2.30 2.40
Type-IIT (%) 6.90 8.00
Type-IV (%) 87.60  87.30
Total methylated bands ratio (%)= 96.80 96.70
Full-methylated bands ratio (%)b 94.50 95.30
Semi-methylated bands ratio (%)c 2.30 2.40

aTotal methylated bands ratio (%) = [([I+III+IV)/(I+II+II1+IV)]x100
bFull-methylated bands ratio (%) = [[IT+IV)/(I+II+III+IV)]x100
cSemi-methylated bands ratio (%) = [AD/(I+I+III+IV)]1x100

The (%) ratio of methylation types obtained from
CRED-RA analysis in sunflower samples given in
Figure 1 comparatively.

And also, the (%) ratio of methylation pattern types

40 80 160 320 640 1280
3.40 660 360 350 320 4.10
250 520 6560 280 160 080
6.20 6.20 440 380 7.70 17.80
87.90 83.00 86.50 89.90 87.50 87.30
96.60 94.40 96.40 96.50 96.80 97.50
94.10 89.20 90.90 93.70 95.20 97.40
250 520 4650 280 160 0.80

samples given in Figure 2.

Additionally, the significant correlation was observed
between the total methylation pattern and non-
methylation pattern in sunflower seedlings subjected
to cadmium stress. The R2 value was 0.9873 (Figure 3).

obtained from CRED-RA analysis in sunflower
& Type-1 # Type-ll HType-lll E Type-IV
100
90
80
70
60
30
20
10
0 m%@ m%a v F m%ﬁ gmﬁ 250 ﬂﬁ = E
control 20 ppm 40 ppm 80 ppm 160 pp™™ 320 ppm 640 PP™M 1280 PP

Figure 1. The average (%) rates of methylation types obtained from CRED-RA analysis in sunflower samples
Sekil 1. Ay¢icegi érneklerinde CRED-RA analizinden elde edilen metilasyon tiirlerinin ortalama (%) oranlari
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Figure 2. The (%) ratio of methylation pattern types obtained from CRED-RA analysis in sunflower samples
Sekil 2. Ay¢icegi érneklerinde CRED-RA analizinden elde edilen metilasyon modellerinin (%) orani
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Figure 3. Influence of total methylation pattern to non-methylation pattern
Sekil 3. Toplam metilasyon modelinin (%) metillenmemis modele (%) etkisi

DISCUSSION and CONCLUSION

One of the most important issues in environmental
research is the toxic effects of heavy metals. The most
important effects of heavy metals is to inhibit plant
growth (Liu et., al, 2005; Pan et., al, 2011; Wang et., al,
2011; Karan et., al, 2012; Taspinar et., al, 2017;
Arslan, 2019). The accumulation of heavy metals in
plant tissues adversely affects the germination of seeds
and the growth of roots and stems. In many studies, it
has been stated that the toxicity created by heavy
metals as catalysts in the oxidative degradation of
biological macromolecules damages the DNA structure
by causing oxidative damage (Liu et., al, 2005; 2007).
It is possible to detect the toxic effects of heavy metals
with molecular parameters related to DNA mutation.
DNA fingerprinting techniques such as RAPD-PCR are
widely used to identify DNA changes in plants induced
by contaminants such as heavy metals (Theodorakis
et., al, 2001; Pan et., al, 2011; Bolukbasi and Aras,
2016; Taspinar et., al, 2017; Gallo-Franco et., al, 2020;
Harshitha et., al, 2020).
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In this study, RAPD-PCR technique was used to detect
changes in DNA band profiles. When DNA band
profiles of sunflower samples exposed to cadmium
heavy metal stress at different concentrations for 21
days were examined, it was seen that there were
significant changes compared to the control group.
RAPD-PCR profiles were analyzed by agarose gel
electrophoresis containing ethidium bromide. The
strips were counted one by one from the top of the
strips. All RAPD-PCR profiles amplified by the
primers were scored by comparison with the control
group. The amplification profiles of the twelve primers
were compared to the control group and the bands of
the DNA fragments were scored as yes/presence (1)
and no/absence (0). All primers showed significant
polymorphic band patterns, particularly at OPC09
(57.2%), OPC08 (55.50%), OPC07 (50.00%) and OPC11
(50.00%). In addition, when the obtained RAPD-PCR
band profiles were evaluated, the highest change in
GTS ratios was 87.83% at 20 ppm Cd concentration.
When RAPD-PCR data were evaluated, it was
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observed that there was a significant amount of
polymorphism in samples exposed to different
concentrations of cadmium heavy metal stress. It was
also stated in previous studies that this difference
occurred as a result of mutations in the places where
the primers were linked in the genome (Savva, 2000;
Liu et., al, 2007; Bolukbasi and Aras 2016; Taspinar
et., al, 2017; Arslan, 2019; Hosseinpour et., al, 2020).
These results showed that the primers used are a
strong marker or indicator for detecting mutagenic
effects of cadmium heavy metal in sunflower plants. In
addition, changing in GTS rates clearly highlight the
importance of different cadmium stress concentrations
(Conte et., al, 1998; Theodorakis et., al, 2001; Atienzar
et., al, 2002; Harshitha et., al, 2020; Aydin et., al,
2021). It indicates that RAPD-PCR markers can be
used successfully to detect various DNA damage in
plants such as sunflower exposed to environmental
pollution (Gupta and Sarin, 2009; Gallo-Franco et., al,
2020; Jia et., al, 2020).

Epigenetic mechanism like DNA methylation is an
important biological defense mechanism in plants.
Through DNA methylation, many plants resist various
abiotic stresses such as drought, salinity, and heavy
metal contamination. DNA methylation is an applied
DNA modification models, which 1is formed by
enzymatic attachment of a methyl group to the 5th
carbon of cytosine (the transfer of a methyl group from
S-adenosyl methionine to the 5th position of the DNA
cytosine residue catalyze by DNA Methyltransferase
enzymes) and plays an important role in controlling
gene expression in plants (Cai et., al,1996; Leljak et.,
al, 2004; Suzuki and Bird, 2008; Chinnusamy and Zhu,
2009; Mirouze and Paszkowski, 2011; Bolukbasi and
Aras, 2016; Arslan, 2019; Aydin et., al, 2021). Many
techniques are used to detect changes in methylation
patterns in the genome due to heavy metal pollution
such as cadmium (Liu et., al, 2005; 2007; 2009). The
CRED-RA technique used in this study is one of them
(Tani et., al, 2005; Karan et., al, 2012; Bolukbasi and
Aras, 2016; Taspinar et., al, 2017; Arslan, 2019; Aydin
et., al, 2021).

In the study via PCR-based CRED-RA technique,
based on the rates of average methylation types, the
highest rate for Type-I methylation was 5.60 at 80ppm.
Type-I methylation model represents non-methylated
models. This indicates that methylated cytosine is not
on double stranded DNA or internal methylated
cytosine in a single strand. It has been regarded as
unmethylated cytosine in previous studies (Liu et., al,
2007; Mirouze and Paszkowski, 2011; Karan et., al,
2012; Bolukbasi and Aras 2016; Arslan, 2019; Aydin
et., al, 2021). In this regard, methylation appeared to
be absent at all cadmium stress concentrations.

The highest rate at which the Type-II methylation
pattern detected was 5.50% at 160ppm. Type-II
methylation represents the externally methylated
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semi-methylation pattern of cytosine nucleotide on the
DNA that is a single strand.

As stated in previous studies, the presence of inner
methylated cytosine in both strands of DNA indicates
Type-III or full methylation model and the presence of
outer methylated cytosine indicates Type-IV
methylation model. When the data were examined, it
was seen that the Type-IV methylation was at the
highest level in all different concentration between 20
to 1280 ppm compare to other methylation models.
Additionally, the Type-III and Type-IV methylation
patterns, which are full methylation types have
appeared at all cadmium stress concentrations.

In conclusion, DNA polymorphisms investigated in
sunflower plants in response to abiotic stress
conditions were analyzed by CRED-RA technique at
different concentrations of cadmium heavy metals.
Significiant polymorphisms and methylation changes
has been observed that changes in the level of
methylation patterns have an effect on the biological
defense mechanism in sunflower plants. In addition,
the results of current study indicate that cadmium is a
serious genotoxic agent for sunflower plants. Also this
research have clearly shown that such studies will be
effective in cleaning and restoring areas contaminated
with various heavy metals. In addition, the
hyperacumulator feature of the sunflower plant was
once again determined.

ACKNOWLEDGEMENTS

The author gratefully acknowledge the financial
support of this work by Amasya University Scientific
Research Unit (FMB-BAP 20-0480). And also, the
author acknowledges to Prof. Dr. Emine Sumer ARAS
at Ankara University, Science Faculty, and
Department of Biology for her valuable support.

Conflicts of Interest Statement

Author had no any financial or personal relationships
with other individuals or organizations that might
inappropriately influence this work during the
submission process.

Statement Contribution of the Author

This study's experimentation, analysis and writing,
etc. all steps were made by the author.

Statement of Ethics

There is no need for an ethics committee decision for
the studies in the article.

REFERENCES

Arslan E, 2019. Putrescine in herbicide stress
protection: modulate the genomic instability and
DNA methylation changes in wheat. Avrupa Bilim



KSU Tarim ve Doga Derg 25 (3): 467-475, 2022
KSU J. Agric Nat 25 (3): 467-475, 2022

Arastirma Makalesi
Research Article

ve Teknoloji Dergisi, 19: 442-448.

Atienzar FA, Venier P, Jha AN, Depledge MH, 2002.
Evaluation of the random amplified polymorphic
DNA (RAPD) assay for the detection of DNA damage
and mutations. Mutation Research, 521: 151-163.

Aydin M, Arslan E, Yigider E, Taspinar MS, Agar G,
2021. Protection of Phaseolus vulgaris L. from
Herbicide 2,4-D results from exposing seeds to
humic acid. Arabian Journal for Science and
Engineering, 46(1): 163-173.

Blackmana BK, Scascitellic M, Kanec NC, Lutona HH,
Rasmussena DA, Byed RA, Lentze DL, Rieseberga
LH, 2011. Sunflower domestication alleles support
single domestication center in eastern North
America. PNAS, 108(34): 14360-14365.

Bolukbasi E, Aras ES, 2016. Determination of DNA
Methylation Levels with CRED-RA Technique in
the Genome of Sunflower Seedlings (Helianthus
annuus L.) Subjected to Zinc Stress. International
Journal of Environment, Agriculture and
Biotechnology, 1(3): 438-444.

Boyko A, Kovalchuk I, 2008. Epigenetic control of plant
stress response. Environ Mol. Mutagen, 49(1): 61-
72.

Cai Q, Guy CL, Moore GA, 1996. Detection of cytosine
methylation and mapping of a gene influencing
cytosine methylation in the genome of Citrus.
Genome, 39: 235-242.

Chinnusamy V, Zhu JK, 2009. Epigenetic regulation of
stress responses in plants. Current opinion in plant
biology, 12: 133-139.

Clemens S, 2006. Toxic metal accumulation, responses
to exposure and mechanisms of tolerance in plants.
Biochimie, 88: 1707-1719.

Conte C, Mutti I, Puglisi P, Ferrarini A, Regina GRG,
Maestri E, Marmiroli N, 1998. DNA fingerprinting
analysis by a PCR based method for monitoring the
genotoxic effects of heavy metals pollution.
Chemosphere, 37: 2739-2749.

Dash S, Borah SS, Kalamdhad AS, 2021. Heavy metal
pollution and potential ecological risk assessment
for surficial sediments of Deepor Beel,
India. Ecological Indicators, 122: 107265.

Davis PH, 1985. Flora of Turkey and the East Aegean
Island. V.5, Endinburg University Press, Edinburg.

Gallo-Franco dJdJ, Sosa CC, Ghneim-Herrera T,
Quimbaya M, 2020. Epigenetic control of plant
response to heavy metal stress: A new view on
aluminum tolerance. Frontiers in plant science, 11.

Grigg G, Clark S, 1994. Genes and genomes:
Sequencing 5-methylcytosine residues in genomic
DNA,. Bioessays, 16: 431-436.

Gupta M, Sarin NB, 2009. Heavy metal induced DNA
changes in DNA analysis and identification of
sequence characterized amplified region marker. J.
Environ. Sci, 21: 686-690.

Harshitha K, Nair RA, 2020. Evaluation of DNA
methylation changes by CRED-RA analysis

474

following prednisone treatment of endophyte,
Fusarium  oxysporum. Indian  journal  of
microbiology, 60(2): 254-258.

Hart JJ, Welch RM, Norvell WA, Sullivan LA, Kochian
LV, 1998. Characterization of Cd binding, uptake
and translocation in intact seedlings of bread and
durum wheat cultivars. Plant Physiol, 116: 1413-
1420.

Hosseinpour A, Haliloglu K, Cinisli K, Ozkan G,
Ozturk HI, Pour-Aboughadareh A, Poczai P, 2020.
Application of zinc oxide nanoparticles and plant
growth promoting bacteria reduces genetic
impairment under salt stress in tomato (Solanum
Iycopersicum L.‘Linda’). Agriculture, 10(11): 521.

Hu H, 2005. Heavy metal poisoning. In: Kasper DL et
al (eds) Harrison’s principles of internal medicine,
16th edn. McGraw-Hill, New York, 2577-2580.

Jia X, Fu T, Hu B, Shi Z, Zhou, L, Zhu Y, 2020.
Identification of the potential risk areas for soil
heavy metal pollution based on the source-sink
theory. Journal of hazardous materials, 393:
122424,

Kachenko A, Singh B, 2004. Heavy metals
contamination of home grown vegetables near
smelters in NSW. SuperSoil: 3rd Australian New
Zealand Soils Conference, 5-9 December. University
of Sydney, Australia.

Karan R, DeLeon T, Biradar H, Subudhi PK, 2012. Salt
stress induced variation in DNA methylation
pattern and its influence on gene expression in
contrasting rice genotypes. PloS one, 7: €40203.

Kayakoku H, Dogru M, 2020. Radiological hazard
assessment of natural radionuclides and heavy
metal pollution in deep mud samples of Van Lake,
Turkey. Journal of Radioanalytical and Nuclear
Chemistry, 324(3): 1339-1350.

Khurana N, Chatterjee C, 2001. Influence of variable
zinc on yield, oil content, and physiology of
sunflower. Commun Soil Sci. Plant Anal, 32: 3023-
3030.

Kosnett MJ, 2007. Heavy metal intoxication and
chelators. In: katzung BG(ed) Basic and clinical
pharmacology. 10th edn. McGraw-Hill, New York,
945-957.

Kumar N, Soni H, Kumar RN, Bhatt I, 2009.
Hyperaccumulation and mobility of heavy metals in
vegetable crops in India. The Journal of Agricultural
and Environment, 10: 29-38.

Lefort F, Lally M, Thompson D, Douglas G, 1998.
Morphological traits, microsatellite fingerprinting
and genetic relatedness of a stand of elite oaks (@.
roburL.) at Tullynally, Ireland. Silvae Genetica, 47:
257-261.

Leljak-Levanic D, Bauer N, Mihaljevic S, Jelaska S,
2004. Changes in DNA methylation during somatic
embryogenesis in Cucurbita pepo L. Plant cell
reports, 23: 120-127.

Lentz DL, Pohl MD, Alvarado JL, Tarighat S, Bye R,



KSU Tarim ve Doga Derg 25 (3): 467-475, 2022
KSU J. Agric Nat 25 (3): 467-475, 2022

Arastirma Makalesi
Research Article

2008. Sunflower (Helianthus annuus L.) as a pre-
Columbian domesticate in Mexico. PNAS, 105: 6232-
62317.

Liu W, Li P, Qi1 X, Zhou Q, Zheng L, Sun T, Yang Y,
2005. DNA changes in barley Hordeum vulgare
seedlings induced by cadmium pollution using
RAPD analysis. Chemosphere, 61: 158-167.

Liu W, Yang YS, Li PJ, Zhou QX, Xie LJ, Han YP,
2009. Risk assessment of cadmium contaminated
soil on plant DNA damage using RAPD and
physiological indices. dJournal of Hazardous
Material, 161: 878-883.

Liu W, Yang YS, Zhou QX, Xie LJ, Li PJ, Sun TH,
2007. Impact assessment of cadmium contamination
on rice (Oryza sativa L.) seedlings at molecular and
population levels wusing multiple biomarkers.
Chemosphere, 67: 1155-1163.

Martin C, Zhang Y, 2007. Mechanisms of epigenetic
inheritance. Current Opinion in Cell Biology, (19)3:
266-272.

Memon AR, Aktoprakligil D, Ozdemir A, Vertii A,
2001. Heavy metal accumulation and detoxification
mechanisms in plants. Turkish Journal of Botany,
250 111-121.

Meyerowitz EM, Somerville CR, 1994. Arabidopsis,
Cold Spring Harbor Press, New York, 1300 pp.

Mirouze M, Paszkowski J, 2011. Epigenetic
contribution to stress adaptation in plants. Current
opinion in plant biology, 14: 267-274.

Niu Y, Jiang X, Wang K, Xia J, Jiao W, Niu Y, Yu H,
2020. Meta analysis of heavy metal pollution and
sources in surface sediments of Lake Taihu,
China. Science of the Total Environment, 700:
134509.

Ozay C, Mammadov R, 2013. Agir metaller ve siis
bitkilerinin fitoremediasyonda kullanilabilirligi.
Balikesir Universitesi Fen Bilimleri Enstitiisi
Dergisi, 15(1): 68-77.

Pan Y, Wang W, Zhao X, Zhu L, Fu B, Li Z, 2011. DNA
methylation alterations of rice in response to cold
stress. Plant Omics J, 4: 364-369.

Pontvianne F, Blevins T, Pikaard CS, 2010.
Arabidopsis Histone Lysine Methyltransferases.
Adv. Bot. Res, 53(1): 1-22.

Rein T, DePamphilis ML, Zorbas H, 1998. Identifying
5-methylcytosine and related modifications in DNA
genomes. Nucleic acids research, 26: 2255-2264.

Savva D, 2000. The use of arbitrarily primed PCR (AP-
PCR) fingerprinting to detect exposure to genotoxic
chemicals. Ecotoxicology, 9: 341-353.

Schutzendubel A, Schawnz P, Teichman T, Gross K,

475

2001. Cd-induced changes in antioxidative systems,
hydrogen peroxide content and differentiation in
Scots Pine roots. Plant Physiol, 127: 887-898.

Shams M, Yildirim E, Arslan E, Agar G, 2020. Salinity
induced alteration in DNA methylation pattern,
enzyme activity, nutrient uptake and H202 content
in pepper (Capsicum annuum L.) cultivars. Acta
Physiologiae Plantarum, 42(4): 1-12.

Suzuki MM, Bird A, 2008. DNA methylation
landscapes: provocative insights from epigenomics.
Nature Reviews Genetics, 9: 465-476.

Tani E, Polidoros A, Nianiou-Obeidat I, Tsaftaris A,
2005. DNA methylation patterns are differently
affected by planting density in maize inbreds and
their hybrids. Maydica, 50: 19-24.

Taspinar MS, Aydin M, Sigmaz B, Yildirim N, Agar G,
2017. Protective role of humic acids against
picloram-induced genomic instability and DNA
methylation in Phaseolus vulgaris. Environmental
Science and Pollution Research, 24(29): 22948-953.

Theodorakis CW, Bickham JW, Lamb T, 2001.
Integration of genotoxicity and population genetic
analyses in kangaroo rats (Dipodomys merriami)
exposed to radionuclide contamination at the
Nevada test site, USA. Environmental Toxicology
and Chemistry, 20: 317-326.

Toppi L, Gabrielli R, 1999. Response to Cd in higher
plants. Environ. Exp. Botany, 41: 105-130.

Wang WS, Pan YdJ, Zhao XQ, Dwivedi D, Zhu LH, Ali
J, Fu BY, Li ZK, 2011. Drought-induced site-specific
DNA methylation and its association with drought
tolerance in rice (Oryza sativa L.). Journal of
experimental botany, 62: 1951-1960.

Yagci S, Yildirim E, Yildirim N, Shams M, Agar G,
2019. Nitric oxide alleviates the effects of copper-
induced DNA methylation, genomic instability, LTR
retrotransposon polymorphism and enzyme activity
in lettuce. Plant Physiology Reports, 24(3): 289-295.

Yalcin IE, Ozyigit I, Dogan I, Demir G, Yarci C, 2020.
Using the Turkish red pine tree to monitor heavy
metal pollution. Polish Journal of Environmental
Studies, 29(5): 3881-3889.

Yarsan E, Bilgili A, Turel I, 2000. Heavy metal levels
in mussels (Unio stevenianus Krynicki) obtained
from Van Lake. Turk J. Vet. Animal Science, 24: 93-
96.

Yildiz M, Terzi H, Urusak B, 2011. Bitkilerde krom
toksisitesi ve  hiicresel cevaplar. Erciyes
Universitesi Fen Bilimleri Enstitiisii Dergisi, 27(2):
163-176.



KSU Tarim ve Doga Derg 25 (3): 476-485, 2022
KSU J. Agric Nat 25 (3): 476-485, 2022
https://doi.org/10.18016/ksutarimdoga.vi.916575

4>‘;/s;

UV-Cnin, Deinonoccus radiodurans ve Vitreoscilla Hemoglobin (vgb) Geni Aktarilmis
Rekombinantlarinda; SOD, KAT ve Karoten Miktar: Uzerine Etkisi

Elif OZBEY!*", Dilek ASMA®

1Turgut Ozal Universitesi, Park ve Bahge Bitkileri Bsliimii, Malatya, Tiirkiye 2Iinonii Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Bsliimii,
Malatya, Turkiye

thttps://orcid.org/0000-0001-7215-1922, 2https://orcid.org/0000-0002-3866-3016

P4 elif.ozbey@ozal.edu.tr

OZET Bahge Bitkileri

Ultraviyole radyasyon (UV); biyolojik dokularda reaktif oksijen

turlerinin meydana gelmesine neden olarak oksidatif stres Aragtirma Makalesi
olusturmaktadir. UV’ nin indiikledigi reaktif oksijen tiirleri, bunlarin

etkileri ve bunlara kars: hiicresel savunma mekanizmalar: ve reaktif Makale Tarihgesi

oksijen tiirlerinin temizlenmesinden sorumlu antioksidan sistemleri Gelig Tarihi  :15.04.2021
giiniimiizde tizerinde oldukea fazla arastirma yapilan konulardir. Bu Kabul Tarihi :28.07.2021

calismada, yuksek seviyede iyonize radyasyon ve UV radyasyon,
kuraklik ve DNA’ ya zarar veren kimyasallar gibi bir¢ok ajan ve
kosula olan direnciyle iyi bilinen bir ekstremofil olan Deinococcus
radiodrans ile Vitreoscilla hemoglobin (vgb) geni klonlanmis
rekombinant1 ve kontrol olarak da vgb rekombinant susu
kullanilmistir. UV-C’ nin D. radiodurans in antioksidan savunma
sistemleri (siiperoksit dismutaz, katalaz ve karoten) iizerine etkisi
aragtirilip, buna ek olarak organizmaya daha fazla oksijenli ortam
saglayarak daha fazla buytmesini saglayan vgb geninin, bakterinin
UV direncine yapacagi katkis1 arastirilmistir. Buna gore, D.
radiodurans (vgb ) in UV-C uygulanan érnekleri kontrol gruplariyla
kiyaslandiginda stuperoksit dismutaz ve katalaz enzim aktivitesinin
yabanil ve vgb genini tasiyan rekombinantina oranla daha diisik
oldugu tespit edilmigtir. Yine yuksek karoten igceren yabanil tipi
bakterilerde, UV-C uygulamasina bagli olarak karoten miktar artisi
net bir sekilde gézlenmisgtir.

ABSTRACT

Ultraviolet radiation (UV); creates oxidative stress by causing the
formation of reactive oxygen species in biological tissues. Reactive
oxygen species induced by UV, their effects and cellular defense
mechanisms against them, and antioxidant systems responsible for
cleaning reactive oxygen species are the subjects of much research
today. In this study, Deinococcus radiodrans which is well known an
extremophile for its resistance to many agents and conditions such as
high levels of ionizing radiation and UV radiation, drought and
chemicals that damage DNA and Vitreoscilla hemoglobin (vgb) gene
cloned recombinant with, and vgb recombinant strain as a control
were used. The effect of UV-C on the antioxidant defense systems of
D. radiodurans (superoxide dismutase, catalase and carotene) was
investigated, and in addition, the contribution of the vgb gene, which
provides more oxygenated environment to the organism, to the UV
resistance of the bacteria, was investigated. Accordingly, when UV-C
treated samples of D. radiodurans (vgb ) were compared with the
control groups, it was determined that the superoxide dismutase and
catalase enzyme activities were lower than the wild and the
recombinant carrying the vgb gene. Again, in wild-type bacteria with
high carotene, an increase in the amount of carotene was clearly
observed due to UV-C application.
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GIRIS zararlarinin tolere edilebilecek duzeyde oldugundan

Elektromanyetik Dalgalar

Isik veya elektromanyetik dalga foton olarak
isimlendirilen kiitlesiz bir parcacik akisi olmak tizere
birbirini tamamlayan iki bi¢ciminde
tamimlanmaktadir. (http://astom.omu.edu.tr, 2006). X-
1s1nlary, ultraviyole (mor 6tesi) 1s1nlari, mikro dalgalar
ve radyo dalgalar1 baglica elektromanyetik dalgalar
arasinda sayllmaktadir (Henden, 2000).
Elektromanyetik dalgalar, dalga boylarina veya
enerjilerine goére c¢ok genis bir alana yayilirlar.
Elektromanyetik spektrum bolgeleri Sekil 1’deki gibi
gosterilebilir.

Gama X uv unen | Kizil Otesi Mikro
Isim Isini Isini 1k Isinlar Dalgalar
Fas 9! 7 I
10m 10m 10m 10m

Vakum Kisa Dalga Orta Dalga Uzun Dalga
uv uv -C uv -B uv -A
1 i g
100 200 250 280 300 315 400
183 Dalga Boyu nm (nanometre)

Sekil. 1 Elektromanyetik spektrum bélgeleri (Perincek,
2006)

Figure.l Electromagnetic spectrum regions (Perincek,
2006)

Ultraviyole Radyasyon

UV, gunes tarafindan yayillan ve goz tarafindan
algilanmayan radyasyon tipidir. Glnes,
elektromanyetik spektrum olarak bilinen bir dizi
enerji yaymaktadir ve bu enerjinin degisik sekilleri
dalga boylarina gére siniflandirilir. Buna goére UV
radyasyon, farkli dalga boylarina goére 1tg¢ tipte
incelenebilmektedir;

UV-A: 315-380 nm

UV-B: 280-315 nm

UV-C: 190-280 nm dalga boylar: arasindadar.

Dalga boylar: ile radyasyonun enerjisi arasinda ters
bir iligki bulunmaktadir. Bu nedenle dalga boyu en az
ve dolayisiyla enerjisi en yiuksek olan UV-C’ nin daha
agir  hiicresel  hasarlara  neden  olabilecegi
soylenebilmekte (Caspari, 2000) ve yine dalga boyu en
yuksek ve enerjisi en az olan UV-A’ nin da hiicresel
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bahsedilmektedir (Leena ve Marikki, 2005).

UV 1sinlar1 ayn1 zamanda serbest radikaller meydana
getirerek hiicrelerde oksidatif strese neden olurlar
(Latonen ve Laiho, 2005).0lugan bu serbest radikaller,
hiicrede biyomolekiillere hasar vererek, hiicrenin
bitiinliginin bozulmasina, yaslanmasina ve hiicre
6lumiine neden olabilmektedirler (Ozalpan, 2001).

Deinococcus radiodurans

Deinococcus radiodurans, yiksek seviyede 1iyonize
radyasyon ve UV radyasyon, kuraklik ve DNA’ ya
zarar veren kimyasallar gibi bircok ajan ve kosula olan
direnciyle iyi bilinen bir ekstremofildir (Battista,
1997). Ayn1 zamanda cesitli agir metalleri ve
radyoaktif metalleri yikabilme o6zelligine sahip bir
bakteridir (Battista ve Raney, 1997).

D. radiodurans, UV-C radyasyona (190- 280 nm) son
derece direncli bir organizmadir ve UV-C' nin
tetikledigi siklobiitan, primidin dimerleri (CPDs) ve
primidin-(6-4) primidon (6-4 PPs ) gibi biprimidin 151k
iriinlerini  (BPPs) etkili bir sekilde tamir
edebilmektedir (Setlow ve Duggan, 1964). UV-C' e
maruz kalmis D. radiodurans’in en 6nemli primidin
tirtinleri primidin dimerleridir (Moeller, 2010). UVC'
nin tetikledigi DNA zarari iki niikleotit eksizyon tamir
mekanizmasi (Moseley ve Evans, 1983;Minton, 1994)
ve bir genetik rekombinasyon mekanizmasi ile tamir
edilmektedir (Moseley ve ark.,1972; Moseley ve
Copland, 1975).

D. radiodurans da Oksidatif Stres

Oksidatif stres, prooksidanlarla, reaktif oksijen
tirlerinin (ROT) ortamda artmasina engel olan
antioksidanlarin savunma yetenegi arasindaki
dengesizligin bir sonucu olarak ortaya cikmaktadir
(John ve Gutterdige, 2010).

Yiksek oranda gesitlilik gOsteren antioksidan
savunma sistemleri, protein oksidasyonuna engel olur
ve Reaktif Oksijen Tirlerini temizleyerek D.
radiodurans’ daki oksidatif stresi hafifletmektedir. D.
radiodurans’daki antioksidan savunma mekanizmasi,
genel olarak hidroksil radikali ( -OH ) (Mello ve
Meneghini, 1984; Dunford, 1987), siiperoksit radikali
(Oz -), hidrojen peroksit (H202) (Imlay, 2006) gibi 3
reaktif oksijen tiiriine kars: etkili olmaktadir.

D. radiodurans’in H202, -OH, Oz - gibi reaktif oksijen

tlrlerini temizleme kapasitesi, £.coli’den sirasiyla 30
kat, 17 kat ve 6 kat daha yiiksektir (Tian ve ark.,
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2004). D. radiodurans oldukca yiiksek katalaz ve SOD
aktivitesine sahiptir (Lipton, 2002). Katalazlar ve
peroksidazlar H202' 1 uzaklagtirirken SOD' lar
hiicrelerden stiperoksit radikallerini elimine
etmektedirler (Makarova, 2001;Markillie ve ark.,
1999).

Karoten

Enzimatik olmayan antioksidanlar arasinda yer alan
karoten, yagda cozinebilen dogal antioksidanlardir.
Basta singlet oksijen ve peroksi radikalleri (ROO" )
olmak tzere ROT turlerine kars: etkili bir savunma
mekanizmasi olusturmaktadir (Tatsuzawa ve ark.,
2000;Stahl ve Sies, 2003). Karotenoidler, DNA' y1
oksidatif zarardan, proteinleri karbonilasyondan ve
membran  lipitlerini  lipit  peroksidasyonundan
korumaktadir (Stahl ve ark., 1998; Zhang ve Omave,
2000). D. radiodurans 'in hiicre ici karetenoidleri, (
‘OH, O2 -, H20z, ve 102) gibi ROT (Zhang ve ark., 2007;
Tian ve ark., 2007) ve 2,2-difenil-1-pikrilhidrazil gibi
RNT (Reaktif Nitrojen Tirlerd)'ni ortamdan
temizleyebilmektedir. Karotenoidlerin antioksidan
aktivitesi, yapisindaki konjuge c¢ifte baglardan ileri
gelmektedir. D. radioduransbakteriye turuncu rengini
veren ¢ok miktarda karoten sentezlemektedir. D.
radiodurans 1n renksiz mutant soyunun indiiklenmisg
oksidatif stres sonucu olusan reaktif oksijen turlerine
yabanila oranla daha duyarli oldugunu tespit
edilmistir (Carbonneau ve ark., 1989).

Vitreoscilla Hemoglobin

Hemoglobinler, 1986 yilina kadar oékaryotik orjinli
proteinler olarak bilinmekteydi. Ancak Dr. Webster ve
arkadaslari Gram (-) bir bakteri olan Vitreoscilla
stercoraria’ min dogal olarak hemoglobin igerdigini
tespit etmiglerdir (Wakabayashi ve ark.,1986).
Beggiatoaceae familyasinda bulunan Vitreoscilla
zorunlu aerob, Gram () ve kemoorganotrof flamentli
bir bakteridir. Zorunlu aerob olmasina ragmen dogal
yasam alam1 oksijeni diusik ortamlardir ve bu
kogullarda yagsamim strdiirebilmek i¢in hemoglogin
(vgb) genini sentezlemektedir (Woose, 1987).
Vitreoscilla  hemoglobininin  (VHb) okaryotik
hemoglobinlerle yiiksek homoloji gostermekte olup,
farkli yapisal organizasyonu ve konformasyonu stres
durumlarinda kalma yetenegi gosterebilmesi onun
birden fazla iglevi gercgeklestirebilmesine imkan
saglamaktadir ( Khosla ve Bailey, 1988;Liu ve ark.,
2008).

Bu calismada, yabanil D. radiodrans ile Vitreoscilla
hemoglobin (vgh) geni klonlanmig rekombinanti ve
kontrol olarak da vgb  rekombinant susu
kullanilmigtir. Bakterilerin UV-C radyasyon direnci
aragtirilip, bunlara ek olarak organizmaya daha fazla
oksijenli ortam saglayarak daha fazla blylimesini
saglayan vgb geninin, bakterinin UV-C direncine
yapacagl katkinin arastirilmasi1 planlanmigtir. Aym
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zamanda UV-C radyasyon uygulamalarinin yabanil ve
rekombinant D). radiodurans’in antioksidan savunma
sistemleri (siiperoksit dismutaz, katalaz ve karoten)
uzerine etkisi arastirilip, vgdh nin bu savunma
sistemine etkileri saptanacaktir. Cunki UV' nin
hiicresel zararina karsi antioksidan savunma
mekanizmalarinda, oksijen gerektiren ¢esitli oksijenaz
ve deoksijenazlarla katalizlenen, etkin bir oksijen
alimi1 ve kullanimini saglayan vgb geni aktarilmis
rekombinant  bakterinin daha etkili olacag
dustntlmektedir. Bu  baglamda radyasyona
direncliligiyle bilinen D. radiodurans’ in vgb/VHDb

sisteminin UV-C diren¢ kapasitesine etkisi ve
organizmanin bundan nasil etkilenecegi
arastirilmigtir.

MATERYAL ve METOD

Bakteri Soylar:

Deinococcus radiodurans RI (ATCC BAA-816), bu
bakterinin vgb geni klonlanmigs rekombinant1 ve
kontrol olarak da vgb rekombinant susu kullanldi. D.
radiodurans in iki rekombinantindan puc8 plazmitini
tasiyan Dr[pUCS8] olarak, ayni plazmitin vgh geni
tasiyan formu ise Dr[pUCS8:15] olarak
adlandirilmaktadir (Sekil 2).

Sekil 2. D. radiodurans ve rekombinantlari
Figure 2. D. radiodurans and its recombinants

vgb Klonlar1

D. radioduransm Dr[pUC8] ve Dr[pUC8:15]
rekombinantlar: Inénii Universitesi Molekiiler Biyoloji
Boéliminde Hikmet Gegkil' in laboratuvarindan temin
edilmigtir. pUCS8 plazmiti 2.7 kb biiytikliginde olup
iglevsel bir lacZ geni tagimaktadir. pUC8:15 plazmiti
ise, 5 kb buytkligindedir ve 2.3 kb uzunlugundaki
multi klonlama boélgesine vgb geni yerlestirilmistir
(Sekil 3).

Bakterilerin UV-C Radyasyona Maruz Birakilmasi

UV-C uygulamasi i¢in Philips TUV 15 Watt/G15 T8
254 nm dalga boyuna sahip 45 cm boyunda UV-C
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lambas1 kullamilmigtir. UV-C radyasyon kaynag:
tavana 6 cm mesafe ile yerlestirilmigtir. Isinlama igin
90 x 60 x 70 cm boyutlarindaki aliminyum ile kapl bir
kabin kullanilmigtir. Lamba ile o6rnekler arasi
1sinlama mesafesi 11 cm’dir. Lambanin ytzeyinden 1
cm mesafede 15 w’lik bir gii¢ var oldugundan dolay1 11

cm’deki uygulanan glicin degeri 0.124 wattir. 11
cmlik mesafeden yapilan bu 1sinlama 46 x 13 ecm’lik
bir yizey alamimi kapsamaktadir. Enzim aktivite
tayini i¢cin UV-C uygulama siiresine bagl olarak
uygulanan doz miktarlar1 asagidaki cizelge 2’ de
verilmigtir.

ord

LTI

it

Sekil 3. pUC8 ve pUC8:15 plazmitlerinin fiziki haritasi.
Figure 3. Physical map of the pUC8 and pUCS8: 15 plasmids.

Cizelge 1. UV-C uygulama slresine baglh olarak
uygulanan doz miktarlar:
Table 1. Doses applied depending on the application
time of UV-C.
UV-C Uygulama stresi
UV-C Application time

Doz Miktar1 (j cm -2)
Dosage Amount (j cm -2)

6 saat 4.47
12 saat 8.94
24 saat 17.88
48 saat 35.76

Enzim Aktivite ve Karotenoid Miktar Tayini

Enzim aktivitesi tayin islemlerinde, spektrofotometre
(SHIMADZU UV-visible Spectrophotometer UV-1601)
kullanildi. Biitin enzimlerin aktiviteleri her bakteri
icin ¢ tekrarlh olarak olgiildi. Katalaz enziminin
aktivite tayini Luck (1963) yéntemine gére, SOD
enziminin aktivitesi Mc Cord ve Fridovich (1969)
yontemine gore yapildi. .Absorbans degerleri
belirlendikten sonra ml deki enzim tunite sayisi
spektrofotometrik olarak hesaplandi. Elde edilen
degerler supernatanin mililitresindeki miligram
proteine boliinerek spesifik aktivite tespit edildi. 6, 12,
24 ve 48 saat UV-C radyasyon uygulanan 6rneklerin
karoten tayini, spektrofotometrik olarak yapildi
(Bhosole ve Gadre, 2001). Litredeki miktar1 bulmak
icin elde edilen sonuglar 1000 ile ¢arpilarak toplam
karotenoid miktari mg L ! olarak hesaplanmistir.

Istatistiki Analizler

Elde edilen sonuglarin  istatistiksel olarak
degerlendirilmesi amaciyla istatiksel paket program
(SPSS 10.0 for Windows Inc., USA) kullanildi. Bu
programda énem kontrolii igin Duncan testi uygulandi
(Duncan, 1995).

BULGULAR
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UV-C Uygulamasi Sonras1 SOD Aktivitesi

D. radiodurans  (yabanil) ve  rekombinant
bakterilerinde UV-C radyasyona maruz birakilan ve
birakilmayan gruplarda siiperoksit dismutaz (SOD)
aktiviteleri saptanmis ve sonuclar Cizelge 2’de
verilmistir. Buna gére D. radiodurans (yabaml)' da 12
ve 24 saatlik uygulamalarda kontrol grubuna gore bir
artis saptanmistir. D. radiodurans (vgh)' de UV-C
uygulamasina bagh olarak kontrol gruplariyla
kargilagtirildiklarinda SOD enzim aktivitesinde genel
olarak bir artis gézlenmistir. D. radiodurans (vgb) ve
D. radiodurans (pUCS8)'in UV-C uygulamasina bagh
olarak kontrol gruplariyla karsilagtirildiklarinda SOD
enzim aktivitesinde genel olarak bir artis gézlenmigtir.

UV-C Uygulamasi Sonrasi Katalaz Aktivitesi

D. radiodurans ve rekombinant suslarinda UV-C
radyasyona maruz birakilan ve birakilmayan
gruplarda katalaz (KAT) aktiviteleri saptanmis ve
sonuclar Cizelge 2’de verilmistir. Buna gore D.
radiodurans (yabanil)' da en yiiksek enzim aktivitesi

de 24 saat UV-C uygulanan o&rneklerde tespit
edilmistir. D. radiodurans (vgh) de UV-C
uygulamasina bagh olarak kontrol gruplariyla
kiyaslandiginda 24 saatlik UV-C uygulanan

orneklerdeki KAT enzim aktivitesi kontrol grubundan
yiksek olmasina ragmen 6 saatlik 1s1n uygulanan
orneklerden daha disik tespit edilmigtir. Bunun
disinda diger 6rneklerde doza bagl olarak bir artig

gozlenmistir. D. radiodurans (UCS) in UV-C
uygulanan ornekleri kontrol gruplariyla
kiyaslandiginda 12 saatlik UV-C uygulanan

orneklerdeki KAT enzim aktivitesi kontrol grubundan
yiksek olmasina ragmen 6 saatlik 151n uygulanan
orneklerden daha dustiik tespit edilmistir.
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Cizelge 2. Farkhi dozlarda UV-C radyasyon uygulanan D. radiodurans ve rekombinant suglarda stuperoksit
dismutaz (SOD) ve katalaz (KAT) aktivitesi
Table 2. Superoxide dismutase (SOD) and catalase (KAT) activity in D. radiodurans and recombinant strains
treated with different doses of UV-C radiation.

Bakteri UV-C Uygulama Siiresi SOD Aktivitesi KAT Aktivitesi
Bacterium UV-C Application Time (pmol ml -1mg -1 protein) (umol ml -1mg -1 protein)
SOD Activity CAT Activity
(pmol m] -1mg -1 protein) (umol ml -1mg -1 protein)
6 saat (kontrol) 124.3 +10.1 158.66 + 8.5
6 saat (UV-C) 79.06 + 7.5 53.34 + 6.4
12 saat (kontrol) 229.4+ 8.6 189.21 + 10.4
, 12 saat (UV-C) 235.06 + 9.3 197.15 + 8.6
D. radiodurans ~ g4 saat (kontrol) 252.93 = 15.5 178.36 + 9.4
(Yaba”’])( 1) 24 saat UV-C 939.04 + 14.2 278.66 + 11.2
e 48 saat (kontrol) 216.07 + 7.6 166.34 + 9.3
48 saat (UV-C) 19.2 £ 2.3 1.77+0.9
6 saat (kontrol) 139.27 + 4.7 52.94 + 4.2
6 saat (UV-C) 534.8 + 26.4 102.24 £ 5.3
12 saat (kontrol) 265.1 + 8.7 52.27 + 4.5
‘ 12 saat (UV-C) 372.5+9.6 155.66 + 8.7
D. radiodurans g4 gaat (kontrol) 201.5+ 6.3 57.18+ 5.6
(vgb) 24 saat UV-C 1002.2 + 18.5 118.06 + 9.2
48 saat (kontrol) 330.2+12.4 60.81 + 6.3
48 saat (UV-C) 1427.07 £ 19.6 237.4+12.3
6 saat (kontrol) 223.3+11.3 38.58 +11.2
6 saat (UV-C) 563.27 + 10.4 165.27 £ 9.7
12 saat (kontrol) 310.3+9.6 41.74 + 6.7
_ 12 saat (UV-C) 370.13 £ 11.2 149.74+ 8.9
D. radiodurans ~g94 saat (kontrol) 252.5 + 8.9 60.57 7.2
(pUCS) 24 saat UV-C 569.32 + 11.2 172.11 + 9.7
48 saat (kontrol) 210.6 + 7.8 65.90 + 4.5
48 saat (UV-C) 579.19 + 13.2 178.10 + 6.6
UV-C Uygulamas1 Sonras1 Karoten Miktarindaki kontrol gruplarinda, rekombinant bakterilerden

Degisimler

6, 12, 24 ve 48 saatlik UV-C uygulamasi sonrasi
toplam kareten miktarindaki degigsimler, D.
radiodurans (yabanil) ve rekombinantlar: i¢in tespit
edilmigtir. Buna gére 6 saatlik UV-C uygulanan
orneklerle kontrol gruplar1 karsilastirildiginda D.
radiodurans (yabamil)'a turuncu rengini veren
karotenin  kontrol gruplarinda, rekombinant
bakterilerden yaklagsik olarak 1,5 kat daha fazla
oldugu gérilmiustir. Aym zamanda UV-C uygulamas:
sonrasi bu fark yaklasik 4,5 kata ¢gitkmistir. 6 saatlik
UV-C uygulamasi1 sonrasi bakterilerin karoten
miktarindaki degisimler Sekil 4' de verilmigtir.

12 saatlik UV-C uygulanan o6rneklerle kontrol
gruplarim1 kiyaslandiginda D. radiodurans (yabanil)'
in kontrol gruplarinda, rekombinant bakterilerden
yaklagik olarak 3,5 kat daha fazla oldugu goralmustur.
Ayni1 zamanda UV-C uygulamasi sonrasi bu fark
yaklagik 6 kata gikmigtir. 12 saatlik UV-C uygulamasi
sonras1 bakterilerin karoten miktarindaki degisimler
Sekil 5' de verilmistir.

24 saatlik UV-C wuygulanan o6rneklerle konrol
gruplarim kiyaslandiginda D. radiodurans (yabanil)'in
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yaklasik olarak 3,5 kat daha fazla oldugu tespit
edilmistir. Ayn1 zamanda UV-C uygulamasi sonrasi bu
fark yaklagik 8 kata c¢ikmigtir. 24 saatlik UV-C
uygulamasi sonrasi bakterilerin karoten miktarindaki
degisimler Sekil 6' da verilmigtir.

48 saatlik UV-C uygulanan gruplarla kontrol gruplari
kiyaslandiginda D. radiodurans (yabanil)' in kontrol
gruplarindaki karoten miktarinin rekombinant
bakterilerden yaklasik 3,5 kat daha fazla oldugu
ortaya ¢ikmistir. UV-C uygulamasina bagh olarak bu
fark 4,2 kata ¢ikmigtir. 48 saatlik UV-C uygulamasi
sonrasi bakterilerin karoten miktarindaki degisimler
Sekil 7' de verilmistir.

Bakterilerin UV-C Uygulamasi1 Oncesi ve Sonrasi
SEM Resimleri

D. radiodurans (yabanil) ve rekombinantlarinin, UV-C
uygulamasi 6ncesi ve sonrasi bakterilerin hiicresel
yapilarindaki degisimler Scaning Elektron
Mikroskobunda tespit edilmistir (Sekil 8). D.
radiodurans (yabanil), kok seklinde ve genel olarak
ikili veya dortli hiicre kiimeleri seklinde bulunurlar.
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Sekil 4. D. radiodurans (yabanil) ve rekombinantlarinin 6 saatlik UV-C uygulamas1 sonrasi toplam karoten
miktarindaki degigimler

Figure 4. Changes in total carotene amount after 6 hours UV-C application of D. radiodurans (wild) and

recombinants
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Sekil 5. D. radiodurans (yabanil) ve rekombinantlarinin 12 saatlik UV-C uygulamasi1 sonrasi toplam karoten
miktarindaki degisimler

Figure 5. Changes in the total carotene amount after 12 hours UV-C application of D. radiodurans (wild) and

recombinants
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Sekil 6. D. radiodurans (yabanil) ve rekombinantlarinin 24 saatlik UV-C uygulamas1 sonras1 toplam karoten
miktarindaki degisimler

Figure 6. Changes in the total carotene amount after 24 hours UV-C application of D. radiodurans (wild) and
recombinants
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Sekil 7. D. radiodurans (yabanil) ve rekombinantlarinin 48 saatlik UV-C uygulamas1 sonras1 toplam karoten
miktarindaki degigimler.
Figure 7. Changes in the total carotene amount after 48 hours UV-C application of D. radiodurans (wild) and
recombinants

a)

b)

Sekil 8. D. radiodurans (yabaml) ve rekombinantlarinin 48 saatlik UV-C uygulamasi sonrasi SEM goériintiileri. a) D.
radiodurans (yabamnil), b) D. radiodurans (vgb), ¢) D. radiodurans (pUCS).
Figure 8. SEM images of D. radiodurans (wild) and its recombinants after 48 hours UV-C application. a) D. radiodurans (wild),
b) D. radiodurans (vgb), ¢) D. radiodurans (pUCS).

48 saatlik UV-C uygulamasi sonrast SEM resimleri gozlenmistir. D. radiodurans (vgb) rekombinantinin
karsilastirildiginda, bakteri UV-C uygulamasindan yabanilindan farkli olarak uzun basil yapisinda olan
sonra boyut olarak buyumis ve daha ¢ok dortli hiicre sekli, 48 saatlik UV-C uygulamasi sonrasi boyut
ktimeleri halinde gérilmiistiir. Aym1 zamanda hicre olarak olduk¢a kiigilmiiy ve hicre yapisinda
ortillerinin plrizsiiz yapis: bozularak deformasyonlar bozulmalar gézlenmistir. D. radiodurans (pUCS),
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yabanil tipteki bakteri gibi kok seklindedir. 48 saatlik
UV-C uygulamas:1 sonrasi1 bakteri boyut olarak
biuyumus ve hiicre ortilerinin purizsiiz yapisi
bozularak deformasyonlar gézlenmistir.

TARTISMA ve SONUC

UV-C uygulamasinin antioksidan sistem tizerine
etkisinin karoten pigmenti ile iligkilendirildigi
calismada, ayn1 zamanda vgb geninin de antioksidan
savunmaya katacag katki arastirilmak istenmistir.
UV-Cnin hiicresel zararina karsi antioksidan
savunma mekanizmalarinda, oksijen gerektiren gesitli
oksijenaz ve deoksijenazlarla katalizlenen, etkin bir
oksijen alim ve kullamiminmi saglayan sistemle (vgb)
geninin etkinligi tespit edilmistir (Liu ve ark., 1995).

VHb' nin hem endojen hem de eksojen hidrojen
peroksite kargi savunmada rol aldigr ayni zamanda
stres altinda SOD ve KAT gibi enzimlerin aktive
olmasina neden oldugu tespit edilmistir. VHDb' nin
oksidatif strese karsi bu koruyucu etkisinin heterelog
hiicrelerdeki  tretkenligi arttirma yeteneginden
kaynaklandig digiiniilmektedir (Akbas ve ark., 2011)

D. radiodurans (UCS) in UV-C uygulanan
orneklerini kontrol gruplariyla kiyaslandiginda SOD
ve KAT enzim aktivitesinin yabanil ve vgb genini
tagsiyan rekombinantina oranla daha diisiik oldugu
tespit edilmigtir. Enzim aktivitelerinin ytiksek oldugu
yabanil ve vgb genini tasiyan bakterilerde,
radyasyonun zararli etkisi yabanil i¢in 48. saatte
kendini gosterirken, vgb rekombinanti1 VHb/vgb gen
sisteminin vermis oldugu avantajlar sayesinde 48.
saatte en ylksek enzim aktivitesine sahiptir.

Karotenoid pigmentinin iyonize ve iyonize olmayan
radyasyona karsi canlilari korudugu bilinmektedir.
(Jagannatham ve ark., 2000). Bu calismada ozellikle
yuksek karoten iceren yabanil tipi bakterilerde, UV-C
uygulamasina bagli olarak miktar artisi net bir sekilde
gozlenmistir (Tian ve ark., 2007). 6, 12, 24 ve 48 saatlik
UV-C uygulanan D. radiodurans (vabanil) ve
rekombinant bakteriler i¢in toplam karoten miktari D.
radiodurans (yabanil)a turuncu rengini veren
karotenin  kontrol gruplarinda, rekombinant
bakterilerden yaklagsik olarak 1,5 kat daha fazla
oldugu gorulmustir. Ayni zamanda UV-C uyglamas:
sonrast bu fark yaklasik 4,5 kata cikmistir. Bu
sonuclar D. radiodurans karotenoidlerinin cevresel
stresle miicadelede bakteriye katkisinin oldugunu
dustindurmektedir.

TESEKKUR

D. radiodurans 1 Dr[pUC8] ve Dr[pUCS8:15]
rekombinantlar1 Inénti Universitesi Molekiiler Biyoloji
Boluminde  Prof. Dr. Hikmet  Gegkil' in
laboratuvarindan temin edilmigtir. Ayrica bu ¢alisma
2012-192 no’lu proje ile Inénii Universitesi Bilimsel
Arasgtirma Projeleri tarafindan desteklenmigtir.
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Aragtirmacilarin Katki Orani Beyan Ozeti

Aragtirma, yazma, orijinal taslak hazirlama, inceleme
ve dlzenleme, gorsellestirme ve bigimsel analiz ile
ilgili olarak yazarlar makaleye esit oranda katkida
bulundu ve son halini okuyarak onaylada.

Cikar Catismasi Beyani

Makale yazarlar1 arasinda herhangi
catismasi bulunmamaktadar.
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ABSTRACT

Globe artichoke [Cynara cardunculus var. scolymus (L.) Fioril has
many health-protecting properties due to its valuable bioactive
components which are not stable and produced in high amounts in the
raw plant material in nature. These bioactive components that
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gaining interest can be increased thanks to the contribution of Received 14.06.2021
valuable 1n wvitro techniques, such as callus and cell suspension Accepted + 17.08.2021
cultures, and various new applications such as elicitor treatments. Keywords

The present study aimed to determined bioactive components in three Phenolic compounds

globe artichoke cultivars by using callus cell suspension cultures in Flavonoids

various media combinations and by applying two elicitor treatments, Chitosan

namely methyl jasmonate and chitosan, at 3 different concentrations Methyl jasmonate

(methyl jasmonate 50 pM, 100 pM, and 200 uM; chitosan 200 mg L1,
400 mg L1, and 800 mg L1) with 3 different application durations
(24h, 48h, and 72h). The bioactive compounds profile of cultivars was
determined by HPLC-DAD. Obtained results revealed that using well-
balanced concentrations of auxin: cytokinin (1:1 or 10:1) in a media
composition is a must for triggering the callus formation process for
globe artichoke. Results also showed that accumulated bioactive
components and their amounts varied based on cultivars. Experiment
results revealed that different types of elicitors other than methyl
jasmonate and chitosan, or different doses of elicitors and application
durations should be used/tested to get desired levels of bioactive
components. The findings of the present study may play a supportively
and complementarily mission in several important fields such as
agriculture, and pharmaceutical engineering.

scolymus (L.) Fioril Biyoaktif Bilegenler Uzerine Etkisi

Kallus Hiicre Siispansiyon Kiiltiirleri ve Elisitér Uygulamalarinin Enginarda [ Cynara cardunculusvar.

OZET Bahge Bitkileri

Enginar [Cynara cardunculus var. scolymus (L.) Fiori] dogada ham

bitki materyalinde yliksek miktarlarda ve stabil olarak tretilmeyen Aragtirma Makalesi
degerli biyoaktif bilegenleri nedeniyle saglik tizerine koruyucu birgok

ozellige sahiptir. Bu biyoaktif bilesenler, kallus ve hiicre siispansiyon Makale Tarihgesi
kilttrleri gibi degerli in vitro tekniklerin ve elisitér gibi gesitli yeni Gelig Tarthi  : 14.06.2021
uygulamalarin katkisiyla artirilabilmektedir. Bu c¢alismada, g¢esitli Kabul Tarihi :17.08.2021

besi ortam kombinasyonlarinda kallus hiicre siispansiyon kiiltiirleri
kullanilarak ve 3 farkli konsantrasyonda (metil jasmonat 50 pM, 100

Anahtar Kelimeler

puM ve 200 uM; kitosan 200 mg L1, 400 mg L1 ve 800 mg L1) 3 farkh Fenolik bilesikler
uygulama siiresiyle (24 saat, 48 saat ve 72 saat) uygulamalarin Flavonoidler
biyoaktif igerikler tuzerine olan etkisi arastirilmigtir. Cesitlerin Kitosan

biyoaktif bilesik profili HPLC-DAD ile belirlenmistir. Elde edilen
sonuclar, besi ortami bilesiminde iyi dengelenmis oksin: sitokinin (1:1
veya 10:1) konsantrasyonlarinin kullanilmasinin, enginarda kallus
olusum siirecini tetiklemek i¢in bir zorunluluk oldugunu acgikca
ortaya koymustur. Sonucglar ayrica biriken biyoaktif bilegsenlerin ve
miktarlarinin gesitlere gére degistigini ortaya koymustur. Arastirma
sonuclari, istenen biyoaktif bilesen seviyelerini elde etmek i¢in metil

Metil jasmonat



KSU Tarim ve Doga Derg 25 (3): 485-494, 2022
KSU J. Agric Nat 25 (3): 485-494, 2022

Arastirma Makalesi
Research Article

jasmonat ve Kkitosan disinda farkli tipte elisitorlerin veya aym

elisitérlerin  farkli dozlarinin ve/veya uygulama surelerinin
kullanilmasi/test edilmesi gerektigini ac¢ik bir sekilde ortaya
koymustur. Mevcut c¢alismanin bulgularimin, tarim ve ilag

miithendisligi gibi birgok 6nemli alanda destekleyici ve tamamlayici

bir etkisi olacagi diisiiniilmektedir.

To Cite Ozsan T, Onus AN 2022. Effects of Callus Cell Suspension Cultures and Elicitor Applications on Bioactive
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cardunculus var. scolymus (L.) Fiori] Biyoaktif Bilesenler Uzerine Etkisi. KSU Tarim ve Doga Derg 25 (3): 485-
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INTRODUCTION 2015). Two different elicitors were preferred in this
The globe artichoke [Cynara cardunculus var. study; methyl jasmonate and chitosan. Methyl

scolymus (L.) Fiori] with special therapeutic features
for human is native to Mediterranean Basin. Globe
artichoke has gained its reputation because it has
valuable bioactive components in its edible parts as
well as its non-edible parts. Although its non-edible
parts are treated as waste, their value has recently
been more understood and has become important
(Pandino et al., 2011; Pandino et al., 2013).

Plants incorporate precious bioactive compounds with
healing properties on human are produced and used in
many fields, incuding pharmaceuticals, agrochemicals,
food flavor, texture, and color. But it is difficult to
attain the desired level of bioactive compounds in
plants and since it is dependent on the variation of
environmental conditions, stresses, genotypes, and
plant parts. To overcome such uncontrollable
circumstances, biotechnological practices like callus
and cell suspension culture techniques are used
(Pandino et al., 2017; El-Bahr et al., 2018). However,
plant parts from which explants are taken to initiate
callus and cell suspension cultures, which also allow
the production of bioactive compounds, are also
important. Starting in vitro callus and cell suspension
cultures using plant parts where the target bioactive
compound is concentrated will be advantageous for the
potential bioactive compound obtained during the
culture (S6kmen and Giirel, 2001). In addition to using
these morphologically unorganized and
undifferentiated biotechnological techniques, other
treatments namely precursors, elicitors,
immobilizations, can also be used for cell growth and
production of targeted bioactive compounds in large
volumes. Considering the above stated potential of in
vitro techniques, they serve as reliable, sustainable,
continuous and standardized production processes of
precious bioactive compounds.

The use of elicitors provides an opportunity for
effective and practical work called elicitation. Using
various types of elicitors (biotic and abiotic) at different
doses and/or applying durations, changes, or
enhancements in the amount of the desired bioactive
component can be achieved (Naik and Al-Khayri,
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jasmonate 1s a phytohormone which i1s a volatile
methyl ester form of jasmonic acid, has many roles in
the plant, and is known to play a critical role in a
number of important physiological and developmental
processes that take place in the plant. Chitin is a
component formed in the wall structure of various
plant fungal pathogens. Chitosan, on the other hand,
is a component derived from chitin and is often used as
an elicitor (Ahmed and Baig, 2014; Alsoufi et al., 2019).

Using these techniques has been practiced in many
medicinal and aromatic plants from past to present
and their use is getting increased day by day in basic
fields such as agriculture, food, and pharmacology.
Based on the literature search, it is found out that
there are limited studies using callus cell suspension
culture techniques and elicitor treatments in globe
artichoke. The present study aimed to determine
bioactive components in three globe artichoke cultivars
by using callus cell suspension cultures in various
media combinations and by applying two elicitor
treatments.

MATERIAL and METHOD
Plant materials and surface sterilization

Two open-pollinated (OP) globe artichoke cultivars,
namely ‘Bayrampasa’ and ‘Sakiz’, and one Fi1 hybrid
globe artichoke cultivar ‘Olympus’ were used as plant
materials. For callus induction and formation,
especially newly formed leaves were separately
collected and carried to the tissue culture laboratory
for surface sterilization. To serve the purpose: (1) leaf
explants were kept under running tap water for 15
minutes, (2) in an antibacterial soap solution (5 mL
antibacterial soap + 95 mL water) for 15 minutes. After
rinsing, the leaf explants were taken to laminar airflow
workbench for further surface sterilization process
which was carried out by treating with 20% (v/v) of a
commercial bleach solution (40 g/L active chlorine) for
10 minutes, followed by 3 times rinsing with sterilized
distilled water (Lépez-Pérez and Martinez JA 2015;
Ozsan and Onus, 2020a; b).
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Media compositions, induction and conditions of callus
culture, biomass yield

For establishing the callus cultures from newly formed
leaf explants, several media compositions were
assessed according to Ozsan and Onus, (2020b). The
medium compositions consisted of Gamborg B5 basic
media (Gamborg et al., 1968) supplemented with plant
growth regulators (BAP, NAA, Kin, 2,4-D) at various
concentrations (0.1, 0.5, 1.0, 2.0 mg L), and all
medium combinations contained 30.0 g L'! sucrose and
6 g L1 plant agar, pH was adjusted to 5.8 before
autoclaved. After the necessary surface sterilization
processes, initial plant leaf explants were cut at the
size of 0.5-1.0 cm (Abbas et al., 2018; Sarmadi et al.,
2018) and placed on these medium combinations. Plant
growth regulator-free Gamborg B5 basal medium
(Gamborg B5-0) was used as a control medium. All
callus cultures were incubated at a growth chamber
having 24+2 °C temperature, 16 hours light and 8
hours dark photoperiod under 3000 p E.m=2.s1 light
intensity.

Differences between callus morphology were recorded
weekly intervals based on cultivars and media
combinations. In about 3-4 weeks, among all media
combinations, well-responded calli growths were
recorded on various media combinations for each
cultivar. Five sub-cultures were performed in the same
media combinations for each cultivar. Formed calli
were maintained and utilized for further steps of
experiments.

For fresh weights biomass yield of calli belonging to
cultivars, the harvested calli from each media
composition were measured and it was recorded as
fresh weights.

Establishment of cell suspension cultures

Calli developed from various media combinations as
stated above were used for initiating the cell
suspension cultures. Suspension cultures were
established for each cultivar by transferring 1.0 g fresh
weight of friable calli onto Gamborg B5 liquid medium;
(50 mL) within 250 mL capacity of Erlenmeyer flasks.
They were strengthened with several concentrations of
plant growth regulators depending on each cultivar’s
response as down stated and based on findings of
Ozsan and Onus, (2020Db).

For ‘Bayrampasa’ OP cultivar, (1) 1.0 mg L'1 BAP + 1.0
mg L1 NAA (medium no 18), (2) 0.1 mg L'* KIN + 1.0
mg L1 2,4-D (medium no 22), (3) 0.1 mg L1 KIN + 2.0
mg L1 2,4-D (medium no 23), (4) 1.0 mg L'* KIN + 1.0
mg L1 2,4-D (medium no 27), (5) 1.0 mg L'* KIN + 2.0
mg L1 2,4-D (medium no 28).

For ‘Sakiz’ OP cultivar, (1) 0.1 mg L' BAP + 1.0 mg L-
INAA (medium no 13), (2) 1.0 mg L1 BAP + 2.0 mg L
NAA (medium no 19), (3) 0.1 mg L1 KIN + 1.0 mg L'
2,4-D (medium no 22), (4) 0.5 mg L1 KIN + 1.0 mg L1
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2,4-D (medium no 25), (5) 1.0 mg L1 KIN + 1.0 mg L1
2,4-D (medium no 27), (6) 5.0 mg L' BAP + 5.0 mg L!
NAA (medium no 6).

For ‘Olympus’ F1 hybrid cultivar, (1) 1.0 mg L1 BAP +
2.0 mg L't NAA (medium no 19).

These media combinations were chosen for present
study because they were found to be highly effective on
callus formation with good enough amounts (Ozsan
and Onus, 2020Db).

All Erlenmeyer flasks were kept on an orbital rotary
shaker, at 130 rpm, in the growth chamber until full
suspension. Afterwards suspended cells were filtered
individually through 0.45 pm filters, washed out with
sterile distilled water, bare down gently on sterilized
filter paper to remove excess water, then weighed, and
subsequently, cells were sub-cultured in a fresh
medium. The stated process was repeated at the end of
each sub-culture with 12-days intervals. For
determining dry weights, cell suspension cultures were
subjected to the oven-dry process at 60 °C until
reaching the constant weights.

Preparation of elicitors’ concentrations and elicitation

Stock solution of methyl jasmonate (MedJa, Sigma) was
prepared by dissolving in 70% (v/v) ethanol. Distilled
pure water was used for further dilutions. Filter
sterilization with 0.22 um syringe filter (Millipore) was
conducted for final solution. Afterwards Meda at the
concentrations of 50 uM, 100 pM, and 200 pM with 3
different application durations (24h, 48h, and 72h)
were supplied to cell suspension cultures
(Krzyzanowska et al., 2012; Tanoori et al., 2015; Liu et
al., 2018).

Regarding chitosan application; preparation of stock
solution of chitosan from crab shells (Sigma) was
prepared by dissolving in 0.1 HCl by heating gently
and stirring continuously. The sterilization of the stock
solution was provided by autoclaving. After this
process, chitosan at the concentrations of 200 mg L1,
400 mg L1 and 800 mg L1 with 3 different application
durations (24h, 48h, and 72h) were supplied to cell
suspension cultures (Lim et al., 2013; Ahmed and Baig,
2014; Jiao et al., 2018). It was prepared 50% (v/v)
ethanol solution for both elicitor treatments’ control
media.

To see the effects of elicitors on bioactive compounds
first step is weighting up formed calli. To serve the
purpose calli weight was scaled at the end of each
application duration.

Reagents and solvents

For polyphenol analysis, evaluated chemicals were
high purity. Methanol, acetonitrile, acetic acid
(>99.5%) were purchased from Isolab; mono- and di-
caffeoylquinic acids were purchased as powder form
namely were 3- O-caffeoylquinic acid (>98%) and 1,5- O+
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dicaffeoylquinic acid (99%) (Toronto Research
Chemicals); 4-O-caffeoylquinic acid (99%), 5-OC
caffeoylquinic acid (99%), 1,3-O-dicaffeoylquinic acid
(99%) (Cayman Chemical). Other phenolics were
purchased by several firms, such as narirutin (99%),
luteolin (99%), apigenin (99%) and apigenin 7-O-
glucuronide (99%) (Cayman Chemical); p-coumaric
acid (>99%) and caffeic acid (>98%) (Sigma-Aldrich);
ferulic acid (99%) (J&K Scientific); luteolin 7-O
glucronide (87%) (Harbison Walker International). To
conduct HPLC analysis, the Millipore Mill-Q Direct Q-
3 ultrapure water system was used for ultrapure
water.

Extraction of bioactive compounds and HPLC analysis

The extraction procedure and HPLC analysis of each
bioactive compound were carried out as described in
Pandino et al., (2010) with a few modifications. Each
sample was grounded, weighed as 0.5+0.01 g, and then
extracted with 80% ethanol solution (5.0 mL). These
samples were vortex for 30 seconds and then kept
overnight in a shaker with 250 rpm. At the end of this
process, the samples were filtered with 0.45 pm PTFE
filter, centrifuged at 10000 rpm for 10 minutes, then
the supernatant was collected, 1 mL sample extract
transferred to 2 mL vials and injected to HPLC-DAD
instrument for bioactive compound analysis, the same
procedure was repeated twice.

The Agilent 1100 HPLC instrument with a quaternary
HPLC pump (G1311A), column oven (G1316A), auto
sampler (G1313A), degasser (G1379A) and diode array
detector (DAD) (G1315A) was used to conduct the
bioactive compound analysis. To achieve the
chromatographic separation of bioactive compounds,
the Agilent Hypersil ODS 250 mm x 4.6 mm I.D., 5 pm
particle size C18 column, operated at 28 °C, was used.

For the determination of bioactive compounds
quantitatively, the HPLC analysis method was
adapted from Pandino et al., (2010); mobile phases
were 5% acetic acid in water (mobile phase A) and
acetonitrile (mobile phase B) at a flow rate 1.0 mL/min,
the column oven temperature was 28 °C and the
injection volume was 20 pL. The gradient started with
10% mobile phase B to reach 20% percent at 5 minutes,
40% mobile phase B at 45-minute, 100% mobile phase
B at 55 minutes. HPLC-DAD chromatograms were
determined by the limits of detection (LOD) and
quantification (LOQ) values and the spectrum data
were collected at 310 nm, 330 nm, and 280 nm. Each
bioactive compound was identified based on the
retention time (RT) and wavelength (Amax).

Statistical analysis

The experiment was carried out as a completely
randomized factorial design with 3 replications. The
data were analyzed with the statistical program JMP
version 5.0.1 (SAS Institute Inc., Cary, NC, USA). It
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was performed ANOVA to determine the effects of
cultivars and sub-cultures on certain bioactive
components. Comparisons that obtained P < 0.05 were
considered statistically significant. Additionally,
correlation among all the obtained results was carried
out through multivariate methods with the statistical
program JMP version 5.0.1, with P < 0.05 as the
threshold.

RESULTS and DISCUSSIONS
Callus and suspension culture

When experimental results were analyzed for callus
and suspension culture, it was observed that each
cultivar responded differently to all media
combinations tested. Among the 29 callus induction
media combinations, the most suitable media
combinations for each cultivar were as down stated:

Five media combinations for Bayrampasa OP cultivar:
(1) 1.0 mg L' BAP + 1.0 mg L'* NAA (medium no 18),
(2) 0.1 mg L't KIN + 1.0 mg L! 2,4-D (medium no 22),
(3) 0.1 mg L't KIN + 2.0 mg L! 2,4-D (medium no 23),
(4) 1.0 mg L' KIN + 1.0 mg L! 2,4-D (medium no 27),
(5) 1.0 mg L' KIN + 2.0 mg L! 2,4-D (medium no 28).
Two media combinations (media no 22 and 23) among
5 stated media also increased biomass yield while
others caused to a decrease (Fig. 1).

Six media combinations for Sakiz OP cultivar: (1) 0.1
mg L't BAP + 1.0 mg L'* NAA (medium no 13), (2) 1.0
mg L't BAP + 2.0 mg L1 NAA (medium no 19), (3) 0.1
mg L' KIN + 1.0 mg L! 2,4-D (medium no 22), (4) 0.5
mg L't KIN + 1.0 mg L' 2,4-D (medium no 25), (5) 1.0
mg L't KIN + 1.0 mg L' 2,4-D (medium no 27), (6) 5.0
mg L1 BAP + 5.0 mg L' NAA (medium no 6). Biomass
yield got decreased in all media combinations (Fig. 1).

One medium combination for Olympus F:1 hybrid
cultivar: (1) 1.0 mg L't BAP + 2.0 mg L't NAA (medium
no 19). Unfortunately stated medium resulted with a
decrease for biomass yield during each sub-culture for
Olympus F1 hybrid cultivar (Fig.1). Therefore Olympus
F1 hybrid cultivar was omitted for rest of the study.

Within the scope of callus cell suspension culture
studies conducted under aseptic and controlled
conditions, it 1s known that callus cultures are affected
by many factors such as genotype, explant source, and
composition of media. Compared to callus culture, cell
suspension cultures require longer procedures but are
considered a good source of uniform cells that enable
scale production. Cell suspension cultures continue to
differentiate with a short growth cycle under
controlled conditions, thereby increasing the chances
of repetition within and between experiments (Ngara
et al., 2008; Abbas et al., 2018). Therefore, callus and
cell suspension cultures can be conducted quickly
using related in vitro culture techniques, and therefore
accumulation of valuable bioactive components is
enabled (Verpoorte et al., 2002; Abbas et al., 2018).
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Figure 1. Biomass yield belongs to globe artichoke cultivars based on media combinations and number of sub-

cultures

Sekil 1. Besi ortami kombinasyonlarina ve alt kiiltiir sayilarina gore enginar ¢esitlerine ait biyokiitle verimi

In many previous studies conducted on callus and
suspension culture in different crops, it has been
revealed that PGRs are so important factor for
callogenesis. It has been also reported that another
essential factor is that these PGRs should be added at
appropriate concentrations and combinations to
culture media (Ozsan and Onus, 2020b). It is possible
to say that the PGRs combination of kinetin + 2,4-D is
more effective than the BAP + NAA combination.
Besides PGRs combination, the results revealed that
concentrations of PGRs are also an essential factor for
triggering calli formation. For obtaining calli, balance
of auxinicytokinin concentration based on cultivars
was found to be important. It was observed that the
most inducing concentrations of auxin:cytokinin 1:1 or
10:1. Therefore, obtained results from the current
study were in accordance with previous studies (Ruta
et al., 2013; Joshaghani et al., 2014; Abbas et al., 2018;
Hesami and Daneshvar, 2018; Wani et al., 2018). If
a general evaluation is made based on the findings of
the present study, the accumulated bioactive
compounds and their amounts varied according to
cultivars and media combinations.

Elicitor treatments

Methyl jasmonate treatments belonging to
Bayrampasa OP cultivar ended with reducing on callus
weights and the maximum change was determined
when 200 uM Meda was applied for 24 hours. However,

the least loss of callus weight was detected in the
application of 200 pM Meda for 48 hours. When Meda
applications were evaluated in the Sakiz OP cultivar,
there was not as much loss in callus weights as in
Bayrampasa. However considering that most callus
fresh weight losses took place in control media, it
might be assumed that Meda application prevented
heavy callus weight loss for both cultivars.

Considering the results obtained in the observations
made after chitosan application, decreases in callus
fresh weights were noticeable in both cultivars.

Tanoori et al., (2015), who applied 200 pM Meda to
callus cultures, reported that with this application
dose maximum phenolic acid accumulation took place
and the increase rate was 3.96 times higher than the
control group. The same researchers also reported that
they achieved the highest flavonoid accumulation with
a 100 uM Meda application. Regarding chitosan
application Ahmad et al., (2019) reported that different
doses of chitosan applied to cell cultures in Linum
usitatissimum L. (flax) had a positive effect on total
phenolic accumulation, and the application increased
their antioxidant activity by 1.3 times more than the
control group. Since there was no increase on calli
weight for both cultivars after elicitor applications, it
was not possible to get enough amount of calli to see
the effect of elicitor treatments on bioactive component
contents. It is considered that cultivars may respond
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differently to each elicitor type, and it is thought that
the quality of elicitors, application doses and durations
important factors.

In a study conducted on strawberries, it was shown
that the production of anthocyanins and other
metabolites caused pectinase consumption in cell
cultures. Researchers concluded that there was a link
between the formation of cell clusters and bioactive
compounds (Edahiro and Seki, 2006). Therefore, the
view arises that cell size can regulate bioactive
compounds accumulation. Although no research was
conducted on cell sizes in the present study, it could be
speculated that Meda and chitosan elicitor
applications did not have any effect on the formation of
cell clusters in both artichoke cultivars.

Evaluating of bioactive metabolites

Results of HPLC analysis regarding Dbioactive
components revealed that there were statistically
significant differences among cultivars and media
combinations. Based on the results of the present
study it is possible to say that cultivars respond
differently to the content of media composition and the

content of each media composition have different
effects on different bioactive compound accumulation.
3-0
5-0

Regarding evaluated bioactive components,
caffeoylquinic acid, 4-O-caffeoylquinic acid,
caffeoylquinic acid, and 1,3-O-dicaffeoylquinic were
determined in both OP cultivars, while caffeic acid,
ferulic acid and luteolin 7- O-glucuronide were detected
in only Sakiz OP cultivar. Other bioactive components
were detected in neither Bayrampasa OP nor Sakiz OP
cultivars.

Accordingly, when suspension cultures of the
Bayrampasa OP cultivar were evaluated, two of the
important bioactive components namely, 3-O-
caffeoylquinic acid (227.43 mg kg?!), and 5 O
caffeoylquinic acid (106.42 mg kg'1), were detected in
the medium 27 (1.0 mg L'! kinetin + 1.0 mg L 2,4-D).
The other important bioactive components namely, 4-
O-caffeoylquinic acid (108.10 mg kg?!) and 1,3-OC
dicaffeoylquinic acid (5.92 mg kg'1), were the highest in
the medium 22 (0.1 mg L! kinetin + 1.0 mg L 2,4-D)
(Table 1).

Table 1. Bioactive compounds and their values for Bayrampasa OP cultivar based on media combination
Cizelge 1. Besi ortami1 bazinda Bayrampasa ¢esidi igin biyoaktif bilesenler ve degerleri

Media numbers

Bioactive compounds 1 (no 18) 2 (no 22) 3 (no 23) 4 (no 27) 5 (no 28)
3-0CQ 8.19d 117.56P 3.20¢ 227.432 20.40¢
LSD value 1.82

4-0CQ 0.0p 108.102 0.0b 0.0p 0.0b
LSD value 0.59

5-0-CQ 0.0d 0.0b 24.42¢ 106.422 38.44b
LSD value 1.64

1,3-0-diCQ 0.0p 5.92a 0.0b 0.0p 0.0p
LSD value 0.82

Different letters in the same column and row show that the mean difference is a statistically significant difference at P<0.05

level.

3-0-CQ: 3-O-caffeoylquinic acid, 4-0-CQ: 4-O-caffeoylquinic acid, 5-O-CQ: 5-O-caffeoylquinic acid, 1,3-0-diCQ: 1,3-O-

dicaffeoylquinic acid.

When the Sakiz OP cultivar was evaluated regarding
suspension cultures, the highest values of 3-O
caffeoylquinic acid (171.67 mg kg'1), 4- O-caffeoylquinic
acid (138.21 mg kg'1), 5- O-caffeoylquinic acid (12.99 mg
kg1), and caffeic acid (38.50 mg kg'!) were obtained in
the medium 13 (0.1 mg L'* BAP + 1.0 mg L't NAA). In
addition, the other important bioactive component 1,3-
O-dicaffeoylquinic acid (78.27 mg kg'!) was detected in
the medium 6 (5.0 mg L'1 BAP + 5.0 mg L't NAA). The
other important bioactive components namely, ferulic
acid (36.14 mg kg') and luteolin 7-O-glucuronide
(56.30 mg kg'!), were obtained in the medium 27 (1.0
mg L1 kinetin + 1.0 mg L' 2,4-D) (Table 2).

Regarding the media combinations media no 22 and 27
were common both for Bayrampagsa and Sakiz OP
cultivars. Results revealed that both cultivars
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responded differently to each media combination as 3-
O-caffeoylquinic acid, 4- O-caffeoylquinic acid, and 5- O
caffeoylquinic acid came into prominence in
Bayrampasa, while 1,3-O-dicaffeoylquinic acid,
luteolin 7- O-glucuronide, caffeic acid, ferulic acid were
determined at high amounts in Sakiz (Table 3).

The study conducted by Pandino et al., (2017) is
accepted as one of the first studies on the accumulation
of phytochemicals through cell suspension cultures in
artichoke, and therefore comparison in the literature
is limited. Pandino et al., (2017) reported that they
detected the highest accumulation of phenolic
substances on the 5t day of suspension culture in their
study in artichoke, and this amount decreased by
about 26% on the 10t day of culture. As a possible
cause of this situation, they showed that the cells were
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in the rapid growth phase in this process. Since there
was also a decrease on the level of bioactive compounds
at the end of the suspension culture studies in the

present study, the cells of callus suspension cultures
could be also at rapid growth phase, too.

Table 2. Bioactive compounds and their values for Sakiz OP cultivar based on media combination
Cizelge 2. Besi ortami1 bazinda Sakiz ¢esidi i¢in biyoaktif bilesenler ve degerleri

Media numbers

Bioactive compounds 1 (no 13) 2m019) 3(Mo22) 4(0o25) 5mo27 6106
3-0CQ 171.672 89.45Pb 78.17¢ 57.83de 56.06¢ 60.31¢
LSD value 2.88

4-0CQ 138.212 54.20d 67.34b 60.61¢ 29.35f 40.48¢e
LSD value 2.73

5-0-CQ 12.99a (0 (0 Ob Opb Opb
LSD value 0.31

1,3-0-diCQ 30.13¢ 0d 0d 0d 52.22Pb 78.272
LSD value 1.05

Caffeic acid 38.502 Oe 13.26¢ Qe 8.85d 21.76b
LSD value 0.84

Ferulic acid 12.41¢c 19.23b 0e 6.224d 36.142 0Oe
LSD value 0.75

Lut. 7-O-gluc. Oc 18.58P Oc Oc 56.302 Oc
LSD value 0.97

Different letters in the same column and row show that the mean difference is a statistically significant difference at P<0.05

level.

3-0-CQ: 3-O-caffeoylquinic acid, 4-0-CQ: 4-O-caffeoylquinic acid, 5-O-CQ: 5-O-caffeoylquinic acid, 1,3-0-diCQ: 1,3-O-
dicaffeoylquinic acid, Lut. 7- O-gluc.: luteolin 7- O-glucuronide.

Results from the current study revealed that
extractions originating from cell suspension cultures
had different bioactive compounds and the amount of
each compounds are found to be at a different level.
The reason for obtaining different bioactive compounds
at different amounts can be attributed to several
factors. For example Negrel and Javelle, (1995),
reported that this could be caused by defense responses
produced by enzymes acting on the cell wall, initiating
the biosynthesis of various metabolites even in the
same cell lines. It is argued that the production of
certain compounds in cell cultures may not occur
because their origin is undifferentiated cells, and as a
consequence these cells lack specific metabolites and
therefore require tissue-specific biosynthesis (Reis et
al., 2018).

CONCLUSION

The present study aimed to increase Dbioactive
components in three globe artichoke cultivars by using
callus cell suspension cultures in various media
combinations and by applying two elicitor treatments,
namely methyl jasmonate and chitosan, at 3 different
concentrations. The experimental results revealed that
the Bayrampasa OP and Sakiz OP cultivars reacted
differently from Olympus F1 hybrid cultivar, and they
were found to be more responsive to callus cell
suspension culture based on the results of HPLC-DAD
analysis. Regarding the media combinations media no
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22 and 27 were common both for Bayrampasa and
Sakiz OP cultivars. Results revealed that both
cultivars responded differently to each media
combination for different bioactive compounds.
Regarding elicitor treatments, after two elicitors
(MeJa and chitosan) application at different
concentrations and durations decreases in callus fresh
weights were noticeable in both cultivars. Although
there was no increase on levels of bioactive compounds,
it could not be obtained, it should be kept in mind that
genotype, type of elicitor applied, concentration and
duration are very important factors for elicitor
application. Therefore different kinds of elicitors,
application times, and concentrations should be used
and tested for different artichoke cultivars, assuming
that it is essential to pay attention to these factors for
of the studies and ensuring their optimization for
further artichoke callus cell suspension studies.
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Table 3. Comparison of bioactive compounds and their values for Bayrampasa and Sakiz OP cultivars based on
media combination
Cizelge 3. Besi ortami bazinda Bayrampasa ve Sakiz c¢esitlerinin biyoaktif bilesenler ve degerlerinin

karsilastirilmasi
3-0CQ Bayrampaga OP Sakiz OP .
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27) Mean values of media
Mean values of b a . d
cultivars x media 117.56 227.43 7817 56.06 Medium 1 = 97.86
Megn values of 179,508 67.11b Medium 2 = 141.752
cultivars
LSD values LSDmedia = 1.53 LSDcultivars = 1.53 LSDcultivars x media = 2.17
4-0-CQ Bayrampaga OP Sakiz OP .
Mean values of media

Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (IIO 27)
Mean  values of a b b . _
cultivars x media 0 106.42 0 0 Medium 1 = 0b
Mea:n values  of 53.91a ob Medium 2 = 53.212
cultivars
LSD values LSDmedia=1.13 LSDeuitivars = 1.13 LSDcuitivars x media = 1.60
5-0-CQ Bayrampaga OP Sakiz OP .

- Mean values of media
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27)
Mean  values — of ;, 106.422 ob 0b Medium 1 = 0
cultivars x media
Mean  values  of g, ob Medium 2 = 53.212
cultivars
LSD values LSDmedia = 1.06 LSDcultivars = 1.06 LSDcultivars x media = 1.50
1,3-0-diCQ Bayrampaga OP Sakiz OP .

3 Mean values of media
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27)
Mean — values — of o, 0c 0c 52.222 Medium 1 = 2.96
cultivars x media
Mean  values  of , o, 26.112 Medium 2 = 26.112
cultivars
LSD Values LSDmedia = 095 LSDculﬁvars = 0.95 LSDculﬁvars x media — 135
Calffeic acid Bayrampaga OP Sakiz OP .

- Mean values of media
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27)
Mean  values  of b . _
cultivars x media 0° 0 13.262 8.85 Medium 1 = 6.632
Megn values  of b 11.052 Medium 2 = 4.42b
cultivars
LSD Values LSDmedia = 030 LSDcultivars = 030 LSDcultivars x media — 043
Ferulic acid Bayrampaga OP Sakiz OP Mean values of media
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27)
Mean  values — of , op op 36.142 Medium 1 = 0
cultivars x media
Meqn values of ob 18.072 Medium 2 = 18.072
cultivars
LSD values LSDmedia = 0.49 LSDcutivars = 0.49 LSDcuitivars x media = 0.70
Lut. 7-O-gluc. Bayrampaga OP Sakiz OP .
Media numbers 1 (no 22) 2 (no 27) 1 (no 22) 2 (no 27) Mean values of media
Meat.n valueg of b b b 56.300 Medium 1 = 0b
cultivars x media
Mean  values  of 28.152 Medium 2 = 28.152
cultivars
LSD values LSDmedia = 0.76 LSDcuttivars = 0.76 LSDcuttivars x media = 1.07

Different letters in the same column and row show that the mean difference is a statistically significant difference at P<0.05

level.

3-0-CQ: 3-C-caffeoylquinic acid, 4-0-CQ: 4-O-caffeoylquinic acid, 5-O-CQ: 5-O-caffeoylquinic acid, 1,3-0-diCQ: 1,3-O+
dicaffeoylquinic acid, Lut. 7-O-gluc.: luteolin 7- O-glucuronide.
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OZET Bitki Koruma

Yozgat ili lahana tretim alanlarinda 2018-2019 vejetasyon

déneminde yumusak curtukluk hastalik etmenlerinin tanilanmasina Aragtirma Makalesi
yonelik survey c¢alismalari yapilmistir. Yaprak, gévde ve kok

kisimlarinda sulu-islak lezyonlar ve clriime belirtisi sergileyen Makale Tarihgesi
dokulardan bakteriyel etmeninin izolasyonu igin Crystal Violet Gelig Tarihi  :27.05.2021
Pectate (CVP) besi yeri kullanmilmistir. Farkh tarlalardan toplanan 24 Kabul Tarihi :08.07.2021

stpheli bitki 6rneginden CVP besi yerinde ¢ukur olusturan 16 adet
pektolitik izolat elde edilmistir. Seffaf, konveks ve kenarlar:1 krater
formda oldugu tespit edilen bakteriyel izolatlarin gram negatif,

Anahtar Kelimeler
Bakteriyel hastalik

fakiiltative anaerob, oksidaz negatif, katalaz pozitif, UV-1s1k altinda Yumusak ¢uriuklik
King B besi yerindeki kolonilerinin floresans parlama géstermedigi Pectobacterium
belirlenmigtir. Patates dilimlerinde ve lahana bitkilerinde yumusak Beyaz bas lahana
curiklik belirtilerine neden olan izolatlarin 37 °C’de gelisebildigi, Yozgat ili

%5’1ik NaCl igeren sivi besi yerinde tiirbidite olusturdugu ve tiitiin
yapraklarinda asiri duyarlihlk reaksiyonuna neden oldugu
belirlenmigtir. Elde edilen 16 izolat ile yapilan PCR analizlerde,
izolatlarin tamami Pectobacterium spp. i¢in spesifik Y1/Y2 primerleri
ile 434 bg, P. carotovorum subsp. carotovorum igin spesifik
EXPCCF/EXCPCCR primerleri ile ise 550 bg¢ biiyiikligiinde PCR
uruni olusturmustur. Yapilan biyokimyasal, fizyolojik, patojenite ve
molekiiler analizler sonucu test edilen 16 izolatin P. carotovorum
subsp. carotovorum oldugunu gostermigtir. Yapay inokulasyon
yapilan lahana bitkilerinde patojenik izolatlarin sulu-islak lezyonlar
seklinde  yumusak  ¢uruklik  Dbelirtilerine neden  oldugu
gozlemlenmistir. P. carotovorum subsp. carotovorum’un Yozgat ili
beyaz bag lahana tiretim alanlarinda yumusak ctrtklik hastaliginin
enfeksiyon kaynagi oldugu ilk kez bu ¢aligma ile tespit edilmigtir.

ABSTRACT

During the 2018-2019 vegetation period, survey was conducted to
identify soft rot disease agent in the white head cabbage production
areas of Yozgat. Crystal Violet Pectate (CVP) medium was used for
the isolation of bacterial agent from tissues showing watery-wet

Identification of Pectobacterium Isolates Causing Bacterial Soft Rot Disease in White Head Cabbage
Production Areas of Yozgat Province
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Y1/Y2 and EXPCCF/EXCPCCR primers which were recommended for
the identification of Pectobacterium spp, and P. carotovorum subsp.
carotovorum, respectively. Based on biochemical,
pathogenicity and molecular analysis, 16 isolates were identified as P.
carotovorum subsp. carotovorum. It has been also observed that all
pathogenic isolates caused signs of soft rot in the form of watery-wet
lesions in artificially inoculated cabbage plants. It was determined for
the first time with this study that P. carotovorum subsp. carotovorum
is the source of soft rot disease infection in the white head cabbage

production areas of Yozgat province.

physiological,
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GIRIS 1994). Bitki hiicrelerinde hiicre duvari ve orta lamel

Brassica oleracea grubu igerisinde 37 adet alt tir
bulunmaktadir. Bunlar arasindan beyaz bas lahana
(var. capitata L. f. alba) bitkisi giiniimiizde en cok
tiketilen lahana tipidir ve 90’dan fazla ulkede kultira
yapilan en oOnemli sebze turlerinden birisidir
(Nieuwhof, 1969). Diinya lahana iiretiminde Tiirkiye
778 bin ton lahana turetimi ile 15. sirada yer
almaktadir (Anoymous, 2018). Tiirkiye genelinde
lahana bitkisi tiretilen kiglik sebze tiirleri arasinda 10.
sirada yer almaktadir (Balkaya ve ark., 2017).
Turkiye’de 2020 yilinda en fazla lahana tretimi
129.310 ton ile Nigde ilinde yapilmakta olup bu ili
sirasiyla, 111.181 ton ile Samsun, 37.549 ton ile Bursa,
24.106 ton ile Mersin, 22.504 ton ile Izmir illeri takip
etmektedir (Anonim, 2020). Lahana tiretimini ve uzun
donem muhafazasimi kisitlayan bircok hastalik
mevcuttur (Maskell ve ark. 1999). Lahana bitkilerinde
hastaliklara neden olan baglica bakteriyel hastalik
etmenlerinin  Pectobacterium sp., Pseudomonas
syringae pv. maculicola, P. marginalis, Xanthomonas
campestris pv. campestris  oldugu bildirilmigtir
(Rimmer ve ark., 2007).

Pectobacterium spp.nin neden oldugu yumusak
curiklik hastaligi lahana tiretiminde verim ve kalite
kayiplarina yol acan en énemli bakteriyel hastaliklar
arasindadir (Hauben ark., 1998; Gardan ve ark., 2003;
Popovic ve ark., 2019). Yumusak ciiriikliik hastaliginin
kiiresel olarak sebze, meyve ve siis bitkilerinde
toplamda % 30 drin kaybina neden oldugu
bildirilmektedir (Toth ve ark., 2011; Charkowski,
2015; Charkowski, 2018). Pectobacterium spp.,
oldukca genis bir cografyada monokotiledon ve
dikotiledon bitkilerde enfeksiyona neden olmaktadir.
Diinyanin bir¢ok yerinde basta patates olmak tizere
farkli konukgu bitkilerde yaygin olarak rapor edilen
patojenik izolatlara sahiptir (Duarte ve ark., 2004; Ma
ve ark., 2007; Marquez-Villavicencio ve ark., 2011;
Mansfield ve ark., 2012;). Pectobacterium izolatlarinin
en 6nemli virtiilenslik faktori, bitki hiicre duvar eriten
pektolitik enzimlere sahip olmasidir (Barras ve ark.,
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bilegseni olan pektini parcalayarak substrat olarak
kullanan bakteriler konuk¢u doku entegrasyonunun
bozulmasi1 ve hiicre igeriklerinin digari salinmasina
neden olmaktadir. Sizint1 daha sonra bir¢ok saprofitik
mikroorganizmanin saldirisiyla agir bir c¢lurik koku
olusumuna davetiye cikarmaktadir (Barras ve ark.,
1994; Perombelon, 2002).

Cevresel faktorlerden sicaklik, Pectobacterium
turlerinin dagilimi ve epidemiyolojisinde en belirleyici
faktordiir (Perombelon ve Kelman, 1980; Perembelon,
2002). Avrupa kitas1 gibi 1liman bélgelerde P.
atrosepticum (Syn. E. carotovora subsp. atroseptica)
patojeni 20-22 °C sicaklik degerlerindeki daha fazla
oranda enfeksiyon olusturur ve konukc¢u olarak en
fazla patates bitkisinde olmakla birlikte sinirh sayida
da olsa biber (Stommel ve ark., 1996), aycicegi (Bastas
ve ark., 2009) ve kala (Popovic ve ark., 2017)
bitkilerinde de hastaliga neden oldugu
bildirilmektedir (Marquez-Villavicencio ve ark., 2011).
Daha sicak bélgelerde (liman-subtropik) ise P
carotovorum subsp. carotovorum (Syn. Erwinia
carotovora subsp. carotovora) enfeksiyonlarinin fazla
oranda oldugu bilinmektedir (Czajkowski ve ark.,
2011; Czajkowski ve ark., 2015). P. carotovorum subsp.
carotovorum etmeni diinya genelinde en patojenik tir
olarak  gosterilmektedir. 25 °C  civarindaki
sicakliklarda iliman ve yar1 - tropik bolgelerde marul,
sarimsak, tath biber, patlican, bamya, lahana,
hindiba, kabak, seker pancari, domates, biber, salgam,
havug, hiyar, kereviz, sogan, tiitin ve dut gibi
konukcularda ekonomik kayiplara neden olur (Peltzer
ve Sivasithamparam, 1985; Waleron ve ark., 2002;
Perombelon, 2002; Gardan ve ark., 2003; Fiori ve
Schiaffino, 2004; Mahmoudi ve ark., 2007; Xia ve Mo,
2007; Golkhandan ve ark., 2013; Cariddi ve Sanzani,
2013; Dees ve ark., 2017; Zaczek-Moczydlowska ve
ark., 2019). P. carotovorum subsp. carotovorum
etmeninin daha genis cografi dagilima ve konukgu
araligina sahip olmas1 izolatlar arasinda genetik
gesitliliginin  fazla olmasindan dolayr tahmin
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edilmektedir. (Toth ve ark., 2003).

Turkiye genelinde Pectobacterium tirleri bir dizi
konukgu kiiltiir bitkisi tizerinde rapor edilmigtir. En
erken tani calismalari Benlioglu (1991) tarafindan
patates  orneklerinde P  carotovorum  subsp.
carotovorum ve P. atrosepticum patojenlerinin
varhigimn bildirilmesi ile baglamistir (Benlioglu ve
ark., 1991). Cetinkaya-Yildiz ve ark. (2004) Dogu
Akdeniz Bolgesi'nde Dieffeanbachia amoena
bitkilerinde P. carotovorum etmenini, Aysan ve ark.
(2004) Mersin ve Hatay illeri domates seralarinda P,
carotovorum ve Dickeya spp. (E. chrsanthemi)
izolatlarinin yumusgak c¢lriklige neden oldugunu
bildirmislerdir. Boyraz ve ark. (2006) Konya ili lale
uretim alanlarinda P. carotovorum’u, Bastas ve ark.
(2009) Konya ili aycicegi tiretim alanlarinda P,
atrosepticuniu, Ozturk (2016) Yozgat ili patates
iiretim alanlarinda P. parmentierryi, Ozturk (2017)
Orta Karadeniz bolgesi patates tiretim alanlarinda P.
carotovorum subsp. carotovorum, P. carotovorum
subsp. brasiliense, P. parmentierive P. atrosepticunru
karabacak ve yumusak clriklik hastaligr etmenleri
olarak belirlemistir. Dadagoglu ve Kotan (2017), P.
carotovorum subsp. atrosepticum’un c¢ilek, dut,
maydonoz, lahana, patates, biber ve patlicanda, D.
chrysanthemr/nin sogan, biber ve maydonozda
yumusak curiiklige neden oldugunu belirlemislerdir.
P. carotovorum subsp. carotovorum etmeni ayrica
Aydin ili enginar tiretim alanlarinda (Ustiin ve Arslan,
2016), Samsun ili beyaz bag lahana iiretim alanlarinda
(Aksoy ve ark., 2017a), Mersin ili muz iiretim
alanlarinda (Basim ve ark., 2019) hastaliga neden olan
patojen olarak bildirilmistir. Ozturk ve ark. (2019),
Yozgat ili seker pancar1 Uretim alanlarinda ZP.
betavasculorum’un vaskiiller nekroz ve yumru
c¢uriklik enfeksiyonlarina neden oldugunu rapor
etmiglerdir. Son yillarda toplam 540 dekar alanda
1.280 ton beyaz bas lahana lretiminin gergeklestigi
Yozgat ilinde (Anonim, 2020), artan ekim alanlar ile
birlikte lahanalarda bakteriyel ve fungal hastaliklarla

iligikli  sikayetlerde artigslar kayit edilmeye
baglanmisgtir.
Yozgat iline ait ilge ve kdylerde yuritilen bu

calismada, beyaz bag lahana tretiminin gercgeklestigi
tarlalarda yumusak c¢uriuklik belirtileri gosteren
bitkilerden bakteriyel hastalik etmeninin izolasyonu,
biyokimyasal, fizyolojik, patojenisite ve molekiiler
analizlerle tanilanmas1 amaglanmigtar.

MATERYAL ve METOT
Bitki Ornekleri ve Bakteriyel Izolasyon

2018-2019 yillar1 Eylil-Kasim aylarinda Yozgat iline
bagli Sorgun, Sarikaya ve Merkez il¢elerinde yapilan
sorveylerde, yapraklarda kloroz, sulu-islak nekrotik
leke, yaprak ana damar, gévde, kok dokularinda
kahverengileserek ilerleyen zamanla sulu-islak hale
gelen ve yumusama Dbelirtileri gosteren lahana
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bitkileri toplanmistir. Simptomatik dokular % 1'lik
sodyum hipoklorit (NaOCI) ile 2-3 dakika siireyle
yuzeysel dezenfeksiyonu yapildiktan sonra izolasyon
icin bitki dokulari 1-3 cm buytkliginde kesitlere
ayrilmisg, %70 etil alkolde 1 dakika sureyle bekletilen
ornekler t¢ kez steril suda durulandiktan sonra
fizyolojik serum (% 0.85'lik NaCl ¢ozeltisi) iceren steril
ekstraksiyon torbalarina konulup stispansiyonlar elde
edilmistir (Kara ve ark., 2020). Elde edilen
stispansiyonlardan steril o6ze yardimiyla alinan
érnekler, Crystal Violet Pectate Medium (CVP) besi
yerine ekimi yapilmistir (Helias ve ark., 2012).
Pectobacterium spp. ait izolatlar 24-72 saat 26 °C'de
inkiibasyon sonucunda besi yerinde ¢ukur olusumu

seklinde  morfolojik  goériinimlic  kolonilerinden
Nutrient Agar (NA) besi yerine saflastirmalar:
yapilmistir.

Patateste Pektolitik Aktivite Testi

NA besi yerine saflagtirilan pektolitik aktiviteye sahip
bakteriyel izolatlarin belirlenmesi amaciyla patates
dilimlerinde (cv. Marabel) pektolitik aktivite testi
uygulanmigtir. Saghikli patates yumrulari % 51k
sodyum hipokloritte 10 dakika bekletilerek ytizeyleri
dezenfekte edilmistir. Daha sonra kabuklar: soyularak
dezenfekte edilen yumrular yaklagtk 20 mm
dilimlenerek icerisinde steril nemli kagitlar iceren
steril petri kaplarina yerlestirilmistir. Patates
dilimlerinin  ylizeylerine 24  saatlik  bakteri
kultirlerinden steril kirdan ile alinan bakteri
hiicreleri bulastirilmis, petriler 26+2°C’de
inkiibasyona birakilmigtir. Inkiibasyondan 24-72 saat
sonra inokulasyon noktalarinda maserasyon seklinde
gorulen yumusak curiklik olusumu pozitif olarak
degerlendirilmistir (Bozkurt ve Soylu, 2019). Pozitif
kontrol olarak referans kiltiir P. carotovorum subsp.
carotovorum A8G4, negatif kontrol olarak steril saf su
kullanilmigtir. Patates dilimlerinde pektolitik aktivite
gosteren seffaf renkte ve kenarlari krater koloni
morfolojisine sahip 16 farkli izolat morfolojik,
biyokimyasal, patojenisite ve molekiler analizler i¢in
% 40’k steril glyserol igerisinde -20 °C'de muhafaza
edilmistir (Lojkowska ve ark., 1995).

Lahana Bitkilerinde Patojenisite Testleri

NA besi yerinde gelistirilen 24-48 saatlik kilttrlerin
kolonileri steril kiirdan yardimiyla alinarak 4 haftalik
lahana  bitkilerinin  gévdesine  bulastirilmigtir.
Inokulasyon bélgesi parafilm ile kaplanmigtir. Bitkiler
16:8 saat (aydinhik:karanlhk) fotoperiyoda sahip
yetistirme odasinda sirasiyla 25°C (16 saat) ve 18°C (8
saat) inkiibasyona birakilmis, inokulasyon bélgesinde
5-7 giin sonra olusan 1slak-sulu doku lezyonlarinin
olugsumu incelenmistir (Caruso ve ark., 2016).

Biyokimyasal ve Fizyolojik Testler

Potasyum hidroksit (KOH), oksidaz, katalaz,
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oksidatif/fermantatif (O/F), arjinin dehidrolaz,
floresan parlama, 37 °C de gelisebilme, % 5 NaCl
iceren LB (Luria broth) besi yerinde tiirbidite
olusturma ve titinde asir1 duyarlihk testleri
acisindan 16 farkl izolat degerlendirilmistir (Lelliot ve
Stead, 1987; Schaad ve ark., 2001).

Tutiinde Agir1 Duyarlilhik Testi

NA besi yerinde gelistirilen 24 ¢’lik kiltirlerin
konsantrasyonlar1 108 CFU ml?'ye ayarlandiktan
sonra elde edilen slspansiyonlardan enjektor
yardimiyla tiitiin (Nicotina tabacum kv. bentamiana)
yapraklarinin damarlar1 arasina enjekte edilmigtir.
Asir1 duyarhlik olusturan izolatlar HR pozitif (+),
olusturmayanlar ise HR negatif (-) olarak
degerlendirilmistir. Kontrol bitkilerine Pozitif kontrol
olarak Pseudomonas syringae pv. phaseolicola Psp12,
negatif kontrol olarak steril saf su uygulanmigtir
(Soylu ve ark., 2020).

PCR Teknigi ile

Pectobacterium T1zolatlariin

Molekiiler Tanis1

NA besi ortaminda 24-48 saatlik streyle gelistirilen
bakteriyel kolonilerin PCR ile tanisinda Cizelge 1.’de
belirtilen primer oligontkleotidleri kullanmilmagtir.
Bakteriyel koloniler LB (Luria broth) besi yerinde
26°C‘de 48 saat orbital calkalayicida gelistirilmistir.

Genomik DNA izolasyonu Genomik DNA prifikasyon
kiti (Katalog numarasi: K0721, ThermoFisher firmasi
GeneJET)  kullanmilarak  yapilmistir.  Nanodrop
cihazindan elde edilen DNA miktar tayinine goére
orneklerin DNA’lar1 10 ng pl! final konsantrasyon
olacak sekilde hazirlanarak DNA o6rnekleri -20 °C’de
saklanmigtir. PCR karigimi, 10 ul 2x master mix
(Bioline my Tagq, Ingiltere), 1 pl forward primer (10
pmol), 1 ul reverse primer (10 pmol), 7 pl steril distile
saf su ve 1 ul DNA olacak sekilde hazirlanmigtir.
Thermocycler cihaz1 PCR dongi islemleri, Touchdown
(kademeli sicaklik diigiirme) programina gore
yapilmistir. Buna gére, 95 °C’de 4 (dak.), ilk 10 déngii;
94 °C’de 30 (s), 65-56 °C‘de 30 (s) (her dongiide 1°C
azalir), 72°C'de 1 (dak.), 72°C’de 5 (dak. seklinde
ayarlanarak ilaveten 24 dongi sabit 56°C‘de ayni
parametreleri kullanarak uygulanmistir (Aksoy ve
ark., 2017b). PCR iiriinleri agaroz jele (% 1)
yuklenerek 100 voltluk elektrik akiminda 30 dakika
stireyle kosturulmus ve UV 1sin  altinda
goriintiilenerek cogaltilan DNA fragmentlerinin
boyutlar1  referans markor (G-BIOSCIENCE
DNAmark 100 bp ladder) boyutlarina gére
belirlenmistir (Sambrook ve ark., 1989). Referans
kultir olarak P. carotovorum subsp. carotovorum
A8G4, P. carotovorum subsp. brasiliense VK22G8 ve P.
atrosepticum CA2GS izolatlar1 kullamilmigtir (Ozturk
ve ark., 2018).

Cizelge 1. Enfekteli lahana 6rneklerinden izole edilen Pectobacterium izolatlarin molekiler tanisinda kullanilan primerler ve

oligontiikleotid dizinleri

Table 1. Primers and sequences of oligonucleotides used for molecular identifications of bacterial strains obtained from infected

samples ]
Tiir/Alt tiir Primer Sekans 5'—3 g)z;m Boyutu Kaynakga
. Y1 TTACCGGACGCCGAGCTGTGGCGT Darrasse ve ark.
Pectobacterium spp. 434 (1994)
Ye CAGGAAGATGTCGTTATCGCGAGT
P atn tieum Y5 TCACCGGACGCCGAACTGTGGCGT 439 Frechon ve ark.
- atroseptict Yas TCGCCAACGTTCAGCAGAACAAGT (1998)
EXPCCF | GAACTTCGCACCGCCGACCTTCTA
£, carotovorum  subsp. 550 Kang ve ark. (2003)
carotovorum
EXPCCR | GCCGTAATTGCCTACCTGCTTAAG
BR1f GCGTGCCGGGTTTATGACCT
P.carotovorum subsp. 399 Duarte ve ark.
brasiliense Lir CA(A/G)GGCATCCACCGT (2004)
BULGULAR ve TARTISMA tespit edildigi arazilerde bulunan lahana bitkilerinde;

Hastalik Etmeninin Izolasyonu, Biyokimyasal ve
Fizyolojik Testler

Yozgat ilinin lahana yetigtiriciliginin yapildig:
Sorgun’da 12, Sarikaya’da 6 ve Merkez ilgesinde 8
olmak tuzere toplam 26 farklh lahana tarlasindaki
bitkiler giidiimlii olarak hastalik agisindan incelenmisg
olup, Sorgun’da 10, Sarikaya’da 6 ve Merkez ilgesinde
8 olmak tlizere toplam 24 tarladan her tarlay: temsilen
stipheli 6rnekler alinmigtir. Hastalik belirtilerinin
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yaprak ve yaprak saplarinda sulu lezyonlar,
lezyonlarin daha fazla ilerledigi dokularda sulu-islak
lezyonlarin bulundugu dokularin kahverengi-siyah
renk alarak yumusama gosterdigi, doku
entegrasyonunun zayifladig1 bitkilerde agir ¢irik
koku olusumu gézlemlenmistir (Sekil 1A,B). Popovic
ve ark. (2019)’da belirtildigi gibi, farklh tarlalardan
toplanan yumusak c¢iriklik belirtisi gosteren 24
siipheli lahana (Sekil 1C) dokularindan CVP besi
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yerine yapilan izolasyonlarda c¢ok sayida bakterinin
gelistigl gozlemlenmigtir. Daha oOnceden bildirildigi
gibi (Helias ve ark., 2012) lahana dokularinda izole
edilen pektolitik koloniler CVP besi yerinde pektat
kaynagini pargalayarak bulunduklari bélgelerde

¢ukur olugsumuna neden olmus, sonucta pektolitik
izolatlarin diger bakteriyel kolonilere gore CVP besi
yerinde daha dominant oldugu (Popovic ve ark., 2019)
gozlemlenmistir (Sekil 1D). Tiim izolatlarin patates

dilimlerinde 24 saat sonra yapilan gé6zlemlerde
pektolitik  aktivite  gosterdigi  ve  dokularda
yumusamalara  (maserasyona) neden  oldugu
belirlenmistir (Aksoy ve ark., 2017a). Oskiera ve ark.
(2017)’de bildirildigi iizere, pektolitik aktivite gosteren
24 izolat arasinda 16 pektolitik izolatin NA besi
yerinde gelisen kolonilerinin geffaf, konveks ve
kenarlar1 krater formda oldugu belirlenmistir (Sekil
1E.) (Benlioglu, 1991; Ozturk ve ark., 2018).

Sekil 1. A. Gozlemlerin yapildig1 alanlardaki lahana bitkilerinci;:éspdﬂen yumusak ciiriikliik (ok) belirtileri,

B. Enfekteli bitkide kok bélgesine kadar ilerlemis siddetli yumusak ciiriikliik (ok). C. Pectobacterium spp.

kaynakl enfekteli kék dokusu (ok), D. Pektat besin kaynagini kullanan pektolitik izolatlarinin CVP besi
yerinde cukur olusturmasi (ok), E. NA besi yerinde Pectobacterium izolatinin 5 giinliik kolonileri

Figure 1. (A) Typical soft rot symptoms (arrow) observed on cabbage plants in inspected fields. (B) Severe soft rot

that has advanced to the root area of the infected plant (arrow). (C) Pectobacterium spp. originated

infected root tissue (arrow). (D) Cavitiy formation (arrow) formed by pectolytic bacterial isolates using

pectate nutrient source on CVP nutrient media . (E) Growth of Pectobacterium isolates on NA medium

after 5 days.

CVP besi yerinde ve patates dilimlerinde pektolitik
aktiviteye sahip oldugu Dbelirlenen izolatlarin,
potasyum hidroksit (KOH) testine gére gram negatif
oldugu belirlenmigtir. Oksidaz ve arjinin dehidrolaz
testlerinde negatif, katalaz testinde pozitif reaksiyon
gosteren fakultatif anaerob karakterdeki izolatlarin
King B besi yerindeki kultiirlerinin UV 1g1k altinda
floresan  parlama  gostermedigi  belirlenmisgtir.
Izolatlarin 37 °C de gelisebildigi, % 5 NaCl iceren LB
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(Luria broth) besi yerinde tiirbidite olusturdugu ve
tutin yapraklarinda asiri duyarhilik reaksiyonuna
neden oldugu belirlenmistir (Lelliot ve Stead, 1987;
Schaad ve ark., 2001). Lee ve ark. (2019) belirtildigi
uzere, yumusak curiklige neden olan bakteriyel
etmenler Bacillus, Pseudomonas, Pectobacterium ve
Xanthomonas spp. olarak bildirilmektedir (Aksoy ve
ark., 2017a; Charkowski, 2018; Lee ve ark., 2019).
Pectobacterium izolatlarinin patates yumru
dilimlerinde daha bagarili maserasyona neden oldugu
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ve pektolitik aktiviteye neden olan enzimlerin daha
fazla oranda iretildigi bildirilmektedir (Marin-
Rodriguezve ark., 2002).

Bakteri Izolatlarinin PCR Teknigi ile Molekiiler
Tanilamasi

Izolatlarin molekiiler tanisinda Pectobacterium spp.
izolatlarinin cins dizeyinde tanilanmasinmi saglayan
Y1/Y2 primer ¢ifti kullanmilarak 434 b¢ buyukluginde
PCR amplikonu cogaltilmigtir (Darrasse ve ark., 1994).
Brassicaceae bitkileri tizerinde P. carotovorum subsp.
carotovorum patojeninin, P. carotovorum subsp.
brasiliense ve P. carotovorum subsp. oderiferum
patojenlerinden daha yaygin enfeksiyon kaynagi
olarak rapor edildigi bilinmektedir (Arsenuevic ve
Obradovic, 1996; Bhat ve ark., 2010; Nazerian ve ark.,
2011; Waleron ve ark., 2015). Pectobacterium

izolatlarinin tiir/alt tir tanmisi i¢in kullanilan primer

oligoniiklotidleri ile yapilan PCR analizlerinde (De
Boer ve ark., 2012) referans P. carotovorum subsp.

carotovorum  A8G4  izolat1 1ile 16 lahana
Pectobacterium izolatinin EXPCCF/EXPCCR
primerleri (Kang ve ark., 2003) ile 550 bg

biiytiikliginde PCR irina olusturdugu belirlenmigtir
(Sekil 2). Diger yandan, P. carotovorum subsp.
brasiliense VK22G8 ve P. atrosepticum CA2G8
izolatlarinin ayni primerle yapilan PCR
calismalarinda s0z konusu PCR Urinini
olusturmadig1 tespit edilmistir (Sekil 2). Tirkiye
genelinde yetistiriciligi yapilan basta patates olmak
iizere bircok yumrulu ve yaprag tiiketilen (etli
yaprakll) sebzelerde yumusak c¢iiriikliikk hastaligina
neden olan bakteri izolatlar1 arasindan en yaygin
bakteriyel tirin P. carotovorum subsp. carotovorum
oldugu bildirilmistir (Benlioglu, 1991; Oztiirk, 2017).

Sekil 2. Lahana yumusak ciiriikliik izolatlarimin EXPCCF/EXPCCR primerleri ile 550 b¢ PCR {iriinii (ok) olusturmasi (*1=Pec
A8G4, 2=BRY1, 3=BRY2, 4=BRY3, 5=BRY4, 6=BRY5, 7=Pba CA2G8, M=Molekiiler DNA marker, 8=BRY6, 9=BRY7,
10=BRYS, 11= BRYY, 12=Pcbr VK22G8, 13= BRY9,14=Kontrol, su)

Figure 2. Typical 550 bp PCR product (arrow) generated by cabbage soft rot bacterial isolates using EXPCCF/EXPCCR primer

pairs. (*1=Pec A8G4, 2=BRY1, 5=BRYZ2, 4=BRY3, 6=BRY4, 6=BRY5, 7=Pbha (A2GS8, M=Molecular DNA marker,
8=BRY6, 9=BRY7, 10=BRYS, 11= BRY9, 12=Pcbr VK22G8, 13= BRY9, 14=Control, water)

P. carotovorum subsp. brasiliense VK22G8 ve P.
atrosepticum CA2G8 1zolatlarinin P. carotovorum
subsp. brasiliense izolatlarina spesifik Brlf/Llr
(Duarte ve ark., 2004) ve P. atrosepticum izolatlarina
spesifik  Y45/Y46 primerleri ile beklenen PCR
iriinlerini (322 ve 439 bc, swrasiyla) olusturdugu,
EXPCCF/EXPCCR primerlerine gore pozitif oldugu
belirlenen lahana izolatlarinin ise Br1f/L1r ve Y45/Y46
primerleriyle negatif reaksiyon gosterdigi
belirlenmistir (Dees ve ark., 2017; Oztiirk, 2017;
Ozturk ve ark., 2018).

Lahana Bitkilerinde Patojenisite Testi

Molekiiler tanis1 yapilan izolatlarin konukgu bitki
izerinde yapilan patojenisite testinden 5-7 giin sonra
govdede sulu 1slak dokularin olustugu ayrica
inokulasyon bélgesine en yakin noktada yer alan
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yapraklarin kenarlarinda haglanma ile baslayip daha
sonrasinda kurumalarin meydana geldigi Alvarado ve
ark. (2011)’de belirtildigi gibi gézlemlenmistir. Lahana
bitkilerinde patojenitesi yapilan izolatlar inokulasyon
noktalarindan tekrar izole edilmis ve yapilan
biyokimyasal, fizyolojik ve molekiiler testlerde re-
izolatlarin orijinal izolatlar1 ile aym reaksiyonlari
verdigi tespit edilmisgtir.

SONUC ve ONERILER

Sonuc¢ olarak, Yozgat ili lahana tiretim alanlarinda
Pectobacterium spp.’de yer alan pektolitik izolatlardan
kaynakli yumusak ¢iirtikliik hastalig tespit edilmigtir.
Hastalikli dokulardan elde edilen Pectobacterium
izolatlar1 ile yapilan biyokimyasal, fizyolojik,
patojenisite ve PCR ile molekiiler tan1 c¢alismalari
sonucunda 16 1zolatin P. carotovorum subsp.
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carotovorum oldugu belirlenmigtir. P. carotovorum
subsp. carotovorum izolatlarinin tamami cins ve tur
diizeyinde tanilanmalarina olanak saglayan Y1/Y2 ve
EXPCCF/R primeri ile sirasiyla 434 ve 550 b¢ PCR
irini olusturmustur. Elde edilen izolatlarin lahana
bitkilerinde patojenik oldugu konuk¢u bitkiler
izerinde yapilan patojenite testleri ve inokulasyon
noktalarindan tekrar yapilan geri izolasyonlari
neticesinde anlagilmigtir. Hastaligin miicadelesinde
etkin bir kimyasal bulunmamaktadir. Etmen genis
konukgu araliginda enfeksiyona neden oldugu igin
patojenin izole edildigi alanlarda konukg¢usu olmayan
bitkiler ile Giretiminin yapilmasi 6nem arz etmektedir.
Hastaliktan ari, sertifikali tiretim materyali kullanimi
ve patojen ile enfekteli bitkilerde etmenin erken
dénemlerde bitki dokusunda daha fazla ¢ogalmasim
onlemek amaciyla patojenin erken teshis edilerek
baskilanmasina yoénelik uygulamalarin yapilmasi
sayesinde hastalik siddetinin daha fazla
gorulmemesine 6nem verilmelidir.
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OZET

Depolanmig baklagillerde kayiplara yol agan zararhlara karsi
micadelede sentetik organik insektisitlere alternatif kimyasallar
belirlemek amaciyla, biberiye (Rosmarinus officinalis L.) ucucu
yagiin Callosobruchus maculatus (F.) (Coleoptera: Chrysomelidae)
erginlerine toksik etkisi ve disilerin yumurta birakmasini engelleme
etkisi laboratuvar kosullarinda test edilmistir. Ayrica disilerin
yumurta birakma tercihine etkisi de Free-choice (serbest-secenekli)
testi ile belirlenmigtir. Tim denemelerde biberiye ug¢ucu yaginin %
0.0125, 0.025, 0.05, 0.1 (w/w) olmak iizere 4 farkli konsantrasyonu
kullanmis olup, puskirtme seklinde uygulanmigtir. Toksisite
denemesinin sonucunda erginlerde LCso degeri 24 saat sonunda %
0.368; 48 saat sonunda ise % 0.148 olarak belirlenmistir. Biberiye
ucucu yagimin konsantrasyonu arttik¢a disilerin daha az yumurta
biraktigi goézlenmis ve en yiiksek konsantrasyonda yumurta
birakmay1 engelleme oranmi %19.11 olarak belirlenmigtir. Yumurta
birakma tercihi denemelerinde ise biberiye ugucu yaginin
konsantrasyonu arttikgca birakilan yumurta sayisinin azaldigi
belirlenmigtir. Elde edilen bu veriler, C. maculatusun miicadelesinde
biberiye ugucu yaginin kimyasal miicadeleye alternatif olabilecek
bilesiklerin  gelistirmesinde veri kaynagi olusturabilecegini
gostermigtir.

ABSTRACT

Rosemary essential oil was tested the toxicity and oviposition
deterrent activity against Callosobruchus maculatus (F.) (Coleoptera:
Chrysomelidae) under laboratory conditions, in order to determine
alternative chemicals to synthetic organic insecticides in the
protection of stored grains against insect pests. The effect on egg
laying preference of females was also determined by Free-choice test.
Four different concentrations of rosemary essential oil as 0.0125,
0.025, 0.05, 0.1 (w/w) were used in all toxicity experiments in which
spraying technique was applied. As a result of toxicity experiment,
LCso0 value for adults was determined as 0.368% and 0.148% after 24
and 48 hours of exposure, respectively. It was observed that as the
concentration of rosemary essential oil was increased, females laid
less eggs and at the highest concentration of 0.1%, oviposition
deterrent rate was determined as 19.11%. As a result of egg laying
preference experiment, it was found that as the concentrations of
rosemary essential oil were increased, the number of laid eggs
decreased. Data obtained from this study showed that rosemary
essential oil can serve as a potential source of compounds that can be
developed and used as an alternative to chemical control of C.
maculatus.
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GIRIS kars1 kaciric (repellent) (Hori, 1998; Koschier ve Sedy,

Baklagiller tim diinyada insan beslenmesinde 6nemli
bir protein kaynagidir. Karbonhidrat orami ylksek,
yag orani diigik ve oldukca besleyicidir. Diinya ve
Turkiye’'de tarla bitkileri tiretimi yapilan alanlarda ilk
siray1 tahillar alirken bunu yemeklik dane baklagiller
izlemektedir  (Giliimser, 2016). Bu acidan
bakildiginda yemeklik dane baklagiller Tirkiye ve
diinya i¢in olduk¢a 6nemli bir yere sahiptir.

Baklagil tohum béceklerinden olan Callosobruchus
maculatus (Fabricius, 1775) (Coleoptera:
Chrysomelidae) hem tarlada baklalar1 hem de
depodaki tohumlar: istila eden 6nemli bir baklagil
zararhisidir (Baidoo ve ark., 2010). Larvalarin zarar
verdigi tohumlarda c¢imlenme goriilmez ve insan
tiikketimi icin uygun degildir (Rahman ve Talukder,
2006). Depodaki bulasmalarda 3-4 ay icinde zarar
orani %50’ nin tizerine ¢ikabilir (Baidoo ve ark., 2010).

Depo zararhlarindan dolayr meydana gelen zarari en
aza indirmek i¢in yaygin olarak kimyasal uygulamalar

yapilmaktadir. Kimyasal miicadelede kullanilan
kimyasal maddeler biraktigi kalintilar nedeniyle,
insanlar ve c¢evre Uzerinde cesitli tehlikeleri

beraberinde getirmigtir. Ayrica bu kimyasallarin
stirekli kullanimi1 nedeniyle zararhida dayaniklilik
problemi  ortaya  c¢ikarmakta  ve miicadele
zorlagmaktadir. Tim bu olumsuzluklardan dolay1 C.
maculatus un micadelesinde sentetik organik bécek
ilaglarinin yerine bitkilerden elde edilen wugucu
yaglarin ve sekonder bilegiklerin kullanimi alternatif
bir yol olarak ortaya ¢ikmistir. Ucgucu yag iceren
bitkiler, iceriginde bulunan alkoloid, terpenoid ve
flavanoid gibi aktif bilesikler bakimindan zengin olup,
bu bilesikler zararlilara karsi kullanilabilecek
potansiyeldedir (Topuz ve Madanlar, 2012). Bugiine
kadar yapilan ¢calismalarda birgok bitkinin ugucu yag:
ve bilesenlerinin zararhlara karsi insektisit, repellent,
ovisit, cezbedici, beslenmeyi engelleyici, gelisme ve
uremeyi engelleyici gibi etkileri belirlenmigtir
(Prajapati ve ark., 2005; Moravvej ve ark., 2010; Nerio
ve Olivera-Verbel, 2010; Wagan ve ark., 2018)

Biberiye (Rosmarinus officinalis 1.) (Lamiaceae)
onemli bir tibbi ve aromatik bitki (Begum ve ark.,
2013) olup, ¢al1 gériiniimiinde, herdem yesil, cicekleri
soluk mavimsi renkte ve cok yilliktir.(Baytop, 1984).
Diinyada stis ve tibbi- aromatik bitki olarak genis bir
kullanim alanina sahip olan biberiye, Akdeniz iklimi
goriulen yerlerde yabani olarak ta yetisebilmektedir
(Ceylan, 1987).

Biberiye ugucu yaginin gesitli bocek ve akar tiirlerine
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2003) ve kontakt etkiye sahip oldugu ve 6zellikle baz1
depolanmig Uriin zararlhlarina kars: fumigant etkileri
oldugu ortaya konulmustur (Papachristos ve
Stamopoulos, 2004; Isikber ve ark., 2006; Theou ve
ark., 2013; Giidek ve Cetin, 2017). Amerika Birlesik
Devletleri'nde, biberiye ugucu yaginin bocek élduriici
ozelliginden yola ¢ikarak aktif bilegsen olarak biberiye
yvag iceren ticari boécek oldirict gelistirilmigtir
(Isman ve ark., 2008).

Daha o6nce biberiye ugucu yagiyla yapilan ¢alismalar,
Callosobruchus maculatusa fumigant etkisi tizerinde
yurutilmustir. Bu c¢alismada biberiye bitkisinden
elde edilen ugucu yagin, 6nemli depo zararhsi
Callosobruchus maculatus disilerinin  yumurta
birakma davranigi Uzerine etkileri ve erginlere
toksisitesi aragtirilmigtir.

MATERYAL ve METOD
Callosobruchus maculatus (F.)un Yetigtirilmesi

Denemede kullanilan C. maculatus erginleri Selguk
Universitesi Ziraat Fakiiltesinde Bitki Koruma
bolimiine ait 28+2 °C sicaklik ve %55+ 5 nispi neme
sahip iklim odasinda bulunan stok kiltiirden temin
edilmigtir. Stok kiiltiirden alinan erginler, icerisinde
yem olarak nohut (Cicer arietinum L.) bulunan 1 I'lik
cam kavanozlara aktarilmigtir. Yumurta birakmalar
icin 5 gin sureyle kavanozlarda tutulan erginler
tekrar elenerek alimip stok kiultiir kavanozlarina
birakilmigtir. Bundan sonra kavanozlardaki g¢ikiglar
gozlemlenmis ve ilk ergin ¢ikigindan 3-4 giin sonra
erginler  alinarak  stok  kultir  kavanozuna
aktarilmigtir. Ertesi gin daha fazla sayida cikan
erginler (1 giinliikk) denemelerde kullanilmigtir.

Biberiye Ugucu Yaginin Elde Edilmesi

Denemelerde kullanilan biberiye bitkisi Antalya’ nin
Geyikbayir1 kéyiinden (755 m rakim 36.876 enlem ve
30.457 boylam) toplanarak gélge ve havadar bir
ortamda kurutulmustur. Daha sonra dallarindan
ayrilan yapraklar 6gitiilmiis ve hassas terazide 100 g
tartilip Clevenger dizeneginde 1:10 oranminda su ile
karistirnlmigtir. Denemelerde kullanilan ugucu yag 2-
3 saat sulu destilasyonu sonucu elde edilmistir.

Elde edilen biberiye ugucu yaginin %0.0125, 0.025,
0.05, 0.1’ lik (w/w) konsantrasyonlar1 %0.2 oraninda
Tween 20 (yayic1 yapistirict olarak) iceren saf su
kullanilarak  hazirlanmistir. Kontrollerde  %0.2
oraninda Tween 20 (yayic1 yapistiric: olarak) iceren saf
su kullanilmisgtar.
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Toksisite Denemeleri

Denemelerde kullanilan 1 gunlik erginler 20’ ser tane
sayllarak petri kaplarina (90 mm capinda ve 17 mm
yiiksekliginde) alinmis ve 5-6 dk sogutma kabininde
(+2°C) bekletilerek uyusmalar1 saglandiktan sonra
denemeye baglanmigtir. Petri kabinda bulunan
uyusuk haldeki erginlere, piiskiirtme kulesi (Manual
Potter Spray Tower-Burkard Scientific Limited,
Uxbridge, UK) kullanilarak her bir konsantrasyondan
2 ml Dbiberiye wugucu yagr 0.8 bar basingla
puskiirtilmustir (Gokce ve ark., 2007). Petri
kaplarinin agizlarina ince serit kagit koyulduktan
sonra kapaklari kapatilarak hava almasi saglanmig ve
28+2°C sicaklik ve %55+5 nispi neme sahip iklim
kabinine yerlestirilmistir. Oli erginler, uygulamadan
24 ve 48 saat sonra dikkatlice sayilmistir. Ince uclu bir
fircayla dokunuldugunda az da olsa hareket belirtisi
gosteren erginler canli, hi¢ hareket etmeyenler ise 6lu
olarak sayilmigtir. Deneme 3 tekerriurli olarak
yuratilmustir.

Yumurta Birakmayi Engelleyici Etkisini Belirleme
Denemeleri

Denemede miimkiin oldugunca esit biiytuklikte segilen

nohutlardan her bir petriye 10’ar tane birakilmig ve
uzerlerine puskirtme kulesi yardimiyla biberiye
ucucu yagmmin hazirlanan 4 konsantrasyonundan
puskirtalmuistir. Kontrol olarak ise %0.2 oraninda
Tween 20 iceren saf su puskirtiilmustiir. Nohutlarin
bir sliire kurumasi beklendikten sonra herbir petri
kabina bir ginlik 2 disi 1 erkek birey konulmustur.
Deneme tiim bocekler 6liinceye kadar 28+2 °C sicaklik
ve %55+5 orantili neme sahip iklim kabininde
stirduralmistir. Sonucta her bir nohut stereo zoom
mikroskopta incelenmis ve birakilan yumurtalar tek
tek sayilarak kayit altina alinmistir. Deneme 4
tekerrirli olarak yuritilmustur.

Yumurta Birakma Tercihi Testi (Free-choice Testi)

Tercih denemesi i¢in daire seklinde bir kabin igerisine
esit aralikli 5 bolme olacak sekilde 6zel bir dizenek
olusturulmustur (Sekil 1). Her bir bélmeye biberiye
ucucu yagmin farkli bir konsantrasyonu (%0.0125,
0.025, 0.05, 0.1'lik konsantrasyonlar1) piskiirtiilmiis
ve kurutulmus 10 nohut birakilmigtir. Diizenegin tam
orta kismina bir giinliik 5 disi ve 10 erkek olmak tizere
bocekler yerlestirilmistir (Vanmathi ve ark., 2010).
Diizenegin tizeri tamamen til ile kapatilmigtir.

Sekil 1. Yumurta koyma tercihinin belirlenmesinde kullanilan dizenek
Figurel. The mechanism used to determine egg laying preference

Denemede kullanilan diizenekler 28+2°C sicaklik ve
%55+5 orantili neme sahip iklim kabininde tutulmusg
ve deneme tim  bocekler Olinceye  kadar
surdirilmistir. Sonucta her bir boélmedeki
nohutlarin lizerindeki yumurtalar stereo zoom
mikroskop altinda sayilip kaydedilmistir. Deneme 3
tekerrirli olarak yuritulmustur.

Istatistik Analizler

Toksisite testi sonucunda farkli stre ve uygulama
konsantrasyonlarindan elde edilen o6lim oram
verilerine SPSS 22 versiyon (Statistical Package for
Social Sciences) yazilim paketi kullanilarak varyans
analizleri (ANOVA) yapilmis, farkin énemli oldugu
tespit edilen degerlere %5 6nem seviyesinde DUNCAN
testi yapilarak ortalamalar arasindaki farklar tespit
edilmigtir.

“Poloplus” (Le Ora

Ayrica o6lum oram verileri
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Software, 1994) programi ile probit analizine tabi
tutulmustur. Probit analiz metoduna gére de birebir
regresyon ile letal konsantrasyonso (LCso) ve letal
konsantrasyonsgo (LCoo) degerleri hesaplanmistir.

Yumurta birakmay1 engelleme etkisi testlerinden elde
edilen verilerin degerlendirilmesinde Lundgren (1975)

tarafindan tanimlanan ovipozisyonu engelleme
indeksi (1),
0.E.I= [(X-V/(X+Y] x 100 (1)

(X: Kontrol kabindaki nohutlara birakilan toplam
yumurta sayisi, Y: Muamele kabindaki nohutlara
birakilan toplam yumurta sayis1), kullanilmigtar.

Free-choice testi sonucunda elde edilen verilerin
istatistik analizleri SPSS 22 versiyon yazilim paketi
kullanilarak varyans analizleri (ANOVA) yapilmis,
farkin 6nemli oldugu tespit edilen degerlere %5 6nem
seviyesinde DUNCAN testi yapilarak ortalamalar
arasindaki farklar tespit edilmigtir.
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BULGULAR ve TARTISMA
Callosobruchus maculatus erginleri tizerine biberiye
ugucu yagmin 4 farklh  konsantrasyonunun

puskiirtilmesiyle 24 ve 48 saat sonunda elde edilen
sonuclar Cizelge 1’de verilmigtir. Buna gore, 6lim

oranlarinda istatistiksel olarak 6nemli farkliliklarin
(P<0.05) oldugu, uygulanan konsantrasyonlar ve
maruz birakma siirelerinin artisina bagh olarak
6limlerin arttig: tespit edilmigtir.

Cizelge 1. Biberiye ugucu yaginin farkli konsantrasyonlarinin 24 ve 48 saat sonunda Callosobruchus maculatusun

erginlerindeki 6liim oranlar: (%)

Table 1. Mortality rates (%) after 24 and 48 hours of different concentrations of rosemary essential oil against

adults of Callosobruchus maculatus

Ergin 6liim oram (%)+Standart hata (Adult mortality rate (%)+Standart error)

Konsantrasyonlar (% w/w) (Concentrations) (% w/w) 24 saat (24 hours)

48 saat (48 hours)

Kontrol (%0.2 Tween 20)
0.0125

0.025

0.05

0.1

0.00+0.00 a* 0.00+£0.00 a

6.67+2.35 ab 18.33£7.21 Db
11.67+1.66 be 23.33+3.33 b
18.33+3.33 ¢ 30.00+5.00 b
28.33+4.40 d 46.67+1.66 c

*Aym siitunda bulunan harfler aym ise istatistiksel olarak (P<0.05) bir farkhlik yoktur .

Biberiye ugucu yaginin 24 ve 48 saat sonunda LC50 ve
LC90 degerleri Cizelge 2’de verilmistir. Uygulamadan
24 saat sonra C. maculatus erginlerinde LCso ve LCoo
degerleri sirasiyla % 0.368 ve %6.565 (w/w) olarak
belirlenmigtir. Uygulamadan 48 saat sonra ise LCso ve

LCoo degerleri sirasiyla %0.148 ve %3.891 olarak tespit
edilmigtir. Bu degerler biberiye ugucu yaginin C.
maculatus erginleri uzerinde yiiksek toksik etkiye
sahip oldugunu gostermistir.

Cizelge 2. Biberiye ugucu yagimin Callosobruchus maculatusun erginlerine toksisitesi
Table 2. Toxicity of rosemary essential oil against adults of Callosobruchus maculatus

Uygulama Siiresi N Egim+SH LCso LCoo SD Heterojenite
(Saat) (Total numbers of  (Slope+SE) (Giiven Aralign)  (Giiven Aralig)  (Degree of
Application time individulas (Confidence (Confidence freedom)
(hour) tested) Interval) Interval)
24 300 1.024+0.308 0.368(0.15-8.49)  6.565(0.98-9.89) 10 0.290
48 300 0.902+0.261 0.148(0.08-0.96)  3.891(0.70-5.69) 10 0.641
n=Test edilen toplam birey sayis1
SH=Standart hata
Giiven aralign (%95 énem seviyesinde)
SD=Serbestlik derecesi
Bu sonu¢ bircok arastirici tarafindan yapilan Cizelge 3’de verilen ovipozisyonu engelleme

calismalarla da desteklenmektedir. Gudek ve Cetin
(2017), R. officinalis L. ucucu yaginin C. maculatusiun
erginlerine karst fumigant etkisini aragtirdig:
calismada uygulama konsantrasyonu ve siiresine gore
degismekle beraber yiiksek fumigant etki gosterdigini
rapor etmislerdir. En yiiksek konsantrasyon (60 ul 1'1-
lair) ve 96 saat uygulama siiresinde %100 6liim
goruldigiuni bildirmiglerdir. Bouchikhi Tani ve ark.
(2008), R. officinalis ugucu yagimin Acanthoscelides
obtectus (Say)un erginlerine insektisidal etkisini
arastirdigi1 c¢aligmada, ucgucu yagin olduk¢a etkili
oldugunu ve 48 saatlik uygulamadan sonra LCso
degerinin 0,59 ul/30g tohum oldugunu bildirmiglerdir.
Cetin ve ark. (2014), 18 adet tibbi ve aromatik bitkinin
ugucu yaglarinin A. obtectus erginlerine kars:
fumigant etkilerini test etmigler ve K. officinalis ve
Salvia fruticosa Mill. ugucu yaglarinin en etkili yaglar
oldugunu tespit etmiglerdir. Hannour ve ark.
(2018)'da, biberiye ucucu yagimin Bruchus rufimanus
(Coleoptera: Chrysomelidae) erginlerine  yiiksek
fimigant etki gosterdigini bildirmiglerdir.
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indekslerine bakildiginda, konsantrasyon artisina
bagli olarak bu degerin arttig1 belirlenmistir. Biberiye
ucucu yagimin en ylksek konsantrasyonu, %19.11
ovipozisyonu engelleme indeksi degeriyle en yiiksek
etkiyi gostermigtir. En diisik konsantrasyon olan
%0.0125'in  yumurta verimini ¢ok az etkiledigi ve
ovipozisyonu engelleme indeksi degerinin %6'nin
altinda kaldig: goriilmektedir.

Calismada, biberiye ucucu yaginmin, C. maculatus’ un
digilerinin  kontrole gére daha az yumurta
birakmasina neden oldugu belirlenmigtir. Douiri ve
ark. (2014), Dbiberiye ucucu yagimn farkh
konsantrasyonlar: ile fumige edilen nohut tohumlar:
uzerindeki C. maculatusun dogurganlhiginin kuvvetli
bir gekilde etkilendigini ve bu tohumlara birakilan
yumurta sayisinin kontrole birakilandan oldukga
disiik oldugunu belirlemiglerdir. Pandey ve ark.
(2011) 4 bitkiden elde edilen ucucu yaglarin hepsinin
(Chenopodium ambrosioides L., Ocimum sanctum L,
Clausena pentaphylla (Roxb.) ve Mentha arvensis L.)
C. maculatus uzerinde ovipozisyonu engelleyici etkiye
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sahip oldugunu bildirmiglerdir. Nyamador ve ark.
(2017), Bidens borianiana, Cymbopogon nardus,
Cymbopogon giganteus ve Chromolaena odorata

bitkilerinden elde ettikleri ugucu yaglarin, C.
maculatus lzerindeki toksik ve ovipozisyonu
engelleme etkisini aragtirdiklar1 ¢alismada C.

giganteus Dbitkisinden elde edilen ugucu yagin
erginlere kars1 en fazla fumigant etki (LCso = 20.06 pl
L1 ) gosterdigini bildirmiglerdir. Ayrica aym
calismada ovipozisyonu engelleme etkisine en fazla C.
nardus ucucu yaginin neden oldugunu

belirlemislerdir.

Free-choice c¢alismasi sonucunda biberiye ugucu
yagimn farklh konsantrasyonlar: ile kontrol arasinda
onemli farkliliklar gorilmiistiir  (Cizelge 4).
Konsantrasyon azaldik¢a birakilan yumurta sayisi
artmis ve ergin digiler en ¢ok kontroldeki danelere
(40.6 adet) yumurta koymay: tercih etmistir. En az
tercih edilen ise en yuksek konsantrasyon olan %0.1
konsantrasyonu (28.6 adet) olmustur.

Cizelge 3. Biberiye ugucu yaginin farkli konsantrasyonlarinin Callosobruchus maculatusun yumurta birakmayi

engellemeye etkisi

Table 3. The effect of different concentrations of rosemary essential o1l on egg laying of Callosobruchus maculatus

Konsantrasyonlar (%) Birakilan ortalama yumurta sayis1 (Adet) OEI (%)*
(Concentrations) (Mean number of eggs laid ) (Oviposition Deterrent index)
0.0125 35.756+0.34 5.92
0.025 32.756+0.26 10.27
0.05 29+0.35 16.24
0.1 27.75+0.38 19.11
Kontrol 40.25+0.98

*QEI=Ovipozisyonu engelleme indeksi

Cizelge 4. Biberiye ugucu yaginin farkli konsantrasyonlarinin yumurta birakma tercihi tizerine etkisi
Table 4. The effect of different concentrations of rosemary essential oil on egg laying preference

Konsantrasyonlar (%) En az En Cok Ortalama yumurta sayisi (adet)
(Concentrations) (Minimum) (Maximum) (Mean egg number)

0.0125 25 45 38.3+0.31d*

0.025 33 44 37.0£0.25bc

0.05 25 43 34.6+0.30bc

0.1 22 38 28.6+0.34b

Kontrol 37 47 40.6+0.24a

*Aym siitunda bulunan harfler ayni ise istatistiksel olarak (P>0.05) bir farklilik yoktur.

Yapilan yumurta birakma tercihi denemelerinde,
konsantrasyon arttikca birakilan yumurta sayisi
azalmigtir. Stamopoulos (1991), A. obtectus un
yumurta birakmasina 4 farkli ucucu yagin (Sardunya,
okaliptiis, selvi ve ac1 badem) etkisini ikili secenek
testi seklinde (Kontrol ve ucucu yag) test ettigi
denemesinin sonucunda, biitin test edilen ugucu
yaglara birakilan yumurta sayisinin kontrolden az
oldugunu ve kontrole gore en az yumurta sayisinin
okaliptiis ugucu yagmin uygulandigr tohumlarda
oldugunu tespit etmistir. Ayrica bu tercih durumunu,
ugucu yagin gaz haline donliismesi nedeniyle digilerin
¢ogunlugunun yumurtalarini bu tohumlarin tzerine

koymamalarindan kaynaklanmig olabilecegini
bildirmigtir.
SONUC ve ONERILER

Calisma sonucunda biberiye ugucu yaginin erginlere
kars1 toksik etki gosterdigi ve ayni zamanda digilerde
ozellikle yliiksek konsantrasyonda yumurta birakmay1
engelleyici etki gosterdigi tespit edilmistir. Buna
ilaveten konsantrasyona baglh olarak yumurta
birakma tercihi testinde ise konsantrasyon arttik¢a
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birakilan yumurta sayisinin azaldigi belirlenmistir.

Bu calisma ile elde edilen sonucglarin bu konuda
yapilacak yeni calismalara 151k tutacagi
dustniulmektedir. Ugucu yaglarin ana bilegsenlerinin
saf olarak elde edilmesi ve bunlarin depolanmig tiriin
zararhlarina karsi formilasyon haline getirilerek
kullanimina yo6nelik c¢alismalar ugucu yaglarin
potansiyellerinin anlasilmasinda faydali olacaktir.

Bu konuda yapilacak yeni arastirmalarda 6zellikle bu
bilegsenlerin yapilarinin tespit edilerek sentetik olarak
uretilebilmesi ve hatta yapisal olarak degisiklige
ugratilarak zararhlara karsi etkinliginin arttirilmas:
¢abalar1 konuyu daha ileriye tasiyacak adimlar
olacaktir. Bunun yaninda bitkisel kékenli pestisitlerin
gevre ve insan saglig1 agisindan yan etkilerinin olup-
olmadig tespit edilerek giivenilirliginin yapilacak olan
bilimsel calismalarla ortaya konulmasi
gerekmektedir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.
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Cikar Catismasi Beyan:

Makale yazarlar1 aralarinda herhangi bir ¢kar

catismasi olmadigini beyan ederler.
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ABSTRACT

This study was carried out to determine the effect of extreme low
temperatures on different biological stages of Callosobruchus
chinensis L. (Coleoptera: Chrysomelidae). Different extreme low
temperatures were tested for egg, larva, pupa and adult stages in all
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experiments with different exposure times. For larval, pupal and ieceivecoil f01'02'2021
adult stages, 100% mortality was obtained after 45 minutes at -16 °C, EEEp 0S92
30 minutes at -20 °C and 20 minutes at -26 °C. LT95 value was Keywords

determined as 38.3, 39.0 and 36.8 minutes at -16 °C for larva, pupa
and adult, respectively. LT95 value was determined as 27.4, 27.5 and
26.0 minutes at -20 °C for larva, pupa and adult, respectively. At the
end of 120 minutes at -20 °C, 100% mortality was obtained in the egg
stage and it was determined that the adults did not hatch from the
eggs kept at -20 °C for 60 minutes. From these results, it is understood
that extreme low temperatures are effective in all biological stages of
C. chinensis that cause damage in storage.

Callosobruchus chinensis
Low temperature
Exposure time

Storage

Chickpea

Depolama Yoénetiminde Callosobruchus chinensis L. (Coleoptera: Chrysomelidae)’e Karg: Asirn Diisiik
Sicakliklarin Kullanilmasi

OZET Bitki Koruma

Bu galigsma, asir1 diusik sicakliklarin Callosobruchus chinensis L.

(Coleoptera: Chrysomelidae)’nin farkl biyolojik dénemleri tizerindeki Aragtirma Makalesi
etkisini belirlemek igin yapilmigtir. Farkli maruz kalma stirelerine

sahip tiim deneylerde yumurta, larva, pupa ve ergin dénemleri icin Makale Tarihgesi

farklh asira dusiuk sicakliklar test edilmistir. Larva, pupa ve ergin Gelis Tarithi  :01.02.2021
doénemleri i¢in, -16 °C'de 45 dakika, -20 °C'de 30 dakika ve -26 °C'de Kabul Tarihi :21.08.2021

20 dakika sonunda %100 6lim orani elde edilmigtir. LT95 degeri
larva, pupa ve ergin icin -16 °C'de sirasiyla 38.3, 39.0 ve 36.8 dakika
olarak belirlenmistir. LT95 degeri larva, pupa ve ergin i¢in -20 °C'de

Anahtar Kelimeler
Callosobruchus chinensis

sirasiyla 27.4, 27.5 ve 26.0 dakika olarak belirlenmigtir. -20 °C'de 120 Dustik sicaklik
dakika sonunda yumurta doneminde %100 6lim saglanmis ve -20 Maruz Kalma suresi
°C'de 60 dakika bekletilen yumurtalardan erginlerin ¢gikmadig tespit Depolama
edilmigtir. Bu sonuglardan, asira dugsiik sicakliklarin depolamada Nohut

zarara neden olan C. chinensisin tiim biyolojik donemleri tizerinde
etkili oldugu anlagilmaktadir.

To Cite: Aker O, Tuncer 2022. Use of Extreme Low Temperatures Against Callosobruchus chinensis L. (Coleoptera:
Chrysomelidae) in Storage Management. KSU J. Agric Nat 25 (4): 511-520. DOI:10.18016/ksutarimdoga.vi.
870090.
Ataf igini Aker O, Tuncer 2022. Depolama Yonetiminde Callosobruchus chinensis L. (Coleoptera: Chrysomelidae)’e Kars:
Asin Diisiik Sicakliklarin Kullanilmasi. KSU Tarim ve Doga Derg 25 (4): 511-520. DOI:10.18016/ ksutarimdoga.
vi.870090.
INTRODUCTION originated in Turkey's southeast (Ali et al., 2009;

Legumes are an essential part of the human diet, as
they are very rich in protein, carbohydrates and
dietary fiber (Chibbar, 2009). Chickpea (Cicer
arietinum L., Fabales: Fabaceae) is one of the most
important legumes in many parts of the world and it

Baloch and Zubair, 2010). According to FAO-2019
data, chickpeas are grown on an area of approximately
13.7 million hectares with 14.2 million tons of
production in the world. India, Turkey, Russia,
Myanmar and Pakistan are the biggest chickpea
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producing countries in the world (Faostat, 2020).
Chickpeas are highly nutritious and rich in energy in
terms of high protein content and balanced fat,
carbohydrate and fiber values (Ravi and Harte, 2009).

Chickpeas are exposed to the damage of many pest
species both in the field and in storage conditions
(Clement et al., 2000; Hill, 2003). Stored product pests
are very dangerous because of the extent and
prevalence of the irreversible losses they cause in
legumes (Kumar et al., 2009; Jat et al.,, 2013).
Callosobruchus chinensis L. is one of the most
destructive pests of stored legumes, including
chickpeas (Kutbay et al., 2011; Tessema et al., 2015).
This pest not only causes loss of quantity and quality
of chickpeas, but also reduces the economic value and
nutritional content of the product (Righi-Assia et al.,
2010; Homan and Yubak Dhoj, 2011).

Chemical management methods using fumigation with
methyl bromide, phosphine or dusting with pirimiphos
methyl are very successful against this pest in stored
chickpeas (Athanassiou et al., 2004; Shaheen and
Khaliq, 2005), however there are some disadvantages
such as shipping hazards, pesticide residues, the
possibility of developing resistance, health risks and
environmental pollution, so there are a few limitations
on chemicals (Boateng and Kusi, 2008; Boyer et al.,
2012).

In recent years, due to the negative effects caused by
chemical control methods, it has focused on alternative
reliable control methods against stored product pests.
One of these methods is to prevent the development of
stored product pests by keeping the product at low
temperature for a certain period of time (Fields and
White, 2002; Zhong et al., 2013). Studies have shown
that low temperatures can have negative effects on the
growth of many stored product pests (Fields and Muir,
1996; Loganathan et al., 2011). During storage, pests
are highly susceptible to dropping the storage
temperature below 10 °C, and this sensitivity level can
vary with biological stages (Zakladnoi and Ratanova,
1987; Maharjan et al., 2017). Also, susceptibility to
deadly low temperatures; depends on pest species,
exposure temperature, exposure time, sex of insects
and ambient humidity (Mason and Strait, 1998; Zhong
et al., 2013).

The aim of this research was to determine the adverse
effects of extreme low temperatures on the different
biological stages of C. chinensis, thereby minimizing
the damage this pest can cause to stored products. In
this way, an alternative method will be developed for
stored product pests.

MATERIAL and METHODS
Insect Rearing

C. chinensis adults were obtained from stock cultures
grown on chickpea seeds at the Ondokuz Mayis
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University, Faculty of Agriculture, Entomology
Laboratory. C. chinensis were reared in glass jars (1 L)
covered with muslin cloth in climate cabins at 28+1 °C,
70£5% RH and a 16:8 h (L:D) photoperiod.

The Extreme Low Temperature Experiments

The healthy chickpea seeds to be used in the
experiments were sterilized in the oven at 50 °C for 24
hours, then the chickpea seeds were cooled. The
moisture content of the sterile seeds was adjusted to
14% moisture and the seeds were made ready for
experiments (Wright et al., 1987). The moisture
content of chickpea seeds was monitored regularly
throughout the experiments with a digital moisture
meter (WILE Grain Moisture Meter). Low temperature
experiments were performed in a temperature-
controlled refrigerator (SIEMENS KG57NP0O1NE) and
temperatures were monitored hourly using a digital
data logger.

Five male-5 female C. chinensis adults were placed in
sterile glass jars each containing 40 sterile chickpea
seeds. C. chinensis adults were allowed to lay eggs on
sterile seeds, and these egged seeds were transferred
to sterile petri dishes. There were 20 chickpea seeds in
each petri dish. In this way, more than 100 sterile petri
dishes were prepared. The adults emerged from these
eggs were collected daily. Some of the adults emerged
from these eggs were used to determine the effect of
low temperatures on adults. In addition, 2 male-2
female pairs from newly emerged adults were
transferred to new sterile petri dishes each containing
10 sterile chickpea seeds. In this way, more than 300
new sterile petri dishes were prepared. Eggs laid on
chickpea seeds in each petri dish by the pest pairs
within 24 hours were used in all experiments.

Low-temperature experiments were performed on
eggs, larvae, pupae and adults of 24-48 hours ages.
Since larval and pupal stages occur in chickpea seeds,
eggs between 0-24 hours at 28+1 °C - 70+5% RH were
used to determine the biology of the C. chinensis.
Accordingly, the larval stages started to form on the
6th day on average, and the pupal stages on the 22nd
day on average. For 24-48 hour larval and pupal
studies, 6-day-old chickpea seeds were used in the
larval trials and 22-day-old chickpea seeds were used
in the pupal trials. Different temperatures and
different exposure times were used to determine the
effects of extreme low temperatures on different
biological stages of C. chinensis. The effects of low
temperature on C. chinensis’eggs were studied at two
constant temperatures (4 and -20 °C) and eight
exposure times (5, 10, 15, 30, 45, 60, 120 and 180
minutes). The effects of low temperature on C.
chinensis’ larvae and pupae were studied at three
constant temperatures (-16, -20 and -26 °C) and seven
exposure times (10, 20, 30, 45, 60, 120 and 180
minutes). The effects of low temperature on C.
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chinensis’ adults were studied at six constant
temperatures (8, 4, 2, -16, -20 and -26 ° C) and seven
exposure times (10, 20, 30, 45, 60, 120 and 180
minutes). 480 eggs, 120 larvae, 120 pupae, and 60
adult pests were used in 4 replicates for each exposure
time of each temperature. In addition, control groups
with 4 replicates were formed under normal growth
conditions for each biological stage in the experiments
(28+1 °C, 70+5% RH, 16:8 h (L:D) photoperiod).

It was observed that adults started to emerge from
chickpeas 28-36 days after the first egg was laid under
normal growth conditions. It has been determined that
the lifespan of C. chinensis is about 36-42 days. Egg,
larva, pupa and adult stages exposed to different low
temperatures in the experiments were taken to normal
growth conditions after different exposure times. Eggs
that have not completed their development or have not
reached the larval stage are considered dead as a
result of the controls made for 30 days after being
placed in normal growing conditions. Larvae that did
not complete their development or did not reach the
pupal stage as a result of the controls made for 60 days
after being placed in normal growth conditions were
considered dead. Pupae that did not complete their
development or did not mature as a result of the
controls made for 60 days after being placed under
normal growing conditions were considered dead. In
order to determine whether the adults died as a result
of the experiment, adults were touched with a fine-
tipped brush and adults who did not respond were

4 °C Egg mortality (%)
— 4 °C Adult emergence (%)
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considered dead. Adults were checked for 30 days after
being placed under normal growing conditions, and
dead adults were counted again for control after 30
days.

Statistical Analysis

The data obtained from low temperature applications
and exposure times were tried to be analyzed using a
One-Way Anova program (SPSS 21). Mortality rates
was considered significantly different at P<0.05.
Statistical means are separated by Duncan's mean
separation  test. Statistical significance was
established by comparing the p value in the "t" test
table. The data obtained were corrected using Abbott's
control formula (Abbott, 1925) and subjected to probit
analysis (Finney, 1971) to estimate the L'T50 and LT95
values (Polo Plus, LeOra Software, Robertson et al.,
2003).

RESULTS and DISCUSSION
Effect of Low Temperatures on Eggs

Mortality and adult emergence rates of C. chinensis’
eggs were studied at different temperatures and
different exposure times (Fig. 1), and significant
differences were found between exposure times at 4 °C
and -20 °C (P<0.001). After the eggs were kept at 4 °C
for 180 minutes, it was determined that 44% of the
eggs died and 78% of the remaining eggs were emerged
as adults. After the eggs were kept at -20 °C for 120

(-) 20 °C Egg mortality (%)
++++(-) 20 °C Adult emergence (%)

60

Exposure time (minutes)
Figure 1. Mortality and adult emergence rates of Callosobruchus chinensis’eggs at different exposure times at 4

°C and -20 °C (P<0.001).

Sekil 1. 4 °C ve -20 °C'de farkli maruz kalma siirelerinde Callosobruchus chinensis yumurtalarinin oliim orani ve

ergin ortaya ¢ikma oranlar: (P<0.001).
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minutes, it was determined that all the eggs died, and
the eggs were kept at -20 °C for 60 minutes did not
reach adulthood (Fig. 1). It was observed that egg
mortality increased due to the increase in exposure
time to -20 °C and at the same time the probability of
reaching adulthood from egg was significantly
reduced.

Effect of Low Temperatures on Larvae

Mortality rates of C. chinensis’larvae were studied,
and significant differences were found between

100

temperatures and exposure times (P<0.001). When the
exposure time of the larvae to low temperatures was
examined, it was observed that deaths occurred within
the first 10 minutes. After the larvae were exposed to
extreme low temperatures at -16 °C, -20 °C and -26 °C
at the end of the first 10 minutes, mortality rates were
determined as 7.36 %, 16.65 %, 54.24 %, respectively
(P<0.00D). As a result of the experiments, 100% larval
mortality was achieved after 20 minutes, 30 minutes
and 45 minutes at temperatures of -26 °C, -20 °C, -16
°C, respectively (Fig. 2).
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60 120 180
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Figure 2. Mortality rates of Callosobruchus chinensis’larvae at different exposure times at -16 °C, -20 °C and -26

°C (P<0.001).

Sekil 2. Callosobruchus chinensis larvalarinin -16 °C, -20 °C ve -26 °C'de farkli maruz kalma stirelerinde oliim

oranlar: (P<0.001).

Effect of Low Temperatures on Pupae

The differences between pupae death rates according
to exposure times for each low temperature were found
to be statistically significant (P<0.001). Mortality rates
have been observed to increase as the exposure time to
low temperatures increases. Deaths started in the first
10 minutes of the experiment, and this mortality rate
progressed very rapidly. After the pupae were exposed
to extreme low temperatures at -16 °C, -20 °C and -26
°C at the end of the first 10 minutes, mortality rates
were determined as 8.42 %, 17.12 %, 57.64 %,
respectively (P<0.001). As a result of the experiments,
100% pupal death was achieved at temperatures of -16
°C, -20 °C, -26 °C after 45 minutes, 30 minutes and 20
minutes, respectively (Fig. 3).

Effect of Low Temperatures on Adults

Comparing the 3 low temperatures applied to adults in
7 different exposure times, no deaths occurred in
adults exposed to 8 °C after 180 minutes. 8.08 % and

514

3.31 % deaths were observed after 180 minutes at 2 °C
and 4 °C, respectively (P>0.05) (Fig. 4). Comparing the
3 extreme low temperatures applied to adults in 7
different exposure times, the adults died after 10
minutes. 9.24 %, 18.64 % and 60.04 % deaths were
observed after 10 minutes at -16 °C, -20 °C and -26 °C,
respectively (P<0.001). Mortality increased with
increases exposure to extreme low temperatures and
100% adult deaths were reached at -16 °C, -20 °C, -26
°C after 45 minutes, 30 minutes and 20 minutes,
respectively (Fig. 4). It was determined that the control
groups at each biological stage were between 95-100%
successful.

Pests cause large amounts of damage in stored
products, which can reach 5-10% in temperate climatic
regions and 20-30% in tropical regions (Caswell, 1981;
Nakakita, 1998). Temperature application is one of the
most promising methods to control stored product
pests (Fields, 1992). The lethal low temperature is
highly effective in controlling the pests of stored seeds
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(Loganathan et al., 2011). At low temperatures, the
progeny of stored product pests decreases, and their
development slows down to a certain point (Flinn and
Hagstrum, 1990; Abdelghany et al.,, 2015). Stored
product pests usually stop growing at temperatures
below 20 °C, and stored product pests usually begin to
die at temperatures below 5 °C (Fields and Muir,
1996). The results of this study have shown that

100

extreme low temperatures have a lethal effect on all
developmental stages of C. chinensis, and the egg stage
is relatively more tolerant of cold than the other three
stages (Fig. 5, 6, 7). Many extreme low temperature
applications on Callosobruchus species also support
these results (Mullen and Arbogast, 1979; Dohino et
al., 1999; Johnson and Valero, 2000; Johnson and
Valero, 20083).
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Figure 3. Mortality rates of Callosobruchus chinensis’pupae at different exposure times at -16 °C, -20 °C and -26

°C (P<0.001).

Sekil 3. Callosobruchus chinensis pupalarinin -16 °C, -20 °C ve -26 °C'de farkli maruz kalma siirelerinde oliim

oranlari: (P<0.001).
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Figure 4. Mortality rates of Callosobruchus chinensis’adults at different exposure times at 2 °C, 4 °C, 8 °C and at

-16 °C, -20 °C, -26 °C (P<0.001).

Sekil 4. Callosobruchus chinensis erginlerinin 2 °C, 4 °C, 8 °C ve -16 °C, -20 °C, -26 °C'de farkli maruz kalma

stirelerinde 6liim oranlar: (P<0.001).
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Figure 5. Mortality rates of Callosobruchus chinensis’larvae, pupae and adults exposed to -16 °C (P<0.001).
Sekil 5. -16 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin éliim oranlar: (P<0.001).
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Figure 6. Mortality rates of Callosobruchus chinensis’eggs, larvae, pupae and adults exposed to -20 °C (P<0.001).
Sekil 6. -20 °C've maruz kalan Callosobruchus chinensis yumurta, larva, pupa ve erginlerinin 6liim oranlari

(P<0.001).

In this study, 100% death was achieved in the eggs
after 120 minutes at -20 °C and it was observed that
these eggs did not reach maturity after the eggs were
kept at -20 °C for 60 minutes (Figure 1, 6). In other low
temperature studies performed on C. chinensis eggs,
LT50 and LT99 values at -5 °C were found to be 12.57
and 77.03 hours, respectively (Zhong et al., 2013). In
another study, it was said that the time required for C.
chinensis eggs to die completely at -4 °C should be
about 20 days (Maharjan et al., 2017). In the study of
Dohino et al (1999) on Callosobruchus rhodesians (Col:
Chrysomelidae), they found a value very close to the
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results we found and recorded the LT99 value of the
eggs as approximately 124 minutes at -18 °C. Johnson
and Valero (2000) stated that after exposure of
Callosobruchus maculatus (F) (Col: Chrysomelidae)
eggs to an extreme low temperature such as -18 °C for
180 minutes, no egg reached maturity. As noted in
another study by these authors, the complete mortality
rate of C. maculatus eggs on Vigna unguiculata (L.)
occurred after 14 days of storage in a commercial cold
storage at -18 °C, and no adults emerged from these
eggs kept at -18 °C for 24 hours (Johnson and Valero,
2003). Similarly, Loganathan et al. (2011) found that
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the LT50 and LT95 values of C. maculatus eggs were important stored product pest, reported that more
1.0 hour and 1.3 hours at -15 °C, respectively. A study than 8 hours of exposure at -18 °C was required to kill
on Tribolium castaneum (Col: Tenebrionidae), an all eggs (Arthur et al., 2015).

100 J
90
80
70 == | arva
60
50
40 *> Pupa
30
20
10
0
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= Adult

0 10 20 30

Exposure time (minutes)
Figure 7. Mortality rates of Callosobruchus chinensis’larvae, pupae and adults exposed to -26 °C (P<0.001).
Sekil 7. -26 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin 6liim oranlar: (P<0.001).

This study showed that 100% mortality was obtained addition, the adult mortality rate is very close to the

in larvae, pupae and adults after 20 minutes, 30 lethal time of larvae and pupae. In this study, that
minutes and 45 minutes at -26 °C, -20 °C, -16 °C, LT95 value at -16 °C was 38.3, 39.0 and 36.8 minutes
respectively (Fig. 5, 6, 7). As a result of the findings, for larvae, pupae and adults, respectively. LT95 value
lethal time of the various life stages of C. chinensis at -20 °C for larvae, pupae and adults were 27.4, 27.5

exposed to -16 °C and -20 °C, it is understood that the and 26.0 minutes, respectively (Table 1, 2).
lethal times of larvae and pupae are very similar. In

Table 1. LT50 and LT95 values (minutes) of Callosobruchus chinensis'larvae, pupae and adults exposed to -16 °C.
Cizelge 1. -16 °C'yve maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin LT50 ve LT95 degerleri

(dakika)
Stage LT50 (95% CL) LT95 (95% CL) Slope + SE Intercept + SE Xz (df)
Larva 23.4 (22.1 - 24.8) 38.3(35.9-41.3) 0.111 + 0.008 -2.594 + 0.196 3.36 (4)
Pupa 23.8(22.5 - 25.2) 39.0 (36.6 - 42.1) 0.108 + 0.008 -2.584 + 0.193 3.51 (4)
Adult 21.8(19.9 - 23.7) 36.8 (33.6 - 41.4) 0.109 + 0.011 -2.375 + 0.257 2.71 (4)

Table 2. LT50 and LT95 values (minutes) of Callosobruchus chinensis'larvae, pupae and adults exposed to -20 °C.
Cizelge 2. -20 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin LT50 ve LT95 degerleri

(dakika)
Stage LT50 (95% CL) LT95 (95% CL) Slope + SE Intercept + SE X2 (df)
Larva 17.1 (15.9 - 18.1) 27.4 (25.6 - 29.6) 0.160 +0.013 -2.720 + 0.232 6.461 (4)
Pupa 17.0 (14.9-19.2)  27.5(24.5 - 32.8) 0.157 + 0.013 -2.671 = 0.226 7.411 (4)
Adult 16.1 (14.6 - 17.6) 26.0 (23.8 - 29.4) 0.166 + 0.019 -2.672 £ 0.329 1.741 (4)

In another extreme low temperature study on C. 33.81 and 2.90 hours at -5, -10 and -20 °C, respectively
chinensis, LT50 values at -5 °C were 24.93, 30.54 and .(Zhong et al., 2013). When two studies were corrilpal.red
15.76 hours for larvae, pupae and adults, respectively. m tgrms of extreme low temperature apphcathn
In the same study, LT99 values for C. chinensis at -5 applied to the pupal stage at -20 °C, the LT95 value in
°C were 171.36, 189.70 and 126.11 hours for larvae, this study was found to be 27.5 minutes, and the LLT99
pupae and adults, respectively. In addition, C value was found to be 175 minutes in the study
chinensis pupal LT99 values were found as 189.70, conducted in 2013. In another similar study, all the
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larvae and pupae of C. chinensis used in the studies
died at -4 °C after 25 and 10 days, respectively
(Maharjan et al., 2017).

Looking at similar studies on C. maculatus, Johnson
and Valero (2000) noted that the newly emerged adults
died completely after 50 minutes of exposure to -18 °C.
In another study by the same authors, it was stated
that adults living on seeds died completely within 40
minutes at -18 °C (Johnson and Valero, 2003). In a
study on mites, all nymphs and adults of Tyrophagus
putrescentiae (Acaridae) died within 30 minutes after
cooling to -18 °C (Eaton and Kells, 2011). It took about
30-60 minutes for all life forms of Plodia interpunctella
(Hiibner) (Lep: Pyralidae) to die at -18 °C (Gvozdenac
et al., 2019). The results of these four studies are very
similar to the values found at -16 °C for this study.
However, Loganathan et al. (2011) showed that the
LT50 and LT95 values of C. maculatus pupae were 1.8
hours and 2.5 hours at -15 °C, respectively.

Generally, -18 °C was used against stored product
pests and generally the same results were obtained.
Donahaye et al. (1995) determined that approximately
180 minutes of exposure at -18 °C was required to kill
all life stages of 7. castaneum, Oryzaephilus
surinamensis (Col: Silvanidae) and Ephestia cautella
(Lep: Pyralidae). In a similar study, Ferizli et al. (2004)
found that eggs, larvae, pupae, and adults of C.
maculatus can be fully controlled by keeping them at -
18 °C for 180 minutes. However, Gvozdenac et al.
(2019) stated differently that the LT50 and LT99
values of P. interpunctella larvae died at -18 °C in a
very short time such as 1.9 minutes and 12.8 minutes,
respectively.

When extreme low temperature studies were
examined, it was seen that there were differences in
the same extreme low temperature results applied to
the same stored product pest. Eliopoulos et al. (2011)
found that the LT50 value of larvae of 7’ granarium at
-16 °C was less than four hours. However, Abdelghany
et al. (2015) found that the LT50 value of larvae of 7.
granarium at -16 °C was more than one day. In another
extreme cold application study on P.interpunctella,
P.interpunctella adults died after 120 minutes at -15
°C (Athanassiou et al., 2018), and P.interpunctella
larvae died after 180 minutes at -15 °C. (Gvozdenac et
al., 2019).

Low temperature studies have been conducted on C.
chinensis, but not extreme low temperature studies as
in this study. However, very low temperature studies
have been done on similar stored product pests. While
some researchers came to different conclusions that
eggs are the most sensitive stage in low temperature
applications (Maharjan et al., 2017), some researchers
have reached different conclusions that eggs are the
most resistant stage in low temperature applications
(Johnson and Valero, 2003). In this low temperature
study, the egg stage was found to be the most durable
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stage and the adult stage to be the most susceptible
stage. The larval and pupal stages in this study have
almost similar results. Adult stage results are close to
larval and pupal stage results. There may be many
reasons why different biological stages of C. chinensis
and other stored product pests show different
sensitivity and different responses to extreme low
temperatures. These; There may be different factors
such as the species of pests, the geographies where the
pests are located, climates and temperature
requirements, the species of stored product that the
pests live on, the storage conditions of the product
where the pests live. All these different factors can
cause similar or different results in low temperature
studies on stored product pests. Therefore, it is
important to carry out low temperature studies
carefully for each region. It would be in the interest of
valuable scientists working in this field to come
together in comprehensive regional and global studies
on stored product pests.

CONCLUSION

Today, it is known that healthy protection of
agricultural products is as important as the safe
cultivation of agricultural products. It is known that
the use of chemical pesticides in the storage of
agricultural products has some side effects. As can be
understood from previous studies, low temperature
applications as a reliable way to control of stored
product pests have gained importance in recent years
and have been defined as an alternative management
strategy against pests. As a result of this study, it was
found that C. chinensis was susceptible to extreme low
temperatures and deaths increased rapidly due to the
increase in exposure time. This study will set an
example for future low temperature studies, thus
shedding light on the development of new strategies for
a healthier and more reliable storage of stored
agricultural products for a long time.
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ABSTRACT

Chickpea (Cicer arietinum) is one of the most significant legume crops
and supply high-quality protein for human nutrition.Legume crops
such as chickpea are important agriculturally because of their
symbiotic ability to nitrogen fixation with specific soil bacteria.
Legumes like chickpea depend on nitrogen provided by the activity to
grow, but these rhizobium bacteria are affected by plant-parasitic
nematodes that cause less activity and decrease the number of nodules
in chickpea plant. The root lesion nematodes (Pratylenchus thornei)
are common and economically important pests described as one of the
limiting factors in agriculture and the growing chickpea field in the
world. In this study, the effects of this nematode on the number of
rhizobia (nodules) and rhizobium bacteria activity were assessed in
both wild and domesticated accession of Cicer species under
laboratory conditions. We inoculated all Cicer accession with the
Mesorhizobium bacteria and with one species of the genus
Pratylenchus (P. thorner). The result showed that P. thornei has a
negative impact on the number of nodules and the activity of
rhizobium bacteria. Nematode infection on chickpea caused decreased
nodulation. Overall, nematode infected plant formed 4-8 nodules/root
and less nodule number than an uninfected plant.

OZET

Nohut (Cicer arietinum) en 6nemli baklagil bitkilerinden biridir ve
insan beslenmesi i¢in yiiksek kaliteli protein saglar. nohut gibi
baklagil bitkileri, spesifik toprak bakterileriyle azot fiksasyonuna
yonelik simbiyotik yetenekleri nedeniyle tarimsal acidan énemlidir.
Nohut gibi baklagiller buiylime aktivitesi sagladig1 nitrojene baglhdir,
ancak bu rizobium bakterileri nodul bitkilerinde daha az aktiviteye
neden olan ve nodil sayisini azaltan bitki paraziti nematodlardan
etkilenir. K6k lezyon nematodlar1 (Pratylenchus thorner), diinya
tariminda buylyen nohut tarlalarinda en o6nemli simirlayica
faktorlerden biri olarak tanimlanan yaygin ve ekonomik agidan
onemli zararlhilardir. Bu calismada, bu nematodun rizobium (nodiil)
sayis1 ve rhizobium bakteri aktivitesi tizerindeki etkileri, laboratuvar
kosullarinda Cicer tirlerinin hem yabani hem de yerli genotiplerinde
degerlendirilmigtir. Tiim nohut genotipleri Mesorhizobium bakterileri
ve Pratylenchus cinsinin bir tiri (Pratylenchus thorne:) ile
bulastirilmistir. Sonug olarak P. thornernin nodil sayisi ve rhizobium
bakterilerinin aktivitesi tizerinde olumsuz bir etkisi oldugunu
gostermigtir. Nematod enfeksiyonu, nohutta nodiilasyon sayisinin
azalmasina neden olmustur. Nerdeyse, nematod ile enfekte olmus
bitki, enfekte olmayan bitkiye gore 4-8 arasi az nodil sayisi
olusturmustur.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is one of the most
important plants between legumes crops in the world.
The most important chickpea production areas in the
world are India, Australia, Myanmar, Ethiopia,
Turkey, Pakistan, Russia, Iran, Mexico, USA, and
Canada (FAO, 2017).

Almost all species want a symbiotic relationship with
other species to assess easily carry out the crucial
biological activity (Shapira, 2016). Legumes crop can
make a symbiotic relationship with nitrogen-fixing soil
bacteria that is called rhizobia bacteria. This symbiosis
relationship causes to form nodules on the plant root
by this bacteria that convert atmospheric nitrogen into
ammonia that can be used by the plant. Also, the
advantage result of symbiotic nitrogen fixation by
chickpea nodules and rhizobium bacteria can make the
facility of growing the crop in many nitrogen-poor soils
(Carter et al., 1994). Most of the plants depend on
symbiotic bacteria or fungi to grow, and on their
activity for reproduction (Friesen, 2013; Busby et al.,
2017). The fixation of nitrogen by legumes plays an
important role in agricultural production. Legumes
crops such as chickpea are partners with rhizobium
bacteria for the fixation of nitrogen.

The average chickpea yield in the world is changing
because of many biotic plant-parasitic nematodes and
abiotic soil factors that can cause an important
reduction in grain quantity and quality of chickpea
(Singh et al., 1994; Sudupak et al., 2002). Castillo and
Vovlas (2007) indicated that the plant-parasitic
nematodes are one of the most economically and
important pests affecting chickpea as the biotic factors.
Parasites can cause important changes in the
symbiotic relationship, usually in two ways (Strauss
and Irwin, 2004). Sasser and Freckman (1987)
indicated that annual yield losses of the total global
production of chickpea was 14% by the effect of plant-
parasitic nematodes. Different species of nematode
cause important economic damage in chickpea. Among
these nematodes, root-lesion nematodes (P, thornei) is
one of the most important species. Ballhorn et al.
(2014) showed that the activity of symbiotic
partnerships and formed rhizobium associations was
decreased because of this parasite in the infected host
plants. The symbiotic relationship between rhizobia
and plant genotype together can affect the yield
potential of chickpea and the symbiosis response to
biotic and abiotic stresses (Correa and Barneix, 1997).
Hussey et al. (1976) observed that plant-parasitic
nematodes can affect symbiotic nitrogen fixation on
legumes roots by Rhizobium bacteria. Also, the study
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by Vovlas et al. (1998) showed that plant-parasitic
nematodes (Meloidogyne incognita) affected more than
25% of Mesorhizobium bacteria activity in the chickpea
nodule.

The aim of study was to know about the interaction
activity between legumes and nitrogen-fixing bacteria
(rhizobia), and how do parasitic nematodes can affect
the rhizobium bacteria activity. For this purpose, we
inoculated all Cicer genotypes with one of the root-
lesion nematodes (Pratylenchus thorneir). Using the
number of nematodes was to estimate the damage
caused by P. thorner in chickpea, we observed that
chickpea genotypes differed in susceptibility to
nematode infection, and between the number of
rhizobia (nodules) and nematode number differed in
infectivity.

The number of nodules plays an important in the
fixation of nitrogen and agricultural production by
legumes. Many legume crops are infected by plant-
parasitic nematodes causing photosynthates damage
(Dhandaydham et al., 2008; Goverse and Smant,
2014).

This research provides scientific information to
understand how root-lesion nematodes (P. thorner) can
impact the number of nodules and activity of the
rhizobium bacteria in the infected chickpea plant.
Because nodule number is correlated with rhizobium
fitness in legumes and also it can provide the benefit
as a proxy for plant partner quality in the rhizobium
symbiotic (Heath and Tiffin, 2009).

MATERIALS and METHODS

In this study, 9 accessions of Turkish domesticated and
wild Cicer species 3 Cicer arietinum (Azkan, Cagatay,
and Gokce), 3 Cicer echinospermum (Karabahce,
Ortace, and Destek), and 3 Cicer reticulatum (Sirnak,
Kallen and Egil) were used to test how root-lesion
nematodes (P. thorneir) impact the number of nodules
(rhizobium) under laboratory conditions. For this
purpose, we compared the nodule number and total
nodules between nematode-infected and uninfected
plants.

Cicer genotypes using in this study were collected from
3 collection sites of Sanliurfa, Sirnak, and Diyarbakir
province of Turkey. The collection seeds were sacrificed
by making a small cut in the seed coat before
germinating to improve water absorption and
germination in the wild Cicer spp. The individual
chickpea seeds were disinfected with hypochlorite (4%)
and alcohol (30%). Moreover, to enhance seed
germination, about 30 seeds of each accession were
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placed on the surface of wet filter paper at 4°C for 3
days in sterile Petri dishes (Garcia et al. 2006). We
incubated seeds at room temperature for 16 hours
before planting.

Germinated seeds were then planted in the open-ended
standard small tube (16 cm in high 2.5 ¢cm in diameter)
that contained 60 gr field soil, (73% clay, 16.5% silt,
and 10% river sand) and supported by a box frame. The
soil inside the tube was sterilized by an autoclave
machine for 5 minutes at 121°C before sowing the
seeds and keep in the laboratory at the University of
Cukurova at 25°C, on a 16:8 light: dark cycle.

Isolation and culture of nematode

Soil and root samples were collected from chickpea
fields between June and July of 2019. Nematodes were
extracted by using the Baermann funnel technique in
the laboratory (Hooper, 1986). Each root and soil
sample consisted of 5- 10 samples (taken at depth of 5-
10 cm), with the final weight of 1-2 kg soil per sample.
Root-lesion nematodes (Pratylenchus thorner) used in
this study were cultured on carrot cultures by using
the method described by Nicol and Vanstone (1993).
This nematode was collected originally from growing
chickpea regions in Sanliurfa province (Harran
district) located in the Southeastern Anatolia Region
of Turkey and cultured in the nematology laboratory
at Cukurova University.

Isolation and culture of bacteria

Rhizobia were isolated from nodules of chickpea from
field-grown chickpea from regions in Sanliurfa
province (Harran district) located in the Southeastern
Anatolia Region of Turkey. For rhizobia isolation
(Mesorhizobium), 2—11 nodules from chickpea and a
maximum of five nodules/plant from field-grown
chickpea were selected. The rhizobia from the selected
nodules were isolated and cultured following standard
protocols using CRYEMA (yeast extract mannitol agar
medium with congo red) described in Somasegaran and
Hoben (1994).

Two weeks after germination, each chickpea plant was
inoculated with 1 ml of Mesorhysobium culture and 1
ml of nematode consisting of 225 P. thornei (Behmand
et al., 2019). Nematodes and rhizobia were inoculated
onto the plant at the same time to prevent effects
associated with different arrival times. The plants
were harvested 16 weeks after planting and the
number of nodules and on each root system were
counted under a dissecting microscope.

Statistical analyses

The data were analyzed using a randomized block
design (One-way ANOVA) in Genstat (V13). These
analyses included treatment (nematode presence or
absence) and random effects of genotype, block,
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treatment X genotype, and treatment X block.
Significant differences between treatment and
replication of data were calculated at P< 0 .001.
Outliers and variance distribution was assessed using
residual plots. Data were transformed as necessary.

RESULTS AND DISCUSSION

The result showed that P. thornei has a negative
impact on the number of nodules and the activity of
rhizobium  bacteria. = Seed  inoculation  with
Mesorhyzobium bacteria and P. thornei had a
significant effect on the number of formed nodules
(rhizobium). The average nodule number in the
inoculation seed with Mesorhyzobium bacteria was
more than inoculation seed with Mesorhyzobium
bacteria and P. thornei (Figures 1 and 2).

There was a significant difference observed between
root-lesion nematodes (P. thorner) and the number of
nodules produced in the absence of nematodes P<.001
(Table 1). Nematode-infected plants produced fewer
nodules than uninfected plants (Figures 1 and 2).
Where, nematode infected plant formed 4-8
nodules/root and less nodule number than the
uninfected plant. The frequency distribution of nodules
on the infected and uninfected plant with nematode is
shown in figure 1.

Also, the results of the study indicated that the number
of nodules (rhizobium) not only was different between
legume species even cultivars within a species were
different. There was a significant effect of Cicer
cultivars for total nodule and the ability of them to
attract rhizobia was changed between Cicer species
P<0.001 (Table 1). The number of nodules among the
cultivars studied, ‘Cagatay’, ‘Gokce’, and Menemen
was higher than other cultivars. These effects showed
that plant genotypes differed in how nodule traits were
impacted by nematode infection. A similar study by
Bhuiyan et al. (2008) and Sattar et al. (1998) showed
that genotypic diversity affected the number of nodules
in both wild and domesticated chickpea and other
legumes crops.

In addition, results demonstrated that the maximum
of nodule numbers among the cultivars of C. arietinum
was higher than other Cicer species and there was a
significant difference observed between Cicer species
for the nodulation potential P<.001 (Table 1 and
Figure 3), but the negative effect of nematode on
rhizobium (nodules) in the wild Cicer species (C.
echinospermum and C. reticulatum) was less than C.
arietinum (Figures 2 and 3).

Both wild Cicer sp. have a similarly responsive to P.
thornei and the performance of them for the nodulation
was better in nematode infected plant than any Cicer
arietinum cultivars (Figure 2). However, among the C.
echinospermum and C. reticulatum cultivars,
Karabahce, Ortace, and Destek have given a good
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performance to P. thorner than any C. reticulatum
cultivars (Figures 2 and 3). Both bacterial and plant
genes can affect the development of root nodules

(Buttery et al., 1997 and Danso et al., 1987).

Table 1. Analysis of variance

Cizelge 1. Varyans analizi

Therefore, any changes in these organisms cause to
decrease the development of the nodules and therefore
affect nitrogen fixation (Rupela and Saxena, 1987).

Source of variation Degree of Freedom (df) Sum Square (SS) Mean square (MS) F Ratio P Value
treatment 1 387.347 387.347 47.51 <.001
species 2 895.194 447.597 54.90 <.001
Treatment xspecies 2 48.694 24.347 2.99 0.057
Residual 66 538.083 8.153

Total 71 1869.319

* df: contains degree of freedom which are measure of how much information is contained in each variance;

s.s! Means squares, which are calculated by multiplying the mean square and degree of freedom in the same row;
ms (Means squares): The variance between treatment;
v.r: The ratio of the between treatment variance to the within treatment variance;
F pr or P value: Significance value P < 0.001.
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Figure 1. Frequency distribution of nodules on the infected and uninfected plant with nematode
Sekil 1. Nematod ile enfekte ve enfekte olmayan bitki tizerindeki nodillerin frekans dagilim

Figure 2. The effects of Pratylenchus thornei on the number of nodules between Cicer cultivars.

Sekil 2. Pratylenchus thornernin nohut cesitleri arasindaki nodil sayis1 Uizerine etkileri.
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Fig 3. The effects of Pratylenchus thornei on the number of nodules between Cicer species.
Sekil 3. Pratylenchus thornernin nohut turleri arasindaki nodiil sayis1 tizerine etkileri.

According to the study showed that biotic factors such
as plant-parasitic nematodes disrupt the symbiotic
relationship between leguminous plants and nitrogen-
fixing rhizobia bacteria. In this study chickpea that
were infected by parasitic nematodes (P. thorner
formed fewer total nodules than uninfected plants. The
number of nodules in the accession of domesticated
Cicer with rhizobium bacteria had a more nodules
number than wild genotype species. However, plants
that formed more nodules with rhizobia were more
attack and heavily infected by nematodes.
Mesorhyzobium ciceri that infects the chickpea is
specific and rarely present in the soil in which the
chickpea is not recently grown (Elhadi and Elsheikh,
1999). Also, Abdalla et al. (2011) indicated that the
number nodulation of the chickpea and the success of
bacterial inoculation increased in the presence of the
native bacterial population.

The study showed that the symbiotic relationship
between rhizobium and plants is negatively affected by
parasite infection. Also, in the presence of nematodes,
plants formed fewer or prevent associations with
symbiotic rhizobia. We found that nematode-infected
plants formed 29% fewer total nodules on root than
uninfected plants. A similar study by Wood et al.
(2018) showed that Meloidogyne hapla nematode has a
negative impact on the number of nodules and formed
23% fewer nodules and 19% less total nodule biomass
per gram in Medicago plant roots.

The effect of nematode on nodule number is different
between Cicer species. Moreover, while some Cicer
genotypes formed fewer nodules when infected by
nematodes (C. arietinum), others including C.
echinospermum and C. reticulatum genotypes were
not more affected. In this study, the relationships
between wild and domesticated Cicersp. indicated that
negatively affected of P. thornei on rhizobium in both
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wild Cicer sp. (C. reticulatum and C. echinospermum)
were less than domesticated varieties (C. arietinum).

The useful effect of rhizobia symbiosis on legume crops
nutrition and growth and the association of rhizobia
with plant-parasitic nematodes in the rhizosphere
cause Investigations into the potential role of
nematode parasitism on nodulation, and accordingly
on symbiotic nitrogen fixation. Future studies in the
effect of root-lesion nematodes on rhizobium should
explore the genetic capacity is the influences the
degree of these relationships or not. Wood et al. (2018)
demonstrated that the effect of nematode on crop
plants is different because of genotype variation in the
plant. Burghardt et al. (2017) also found significant
genotype variation between plant genotypes in the
definition of defense genes in nodules. The information
provided by these results will be useful for the
clarification of nematodes, root-nodule bacteria, and
host plant relations, but more studies are needed to
test the effect of root-lesion nematodes on rhizobium
for developing chickpea breeding programs to keep the
economic damage below the threshold level.

CONCLUSION

It is concluded that root-lesion nematodes (P. thorner)
infection can impact the number of nodules in the
chickpea plant. Disease management by using
resistance cultivars is suitable to be used for control of
root lesion nematodes and lessen the negative impact
on the number of nodules and the activity of rhizobium
bacteria.
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ABSTRACT Plant Protection
This study was conducted to identify and to determine the distribution
of root-knot nematode species in total of 625 ha of Laventer Research Article

(Lavandula x intermedia Emeric ex Loisel. var. Super) cultivated area
of Isparta and Burdur Provinces of Turkey. A total of 60 samples were Article History

collected in autumn of 2020. Root knot nematode species molecular Received 1 01.07.2021
identification was determined by species-specific primers from egg Accepted 117.08.2021
masses. The 17 samples taken from cultivated lavender fields were

found to be infected with Root knot nematode. As a result of molecular Keywords

identification, 12 of samples were found to be Meloidogyne incognita, Lavender

while 5 of them were found to be M. arenaria. This was the first report Meloidogyne incognita

of infestation of lavender by M. incognita in Turkey. Of studied areas, Meloidogyne arenaria
Keciborlu district of Isparta Province with most cultivated lavender Molecular identification

area sustained 7 samples of M. incognita and 3 of samples M. arenaria.

Turkiye'nin Isparta ve Burdur Tlerinin Lavantalarinda Kék-ur Nematod Tiirlerinin (Meloidogyne spp.)
Molekiiler Tanimlanmasi

OZET Bitki Koruma

Bu c¢alisma, Tirkiye'nin Isparta ve Burdur illerinde Lavanta

(Lavandula x intermedia Emeric ex Loisel. var. Super) yetistirilen Aragtirma Makalesi
yaklagik 625 ha'lhk bir alanda Kok-ur nematodu tiirlerinin

belirlenmesi ve yayiliglarinin saptanmasi amaciyla yuritalmustir. Makale Tarihgesi

2020 yilinin sonbaharinda toplam 60 o6rnek toplanmistir. Kok-ur Gelig Tarihi  :01.07.2021
nematod tiirlerinin molekiler tanimlamasi, yumurta paketinden tiire Kabul Tarihi :17.08.2021

6zgi primerler 1ile Dbelirlenmigtir. Kultira yapilan lavanta :
tarlalarindan alinan 17 6rnegin Kok ur nematodlari ile enfekte oldugu AnahFar KelnpelerLgvanta
bulunmustur. Molekiiler tanilama sonucunda bu o6rneklerin 12 MeJO{dogy ne 1ncogm?fa
tanesinde Meloidogyne incognita bulunurken, 5 tanesinde M. Me]ozc{ogy ne arenaria
arenaria saptanmigstir. Bu, Turkiye'de lavantada M. incognita Molekiiler tanilama
enfeksiyonuna iligkin ilk rapordur. Lavantanin en ¢ok yetistirildigi

Isparta Ili Keciborlu Ilgesinin Kék-ur nematodu ile enfekte oldugu

belirlenmistir. Kegiborlu Ilcesinde 7 ornek M. incognita tespit

edilirken, 3 6rnek M. arenaria tespit edilmistir.

To Cite Goze Ozdemir FG 2022. Molecular Identification of Root-knot Nematode Species (Meloidogyne spp.) on Lavender
of Isparta and Burdur Provinces in Turkey. KSU J. Agric Nat 25 (4): 000-000.
https://doi.org/10.18016/ksutarimdoga.vi.960692.

AufIcin:  Goze Ozdemir FG 2022. Tirkiye'nin Isparta ve Burdur Illerinin Lavantalarinda Kék-ur Nematod Tiirlerinin
(Meloidogyne spp.) Molekiller Tammlanmasi. KSU Tarim ve Doga Derg 25 (4): 000-000.
httpsi//doi.org/10.18016/ksutarimdoga.vi.960692.

INTRODUCTION Lavandula X intermedia = L. hybrida), and Spike
Lavender (Lavandula spp.) is an aromatic herb of lavender (L. spica= L. latifolia) are important lavender
Lamiaceae. The essential oil obtained from the spikes species (Erbas et al, 2017). Lavender is densely
of the lavender is in great demand around the world cultivated in France, Bulgaria, Spain, Italy, Greece,
which is mostly used in cosmetics, perfumery, England, Russia, the USA, Austria, and the North
flavoring and pharmaceutical industries (Tarhan et African countries worldwide (Tucker, 1985; Erbas et
al., 2019). Lavender (L. angustifolia = L. officinalis= @l 2017). Lavender is cultivated approximately 1200
L. vera), Lavandin (L. angustifolia X L. latifolia = ha area in Turkey and in Burdur and Isparta

Provinces, 167.8 and 456.8 ha of cultivated area are
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Table 1. Locatians of Root-knot nematode samples
Cizelge 1. Kok-ur nematodu orneklerinin lokasyon bilgileri

reported respectively (TUIK, 2021). The most lavender
cultivation is in Kuyucak village in Ke¢iborlu district

of Isparta Province which consisted of 93% lavender SO..amp;e no I(éoie ‘I{ﬂlage (0;( sm;lltl(}wn/b 2}15'“/13;)/
production of Turkey (Basaran, 2017). The largest 1Res no 0 TOVINCE \B0Y yacda 2asaoa Lo
. . . . . 1 E1 Sorkuncak/Egirdir/Isparta
lavender field in Turkey is in Akg¢akéy in Yesilova o
T . N 2 E2 Sorkuncak/Egirdir/Isparta
district in Burdur Province where 37 ha of cultivation 3 E3 Sorkuncak Egirdir/Isparta
are done in a single plot (Anonim, 2021). The cultivated 4 E4 Sariidris/ Egirdir/Tsparta
lavender cultivar in Isparta and Burdur provinces is 5 E5 Sariidris/ Egirdir/Isparta
Lavandula x Intermedia var. Super which has very 6 E6 Sariidris/ Egirdir/Isparta
well adapted particularly to the non-irrigated, arid, 7 E7 Egirdir/Isparta
and sloping lands of this locality (Erbas et al., 2017). 8 ISP1 Centre/Isparta
.. 9 ISP2 Centre/Isparta
Lavender is infected by many pests and pathogens and 10 KL1 Kilig/Keciborlu/Isparta
that might cause significant damage and effect 11 KL2 Kilig/Kegiborlu/Isparta
negatively in terms of their quality and essence yields 12 KLS Kili¢/Keciborlu/Isparta
(Gorustovich et al., 1997). Root-knot nematodes 13 KL4 Kili¢/Kegiborlu/Isparta
(Meloidogyne spp.) are the most economically 14 Al Aydogmus/Keciborlu/Isparta
important nematodes in agriculture due to damage to 15 A2 Aydogmus/Kegiborlu/Isparta
vascular tissues, wide host range, forming disease 16 A3 Ardl@h/Ke@?bOﬂ‘J/ISparta
complexes with soil pathogens (Udo et al., 2008; Moens i; ‘é‘i Arilch_/. Kec/llzorl.‘g/ Islpagta .
et al.,, 2009; Lobna et al., 2016; Siddiqui and Zaki, Cu uroren/Biegrbor w-sparta
. . . . . 19 C2 Cukuroren/Keciborlu/Isparta
2017). Meloidogyne incognita (Kofoid and White, 1912) 20 Cs Cukuréren/Keciborlu/Isparta
Chitwood, 1949, M. javanica (Treub, 1885) Chitwood, 21 C4 Cukuréren/Keciborlu/Tsparta
1949, M. arenaria (Neal, 1889) Chitwood, 1949 and M. 29 5 Cukuréren/Keciborlu/Tsparta
hapla Chitwood, 1949 are the most dominant species 23 Cé6 Cukuroren/Kegiborlu/Isparta
in agricultural and horticultural crops (Hussey and 24 Cc7 Cukuréren/Kegiborlu/Isparta
Janssen, 2002; Brito et al., 2008; Sarkar, 2020) and are 25 Cc8 CUkurﬁ?ren/Kec@bOﬂu/ISparta
common in the Mediterranean area (Ornat and 26 €9 Cukurgren/Kegiborlw/Isparta
Sorribas, 2008; Devran and Sogiit, 2009; Uysal et al., 27 K1 Kuyucak//Kegiborlu/Isparta
) . . . 28 K2 Kuyucak//Kegiborlu/Isparta
2017; Gongalves et al., 2020). Meloidoyne incognita .

. . . . 29 K3 Kuyucak//Kegiborlu/Isparta
was reported in lavender in Argentina (Gorustovich et 30 K4 Kuyucak//Keciborlu/Isparta
al., 1997) and Egypt (Ibrahim and Mokbel, 2009) in 31 K5 Kuyucak//Kegiborlu/Isparta
cultivars L. hybrida and L. officinalis, respectively. 39 K6 Kuyucak//Keciborlu/Isparta
Carneiro et al. (2014) found M. luci on L. spica. 33 K7 Kuyucak//Keciborlu/Isparta
Meloidogyne hapla from Greece (Goncalves et al., 34 K8 Kuyucak//Keciborlu/Isparta
2020) and M. arenaria (Ozalp et al., 2020) from Turkey 35 K9 Kuyucak//Kegiborlu/Isparta
are reported in L. angustifolia. 36 K10 Kuyucak//Kegborlu/Isparta

. . . . 37 K11 Kuyucak//Kegiborlu/Isparta
The aim of this study was to identify root knot 38 K12 Kuyucak//Kegiborlu/Isparta
nematode species in lavender cultivation areas of 39 K13 Kuyucak/Keciborlu/Isparta
Isparta and Burdur provinces of Turkey by molecular 40 K14 Kuyucak//Kegiborlu/Isparta
methods and consequently determine their 41 K15 Kuyucak//Keciborlu/Isparta
distribution. 42 K16 Kuyucak//Keciborlu/Isparta
43 K17 Kuyucak//Ke¢iborlu/Isparta
MA IAL 44 K18 Kuyucak//Ke¢iborlu/Isparta
TER and METHOD. . 45 K19 Kuyucak//Ke¢iborlu/Isparta
Root-knot nematode sampling locations 46 K20 Kuyucak//Keciborlu/Isparta
Lavender fields in Isparta and Burdur provinces of 47 S1 Bogazkoy/Stitctiler/Isparta
Turkey were surveyed in autumn of 2020. A total of 60 48 S2 Bogazkoy/Stitctiler/Isparta
samples were collected in the study (Table 1). In each gg E; geige;guigui
field, root and soil samples were taken from lavender entrerburdau
. . 51 B3 Akgakoy/Yesilova/Burdur
localities indicating symptoms of stunting plants. Root 59 B4 Akcakéy/Yegilova/Burdur
samples were placed in a separate bag and brought to 53 B5 Akcakéy/Yesilova/Burdur
the laboratory in a cold chain and stored at 4°C for 54 B6 Akcakoy/Yesilova/Burdur
further use. 55 B7 Akgakéy/Yesilova/Burdur
56 B8 Ilyas/Yesilova/Burdur
Nematode extraction 57 B9 Ilyas/Y: es}lova/Burdur
. 58 B10 Ilyas/Yesilova/Burdur
Each lavender root samples were gently washed with 59 B11 Salda/ Yesilova/Burdur
tap water and examined under a stereomicroscope for 60 B12 Salda/ Yesilova/Burdur
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evidence of galls. Then, egg masses and mature
females were collected from infested roots using needle
and placed in Eppendorf tubes under a
stereomicroscope.

Molecular identification

DNA extraction from nematode isolates was performed
following cetyl trimethyl ammonium bromide (CTAB)
method with slight modifications (El-Qurashi et al.,
2017; Mondino et al., 2015). Two species-specific
primers were used in the PCR amplifications, which
was conducted by thermocycler (Veriti Thermal cycler,
Applied Biosystems, Thermo Fisher Scientific,
Waltham, MA, USA) in a total volume of 25 uL (Table
2). Reaction mixture consisted of 10 ng DNA (5 ul),
PCR buffer (2.5 pl), 2 mM MgCI2 (1 pl), 0.2 mM dNTP
(1 uD, 10 mM Primer F (1 ul), 10 mM Primer R (1 pl),

1 unit Taq DNA polymerase (GenEon, San Antonio,
TX, USA) (0.25 pl) and ddH20 (13.25 pul). PCR cycles;
initial denaturation at 94°C for 3 min, followed by 35
cycles each consisting of 30 sec at 94°C, 30 sec at 56°C
and 60 sec at 72°C for Far/Rar and 94°C for 3 min for
INCK14F/INCK14R primers, followed by 30 sec at
94°C, 30 sec at 60°C and 60 sec at 72°C with a final
extension at 72°C for 7min.

PCR products were separated using agarose
electrophoresis in 2% gel (Agarose Type I, Sigma-
Aldrich, St. Louis, MO, USA) with ethidium bromide.
The gel was run for 2 hours using constant voltage of
around 90 V and then visualized and photographed
under UV light using a gel documentation system. The
specific band was detected for each SCAR marker
separately.

Table 2. Species specific primers of root-knot nematodes for molecular identification
Cizelge 2. Molekiiler tanimlama i¢in kok-ur nematodlarinin tiire 0zgii primerleri

Nematode Primers Primer sequences (5-3) Fragments (bp) Reference

species Primer Primer sekanslari Uzunluklari Kaynak

Nematod tiirii

M. arenaria FAR TCGGCGATAGAGGTAAATGAC 420 Zijlstra vd., 2000
RAR TCGGCGATAGACACTACAACT

M. incognita  INCK14R CCCGCTACACCCTCAACTTC 399 Randing vd., 2002
INCK14F GGGATGTGTAAATGCTCCTG

RESULT and DISCUSSION identified as M. arenaria (Figure 2). Meloidogyne

Root knot nematode infested plant roots were found in
17 (28.3%) of 60 samples collected from lavender fields
in Isparta and Burdur provinces. Root knot nematodes
were found in 3 of 12 samples in Burdur Province and
14 of 48 samples in Isparta Province (Table 3).

As a result of the molecular analysis, while 12 of the
17 samples with Root knot nematode were identified
as Meloidogyne incognita (Figure 1), 5 of them were

arenaria were detected in one sample (B12) in Burdur
Province and four samples (E1, A3, K5, K17) from
Isparta Province. Only two samples of M. incognita (B3
and B7) were found in Yesilova district in Burdur
Province whereas in Isparta Province, 10 samples of M.
incognita (C5, C9, K4, K11, K16, K20, E4, ISP1, KL3,
S1) were identified. Seven samples of M. incognita and
3 samples of M. arenaria were determined in intensive
lavender cultivated Keciborlu district (Table 3).

Table 3. Number of infested samples with Root knot nematode in lavender fields
Cizelge 3. Lavanta tarlalarinda Kok ur nematodu ile enfekte olmus érnek sayisi

Province District Number of Number of samples with Meloidogyne Meloidogyne
17 Ilge samples nematodes Incognita arenaria
Ornek sayisi Nematod ile bulasik
ornek sayisi
Isparta Egirdir 7 2 1 1
Centre 2 1 1 X
Keciborlu 37 10 7 3
Stutculer 2 1 1 X
Burdur Centre 2 X X X
Yesilova 10 3 2 1
Total 60 17 12 5

In Turkey, Lavender is most cultivated in Keg¢iborlu
district of Isparta province and no study has been
found on the detection of root knot nematode in this
region. In the study, it was determined that Kegiborlu
district was significant locality infected with root-knot
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nematode. It was confirmed that tomatoes were grown
before lavender in the C5 and K20 sampling areas of
Kegiborlu district where M. incognita was detected. On
the other hand, it was found that potatoes were grown
before lavender in B3 and B7 sampling areas in
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Yesilova district where M. incognita was detected.
Previously, M. arenaria was detected in lavender fields
of Edirne and Kirklareli in Turkey (Ozalp et al., 2020).
However, there is no report of M. incognita infecting
lavender in Turkey. The present study is the first
report of M. incognita in lavender in Turkey by using

ONA 5 C9 K4 K11 K16K20 B3 B7 E4 ISP1 KL3S1

ladder

molecular markers. Moreno et al. (1990) reported that
lavender species were a suitable host for M. arenaria.
Meloidoyne incogita was found infecting L. hybrida
Rev. from Argentina (Gorustovich et al., 1997) and L.
officinalis Chaix et Vill. from Egypt (Ibrahim and
Mokbel, 2009).

DNA
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Figurel. PCR products amplified using primers INCK14R/INCK14F
Sekil 1. INCKI14R/INCKI14F primerleri kullanilarak ¢ogaltiimis PCR tiriinleri

DNA

ladder B12 E1 A3

KS K17

[043U02 JAIISO

Figure2. PCR products amplified using primers

FAR/RAR
Sekil 2. FAR/RAR primerleri kullanilarak ¢ogaltilmis
PCR iirtinleri
CONCLUSION

In conclusion, this study showed the detection of root
knot nematode infestation in the lavender fields of
Isparta and Burdur provinces. M. incognita was more
common nematode species in studied area. It is
necessary to pay attention to lavender seedlings
transportion to prevent the dispersal of nematodes
from this region to other regions of the country. In
addition, weeds that are known to be host to root knot
nematodes should be controlled in the fields. Newly to
be established lavender field should have soil analyses
before starting production with a nematode resistant
variety.
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OZET Zooloji

Bu calismada, Alburnus carianorumun Yaprakli  Baraj

popllasyonuna ait baz1 popllasyon dinamigi parametreleri Aragtirma Makalesi
incelenmigtir. Uzatma aglar1 ile 2014-2016 yillar1 arasinda baraj

golinden toplanan 280 birey ile c¢alisma gerceklestirilmistir. Makale Tarihgesi
Incelenen bireylerin 0-IV’iincii yas gruplar: arasinda degistigi ve II. Gelig Tarihi  :13.02.2021
yas grubunun en baskin yag grubu oldugu belirlenmistir. Orneklenen Kabul Tarihi :03.07.2021

bireylerin total boy degerinin 3.6-14.4 cm ve agirhik degerinin ise 2.2-
35.46 gr arasinda degisim gosterdigi belirlenmis olup ortalama boy ve
agirhik degerleri sirasiyla 11.06£1.56 cm ve 13.95+6.10 g olarak
hesaplanmigtir. Boy-agirlik iligkisi ise W= 0.0260* 25747 olarak
belirlenmigtir. Popiilasyon parametreleri L' 19.73 cm, k: 0.189, to: -
0.743, @' 1.86 ve K: 0.95+0.13 olarak hesaplanmistir. Toplam, dogal
ve balik¢ilik 6liim oranlar: sirasiyla Z: 0.42, M: 0.32, F: 0.09 olarak
tahmin edilmis olup stoktan yararlanma diizeyi ise E: 0.22 olarak
hesaplanmigtir.

ABSTRACT

In this study, some population dynamical parameters were
determined for Alburnus carianorum which is distributed in Yaprakl
dam lake. A total of 280 specimens were collected from 2014 to 2016
using gill nets. Age of the examined specimens varied between 0 and
IV age groups and the II. age group was the most dominant. It was
determined that the total length varied from 3.6 tol4.4 cm and the
body weight ranged from 2.2 to 35.46 g, and the average length and
weight values were 11.06+1.56 cm and 13.95+6,10 g, respectively. The
length-weight relationship was determined as W = 0.0260* 125747, The
population parameters were calculated as Lot 19.73 cm, & 0.189, to: -
0.743, @: 1.86 and K: 0.95+0.13. Instantaneous rate of total, natural
and fishing mortalities were 0.42, 0.32 and 0.0 9 yearl, respectively
and the exploitation rate was calculated as 0.22.
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GIRIS turlerden biri olan Alburnus carianorum Freyhof,

Leuciscidae familyas tiyesi olan A/burnus Rafinesque,
1820 cinsi Avrupa ve Ortadogu ulkelerinin buytk bir
kisminda dagilim gostermekte olup Tirkiye'nin tim
havzalarindan bulunmaktadir. Turkiye’de Alburnus
cinsi 25 turle temsil edilmekte olup bu tirlerin 18’1
endemiktir (Cicek ve ark., 2015; 2018; 2020). Endemik

Kaya, Baycelebi, Geiger & Turan, 2018 Dalaman Cay1
ile Buyuk Menderes havzasinda dagilim
gostermektedir (Mangit ve Yerli, 2018; Freyhof ve ark.,
2018). Géllerin ve hizhi akan akarsularin su filmine
yakin zonlarinda gruplar halinde yasarlar ve
maksimum total boy 95 mm olarak kaydedilmigtir
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(Freyhof ve ark., 2018). IUCN tehlike kategorisi ise EN
(Endangered=Tehlikede) olarak belirlenmistir (ITUCN,
2020). Yeni bildirilen bir tiir oldugu i¢in s6z konusu tiir
ile ilgili herhangi bir popiilasyon dinamigi calismasina
rastlanmamigtir.

Balik popitlasyonlarinin  blyiime, ureme, o6lim
parametreleri gibi  baz1 popllasyon dinamigi
parametrelerinin belirlenmesi 1lgili poptlasyonun
hakkinda bilgi saglamaktadir. Bu nedenle balik
popilasyonlar1 ile 1ilgili kapsamh ve stirekli
arastirmalarin yapilmasi, popiilasyonlarda meydana
gelen degisikliklerin izlenmesi, tirlerin korunmasi,
siirdiiriilebilir stok yénetimi i¢in gereklidir (Sarthan ve
ark., 2007). Ozellikle endemik ve dagilim alan sinirh
olan tlrler i¢in bu verilerin saglanmasi tiirlerin
korunmasi1 bakimindan ayrica 6nem arz etmektedir.
Yaprakli baraj goéliinde yapilan bu calisma ile A.
carianorum tuirinin baz1 populasyon dinamigi
parametreleri ve 6liim oranlarmin belirlenmistir.

MATERYAL ve METOD

Bu calisma Dalaman Cay1 tlzerinde kurulu olan
Yaprakli barajinda Mayis 2014-Eylil 2016 tarihleri
arasinda toplanmis olan numuneler kullanilarak
yapilmigtir. Orneklemede TS EN 14757 standartlar:
dahilindeki yontemler esas alinmig olup avcilikta
farkl goz acikligina sahip (5, 6,25, 8, 10, 12,5, 15,5,
19,5, 24, 29, 35, 43 ve 55 mm) uzatma aglan
kullanilmistir. Yakalanan ornekler %10 Tuk
formaldehit soliisyonu kullanilarak tespit edildikten
sonra igerisinde %4’lik formaldehit olan bidonlara
konularak Nevsehir Hac1 Bektas Veli Universitesi
Thtiyoloji Laboratuvarina getirilmistir.

Formaldehit icinde korunan oOrnekler cesme suyu
altinda bekletilerek formaldehitten arindirilmas:
saglandiktan sonra standart (SB), catal (CB) ve total
(TB) boy 1 mm hassasiyetle boy &lciim tahtas1 ile
olciilmiis olup total agirlik (TA) ise hassas elektronik
terazi ile 0,01 g hassasiyette tartilmistir. Pektoral
yuzgecin gerisinden alinan pul ornekleri 1s1k
mikroskobu kullanilarak iki farkli okuyucu tarafindan
bireysel yas tayini yapilmistir.

Boy-boy (I-LR) ve boy-agirhk (L-WR) iligkileri
sirasiyla dogrusal ve tUssel regresyon yontemi
kullanilarak belirlenmistir (Sparre ve Venema, 1998).

L-LR: Lyx=(a*Ly)-b (1)

(Lx ve Ly boy élciimleri, a ve b: regresyon sabitleri)
L-WR: W = al” @

(W: bireysel agirhg (g), L total boyu (cm), a ve b
regresyon sabitleri)

von Bertalanffy biiyime esitligi yardimiyla biiytime
ozellikleri ortaya konmustur (Sparre ve Venema,
1998).

Lt=L, *[1-e*¢ | ve Wt=W, *[1-e*¢ | (3)
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(L¢ t anindaki boy (cm), L. sonsuz boy (cm), & Brody

biiyiime katsayis1 (yil'), ve £ yasi, f°' yumurtadan
ciktig1 andaki kuramsal yas (y1l) ve W.' sonsuz agirhig
(2)

Poptiilasyonun besililik durumunun degerlendirilmesi
icin Fulton'un Kondisyon Faktérii (X) ve Biiyiime
Performans Indeksi (@): esitligi kullanilarak
belirlenmistir (Pauly ve Munro, 1984; Sparre ve
Venema, 1998).

K =100* %
@)
D=logk+2logL. (5)

Popiilasyona ait Toplam (2), Dogal nedenlerle (M) ve
Balikcilik (#) nedeniyle olan 6liim oranlari ve stoktan
yararlanma diizeyi asagidaki formiiller kullanilarak
hesaplanmistir (Beverton ve Holt, 1957; Pauly, 1980).

z:k("_w_t)

W ®)

(Z toplam élimler, L.: sonsuz boy (cm), L: ortalama
boy (cm),1,: 6rneklenen bireyler igerisindeki en kiiciik

boydaki baligin dahil oldugu sinif araligi (cm))
Log10M=-0,0152-0,279*l0og10L?+0,6543*l0g10k
+0,463*10g10T @)

(7' 6rnekleme alaninin ortalama su sicakhk (°C)
degeri. Ortalama yillik sicaklik degeri olarak Goélhisar

ilcesinin  yillik ortalama sicaklign olan 12,7°C
kullanilmistir (Anonim, 2012))

=
F=Z-M (8 E= 7 9
BULGULAR ve TARTISMA
Yaprakli Barajinda A. carianorum’un yanisira
Atherina boyeri Risso, 1810; Cyprinus carpio
Linnaeus, 1758; Carassius gibelio (Bloch, 1782);

Barbus xanthos Gugli, Kalayci, Kiigiik ve Turan 2020;
Pseudorasbora parva (Temminck & Schlegel, 1846);
Squalius fellowesii (Giinther, 1868); Oncorhynchus
mykiss (Walbaum, 1792) ve Scardinius elmaliensis
Bogutskaya, 1997 tiirleri de 6rneklenmigtir.

Uzerinde calisilan bireylerin 0 ile IV. yas gruplar
arasinda dagilim gosterdigi en baskin yag grubunun %
50’lik oran ile II. yas grubu oldugu bunu % 27.14 ile 1.
ve % 101luk bir deger ile IIl. yas grubu takip
etmektedir (Tablo 1). Orneklerin total boy degerlerinin
3.6-14.4 cm ve total agirlik degerinin ise 2.2-35.46 g
arasinda degisim goésterdigi belirlenmis olup ortalama
boy ve agirlik degerleri ise sirasiylal1.06+1.56 cm ve
13.84+5.75 g olarak hesaplanmigtir. Yilhik buylime
orani dikkate alindiginda en fazla biiyiime oraninin
birinci yilda oldugu gérulmiustiir ve takip eden yas
gruplarinda boyca ve agirlikga biiyiime orani
azalmaktadir.
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Cizelge 1. Alburnus carianorum populasyonunda yas-boy ve yas-agirlik frekans dagilimlari, her yag grubuna ait
ortalama boy ve ortalama agirlik
Table 1. Age-lenght and age-weight frequency distributions in Alburnus carianorum population, average height
for each age group

Total Boy (OB+SD) Total Agirlik (OA+SD)
Yas (Age) N % Total Lengh};: (mean+ SD) Total Weig;ht (mean+ SD)
0 7 2,50 3.6-6.90 (5.36+1.18) 2.2-4.2 (3.16+0.84)
I 100 27.14 7.10-11.2 (9.93+0.36) 5.32-14.80 (9.01+2.73)
II 140 50 10.7-12.7 (11.67+0.48) 9.38-23.07 (15.51+3.04)
111 28 10 11.1-13.5 (12.94+0.26) 19.2-30.11 (22.52+2.51)
IV 5 1.79 13.6-14.4 (14.18+0.33) 22.92-35.46 (30.03+4.51)
% 280 3.6-14.4 (13.84+5.75) 2.2-35.46 (13.84+5.75)
Orneklerin  boy-frekans degigimi incelendiginde Boy-agirhik iligkisi ise W = 0.0260%/125747 olarak

belirlenmistir (Sekil 3). Bu calismada elde edilen
bireylerden hesaplanan & degerinin %951lik giiven
araligr ile 2.5747-3.6291 olarak hesaplanmis olup
biiylimenin izometrik oldugu belirlenmigtir.

normal bir dagilim sergiledigi ve en baskin boy
grubunun 11 cm boy grubu oldugu bunu 10 ve 12 cm
boy gruplarinin takip ettigi belirlenmistir (Sekil 1).

Total boy, ¢atal boy ve standart boy arasindaki iligkiler
CB=(0.8621*TB)-0.4617, SB=(0.877*TB)-0.5605 ve
TB=(0.9958*SB)-0.8174 olarak formiilize edilmistir

von Bertalanffy bliyime parametreleri, bliylime
performans indeksi ve Fulton’'un kondisyon faktori

(Sekil 2). degerleri Tablo 3’te verilmistir.
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Sekil 1. Yaprakh Baraji Alburnus carianorum popiilasyonuna ait total boy ve total agirlik frekans dagilimlar
Figure 1. Total length and frequency distributions in Alburnus caeruleus population from Yaprakli Dam
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Sekil 2. Yapraklh Baraji Alburnus carianorum popiilasyonuna ait total boy, ¢atal boy ve standart boy arasindaki
iligkiler

Figure 2. Relationships between the total length, fork length and standard length of Yaprakli Dam Alburnus
carianorum population
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Sekil 3. Alburnus carianorum populasyonuna ait boy-agirlik iligkisi grafigi
Figure 2. Lenght and weight relationships in Alburnus carianorum population

Tablo 3. Yaprakli Baraji1 Alburnus carianorum popiilasyonuna ait von Bertalanffy biiyiime parametreleri
Table 3. Growth parameters of von Bertalanffy belonging to the Yaprakli Dam Alburnus carianorum population

a b 95% CI of b r Lo(cm) | kG0 | ¢ () W.. () ' K
0.026 2.5747 2.5747-3.6259 0.8319 19.73 0.189 -0.743 57.36 1.86 0.95

Incelenen popiilasyon icin dogal sebeplerle meydana
gelen 6liim orani (M) 0.32 ve balik¢ilik sebebiyle olusan
olim orani ise (F) cok daha diisik 0.09 olarak
hesaplanmistir. Bu degerler kullanilarak sémuriilme
oraninin ise (E) 0.22 oldugu gorillmiistiir.

von Bertalanffy bluylume parametrelerinden
yararlanilarak boyca ve agirlik¢a biiyime denklemi
kullanilarak yas gruplarina goére boy ve agirhk
degerleri hesaplanmigtir. Olgiilen ve egitlik yardimiyla
hesaplanan boyca ve agirlikca biyime grafikleri
olusturulmustur (Sekil 3). Olgiilen ve hesaplanan boy
ve agirlik degerleri bakimindan istatistiksel anlamda
bir farklilik olmadigi tespit edilmistir (p>0.05).

SONUC ve ONERILER

Boy-agirlik iligki sabitlerinden b degerinin 3 olmasi
baligin fusiform yapida oldugunu, 3in altinda olmasi
ince uzun 3in Ustiinde olmasi ise viicudun daha kiit
bir yapida oldugunu gosterir (Avsar, 2005). Yaprakl
Baraj1 A. carianorum popiilasyonunda b degeri 2.5747
ve degisim arahigl ise 2.5747-3.6259 (%95) olarak

belirlenmigtir. Bu durum ilgili popiilasyonda
biylimenin izometrik bir yap1 sergiledigini
gostermektedir.

Baliklarda besililik diizeyini belirlemek i¢in Fulton'un
Kondisyon Faktori (K) degeri kullanilmaktadir.
Alburnus cartanorum Yaprakli baraj populasyonu igin
K degeri 0.95+0.13 olarak hesaplanmigtir. Bu degerin
1'in altinda olmasi nedeniyle bu tiurde kondisyonun
disiik oldugu ileri siirilebilir. Biiyiime 6zelligini
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ortaya koymada kullanilan b degerinin de 2.57 olarak
bulundugu g6z 6nline alindiginda tiiriin nispeten ince
uzun zayif bir yapiya sahip oldugu soylenebilir.

Bliyimenin yorumlanmasinda kullanilan biiytime
indeksi (®') 1.86 olarak hesaplanmistir. Bu degerin
2’nin altinda olmasi nedeniyle bu tiirde bliylimenin
dustk performans sergiledigi iddia edilebilir.

Yaprakli baraji, vejetasyonun olmadigi, dip yapisi
akarsuyun tasidig1 erozyon materyali ile kapli oldugu,
suyun oldukca berrak oldugu ve plankton
yogunlugunun disiik oldugu gorilmiistir. Bu nedenle
sucul makrofitlerin ve planktonun sagladig1 besinden
yoksun olmasi nedeniyle baraj golinin besin
acisindan oldukea fakir oldugu gézlemlenmisgtir.

LWR sabitlerinden a, b, @' ve K degerleri gz 6niine
alindiginda A. carianorunr’un biiyime performansinin
dusik oldugu goriulmektedir. Yaprakli Barajinda A.
carianorum’un yan sira 8 farklh tirtin bulundugu ve
bunlar icerisinde A. boyeri, C. gibelio ve P. parva
egzotik istilaci tirlerin bulundugu goriilmistiir. Besin
acisindan zaten fakir olan barajda ayni nisi paylagsan
tirler bulunmasi, istilacilik potansiyelinin yliksek
oldugu tirlerin varhgi ve barajda ticari balik¢iligin
yapilmiyor olmas1 A. carianorum tzerinde ciddi baski
yaratmaktadir. Ozetle A. carfanorum’un disgik
biiyime performansi sergilemesinin sebebi yukarida
bahsedildigi {tizere yiiksek popilasyon yogunlugu,
besin azhigi ve nis c¢akigmasina bagh rekabete
baglanabilir.



KSU Tarim ve Doga Derg 25 (3): 533-538, 2022
KSU J. Agric Nat 25 (3): 533-538, 2022

Arastirma Makalesi
Research Article

25 +
B Hesaplanmis
O  Olgllmis é
20 |  **eeeHesaplanmis
&
—— Observed
€
i
> 15
o
@
e
5]
'—
10 A
L]
L]
5 @
O
O T T T 1
0 1 2 3 6
Yas
200 7 g Hesaplanmis
O  Olgilmii
180 | culmas
e e e o e Hesaplanmis N
160 - = Olgiilmiis '.O
L]
__ 140 g
X
=
= 120
oY)
<
T 100
[3)
[t
80
60
40
20
0
Yas

Sekil 4. Yapraklh Baraj1 Alburnus carianorum populasyonu i¢in 6l¢iilen ve hesaplanan boy ve agirlik degerlerine

ait bliylime grafigi

Figure 4. Growth chart of measured and calculated height and weight values for Yaprakli Dam Alburnus

carianorum population

Yaprakl baraji A. carianorum populasyonunda dogal
nedenlerle olan 6liim oraninin (M=0.32) ve balik¢ilik

nedeniyle olan 6liim oramindan (F=0.09) cok daha
yiiksek oldugu hesaplanmis olup sémiiriilme orani (E)
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0.22 olarak tahmin edilmigtir. Gercekten de barajda
ticari balik avciligr yurutilmedigi belirlenmigtir. Bu
durumun Oniine gegilmesi i¢in yogun popillasyonu
azaltmak adina barajda balikgilik faaliyetlerinin
yuritulmesinin baliklarin biiylimesini pozitif yonde
etkileyecegi diigtintilmektedir.

Bu calismada Alburnus carianorum tirinin
popllasyon dinamigi parametrelerinin belirlendigi
herhangi bir ¢alismaya rastlanmamais olup bu ¢alisma
ilk  niteligindedir. Bu nedenle bu c¢aligmada
hesaplanmig olan popilasyon dinamigi parametreleri
baska ¢alismalarla kiyaslanamamistir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki
olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir gkar
catismasi olmadigini beyan ederler.
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ABSTRACT Zoology
Polyphylla turkmenoglui Petrovitz, 1965 is one of the the most
important pests of vineyards in the Aegean Region of Turkey. Larvae Research Article
of this species feed on the roots of vineyards and in general, the . .
larvaes are found under the soil. For this reason, controlling this Artlc.le Hlstory‘
pest is very difficult. The adults mostly feed on pines foliage. In the Received ) 03.03.2021
study, the seasonal activity of the adult beetles of P. turkmenoglui Accepted 101.07.2021
was studied via two light traps between May and August in 2016 and K d
: : - . . S eywords
2017 in two vineyard locations in Alagehir and Sarigol districts, Scarabaeidae

Manisa province of Turkey. At the end of the study, 1.552 specimens
of P. turkmenoglui were evaluated. Total 362 and 1.190 specimens
were collected from the Ilocalities in Alagehir and Sarigol,

Polyphylla turkmenoglui
Seasonal dynamics

respectively. In spite of the small differences in trapping localities, \T]L?i}éf;rd
the number of the specimens belonging to this species increased as of
June, reached the highest level in mid-June and early July, and
started to decrease after that date. No specimens were collected after
the second half of July. In addition, the morphological features of
this species, both male and female, were defined and illustrated.
Manisa yoresi baglarindaki Polyphylla turkmenoglui Petrovitz (Coleoptera: Scarabaeidae:
Melolonthinae) tiiriiniin mevsimsel aktivitesi {izerine notlar
OZET Zooloji
Polyphylla turkmenoglui Petrovitz, 1965 turi Ege Bolgesi
baglarinda bulunan en o6nemli zararhlardan biridir. Zararlinin Aragtirma Makalesi
toprakta yasayan larvasi bitki kokleri ile beslenir. Bu nedenle ; :
kontroli ¢ok zordur. Erginleri g¢ogunlukla ¢am yapraklar: ile Makale T.a r'lhge.31
beslenmektedir. Bu calismada, 2016-2017 yillarinda Mayis-Agustos Gelis Tarl}'u. :03‘03'2021
tarihleri arasinda Manisa’nin Alagehir ve Sarigdl ilgelerinde bulunan Kabul Tarihi :01.07.2021
iki bag alanina kurulan ikiger tane 1sik tuzagi araciligi ile ergin P, ;
turkmenoglui turiiniin mevsimsel aktivitesi incelenmigtir. Calisma Anahtar Kehmeler
Scarabaeidae

sonucunda, toplam 1.552 6rnek degerlendirilmis olup bu érneklerin
362’si Alagehir, 1.1901 ise Sarigol bag alanlarindan toplanmagtir.
Tuzak lokaliteleri arasinda kiigiik farkliliklara ragmen, bu tiire ait
ornek sayis1 Haziran ayindan itibaren artmaya baslamis, Haziran
aymin ortasi ve Temmuz aymin basinda en ylksek populasyon
yogunluguna ulasmis ve bu tarihten sonra dismeye
baglamistir.Temmuz ayimnin ikinci yarisindan sonra ise hi¢ 6rnek
toplanamamistir. Ek olarak, bu tirin disi ve erkegine ait morfolojik
bilgiler ve gekillere de calismada yer verilmistir.

Polyphylla turkmenoglui
Mevsimsel aktivite
Asma

Turkiye

To Cite:  Yener H, Sentiirk OM, Anlas S 2022. Notes on the Seasonal Dynamics of Polyphylla turkmenoglui Petrovitz
(Coleoptera: Scarabaeidae: Melolonthinae) in the vineyards of Manisa, western Anatolia. KSU J. Agric Nat 25
(3): 539-549. https://doi.org/10.18016/ksutarimdoga.vi.890613

Atf iginl Yener H, Sentiirk OM, Anlag S 2022. Manisa yéresi baglarindaki Polyphylla turkmenogiui Petrovitz

(Coleoptera: Scarabaeidae: Melolonthinae) tiiriiniin mevsimsel aktivitesi tizerine notlar. KSU Tarim ve Doga
Derg 25 (3): 539-549. https://doi.org/10.18016/ksutarimdoga.vi.890613.

INTRODUCTION

Turkey hosts a large number and variety of
agricultural products thanks to its climatic and

geographical characteristics. Viticulture has an
important place among these products. Turkey ranks
the sixth in grape production in the world and
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viticulture provides the livelihood of many farmers
(Bashimov, 2017). In 2018, 3.9 million tons of grapes
were produced on a total area of 4.8 million decares in
Turkey (Anonymous, 2021a). At the same time, table
grapes and raisins have a very important place in
Turkey's exports of agricultural products. Especially
in the production of seedless raisins, Manisa in
western Turkey, and Alagehir and Sarigél districts of
Manisa stand out. The most important economic
activity in both districts is vine growing. According to
2015 data, 495 thousand tons of grapes were
produced in an area of 200 thousand decares in
Alagehir. In Sarigél district, approximately 238,000
tons of grapes were obtained from an area of 90,000
decares (Anonymous, 2021a).

The genus Polyphylla Harris, 1841 is divided into 7
subgenera and it contains 33 species in the
Palaearctic region (Lobl and Smetana, 2006). A total
of five species of the genus are known from Turkey,
which are Polyphylla fullo (Linnaeus, 1758), P. boryi
Brullé, 1832, P. olivieri (Laporte, 1840), P. adspersa
Motschulsky, 1854 and P. turkmenoglui Petrovitz,
1965 (Lobl and Smetana, 2006). Among these species,
P. fullo has a wide distribution in whole Europe and
Turkey. P. boryr is known from Bulgaria, Greece,
Croatia and Turkey; P. olivieri is known from Greece,
Turkey, the Caucasus, Iran, Syria, and Israel. P.
adspersa 1s dispersed over Turkey, Iran, the
Caucasus and the Middle East. Lastly, P
turkmenoglui is only known from Turkey. The larvae
of Polyphylla species may damage almost all types of
fruit saplings and vineyards. The main harm of this
species 1s that they gnaw and pierce plant roots.

P. turkmenoglui is described by Petrovitz in 1965 as
Polyphylla fullo turkmenoglui from the Menemen
district of Izmir (Petrovitz, 1965) and was later raised
to the species level (Loébl and Smetana, 2006). Very
few studies have been done so far regarding the
phenology, biology and the damage caused by this
species. Among these, Tirkmenoglu (1967) has
included important information about this species in
his publication. In summary, it has been reported in
this study that this species damages different
cultivars in the Aegean Region but specifically
vineyards. In addition, he gave information about the
ways of damage and economic importance,
morphological features, phenologies and struggle
against P. turkmenoglui species. Accordingly, the
biggest damage of the larvae of this species is
observed in the roots of vine. Especially the third, i.e.
last-stage larvae cause significant damage by
gnawing vines erected on sandy soils. The damage is
very high especially in newly established vineyards. It
may sometimes rise to an extent of 50-80%. In the
same publication, it was also reported that this
species preferred sandy, fine sandy and alluvial soils
and that it caused economic damage at the roots of
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the cultivated plants grown there. In addition,
Tirkmenoglu (1967) reported that this species is
found in Nazilli (Aydin), Denizli Central District,
Edremit (Balikesir), Manisa Central District,
Akhisar, Alagsehir, Sarigél, Saruhanli, Turgutlu
(Manisa) and Koycegiz (Mugla) in the Aegean Region.
In another study, according to Onugar and Ulu
(1987), this species is one of the most important pests
for cherries, peach and potatos and some other fruits
and crops.

There are many pests in the vine plant, as in every
agricultural product. One of the important pests of
the Aegean Region vineyards is P. turkmenoglui. This
insect, known as “Halkal1 Seker” among the people in
Alagehir and Sarigél region, tends to grow in sandy
and loosely structured soils in the region. It is also
more common in fertilized and organic soils and in
vineyards where weeds are abundant. This species,
commonly found in Alagehir and Sarigél vineyards,
causes significant damage, damaging the root of the
vine and causing the plant to weaken and to
completely dry out . However, integrated combat
methods are often not successful or at least the
desired result is not fully achieved. The presence of
the larvae of the species in the depths of the soil
reduces the effectiveness of chemical control.

It is possible to collect and examine Polyphylla
species by means of light traps because they exhibit
light-directed behavior. No specific studies regarding
the seasonal activities of P. turkmenoglur's mature
individuals located in Turkey vineyards have been
conducted until now. In this study, P. turkmenoglui
found in Alagehir and Sarigél vineyards were
collected by light traps for the first time in Turkey. It
has been sought to demonstrate seasonal activities of
the species by determining its seasonal densities.
Thus, it was aimed to obtain the information which
may be useful for the struggle against this species.

MATERIAL and METHOD

Light trap method was used to collect samples of P.
turkmenoglui species in this study. In this method,
two light trap assemblies were set up in each
vineyard area selected in Alagsehir and Sarigol
districts of Manisa, covering May-August periods of
2016 and 2017. The study in 2016 was made within
the scope of the master's thesis of the second author,
and the study in 2017 was an independent study. In
the master's thesis, this species was identified as P.
fullo, but later on it was found out that the species
was in fact P. turkmenoglui.

Some preliminary studies were carried out in the
selected areas before the study was established. In
this framework, the presence of this insect's activity
was determined through observations on visits to
selected areas in advance. In addition, a short-term
light trap was established in 2015 in the same
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vineyards for study purposes. It was investigated soil paste with EC-meter, organic matter was
whether there were larvae in the soil on visits to both determined through wet burning with potassium
study areas. The vineyard with a light trap in Sarigél dichromate (K2Crz07), lime (CaCOs %) was
has a total of 9 decares of land and a 3-year-old determined with Scheibler calcimeter by volumetric
"Thompson seedless" grape variety. The planting method, Total-N was determined with modified macro

frequncy is 3.00 X 1.8 m and the vineyard is kjeldahl method, extractable K, Na, Ca, Mg 1, and N
established with an open pergola trellis system. The were determined through NH4OAc (pH 7) extraction,
vineyard with a light trap in Alasehir has a total of 5 extractable phosphor was determined through
decares of land and a 13-year-old "Red Globe" grape NaHCO3 extraction, extractable Fe, Cu, Zn, Mn were
variety. The planting frequncy is 3.00 X 2 m and the determined by extraction method with
vineyard is established with an open pergola trellis DTPA+CaClo+TEA solution (Kacar, 2016). The

system. All cultural practices in the vineyard have results of the analysis were evaluated according to
been carried out under farmer conditions. Miiftiioglu et al. (2014).
Soil analyzes of the studied localities were also Light traps were established in the coordinates of

conducted. For this purpose, soil samples were taken 38°19'50.35"N  28°36'31.36"E  and 38°19'50.36"N
from the depths of 0-30 cm and 30-60 cm in the test 28°36'30.95"E  in Alagehir and 38°14'18.93"N,
plots. In soil samples, grain size distribution was 28°42'25.35"E and 38°14'19.57"N 28°42'29.38"E in
determined by using hydrometer method, soil reaction Sarigél (Figure 1). A 125 watt Philips energy saver
(pH) was determined in sature soil paste with glass white day light bulb was used at each trap and traps
electrode pH-meter, salinity was determined in sature were cleared at weekly intervals.

Figure 1. The locality of light trapping study area in Alasehir (circle) and Sarigél (square), Manisa, western
Anatolia, Turkey.
Sekil 1. Bat:1 Anadolu’da (Tiirkiye) bulunan Manisa'daki ¢alisma yapilan Alasehir (daire) ve Sarigol (kare) 1sik

tuzagi lokaliteleri.

All specimens falling into the chamber of the light with the light trap, the samples of the target species,
trap was brought to the laboratory by taking them in namely Polyphylla turkmenoglui, were separated and
the field into jars containing 70 % ethanol. Labels then counted, and labeled in different jars. The

containing the name and date of the vineyard where separated specimens were cleaned from various dust
the study was set up were placed in the jars in which and substances adhering to them with a soft painting
the specimens collected in the field were put. The jars brush. After that, all samples were examined
which were brought to the laboratory and which morphologically under a microscope. The identified
contained insect specimens were first poured into a specimens were dried and pinned. Locality and
large white area in the form of a tray. Since many identified labels were also added to these specimens.

specimens belonging to other groups were collected
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The morphological studies were conducted using a
Stemi 508 microscope (Zeiss, Germany). Photographs
of the studied specimens were taken with a digital
camera (Zeiss Axiocam ERC5s). All photographs were
edited with the Helicon Focus v. 6, and Coreldraw X5
software. The map (Figure 1) was made using the
software Google Earth Pro (2019). The materials were
identified by the third author and were deposited in
the Alagsehir Zoological Museum, Manisa, Turkey
(AZMM).

RESULTS

Morphology of P.
(Figures 2-4)

Diagnosis. Female body 3.0-3.6 cm in length. General
coloration: head dark brown; pronotum, elitra,
antenna and legs reddish brown in dorsal view
(Figure 2A); the whole body brown in ventral view
(Figure 2B).

turkmenoglui Petrovitz, 1965

B

Figure 2. Habitus of P. turkmenoglui Petrovitz, 1965. A) female in dorsal view; B) female in ventral view; C)
male in dorsal view; D) male in ventral view. Scale bars: 1 cm (A-D).

Sekil 2. P. turkmenoglui Petrovitz, 1965 tiiriiniin viicut sekli. A) disi, dorsal gériiniis; B) disi, ventral gériiniis; C)
erkek, dorsal gortintis; D) erkek, ventral goriintis. Olgek ¢ubuklar:: 1 em (A-D).
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Male body 2.9-3.3 cm in length.

General coloration: All body darker than the female
in dorsal and ventral view (Figures 2C-D).

In female; dorsal surface of head covered with flakes
of color ranging from white to golden yellow; flakes
more frequent on the front and back of the head and
less frequent at the lateral, these structures in the
front resembling thick hair growth rather than flakes
(Figure 3A). Clypeus elongated forward with sharp
corners, light brown hairs on the indented structures
on the sides of the head. The antenna 10 segments,
the tip knobed with five lamellas, the colour varying
from dark brown to reddish; frequently whitish
yellowish hairs on the sides of the first segment of the
antenna, these structures gradually changing as they

Gty .\ L™
Figure 3.

Scale bars: 2 mm (a-d).

go towards the ends of the antenna. Eyes small,
yellowish structures on the upper part of the eyes in
the form of eyelashes.

In male; head brown to blackish and covered with
yellowish-whitish flakes, these flakes more intense on
the lateral of the head and the margins of the eyes
(Figure 3B). Clypeus elongating anterior and its
corners more roundish than the female. Antennae
strikingly seven-leaf / lamellar fan-shaped, with
sparse pubesences on these fans, antennomere I with
dense and light brown pubesences. Eyes small and
lash-shaped golden yellow flakes present on the upper
part, more frequent and evident towards the
antennae.

o ¥

n P. turkmenoglui Petrovitz. A) female head; B) male he‘éd; C)female pronotum; D) male pronotum.

Sekil 3. P. turkmenoglui Petrovitz tiiriinde, A) disi, bas; B) erkek, bas; C) disi, pronotum; D) erkek, pronotum.

Olgek ¢ubuklar:: 2 mm (A-D).

In female; pronotum with single sclerits, the lateral
margins indented similar to tooth; flakes less denser
than that of head (Figure 3C).

In male; pronotum with single sclerits, and smaller
number of indented structures on the margins
compared to the female; flakes less denser than that
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of head (Figure 3D).

In female; elitra with colored flakes ranging from
white to golden yellow on the reddish brown as small
cubicles, flakes more frequent at the median area and
less frequent along the sides. Legs long, the coxa with
sparse yellowish pubesences, the femur of prothoracic
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legs (the first pair of legs) with thick and rake-shaped mesothoracic legs (the second pair of legs) and
toothed ridges, the last part of the tarsus with strong metathoracic legs (the third pair of legs) compared to
nails in the form of hooks (Figure 4A), these the prothoracic legs (Figures 4B-C).

structures very small in the femoral part of

Figure 4. In P. turkmenoglui Petrovitz A) female prothoracic legs; B) female mesothoracic legs; C) female
metathoracic legs; D) male prothoracic legs; E) male mesothoracic legs; F) male metathoracic legs;
Scale bars: 1 mm (A-F).
Sekil 4. P. turkmenoglui Petrovitz tiiriinde, A) disi prothorasik bacaklar; B) disi mesothorasik bacaklar; C) disi
metathorasik bacaklar; D) erkek prothorasik bacaklar; E) erkek mesothorasik bacaklar; F) erkek
metathorasik bacaklar; Olgek gubuklar:: 1 mm (A-F).
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In male; elitra with dense flakes ranging from white
to golden yellow on a dark brown background. Legs
less developed than the female, dark brown coloration
and gradually darkening and turning into black
towards tarsus; femur yellowish and dense
pubesences; a single spine at the end of the femur of
the prothoracic legs (Figure 4D), and curved
structures in the form of hooks at the end of the
tarsus of the legs (Figures 4D-F).

In female and male; abdomen with visible six
segments in ventral view, with white pubesences, and
very dense between mesothoracic and metathoracic
legs.

Characteristics of the Vineyard Soils in the Study
Areas

Some physicochemical properties of the soils in the
two study areas are shown in Table 1.

The soil of the vineyard, which is located in Sarigol
locality, is classified as sandy-loam at a depth of 0-30
cm, and as loamy-sand at a depth of 30-60 cm. While
the sand amount increases at 30-60 cm depth
compared to 0-30 cm depth, silt rate decreases. The
soil reaction is alkaline. The soil is classified as
slightly lime in terms of lime and there is no salinity.
The organic matter is very low, total nitrogen is low,
extractable P is high, and extractable Ca K, Mg, Fe,
Zn, Mn and Cu are sufficient (Table 1).

Table 1. Some physicochemical properties of the study area soils in Sarigél and Alagehir.
Cizelge 1. Sarigol ve Alasehirdeki arastirma alani topraginin bazi fizikokimyasal ozelikleri.

Region Sarigol Alagehir

Soil Properties/ Soil depth 0-30cm 30-60cm 0-30cm 30-60cm
pH 8,09 8,13 7,94 7,98
Electrical Conductivity (uS cm™) 274 170 201 204
Lime (CaCOs) % 3,28 2,96 0,80 1,08
Soil Texture Sandy Loam Loamy sand Sandy Loam Sandy Loam
Sand (%) 68,56 79,84 59,56 58,56
Silt (%) 23,28 14,00 31,28 29,28
Clay (%) 8,16 6,16 12,16 12,16
Soil Organic matter (%) 0,84 0,54 1,32 1,79
Total-N (%) 0,056 0,045 0,101 0,090
Available-P (mg kg1 40.82 30.53 35.29 217.48
Extractable-K (mg kg) 272,2 135,8 261,9 271,6
Extractable -Ca (mg kg') 2860 2761 2761 2663
Extractable -Mg (mg kg') 361 232 439 422
Available -Fe (mg kg) 9,01 9,93 7,83 6,29
Available —Zn (mg kg') 2,29 0,59 19,97 2,68
Available -Mn (mg kg) 3,96 4,67 13,92 12,50
Available -Cu (mg kg') 8,65 1,64 5,28 3,15

The soil of the vineyard, which is located in Alagehir
locality, is classified as sandy-loam at both depths.
Soil reaction is alkaline. The soil is classified as less
lime in terms of lime and there is no salinity. Organic
matter is very low, total nitrogen is sufficient,
extractable P is high, and extractable Ca K, Mg, Fe,
Zn, Mn and Cu are sufficient (Table 1).

Seasonal Dynamics

In this study, four light traps were established in the
vineyard areas determined in Sarigél and Alagehir
districts of Manisa between May and August in 2016
and 2017, and a total of 1.552 specimens belonging to
P. turkmenoglui were collected. Accordingly, 362 of
the collected specimens fell on the light traps which
were set up in Alagehir and 1.190 on the traps in
Sarig6l. When the distribution of sample numbers per
year was examined, it was seen that a total of 792
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samples were collected in 2016 and 760 samples were
collected in 2017 (Figure 5, Table 2).

When the seasonal activities of the P. turkmenoglui
in the study area in 2016 and 2017 were examined, it
the data of both years were found to be similar.
According to the study, the date when the adults of
the species first appeared was between May 22 and
May 29. However, only 4 examples fell into the traps
in this period. Later, the number of specimens of the
species started to increase and the number of the
specimens was 30 between May 29 and June 5, and
240 between June 5 and June 12. After this date, that
is between June 12 and June 19, the number of the
collected specimens reached the highest with 543.
Afterwards, the number of specimens decreased to
281 bewteen June 19 and June 26, and then increased
again to 408 between June 26 and July 3. After this
date, the number of specimens of the species
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decreased rapidly to 41 between July 3 and July 10
and then to 5 between July 10 and July 17. After this
date, no specimens could be collected with traps
(Figure 5, Table 2).

Accordingly, when the seasonal activity of the P.
turkmenoglui species was evaluated in general, it was
found that the adults of this species first had begun to
appear at the end of May. Later, it was observed that

their numbers had increased since the beginning of
June and reached the highest level in the middle of
June and at the beginning of July. It was determined
that the number of adults of this species had
decreased since the beginning of July. Adult activity
ended after the second half of July (Figure 5, Table 2).

Seasonal activity of P. turkmenoglui in 2016
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Seasonal activity of P. turkmenoglui in 2017
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Figure 5. Seasonal activity of P. turkmenogiuiin 2016 and 2107 in Sarigol and Alagehir localities.
Sekil 6. P. turkmenoglui tiiriiniin Sarigél ve Alasehir lokalitelerindeki 2016-2017 yillarindaki mevsimsel

aktivitesi.

Ecological Observations

Observations were made in the localities where light

traps were established in order to obtain additional
ecological data. According to these observations, P.
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turkmenoglui individuals were observed to fly mostly
between 20:30 and 21:30 with their heads toward the
light. It was also observed that the specified time
range and flight density varied depending on the
weather's being windy, rainy and cool. According to
this, rainy weather prevented the flights completely,
while cool and windy weather reduced the density of

Table 2. Numbers of specimens by date and localities.
Cizelge 2. Lokalite ve tarihlere gore ornek sayilari

the flying population of the species. It was determined
that individuals belonging to the species entered the
soil again after mating. After that, it was observed
that the mating female individuals laid their eggs 10-
20 cm below the soil in groups of 20-28, and that their
ovulation periods reached a week. It was found that
their eggs hatched in the last week of July.

Collecting date Year Alagehir Sarigol Total
22 May 2016 = = i
2017 - - -
29 May 2016 2 1 3
2017 1 1
5 June 2016 3 15 18
2017 7 5 12
12 June 2016 16 69 85
2017 33 122 155
19 June 2016 50 246 296
2017 39 208 247
26 June 2016 63 77 140
2017 40 101 141
3 July 2016 46 181 297
2017 31 150 181
10 July 2016 17 B 20
2017 12 9 21
17 July 2016 2 1 3
2017 - 2 2
24 July 2016 - - -
2017 - - -
22 May-24 July 2016 199 593 792
2017 163 597 760
Total 2016-2017 362 1.190 1.552
DISCUSSION

Besides, some adult beetles were observed to hide
among the surrounding weeds after flight and
mating. When the adults were disturbed in their
areas, they moved away from their environment by
making a characteristic sound. In addition, due to the
fact that the study established in Alasehir was close
to the residential area, this insect was also observed
to hover around the lamps which lit up in front of
various houses in the evening. Since the stations in
Sarigél were further from the residential area than
those in Alagehir, the night flights of the insect took
place only around the traps.

According to the observations made during the
research, it was determined that Corvus cornix
Linnaeus, 17568 and C. monedula Linnaeus, 1758
were predators of P. turkmenoglui. In addition,
Megascolia maculata maculata (Drury, 1773) and
Scolia hirta (Schrank, 1781) species of the family
Scoliidae (Hymenoptera), which are thought to be
parasitoids of P. turkmenoglui, were also observed to
be flying in vineyards.
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This study on the seasonal activity of the adults of P.
turkmenoglui species, which damaged the vineyards
identified in Alagehir and Sarigol districts between
2016 and 2017, serves as the first study conducted in
this respect.

However, according to the literature research
conducted, there are some observational studies on
the activity of this species. According to one of them,
Tiirkmenoglu (1967), adult appearance of the species
continues from mid-June to the end of the first week
of July, and the number of adults reached the highest
level on June 20. According to our findings, however,
adult appearance of the species occurs as of the end of
May. Nevertheless, the highest number of samples
that fell in our traps was 543 in the period between
June 12 and 19. The number of samples decreased in
the following week. Then, again, an increase was
observed between June 26 and July 03. In the same
study, according to Tiirkmenoglu (1967), it was stated
that the adults of the species appeared from the soil
40 minutes after sunset on average, and flew and
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mated for 40 minutes on average again, and then they
got into the soil again. According to our observations
in the vineyards where the study was carried out, the
adults of the species started to fly maximum half an
hour after sunset. It was also observed that adults of
the species flew, though rarely, until late at night.

Another study on P. turkmenoglui was carried out by
Onucar and Ulu (1987) in a peach orchard in the
province of Manisa between the end of May and the
beginning of July between 1984 and 1987. According
to this study, this species was observed every five
minutes between 20.40 and 21.00 between the same
two peach trees in the orchard. In the same study, it
was stated that the flight of the species started 10-20
minutes after sunset and varied depending on the
climatic conditions. At the same time, predation of
this species by Caprimulgus europaeus Linnaeus,
1758 was observed. In the observations made in this
study, it was found that C. cornix and C. monedula
species were predators of P. turkmenoglui.

Compared to the traps set up in Alasehir, the traps
set up in the Sarigol vineyard area had three times
more samples. Among the reasons for this may be
that the vineyard area in Sarigél consists of younger
vines compared to the vineyard area in Alagehir.
Polyphylla spp. are especially harmful in young
vineyards (Lodos, 1995). As a matter of fact, the
larvae of this insect have better feeding opportunities
with the roots of the young vine seedlings in Sarigél.
According to our observations, in the vineyard areas
of Sarigol, withederedness in the green parts and
seedlings of the vine was detected. In addition, the
fact that the study area in Sarigél district was farther
from the residential area was interpreted as a reason
for the higher density of the species. Besides, soil type
is thought to have an effect. Among soil properties,
soil structure is the most important feature which
will affect the population of Polyphylla spp. Sand
content of 0-30 cm depth of the test area soil in
Sarigél region was determined as 68.56 % and sand
content of 30-60 cm depth was determined as 79.84 %.
Sand content of 0-30 cm and 30-60 cm depth of the
soil of the test area in Alagehir region was determined
the same for both depths, as 58.56 %. As a result, one
of the reasons why P turkmenoglui was more
abundant in Sarigél locality may be the higher sand
content of the soil in Sarigél locality. In fact,
Tiirkmenoglu (1967) stated in his study that this
species preferred sandy, fine sandy and alluvial soils.
Besides, i1t was evaluated that other soil
characteristics in the study areas were not different
enough to affect the activity of the species.

In their studies, Vereecken and Carriere (2003) and
Vuts et al. (2012) stated that Scoliidae species, which
is a parasitic wasp family, is the ectoparasite of some
Scarabaeidae species, and also mentioned P. fullo
among these species. From this perspective, scoliid
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species are also thought to be ectoparasites of P.
turkmenoglur, as well. It is known that species
belonging to the family Scoliida are abudantly
present in Turkey and in Manisa province (Anlas and
Cevik, 2004; Ozbek and Anlag, 2012). As a matter of
fact, in the observations made during the study, some
scoliid species were identified in the localities where
light traps were established.

In conclusion, it will be useful to take the following
measures 1in the fight against P. turkmenoglui
species:

1) to clean vineyards off weeds especially in June and
July since P. turkmenoglui species usually lay their
eggs on weedy areas,

2) to reduce the population of larvae by making deep
soil cultivation in the autumn period, when the larvae
are active and by leaving the larvae to sunlight and
the effect of predators,

3) to set up light traps in areas where the pest is
densely found by taking the seasonal activity of P.
turkmenoglui species into consideration, and, thereby
to take the population of adults under control,

4) to plant flowering plants (e. g. Vitex agnus-castus
L., Rubus canescens DC.) in the sides of the vineyards
in order to enable scoliidd wasps to combat the pest
effectively.
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ABSTRACT

In this study, the nine fluted rollers designed for coarse-grained seeds
and with the flute diameters of 18, 20, and 22 mm and the flute depths
of 5, 8, and 11 mm were evaluated for dry bean seed. Each fluted roller
were operated at the ground speeds of 1.0, 1.5, and 2.0 m s™! for at the
seed rates of 80, 120, and 160 kg hal. Performance for the flow
accuracy of the seeds is taken into account in the evaluations and for
this; the values of coefficient of variation were used. The optimum
dimensions were determined by applying statistical analyses for the
CV values obtained from each replication in the study conducted in
three replications. According to the analysis results, it was
determined that the prescribed flute diameters do not have a stable
effect on the flow accuracy, the flow accuracy partially increased as
flute depth was increased, and better as the seed rate and the speed
of the feed shaft was increased. In this regard, the optimum
dimensions for the best seed flow accuracy were obtained from the
flute depth of 8 mm, seed rate of 160 kg ha'l, and at the ground speed
of 2.0 m s1.
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Iri Daneli Tohumlar i¢in Tasarlanan Oluklu Makaranin Tohum Akig Diizgunliigiiniin Degerlendirilmesi

OZET

Bu ¢alismada, iri taneli tohumlar i¢in 18, 20 ve 22 mm oluk ¢aplarinda
ve 5, 8 ve 11 mm oluk derinliklerinde tasarlanan dokuz adet oluklu
makara kuru fasulye tohumunun akig duzglinligi icin
degerlendirilmistir. Her bir oluklu makara, 80, 120 ve 160 kg ha'!
ekim normlar1 icin 1.0, 1.5 ve 2.0 m s ilerleme hizlarinda
calistirnlmigtir. Tohum akis dizginliginin belirlenmesinde
varyasyon katsayisi degerleri kullamilmistir. Ug tekerriirlic olarak
yuritiulen ¢alismada, her tekerrirde elde edilen CV degerleri igin
istatistiksel analizler yapilarak, optimum boyutlar belirlenmistir.
Analiz sonuglarina gore, ongoérilen oluk caplarinin akis oram
diizgunligu tizerinde kararli bir etkisinin olmadigi, oluk derinligi
arttikca akis orani dizginliguniun kismen arttigi, ekim normu ve
ilerleme hizi arttikca akisin daha iyi oldugu belirlenmigtir. Bu
baglamda, en 1yi tohum akis diizginligi i¢in optimum boyutlar, 8
mm'lik oluk derinligi, 160 kg ha! ekim normu ve 2,0 m s ilerleme
hizindan elde edilmigstir.
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INTRODUCTION mechanism. The uneven flow of seeds during sowing,
One reason for reduced yield is uneven seed which depends on the metering mechanism of the
germination ~ (Nafziger, 1996). The uniform seeder, causes uneven seed distribution in the field and

development of the plant depends on the even of the
plant distribution in the field, that is, the precision and
accuracy of the application rate of the seed metering

affects competition among plants in terms of existing
moisture, light, and nutrients (Griepentrog, 1998;
Karayel and Ozmerzi, 2002).
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Dry bean seeds can be planted with both cereal seeders
and precision seeders. However, there are restrictive
reasons in choosing a seeder, such as purchasing power
of the enterprise, the farmer's lack of technical
knowledge about precision seeders (Ess et al., 2005),
precision seeders cannot technically perform the
sowing operation in narrow row spacing (Parish et al.,
1999), and sowing performance deteriorates in spacing
less than 5 cm intra-row (Onal, 2011).

Fluted roller seeders can be used as an alternative to
these seeders for the sowing of small and coarse seeds
(Halley and Soffe, 1988). Griepentrog (1994) stated
that the fluted roller seeders, which are cheaper for
narrow row spacing, were relatively preferred
precision seeders. Fluted roller metering devices have
been in use for over 300 years and are the most widely
metering devices used in today's mechanical cereal
seeders (Brown, 2003; Maleki et al., 2006; Li et al.,
2016; Yang et al., 2018). Despite widely preferred due
to its design, simplicity, ease to manufacture,
lightweight, easy flow rate adjustment, and suitable
for high-speed sowing, when the appropriate roller
structural and operating parameters are not selected
for seeds with different physical properties, the
metering device may give an uneven seed distribution
pattern (Ryu and Kim, 1998; Brown, 2003; Ess et al.,
2005; Jin et al., 2018).

Current developments in seeders have been allowing
higher sowing speeds. However, it is not easy to
achieve a successful distribution uniformity pattern at
these speeds for seeds of different physical properties.
Therefore, improving the flow rate uniformity in fluted
roller seeders is still an important research focus.
Important studies have been carried out on the
structural features of fluted roller metering devices.
Nukeshev et al. (2016) proposed a new design of roller
pin, where the pins are in the form of a truncated
pyramid to prevent passive zone on the roller during
sowing; they reported this configuration allowed the
metering devices to operate properly in slow roller
rotational speed. And, Sugirbay et al. (2020) showed
that the discharge uniformity of the pin and the
discharge amount increase by optimizing the design
parameters of the new pin-roller for variable-rate and
variable-speed applications. Yildirim and Kus (2014)
designed fluted rollers with different flute diameters
(18, 20, and 22 mm) and flute helical angles (0, 10, and
20°) to examine the flow rate uniformity of metering
device for coarse seeds. They reported that the best
flow rate values were obtained from the flute diameter
of 18 mm and the helical angle of 20°.

One of the most important parameters affecting
sowing performance in metering devices of the fluted
roller is the physical properties of seeds such as shape,
size, and mass. Fluted feed rollers, especially in the
case of using the suitable flute diameters for the seed
sizes, have a universal structure that can sow various
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seeds from small seeds to coarse seeds. In this context,
in this study, the flow accuracy of the dry bean was
investigated for different seed rates and ground speeds
using fluted feed rollers designed in different flute
diameters and depths.

MATERIALS and METHODS

This research was carried out at workshop of
department the farm machinery and technologies
engineering of the agricultural faculty, Ataturk
University, Turkey. Dry bean (Phaseolus vulgaris L.)
seeds cleaned of foreign materials such as stones,
crust, garbage, and so on were used in tests. Thousand-
grain weight, angle of repose, sphericity, bulk density,
and moisture content values of dry bean seeds were
309 g, 20 °, 64%, 770 kg m3 and 10%, respectively. In
addition, seed sizes (length, width, and thickness)
ranged from 9.5-14.1 mm, 6.7-9.0 mm, and 3.2-6.1 mm,
respectively. The test setup consisted of a fluted roller
seed metering mechanism coupled to a DC motor via a
chain drive (Fig. 1). A speed control unit was used to
synchronize the DC speed corresponding to the ground
speed of operation. The active area of the rollers was
adjusted by a screw mechanism.

Nine fluted rollers made of Delrin was used in the
tests. The fluted rollers with bottom delivery used in
the study were manufactured in the flute diameters of
18, 20, and 22 mm according to dry bean sizes and the
flute depths of 5, 8, and 11 mm. The rollers were used
in the feed unit at the bottom of the hopper of the
seeder. The width of the slot between the roller and the
bottom plate of the feed unit was 13.5 mm.

In the study, which was carried out according to the
completely randomized factorial design, the flow
uniformity of the dry bean seeds from the fluted roller
metering device was examined. The experiments were
arranged in three replications including three flute
diameters, three flute depths, three roller rotation
speeds (i.e. three ground speeds) for three seed rates of
dry bean. Dry bean is sown in inter-row distances of
40-60 cm and the rates of 60-180 kg ha! based on the
various big of seed. The seed rates of 80, 120, and 160
kg ha'l for dry beans were used in the study. The inter-
row distance of dry beans was selected 45 cm according
to the values used in practice. The individual flow rates
of the fluted rollers were calculated to obtain the seed
rates of 80, 120, and 160 kg ha'! at the roller rotation
speeds of 8, 13, and 18 min! corresponding to the
ground speeds of 1.0, 1.5, and 2.0 m s! in a seeder for
the inter-row distance of 45 cm (Table 1).

A precision balance was employed at the bottom end of
the seed delivery mechanism to detect the flow rates of
seeds. The seed flowed from the fluted roller metering
device for each replication was weighed at intervals of
0.1 second cumulatively with an accuracy of 0.01 g and
the data were transmitted simultaneously to a PC with
a continuous stream by RS 232 C interface circuit of
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the balance (Yildirim and Kus 2016). The coefficient of
variation (CV) values defined as the standard
deviation divided by the mean value were used to
evaluate the seed flow uniformity of the fluted roller
metering device. For this, by taking the differences
between successive cumulative weighing values of
each repetition, absolute weighing values were
obtained and the CV values were computed from these
values. However, Duncan multiple range tests were
conducted to show whether there was a difference

between parameter levels. The CV values were
evaluated according to the criteria reported by Turgut
et al. (1995). According to this the CV values of 0-5%,
5-10%, and 10-20% were “very good”, “good”, and
“acceptable”, respectively. For this, the 200 (20 s), 133
(13.3 ), and 100 (10 s) data were evaluated for the
ground speed of 1.0, 1.5, and 2.0 m s'! for the row of 20
m, respectively. The study, in which 27 trials were
carried out for each roller, was completed with a total
of 243 experiments.

Table 1. The individual flow rates and effective flute length values of fluted rollers
Cizelge 1. Oluklu makaralarin akis oranlari ve etkin makara uzunluklar:

Seed rate (kg hal)

Ground speed, 80 120 160

m s (min) Flox_;v rate ERL (mm) Flox_)v rate ERL (mm) Flox_zv rate ERL (mm)
(gs?) (gs?) (gs?)

1.0 (8 3.6 24 5.4 34 7.2 42

1.5 (13) 5.4 21 8.1 31 10.8 39

2.0 (18) 7.2 18 10.8 28 14.4 36

lal: Values in brackets is feed shaft speeds, ERL: effective flute length

RESULTS and DISCUSSION

The results of variance analysis and multiple range
test applied to the CV values obtained from each repeat
are shown in Table 2. According to Table 2, the effect
of the ground speed (or feed shaft revolution), flute
diameter, and flute depth on the flow accuracy of dry
bean seeds was found to be highly significant
(P<0.001). As seen in multiple range tests, increased
ground speed and seeding rate decreased CV values,
thus increasing seed flow accuracy. Although the
results of the variance analysis were significant and
there was a general difference between the levels in the
results of the multiple comparison test, the CV values
of the flute diameter did not show a significant
decrease or increase. This shows that the projected
roller flute diameters do not provide a uniform flow
uniformity for dry bean seeds. It is also possible to
understand the instability in seed flow accuracy
occurring due to the flute diameter, from the change in
CV values, showed in Figures 2, 3, and 4.

The results of the multiple range test show that all
levels of ground speed differ significantly from each
other in each seeding rate. As the seed rate increased,
the CV values decreased for all ground speeds. For this
reason, it can be said that the higher seed rate and the
ground speed increased the flow accuracy in bean
sowing with fluted roller metering devices. With the
increase of seed rate from 80 kg ha! to 160 kg ha'l, the
decrease rate in the CV values occurring at 1.0, 1.5,
and 2.0 m s’! ground speeds, were 28%, 32%, and 35%,
respectively. CV values, which are higher at the same
ground speeds and lower seeding rates, increased the
flute fill rate with the increase of the seeding rate and
accordingly decreased the CV values. In addition, the
rate of decrease in the CV values that occurred at 80,
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120, and 160 kg ha! seed rates with the increase of the
ground speed were 47%, 50%, and 52%, respectively.

Since sufficient time cannot be provided while working
at low roller rotation speeds with lower seeding norms,
the flutes are not filled with seeds and as a result,
pulsed flow occurs. Seed flow mass increased, as
effective roller length was increased to achieve seed
rates of 80, 120, and 160 kg ha! at the same ground
speed. It is thought that it was provided a more stable
flow as the flutes will fill better by seeds as the seed
flow mass increases. However, it is thought that the
decrease in the CV values with the increase in the
ground speed is not due to the better filling of the
flutes, but by the faster rotating roller providing a
more stable flow.

When the results in flute depth were examined, there
was a more stable situation compared to the flute
diameter. While the CV values obtained depending on
the flute depth were lower at lower seeding rates, these
values also increased with the increase of the seeding

rate. In fact, with the greatest seeding rate and ground
speed, CV values decreased with increasing flute depth
and seed flow became more stable. Increasing the
seeding rate improved seed flow uniformity by
decreasing CV values at all levels of both flute
diameter and flute depth. While CV values in all flute
depths were statistically different from each other in
the lowest seeding rate, there was no statistical
difference between 5 and 8 mm flute depths in the
remaining seeding rates. The lowest CV values in flute
depth are generally obtained from 8 mm. With the
increase of seeding rate from 80 kg ha'! to 160 kg ha'l,
the decrease rate in the CV values occurring at 5, 8,
and 11 mm flute depths, were 27%, 34%, and 33%,
respectively. It is obvious that the greatest decrease in
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CV values occurred with the increase of the ground
speed in each seeding rate. In this context, the
parameter that most affects the flow accuracy of the
dry bean seed was the ground speed (i.e. the rotational
speed of the roller).

The CV values obtained in all combinations of fluted
metering roller's ground speed, flute diameter, and
flute depth for 80, 120, and 160 kg ha! seeding rates
are respectively; it is shown in Figures 2, 3, and 4. The

data point given for each flute depth in the figures is
the average of three repeats. In all seed rates, for each
flute diameter and depth, the highest mean CV values
were obtained at 1.0 m s! ground speed and the lowest
values at 2.0 m s! ground speed. The mean values of
CV given in Figures 2, 3, and 4 vary between 4-20%.
All CV values obtained from the current study, it was
below the "acceptable" (CV <20%) limit value reported
by Turgut et al. (1995).

Table 2. The results of variance analysis and Duncan’s Multiple Range Test (DMRT)
Cizelge 2. Varyans analizi ve Duncan Coklu Karsilastirma Testi sonuglari

Seeding rate (kg ha')

Variance sources 80 120 160

df SS P df SS P df SS P
Ground speed (GS) 2 822.82 0.000 2 636.72 0.000 2 530.77 0.000
Flute diameter (FD) 2 14.69 0.000 2 20.16 0.000 2 20.58 0.000
Flute depth (FDH) 2 47.94 0.000 2 17.40 0.000 2 34.28 0.000
GSx FD 4 10.58 0.001 4 9.03 0.000 4 9.91 0.000
GS x FDH 4 5.26 0.037 4 2.71 0.133 4 4.93 0.000
FD x FDH 4 6.64 0.013 4 0.384 0.901 4 13.20 0.000
GS x FD x FDH 8 12.48 0.004 8 11.25 0.001 8 13.57 0.000
Error 54 25.79 54 19.82 54 5.44
Total 80 80 80
DMRT
Seed rate* Ground speed (m s) Flute diameter (mm) Flute Depth (mm)

1.0 1.5 2.0 18 20 22 5 8 11
80 kg ha't 16.35a 11.19b 8.69¢ 12.33a 12.43a 11.48b 12.00b 11.18c 13.06a
120 kg ha' 13.64a 9.35b 6.85¢ 9.34c 10.56a 9.92b 10.18a 9.30b 10.35a
160 kg ha' 11.77a 7.56b 5.64c 8.72a 7.61b 8.64a 8.79a 7.40b 8.78a

+: Means followed by the same letter in each group are not significantly different at the 0.95 level.

1 L

Figure 1. The instruments and equipment used in experimental test rig: hopper (1), seed metering device (2),
container (3), electronic scale (4), and fluted roller (5), personal computer (6), regulator (7), speed control

unit (8), and AC motor. (9)

Sekil 1. Deneme diizenegi: tohum deposu (1), ekici diizen (2), toplama kabi (3), hassas terazi (4), oluklu makara
(5), bilgisayar (6), regiilator (7), hiz kontrol iinitesi (8) ve elektrik motoru (9)
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Sekil 2. 80 kg ha ekim normu i¢in CV degerlerinin degisimi
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Sekil 3. 120 kg ha' ekim normu i¢in CV degerlerinin degisimi
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Sekil 4. 160 kg ha ekim normu i¢in CV degerlerinin degisimi
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CONCLUSIONS

In this study, the possibilities of sowing dry bean seed
with a fluted roller metering device were investigated
and optimum feed roller structural properties and
operating parameters were determined for this seed.
In this context, the results of current study are as
showed:

1) The parameter that had the greatest effect on seed
flow accuracy was the ground speed. With the
increase in the ground speed, CV values decreased
approximately by half.

It defected that, in the sowing of dry bean seeds
with a fluted roller metering device, the increase in
the seeding rate and ground speed improves the
seed flow accuracy, the prescribed flute diameters
do not have a stable effect on the flow accuracy, and
the flow accuracy in the smallest and largest flute
depths impaired.

It was determined that the CV values obtained for
all parameters were within the acceptable limits
specified in the literature.

2)

3)

As a result, it is recommended to use an 8 mm flute
depth, and 2.0 m s'! ground speed, where the best flow
accuracy is achieved in all seeding rates, when sowing
dry beans with a fluted roller metering device.
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ABSTRACT

Food Science

The purpose of this study was to research some properties of kefir that
was obtained from the 1% (w/v) and 2% (w/v) inulin addition to cow-
goat milk mixture. In this present study, changes of titrable acidity,
pH value, total mesophilic aerobic bacteria, Lactobacillus spp.,
Lactococcus spp. and yeast counts of samples in storage were
determined. Additionally, samples’ total fat content, total solid and
viscosity values were reported and taste, consistency, and total
acceptance of samples were evaluated. Control group, 1% (w/v) and 2%
(w/v) inulin added samples’ total solid and fat content, viscosity, pH
and titrable acidity (equivalent to lactic acid %) values were
investigated and found at the range of; 11.84 — 13.53, 4.4 — 4.8, 365.8
— 488.7, 4.45 — 4.53, 0.80 — 0.84, respectively. On the 40tk day of the
storage total mesophilic aerobic bacteria,
Lactococcus spp. and yeasts were determined as 10.50-10.55, 10.24-
10.58, 10.25-10.58 and 7.60-7.93 log cfu ml1, respectively.
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Inek ve Keci Siitleriyle Uretilen Kefirin Fonksiyonel Ozelliklerinin Geligtirilmesi

OZET

Bu arastirmada % 1 (w/v) ve % 2 (w/v) iniilin ilavesiyle iiretilmis inek-
keci siiti kefirlerindeki fiziksel, kimyasal ve mikrobiyal 6zellikleri
arastirnlmigtir. Bu ¢alismada tiim 6rneklerde titrasyon asitligi, pH
degeri, toplam mezofilik aerobik bakteri sayisi, Lactobacillus spp.,
Lactococcus spp. ve maya sayilari depolama suresi boyunca tespit
edilmigtir. Aym1 zamanda orneklerin toplam yag, kurumadde ve
vizkozite degerleri raporlanmistir. Tat, yogunluk ve toplam kabul
edilebilirlikdegerlendirilmistir. Kontrol grup, %1 (w/v) ve % 2 (w/v)
indlin ilaveli gruplar igin toplam kurumadde ve yag miktar,
vizkozite, pH ve titrasyon asitligi (%1 laktik asit esdegeri) miktarlari
sirasiyla 11.84 —13.53, 4.4 — 4.8, 365.8 — 488.7, 4.45 — 4.53, 0.80 — 0.84
olarak belirlenmigtir. Depolamanin 40. guninde, toplam mezofilik
aerobik bakteri sayis1 10.50-10.55, Lactobacillus spp. 10.24-10.58,
Lactococcus spp. 10.25-10.58 ve mayalar 7.60-7.93 log kob ml-1 olarak
tespit edilmigtir.
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INTRODUCTION

Fermented dairy products are highly consumed all
around the world (Gaware et al., 2011; Rotar et al.,
2015). The dairy industry is globally expanding, and
some functional milk products are particularly
preferred by consumers for their positive health
effects. Among these dairy products, kefir is known to
be an acidic fermented milk product, originated in the

Caucasus area and mostly popular in Russia, North-
Eastern Europe and Southwest Asia locations (Leite et
al., 2013; Oliveira et al., 2017; Lima et al., 2018). Kefir
grains are composed of kefiran which is a kind of
polysaccharide containing D-glycose and D-galactose
(Guzel-Seydim et al., 2005; Turan and Ilter, 2007).
Kefir’s chemical composition depends not only on the
starter-kefir grains but also on its geographical origin,
the temperature, and time-related conditions of
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fermentation, and especially on the type and volume of
the milk used. Traditional Kefir is obtained from
starter culture called ‘kefir grains’ which is a semi-
hard granule that consists of several lactic acid
bacteria and probiotics (Wang et al., 2017). Kefir grain
microflora comprises Lactobacillus spp. (dominantly;
Lactobacillus acidophilus, Lb. lactis, Lb. casei, Lb.
kefir and Lb. delbrueckii subsp. bulgaricus)
Streptococcus lactis, S. cremoris, Leuconostoc spp.
acetic acid microorganisms (Acetobacter aceti, A.
rasens) and mainly some yeasts (Candida kefir,
Saccharomyces cerevisiae, Kluyveromyces fragilis.
Thus, kefir is known to be a good source of probiotic
microorganism with potential health benefits (Santos
et al., 2003; Kok-Tas et al., 2010).

Kefir is made from various types of milk (cow, goat,
camel, buffalo, or mare), and is usually produced by
mixing two types of milk to enhance its benefits,
flavour, and texture, and subjected to secondary
fermentation or the addition of additives such as inulin
to improve the final product properties (Farag et al.,
2020). Goat milk has higher nutrient contents than
that of cow’s milk (Vitamin A, Vitamin B1 and B2) and
it can be digested more easily with the 3.49 pm size fat
globules and higher amounts fatty acids (short chain).
In addition to that, goat’s milk contains caproic,
caprilic and capric fatty acids that reduce serum
cholesterol content in metabolism. Goat milk has less
allergenic properties than cow’s milk and its proteins
are more easily degraded and absorbed in
gastrointestinal system (Ahmed et al.,, 2015). It is
notable that goat’s milk is widely consumed for health
purposes such as its antiallergenic effect (Haenlein,
2004). Technologically, goat’s milk has also some good
properties as compared with cow’s milk; such as small
size fat particles which provide a smoother texture in
products, containing low quantity of asl-casein results
soft gel products, as well as higher water binding
potential (Gomes et al., 2013).

Probiotic microorganisms and lactic acid bacteria in
fermented products show beneficial effects on health if
they are consumed adequately. Basically, prebiotics
are food ingredients that increase the wviability of
useful microorganisms in host’s metabolism. Inulin,
commercially produced from chicory’s roots in Belgium
and Netherland in the early 1990’s, is one of the
prebiotics that can be used for this purpose (Yabanci,
2010). Inulin is a non-digestible oligosaccharide with
prebiotic property, and it has been successfully applied
to well-known dairy products. It is a storage material
present in many plants such as wheat, onion and
bananas; however, chicory is one of the main raw
materials used for industrial production. One of the
most important advantages of inulin and certain non-
digestible oligosaccharides is their ability for selective
stimulation of the bifidobacteria growth in the colon
(Glibowski and Zielinska, 2015). Consumers are
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demanding for foods with increasingly properties, such
as pleasant flavor, low calorie value or low-fat content
and beneficial health effects (Goncu et al., 2017). In
order to improve nutraceutical benefits of kefir, an
appropriate approach could involve the enrichment
with suitable components able to confer to the drink
specific and valuable properties (Aiello et al., 2020).
However, there has been limited research conducted
on the products fermented with goat’s milk. Inulin is
generally used to modify the texture, viscosity and
sensorial properties of dairy products (Tratnik et al.,
2006; Moatsou and Park, 2017).

It is remarked that inulin can increase Lactobacillus
and Bifidobacterium spp. in yoghurts (Oliveira et al.,
2012). It is proved that inulin supplementation not
only has conservation effect on activity and viability of
some Lactobacillus strains (casei and acidophilus) but
also it decreases the generation time of Streptococcus
and Lactobacillus, significantly (Moghadam et al.,
2019). As shown in Birkett and Francis’ (2010) study,
fructo-oligosaccharides (FOS) can support the growth
of Lactobacillus and Bifidobacterium species, but other
microorganisms such as FEscherichia coli and
Clostridium difficile do not metabolize the FOS. In
inulin-added dairy products, there has been an
increase in rheological properties especially water
binding capacity and dry matter content.

The objectives of this research were to:

1) Produce functional traditional fermented
product kefir and determine the effects of addition 1%
(w/v) and 2% (w/v) inulin to cow and goat milk mixture
on the survival of total mesophilic aerobic bacteria,
Lactobacillus spp., Lactococcus spp. and yeast counts.

2) Examine some quality parameters such as pH,
viscosity values and sensory properties of inulin added
kefir and control samples over the course of 40 days of
cold storage.

MATERIALS and METHOD
Kefir production

Goat’s milk has solitary sensorial characteristics as
standard and definite ‘goaty’ aroma. As some buyers do
not like the taste of goat’s milk, cow and goat milks
were mixed (1:1 v/v) in kefir production. Cow and goat
raw milks were obtained from a farm and pasteurized
at 85 °C for 10 min. Kefir granules were purchased
from market and inulin (Orafti, HPX) was provided
from company Artisan Food (Istanbul). Kefir
production steps can be seen in Figure 1. Trial groups’
names are coded as A, B and C for 1% w/v, 2% w/v
inulin added groups and control samples, respectively.

Chemical and physical analyses

An acidity indicator pH was determined using a pH
meter (Sartorious PT-15). The dry matter, titrable
acidity and fat amounts of samples were measured
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according to A. O. A.C procedures (Anonymous, 2006).
Viscosities were tested with Brookfield DV

viscosimeter (11, Pro Extra Model).

Cow and Goat milk’ s mixture (1:1 v/v)

Pasteurized at 85 °C for 10 min

Cooled to 25 °C
Adding kefir granules (2% w/v) +Inulin (Orafti HPX, Artisan, Istanbul) 1% and 2% (w/v)

Fermentation at 25 °C 18 h (Until pH 4.6) (in closed glass-jars)

Kefir grains were aseptically separated

Kefir samples were stored in glass jars at 4 °C for 40 days

Analysis were carried out on days; 1, 4, 7, 14, 21 and 40.

Figure 1. Production of cow and goat milk kefir with inulin addition
Sekil 1. Iniilin ilaveli inek-kegi stitii kefirlerinin tiretimi

Microbiological analyses

Ten ml of kefir samples were diluted with 90 ml of 0.1%
(w/v, pepton) sterile water and decimal dilutions were
prepared in 9 ml of 0.1% (w/v, pepton) sterile water.
Lactic acid bacteria numbers were determined by pour
plate technique and counted on de Man Rogosa Sharpe
agar (MRS Merck 1.10660.0500) under anaerobic
conditions at 37°C/72 h. Total mesophilic aerobic
microorganisms were detected on plate count medium
(PCA, Merck 1.05463.0500) and incubated at 28-
30°C/48 h. Lactococcus spp. were counted on M17
plates (Merck 1.15108.0500) using pour plate
technique after the incubation at 37°C/48 h in
anaerobic conditions. Then, yeasts were enumerated
on yeast extract glucose chloramphenicol plates (YGC,
Merck 1.0375.0500) and plates were incubated at
25°C/5 days (Halkman and Kayhan, 2000).

Sensorial analyses

Sensory evaluation was conducted by using 5 trained
panellists (age 18-40) in Balikesir University. The
samples were served in 100 ml portions at about 8 °C.
The kefir samples were examined and tested by the
panellists who were asked to rate the samples
sensorially by using marks on a full-score levels in
terms of the flavour, odour, colour and texture quality
parameters (0-1; it is not consumed as a human food,
2: unpleasant, 3: mildly 4: good, 5: very good).

Statistical Analyses

SPSS 19.0 software for windows (SPSS Inc., Chicago,
Illinois, USA) was used for the statistical analyses. A
one-way analysis of variance (ANOVA) test was
performed to determine mean differences between the
A, B and C sample groups. The level of significance
between the means was obtained by the Tukey HSD
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and LSD tests.

RESULTS and DISCUSSION

The average percent dry matter % +S.D. without fat for
cow's milk and goat's milk was 7.93 %+0.18, 8.53 £0.21,
and the fat content % £S.D. was 3.5+ % 0.15, 4.5+ %
0.10, respectively.

Average % dry matter contents = S. D. of A, B and C
samples were 13.53 £ 0.04, 13.22 £ 0.04, 11.84 £ 0.1; %
fat contents + S. D. of A, B and C samples were 4.6+
0.12, 4.8+ 0.18 and 4.4+ 0.14, respectively.

Raw cow and goat milks analyses results were
compatible with Turkish Food Codex Raw Milk
standards. Guneser and Karagul-Yuceer (2010) also
determined 3.25% + 0.05 fat content averagely and
between 10.49%+ 0.01 - 15.49% =+ 0.19 dry matter
contents for goat’s milk samples collected from
Canakkale region. In the study differences between
the dry matter contents % and fat contents % of the
samples were of importance when compared with the
control groups. Dry matter contents% and fat contents
of the samples were not changed during the storage.

Viscosity is a parameter that is directly related with
the texture of product and a factor for consumer’s
preference (Gomes et al., 2013). In the research, during
the storage viscosity average values were determined
as 488.7+ 0.50, 365.8+0.43, 380.1+0.50 cP+S.D. for A, B
and C samples, respectively. In the present research,
it was found that 1% (w/v) inulin added kefir samples
have higher viscosity values than the others. The
incorporation of inulin caused an increase in the
viscosity of the synbiotic yoghurt drink samples in Soh
et al. (2021) study. Also, it was stated that inulin has
unique ability to form a discrete highly stable particle
gels and contribute to the rheological and textural
properties of foods. In a similar research, inulin
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demonstrated the highest rheological and sensory
performance as well as the best viability of probiotics
in synbiotic fermented milk (Ozturkoglu-Budak et al.,
2019). Helal et al. (2018) found yogurt apparent
viscosity increased with inulin addition till 2% and
was comparable to full-fat yogurt, the addition of
inulin has significantly affected the yogurt viscosity
resulted in increasing the viscosity value with the
inulin addition. Guven (2005) and Tratnik et al. (2006)
put forth that inulin addition (2% w/v) in kefir samples
have higher viscosities than the control groups. Also,
Iriyogen et al. (2005) found 179-501 cP viscosity values
for kefir samples in their research. It was stated that
increasing the kefir granules ratio in kefir leads to
higher viscosity in kefir samples. It can be explained
that total dry matter, protein, fat contents (casein and
serum protein ratio), heat process, serum protein
denaturation, homogenisation, salt stability of milk,
starter culture activities, storage temperature may

have an impact on the viscosity of the product (Uslu,
2010).

In the study, the titrable acidity values showed an
increasing trend. And the pH values of kefir samples
were on a decrasing. In the literature there are many
research that describe the effect of pH on viability of
probiotic viability. Changes in lactic acid values in
inulin added samples were found significantly
important (p<0.05). Nevertheless, differences for
control samples were not found significantly important
during the storage (p>0.05). Guneser and Karagul-
Yuceer (2010) found 0.73-0.79 lactic acid contents in
kefir samples produced from different ratio of cow and
goat milks mixtures.

In the present research, pH values of samples were
determined as between 4.45-4.62. Changes in pH
values were not found significant (p>0.05). It can be
seen in Table 1.

Table 1- Lactic acid% +S.D. and pHvalues of kefir samples during the +4°C storage
Cizelge 1- Kefir orneklerinin +4°C'de depolamada % laktik asit +5.D. ve pH degerleri

A B C

Storage days L.a.% pH L. a.% pH L.a. % pH

1. 0.63+0.132* 4.62+0.232 0.65+0.142 4.54+0.132  0.62 + 0.09= 4.61+ 0.282
4. 0.70 £ 0.14a 4.47+0.292  0.70 £ 0.262 4,48+ 0.132 0.69 + 0.232 4.49+ 0.342
7. 0.67+0.142> 459+ 0.14> 0.70+0.122b 4.61+£0.132  0.68 + 0.202 4.61+0.132
14. 0.71+£0.14> 453+ 0.102  0.72 + 0.10P 4.52+0.132 0.71 £ 0.092 4.54+ 0.132
21. 0.78 £ 0.20¢ 4.46+0.012  0.75 £+ 0.06bc 4.48+0.132 0.75+0.182 4.51+ 0.042
40. 0.84 + 0.05¢ 4.45+0.132  0.80 + 0.14¢ 4.48+0.132 0.80 £ 0.232 4.53+ 0.152

*Means +SD within each row not sharing the same lowercase letters are statistically different (p < 0.05).

In another research, the pH values of inulin and kefir
culture added yoghurt samples were determined as
between 4.40-4.70 (Okur et al., 2008). Likewise,
Glibowski and Kowalska (2012) determined pH values
between 4.47-4.53 after the 24 hours’ fermentation in
inulin added kefir samples. Agata and Jan (2012)
produced fermented goat milk beverage with
Lactococcus  lactis, Streptococcus thermophiles,
Lactobacillus bulgaricus, Saccharomyces fragilis
culture and they observed 4.57-4.63 pH values changes
in samples.

Total mesophilic aerobic bacteria count increased
during the storage days but in the control samples
there was a drop in bacteria numbers on the 14t day.
Increase in bacteria numbers was not found
significantly important (p>0.05). In other words, for all
the sample groups, bacteria numbers were found very
close to each other on the 40th days of storage (Fig. 2a)

In Uslu (2010) study, mesophilic aerobic bacteria
numbers were found 6.41 log cfu/ml in commercially
sold kefirs in Ankara markets. Similarly, Karabiyikli
and Dastan (2016) determined 7.91-8.50 log cfu/ml and
6.12-7.24 log cfu/ml total mesophilic bacteria in
produced kefir samples and commercially sold kefir,
respectively.
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The highest Lactobacillus spp. count were determined
in 2% inulin added samples with 11.17 log cfu/ ml on
the 21st day. It was observed minimum of 8.55 log cfu/
ml of Lactobacillus spp. in control groups on the 1stday
of storage. In the study, changes in bacteria counts on
the 4th and 14 th days of storage for 1% inulin added
samples, 4th, 14 th and 40th days of storage for 2% inulin
added samples and 4 th, 7th and 21st days of storage for
control samples were found significantly important
(p<0.05) (Fig. 2b). Similarly in an onoter study, the
viability of L. delbrueckii ssp. bulgaricus was increased
by the addition of 1 and 2% of inulin, while the addition
of 3% had negative effect. However, no effect was
reported in case of Streptococcus thermophiles
viability in low fat yoghurt samples during the 14 days
of storage (Helal et al., 2018). In another study, inulin,
added as a prebiotic, increased acidity, as well as
enhanced survival of LAB in yogurt-like plant milk
fortified with inulin (at 6 °C for 21 days storage)
(Bopusiewicz et al., 2020). In a study it was
investigated the effects of inulin on some properties of
cow milk kefir and goat milk kefir. Lactobacilli and
Streptococci count in goat milk kefir were almost
similar to the cow milk kefir.

The cow milk kefir with 2% inulin exhibited the
highest Streptococci and Lactobacilli counts at the end
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of the storage (14 days). It was explained as inulin-type
fructans can promote the development of
Bifidobacteria and Lactobacilli (Kef and Arslan, 2021).

The results obtained in the study was consistent with
the previous reports. Witthuhn et al. (2005) observed
6.88-8.30 log cfu/ml in kefir samples, Kok-Tas et al.
(2010) found 8 log cfu/ml in inulin added probiotic
ayran samples. Moreover, Cetinkaya and Elal-Mus
(2012) determined 4.68-8.26 log cfu/ml in 50 kefir
samples from Bursa. In another study, Lactobacillus
spp. numbers were found 9.96 log cfu/ml in kefir

samples which were produced with the addition of 4%
oligosaccharides (Oh et al., 2013).

Viability of Lactococcus spp. of kefir samples are
presented in Fig 2c. The viable cell counts of
Lactococcus spp. were 8.08-11.17 log cfu /ml during the
storage. Changes in 1% inulin added kefir samples
were found significant on the 4th, 7th and 14th days of
storage (p<0.05). Lactococcus spp. numbers for 2%
inulin added kefir samples ranged from 11.17 to 10.25
log cfu /ml on the 40t day of storage.
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Figure 2. a) Total aerobic mesophilic bacteria numbers b) Lactobacillus spp. numbers ¢) Lactococcus spp. numbers d) yeast
numbers (log cfu/ml) of kefir samples with the standard deviation bars. (A: 1% w/v inulin added samples; B: 2% w/v
inulin added samples; C: Control groups).

Sekil 2. Kefir érneklerinin standart sapmalar ile birlikte a)Toplam aerobic mezofilik bakteri sayilari b) Lactobacillus spp.
sayilar1 ¢) Lactococcus sayilar: d) maya sayilari (log kob /ml) (A % 1 iniilin ilaveli érnekler; B:% 2 iniilin ilaveli
ornekler C: Kontrol gruplari).
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Garcia-Fontan et. al. (2006) found 8 log cfu/ml
Lactococcus spp. in cows’ milk kefir samples and
Karatepe and Yalcin (2014) determined Lactococcus
numbers as 7.26- 8.17 log cfu/ml in kefir samples. They
also observed an increase in the viable bacteria to 8.23
log cfu/ml after 15 days of storage in their research.
Kim et al. (2014) determined 8.84 log cfu /ml
Lactococcus spp. as a dominant flora in kefir samples.
The data were found similar to prior research results,
but it was indicated that all kefir samples had higher
bacteria numbers than the other research findings. It
may be said that Lactococcus numbers can be affected
by variables, namely inulin addition, milk type and
milk’s nutrient compounds, acidity of samples, and so
forth.

No mould growth in all the kefir samples during the
storage time was observed. However, yeast growth was
significantly important in control kefir samples
(p<0.05), but changes were not found important for
inulin added samples. On the 40t day yeast numbers
were higher (7.93 log cfu/ml) in control samples than
the others (Fig. 2d). Other researchers determined
lower numbers in yeasts counts regarded as 5.29-5.63
log cfu/ml in goat’s milk kefir samples (Satir et al.,
2015), 6 log cfu/ml yeasts in kefir samples after 28 day
of storage (Leite et al., 2013) and 5.47, 5.44, 5.00 log
cfu/ml yeasts numbers in cow’s, ewe’s and goat’s milk

TOTAL

kefir samples (Yaman et al., 2010).

Since the flavour of goat’s milk has been found more
intense in comparison to cow’s milk, the production of
dairy products using mixtures of goat and cow milks
may be an interesting approach for the dairy market
in order to add value to products, supporting some
sensory and texture properties and acceptance by the
consumers (Gomes et al, 2013). The sensory
properties of the samples were applied by the scaling
procedure. The kefir samples were evaluated for
colour, texture, taste and overall acceptability (yeasty
taste, fermented taste, sour taste, sour odour,
viscosity, serum separation). Samples were coded with
randomly chosen three numbers and served as 8°C. In
the general sense, changes in acidity was found to
affect the organoleptic characteristics of the products.
It was found out that 1% inulin added samples
preferred by the panellists took higher marks in total
(4.1 points) than the others on the 40t day (Fig. 3).
Ertekin and Guzel-Seydim (2009) added inulin in kefir
samples in their research and they did not determine
any negative effect on product quality. Tratnik et al.
(2006) reported that sensorial differences were not
significant in kefir samples produced with or without
inulin addition until 5th or 10th days of storage, but
marks given to taste of inulin added kefir samples were
lower than the control samples.

ODOUR

COLOUR

Figure 3. Sénsory analyses result of kefir samples (A: 1% w/v inulin added samples; B: 2% w/v inulin added

samples; C: Control groups)

Sekil 5. Kefir numunelerinin duyusal analiz sonuglar: (A: %1 w/v iniilin ilaveli érnekler; B: % 2 w/v iniilin ilaveli

ornekler; C: Kontrol gruplari).

It can be concluded that inulin addition had no effect
on the pH values of the product, but the lactic acid
changes were found significant for inulin added
samples. Inulin addition was also found out to improve
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viscosity, wviability of Lactococcus spp., and
Lactobacillus spp. and sensory properties of kefir. To
this end, control kefir samples can be evaluated as a
functional probiotic product because of containing >10
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log cfu/ ml Lactobacillus spp. and Lactococcus spp.
bacteria numbers. Fortification of goat’s milk kefir
with inulin can be regarded as an alternative to
develop a functional beverage having health and
nutritional benefits. As a prebiotic, inulin can provide
viability of the probiotic bacteria in kefir for a long
storage time. The sensorial properties of kefir can be
enhanced with inulin addition as 1% (w/v)
concentration.
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ABSTRACT

In flour milling, tempering is the last process applied to the wheat
before grinding and it has a unique and vital role in wheat processing
technology. In wheat milling, tempering is conventionally done in one
step. In this study, two bread wheat (7riticum aestivum L.) varieties
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(Adana-99 and Russian) with different hardness degree were Received :07.04.2021
subjected two-step tempering process in addition to single-step Accepted 117.06.2021
(classical) tempering process. The potential of two-step tempering

treatment a) to improve the wheat and flour qualities and b) on the Keywords

rheological characteristics of wheat flour was the explored. Each Bread wheat

wheat variety was subjected to four different tempering treatments. Farinograph

These were; a. no tempering (control), b. single-step tempering for 24 Extensograph

h, c. single-step tempering for 48 h and d. two-step tempering for 48
h. The tempering treatment resulted in a significant improvement in
the rheological properties. This positive effect was more evident in the
extensograph measurements compared to farinograph measurements.
Two-step tempering treatment significantly increased the resistance,
ratio and energy values of the dough. This showed that two-step
tempering significantly increased strength, force, resistance, and the
ability to retain gas properties of dough, which are the most important
quality criteria for bread dough. Tempering treatment for 48 h among
single step tempering treatments resulted in improved flour quality.
The findings conclude that, water when added to the wheat in the
tempering process in two-steps results in an improved flour quality in
terms of rheological properties.

Rheological features
Tempering process

Iki Asamali Tavlama Uygulamasinin Ekmeklik Bugdayda (7riticum aestivum L.) Unun Reolojik

Ozelliklerine Etkileri

OZET Aragtirma Makalesi

Un degirmenciliginde tavlama, 6glitmeden 6nce bugdaya uygulanan

son iglemdir ve bugday isleme teknolojisinde benzersiz ve hayati bir Gida Bilimi

role sahiptir. Bugday ogutmede tavlama geleneksel olarak tek . .

asamada yapilir. Bu ¢alismada, farkli sertlik derecelerine sahip iki Makale T.ar.lhge‘s1

ekmeklik bugday (7riticum aestivum L.) cesidi (Adana-99 ve Rus), tek Gelis Tan}.n' : 07.04.2021
Kabul Tarihi :17.06.2021

agamah (klasik) tavlama iglemine ek olarak iki asamal tavlama
islemine tabi tutulmustur. Iki agamali tavlamanin a) bugday ve un
kalitesini iyilestirme ve b) bugday ununun reolojik 6zelliklerini 1slah

Anahtar Kelimeler

Lo ) N o Ekmeklik bugda,
etme potansiyeli arastirilmistir. Her bir bugday cesidi, dort farkh oo et R
tavlama islemine tabi tutulmustur. Bunlar; a. tavsiz (kontrol), b. 24 Ol e
saat slreyle tek agamali tavli, c. 48 saat siireyle tek agsamali tavli ve Reolojik dzellikler

d. 48 saat sureyle iki agsamali tavli. Tavlama islemi, reolojik
ozelliklerde 6nemli iyilesme saglamigtir. Bu olumlu etki, ekstensograf
olciimlerinde, farinograf 6lciimlerine kiyasla daha belirgindir. Iki
asamali tavlama iglemi hamurun direng, oran ve enerji degerlerini
onemli 6l¢tide artirmigtir. Bu, iki agamali tavlamanin ekmek hamuru
icin en 6nemli kalite kriterleri olan mukavemet, kuvvet, diren¢ ve gaz
tutma yetenegi 6zelliklerini 6nemli 6l¢tide artirdiginmi géstermistir.
Tek asamali tavlanmis oOrnekler arasinda 48 saat tavlama un

Tavlama prosesi
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kalitesini gelistirmigtir. Bulgular, tavlama prosesinde suyun bugdaya
iki agamada eklenmesinin reolojik 6zellikler agisindan un kalitesini

gelistirdigini ortaya koymustur.
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INTRODUCTION

Wheat is consumed by processed to semi-finished
cereal products like flour, semolina, starch, bulgur,
and/or to final products like bread, pasta, noodle,
cakes, biscuits, crackers, wafers, cookies. Among these
products, wheat flour has a particular importance as it
constitutes the basic structure of many bakery
products both in terms of quality and quantity (Dizlek
and Ozer, 2016). As in the factors that determine the
quality of all other intermediate and finished products,
the quality of wheat flour is also; it depends on the
quality of the wheat(s) used in its production and the
processing steps applied in the production of the wheat
flour.

The processes involved in the processing of wheat into
flour and semolina in milling can be grouped under
three major groups: 1) Preparation processes (buying
and storing of wheat, cleaning, and separating it from
foreign  substances, blending, washing, and
tempering), 2) Milling operation and 3) Flour storage
and blending operations. All these process steps affect
milling products’ qualitative and quantitative
properties to be obtained (Delcour and Hoseney, 2010).
Additionally, the labor and the rigor shown in the
preparation processes help obtain high-quality flour
and semolina. Also, there is overall reduction in energy
consumption of the milling factory and these results in
roller-sieve systems to be used efficiently and an
increased lifespan. Therefore, as shown tempering has
a special and important place in cereal industry.

In flour milling, tempering, which is the last process
applied to the wheat in the preparation stage for
grinding before feeding to the rolls to break the wheat
and reduce the size to produce the desired material; it
is the process of adding cold or hot water to the wheat
and resting the it for a while to absorb this water. As
it can be understood from the definition, in the
tempering process; first the moisture content of the
wheat mass is determined and then the appropriate
amount of water (target moisture in soft wheat 15-
16.5%, in hard wheat 16-18%) is added. After this
process, wheat is left to rest in the silos to equilibrate
the moisture content and allow evenly distribution,
which will result in optimum properties for grinding.
The tempering process’s main objectives can be
specified as follows: To provide easier crushing of
wheat, to reduce the energy consumption of the
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factory, to obtain more flour from a unit amount of
wheat, to obtain flour with low ash content
(Keskinoglu et al., 2001; Yoo et al., 2009). Tempering
time, tempering water temperature and different
tempering methods (warm, hot, steamy, microwave,
ultrasound etc.) have been emphasized in the studies
(Butcher and Stenvert, 1973; Stenvert and Kingswood,
1976; Moss, 1977; Finney and Bolte, 1985; Ibanoglu,
2001; Keskinoglu et al., 2002; Sunter, 2003; Kweon et
al., 2009; Warechowska et al., 2016).

The rheological properties are significant in grain and
milling technology and give an essential idea about
bread-making (Diraman et al., 2013; Dizlek and Ozer,
2017a). The rheological properties of the dough
prepared from wheat flour can be evaluated by various
methods such as farinograph, extensograph,
mixograph and alveograph (Diési et al., 2015; Aslan
and Gul, 2016; Gul et al., 2017; Dizlek and Ozer,
2017a). The farinograph test is the essential in terms
of being a basic analysis that reveals the rheological
properties and bread qualities of flour during kneading
(Basar et al., 2016). The most critical rheological
properties of dough are often described as resistance
(elasticity), strength and extensibility (EX) are
determined by Extensograph (Dizlek and Ozer, 2017a).

The amount of water to be supplied to the wheat mass
during tempering is usually given at one (single) step.
However, in this study, two bread wheat (7riticum
aestivum L.) varieties with different hardness degree
were subjected to a two-step tempering process in
addition to single-step (classical) tempering process.
The potential of this treatment to improve the wheat
and flour rheological and bread properties was then
investigated.

MATERIAL and METHODS
Material

Wheat: In the study, two different bread wheat
(Triticum aestivum L..) varieties namely a low-protein,
soft ‘Russian’ variety imported from Russia and a
domestic, medium hard ‘Adana-99” wheat variety were
used. Both wheat samples were 2017 crop season. The
Adana-99 variety was supplied from Islamoglu Trade
in Osmaniye (Turkey) and the Russian variety was
supplied from Sunar Ozlem Flour Factory (Osmaniye,
Turkey). Approximately 100 kg of each wheat variety
was supplied. The samples taken from the wheat
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masses in accordance with the sampling method were
stored in 50 kg jute bags and stored in cold storage (+4
°(C) until they were analyzed and ready for milling.

Flour: After applying different tempering processes to
the two wheat varieties, the wheat varieties were
milled according to method (Kurt and Dizlek, 2020)
described in method section to obtain subsequent
flours.

Water: Potable water supplied within the campus of
University of Osmaniye Korkut Ata (Osmaniye,
Turkey) was used in tempering of the wheat.

Laboratory Type Mill: Wheat samples were milled into
flour by using; the first three pieces of breaking, the
last two reducing rolls, ‘Chopin’ brand ‘CD1’ model
tempered wheat grinding mill (Chopin Technologies,
Paris, France).

Methods
Formation of Experimental Wheat Groups

With the tempering, the target moisture content of the
Adana-99 wheat used in the study was 17% and the
Russian wheat was 16.5%. The amount of tempering
water for given a wheat masses was calculated
according to American Association of Cereal Chemists
International (AACCI) Method 26-95.01 (AACCI,
2010). Wheat samples were tempered by cold tap

Table 1. Experimental design of the research.
Cizelge 1. Arastirmanin deneysel tasarimi.

water. Within the scope of this research, the
experimental materials and the pattern were formed
by applying the following different tempering
treatments in each of the two bread wheat varieties
whose qualities are different (Table 1):

a) no tempering (= control)

b) single-step tempering for 24 h (The amount of
water calculated according to the target moisture is
given to the wheat at one time and tempered for 24 h)
c) single-step tempering for 48 h (The amount of
water calculated according to the target moisture was
given to the wheat in one time and tempered for 48 h)
d) two-step tempering for 48 h (Adana-99 and
Russian wheat were initially treated with 15% and
15.5% moisture content, respectively, with the first
tempering water and resting for 24 h. At the end of the
24 h period, second tempering water added to Adana-
99 and Russian wheat to a target moisture of 17% and
16.5%, respectively (In summary, the wheat samples
were tempered two times and the final moisture
content of the wheat was adjusted to the percentage in
b) and c)).

Taking into account commercial conditions, in the
study, also the flour obtained from wheat, (tempered
according to item d)), was rested in cool and dry room
conditions for 30 days. The rheological properties of
this sample were also studied.

Tempering Time Tempering Number

Wheat Variety (Bugday Cesidi)

(Tavlama Siires:) (Tavilama Sayis) Adana-99 Russian
(h) (saad Rus

0 (non-tempered=control) 0 X X
(tavsiz=kontrol)

24 1 X X

48 1 X X

48 2 X X

482 2a X X

aWheat flour that has been tempered two-step for 48 h and kept in room conditions for 30 days.

Grinding Process

Optimally tempered wheat samples were separately
milled into flour using a laboratory mill. Cleaned and
tempered wheat was first broken by the crushing
system, then semolina, coarse bran and some crushed
flour were separated from crushed wheat. The
semolina obtained as the main product was reduced to
the flour by milling in the reduction system and
divided into refined fine bran by-products. The
separated refined fine bran was passed through the
reduction system for a second time to obtain whole
flour. These flour samples were used for rheological
analyses. Adana-99 and Russian wheat samples were
milled at 52.3% and 61.3% “wheat flour” extraction
rates, respectively.
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Analysis of Wheat Samples

The physical and chemical properties of two different
wheat samples used in the study are given in detail in
the previous study (Kurt and Dizlek, 2020). Some of
the technological properties of flour samples were
determined according to AACCI Methods therefore
Adana-99 and Russian wheat samples had average
28.5% and 21.6% wet gluten content; 9.2% and 6.7%
dry gluten content; 38 and 32 mL sedimentation value;
31 and 20 mL delayed sedimentation value; 337 and
356 s falling number value, respectively.

Measurements of Rheological Characteristics of Wheat
Flour Groups

Wheat flour samples were objected to farinograph and
extensograph tests with the purpose of determining
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important rheological parameters of wheat flours for
cereal industry. AACCI Approved Method 54-21.02
(AACCI, 2010) was followed to determine farinograph
properties (water absorption [WA], dough development
time [DDTI, stability time [STI, softening degree [SDI,
and farinograph quality number [FQN]). The mixing
bowl for 300 g flour was used. AACCI Approved
Method 54-10.01 (AACCI, 2010) was used to determine
extensograph features. For this purpose; resistance to
extension (R;), maximum resistance to extension
(Rmax), EX, ratio (Rmax EX'1) and energy values in 45t
90t’, and 135t were determined. An average of the 3
values was used in the discussion of the results.
Rheological properties were determined two days after
flour milling. Briefly, tempered flour from each
treatment group was compared with the flour of non-
tempered group (control).

Statistical Analysis

All experiments were carried out in two replicates.
Means and standard deviations were determined using
Microsoft Office Excel 2010 (Microsoft Corporation,
Redmond, WA). Variance of analysis (ANOVA) was
used to obtain conclusion on measured characteristics
of wheat and flour samples. Duncan’s multiple
comparison test was used to determine difference
among treatment means at (P<0.05). Statistical
analysis was performed using the statistical package
program developed by the SAS statistical institute
(The SAS System for Windows v6.12).

RESULTS and DISCUSSION

Effects of Different Tempering Treatments
Farinograph Properties of Flour

on

The farinograph test has been a standard tool of the
cereal chemists for many years, giving information

related to WA and kneading properties of wheat flours
(D’Appolonia and Kunerth, 1984; AACCI, 2010;
Aydogan et al., 2012; 2015). The farinograph test is
performed to evaluate the behavior of dough against
mixing at a specified constant speed with specified
water addition (Diési et al., 2015). Farinograph DDT is
an essential indicator of protein quality of flour and
strong flour has been reported to have a higher DDT
than weaker ones (Karababa and Ozan, 1998). It is
reported that the ST is a parameter indicating the
flour strength, tolerance of flour to kneading and that
strong flours have high ST (Basar et al., 2016).

Farinogram values of flour obtained from Adana-99
and Russian wheat samples with different tempering
treatments are summarized in Table 2. In both wheat
samples, it was determined that tempering process
reduced WA of flour (P<0.05). The results showed,
among the single-step tempered samples, wheat flour
sample which was tempered for 48 h had higher WA
than the 24 h tempered wheat; whereas among the 48
h tempered wheat samples, single-step tempered
sample had higher WA than two-step tempered
sample; among two-step tempered samples, the sample
whose flour was rested for 30 days had higher WA. The
easier separation of the flour from the bran by
tempering treatment, and therefore the easier release
of the pure endosperm layer by milling reduced the
transition of compounds with high water holding
ability such as cellulose and pentosane in the bran
layer to flour, and this situation led to a decrease in
WA capacity. Also Siinter (2003) reported that,
increasing the tempering time from 12 h to 24, 36 and
48 h resulted in a decrease in the farinograph WA
values of the flour samples. It was determined that
there was no significant difference (P>0.05) between
two different tempering treatments (single and two-
step) in terms of DDT.

Table 2. Effect of tempering treatment on farinograph properties of two wheat varieties?.
Cizelge 2. Tavlama igleminin iki bugday ¢esidinin farinograf dzelliklerine etkisi’.

Wheat Tempering Water Dough Stability Time Softening Farinograph

Variety Treatment Absorption Development (Stabilite Degree Quality

(Bugday (Taviama Muamelesi) (Su Time Stiresi) (Yumusama Number

Cesidi) Absorpsiyonu) (Hamur (min) (d) Derecesi) (Farinograf

(%) Gelisme Siiresi) (B.U.)2 Kalite Sayisi)
(min) (d

Adana-99  non-tempered (control) 60.62+£0.3 2.4240.1 8.49+0.2 662+7 92+8
single-step tempered for 24 h  58.2¢+£0.2 2.224£0.0 11.4¢+0.3 41b+3 41b+2
single-step tempered for 48 h  58.9+0.1 2.324£0.0 12.6b+0.1 34c+2 51a+3
two-step tempered for 24 h 58.1°£0.2 2.224+0.1 12.92+0.1 31e£3 43b+2
two-step tempered for 48 h 59.1b+0.3 2.42+0.1 13.12+0.2 30+4 42b+1

(rested for 30 days)

Russian non-tempered (control) 57.62+0.3 1.72+0.1 2.7+0.2 68b+7 362+3
single-step tempered for 24 h  54.8£0.2 1.72+0.0 2.84+0.2 812b+7 31243
single-step tempered for 48 h  56.2b+0.2 1.72+0.2 2.3+0.3 942+9 272+3
two-step tempered for 24 h 55.2¢+0.2 1.72+0.0 2.7+0.3 802b+6 312+£2
two-step tempered for 48 h 58.32+0.4 1.72+0.1 2.8+0.2 60°+2 322+2

(rested for 30 days)

1 Mean values in the table for the same column and same variety (Adana-99 or Russian) shown with the different superscript

letter are significantly different (P<0.05). 2 Brabender Unit.
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WA is the amount of water required by a given weight
of flour to yield dough of given consistency.
Farinograph WA 1is mainly influenced by the
properties of flour main components, starch and
gluten. It correlated also with dough ST. High WA is
desirable. High WA combined with low SD indicates
good quality flour, whereas a high WA combined with
a high SD indicates poor quality flour. Farinograph ST
is correlated with flour strength. Long ST are generally
more suited for variety bread production and often
require longer kneading times (Aydogan et al., 2015).

There was no statistically significant difference
(P>0.05) between the samples of Russian wheat
variety in terms of ST, I contrast there was a
considerable difference between the ST of samples in
Adana-99 wheat variety. Accordingly, the tempering
process increased the ST of samples in Adana-99
variety (P<0.05). This increase was highest in two-step
tempered samples. It was determined that the 48 h
tempered samples had a higher ST than the 24 h
tempered samples. ST (in full) of tempered samples
was higher than the control sample, thus the ST, which
is an important farinogram parameter as it shows flour
strength and the processing tolerance of the dough
(Dizlek and Ozer, 2017a), additionally, it illustrate
how tempering process is important. It was found that
the different tempering treatments in the experiment
caused a meaningful variation among the flour
samples of the Adana-99 variety. It was therefore
determined that the two-step tempering process
significantly improved (P<0.05) the most critical
farinogram quality parameter (Table 2). However, the
same conclusion was not observed with Russian wheat
variety. It was also observed that, the ST of the two
wheat samples was different due to the diverse
characteristics of the wheat varieties. According to
this, the ST of the flours belonging to the Adana-99
variety was 3-5 times higher than that of the Russian
variety. In accordance with the ST, SD of Adana-99
variety decreased with tempering treatment. The
reduction was higher in the 48 h tempered samples.
Clearly from the results 48 h tempered samples with a
SD halved, relative to the control sample, however, a
two-step tempering has a beneficial effect in improving
the flour quality. In the Adana-99 variety, although
there is a significant difference between the control
sample and tempered samples in terms of SD, there is
limited difference between the tempered samples. A
contradictory result in SD was witnessed in the
Russian variety treated wheat samples. A sample with
the best SD was the tempered twice for 48 h and the
flour was rested for 30 days. A low FQN, has been
associated with weak flour, in contrast a high value is
associated with strong flour. It is not advisable to
evaluate FQN for untampered wheat (D’Appolonia and
Kunerth, 1984). Therefore, the FQN of all samples,
including the non-tempered samples, were determined
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during the farinograph measurements, but the control
sample was not taken into consideration when
comparing the treatments. Values of FQN showed that
the Adana-99 variety has superior properties
compared to the Russian variety. It has been
determined that there is no significant difference
between the tempered treatments in terms of FQN
(Table 2).

Codina (2010) provides the following information using
the Brabender farinograph device for the
determination of flour quality. Flours with WA
capacity of more than 65% are of very high quality,
flours of 60-65% are of high quality, flours of 55-60%
are acceptable quality, and flours of less than 55% are
unacceptable (inadequate) quality. Flours with DDT of
more than 3 min are very high quality, flours with 2-3
min are high quality, flours with 1.5-2 min are
acceptable quality, and flours with less than 1.5 min
are unacceptable quality. Flours with a ST of more
than 8 min are of very high quality, flours with 5-8 min
is high quality, flours with 3-5 min are acceptable
quality, and flours with less than 3 min are
unacceptable quality. Flours with a dough SD of less
than 60 B.U. are of very high quality, flours with 60-80
B.U. are high quality, flours with 80-100 B.U. are
acceptable quality, and flours with more than 100 B.U.
are unacceptable quality. Flours with FQN of more
than 65 are very high quality, flours with 50-65 are
high quality, flours with 40-50 are acceptable quality,
and flours with less than 40 are unacceptable quality.
According to the data stated by Codina (2010), Adana-
99 sample had acceptable quality in terms of WA and
FQN; The Russian sample had acceptable quality in
terms of WA, DDT, and SD; it was determined that the
Adana-99 had very high quality in terms of ST and SD,
whereas Russian variety had low quality in terms of
ST and FQN (Table 2). On the other hand, it was
reported that (Canadian Grain Commission, 2009)
DDT value was lower than 2 min in weak flour, 2-3 min
in medium strong flour, 3-5 min in strong flour, and 5-
12 min in very strong flour. The ST value was lower
than 4 min in weak flour, 4-7 min in medium strong
flour, 7-14 min in strong flour, and higher than 14 min
in very strong flour. According to these data, Adana-99
wheat flour groups was evaluated as (medium) strong,
while the Russian wheat flour groups was evaluated as
weak (Table 2).

In the study, while the application of different
tempering treatments on the Adana-99 wheat variety
resulted in a significant (P<0.05) and meaningful
modification on the ST and SD of flour samples, it is
not possible to mention the same effect on Russian
variety. Similarly, Warechowska and co-workers
(2016) reported that, in the Astoria and Cytra wheat
used in their research, the increase in the amount of
moisture (from 12% to 18%) added to the wheat by
tempering caused an average of 4 min increase in the
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ST and an average of 35 B.U. decrease in the SD of the
flour. These values had a statistically significant effect
on these criteria, but the effect was insignificant in the
Radunia wheat variety. These findings indicate that
tempering treatments do not have the same effect on
all wheat varieties, so it is useful and necessary to
determine the appropriate tempering conditions for
each wheat variety. It was observed that when the
tempering treatment was applied, gluten quality (ST)
of the Adana-99 wheat flour samples sharply increased
and the WA capacities of both flour samples reduced
according to Table 2 (P<0.05).

Effects of Different Tempering Treatments
Extensograph Properties of Dough

on

Extensograph, draws a unique graph about the
dough’s resistance against extension and it’'s EX
(D’Appolonia and Kunerth, 1984). The extensograph
records a force-time curve for a piece of dough
stretched until it breaks. Attributes of force-time
curves (extensograms), are used to assess the dough
general quality characteristics. In the evaluation of
extensogram; Rs, Rmax, EX, energy, and ratio are the
common measurements (AACCI, 2010). The greater
the dough ratio and energy values, the greater the
fermentation tolerance, gas holding ability, and

suitability  for  processing.  Holistically, the
extensograph test gives unique clues concerning bread-
making, since, determination of the test takes longer
period approximately (135 min) as in regular bread-
making (Dizlek and Ozer, 2017 a; b).

The data on extensograph measurements is presented
in Table 3. Tempering of wheat samples resulted in a
significant increase in the dough resistance values
(P<0.05). This can be seen by examining the values of
Rs and Rumax. The data on the Adana-99 variety clearly
shows that the best treatment is a two-step tempering
process. The two-step tempering treatment increased
the dough resistance value one of the dough quality
indicator, it is one of the critical. It was determined
that samples having the best resistance value after
two-step tempering treatments were single-step
tempering for 48 h, followed by single-step tempering
for 24 h. However, it was also observed that even in
single-step tempered samples for 24 h dough
resistance was significantly higher than what was
experienced in non-tempered control sample. However,
the positive effect of the tempering process on the
dough resistance of the Adana-99 variety was more
noticeable than the Russian variety. The dough
resistance of the 48-h two-step tempered wheat was
75% higher in Rmax value and 82% higher in Rs value
than the control sample.

Table 3. Effect of tempering treatment on extensograph properties! of wheat flours2.
Cizelge 3. Taviama igleminin bugday unlarimin? ekstensograf 6zelliklerine! etkisi.

Wheat Tempering Rs (Resistance Rumax (Dough Extensibility Ratio Energy
Variety Treatment to Extension) Resistance) (EX) (Rmax EX'1) (Enerj1)
(Bugday (Taviama Muamelesi) (Uzamaya (Hamur (Uzayabilme  (Oran) (cm?)
Cesid) kars1 direng) Direnci) Yetenegi) (B.U. mm™)

(B.U.)3 (B.U.)? (mm)

Adana-99  non-tempered (control) 2954112 4194+18 174243 2.414+£0.11 994+2
single-step tempered for 24 h 343+12 49717 161b+3 3.07¢+0.10 1051
single-step tempered for 48 h 398v+19 573v+26 165P+2 3.47v+0.15 123b+2
two-step tempered for 24 h 537227 735226 1502 4.882+0.18 1392+3
two-step tempered for 48 h 4942429 678227 1511 4.472+0.19 133a+4

(rested for 30 days)

Russian non-tempered (control) 3318 385°£10 1272+3 3.024+0.07 672
single-step tempered for 24 h 370°+10 438P+11 1302+2 3.36¢+0.08 761
single-step tempered for 48 h 4282+13 4922+18 117v+3 4.212+0.11 765+2
two-step tempered for 24 h 374b+9 4552b+16 131243 3.46¢£0.06 792b+3
two-step tempered for 48 h 3992+14 4892+18 132243 3.70b+0.09 853+3

(rested for 30 days)

1 The average values of 45, 90t and 135’ measurements were given.
2 Mean values in the table for the same column and same variety (Adana-99 or Russian) shown with the different superscript

letter are significantly different (P<0.05).
3 Brabender Unit.

In contrast to resistance values in the Adana-99
variety, tempering treatment caused a decrease in the
EX of the doughs. Accordingly, the doughs belonging to
the two times tempered applications with the highest
resistance value had the lowest EX value, with respect
to the control the EX of these dough decreased by about
14%. On the other hand, it was found that there was a
limited variation in terms of the EX values of the
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doughs in the Russian variety, and just that according
to the control sample 1 cm (about 9%) decrease was
observed in the dough’s EX of the wheat sample which
was single-step tempered for 48 h. Expectedly, dough
resistance increased but there was a reduction in EX
values with the tempering treatment. The ratio values
of the dough samples increased significantly (P<0.05)
compared to the control sample. The increment is more
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than twice as much as the control sample for the
Adana-99 variety two-step tempered sample for 48 h.
The positive effect of tempering treatment was also
observed in the Russian variety in terms of ratio
values. However, it was determined that the best
series in the Russian variety in terms of ratio value
emerged after a 48-h single-step tempering treatment.
It has been determined that two-step tempered
treatments had the highest value in terms of energy
value, which is an important indicator of the dough gas
holding ability. In the Adana-99 variety, the energy
value of the two-step tempered sample for 48 h
(without flour resting) was 40% higher than that of the
control sample. Depending on the variety properties,
the energy value of the dough of Adana-99 non-
tempered control sample is approximately 50% higher
than the Russian sample of the same feature. In both
varieties, the energy values of the dough samples
increased parallel with an increase in the number
(from 1 to 2) and time (from 24 h to 48 h) of tempering.
On this increment, the effect of the number of
tempering was found to be more dominant than the
tempering time. A similar effect can be mentioned in
terms of other extensogram criteria. By examining the
findings of the extensograph data together (Table 3);
there are very significant differences between the
different treatments discussed in the experiment,
these differences are more obvious in Adana-99
variety. There is a limited difference between the
treatments in the farinographic measurements (Table
2), however it was determined that the difference in
the characteristics of the dough, which is an extremely
important indicator about the bread quality of the
flour, and in this sense, the dough, which is rested for
90, 135 min as in bread making, is observed more
clearly in the extensograph measurements. The data of
the extensograph measurements showed a high
correlation with the ST and SD values of Adana-99
variety, as mentioned above, the top (superior) flour
and dough characteristics of two-step tempered
treatments, which constitute the basic sheet leg of the
study, have been demonstrated. Clearly it can be seen
by examining the resistance values (Table 3),
particularly in two-step tempering, generally
tempering, significantly increased the strength, force
and resistance of the dough. Resistance criterion is the
most important quality criterion taken into
consideration in extensograph measurements (AACCI,
2010). It was observed that the Russian variety having
lower bread-making quality than the Adana-99 also
improved its bread-making quality through the
tempering treatments (dough strength, resistance, gas
holding, and fermentation ability increased).

Generally, analytical findings from samples tempered
for 48 h are better than samples tempered for 24 h.
This situation is thought to result from the use of cold
tempering method in the tempering of wheat samples
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in the study. Ozkaya and Ozkaya (2005) reported that
homogeneous distribution of water in grain during cold
tempering requires a relatively long period of time,
which may be up to 72 h. The findings obtained from
our study are consistent with the findings and/or
conclusions of previous researchers. Accordingly,
Tekeli (1964) and Diraman (2010) stated that, by the
steam-tempering of the sunn pest-damaged wheat,
negative conditions in dough processing such as sticky,
runny, splay, soft dough characteristics, difficult to
shape dough, poor hand, and machine processing
ability of dough can be eliminated. Similarly, Posner
and Hibbs (1997) reported that, tempering in the
temperature range of 36-43 °C prevents the negative
properties of dough such as runny and splay.
Warechowska and co-workers (2016) declared that the
dough belonging to the tempered treated wheat had a
more stable structure during kneading.

CONCLUSIONS

In this study, the effects of two-step tempering
treatment, on the rheological characteristics and hence
bread properties of two different bread wheat were
investigated. There was no significant difference
between the tempering treatments in the Russian
variety in terms of farinograph values, however with
an increase in the number and time of tempering in
Adana-99 variety, the ST of flour samples increased,
SD and WA ability reduced. Moreover, there was a
significant difference in extensographic
measurements. The findings from extensograph
defines the dough testing properties while flour testing
properties are defined by farinograph parameters,
therefore, both parameters providing more meaningful
information n describing bread quality.
Extensographic data showed that it is more useful to
apply the tempering process to wheat at two-step
rather than single-step. In these measurements, the
best series compared to other treatments appeared in
the 48-h two-step tempered samples. Subsequently, it
was concluded that tempering time would be more
appropriate for 48 h compared to 24 h. As a result, the
tempering treatment resulted in a significant
improvement in the rheological properties of flour.
This positive effect was more evident in the
extensograph measurements compared to farinograph
measurements. Two-step tempering treatment
significantly increased the resistance, ratio and energy
values of the dough. This showed that two-step
tempering treatment significantly increased (P<0.05)
strength, force, resistance, and the ability to retain gas
properties of dough, which are the most important
bread dough quality parameters. Tempering treatment
for 48 h among single-step tempering treatments
resulted in a more improved flour quality. As a result;
the findings include clues that, the fact that water is
added to the wheat in the tempering process in two-
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steps improved the flour quality in terms of rheological
properties. However, it is clear that further studies are
required on this subject.
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ABSTRACT

Legumes such as red lentils and chickpeas, which are the most
important legumes of the Southeastern Anatolia Region, have a rich
content of many mineral substances. However, very little work has
been done in this area in the region. In this study, contents of mineral
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elements such as K, Ca, Mg, Zn, Fe, Cu, Cd, Pb, Cr, As, Se, V, Sn, Mn, Received ) 24.05.2021
Si and Ni were determined by inductively coupled plasma optic Accepted + 28.07.2021
emission spectrometry (ICP-OES) method in six red lentil and two Keywords

chickpea cultivars registered by GAP International Agricultural Red lentils

Research and Training Center (GAPUTAEM). In addition, the Chickess

element concentrations of the species and the comparison of the Minerals

element amounts in lentils and chickpeas were evaluated. Element ICP-OES

concentrations in lentil varieties were listed in descending order as
follows K> Mg> Ca> Fe> Si> Zn> Sn> Mn> Cu> Ni> Cr> Se> V> Cd>
Pb> As, while in chickpea cultivars are; K> Ca> Mg> Fe> Zn> Si> Mn>
Sn> Cu> Ni> V> Cr> Se> Pb> Cd> As. The study results indicated
that registered lentil and chickpea varieties were rich in potassium.
On the other hand, calcium content of chickpea cultivars were higher
than those of lentils. In addition, toxic heavy metals such as Cd, Pb
and As concentrations were determined to be below the limits. The
results showed that legumes were very important as mineral
resources. Lentils and chickpeas were very similar in terms of macro
and micro element contents. Additionally, it was observed that they
had a nutritionally safe mineral structure.

Tirkiye'nin Gilineydogusunda Yetigen Baz1 Kirmiz1 Mercimek ve Nohut Cegitlerinin Mineral Bilesimi

OZET Gida Bilimi

Giineydogu Anadolu Bélgesinin en 6nemli bakliyat triinleri olan

kirmizi mercimek ve nohut gibi baklagiller ayrica mineral madde Aragtirma Makalesi
bakimindan zengin bir yapiya sahiptir. Ancak bolgede bu alanda ¢ok

az ¢alisma yapilmigtir. Bu ¢alismada, K, Ca, Mg, Zn, Fe, Cu, Cd, Pb, Makale Tarihgesi

Cr, As, Se, V, Sn, Mn, Si ve Ni gibi mineral elementlerin Gelig Tarihi  :24.05.2021
konsantrasyonlar1 GAP Uluslararas1 Tarimsal Arastirma ve Egitim Kabul Tarihi :28.07.2021

Merkezi (GAPUTAEM) tarafindan tescilli alt1 kirmizi mercimek ve iki
nohut c¢esidinde induktif eslesmis plazma optik emisyon
spektrometresi (ICP-OES) ile belirlenmistir. Ayrica tiirlerin element

Anahtar Kelimeler
Kirmizi mercimek

konsantrasyonlarimin belirlenmesi, mercimek ve nohuttaki element Nohut
miktarlarimin kargilagtirilmas1 da degerlendirilmigtir. Mercimek Mineraller
cesitlerinde element konsantrasyonlar:1 azalan sirayla K> Mg> Ca> ICP-OES

Fe> Si> Zn> Sn> Mn> Cu> Ni> Cr> Se> V> Cd> Pb> As, nohut
cesitlerinde ise; K> Ca> Mg> Fe> Zn> Si> Mn> Sn> Cu> Ni> V> Cr>
Se> Pb> Cd> As seklinde olmustur. Arastirmada tescilli mercimek ve
nohut gesitlerinin potasyum elementi yoniinden zengin oldugu tespit
edilmigtir. Nohut g¢esitlerinde ise kalsiyum icerigi mercimek
cesitlerine gore daha yiiksek bulunmustur. Ayrica toksik agir metaller
Cd, Pb ve As derigimlerinin smir degerlerin altinda oldugu
belirlenmigtir. Sonuglar bize baklagillerin ¢ok 6nemli mineral
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kaynaklar: oldugunu goéstermigtir. Mercimek ve nohutun, makro ve
mikro element igerikleri bakimindan birbirine ¢ok benzer oldugu,
ayrica besin acisindan giuvenli mineral degerlere sahip olduklar:

gorilmustur.
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INTRODUCTION

Food legumes grown in almost every region of our
country constitute the protein source of Turkish
cuisine and especially for low-income families. Lentil
(Lens culinaris), which is among edible legumes, has
an important place in human nutrition due to its high
protein content. According to TURKSTAT data; in
2018, 51.5% of legume production was chickpea and
25.3% was red lentil (Anonymous, 2020). Turkey's
south-eastern region is knon as the motherland of gene
center of legumes. It was reported that 630 thousand
tons of chickpea and 310 thousand tons of red lentil
were produced in Turkey (TUIK, 2019). Overaal, 77.5%
of the production of red lentils is done in Sanlhurfa,
Diyarbakir and Mardin, respectively. Chickpea has an
important place in human nutrition thanks to 20-25%
protein, 40-60%  carbohydrate, 4.5-5.5%  fat,
phosphorus and calcium in their grains (Babaoglu,
2013). Dried legumes are rich in minerals. One of the
most important issues is the accumulation of toxic
metals in the food structure. The concentrations of
metals as a result of deposition may rise well above
those in water and in the air. The human or animal
who receives such a highly toxic metal-containing food
can be poisoned. It also has the ability of the human
body to accumulate some toxic metals. For example,
the half-life of lead in the human body is 1460 days,
that of cadmium is 200 days, that of zinc is 933 days
(Giindiiz, 2004). Minerals in the composition of foods
cover a large and complex element group. Many of
these are necessary for humans, and especially some
trace level elements must be present in the body at
certain concentrations. High levels of elements in the
body are called macro elements, while those found in
small amounts are called micro or trace elements. This
distinction was made not by their physiological
significance, but by their density. Basic elements
provided through food; potassium, sodium, calcium,
magnesium, chlorine, sulfur and phosphorus. Some
other elements are: iron, copper, iodine, cobalt,
selenium, fluoride and zinc. The elements whose
nutritional values are not yet known are aluminum,
boron, chromium, nickel and tin. Therefore, it is very
important to analyze minerals and trace elements of
all products. Food and Agriculture Organization (FAO)
and World Health Organization (WHO), European
Commission (EC) and other regulatory bodies of other
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countries strictly regulate the allowable
concentrations or maximum permitted concentrations
of toxic heavy metals in foodstuffs (FAO/WHO 1984;
EC, 1989). In the World there are a lot of studies about
trace elements in foods. For instance, Ereifej at al.
(2001); Salama and Radwan(2005); Momen at al.
(2006); Erdogan at al. (2006); Reyes at al.(2010)
studied in this fild. Few studies have been made in this
field in Turkey. There has been almost no study about
minerals related content of legumes grown in our
region. In this study we aimed to determine mineral
elements in registerd red lentils and chickpea cultivars
grown in Southeast of Turkey and varieties are
established for nutrition and food safety. The function

of some important elements can be summarized as
follows (Table 1).

Calcium: An adult has 1.2-1.5 kg of calcium in the
body of which about 99% is in the skeletal system.
Although no side effects have been observed in adults
taking up to 2.5 grams of calcium per day, doses above
this cause various diseases (Baysal, 1996; Bilge, 1998;
Keskin, 1987; Vaessen and Kamp, 1990; Erdogan,
2002).

Magnesium: It is found together with calcium and
phosphorus in the structure of bones and teeth.

Iron: The amount of iron in the body is 4-5 g. Most of
this is found in hemoglobin and myoglobin pigments.
When there is not enough iron in the body, the number
of blood cells decreases in "iron deficiency anemia"
anemia, the amount of hemoglobin is reported to be 15
mg per day for women and 12 mg for adult men (Bilge,
1998; Keskin, 1987; Levy, 1998).

Copper: The amount of copper in the body is around
100-150 mg. 2-5 mg of copper is taken with an average
daily diet.

Chromium: Chromium (Cr) is among several essential
trace elements. Chromium optimizes insulin function
and can have a marked impact on the metabolism of
carbohydrates, proteins, and lipids. Chromium has
been found to improve in vivo insulin activity, which
optimizes tolerance to glucose. In addition, Cr protects
the body against arteriosclerosis. (Anonymous, 2021)

Manganese: It is an essential trace element commonly
found in plant and animal cells. The human body
contains 10-40 mg of manganese. It is at the level of 2-
48 mg day?! that can be met by daily nutrition. Safe
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and adequate intake of manganese is thought to be 2.0-
5.0 mg day! (Baysal, 1996; Bilge, 1998; Keskin, 1987).

Selenium: Selenium and Vitamin E support each other

in terms of antioxidant effects. The recommended daily
intake is 50-200 micrograms. 30-150 micrograms is
sufficient for children (Ozyilmaz, 1999).

Table 1. A person weighing an average of 70 kg per day the amount of elements to be taken (Erdogan 2002).
Cizelge 1. Giinde ortalama 70 kg agirliginda bir kisinin almasi gereken element miktarlar: (Erdogan 2002).

Elements Amount (mg dayV) Elements Amount (mg day)
Zn 15 Co 0.04

Mn 2.8 (2-5) Ni 0.025

Fe 15 (10-28) Cr 0.05-0.20

Cu 2.5 (2-3) Pb 0.415

Sr 1.6 (0.98-2.2) Mg 300

Ba 1.1 (0.65-1.7) Ca 500

Zinc: The amount of zinc contained in tissues in the
human body varies between 2-4 g. The requirement
met by a normal diet is 6-22 mg dayl. Zinc is an
important part of many enzymes and is found in more
than 200 enzymes. Zinc requirement is determined as
12 mg day! for an adult woman and 15 mg day! for a
man (Bilge, 1998; Onianwa at al., 2001).

Potassium: The concentration of this element in the
body is 2 mg gl. It regulates the osmotic pressure in
the cell as it is usually found inside the cell. The
amount of potassium taken with a normal diet is 2-5.9
g day! and the minimum requirement of potassium
varies between 1.6-2.0 g per day (Baysal, 1996; Bilge,
1998; Keskin, 1987; Erdogan, 2002).

Sodium: The sodium content in the body is 1.4 mg g1
Sodium, together with potassium, is involved in the
regulation of the osmotic pressure of the body fluid.
Sodium absorption by the body is very fast. Sodium
intake of the body under normal conditions varies
between 1.7-6.9 g day! (Bilge, 1998; Keskin, 1987;
Erdogan, 2002).

Silicon: In animal experiments, silicon deficiency
causes growth retardation, bone, cartilage and
connective tissue disorders. However, no
determination has been made regarding silicon
deficiency in humans so far.

Vanadium: Firstly, vanadium was found to be
essential for bone and tooth development. It is on
record that vanadium plays an important role in
carbohydrate metabolism.

MATERIAL AND METHOD
Materials

Registred six red lentil varieties (Cagil, Altintoprak,
Seyran-96, Firat-87, Yerli Kirmizi, Tigris) and
Chickpea cultivars (Diyar-95, ILC-482) were taken
from Food Legumes Unit of GAP International
Agricultural Research and Training Center. Samples
were stored in polipropilen cups until analysis time.

Methods
Digestion procedure: About 0.25 g dried and ground
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sample was put into burning cup and 8 ml 65% HNOs,
2 ml 30% H202 added. The samples were dissolved in
a microwave oven (Milestone Smart D) according to
program showing at table 2. Samples dissolved and
diluted 25 ml volume with wultra pure water.

Concentrations were determined with ICP-OES
(Thermo ICAP 6300).

Table 2. Sample digestion program for lentil and
chicpea cultivars

Cizelge 2. Mercimek ve nohut gesitleri igin oOrnek
¢ozlinlirlestirme programi

Step Time(min) T @C) Power(W)

1 20:00 180 1200

2 20:00 180 1200
Instrumentation

Parameters related to the device and method are
shown in the tables below table 3, table 4 and table 5.

Statistical Analysis

The Mann-Wihitney Test, which is one of the
nonparametric tests applied between two independent
groups to determine whether there is a statistically
significant  difference  between the element
concentrations contained in the lentil and chickpea
samples. As a result of the test, it was seen that there
was a difference between the groups in terms of the
mean of Ca, K, Mn, Cu, Ni and Se according to the level
of significance (P <0.05).

Correlation between elements was determined by
considering the Spearman rho coefficient.

RESULTS and DISCUSSION
Results

In this study, the results are presented in Table 6. As
a result of our research on different varieties of red
lentil and chickpea varieties the amount of Ca was
found in the lentils and chickpeas between 601+5.4-
950+41 and 1038+21-1499+15 mg kg! respectively.
The results correspond to those reported prevously for
cowpea (Harmankaya et al., 2016), bean (Ceyhan,
2001; Ceyhan et al., 2008; Harmankaya et al., 2009;
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Table 3. Determination of Analytical Wavelengths (3), Detection Limits (LOD) and Quantitation Limits (LOQ),
Accuracy Assessment Through the Analysis Element Contents of CRM (GBW10011 wheat flour-trace
elements) After Shredding (mean = S.D, n = 3, ug g dry weight)

Cizelge 3. Analitik Dalga Boylarmin (A), Tespit Limitlerinin (LOD) ve Kantitasyon Limitlerinin (LO)
Belirlenmesi, Céziinme Sonrasi SRM Analiz Igerigi (GBW10011 bugday unu-iz elementler) araciligiyla
Dogruluk Degerlendirmesi (ortalama + SD, n = 3, ug g kuru agirlik)

Chemical Wavelengths LOD LOg Certified Confidence Recovery (%)
Elements (1 nm) wgg?) g g*) values Interval
(ugg? Measured (ug g1)
Ca 317.933 0.0078 0,0259 340 + 20 355+ 18 104.40
K 766.440 0.0084 0.0279 1400 + 60 1380 + 85 98.58
Mg 279.553 0.0052 0.0173 450+ 170 435 + 62 96.65
Fe 259.940 0.0150 0.0499 185+ 3.1 17,7+ 4.8 95.60
Zn 206.200 0.0004 0.0013 11.6+0.7 12.1+0.51 104.31
Sn 189.989 0.096 0.319 - 7.356 £1.36 -
Mn 257.610 0.0023 0.312 5.4+0.3 5.68 + 0.40 105.18
Cr 267.716 0.028 0.093 0.096+0.014 0.093 + 0.02 96.87
Cu 327.393 0.0012 0.0039 2.7+0.2 2.64 +0.127 97.70
Cd 228.802 0.0018 0.0060 0.018 £0.04 0.0193+0.004 107
Si 251.611 0.085 0.283 80 75.6+5.31 95
Ni 221.647 0.0056 0.0186 0.06+0.02 0.065+0.91 108.33
A% 292.402 0.0098 0.0326 0.034+0.012 0.036+0.018 105.88
Pb 220.353 0.0083 0.0276 0.065+0.024 0.070+0.032 107.69
As 193.696 0.0012 0.0040 0.031+0.005 0.029+0.006 93.54
Se 196.090 0.0095 0.0316 0.053+0.007 0.056+0.012 105.66
Table 4. Instrumental Operating Conditions Using Thermo ICAP 6300 ICP-OES
Tablo 4. Thermo ICAP 6300 ICP-OES Enstriimantal Calisma Kosullari
Parameter Normal Hydride System
Power 1150 W 1350 W
Pomp speed 50 rpm 30 rpm
Purge gas Argon Argon
Coolant Gas
Flow 12 L/min. 16 L /min.
Auxiliary gas
Flow 0.5 L/min. 0.5 L/min.
Torch Axial, Radial Axial
Auto sampler Cetac ASX-260
Table 5. Corelation between variables
Cizelge 6. Degiskenler arasindaki korelasyon
Ca K Mg Zn Fe Si Mn Sn Cu Ni Pb |4 cd Cr Se
Ca 1
K -0.214 1
Mg 0393 0,250 1
Zn -0.310 0429  -0.393 1
Fe  -0.667 0048 -0.214 0.667 1
Si  -0405 0024 028 0095 0548 1
Mn 0500 -0.524 0536 - - -0.357 1
0.833"  0.714"
Sn 0095 -0.452 0143  -0.357 -0.262 0.524 0071 1
Cu  -0.548 0.738" -0.429 0071 0119  0.095 -0.262 0524 1
Ni  -0.500 0619  -0.393 0571 0571  -0.024  -0.619  -0.119  0.690 1
Pb 0317 0,610  0.00 0122 0146  0.024 0195 -0.415  -0.537  -0.268 1
\Y -0.024  -0,476  -0.107 -0.119  -0.238  -0.048 0.286  -0.095  -0.476  -0.714" 0.293 1
Cd  -0.443 0587  -0.607 0.024  -0.168 -0.299  -0.275 0216  0.635 0.371  -0.798"  -0.084 1
Cr  -0,494 0.602 -0.631 0458  0.446  0.012 -0.542  0.060  0.795"  0916™ -0.136  -0.136  0.394 1
Se 0619 0619  -0.750  0.095  0.143  0.095 -0.357  0.452  0.929™  0.619  -0.439  -0.436___ 0.707 _0.807° 1
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Table 6. Concentrations of Elements in Lentil and Chickpea Cultivars (mean+standart deviation, mg kg'!, dry

weight n=3)

Cizelge 6. Mercimek ve Nohut Cesitlerinde Element Konsantrasyonlari (ortalama + standart sapma, mg kg, kuru

agirlik, n = 3)

Lentils Chickpeas
Elements  Qagil Altintoprak Seyran-96 Firat- Yerli Kirmizi Tigris Diyar-95 ILC-482
87
Ca 6012+5.4P 78317 6067 609+6.2 879+14 950+41 1038+21 1499+15
K 4851+77 5350+13 4996+95 4891+37 5052+4 5441+33 4235+154 3285+102
Mg 863+10 880+24 855+9 848+15 867+21 854+16 - 901+14
Zn 32.4+0.05 34.1+0.07 38.03+0.2 38.2+0.04 40.8+0.03 33.4+0.1 33.7+0.2 29.6+0.02
Fe 73.1+0.4 70.3+8 96.4+10 73.2+9 86+3.3 84.3+0.5 49.0+0.98 52.1+£7
Si 33.5+0.7 36.8+3 50.3+1 34.2+2.7 32.5+7 29.7+2 23.3+0.3 35.4+5
Mn 16.3+0.08 14.4+2 14.2+2 12.3+3 12.5+0.5 14.8+0.6 22.2+0.4 20.1+6
Sn 20.0+1.5 30.2+0.3 22.1+4 19.4+4 17.4+1.4 23.4+0.5 18.7+0.4 21.2+1.9
Cu 11.1+0.05 10.4+1.9 11.3+1.7 8.6+2 9.5+1 11.7+0.6 8.3+0.1 7.242.5
Ni 2.10+0.01 1.8+0.008 2.27+0.03 2.09+0.03 2.51+0.04 2.12+0.003 1.06+0.03 0.94+0.02
Pb <0.0025 <0.0025 0.131+0.07 0.070+0.01 0.062+0.02 <0.0025 0.310+0.03 0.080+0.02
A\ 0.470+0.1 0.710+0.1 0.100+0.006 0.89+0.2 0.054+0.003 0.071+0.01 1.48+0.14 0.20+0.02
Cd 0.031+0.006 0.022+0.006 0.020+0.007 0.030+0.001  0.021+0.004 0.032+0.003 0.020+0.001  0.011+0.006
As <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Cr 0.524+0.007 0.51+0.006 1.63+0.006 0.52+0.005 0.59+0.007 0.714£0.01 0.51+0.01 0.50+0.0036
Se 0.552+0.1 0.475+0.11 0.558+0.06 0.480+0.17 0.437+0.07 0.650+0.02 0.410+0.09 0.316+0.15
a’ mean
b:standart deviation
Ceyhan et al., 2014), chickpea (Kahraman et al., 2015) (Table 5).

and pea (Harmankaya et al., 2010; Ada et al., 2019;
Ceyhan and Simsek, 2021). On the other hand,
according to Ereifej et al. (2001), the amount of Ca is
given as 423 + 40, 979 + 48, 710 mg kg! in Jordan abd
Morocco for lentils, respectively. These values are close
to our foundings in this study. At the same time, Mg
and K contents were found in the lentils and chickpeas
between 848 + 15 to 880 + 24 mg kg1, -901+14 mg kg1,
and 4851+77-5441+33, 3285+102 to 4235+154 mg kg!
respectively. Significant genotype effects were
observed for Mg and K contents in bean (Ceyhan,
2001; Ceyhan et al., 2008; Harmankaya et al., 2009;
Ceyhan et al., 2014), chickpea (Kahraman et al., 2015)
and pea (Harmankaya et al., 2010; Ada et al., 2019;
Ceyhan and Simsek, 2021) grown in Konya, Turkey.
However, According to Ereifej et al.(2001) the amount
of Mg and K has been reported as 129 + 20, 1190 + 10
mg kg'!, 381 + 30, 5480 = 210 mg/kg in Jordan and
Morocco lentils, respectively.

As a result of the correlation analysis, some significant
positive and negative relationships were found
between the investigated element concentrations in
lentil and chickpea seeds. Seed Mn content was
negatively correlated with Zn and Fe (respectively r=-
0.833, r=-0.714 respectively, P<0.05 for both). In
addition to, seed V content with Ni, seed Cd content
showed a negative statistically significant correlation
with Pb ( r=-0.714 and r=-0.798 respectively, P<0.05
both ). Seed Se content had a strong positive
correlation with Cu (r =0.929, P < 0.01 ) while seed Cr
content had a strong positive correlation with Ni
(r=0.914, P < 0.01). Also, Seed K content showed a
positive correlation with Cu, and seed Cr content
showed a positive correlation with Se and Cu (r=0.738,
r=0.807 and r=0.795 respectively, P<0.05 for all three)
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The values which was found in this study quite higher
than Jordan lentils, whereas to be lower than those in
Morocco lentils.

The amount of Fe was found in lentils and chickpeas
between 70.3+8-96.4+10 mg kg'l, 49.0+0.98-52.1+7 mg
kg1, respectively. The results were similar to previous
reports for cowpea (Harmankaya et al., 2016), bean
(Ceyhan, 2001; Ceyhan et al., 2008; Harmankaya et
al., 2009; Ceyhan et al., 2014), chickpea (Kahraman et
al., 2015) and pea (Harmankaya et al., 2010; Ada et al.,
2019; Ceyhan and Simsek, 2021) in Turkey. On the
other hand, Ereifej at al.(2001) stated the amount of Fe
as 133 £ 20, 119 + 14, 78 mg kg! in Jordan, Morocco
and FAO lentils, respectively. In this study Fe values
was high than Jordan and Morocco lentils. However, It
was found to be in line with FAO 's values. The amount
of Zn was found in lentils and chickpeas between
32.4+0.05-40.8+0.03 mg kg, 29.6+0.02-33.7+0.2 mg
kg1, respectively. Whereas Zn values is given as
62+0.3, 37.3+0.8 mg kg1 in Jordan and Morocco lentils,
respectively, according to Ereifej at al.(2001), Mn
concentrations were found in lentils and chickpea
between 12.5+0.5-16.3+0.08 mg kg1, 20.1+6-22.2+0.4
mg kg'l, respectively. On the other hand Cd, Cu, Fe,
Mg, Mn, and Zn values in lentils is given as 0.50 +
0.03, 7.7+ 0.4, 129+ 5, 2229 + 59, 19.0 + 0.8, 58 + 3 mg
kg'!, respectively according to Momen et al. (2006). In
the study, heavy metal concentrations such as Cd, Cu,
Cr, Ni ve Pb ve Se were found to be a parallel the
indicated quantity in the literature such as Salama
and Ridwan, (2005), Akinyele and Shokunbi, (2015),
Cicek at al. (2017). At the same time in the study As
concentrations were found below the detection limit.
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CONCLUSION

As a result, the fact that consumption of lentils and
chickpea provides many benefits to human health in
terms of mineral balance has been revealed in this
study. In general, it can be said that lentils and
chickpeas are rich in macro and micronutrient
elements, especially elements such as calcium and
potassium, and the deficiency of these minerals can be
eliminated by consuming them. This study will benefit
in terms of food safety both in Turkey and to the people
of our region by determining the mineral content in
registered lentils and chickpeas. Lentil seeds had
higher mean values for K, Zn, Fe, Si, Sn, Cu, Ni, Cr
and Se elements. However, chickpea seeds had higher
average values in terms of Ca, Mg and Mn. The amount
of Ca, K and Se of Tigris cultivar was higher than
others. The amount of Cr, Fe and Si in Seyran-96
cultivar, on the other hand, was found to be higher
compared to other types. The amount of Mg was found
to be close to each other in all varieties. In the products
analyzed weren’t found concentrations of the toxic
levels of elements according to the FAO/WHO and
Turkish food Codex.
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OZET

Bu calismanin amaci; patates uretimi yapan isletmelerin tretim

Tarim Ekonomisi

maliyetlerini ve karlilhik gostergelerini hesaplayarak igletmelerin Aragtirma Makalesi
ekonomik analizini ortaya koymaktir. Calisma alam1 olarak

Afyonkarahisar ilinin segilmesinde Tirkiye'nin 6nemli patates tiretim Makale Tarihgesi
merkezlerinden biri olmasi etkili olmustur. Calismanin ana materyali Gelig Tarihi  :03.06.2021
2019 uretim yilinda patates lretimi yapan igletmeler arasindan Kabul Tarihi :16.07.2021

tabakali tesadiifi Ornekleme yéntemiyle segilen 79 isletmeyle
gorugulerek elde edilen veriler olusturmaktadir. Isletmelerde dekara

Anahtar Kelimeler

toplam uretim masraflar: igerisinde degisen masraflarin pay: %82.23, Patates,

sabit masraflarin pay1 ise %17.77 olarak hesaplanmistir. Degisen Afyonkarahisar,
masraflar icerisinde en 6nemli masraf kalemi tohum masrafi olup Ekonomik Analiz,
bunu ilag, giibre, elektrik ve makine kirasi masraflarinin takip ettigi Maliyet,
belirlenmigtir. Sabit masraflar i¢erisinde en 6nemli masraf kaleminin Karhlik

arazi kirasi oldugu belirlenmigtir. Patates uretiminde uretim
masraflarn 3521.53 TL/da, GSUD 3556.06 TL/da, briit kir 660.42
TL/da, net kar 34.53 TL/da, nispi kar ise 1.01 olarak hesaplanmistir.
Isletmelerde ortalama patates verimi 3658 kg/da, 1 kg patatesin
uretim maliyeti ise 0.96 TL olarak belirlenmistir. Bolgede patates
isletmelerinin maliyetlerinin yiiksek, karhliklarinmin dusiik oldugu
hesaplanmigtir. Patates tretiminde tohum, ilag, gibre ve enerji
kullaniminin diger trunlere kiyasla daha fazla oldugu belirlenmig
olup girdi fiyatlarinda yasanan artiglar patates treticilerinin
karhhiklarim digtrdigu tespit edilmigtir.

Economic Analysis of Potato Production in Afyonkarahisar Province

ABSTRACT

The aim of this study was to reveal the economic analysis of the
enterprises by calculating the production costs and profitability
indicators of the enterprises producing potatoes. Afyonkarahisar
province, one of the significant potato production centers in Turkey,
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Research Article

Article History

was opted for this study. The data constitutes from the statistics Received 303‘06‘2021
obtained from 79 enterprises selected through the stratified random Accepted + 16.07.2021
sampling method in the 2019 production year. The shares of variable Keywords

and fixed costs were calculated as 82.23% and 17.77%, respectively, Potato

within the production costs. The most significant cost among the Afyonléarahisar

variables costs was determined that cost of seed, followed by pesticide, . Ana1§;sis
fertilizers, electricity, and renting machinery, respectively, whereas Cost ’

that cost within the fixed costs was the land rent. The production cost Proﬁ,tability

of potatoes, gross production value (GPV), gross profit, and net profit
in this region were assessed as 3521.53 TRY/decare, 3556.06
TRY/decare, 660.42 TRY/decare, and 34.53 TRY/decare, respectively.
The relative profit was determined as 1.01, as well. It was decided that
the average yield of potato in these enterprises was 3658 kg/decare,
and also the unit cost of potato was 0.96 TRY. It was calculated that
potato enterprises in this region possessed high costs while their
profitability was low. It was determined that the use of seeds,
medicines, fertilizers, and energy in potato production was higher
than other agricultural products. Therefore, rising input prices
declined the profitability of potato producers.
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GIRIS uretimlerine karar vermektedirler. Gegen doénem

Dinya niufusunda her yil yaklasik olarak 80 milyon
artig yasanmasi, gida arz ve talep denkleminde talebin
arza gore daha hizli yikselmesine neden olmaktadir.
Bununla beraber temel gida {riinii olan patatesin
kullanim alanlarinin yayginlagmasi1 patatese olan
talebi ve tiiketimi hizli bir sekilde arttirmaktadir.
Diinyada en ¢ok tiretimi yapilan bitkisel iriinler
siralamasinda seker kamigi, misir, piring ve
bugdaydan sonra patates besinci sirada gelmektedir.
2019 yili Birlesmis Milletler Gida ve Tarim
Orgiiti'niin (FAO) verilerine gore 17.3 milyon hektar
alanda 370 milyon ton patates Uretimi gerceklesmis
olup toplam bitkisel tiretim igerisindeki pay1 %3.96’dir
(Anonymous, 2020).

Turkiye’'de patates tiretimi belli illerde yogun olarak
yapilmakla birlikte hemen hemen butin illerde
yapilmaktadir. Tirkiye Istatatistik Kurumu verilerine
gore Turkiye’de 2020 yilinda 81 ilin 72’sinde patates
tarimi yapilmigtir. 2020 yilinda toplam 1479935 dekar
alanda 5 milyon 200 bin ton patates uretilmistir
(Anonim, 2021). Calisma bélgesi olan Afyonkarahisar
ili Uretim alani bakimindan Nigde ilinden sonra
182820 dekar ve %10.36’lik pay ile ikinci sirada yer
almaktadir. Uretim miktar1 bakimindan ise Nigde ve
Konya illerinden sonra 551453 ton ve %10.60’lik pay
ile Gi¢incu siradadir. Afyonkarahisar ilinde ¢ok sayida
ciftci tarafindan Uretilen patates, bolgeye sagladigi
istihdam ve tretim degeri bakimindan 6nemli bir
gecim kaynagidir.

Patates, icerdigi vitamin ve mineraller agisindan besin
degeri yiiksek, sert iklim kogsullarina uyum
saglayabilen ve cesitli iklim bolgelerinde yetisen temel
bir gida Urtnudir. Patates; birim alandan ¢ok trin
alinabilmesi, Uretimin tiketimden c¢ok oldugu
donemlerde depolama imkéaninin olmasi, Griin yasam
déngiisiiniin kisa olmasi (yaklasik 100 giin igerisinde
yiiksek verim) ve kiiciik olcekli iireticiler icin kisa
stirede nakit kaynagina dontstiiriilebilmesi nedeniyle
ureticiler tarafindan tercih edilen bir Girtindiir. Ayrica
patates oldukc¢a cesitli kullanim alanlarina sahiptir.
Taze veya iglenmis olarak insan beslenmesinde,
yumrulari direkt olarak veya fabrika artiklar seklinde
hayvan beslenmesinde, bitkisel Uretiminin
devamliligini saglamak i¢in tohumluk olarak ve gesitli
sekillerde gida sanayinde islenerek (cips, piire, hazir
corba, un, donmus vb.) tiiketiciler tarafindan
kullanilmaktadar.

Patates, Cobweb Teoremine (6riimcek ag1) konu olan
bir Girtindiir. Teoriye gore patates, sogan, sarimsak gibi
fiyat dalgalanmalarimin ¢ok goruldigu urtnlerde
ciftgiler; bir onceki donem fiyatlarina bakarak
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urunlerin fiyatlar1 yiiksek ise gelecek donemde de
yuksek olacagi beklentisiyle hareket eden ve aymi

sekilde  diisinen  milyonlarca  ¢iftgi  Uretim
planlamalarini  bu  beklentiye gére yaparak
uretimlerini arttirmaktadir. Bu sekilde piyasaya ¢ok
fazla urin arz edilmekte ve {Urin fiyatlan

diusmektedir. Ayni sekilde bir 6nceki donemde fiyatlar
dustk ise gelecek donemde de fiyatlarin diisiik olacagi
beklentisine giren ¢iftgiler tiretimlerini azaltmakta ya
da tretim yapmamaktadirlar. Bu durum piyasada
irin arzinin azalmasina neden olmakta ve Urin
fiyatlarin1 yukseltmektedir. Teori ureticilerin bu
sekilde tretimlerine karar vermelerinden dolay1 tiriin
fiyatlarinda ve miktarinda dénemsel ve yillar bazinda
dalgalanmalarin oldugunu ifade etmektedir (Ezekiel,
1938). Patates hem iiretim hem tiiketim hem de fiyat
bakimindan ureticiler ve tiketiciler i¢cin 6nemli bir
gida tGrunudir.

Turkiye’de ve diinyada patates uretimini ve
maliyetlerini konu alan ¢alismalar yapilmistir (Rehber
ve Erkus, 1984; Kiziloglu, 1997; Arioglu ve ark., 2006;
Yilmaz ve ark., 2006; Birinci ve Kuciik, 2006; Tok ve
Davran, 2010; Top¢u ve ark., 2010; Karsan ve Giil,
2017; Sapkota ve ark., 2020) ancak Tiirkiye patates
turetiminde o6nemli bir boélge olan Afyonkarahisar
ilinde daha oOnce patates uretiminin ekonomik
analizini ve maliyetini konu alan calismaya
rastlamilmamigtir. Bu c¢alismada Afyonkarahisar
ilinde patates tiretim maliyeti ve karlilik gostergeleri
tespit edilmigtir.

MATERYAL ve METOD

Aragtirmanin  materyalini, Afyonkarahisar ilinde
patates liretiminin yogun olarak yapildig1 Sandikl ve
Suhut il¢elerinde, patates lretim faaliyeti yapan 79
igsletmeyle anket yapilmigtir. Anket gérigsmeleri 2020
yili1 Nisan ayinda yiiz ylze olarak gergeklestirilmigtir.
Dolayisiyla arastirmada kullanilan veriler birincil
nitelikteki verilerdir.

Ornekleme Yontemi

Isletmelerin ana kitlesini Afyonkarahisar ilinde
patates uretiminin %53.89unu ve ekim alani olarak
%55.04inl olusturan Sandikli ve Suhut ilgelerinde,
bu alanda faaliyet gosteren igletmeler olusturmustur.
Ana kitleye ait veriler Afyonkarahisar ili Sandikli ve
Suhut ilgeleri Tarim ve Orman Miudirlikleri
kayitlarindan elde edilmigtir. Aragtirma bulgularinin
daha saglikli yorumlanmasi ve igletme geniglik
gruplarinin daha dengeli bir yapida olusturulmasi i¢in
gorigsme  yapilacak  6rnek igletme  sayisinin
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belirlenmesinde tabakali érnekleme yontemlerinden
Neyman Yéntemi kullanilmistir (Yamane, 2001). Ana
kitleyi temsil edecek 6rnek sayisi esitlik 1 yardimiyla
hesaplanmigtir.

(3 NhSh)?
n=———c—0u3 €Y
N2DZ + ¥, NhSh?
Formiilde:

n: 6rnek hacmini

N: Ana kitledeki toplam birim sayisini

Nh: h. tabakadaki birim sayisini

Sh: h. tabakanin standart sapmasini

Sh?: h. tabakanin varyansim

D2 d?/z?

d* ana kitle ortalamasindan izin verilen hata
miktarini, (ortalamadan %10 sapma)

7% izin verilen giivenlik sinirinin dagilim tablosundaki
degerini (%99 giliven smir1  6ngorillmiistiir)
gostermektedir.

Saptanan o6rnek genigliginden hareket edilerek,

Cizelge 1. Orneklem buyiklagi
Table 1. Sample size

poptilasyondan igletmeler tesadiifi olarak secilmigtir.
Patates uretiminde bulunan igletmeler, patates ekim
alami buytkligine gore U¢ tabakaya ayrilmigtir.
Esitlik 2 yardimiyla isletmelerin tabakalara gore
dagitimi gerceklesmistir (Cicek ve Erkan, 1996).

NiSy
N, =—=———%n 2
"IN, @
Formiilde:

Nh: her tabakaya secilen 6rnek sayisi,
n: toplam 6rnek sayisini ifade etmektedir.

Hata pay1 %10 ve %99 giiven araliginda ana kitleyi
temsil eden ornek sayisi 79 olarak hesaplanmagtir.
Hesaplama sonucuna goére 25.00 dekar ve altinda
patates alanina sahip isletmeler (20 isletme) I. tabaka,
25.01-75.00 dekar arasindaki isletmeler (13 isletme)
II. tabaka, 75.01 ve daha fazla dekar patates alanina
sahip isletmeler (46 isletme) III. tabaka olarak
tanimlanmistir (Cizelge 1).

Patates ekim alani Standart

Grup (dekar) Adet (Nh) sapma Varyans Isletme sayisi

(Group) (Potato cultivation area (Number (Nh))  (Standard  (Variance) (Number of farms)
(decares)) deviation)

I 1.00-25.00 824 5.97 35.68 20

11 25.01-75.00 379 8.20 67.28 13

III 75.01 + 322 34.69 1203.42 46

Toplam (Total) 1525 35.55 1263.52 79

Istatistik Analizler biitge analizi yapildigindan treticilerin kendilerine ait

Anket verileri 2019 tretim dénemini kapsamaktadir.
Toplanan verilerden hareketle patates uretiminin
maliyetleri ve karhlilar1 hesaplanmigtir. Gortisme
yapilan igletmeler patates liretiminin yam sira farkh
uretim kollarinda da faaliyet gosterdikleri i¢in isletme
masraflarinin hesaplanmasinda tek triin bilitge analiz
yontemi kullanilmigtar. Uretim faaliyetinde
gerceklesen masraflarin  hesaplanmasinda 2019
uretim sezonu fiyatlar1 dikkate alinmigtir. Patates
iireten igletmelerde patates tiretim masraflarr (UM);
degisen masraflar (DM) ve sabit masraflar (SM) olarak
iki baghk altinda hesaplanmigtir. Degisen masraflar;
makine kirasi, yabanci isguicl, giibre, ilag, tohum,
elektrik, su, pazarlama, déner sermaye faizi ve diger
degisen masraflar olarak belirlenmigtir. Sabit
masraflar ise arazi kirasi, aile iggiicii ve genel idare
giderleri olarak belirlenmistir. Arastirmada tek Urin

makineleri ve arazileri kullanmalar: halinde, makine
ve arazi kirasi fiyatlar: dikkate alinarak hesaplamalar
yapilmistir. Aile iggiici lcret karsiligr ise bolgede
kadin ve erkek yabanci igglici ucretleri esas alinarak
belirlenmigtir. T.C. Ziraat Bankasi’'nin tarim sektori
i¢cin uyguladigi bitkisel tretim kredi faizi oraninin
yarist (%4.00) goéz oniinde bulundurularak doner
sermaye faizi hesaplanmigtir. Degisen masraflarinin
toplaminin %3.004 alinarak genel idare giderleri
hesaplanmigtir.

Isletmelerin gayrisafi tretim degeri (GSUD) ve
karhilik géstergeleri; briit kar (BK), mutlak (net) kar
(MK) ve nispi kar (NK) 3,4,5 ve 6 numarali esitlikler
yardimiyla hesaplanmistir (Erkus, 1979; Acil ve
Demirci, 1984; Rehber, 1993; Erkus ve ark., 1995;
Kiral ve ark., 1999).

Gayrisafi Uretim Degeri = Uretim Miktar1 (kg) x Satis Fiyat1 (TL/kg) (3)
Briit Kar = Gayrisafi Uretim Degeri — Degigsen Masraflar @)
Mutlak Kar = Gayrisafi Uretim Degeri — Uretim Masraflari (5)
Nispi Kar = Gayrisafi Uretim Degeri / Uretim Masraflar: ®)

BULGULAR ve TARTISMA

Isletmeler ortalamasinda toplam 212.92 dekar arazi
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icerisinde en fazla uretim alaninin 104.94 dekar
(%49.28) ile patates iiretim faaliyetinde gerceklestigi
tespit edilmigtir. Tabakalara gore ortalama arazi
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miktari; I. tabakada 84.40 dekar, II. tabakada 116.23
dekar ve III. tabakada 296.13 dekara olarak
belirlenmigtir. Patates tiretim alam I. tabakada 16.15
dekar (%19.14), II. tabakada 42.38 dekar (%36.46) ve
III. tabakada 161.22 dekar (%54.45) olarak tespit
edilmigtir. Isletmelerde patatesin yami sira arpa
(%29.71), bugday (%12.44), hashas (%1.71), visne
(%1.18), seker pancari (%1.09), sogan (%1.03), aycicegi
(%0.89), kuru fasulye (%0.70), anason (%0.42),
tritikale (%0.15), yonca (%0.15), barbunya (%0.10),
ceviz (%0.06) ve fig (%0.04) iiretiminin de yapildig
belirlenmigtir. Ayrica toplam arazinin %1.05’inin
nadasa birakildigi tespit edilmistir.

Isletmelerde iiretilen bitkisel ve hayvansal iiretim
miktarlar1 ile bu dUriinlerin fiyatlar1 c¢arpilarak
hesaplanan degere, produktif demirbag artiglar
eklenerek gayrisafi uretim degeri hesaplanmigtir.
Isletme ortalamasina gére toplam GSUD 488806.26
TL olarak bulunmustur. Toplam GSUD’nin %76.36's1
patates Uretiminden elde edilirken, %20.681 diger
bitkisel trtinlerden, %2.97’s1 ise hayvansal Uriinlerden
Toplam GSUD L

tabakada 710438.76 TL olarak tespit edilmistir.
Isletme gruplarina gore patates GSUD'nin, toplam
GSUD icerisindeki payr I. tabakada %42.60, II.
tabakada %51.29 ve III. tabakada %81.56 olarak tespit
edilmigtir. Isletme 6lcegi arttikca, patates GSUD’nin
toplam GSUD icerisindeki paymin da arttig
belirlenmistir (Cizelge 2).

Engiz (2007) tarafindan yapilan calismada, toplam
GSUD’ igerisinde patatesin paymmin %91.20, diger
bitkisel iirtinlerin payinin %8.94, hayvansal tUriinlerin
payimnin ise %2.86 oldugunu bildirmigtir. Arastirma
bulgusuna gore farkli bélgede yapilan bu calismada
GSUD igerisinde patatesin pay: yiksek, diger bitkisel
GSUD ve hayvansal GSUDi paylarnn disik
bulunmustur.

Rehbber ve Erkus (1984) yaptiklar: calismada, toplam
GSUD'i igerisinde patatesin paymnin %64.48, diger
bitkisel driinlerin paymin %14.83, hayvansal
trinlerin payinin ise %10.69 oldugunu bildirmislerdir.
Arastirma bulgusuna gore farkli bélgede yapilan bu
calismada ise GSUD icerisinde patatesin ve diger

elde edilmektedir. tabakada bitkisel —trtnlerin paylar1 distik, hayvansal
125628.94 TL, II. tabakada 263302.57 TL ve III. GSUD’inin pay1 yitkksek bulunmustur.
Cizelge 2. Isletmelerde iiretim faaliyetlerine gére gayrisafi tiretim degeri
Table 2. Gross production value by production activities in farms '
Gayrisafi Uretim Isletmeler
Degerleri I 11 111 Ortalamasi
(Gross Production (Farms Average)
Values) TL % TL % TL % TL %
Patates GSUD
(Potato GPV) 53515.94 42.60  135055.57 51.29  579427.80 81.56 373161.01 76.36
Diger bitkisel
GSUD
(Other 56419.75 44.91  95416.15 36.24  122144.68 17.19 101107.09  20.68
Agricultural Gf’V)
Hayvansal GSUD
(Animal GPV) 15693.25 12.49  32830.85 12.47  8866.27 1.25 14538.16 2.97
Toplam GSUD
(Total GPV) 125628.94  100.00 263302.57 100.00 710438.76 100.00 488806.26  100.00
Tarim sektorinde ureticiler, politika yapicilar, masraflar1  igerisindeki  payr  %25.01  olarak

sanayiciler, tiiccarlar ve lretimden tiketime kadar
gecen slrecte sektorde yer alan diger kesimler ic¢in
uretim maliyetlerinin bilinmesi 6nemli bir karar
olgiitiidiir (Bayramoglu ve ark., 2021).

Isletmelerde dekara iiretim masraflar1  toplami
3521.53 TL olarak hesaplanmigtir. Isletme gruplarina
gore; 1. tabakada 4121.02 TL, II. tabakada 3047.89 TL
ve III. tabakada 3530.68 TL olarak tespit edilmigtir.
Dekara degisen masraflarin toplami 2895.64 TL
(%82.23) olarak bulunmustur. Isletme gruplarina gére
degisen masraflar; I. tabakada 3499.39 TL (%84.92),
II. tabakada 2594.59 TL (%85.13) ve III. tabakada
2891.78 TL (%81.90) olarak tespit edilmistir.
Isletmelerde degisen masraf unsurlar icerisinde en
onemli masraf kalemi tohum masrafi olup Uretim
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belirlenmigtir. Tohum masrafin1 sirasiyla %13.55 ile
ilag, %12.82 ile glbre, %10.19 ile elektrik, %7.17 ile
makine kirasi, %6.98 ile gecici isglcii, %3.16 ile doner
sermaye faizi, %2.40 ile pazarlama, %0.39 ile su ve
%0.56 ile diger degisen masraflar takip etmektedir.
Isletmelerde dekara sabit masraflarin toplami 625.89
TL (%17.77) olarak hesaplanmistir. Isletme gruplarina
gore; 1. tabakada 621.63 TL (%15.08), II. tabakada
453.30 TL (%14.87) ve IIL tabakada 638.90 TL
(%18.10) olarak tespit edilmistir. Isletmelerde en
onemli sabit masraf unsurunun arazi kirasi olup,
uretim masraflar1 igerisindeki payr %14.55 olarak
belirlenmigtir. Arazi kiras1 masrafini sirasiyla %2.47
ile genel idari giderleri, %0.75 ile daimi aile isgiicii
masraflar takip etmektedir (Cizelge 3).
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Yilmaz ve ark. (2006) yaptiklar: calismada, patates
uretim faaliyetinde toplam masraflar igerisinde
degisen masraflarin payinin %78.70, sabit masraflarin
payimmin %21.30 oldugunu bildirmiglerdir. Patates
tretim masraflar1 igerisinde en Onemli masraf
unsurlarinin; %30.60'lik pay ile tohum, giibre ve ilag,
%18.90’lhik pay ile arazi kirasi, %12.40lhik pay ile
igglicl, %10.60’lik pay ile makine masrafi oldugunu
bildirmiglerdir.

Akcapmar (2007) tarafindan yapilan calismada,
patates Uretim faaliyetinde toplam masraflar
icerisinde degisen masraflarin payimmin %90.06, sabit
masraflarin  paymin %9.94 oldugunu bildirmistir.

Cizelge 3. Isletmelerde patates iiretim masraflar:
Table 3. Potato production costs in farms

Patates tiretim masraflar: icerisinde en 6nemli masraf
unsurlarinin; %49.31lik pay ile tohum, gibre ve ilag,
%25.05’lik pay ile igglcl, %8.26’lik pay ile makine
masrafi oldugunu bildirmigtir.

Toplam masraflar icerinde arazi kirasinin paylari
bélgede yapilan diger calisma sonuclari ile yakin
bulunmustur. Ayrica iggiici masraflarinin pay: diisik,
tohum, giibre ve ila¢g masraflarinin paylar1 yuksek
bulunmustur. Bu durum caligmalar arasinda zaman
farkinin olmasi1 ile ve yillar itibariyle patates
Uretiminde iggiicli ihtiyacinin azalip, tohum, giibre ve
ila¢ maliyetlerinin artmis olmasiyla agiklanabilir.

Isletmeler
Maliyet I II III Ortalamasi
(Cost) (Farms Average)
TL/da % TL/da % TL/da % TL/da %
Tohum 566.26  13.74 59257 19.44 915.77 25.94 880.67  25.01
(Seed)
Iag 475.05 11.53 373.97 12.27 484.73 13.73 476.99 13.55
(Pesticide)
Gubre
> 596.63  14.48 480.80 15.77 442.87 12.54 451.38  12.82
(Fertiliser)
Elektrik 799.69 19.41 355.92 11.68 339.83 9.63  358.82  10.19
(Electricity)
Makine kiras:
Moohine rontal) 348.54 845  309.06 10.15 24451 6.92  252.86 7.17
Gegicl igglici 372.48 9.04  256.96 843 23952 6.78  245.86  6.98
(Temporary labour costs)
Pazarlama
(Marketing) 179.85 4.36  92.92  3.05 179.76  2.26  84.53 2.40
Su 26.30 064 2469 081 1226 035  13.57 0.39
(Irrigation)
Diger degisen masraflar
(Othor veriablo costs) 0.00 0.00  7.91 026 2132  0.60  19.60 0.56
Doéner sermaye faizi
(The interest in working capita)) 13409 327 9979 327 11121 315 11136 3.6
Degigen Masraflar 3499.39 84.92 2594.59 85.13 2891.78 81.90 2895.64 82.23
(Variable costs)
Arazi kiras 428.48 10.40 342.74 11.25 528.74 14.98 512.47 14.55
(Land rent)
Genel idari giderleri
(General administration 104.98 254  77.84 255  86.75  2.46  86.86 2.47
eXpenseS)
Aile iggtlicti
(Permanent-Family labour) 88.17 214 3272  1.07 2341 066  26.56 0.75
Sabit Masraflar
(Fixed cost) 621.63 15.08 453.30 14.87 63890 18.10 625.89 17.77
Uretim Masraflan 4121.02 100.00 3047.89 100.00 3530.68 100.00 3521.53 100.00
(Production costs)
Isletmelerde patates tiiretiminde gayrisafi iiretim olarak tespit edilmigtir. GSUD’nden degisen

degeri dekara 3556.06 TL olarak hesaplanmigtir.
Isletme gruplarina gore; I. tabakada 3313.68 TL, II.
tabakada 3186.43 TL ve III. tabakada 3594.08 TL
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masraflarin ¢ikartilmasiyla hesaplanan brit kar
isletmelerde dekara 660.42 TL olarak hesaplanmistir.
Isletme gruplarina gore; 1. tabakada -185.71 TL, II.
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tabakada 591.84 TL ve III. tabakada 702.30 TL olarak
tespit edilmistir (Cizelge 4). I. tabakadaki isletmelerin
dekara brit kar degerinin negatif olmasi1 patates
uretiminde degisen masraflari bile karsilayamadiklari
ve zarar ettiklerini géstermektedir.

GSUD’nden toplam uretim masraflarin
cikartilmasiyla hesaplanan net kar igletmelerde
dekara 34.53 TL olarak hesaplanmistir. Isletme
gruplarina gore; 1. tabakada -807.34 TL, II. tabakada
138.54 TL ve III. tabakada 63.40 TL olarak tespit
edilmistir (Cizelge 4). 1. tabakadaki isletmeler patates
tretim faaliyeti i¢in yaptig1i masrafin altinda gelir elde
etmektedir.

GSUD'nin toplam iiretim masraflarina bélinmesiyle
hesaplanan nispi kar isletmelerde ortalama 1.01
olarak hesaplanmigtir. Isletme gruplarina goére; I.
tabakada 0.80, II. tabakada 1.05 ve III. tabakada 1.02
olarak tespit edilmigstir. Nispi kar degeri patates
tiretiminde bir birimlik masraf karsiliginda elde edilen
tretim  degerini  ifade  etmektedir. Igletme
ortalamasina gore patates Uretimi i¢cin 1.00 TL'lik
masraf karsiliginda 1.01 TL'lik tretim degeri elde
edildigi ve 0.01 TL’lik kar elde edildigi belirlenmisgtir.
I. tabakadaki isletmelerin patates uretimi igin
ortalama 1.00 TL’lik masraf karsiliginda 0.80 TL’lik
uretim degeri elde edildigi ve 0.20 TL zarar ettikleri
tespit edilmistir (Cizelge 4).

Cizelge 4. Patates liretiminde maliyet ve karlilik
Table 4. Cost and profitability in potato production

Isletmelerde patates verimi dekara 3658.00 kg olarak
belirlenmigtir. Dekara patates verimi I. tabakada
3800.31 kg, II. tabakada 3309.44 kg ve III. tabakada
3677.70 kg olarak tespit edilmistir (Cizelge 4). Tiirkiye
Istatistik Kurumu verilerine gore, 2019 yilinda
Afyonkarahisar'da patates verimi dekara 3745 kg
olarak bildirilmistir (Anonim, 2021). Arastirma
bulgusu ile arastirma bélgesinin TUIK verileri
birbirine yakin bulunmustur.

GSUD'nin iiretim miktarina béliinmesiyle hesaplanan
patates satig fiyat1 igletmelerde kilogram basgina
ortalama 0.97 TL olarak hesaplanmigtir. Igletme
gruplarina gore; I. tabakada 0.87 TL, II. tabakada 0.96
TL ve III. tabakada 0.98 TL olarak tespit edilmistir.
Isletme oOlgegi arttikca isletmelerde patates satig
fiyatimin arttign belirlenmistir (Cizelge 4). Tiirkiye
Istatistik Kurumu verilerine gore 2019 yilinda
patatesin kilogram fiyati Turkiye’de ortalama 1.85 TL,
Afyonkarahisar ilinde ise 1.69 TL olarak bildirilmigtir
(Anonim, 2020).

Toplam {retim masraflarinin  lretim miktarina
béliinmesiyle hesaplanan patates maliyeti
isletmelerde kilogram basina ortalama 0.96 TL olarak
hesaplanmigtir. Isletme gruplarina gore; I. tabakada
1.08 TL, II. tabakada 0.92 TL ve III. tabakada 0.96 TL
olarak tespit edilmistir (Cizelge 4).

Maliyet ve Karlihk

Isletmeler Ortalamas:

(Costs and Profit) ! 1 1 (Farms Average)
1. GSUD (TL/da) (GPV (TRY/daa)  3313.68 3186.43 3594.08 3556.06
2. Degisen Masraflar (TL/da)

(Variable costs (TRY/daa) 3499.39 2594.59 2891.78 2895.64
3. Sabit Masraflar (TL/da)

(Fived costs (TRY/daa) 621.63 453.30 638.90 625.89
4. Toplam Masraflar (TL/da)

(Total cost (TRY/dag) 4121.02 3047.89 3530.68 3521.53
5. Briit Kar (TL/da) (1-2) .

(Gross profit (TRY/daa) 185.71 591.84 702.30 660.42
6. Net Kar (TL/da) (1-4) .

(Net profit (TRY/daa) 807.34 138.54 63.40 34.53

7. Nispi Kar (1/4) (Relative profit)  0.80 1.05 1.02 1.01

8. Verim (Yield) 3800.31 3309.44 3677.70 3658.00
9. Satis fiyat1 (TL/kg) (1/8)

(Sale price (TRY/kg) 0.87 0.96 0.98 0.97
10. Uretim maliyeti (TL/kg) (4/8)

(Production cost (TRY/kg)) 1.08 0.92 0.96 0.96

11. Kar marj1 (TL/kg) (9-10) -0.21 0.04 0.02 0.01

(Profit margin (TRY/kg))

Patatesin kilogram satig fiyatindan kilogram maliyeti
cikartilarak  hesaplanan kar marji igletmeler
ortalamasinda 0.01 TL olarak hesaplanmigtir. Isletme
gruplarina gore; I. tabakada -0.21 TL, II. tabakada
0.04 TL ve III. tabakada 0.02 TL olarak tespit
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edilmigtir (Cizelge 4). Isletmeler ortalamasinda kar
marjinin ¢ok disiik oldugu ve birim satig fiyat1 ile
birim iretim maliyetinin neredeyse basa bas olduklar
belirlenmistir. 1. tabakadaki igletmelerin kar marji
negatif olarak hesaplanmigs ve bu gruptaki
igsletmelerin zarar ettikleri belirlenmigtir. Bunun
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sebebi olarak I. tabakadaki isletmelerin patates verimi
yiksek olmasina karsin, diger isletme gruplarina gore
degisen masraflarinin yuksek, patates satig fiyatinin
ise dusik olmasiyla agiklanabilir. Bu gruptaki
igsletmelerde degisen masraf unsurlar1 igerisinde
ozellikle elektrik ve giibre masraflarimin yuksek
oldugu tespit edilmistir.

SONUC ve ONERILER

Patates ekim alami ve tretim miktar1 agisindan
Tiurkiye'nin 6nemli bir bélgesi olan Afyonkarahisar
ilinde patates tretim faaliyetinde bulunan 79 adet
patates igletmesinin 2019 uretim doénemi verilerini
kapsayan bu calismada patates tiretim masraflar: ve
karlilik gostergeleri belirlenerek ekonomik analizi
yapilmigtir.

Incelenen isletmelerde patates iiretim masraflar:
3521.53 TL/da olarak hesaplanmigtir. Patatesin 1 kg
maliyeti 0.96 TL, ortalama satis fiyat1 ise 0.97 TL/kg
olarak tespit edilmistir. Kar marji, 1 kg patates i¢in
0.01 TL'dir. Patates tiretim faaliyetinden elde edilen
gayri safi iretim degeri 3556.06 TL/da, briit kar 660.42
TL/da, net kar 34.53 TL/da ve nispi kar ise 1.01 olarak
hesaplanmigtir. Patates isletmelerinin  kéarhhk
gostergelerinin  diigsiik olmasinin  sebebi tretim
maliyetlerinin yiiksek olmasidir. Patates liretiminde
tohum, ila¢ ve giibre kullanimi diger triinlere kiyasla
daha fazladir. Ayrica sulama; elektrik veya akaryakit
kullanarak yapilmaktadir. Bu nedenle girdi
fiyatlarinda yasanan artiglar patates f{reticilerinin
karhliklarimi diistirmektedir.

Bunun yam sira patates fiyatlarmmin yillara gore
dalgali seyir izlemesi ureticileri ve tiiketicileri
etkilemektedir. Hem patates fiyatlarindaki
dalgalanmalar, hem {Uretimde kullamilan girdi
fiyatlarinin artmasi, hem de uygun bir girdi bilesimi
saglayarak  Uretim  yapilmamasi  igletmelerin
karhliklarinmi distrmektedir. Bu bakimdan
ureticilerin girdi maliyetleri dustrilerek uretim
masraflarinin azaltilmas:1 ve patates fiyatlarinda
piyasa denge fiyatinin saglanmasi bélgede patates
uretiminin strdurilebilirligi acisindan biiyik 6nem
arz etmektedir.
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OZET
Bu ¢calismanin amaci, TRB1 Bolgesinde elma tiretiminin yogun olarak

Tarim Ekonomisi

yapildig1 Bing6l, Elazig ve Malatya illerindeki elma tiretiminde girdi Aragtirma Makalesi
kullanimi, uretim maliyeti ve yillhik faaliyet sonuc¢larimin

kargilagtirmali olarak belirlenmesidir. Caligsmanin ana materyalini, Makale Tarihgesi

TRB1 illerindeki elma iireten tarim igletmeleri arasindan tabakal Gelig Tarihi  :15.02.2021
tesadiifi 6rnekleme metoduna gore secilen 223 igletmeden ytiz ytize Kabul Tarihi :24.06.2021

gerceklestirilen anketlerden elde edilen 2018-2019 tiretim dénemine
ait verilerolusturmustur. Incelenen isletmelerde elma tiretim maliyeti
ve karliliginin belirlenmesinde tek trin biitge analizi kullanilmagtir.
Calisma sonuglarina gore; Ureticilerin ortalama tarim deneyimi 19
yil, elma yetistiriciligi deneyimi 16 yil olarak belirlenmistir.
isletmelerin elma arazisi buyiklugi 28.02 da’dir. Incelenen
isletmelerde ortalama elma verimi 627.65 kg da, 1 kg elmanin uretim
maliyeti 1.04 b’dir. Elmanin ortalama satis fiyat1 1.16 & kg, irlin net
kariise 0.12 b kg’dir. Dekara elma iiretim degeri 728.07 b, bruit kar ise
343.27 t’dir. Igletmelerde dekara elma net kar1 73.77 b, nispi kar ise
1.11 olarak bulunmustur.

Anahtar Kelimeler
TRB1 bolgesi

Brit kar

Net kar

Elma verimi

Economic Analysis of Apple Production: Case of TRB1 Region

ABSTRACT

The aim of this study was to determine the use input in apple
production, calculate the production cost per 1 kg of apples, decide the
annual activity results and to analyze them comparatively, by making

Agricultural Economics
Research Article

Article History

profitability and productivity analyzes for apple growing areas of

Bingol, Elazig and Malatya. The main material of the study was iecelvei ;igg;g;i
obtained by face-to-face surveys conducted during the 2018-2019 oczic TemEE
production period covering 223 enterprises producing apples using Keywords

stratified random sampling method. Single product budget analysis
was used to determine the production cost and profitability of apple
enterprises. According to the results of the study; on average, the
general agricultural experience of the apple growers was
approximately 19 years and the cultivation experience was 16 years.
While the average size of apple land was calculated as 28.02 decare
(da) for the investigated enterprises. While the average apple yield
was 627.65 kg da in the enterprises surveyed, the cost of apple per kg
was calculated as 1.04 1. The average sales price was 1.16 b kg and
the profit margin provided per kilogram was 0.12 b. The production
value per da was determined as 728.07 b and the gross profit was
343.27 b. The net profit per da was found to be 73.77 b and the
proportional profit was 1.11 in the apple farming.

TRB1 region
Gross profit
Net profit
Apple yield
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GIRIS yiksek olan bir meyvedir. Butin diinyaya Orta
Elma (Malus domestica), giilgiller (Rosaceae) Asya'dan yayilmigtir. Tarih boyunca yapilan kultir

familyasina ait kaltiirti yapilan ve besin degeri ¢ok ¢ahgmalariyla 1000 farkh elma gesidi uretildigi
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tahmin edilmektedir. Elma, Turkiye’de iy1 gelir
getiren meyve tirlerinden birisidir. Uretimi olduke¢a
iyi diizenlenmis yerlerde ve bakim sartlarimin iyi
oldugu durumlarda meyve verimi ortalama 3000 kg
da’a kadar ¢ikmaktadir. Tirkiye, kisi basina 20 kg
elma tiketimi ile diinyada en fazla elma tiiketen
ulkeler arasinda yer almaktadir.

Meyvecilik sektorii, ozellikle son yillarda gelisen
yetigtiricilik  sistemleri sayesinde dinyada ve
Turkiye’'de hizla artan bir ivmeyle deger kazanmigtar.
Ozellikle yumusak cekirdeklilerde saglanan tretim
sistemlerindeki reformlar, yetistiricileri bu klasik
sistem yerine bodur anacglarla tretim yapmaya
itmigtir. Boylece tliretimde problem olan masraflar
azaltilmig, birim alana dikilebilecek agag¢ sayisi
artirilarak daha fazla verim saglanmis ve artan gida
gereksinimi karsilanmaya caligilmistir (Efecan, 2006).
Diinya meyve liretiminin yaklagik %7.5'ini olugturan
elma, meyve uretiminde muz ve karpuzdan sonra 3
iirtindiir.Avrupa Birligi (AB)'nin 2019 yilindaki
iretimi 15 milyon ton, ABD turetimi ise yaklagik olarak
5 milyon ton olarak gergeklesmigstir. Diinya toplam
elma iretiminin yarisindan fazlast (%54) Cin
tarafindan karsilanmaktadir (Anonim, 2020). Tiirkiye
2019 yilinda 3618.752 kg elma tretim miktariyla
diinya elma uretiminde Cin, AB ve ABD’den sonra 4.
sirada yer almaktadir (Cizelge 1). Elma ihracatinda
Cin 1. sirada iken, bu tlkeyi AB ve ABD izlemekte,
Turkiye ise elma ihra¢ eden énemli 10 tilke arasinda
yer almaktadir. Elma ithalatinda 1. sirada Rusya yer
alirken, AB 2. sirada, Irak 3. sirada yer almaktadir.
Turkiye elma ihracatini en fazla Irak’a yaparken, elma
ithalatim1 ise en fazla Kuzey Kibris Turk
Cumhuriyetinden yapmigtir. Tirkiye’de 2019 yili

itibariyle toplam elma tretim alani 1.7 milyon da olup,
Nigde Ili 235 bin da ile 1. siradadir. Karaman ise 9.2
milyon adet ile en fazla meyve veren agaca sahip il
olarak kayitlara ge¢mistir. Tirkiyenin toplam elma
iiretim alanlarinin yaridan fazlasi (%52) Nigde,
Isparta, Karaman, Antalya ve Konya illerinden
olugsmaktadir. Turkiye’de 2019 yilinda 3.6 milyon ton
olan toplam elma tiretiminin 732 bin ton’u Isparta’da,
486 bin ton'u Karaman’da ve 438 bin ton’u ise Nigde’'de
gerceklesmistir. (Anonim, 2020).

Cizelge 1. Diinya ve Turkiye 2019 yil1 elma verileri
Table 1. Apple data World and Turkey in 2019.

Veriler Diinya Turkiye
Data World Turkey
Alan! (bin ha) 4904 174.439
Verim! (ton ha) 17565 20745
Uretim? (bin ton) 70964 3626
Tiiketim? (bin ton) 58877 2413
Ithalat? (bin ton) 5764 151
Thracat? (bin ton) 5921 1176

Kaynak: 1: Anonim, 2020a; 2: Anonim, 2020b

Meyvecilik TRB1 bolgesinde 6nemli bir bitkisel tretim
faaliyeti olmakla birlikte, Kayisi, Uziim ve Elma
yetistiricilik acisindan oOnemli urtnler olarak ilk
siralarda yer almaktadir. Meyvecilik sektérit TRB1
Bolgesinin  bitkisel lretim  katma  degerinin
yikseltilmesinde lokomotif bir alt sektér goérevi
yiklenmektedir. TRB1 Bolgesinin Turkiye elma
uretimi i¢indeki payr %1,6'dir. Elazig ilinde meyve
veren agac basina 237 kg verim alinirken, bunu 226 kg
ile Malatya ve 155 kg ile Bing6l ilinin takip ettigi
belirlenmistir (Cizelge 2).

Cizelge 2. Tirkiye ve TRB1 Bolgesi illerinde 2019 yili elma yetistiriciligine ait veriler
Table 2. Turkey and TRB1 Area provinces of apple cultivation data in 2019.

Elma verileri Turkiye Bingdl Elazig Malatya
Data of apple Turkey Bingol Elazig Malatya
Meyve veren yasta agac sayisi (Adet) 61288.452 313211 305954 717618
Meyve vermeyen yasta agac sayis1 (Adet) 15004.981 85124 188268 46592
Toplu meyveliklerin alani (Dekar) 1746.404 11760 16388 28954
Uretim miktar1 (Ton) 3625.960 11811 13776 31360
Verim (kg Meyve veren agac) 293 155 237 226

Kaynak: Anonim, 2019

Tarimsal Gretimde girdi kullanim miktari, maliyet ve
gelirin belirlenmesi ireticiler ve ekonomi politikasi
yapicilar1 i¢in mikro diizeyde 6nem arz etmektedir.
Tarimsal tirtin maliyet ¢aalismalarinin sonuglar fiyat
politikalarinin saptanmasinda hiktumetlerin
yararlandiklar1 énemli araglardir. Ayrica tarimsal
Urin maliyetleri; fiziki tretim girdilerinin kullanim
diizeyi, iggict planlamasi, finansman programlarinin
yapilmasi, lriin biitgelerinin ve yatirim projelerinin
hazirlanmas1 gibi planlama faaliyetlerinde siklikla
kullanilmaktadir (Ozalp ve Yilmaz, 2013). Bu
baglamda bu calismanin amaci, TRB1 Boélgesindeki
Bingol, Elazig ve Malatya illerinde elma iiretiminde

590

girdi kullanimi, elmatiretim maliyeti ve yillik faaliyet
sonug¢larinin kargilagtirmal olarakincelenmesidir.

MATERYAL ve YONTEM
Materyal

Arastirmanin ana materyalini, TRB1 Bolgesi'nde
Bingél, Elazig ve Malatya illerinde elma tireticiligi
yapan igletmelerden yiiz yluze gergeklestirilen
anketlerden saglanan veriler olugsturmustur. Calisma,
Tarim ve Orman Bakanhg kayitlar, Turkiye
Istatistik Kurumu (TUIK) ve Tarim ve Orman Orgiitii
(FAO) tarafindan yayimlanan istatistik verileri ve



KSU Tarim ve Doga Derg 25 (3): 589-597, 2022
KSU J. Agric Nat 25 (3): 589-597, 2022

Arastirma Makalesi
Research Article

daha 6nceden yapilmig konuyla alakal tez ¢alismalari,
arastirma makaleleri, arastirma raporlar: gibi ikincil
verilerle de desteklenmistir. Anket calismasi, 2019 yili
Nisan- Agustos déoneminde yapilmis olup, isletmelerin
elma tretim faaliyetine dair veriler 2018-2019 tretim
doénemini kapsamaktadir.

Yontem
Orneklemede kullamlan yéntem

Malatya, Elazig ve Bingél II Tarim ve Orman
Mudurluklerinden, ilgeler ve ilgelere bagh koylerin
isimleri ve bu koylerdeki tarim isletmesi sayilar1 ve
isletme buyukliklerine ait veriler temin edilmigtir.
Anket uygulanacak tarim igletmesi sayisinin
hesaplanmasinda tabakali tesadufi oOrnekleme
metodundan yararlanilmistir (Giines ve Arikan, 1988;
Cicek ve Erkan, 1996).

Aragstirma bolgesindeki tarim isletmelerinin arazi
buyukluklerinin dagilimina gére 1-50 dekar olanlar
(birinci grup), 51-100 dekar olanlar (ikinci grup), 101
dekardan daha fazla olanlar (ii¢iincii grup) olmak
uzere ug¢ tabaka olarak belirlenmistir. Anket yapilan
isletme sayisi, tabakal tesadiifi 6rnekleme yontemine
gore %10 hata pay1 ve %95 giiven araliginda 223 adet
olarak belirlenmigtir.

n = (£ Nh.Sh)/N2.D2+E (Nh.Sh2)
D2 : (d/Z)2

n = Nh Sh=n/Z Nh Sh

Formiilde:

d: 6ngorilen sapma miktari

7Z: Serbestlik derecesine ait ¢izelge degeri
Nn : Tabakalarda yer alan igletme sayis1
Sh : Tabakalara ait standart sapma

Sn? : Tabakalara ait varyans

N : Populasyon hacmi

n;i : Tabakadaki 6rnek sayisi

n : Ornek hacmi

ey

Tesadufi sayilar tablosu esas alinarak anket yapilan
igletmelerin secimi gergeklestirilmistir. Arastirma
kapsaminda Bingol Iline bagh 8 kéyde 18 adet, Elazig
Iline bagh 29 koyde 73 adet, Malatya Iline bagli 24
koyde 132 adet olmak tizere toplam 223 adet anket
yapilmigtir.

Verilerin analizi ve degerlendirilmesinde kullanilan
yontem

Calismada, sosyo ekonomik 6zelliklerin belirlenmesi
icin gergeklestirilen hesaplamalarda igletmelerin
mevcut iggiclini tespit ederken, Erkek isgﬁcﬁ Birimi
(EIB) dikkate alinmigtir. Erkek is giicii birimine
doniistiirmede, (Acil, 1980) tarafindan belirlenen
katsayilar kullanilmigtir.

Isletmelerin ekonomik analizinde kullanilan yontem

Incelenen isletmelerinin masraflarinin
hesaplanmasinda tek irtn biit¢e analiz yontemi
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kullanilmistir (Kiral ve ark., 1999).
Elmanin iretim maliyetlerinin saptanmasinda
uygulanan yéntem

Elma iiretim maliyeti, iki asgamada hesaplanmigtir. Ik
asamada elma  bahgelerinin  tesis  masrafi
hesaplanarak elma bahgesinin tesis masraflar
amortisman payl bulunmustur. Ikinci asama ise bir
uretim  doneminde  yapilan  Uretim  masrafl
hesaplanmigtir. Uretim déneminde yapilan masraflar;
degisken masraflar ve sabit masraflar olarak
smiflandirilmigtir. Degisken masraflar; giibreleme,
ilaglama, budama, hasat, sulama, meyve seyreltme,
toprak isleme, ¢apalama ve bunlarin isgilik doéner
sermaye faizi masraflarin1 kapsamaktadir. Sabit
masraflar ise; ¢iplak arazi degerinin faizi, genel idari
gideri, tesis sermayesi faizi ve tesis masraflar
amortisman payini kapsamaktadir.

Maliyet analizinde tiretim masraflar: iginde bulunan
tesis masraflart amortisman payi, c¢iplak arazi
degerinin %5’1 ve genel idare giderleri, maliyet kalemi
olarak gosterilmektedir. Ciftgi ve aile bireylerinin
ailedeki igglici ticret karsiliklari, cari donem itibariyle
ve bélgedeki yabanci igsgliciine 6denen ticret dikkate
alinarak hesaplanmistir (Kiral ve ark., 1999).

Kira bedeli olarak incelenen bdlgede ¢iplak arazi
degerinin %51 alinmistir (Kiral ve ark., 1999).
Incelenen bélge icin ciplak arazi degeri, hem anket
yapilan treticilerin beyanlar: hem de ilgili Il Tarim ve
Orman Miudurltukleri verilerinden ortalama olarak
2800 b olarak kabul edilmistir.

Bitkisel tiretim igin T.C. Ziraat Bankasi’nin agtigi
krediler icin uygulanan faiz orani lzerinden déner
sermaye faizi hesaplanabilmektedir. Doner sermaye
faizi hesaplanirken, degisken masraflarin tretim
dénemine yayilma durumunun olduk¢a homojen
oldugu varsayimi kabul edilerek, degisken masraflarin
yarisi lizerinden faiz uygulanir (Giines ve Arikan,
1988).

Doner sermaye faizi bitkisel Uretim igin %14 olarak
belirlenmis ve bunun yari1 degeri %7 kullanilmigtir.
Genel idare giderleri, degisken masraflar toplaminin
%3'i alinarak hesaplanmaktadir (Karagdlge, 1996;
Kiral ve ark., 1999).

Tesis masraflar: yillik amortisman payi, tesis dénemi
(4 y11) boyunca yapilan toplam tesis masraflarinin
elma bahcesinin ekonomik émriine (45 y1l) boliinerek
elde edilmigtir. Tesis sermayesi faizi ise toplam tesis
masraflar1  yar1 degerine %5 faiz uygulanarak
hesaplanmistir (Karagolge, 1996; Karacayir, 2010).

Amortisman  pay1=(Ortalama tesis masrafi

(1))/(Ekonomik 6miir (Yil)) (2)

Elma tretim degeri, elma verimi ile satig fiyatinin
carpim1 sonucu hesaplanmigtir. Uretim degerinden,
degisen masraflar c¢ikarilarak brit kar, uretim
degerinden, uretim masraflarimin ¢gikarilmasiyla net
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kar tespit edilmigstir.
Elma Gayrisafi Uretim Degeri (b/da) = Elma verimi (kg/da) x Elma satis fiyati (b/da)
Briit Kar (b/da) = Uretim Degeri — Degisen Masraflar
Net Kar (b/da) = Uretim Degeri — Uretim Masraflart
Brit Kar Marji = ..B’_“t—"“f,xloo

Uretim Degeri
Net Kar Marji = L’“‘f,xwo

Uretim Degeri

. . _ Uretim masraflar: toplam (b/da)
1 kg Elmamn Maliyeti (b/kg) = r——
1 kg Elmanin Net Kart (b/kg) = Satis fiyatt — 1 kg elmanin maliyeti

Nispi Kar = Gayrisafi Uretim Degeri/Uretim Masraflart (3)

Uretim iglemleri; toprak hazirhgi, dikim, bakim ve
hasat ve pazarlama olarak i¢ ana bashk altinda
incelenir ve bu iglemlere ait masraflar degisken
masraf olarak kabul edilir. Toprak hazirlhig: ve dikim
masraflari, siriim ve dikim igslemleri esnasinda olusan
masraflardir. Giibreleme, ilaclama ve eger yapiliyorsa
sulama  gibi  masraflar bakim  masraflarini
olusturmaktadir. Pazarlama masraflari ise nakliye ve
iscilik masraflarinin toplamidir (Kiral ve ark., 1999).

Bitkisel iretim faaliyetinde isletmede kullanilan ya da
isletme digindan satin alinan tohumun veya fidenin

iiretici  fiyatiyla (ciftlik avlusu fiyat)) bedeli
hesaplanmigtir.
Isletmede  kullamlan tarimsal ilaclar  satin

alindigindan ilaglarin igletmeci tarafindan mal edildigi
fiyatlar1 ile kullanilan ila¢ miktarinin c¢arpilmasi
sonucu ila¢ masraflar: hesaplanmagtir.

Kullanilan traktér ve ekipmanlarin tiikettigi
akaryakit ve yag miktar1 birim satis fiyatlaryla
carpilarak masraflar hesaplanmistir (Inan, 2008).

BULGULAR VE TARTISMA
Anket Yapilan Ureticilerin  Sosyo-Demografik
Ozellikleri

Incelenen isletme sahiplerinin tamaminin erkek
oldugu belirlenmigtir. Anket yapilan igletmecilerin
yaglarmmin 23 ile 70 arasinda degistigi ve
ortalamasinin 48.9 oldugu belirlenmigtir.
Isletmecilerin  %85.3’tntin  41-60 yas arahiinda,
%9.6’s1n1n 20-40 yas araliginda ve %5.1’'inin ise 61 yas
ve Usti grubunda oldugu belirlenmistir. Anket yapilan

mezunu olan igletmecilerin orani %14.5, lise mezunu
olan 1igletmecilerin oran1 %14.1, okuryazar olan
igletmecilerin orani %3.7 ve ilniversite mezunu olan
igletmecilerin orani ise %1.8 olarak belirlenmistir.
Incelen igletmelerin aile birey sayis1 2 ile 7 kisi
arasinda degismekte ve ortalama olarak 4.13 olarak
hesaplanmigtir. Bingol ilinde incelenen igletmelerin
%27.8'1nin 4 kisilik, %27.6’s1n1n ise 6 kigsilik ailelerden,
Elazig ilindeki isletmelerin %51.47inlin ve Malatya
ilindeki igsletmelerin ise %61.7’sinin 4 kisilik ailelerden
olustugu Dbelirlenmigtir. Genel ortalama olarak
isletmelerin %46.9’'unda ailedeki birey sayisinin 4 kigi
oldugu sonucuna ulagilmistir. Yetistiricilerin genel
ortalama itibariyle genel tarim deneyimi yaklagik
olarak 19 yil, elma yetistiriciligi deneyimi ise 16 yil
olarak belirlenmigtir. Bingdl ilindeki yetistiricilerin
hem genel tarim hem de elma tariminda Elazig ve
Malatya illerine gore yil olarak daha fazla deneyimli
olduklar1 gérulmustiir. Diinyada daha 6nce yapilmisg
olan c¢alismalarda bulunan degerlere bakildiginda,
elma yetistiriciligi stiresini (Alemu ve ark., 2017)
Gana’da 10.2 yil, (Osmanm1 ve Kambo, 2019) ise
Arnavutluk’ta 11.40 yil, olarak belirlenmistir Elma
yetistirime siiresi Gana ve Arnavutluk ulkelerine gére
yiksek bulunmustur.

Incelenen igletmelerde erkek ig giicii biriminin (EIB)
arazi buyukligiine bagh olarak artis gosterdigi ve
isletmeler ortalamasinda 2.57, arazi buyukligu 41 da
ve lUzerinde olan igletmelerde, 3.05, 21-40 da olan
igsletmelerde 2.75 ve 1-20 da olan igletmelerde ise 2.28
oldugu belirlenmigtir. Arazi buyukligi itibariyle
igletmelerin erkek 1is glicii birimi ortalamalar

tiim iller itibariyle isletmecilerin daha ¢ok 41-60 yas arasindaki  farklar istatistiki olarak  Onemli
grubunda oldugu sonucu Dbelirlenmistir. Ilkokul bulunmustur (P<0.05) (Cizelge 3).

mezunu olan igletmecilerin orami %65.9, ortaokul

Cizelge 3. Incelenen igletmelerin ortalama ig giicii varhg:

Table 3. Average workforce asset of the examined enterprises

Arazi biiyiikliigi (da) Ortalama Standart sapma Standart hata
Land size (da) (Mean) (Standard deviation) (Standard error)
1-20 2.28a 0.75 0.06

21-40 2.75b 0.61 0.08

41 ve lzeri 3.05¢ 0.75 0.10

Isletmeler Ortalamasi 2.57 0.78 0.05

ab.e: gyni stitunda farkl harfler ile gésterilen ortalamalar arasindaki fark istatistiki olarak énemlidir.
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Iller itibariyle toplam igletme arazisinin ve elma
arazisinin biyuklik degerleri Cizelge 4’te verilmistir.
Toplam 1igletme arazisinin buyukligi Bingdl igin
ortalama 47.17, Elazig i¢in 61.30 ve Malatya ili i¢in ise
65.61 da olarak tespit edilmistir. Toplam isletme
biytukligi incelenen igletmelerde ortalama 62.71 da
olarak hesaplanmigtir. Malatya ilindeki igletmelerin
toplam igletme arazisi buytkligi ile Elazig ilindeki
isletmelerin toplam igletme arazisi biyukliginin,
Bingol ilindeki igsletmelere gore oldukea yliksek oldugu
sonucu ortaya cikmistir. Incelenen isletmeler i¢in elma
arazisinin buyukligi ortalama 28,02 da olarak
hesaplanirken, bu deger Malatya i¢in 33.67, Elazig i¢in
21.96 ve Bingdl icin ise 11.22 olarak bulunmustur.
Toplam igletme arazisi i¢cinde elma arazisinin payi
%44.6 olarak belirlenmigtir. Yapilan anova analizinde
varyanslarin homojen olarak dagildig: test edilmis ve
incelenen igletmeler i¢in hem toplam isletme arazisi
hem de elma arazisine ait ortalamalar arasindaki
farklarin  istatistiki olarak 6nemli oldugu
belirlenmistir. (Giil, 2005) tarafindan Antalya’da
yapilan calismada, isletme arazisi ortalama olarak

64.73 da, elma arazisi 12.46 da olarak belirlenmis ve
elma arazisinin toplam igletme arazisi i¢cindeki pay1
%28.47 olarak hesaplanmigtir. Isparta, Karaman ve
Nigde illerinde (Giil, 2006) tarafindan yapilan
calismada elma arazisi ortalama 15.78 da olarak
belirlenmistir. Antalya ilinde (Aydogmus ve Yilmaz,
2010) tarafindan tiim igletmeler ortalamasi itibariyle
elma arazisi buyukligi 7.78 da olarak hesaplanmigtir.
Konya'da (Karacaywr, 2010) tarafindan yapilan
calismada, toplam igletme arazisi biyukluga
isletmeler ortalamasi i¢cin 123.08 da, elma arazisi
buyuklugi ise 93.26 da olarak hesaplanmis ve elma
arazisinin toplam igletme arazisi igindeki pay1 %75,7
olarak saptanmistir. Konya'da (Kanat ve ark., 2017)
tarafindan yapilan bagka bir calismada ise elma
arazisinin buytikligii 10 da olarak hesaplanmistir.
Arnavutluk’ta yapilan bir calismada, elma arazisi
buyukligi ortalama 12.87 da olarak hesaplanmigtir
(Osman1 ve Kambo, 2019). (Ma ve ark., 2018) Cin’de
yaptiklar1 ¢calismada elma arazilerinin biyikligina
ortalama olarak 5.07 da olarak bildirmiglerdir.

Cizelge 4. ller itibariyle toplam isletme arazisi ve elma arazisine ait ortalama degerler
Table 4. Average values of the total farm land and apple land by provinces

Tller Say1 Ortalama elma arazi genigligi Ortalama isletme arazi EKlma Arazisinin Toplam

(Provinces) (da)*** genisligi (da)* Arazi Icindeki Pay1 (%)*
(Average apple land width) (Average total farm land size) ~ (Share of Apple Land in Total

Land)

Bingol 18 11.222+1.380 47.172+7.274 23.782+3.615

Elazg 73 21.96+1.369 61.30+3.691 35.822+1.819

Malatya 132 33.67¢+£1.484 65.61+2.732 51.31b+1.048

Genel 223 28.02+1.105 62.71+2.120 44.68+1.052

*1p<0.10, ***:p<0.001.

aber Aym stitunda farkh harfler ile gosterilen ortalamalar arasindaki fark istatistiki olarak énemlidir.

+! Ortalamalara ait standart hata degerleri

Incelenen Igletmelerde Elma Uretim Maliyeti

Incelenen isletmelerde elma bahgesi tesis dénemine ait
masraflar ve dagilimi Cizelge 5'de verilmistir. Elma
bahg¢esinin tesis masraflar: toplami 1896.3 b da olarak
saptanmigtir. Toplam tesis masraflarinin %63.95’ini
degisen masraflar, %36.05’ini ise sabit masraflar
olusturmaktadir. Birinci yilda arazi hazirlama, dikim
ve fidan maliyetlerinin ve sulama sisteminin olmasi
birinci yil degisen masraflarin fazla olmasinin en
biiyiik etkeni olarak yorumlanabilir. (Ozalp ve Yilmaz,
2013) Antalya’da inceledikleri nar isletmeleri i¢in tesis
donemi toplam masrafi 2533.47 b da, toplam degisen
masraflar: 1630.05 £ da, sabit masraflar: ise 903.42 b
da olarak hesaplamiglardir. Toplam degisen
masraflarin toplam tesis masraflar1 i¢indeki pay1
%65.34, toplam sabit masraflarin toplam tesis
masraflar1  icindeki payr ise %35.66 olarak
belirlenmigtir. Antalya’da yapilan bagka bir calismada
da nar Uretimi tesis maliyeti 2673.34 b da olarak
belirlenmistir (Kaya, 2009).

Incelenen isletmelerde elma tretiminde slrimin
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genellikle pullukla yapildig: belirlenmigtir. Stiriim i¢in
harcanan aile ig giicti ortalama 1.75 saat, makine ¢eki
glicli ise ortalama 1.58 saat olarak hesaplanmigtir.
Isletmelerde toplam isglci istegi 36.54 saat da,
makine g¢ekiglici ise 7.68 saat da olarak
hesaplanmigtir (Cizelge 6). Elma iiretiminde is giicii
miktar1 (Gil, 2005) tarafindan Isparta, Karaman ve
Nigde illerinde yapilan arastirmada 103.47, makine
ceki giicii ise 4.64, (Demircan ve ark., 2005) tarafindan
Isparta’da yapilan calismada ise ig glci miktar
103.61 ve makine ¢eki glicii ise 5.61 saat da olarak
bildirilmistir. (Karacayir, 2010) tarafindan yapilan
calismada, elma iiretiminde toplam is giicli istegi 106,
makine ¢eki giici istegi ise 7 saat/da olarak
belirlenmis ve incelenen igletmeler icin elma
Uretiminde yogun is giici kullanmildigi sonucuna
varilmistir. (Aydogmus ve Yilmaz, 2010) Antalya’da
elma tiretiminde ig giicii kullanimini ortalama 110.30
saat da, makine ¢eki giiclinl ise 5.44 saat da olarak
tespit etmiglerdir. Isparta’da yapilan bir ¢aligmada,
iggici 23.85, ceki gilici ise 4.7 saat da olarak
bulunmustur (Erdogan ve ark., 2016).



KSU Tarim ve Doga Derg 25 (3): 589-597, 2022 Arastirma Makalesi
KSU J. Agric Nat 25 (3): 589-597, 2022 Research Article

Cizelge 5. Elma tiretimi birim alana tesis masraflari ve dagilimi (¥/da)
Table 5. Plant costs and distribution per unit area of apple production (#/da)

Masraf kalemleri 1.y1l 2.yl 3.y1l 4.y1l Toplam deger Yiizde (%)
Expense items 1st 2nd year  3rd 4th ®) Percentage
year year year Total value (%)
Tutar Tutar Tutar Tutar &)
value value value value
Arazi hazirlama
Patlatma 30.0 30.0 1.2
Strim 45.0 45.0 1.9
Diskaro 50.0 50.0 2.1
Fidan 165.0 155.0 7.1
Dikim maliyeti
Yer belirleme 2.5 2.5 0.1
Cukur agma 15.0 15.0 0.6
Dikim 12.5 12.5 0.5
Ilaclama 16.4 27.5 38.9 49.9 122.8 5.7
Capalama 20.0 22.4 22.4 25.5 90.3 3.9
Giibreleme
Hayvan giibresi 41.6 41.6 1.8
NPK 20.0 25.6 35.0 55.8 126.4 5.9
Toprak igleme 40.0 40.0 40.0 40.0 160.0 6.9
Budama 5.0 12.5 15.0 18.5 51.0 2.2
Sulama sistemi 200.0 200.0 8.6
Sulama bedeli 22.5 22.5 30.5 35.0 110.5 4.7
Degisen masraflar toplami 685.5 150.5 181.8 224.7 1212.6 63.95
Yatirim sermayesinin faizi (%7)  47.9 10.5 12.7 15.7 84.8 15
Genel idare masrafi (%3*4) 20.5 4.5 5.4 6.7 38.9 6.9
Ciplak Arazi Degerinin Faizi 140 140 140 140 560.0 24.2
(140%4)
Sabit masraflar toplami 683.7 36.05
Tesis masrafi toplam 1896.3 100.00
Tesis Masraflar1 amortisman 1896.3/45 42.1
pay1

Cizelge 6. Elma isletmelerinde iggiicu ve ¢eki guci istekleri
Table 6. Worktorce and pull power requests in apple businesses

. Isgiicti Istekleri Makine Cekigiicii Istekleri
Tarimsal Islemler Labor Requests Machine Power Requirements
Agricultural Operations Saat/da Oran (%) Saat/da Oran (%)

Hours/da Percantage Hours/da Percantage

Toprak hazirhg 1.75 4.78 1.58 20.57
Capalama 2.00 5.47 1.50 19.53
Gtibreleme 2.00 5.47 -
Tlaglama 5.00 13.70 3.15 41.03
Sulama 3.00 8.20 1.00 13.02
Budama 5.00 13.70 -
Ot bigme 2.14 5.85
Hasat 8.00 21.9 -
Tagima 0.45 1.23 0.45 5.85
Meyve seyreltme 7.20 19.70 -
Toplam 36.54 100.00 7.68 100.00
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Incelenen elma isletmelerinde degisen masraflar
toplam1 384.8 b, sabit masraflar toplami ise 269.5 b
olarak hesaplanmig ve tiretim masraflar: toplami ise
654.3 b olarak belirlenmigtir. Toplam Uretim
masraflari igerisinde degisen masraflarin orani %58.9
iken sabit masraflarin  oram1  %41.1 olarak

bulunmustur. Degisen masraflar igerisinde ise %13.3
oran ile su ve sulama masrafl (su elektrik iicreti) ilk
sirada gelirken, onu %8 ile ilag ve ilaglama masrafinin
takip ettigi belirlenmistir. Sabit masraflar igerisinde
ise ¢iplak arazi degerinin faizinin orani %21.3 olarak
tespit edilmistir (Cizelge 7). Incelenen isletmelerde
urln sigortasi yaptirilmadig: belirlenmisgtir.

Cizelge 7. Elma tireten igletmelerde birim alana tretim masraf unsurlari ve dagilimi
Table 7. Production cost elements and distribution per unit area in apple producing enterprises

Masraf unsurlar: Deger (b) Oran (%)
Cost elements Value (b) Percantage (%)
Gegici igglct 50.70 8.9
Toprak isleme 8.83 1.3
Capalama ve ot temizligi 15.50 2.3
Budama 35.68 5.3
Meyve seyreltme 13.50 2.0
Gtibre ve giibreleme 24.17 3.6
Tlag ve ilaglama 52.50 8.0

Su ve sulama masrafi 87.50 13.3
Hasat 13.87 2.1
Pazarlama 35.40 5.4
Makine kirasi 25.40 3.8
Déner sermaye faizi (%7) 21.80 3.3
A-Degigen Masraflar Toplam 384.8 58.9
Genel Idari Giderleri (A*%3) 10.00 1.5
Ciplak Arazi Degerinin Faizi 140.00 21.3
Daimi aile is gtica 30.00 4.5
Tesis masraflar1 amortisman pay1 42.10 6.4
Tesis sermayesi faizi 47.40 7.2

B- Sabit masraflar toplami 269.5 41.1
C-Uretim masraflar: toplami (A+B) 654.3 100.00
D-Elma verimi (kg da) 6217.65

1 kg elma maliyeti () (C/D) 1.04

Incelenen Igletmelerde Elma Uretiminin Karhlik
Durumu

Tarimsal Girtn fiyatlarinin belirlenmesinde kullanilan
en 6nemli kriterlerden birisi, Giretim sirasinda yapilan
masraflarin ortaya konularak maliyetinin
bulunmasidir. Ureticinin karli olabilmesi ve tiretimine
devam edebilmesi i¢in, gelir gider arasindaki dengenin
korunmas1 gerekmektedir. Incelen igletmelerdeki
elma tUretiminin karhilik durumu, Cizelge 8de
verilmigtir. Ortalama elma verimi 627.65 kg da, 1 kg
elmanin maliyeti 1.04 t'dir. Arastirma bélgesinde
elmanin ortalama satig fiyat1 1.16 b kg, kilogram
basina saglanan kar marj1 0.12°dir. Dekara diisen
uretim degeri 728.07 b, briit kar ise 343.27 v'dir. Brit
karin tretim degeri igindeki pay: ise %47.10 olarak
belirlenmistir. Incelenen elma isletmelerinde dekara
net kar 73.77 b, Uretim degeri i¢indeki pay1 ise
%10.10’dur. Elma turetiminde yapilan 1 ¥lik masrafa
karsihk 0.12 b kar elde edilmigtir. Incelenen
igletmelerde nispi kar 1.11 olarak hesaplanmas,
incelenen igletmeler i¢in elma uretiminde 1 birim
masrafa karsilik elde edilen iretim degerinin 1.11
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oldugu sonucu belirlenmigtir. 11 Tarim ve Orman
Miidiirligi (2012)'niin ¢calismasinda; TRB1 bélgesinin
ortalama elma verimi 1185 kg da, elma satis fiyat1 1,08
b kg, toplam masrafi 460 b da, gayrisafi iiretim degeri
1284 1 da ve brut kariise 824 b da olarak belirtilmigtir.
Bu Dbulgularla mevcut c¢alismanin  bulgular
kargilattirildiginda, bélgedeki elma veriminin yar:
yariya distiigi ve elma satis fiyatinin neredeyse hig
degismediginden dolayr bu durumun elma uretim
degerinde ciddi bir azalisa sebep oldugu sonucu ortaya
gkmigtir.  Ayrica  Ureticilerin  yeterince  gelir
kazanmadigini diigtindigi i¢in elma yetistiriciligine
masraf yapmaktan kac¢inmalarina ragmen, uretim
degerindeki diisiis briit karida etkilemistir. (Giil, 2005)
tarafindan Antalya ilinde elma verimi ortalama
2426.43 kg da, net kar 119.31 b kg, tiretim maliyeti
161.26 b kg, satig fiyati1 0.28 b kg ve oransal kar 1.74
olarak  belirlenmigtir. Antalya’da yapilan bir
calismada net kar degeri; bodur elma bahgelerinde
0.77, yar1 bodur elma bahcelerinde 0.05 ve ¢6gtr elma
bahgelerinde ise 0.12 b olarak, brit kar degeri
isletmeler ortalamasinda 1922, net kar degeri ise 1215
b da olarak hesaplanmistir (Aydogmus ve Yilmaz
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2010). Karaman’da (Karacayir, 2010)'1n yapmis oldugu
calismada, elma verimi 1975 kg da, degisen masraflar
590.46 b da, Uretim masraflar1 736.2 ¥ da, Briit kar
1107.26 b da ve elma maliyeti ise 0.37 b kg olarak
tespit edilmistir. (Erdogan ve ark., 2016) tarafindan
Isparta’da yapilan ¢alismada, verim degeri 4877.07 kg
da, satis fiyat1 0.87 b, uretim degeri 4243.05 b da,
degisen masraflar 729.88 t da ve brut kar ise 3513.17
b da olarak hesaplanmigtir. (Kanat ve ark., 2017)
tarafindan Konya’'da yapilan ¢alismada oransal kar
yart bodur elma igletmelerinde 1.56, bodur elma
isletmelerinde ise 2.21 olarak belirlenmistir. Ayrica bu

calismada  diger  bolgelerde  yapilan  benzer
caligmalarda nisbi karin Isparta’da 1.63, Karaman’da
1.71, Amasya’da 1.37, Tokat’ta 1.18 ve Icel'de 1.36
olarak hesaplandigi bildirilmistir (Demircan ve ark.,
2005). (Tekin, 2019) Denizli'de elma isletmelerinde
yaptig1 calismada, brat kar1 1499.97, net kar1 510.20,
1 kg elma maliyetini 0.94 1 kg ve kar marjini ise 0.19
olarak hesaplamistir. Isparta ve karaman illerinde
yapilan ¢alismada elma tretiminde nispi kar 1.42, net
kar 1412.59 b da ve brit kar ise 2409.46 b da olarak
hesaplanmistir (Bayav ve Karli, 2020).

Cizelge 8. Incelenen igletmelerde elma tiretiminin karhilik durumu
Table 8. Profitability of apple production in the examined enterprises

Masraf ve Gelir Unsurlarn

Elma arazisi genislik gruplar1 (da)

1-20 21-40 41+ Isletmeler Ort.

Verim (kg da) 630.35 715.79 543.18 627.65

Satis Fiyat1 (b da) 1.25 0.92 1.31 1.16

Uretim Degeri (b da) 787.93 658.52 711.56 728.07
Degisen Masraflar (b da) 442.27 390.51 324.29 384.80

Uretim Masraflar: (b da) 700.70 600.48 665.71 654.30

1kg tirtin Uretim Masraflar: (b kg) (UM/Verim) 1.11 0.83 1.22 1.04

Briit Kar (b da) (UD-DM) 345.66 268.01 387.27 343.27

Net Kar (b da) (UD-UM) 87.23 58.04 45.85 73.77

Oransal Kar (b da) (UD/UM) 1.12 1.09 1.06 1.11

Briit Kar Marji (Briit Kar/UD)*100 43.8 40.6 54.4 47.10

Net Kar Marji (Net Kar/UD)*100 11 8.8 6.4 10.10

1 kg Uriin Net Kar1 (b kg) 0.14 0.09 0.09 0.12

SONUC VE ONERILER hesaplanmigtir. Incelenen igletmelerde, ortalama elma

Elma tarimi ile ugrasan bireylerin genelde orta yas
grubunda (41-60 yas) ve inceleme alaninda
okuryazarlik oraninin Turkiye ortalamasinin tizerinde
oldugu sonucuna varilmigtir. Yetigtiricilerin genel
ortalama itibariyle genel tarim deneyimi yaklagik
olarak 19 yil, elma yetistiriciligi deneyimi ise 16 yil
olarak belirlenmistir. Hem genel tarim hem de elma
tariminda Bingol ilindeki yetigtiricilerin Elazig ve
Malatya illerine gore daha fazla deneyimli olduklari
belirlenmigtir. Elma yetistiriciligi deneyim siiresinin
genel tarim deneyim stiresi igindeki pay1 %82 olarak
hesaplanmigtir. Incelenen  igletmelerde  elma
yetigtiriciligi yapilan alanin, %45.3 oraninda 1-20 da,
%35 oraninda 21-40 da ve %19.7 oraninda ise 41 da ve
tizerinde oldugu belirlenmistir. Bing6l ve Elazig’da
bulunan elma yetistiricilerinin 6zellikle kiigiik arazi
varliginda elma yetigstirmeye odaklandigi, Malatya
ilinde 1ise elma yetistiriciliginin arazi varhg
bakimindan yayildigi belirlenmistir. Malatya ilinde
Elazig ve Bingol'e gore daha biyik arazi varhiginda
elma yetistirildigi sonucu ortaya ¢ikmigtir. Incelenen
igletmeler i¢in elma arazisinin buytkligi ortalama
28,02 da olarak hesaplanirken, bu deger Malatya i¢in
33.67, Elazig i¢in 21.96 ve Bingél i¢in ise 11.22 da
olarak tespit edilmigtir. Elma arazisinin, toplam
igletme arazisi igindeki payr %44.6 olarak
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verimi 627.65 kg/da olarak gerceklesirken, 1 kg
elmanin maliyeti 1.04 b olarak hesaplanmigtir.
Elmanin ortalama satis fiyat1 1.16 b kg, kilogram
basina saglanan Uriin net kari ise 0.12 olarak
belirlenmigtir. Dekara diigen tiretim degerinin 728.07
b, brit karin ise 343.27 b oldugu belirlenmigtir.
Incelenen elma igletmelerinde dekara net kar 73.77 b,
oransal kar ise 1.11 olarak bulunmustur. Arastirma
sonuc¢larina gore; elma Uretiminde en 6énemli masraf

kaleminin isglicti masraflarindan olustugu
belirlenmigtir. Ozellikle hasat zamaninda fazla
igsgiicine gereksinim duyulmasi, yabanci isgiici

temininde bolgede yasanan zorluklar ve yabanci
isgiicu Ucretlerinin yiiksek olmasi elma treticilerinin
sorunlar1 arasinda yer almaktadir. Arastirmanin
genel sonucu olarak; yetistiriciler elma tiretimi ile 1lgili
ekimden hasata kadar gerekli olan iiretim bilgilerini
diger tureticilerden 6grenerek bu ige basgladiklarini
ancak, elmanin satig fiyatinin diisiik olmas1 ve alici
sayisinin az olmasindan dolayr elma dretimini

birakmak istediklerini beyan etmiglerdir. Ortaya
¢tkan  sonuglar 1s1831inda  asagidaki  Oneriler
belirlenmigtir;

Elma yetistiriciliginde kalite arttirilmali ve maliyetler
distrilmelidir.

Ureticilerin kooperatiflesme segenegi ile organize bir
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sekilde pazara girmesi saglanmalidir.

Modern tarim ile ilgili bilgilendirilmeler yapilmalidir.

Ureticilerin pazarlamaya yénelik fiyat istekleri
dikkate alinmalidir.

Ureticilerin ~ trtinleri  i¢in  ihracat olanaklar
arttirilmalidir.

Ureticilere, tesis masraflarinda destek saglanmasi ve
ureticilerin pazar talepleri dogrultusunda yeni
cesitlerle bahge tesis etmesi tesvik edilmelidir.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.
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ABSTRACT

The aim of this study was to cover the economic analysis of dairy cattle
farms in Turkey. The research data were obtained from face-to-face
surveys of 102 dairy farms selected from the Izmir province of Turkey
by stratified random sampling method in 2014. Farmers are divided
into three groups according to their number of cows. According to the
results of the study, as the farm size increase, daily milk yield per
dairy cattle, milk production in the lactation period, and milk sales
price increase. There are also positive relationships between farm size
and forage planting area and the proportion of forage planting area
within the total planting area. Moreover, the most common forage of
cattle breeders in the province was the silage corn with 48.7%. Fixed
costs accounted 12.6% of total cost and fall sharply as farm size
increases. Feed costs accounted for a remarkably high proportion of
total variable costs (85.1%). The Benefit-Cost Ratio was 1.84, which
was increasing with the farm size.

Izmir i Siit Sigircihig Isletmelerinin Ekonomik Analizi

OZET

Bu calismanin amaci, Turkiye'deki sut sigirciligi isletmelerinin
ekonomik analizini kapsamaktir. Arastirma verileri 2014 yilinda
Izmir ilinde tabakali rastgele 6rnekleme yontemi ile secilen 102 siit
igsletmesinden yiiz yiize anketlerinden elde edilmistir. Isletmeler
sahip olduklar: siit si81r1 sayisina gore li¢ gruba ayrilmigtir. Arastirma
sonuclarina gore, isletme buyuklugu arttikca, siit sigir1 basina gunlik
siit verimi, laktasyon déneminde siit iiretimi ve siit satig fiyati
artmaktadir. Isletme buytklugi ile yem bitkisi ekim alani ile yem
bitkisi ekim alaninin toplam ekim alani i¢indeki oran1 arasinda da
pozitif yonla bir iligkiler vardir. Ayrica bolgedeki bluylikbas hayvan
yetigtiricileri tarafindan Uretilen en yaygin yem bitkisi %48.7 ile
silajhik misirdir. Sabit maliyetler toplam maliyetin %12.6's1m
olusturmakta ve igletme genigligi biiytidiik¢e artik¢a azalma egilimi
gostermektedir. Yem maliyetleri, toplam degisken maliyetlerin
oldukca yiiksek bir oranini (%85.1) olusturmaktadir. Fayda-Maliyet
Orani 1.84 olarak hesaplanmig ve bu oran igletme biiytikliigiine gore
artig gostermektedir.
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INTRODUCTION support milk and milk production in order to increase

Milk and dairy products are the most important
nutrients required for people to grow, develop and live
a healthy life (Gorska-Warsewicz, 2019 and Visioli and
Strata, 2014). Therefore, dairy products are so
important and cannot be ignored for the continuation
of human life. Studies show that 1 liter of milk can
meet the entire calcium and phosphorus needs of
adults. Therefore, it is necessary to increase and

the nutritional level of the society and to create better
quality and sustainable food chain. In addition, milk
and dairy production directly or indirectly contribute
to the country's economy such as increasing national
income, providing raw materials for many industries,
increasing employment and export (Tandogan, 2006;
Karakaya and Akbay, 2014).

In order to improve dairy cattle farming and provide
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sustainability, the sector must be examined
economically. In plans and programs, it should be
ensured that the profitability of the farms engaged in
dairy cattle activities should be increased and
enterprises with greater potential should be
established. Studies should be carried out periodically
to inform the farmers about the instability in milk
prices and the prevention of unstoppable increases in
feed costs and the use of the correct breeds (Ilban,
2010).

In Turkey, especially in recent years, some studies
have shown that the desired efficiency will be achieved
(Tokmak, 2009). As of 2019, the average milk yield per
lactation period in dairy cattle in Turkey was 3158 kg.
The average milk yield in Izmir province is 3745 kg
(TUIK, 2020). The main reason for this is that almost
all of the cattle breeds in the province are from the
culture and culture hybrid race (Uygur, 2015).

The feed is one of the most important factors affecting
the cost of farmers in dairy cattle. based on 2014 TUIK
data; in Turkey, 3.4% of the planting area of feed crops
was in Izmir province. This rate has also shown that
there was enough roughage for Izmir. The most
important plant that makes up the roughage is silage
corn. In Turkey, 11% of silage corn is produced in Izmir
(TUIK, 2020). According to 2001 TUIK data; in Izmir,
2.4% of the agricultural farmers engaged in only
livestock, while 63.0% made both livestock and crop
production. As of 2014; the share of animal production
value of Izmir in Turkey was 4.7%. (Gucer, 2014). The
size of feed industry in Izmir has increased over the
years. Izmir province meets 8.1% of its mixed feed
requirement. There were 21 mixed feed factories in
Izmir in 2014 (TUIK, 2015). There were 130 dairy
processing facilities in Izmir, which provide 15.0% of
the milk sold in the dairy processing plant in Turkey
(Gucer, 2014; Akbay and Akdogan, 2020).

The main purpose of this study was to determine the
economic analysis of dairy cattle farms in Izmir. The
three specific objectives of this study were to
investigate the production structure of dairy farms, to
search roughage and concentrated feed amounts given
to cattle, veal and heifer by farm size groups, and to
analyze cost, returns and profit of milk production of
dairy farms.

MATERIAL and METHOD

The main material of the research consisted of data
obtained from the agricultural enterprises engaged in
dairy cattle breeding in Izmir province in 2014 through
face to face survey. As the main population of the
study, districts with the highest number of dairy cattle
farms were selected in Izmir. Considering the cattle
milked in dairy cattle farms, the survey was conducted
with the farmers having at least 5 dairy cattle.

In determining the main mass of the research, districts
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where dairy cattle farming are carried out in Izmir
province, are concentrated. Considering the cattle
provided in dairy cattle, the survey was conducted with
the farms with 5 heads and more of the dairy cattle.
The sample size (n) was calculated by stratified
random sampling method (Yamane, 2001):

NY NpSE E?

_ 2 — =
N2D2+43 NpS?

n .2
where, N is the number of farmers in the main
population, Ny is the number of farmers in each
stratum, Sk is standard deviation in each stratum, [D?
is appropriate variance, £ is the amount of error
allowed from the population average, tis the value of
the allowed confidence interval in the distribution
table ¢ The sample size was determined as 102 with
95% confidence interval and 5% error. Based on the
number of dairy cows including dry cows but excluding
calves, heifers, and bulls, farms were classified into
three groups as 5-14 heads (Group 1), 15-29 heads
(Group 2), 30+ heads (Group 3). The number of farms
in these groups is distributed as 47, 23 and, 32
respectively. For the purposes of the study, descriptive
statistics, F-test and Chi-Square test were used to
analyze the data.

Total cost is calculated with the sum of variable and
fixed cost; Gross Profit (UK) is found by subtracting
variable costs (labor costs, feed costs, veterinary
vaccination and medicine costs, etc.) from gross
production value. Net profit is calculated by
subtracting the total cost from total income; per liter
milk cost is calculated by dividing the total cost by the
total amount of milk sold.

Inventory asset exchange (IAE) includes heifers,
calves, and bulls in the farms. In the calculation of
inventory asset exchange, the animal value was
calculated by taking the difference between the year-
end values of the animals in the farms and the
beginning of year's values (at fixed prices). Those older
than six months (calves) are included in the inventory
change. Those younger than six months are considered
as subordinate income as calf income. IAE is obtained
with the help of the equation:

IAE = (End of period animal value + sold animal value
+ slaughtered animal value) - (per year animal value +
purchased animal value)

If the result is negative (-), it is evaluated as an
expense item, namely, inventory value decrease. If the
result is positive (+), it is considered as operating
income, namely, an increase in inventory value (Kiral
et al., 1999).

RESEARCH FINDINGS and DISCUSSION

Socio-demographic and Economic Characteristics of
Dairy Farms

The dairy animal production status of farmers is given
in Table 1. The average number of dairy cattle per farm
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was 26 heads, lactation period (milking time) was 267
days, average daily milk yield per cow was 21.4 kg, the
amount of milk obtained in a lactation period was
5711.9 1t, and the milk sales price was 1.07 TL/lt.
Moreover, the annual milk income was 121816.6 TL,
the number of fattened cattle was 13.4, and the total
meat sold was 3347.7 kg/year. All farms are milking

Table 1. Production status of dairy farms
Cizelge 1. Siit igletmelerinin yapisi ve tiretim durumu

twice a day. All of the dairy cattle breeds in the farms
are cultural breeds. Approximately 86% of the farms
have Holstein breeds, while the remaining farms have
both Holstein and other culture breeds. There is no
statistical difference between farm size groups
according to the percentage of Holstein breeds owned
by the farms.

Average Standard Deviation
Number of dairy cattle (head) 25.70 26.44
Milking time (days) 266.91 35.34
Cow milk yield (kg/head/day) 21.40 3.26
Lactation yield (kg/head/year) 5711.87 236.52
Milk sales price (TL/1t) 1.07 0.08
Number of cattle (units) 13.36 19.11
Meat sold (kg/year) 3347.66 5 387.37
Total meat value sold (TL/year) 58715.18 959334.33
Milk income (TL/year) 121816.57 112876.45
Calf income (TL/year) 20270.91 7694.83

Both quantitative estimation and F-test results
illustrated a positive and statistically significant
difference between dairy farm size groups and the
number of dairy cattle, milk yield, milk production in
a lactation period, and milk sales price (Table 2).
According to the LSD confidence interval test; while

the difference in milk yield was caused by the first
group, the difference in milk sales price was
determined from the third group. As the farm sizes
increase, the number of dairy cattle in the farms, daily
milk yield per dairy cattle, milk production in the
lactation period and milk sales price increase (P<0.01).

Table 2. The number of dairy cattle, milk yield and prices by farms size group
Cizelge 2. Isletme geniglik gruplarina gore st sigirlarinin sayisi, siit verimi ve sut satis fiyatlar

Farm size groups Number of dairy Milk yield Lactation days Lactation yield Milk sales
(number of milk cows) cattle (head) (1t/head/day) (1t/head/day) (1t/head/ lactation) price (TL/It)
1st Group (5-14 head) 8.60¢ 20.26P 266.87 5405.57¢ 1.04¢
2nd Group (15-29 head) 22.04b 22.262 265.43 5908.47P 1.07b
3rd Group (30+head) 52.44a 22.472 268.41 6024.882 1.132
Average 25.70 21.40 266.91 5761.87 1.07
F-Test 59.938* 5.931* 0.038 6.021% 19.29*

(P value) (0.000) (0.004) (0.962) (0.000) (0.000)

*: Statistically important at a 1% significance level.

Use of Forage Crops in Farms

According to results, 71.3% of the producers applied
different feed rotations to their animals in the region.
The averages daily feed amounts given to the dairy
cattle, calves and heifers of the farms were researched
and explained in Table 3. According to results by farm
size groups, Group 3 enterprises give concentrated feed
(factory feed) to cattle, calf and heifer more than other
farms.

The production of maize silage has been increasing
gradually in recent years as it increases milk yield and
decreases the production cost in dairy cattle.
Considering the daily corn silage amount given at the
farms; The farm group that gives the most corn silage
is the third group with 18.3 kg/head/day for the cow,
while the second group for the calf (9.7 kg/head/day)
and the second group for the heifer (10.6 kg/head/day).

Another noteworthy point in the table is that the farms
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that give the most Straw to cattle, veal and heifers are
the ones in the second group. Moreover, the farms that
give the highest alfalfa to the cattle are the first group
farms, while the farms that give the highest alfalfa to
the calf and heifers are the second group.

Producers were asked if they produced roughage feed
for their animals, and according to the answers
received, 92.20% of the dairy cattle farms produced
roughage feed. According to previous researches,
90.70% of the dairy cattle farms in Izmir province
(Uygur, 2015) and 32.80% of the dairy cattle farms in
Kahramanmaras province (Ayman, 2014) produced
roughage feed.

Total cultivated area and forage plantation areas by
farm groups are given in Table 4. As the scales of the
farms grow, the total and forage crops cultivation areas
of the businesses tend to increase. When the
relationship between farm groups and the total farm
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Table 3. Feed amounts given to cattle, veal and heifer for one day by farm groups
Cizelge 3. Isletme geniglik gruplar itibariyle dana ve diveye bir giinlik verilen yem miktarlar:

The amount of daily feed given to a head of cattle per day as of the operating groups

Cattle Daily Feed Amounts (kg)

Farms size groups

Straw Hay Alfalfa Corn Silage Factory Feed
1st Group (5-14 head) 4.3 3.4 4.1 14.1 6.5
2nd Group (15-29 head) 5.7 4.3 3.2 17.2 6.9
3rd Group (30+head) 4.0 2.7 2.7 18.3 7.6

Feed amounts given for a daily head calf as of farm groups

Calf Daily Feed Amounts (kg)

Farms size groups

Straw Hay Alfalfa Corn Silage Factory Feed
1st Group (5-14 head) 3.1 2.1 2.0 8.5 4.2
2nd Group (15-29 head) 4.2 3.8 2.2 9.7 4.9
3rd Group (30+head) 3.0 2.0 1.7 8.7 5.5
Feed amounts given for a head heifer per day as of farm groups
Farms size groups Heifer Daily Feed Amounts (kg)

Straw Hay Alfalfa Corn Silage Factory Feed
1st Group (5-14 head) 3.4 2.1 3.3 8.8 3.7
2nd Group (15-29 head) 4.2 3.8 3.6 10.6 3.6
3rd Group (30+head) 2.9 2.3 2.1 10.0 4.3

area owned by farmers was tested by Anova,
significant differences were found between the groups.
The average total area of farms was 79.52 da and the
forage planting area was 39.46 da. According to the
LSD confidence interval, as farm size getting
increases, the total planting area and also forage
planting area are statistically getting increase
(P<0.01). On the other hand, the proportion of the
forage planting area within the total planting area was
49.6%. The second farm group had the highest forage

Table 4. Feed plant areas of farmers as of farm groups

planting area with 62.2%. But the shares by farm size
groups were not statistically different (P>0.05).

In his research for Aydin, Nizam (2006) reported that
the average total land of farmers is 128.31 da, the
forage planting area within the total area was 101.15
da (78.83%), Sahin et al. (2001) reported that, for the
province of Adana, the average total land assets of the
farmers was 132.3 da and the share of the forage
planting area in the total area was only 12.1 da (9.1%).

Cizelge 4. Isletme geniglik gruplarina gore igletmelerin yem bitkileri alanlary

Farm size groups Total area (da)

Forage production

The proportion of forage planting

area (da) area within total planting area (%)
1st Group (5-14 head) 38.36¢ 22.41¢ 58.40
2nd Group (15-29 head) 73.04P 45.43b 62.20
3rd Group (30+head) 144.632 79.882 55.20
Average 79.52 39.46 49.62
F-test 18.386* 12.920% 1.586
(P-value) (0.000) (0.000) (0.653)

*: Statistically important at a 1% significance level.

In dairy cattle farms, silage corn is produced more than
other products because producers want to obtain
affordable and quality feed (TUIK, 2014). While
Aegean Region is at the top of the silage maize
production in Turkey, this research determined that
the most common forage of cattle breeders in Izmir
province was the silage corn with 48.7%. The least
cultivated forage in the total forage cultivation area is
vetch with 1.60%. The second most planted forage by
the farmers was barley with 12.7% followed by
Karamba with 11.2%. Karamba plant has been one of
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the forages that producers have preferred after corn
silage in recent years due to its protein for dairy cattle
and its use as green feed in winter. Moreover, the share
of turnip plant, which balances milk yield in dairy
cattle in winter and is used as a green feed plant, is
6.6% in the feed plant cultivation area (Table 5). Dairy
farm owners also grow vegetables (potatoes,
cucumbers, tomatoes) and olives in the area left over
from forage crops. The silage corn cultivation rate of
the farmers in the study area was found to be higher
than the finding (42.10%) predicted by Nizam (2006)
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for Aydin province.

Looking at the current warehouse conditions for the
roughage and concentrated feed of dairy cattle farms;
the average roughage of the first group of farmers was
24.42 tons, and the concentrated feed was 4.58 tons. In
third group farms, the average available roughage was
135.34 tons, and concentrated feed was 34.54 tons
(Table 6). In the research area, the existing warehouse
assets increased in proportion to the dairy farm size.
When the relationship between farm size groups and
the roughage stock owned by farms was tested with
ANOVA, significant differences were found between
the groups (P<0.01). According to the LSD confidence
interval, the amount of roughage was statistically
increasing as the farm size increases.

Table 5. Forage crops grown by agricultural farms (%)
Cizelge 5. Tarimsal igletmeler tarafindan yetistirilen
yem bitkileri (%)

Products Percentages
Corn Silage 48.7
Barley 12.7
Karamba 11.2
Clover 8.1
Tourniquet 6.6
Wheat 6.1
Oats 3.0
Triticale 2.0
Vetch 1.6

Table 6. Roughage and concentrated feed amounts of farmers by farm size groups
Cizelge 6. Isletme geniglik gruplarina gore isletmelerin kaba ve konsantre yem miktarlari

Farm size | Presence of roughage Roughage feed Presence of concentrated Concentrated feed
groups feed (tons) (TL) feed (tons) (TL)

1st Group 24.42¢ 7391.32¢ 4.58 4293.10

2nd Group 109.02b 28658.89> 24.21 10131.67

3rd Group 135.34= 36484.072 34.54 12931.67
Average 78.85 21467.47 19.58 8572.82
F-test 8.461* 9.414* 1.816 1.668

(P value) (0.000) (0.000) (0.170) (0.196)

*: Statistically important at a 1% significance level.

Table 7 illustrates the situation of farmers meeting
their own needs from their roughage production.
According to results, 24.8% of dairy farmers had met
all of their own needs, 25.7% most of them, 30.70% half
of them, and only 3.0% did not meet their own needs.

Table 7. The status of meeting the need of roughage
produced by the dairy cattle farmers
Cizelge 7. Sut sigirciligr igletmelerinde tretilen kaba
yemin ihtiyaci kargilama durumu

Degree Number of dairy farms %

Never 3 3.00
Very little of it 16 15.80
Half 32 30.70
Most 26 25.70
Entire 25 24.80
Total 102 100.00

Economic Analysis of Dairy Production

Variable costs depending on the production amounts of
farms during the year consist of feed, labor, veterinary,
vaccine, and drug costs, etc. (Tokmak, 2009). The
variable costs of the farms in the research area are
shown in Table 8. Variable costs consisting of feed
costs, barn cleaning costs, milking costs, foreign labor
costs, veterinary drug cost, vaccinations, artificial
insemination costs, heating, cooling and lighting costs,
disinfection costs, were 33059,6 TL in the first group,
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70644,6 TL in the second group, 195604,7 TL in the
third group and the average of all farms was 104980,0
TL. Animal insurance costs were not included in the
variable costs because only one agricultural enterprise
in the group insured their animals. When we look at
farm groups; as the number of animals on the farm
increases, variable costs also increases. Feed costs
have the biggest share in variable costs.

Variable costs per animal milked by farm groups are
given in Table 9. Variable costs were found to be 3628.9
TL in small farm group, 3235.7 TL in middle farm
group, and 3637.7 TL in large farm group, a sizeable
advantage. Fixed costs were 1102.3 TL in the first
group, 577.8 TL in the second group and 398.5 TL in
the third farm group. As farm size grows, fixed costs
decrease and variable costs decreases for second farm
size group but increases for large farm size group.
Therefore, there may be significant economies of scale
in dairy milk production. Feed costs account for a large
proportion of total costs across farm sizes, but the
average feed costs do not appear to be a source of scale
economies, as they do not fall sharply with farm size.
Fixed costs fall sharply as farm size increases,
suggesting that large farms use their equipment and
structure more effectively. As a part of fixed costs,
labor costs per animal also fall quite sharply by farms
size group. Larger farms can also minimize the idle
time of farm equipment.
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Table 8. Average variable costs by farm size group (TL)

Cizelge 8. Isletme genislik gruplarina gore ortalama degisken maliyet (TL)

1st farm size 2nd farm size 3rd farm size
Type of Costs group group group Average
(5-14 head) (15-29 head) (30+ head)

Feed costs 26589.2 57537.3 169755.4 89200.1
Barn cleaning 403.8 1615.3 2676.6 1643.3
Milking costs 486.5 1296.7 2578.1 1523.3
Veterinarian, medicine and vaccine 2930.8 5680.0 12109.4 7205.7
Artificial insemination 829.2 1856.3 3062.5 1991.5
Heating, cooling and lighting 1560.8 2507.3 4512.5 2956.8
Costs of disinfection 259.2 151.7 296.3 236.0
Total variable expenses 33059.5 70644.6 194990.8 104756.7
Total fixed costs 10042.2 12614.1 21360.3 15034.6
Total Cost 43101.7 83258.7 216351.1 119791.3

Table 9. Variable costs per animal by farm size groups (TL/head)

Cizelge 9. Isletme genislik gruplarma gore hayvan basina degisken maliyetler (TL/Bas)

1st farm size 2nd farm size 3rd farm size
Type of Costs group group group Average
(5-14 head) (15-29 head) (30+ head)

Feed costs 2918.7 2635.4 3166.9 3010.8
Barn cleaning 44.3 74.0 49.9 55.5
Milking costs 53.4 59.4 48.1 51.4
Veterinarian, medicine and vaccine 321.7 260.2 225.9 243.2
Artificial insemination 91.0 85.0 57.1 67.2
Heating, cooling and lighting 171.3 114.8 84.2 99.8
Costs of disinfection 28.5 6.9 5.5 8.0
Total variable expenses 3628.9 3235.7 3637.7 3535.9
Total fixed costs 1102.3 577.8 398.5 507.5
Total Cost 4731.3 3813.5 4036.2 4043.4

The share of each cost on total variable costs is
illustrated in Table 10. As a result of the research, feed
costs constitute the highest cost among all farm groups
(85.15%), this percentage increases proportionally
from the first group (80.43%) to the third group
(87.06%). Increases in feed prices have substantial ef-
fects on costs. This result is similar to finding by
MacDonald et al. (2007) found that feed costs account
for a large share of total costs across farm sizes.

On the other hand, veterinarian, medicine and vaccine
cost (8.87%) constitutes the second important cost
type, and as the farm size groups, the percentage share
of veterinarian, medicine and vaccine cost decreases as
the farm size increases. At the same time, share of
heating, cooling and lighting cost and disinfection costs
decrease as farm size increases. But there was no
parallel changing between farm size and barn
cleaning, artificial insemination.

In the researched dairy farms, the total income, total
costs, gross and net profit per milked animal according
to the farm size groups are given in Table 11. Gross
profit is an important criterion in terms of using scarce
resources and determining competition in farms
(Oziidogru, 2012). Therefore, by comparing the gross
profit values per animal milked in the researched
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farms, the second group of farms is determined to be
more successful by using their production tools more
efficiently, while the average per animal milked gross
profit was 3885.27 TL. Total costs are declining as
farm size increases. The average total income per
animal was 7421.21 TL and the net profit was 3377.79
TL on average. Moreover, there was a statistical
difference in total revenue by farm size group. Besides,
total income for large farms were 12.7% above small
farms but costs for the small farms were 17.2% above
large farms. Because of the cost advantage of large
farms, gross and net profit of these farms was 26.1%
and 69.6% higher than small farms. Benefit-Cost Ratio
is 1.84 and seems highly feasible. This ratio indicates
that dairy farming in the region is economically
efficient and beneficial. Moreover, the Benefit-Cost
Ratio is increasing with the farm size. These results
are similar to the results observed by MacDonald et al.
(2007), Kumawat et al. (2014) and Datta et al. (2019).
For example, MacDonald et al. (2007) found that the
cost advantages of larger size allow large farms to be
profitable, on average, even while most small farms
were unable to earn enough to replace their capital.
The profit of 1 liter of raw milk was found as 0.44 TL
0.60 TL , and 0.67 TL for first, second and the third
group farms, respectively.



KSU Tarim ve Doga Derg 25 (3): 598-605, 2022
KSU J. Agric Nat 25 (3): 598-605, 2022

Arastirma Makalesi
Research Article

Table 10. The share of each cost types on total variable costs by farm size groups (%)
Cizelge 10. Isletme genislik gruplarina gore her bir maliyet tiiriiniin toplam degisken maliyetlerdeki orani (%)

1st farm size 2nd farm size | 3rd farm size
Type of Costs group group group Average
(5-14 head) (15-29 head) (30+ head)
Feed costs 80.43 81.45 87.06 85.15
Barn cleaning 1.22 2.29 1.37 1.57
Milking costs 1.47 1.84 1.32 1.45
Veterinarian, medicine and vaccine 8.87 8.04 6.21 6.88
Artificial insemination 2.51 2.63 1.57 1.90
Heating, cooling and lighting 4.72 3.55 2.31 2.82
Costs of disinfection 0.78 0.21 0.15 0.23
Total variable expenses 100.00 100.00 100.00 100.00

Table 11. Average total income, total cost, gross and net profit per milking animal by farm size groups (TL/Head)
Cizelge 11. Igletme genislik gruplarina gére ortalama gelir, maliyet, sagilan hayvan basina briit ve net kar (TL/

Bas)

Farm size groups Total Total Cost Gross Profit Net Profit Beneflt.- Cost
Revenue Ratio

1st Group (5-14 head) 7013.14 4731.25 3384.22 2281.89 1.48

2nd Group (15-29 head) 7257.09 3813.49 4021.36 3443.60 1.90

3rd Group (30+head) 7906.62 4036.23 4268.88 3870.39 1.96

Average 7421.21 4043.42 3885.27 3377.79 1.84

F-test 4.505* 3.808* 1.975 7.205% 4.557*

(P value) (0.014) (0.026) (0.145) (0.001) (0.013)

*! Statistically important at a 5% significance level.

CONCLUSSION and RECOMENDATIONS

The main objective of this study was to determine the
economic analysis of dairy cattle holdings. Turkey milk
production is rapidly shifting to larger dairy farms.
The results proved that the productivity and
profitability of dairy farming are positively affected by
the size of the dairy farm. Large dairy farms have
substantial cost advantages over smaller ones. Large
dairy farms in the region were much more likely to use
new technologies to increase their income and profit.
Results showed that large dairy farms had many
advantages on milk yield, milk prices, and high
production of feed planting, lower cost, higher return,
and profit. Given this, production should continue to
shift towards large dairy farms. It was determined that
92.20% of the farmers produced roughage itself.
However, their production does not meet all their
needs. It was observed that farmers with small-scale
enterprises had difficulty in producing roughage
because they did not have enough land. Farmers
should be provided with rental land by the Provincial
Directorates of Agriculture or they should provide
quality feed supply at an affordable price. It should be
noted that the feed inputs provided to small
agricultural farms are of high quality and affordable
prices so that the farmers will go to increase their
livestock and grow their farms. Most of the producers
apply different but unconscious rations to dairy cattle.
Since feed cost constitutes the most expensive item of
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a dairy farm, with the application of ration, feed costs
decrease, and the yield per animal increases. In
particular, all the farms dealing with dairy cattle
breeding should be informed about the ration
application by technical staff and the application
should be ensured.

The higher the yield obtained from the unit animal, the
higher the profit of the activity produced. For this
reason, regular records should be kept for dairy cattle
and these records should also be checked by the
Breeding Union or Agricultural District Directorates.
Cattle with higher productivity in regularly recorded
cattle are transferred to the next generation, so that
the yield can be increased. Moreover, in order to
achieve high productivity at low cost in enterprises,
ration application should be applied in feeding. The
instability of coarse and concentrated feed prices, high
prices and low milk prices put the animal enterprises
in the region in a difficult situation. This instability in
the market must be eliminated and the state should
support the farmers in this regard.
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ABSTRACT Fisheries
One hundred and seven samples were collected from sea surface from
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5 stations along the Jordanian coast of the Gulf of Aqaba. Overall,188
species were identified under six phytoplankton classes.

Dinoflagellates dominate sixty percent of the total species. Diatoms Article History

constituted 38% and other groups represented by 2%. The Received 28.03.2021
geographical distribution of the identified species, 37% cosmopolitan, Accepted - 01.07.2021
28% boreal-tropical, 17% tropical, 11% tropical-subtropical, 4% boreal, Keywords

2% arcto-boreal and% 1 was determined as subtropical. According to Gulf of Aqaba

ecological distribution, 88% of the species were marine and 12% Phytoplankton
marine-brackish origin. Also, 80% of the species were of pelagic origin, o

and 20% are benthic origin species. The phytoplankton species Bioccolosy

composition, phytogeographic and ecological distribution and species Bioscoeraphy

origins were presented from 2007 through 2008.
Akabe Kérfezi (Kizildeniz) Fitoplanktonunun Ekolojik ve Fitocografik Durumu ve Tiir Kompozisyonu
OZET

Agaba Korfezi Urdin kiyilarindan 5 istasyondan deniz yiizey

Su Uriinleri

suyundan 107 o6rnek toplanmistir. Genel olarak, 6 fitoplankton Aragtirma Makalesi
sinifina ait 188 fitoplankton tiru tespit edilmistir. Toplam tur

sayisinin %601 dinoflagellatlar tarafindan domine edilmistir. Toplam Makale Tarihgesi

tir sayisinin  %38ini  diatomlar ve %2’sini diger gruplar Gelig Tarthi  : 28.03.2021
olusturmustur. Tespit edilen turlerin cografi dagilimi;, % 37 Kabul Tarihi :01.07.2021

kozmopolit, % 28 boreal-tropikal, % 17 tropikal, % 11 tropikal-

subtropikal, % 4 boreal, % 2 arkto-boreal ve % 1 subtropikal olarak Anahtar Kelimeler

belirlenmigtir. Ekolojik dagilima gore turlerin % 88'1 deniz, % 12's1 Akabe Korfezi
deniz-ac1 su kokenlidir. Ayrica tiurlerin % 80'1 pelajik kokenlidir ve % Fitoplankton

20's1 bentik kokenli tiirlerdir. 2007-2008 déneminde fitoplankton tiir Tur kompozisyonu
kompozisyonu, fitocografik ve ekolojik dagilimi ve tiirlerin kokenleri Biyoekoloji
sunulmustur. Biyocografya
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INTRODUCTION

The Gulf of Aqaba, where the world's amazing tropical
coral reefs are located, is a particular marine area of
the coastal countries and the world. However, the Gulf
is under high pressure from different sources such as
urban and industrial pollution, shipping, port
activities and tourism (Mergner, 1981; Walker and
Ormond, 1982; Abu-Hilal, 1987; Abu-Hilal and
Badran, 1990; Abelson et al., 1999). There is a total of
13 km of coral reefs along the 27 km long Jordanian

coastline (Lazar et al., 2008). This intermediate and
around the reefs 1is surrounded by seagrass
(UNEP/IUCN, 1998). Around 30-40% of untouched
natural areas along the coastline have been destroyed
and transformed into a port and industrial zone in the
last 25 years (Abu-Hilal, 1997). Besides, Aqaba Port
was declared as a "Special Economic Zone" in 2001.
Industrial and port activities continue to increase since
this process (Khalaf and Kochzius, 2002).

Four significant changes highlighting the threat of
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eutrophication were observed in the region: (1)
dissolved inorganic nitrogen in the deep-water pool, (2)
deep oxygen depletion, (3) increased growth rate of
macroalgae in between coral reefs (4) and increased
organic content in the sediment. These findings
emphasize the dangers encountered in future
eutrophication in the Gulf (Genin, 2005).

Studies on Red Sea phytoplankton composition are
very few. The low number of phytoplankton species in
the Red Sea and the representation of a large part of
the composition (> 95) with ultraplankton (8um) are
characteristic when compared to other seas (Lindell
and Post, 1995; Post et al., 2002; Al-Najjar et al., 2007).
In previous studies to reveal the composition, a limited
number of samples were collected in the short term.
The phytoplankton species composition was ignored in
most studies (Weikert, 1987; Sommer, 2000; Sommer
et al., 2002).

The clear/clean seawater is one of the most critical
assets of the Gulf of Agaba's coastal populations.
Because of these waters' high quality, the world-
renowned coral reef community has survived for
thousands of years. It is a unique hot-spot of
biodiversity and a repository and refuge of threatened
species.

However, there is overwhelming evidence that the Gulf
of Agaba's reefs have been declining both in live coral
cover and in the biodiversity of corals and associated
biota in recent years. The concomitant changes in the
phytoplankton, whose structure and function are
significant to the survival of coral reefs, are also
important.

This study provides a taxonomic evaluation of
phytoplankton species composition in the Gulf of
Aqaba using microscopic analyses. In addition to that,
the phytogeography and ecological status were
revealed.

MATERIALS and METHOD

Sampling Area

The Gulf of Agaba lies between the Sinai Peninsula
and the Arabian coast and is a part of the great Syrian-
East Africa Rift (Gregory, 1921) (Figure 1). There are
two major basins in the Gulf: the northern one
extending south to Nuweiba with a maximum depth of
1000 m, and the southern one, rising to the Straits of
Tiran with a maximum depth of 1800 m. The water
mean annual temperature of the is 23.0 °C. Due to the
exceptionally intense evaporation (average 200 cm per
year) (Godeaux, 1986), the salinity exceeds oceanic
salinity and research values of 41.0-42.0 %.. Surface
water salinity increases progressively from south to
the north. The Gulf of Aqaba is considered oligotrophic
based on chlorophyll-a values (0.024-0.522 mg m3) and
primary productivity measurements (36 cg m2 year-1)
(Oren, 1970; Azov, 1986; Berman et al., 1986; Kimor,
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1990; Sommer et al., 2002; Badran et al., 2005; Al-
Najjar et al., 2007). 5 stations were selected to
represent Jordan's continental shelf in Aqaba Bay
(Figure 1).
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Figurel. Location of the sampling stations in the study
area
Sekil 1. Istasyonlarin c¢alisma alanindaki konum-
lar1
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Phytoplankton Sampling and Analyzing

A total of 107 samples were collected from sea surface
at five stations along the Gulf of Agaba's Jordanian
coast from January to December 2007 and January to
October 2008 (Figure 1). Phytoplankton samples were
taken from surface from each station by using Niskin
type universal water sampler (5 1). Sea water samples
fixed with acidic-lugol iodine solution (2.5-3.0 cc 1)
and transported to the laboratory (Sukhanova, 1978).

A Sedwick-Rafter counting chamber was used for the
micro-phytoplanktonic species with a cell diameter
over 15 um. Cell numbers (1) were counted under Nikon
Eclippse E600 at various magnifications. Nano-
phytoplanktonic species with a cell diameter <15 pm
were mounted on glass slides (0.01 ml) and examined
under the same microscope at high magnifications.

The following sources were used for species
identification: Cupp,(1943), Kiselev (1950), Proshnika-
Lavienko (1955), Rampi and Bernhard (1980),
Senichkina (1986), Hillebrand et al. (1999). Taxonomy
of species is organized according to AlgaeBASE (Guiry
and Guiry, 2021). To establish the ecological and
phytogeographical characteristics of the
phytoplankton the following sources were used:
Heimdal (1989), Medlin and Priddle (1990),
Makarevich and Larionov (1992) and Druzhkov and
Makarevich (1999).

RESULTS
Species Composition
The phytoplankton species collected at the sampling
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stations in 2007-2008 is given in Table 1. A total of 188
species was determined in which Bacillariophyceae
was represented by 28 genera and 35 species;
Coscinodiscophyceae was represented by 11 genera
and 20 species; Mediophyceae was represented by 13
genera and 17 species; Dinophycaeae by 21 genera and
112 species; Coccolithophyceae by 1 genus and 1
species and Dictyochophyceae was represented by 2
genera and 3 species. From the species diversity, 60%
were represented by dinoflagellates, 38% by diatoms
and 2% by the other classes.

When the number of phytoplankton species were

examined at the genus level, it was found that
dinoflagellates contained the genera with the highest
number of species. The highest number of species are
from the Dinophyceae class: Tripos (29 species),
Protoperidinium (18 species), Oxytoxum (12 species),
Dinophysis (7 species), Prorocentrum (7 species),
Gonyaulax (5 species) and Histioneis (4 species); from
the Bacillariophyceae class: Licmophora (3 species);
from the Coscinodiscophyceae class: Actinoptychus (2
species), Coscinodiscus (3 species) and Rhizosolenia (3
species); from the Mediophyceae class: Chaetoceros (4
species) have been identified.

Table 1 Taxonomic composition of the Jordan shores of the Gulf of Aqaba (Red Sea) in 2007-2008 (Phyto-Geographical Group-
PG, C: Cosmopolitan species, A-B: Arcto-boreal species, B: Boreal species, B-T: Boreal-tropical species, T: Tropical
species, T-ST: Tropical-subtropical species, ST: Subtropical species; Ecological Group-EG, M: Marine species, MB:
Marine and Brackishwater species; Geographical Origin-GO, b: benthic-originated species, p: pelagic-originated
species; Prevailing field-PF, P: Pelagial, B: Benthal, m: Mobil substratum, h: Hard substratum)

Cizelge 1. Akabe Korfezi (Kizil Deniz) 2007-2008 dénemi taksonomik kompozisyonu (Fito-Cografik Grup-PG, C: Kozmopolit
tiir, A-B: Arkto-boreal tiir, B: Boreal tiir, B-T: Boreal-tropikal tiir, T- Tropikal tiir, T-ST- Tropikal-subtropikal tiir, ST
Subtropikal tiir; Fkolojik Grup-EG, M. Denizel tiir, MB: Denizel ve Acisu tiir; Cografik Koken-GO, b: bentik orijinli
tiir, p- pelajik orijinli tiir; Bulunus Alani-PF, P: Pelajik, B: Bentik, m: Hareketli substratum, h- Sert substratum)

Sampling Phytogeographical-
SPECIES LIST Years Ecological Status

2007 2008 PG EG-GO PF
BACILLARIOPHYCEAE - + C M-b PBm,h
Achnanthes adnata Bory 1822 + C M-b PBm,h
Achnanthes armillaris (0.F.Miiller) Guiry 2019 + + C M-b PBm,h
Amphora lineolata Ehrenberg 1838 + + T-ST  MB-b PBm,h
Campylodiscus neofastuosus Ruck & Nakov 2016 + + T-ST M-b PBm,h
Campylodiscus sp. + T-ST  M-b PB
Coronia decora (Brébisson) Ruck & Guiry 2016 + + T-ST M-b PB
Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin 1964 + + C M-b PBm,h
Diploneis interrupta (Kiitzing) Cleve 1894 + + C MB-b PBm,h
Diploneis sp. + C MB-b PBm,h
Fragilaria sp. + C MB-b PBm,h
Grammatophora marina (Lyngbye) Kiitzing 1844 + C M-b PBm,h
Halamphora coffeiformis (C.Agardh) Mereschkowsky 1903 + C MB-b PBm,h
Licmophora ehrenbergii (Kiitzing) Grunow 1867 + + C MB-b PBm,h
Licmophora flabellata (Greville) C.Agardh 1831 + + C M-b PBm,h
Licmophora gracilis (Ehrenberg) Grunow 1867 + + C M-b PBm,h
Lyrella lyroides (Hendey) D.G.Mann 1990 + + T-ST MB-b  PBm,h
Mastogloia sp. + T-ST  MB-b PBm,h
Meuniera membranacea (Cleve) P.C.Silva 1996 + C MB-b PBm,h
Navicula sp. + C MB-b PBm,h
Nitzschia longissima (Brébisson) Ralfs 1861 + + B M-b Bh
Nitzschia tenuirostris Mer. + + B M-b Bh
Petrodictyon gemma (Ehrenberg) D.G.Mann 1990 + + T-ST  M-b PBm,h
Plagiodiscus nervatus Grunow 1867 + C M-p PBm
Pleurosigma angulatum (J.T.Quekett) W.Smith 1852 + + C MB-b PBm
Stenopterobia heribaudii (Playfair) Playfair + + C M-b PB
Striatella unipunctata (Lyngbye) C.Agardh 1832 + + C M-b PB
Surirella hybrida Grunow 1881 + T-ST M-b PBm,h
Synedra sp. + C M-b PBm
Tabellaria fenestrata (Lyngbye) Kiitzing 1844 + C M-p PBm
Thalassionema nitzschioides (Grunow) Mereschkowsky 1902 + C M-p PBm,h
Thalassiothrix longissima Cleve & Grunow 1880 + A-B M-p P
Trachyneis aspera (Ehrenberg) Cleve 1894 + + C M-b PBm
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SPECIES LIST Years Ecological Status
2007 2008 PG EG-GO PF
Tryblionella compressa (Bailey) Poulin 1990 + + B-T M-p PB,m
Ulnaria ulna (Nitzsch) Compére 2001 - + C M-b PBm
COSCINODISCOPHYCEAE
Actinocyclus octonarius Ehrenberg 1837 + + B-T M-p PBm
Actinoptychus senarius (Ehrenberg) Ehrenberg 1843 + + B-T M-p PBm
Actinoptychus splendens (Shadbolt) Ralfs 1861 + + B-T M-b PBm
Asterolampra marylandica Ehrenberg 1844 + C M-p P
Asteromphalus flabellatus (Brébisson) Greville 1859 + C M-p P
Coscinodiscus centralis Ehrenberg 1839 + + B-T M-p PBm
Coscinodiscus perforatus Ehrenberg 1844 + + B M-p PBm
Coscinodiscus radiatus Ehrenberg 1840 + + C M-b PBm,h
Guinardia delicatula (Cleve) Hasle 1997 + + T-ST M-p PBm
Guinardia flaccida (Castracane) H.Peragallo 1892 + + T-ST  M-b PBm
Melosira sp. + B-T M-b Bm,h

Neocalyptrella robusta (G.Norman ex Ralfs) Hernandez-Becerril & Meave del

Castillo 1997 M BT M-b Bm,h
Proboscia alata (Brightwell) Sundstrom 1986 + + C M-p P
Proboscia indica (H.Peragallo) Hernandez-Becerril 1995 + B-T M-p P
Pseudosolenia calcar-avis (Schultze) B.G.Sundstréom 1986 + + B-T M-p P
Rhizosolenia imbricata Brightwell 1858 + + B M-p P
Rhizosolenia setigera Brightwell 1858 + B M-p P
Rhizosolenia styliformis T.Brightwell 1858 + + B M-p P
Triceratium favus Ehrenberg 1839 + + B-T MB-p P
Triceratium sp. + - B-T MB-p P
MEDIOPHYCEAE

Auliscus sculptus (W.Smith) Brightwell 1860 - + C M-b PBm
Bacteriastrum delicatulum Cleve 1897 - + B-T M-p P
Biddulphia alternans (Bailey) Van Heurck 1885 + - C M-p P
Chaetoceros brevis F.Schiitt 1895 - + ST M-p P
Chaetoceros decipiens Cleve 1873 + + A-B M-p P
Chaetoceros lauderi Ralfs ex Lauder 1864 + T-ST  M-p P
Chaetoceros lorenzianus Grunow 1863 + B-T M-p PB,m
Climacodium frauenfeldianum Grunow 1868 + B-T M-b PB,m
Hemiaulus hauckii Grunow ex Van Heurck 1882 + - B-T M-p P
Lampriscus shadboltianum (Greville) Peragallo & Peragallo 1902 + + B-T MB-p P
Leptocylindrus danicus Cleve 1889 + + C M-p PBm
Odontella aurita (Lyngbye) C.Agardh 1832 + B-T MB-p PB,m
Skeletonema costatum (Greville) Cleve 1873 + C M-p PB,m
Terpsinoé americana (Bailey) Ralfs 1861 + - B-T MB-p P
Thalassiosira eccentrica (Ehrenberg) Cleve 1904 + + A-B M-p PBh
Thalassiosira leptopus (Grunow) Hasle & G.Fryxell 1977 + C M-b B,m
Toxarium undulatum Bailey 1854 + C M-p P
DINOPHYCEAE

Acanthogonyaulax spinifera (Murray & Whitting) H.W.Graham 1942 + B-T M-p P
Actiniscus pentasterias (Ehrenberg) Ehrenberg 1844 + + C M-p P
Amphisolenia bidentata B.Schréder 1900 + + C M-p P
Ceratocorys armata (Schiitt) Kofoid 1910 + + T M-p P
Ceratocorys gourretii Paulsen 1937 + + T M-p P
Ceratocorys horrida Stein 1883 + + T M-p P
Corythodinium constrictum (F.Stein) F.J.R.Taylor 1976 + + T M-p P
Corythodinium milneri (G.Murray & Whitting) F.Gémez 2017 + T M-p P
Corythodinium tesselatum (F.Stein) Loeblich Jr. & Loeblich III 1966 + B-T M-p P
Dinophysis argus (Stein) Abé 1967 - + C M-p P
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SPECIES LIST Years Ecological Status

2007 2008 PG EG-GO PF
Dinophysis acuminata Claparéede & Lachmann 1859 + - B M-p P
Dinophysis amandula (Balech) Sournia 1973 + + C M-p P
Dinophysis caudata W.S.Kent 1881 + B-T M-p P
Dinophysis doryphorides (P.A.Dangeard) Balech 1967 + + B-T M-p P
Dinophysis fortii Pavillard 1924 + + B-T M-p P
Dinophysis sphaerica F.Stein 1883 + C M-p P
Diplopsalis lenticula Bergh 1881 - + C MB-p P
Fragilidium sp. + B-T M-p PB,m
Gonyaulax birostris Stein 1983 + + B-T M-p P
Gonyaulax monacantha Pavillard 1916 + + B-T M-p P
Gonyaulax polygramma F.Stein 1883 + + B-T M-p P
Gonyaulax scrippsae Kofoid 1911 + + B-T M-p P
Gonyaulax spinifera (Claparéde & Lachmann) Diesing 1866 + + B-T M-p P
Gyrodinium helveticum (Penard) Y. Takano & T.Horiguchi 2004 + + C M-p P
Gyrodinium britannia Kofoid & Swezy 1921 + C M-p P
Gyrodinium fusiforme Kofoid & Swezy 1921 + + T,A-B M-p P
Gyrodinium spirale (Bergh) Kofoid & Swezy 1921 - + B-T M-p P
Histioneis elongata Kofoid & J.R.Michener 1911 + + T M-p P
Histioneis joergensenii J.Schiller 1928 + T M-p P
Histioneis longicollis Kofoid 1907 + T M-p P
Histioneis sphaeroidea Rampi 1947 - + T M-p P
Lingulodinium polyedra (F.Stein) J.D.Dodge 1989 + + B-T M-p PB,m
Ornithocercus magnificus F.Stein 1883 + T M-p P
Ornithocercus quadratus Schitt 1900 + T M-p P
Oxytoxum caudatum Schiller 1937 + T M-p P
Oxytoxum depressum J.Schiller 1937 - + C M-p P
Oxytoxum globosum Schiller 1937 + - B-T M-p P
Oxytoxum longiceps Schiller 1937 + T M-p P
Oxytoxum longum J.Schiller 1937 + + T M-p P
Oxytoxum minutum Rampi 1941 + T M-p P
Oxytoxum mitra (F.Stein) Schroder 1906 + T M-p P
Oxytoxum parvum J.Schiller 1937 + + B-T M-p P
Oxytoxum rampii Sournia 1973 + T M-p P
Oxytoxum sceptrum (F.Stein) Schroder 1906 - + B-T M-p P
Oxytoxum scolopax F.Stein 1883 + + B-T M-p P
Oxytoxum tesselatum (F.Stein) Schiitt 1895 + + T M-p P
Parahistioneis acutiformis Rampi 1947 + T M-p P
Phalacroma mitra F.Schutt 1895 + + C M-p P
Phalacroma porodictyum F.Stein 1883 + C M-p P
Phalacroma rapa F.Stein 1883 + C M-p P
Phalacroma rotundatum (Claparéde & Lachmann) Kofoid & J.R.Michener 1911 + + C M-p P
Podolampas bipes F.Stein 1883 + + T M-p P
Podolampas palmipes Stein 1883 + + T M-p P
Podolampas spinifera Okamura 1912 + + T M-p P
Prorocentrum cordatum (Ostenfeld) J.D.Dodge 1976 + + B-T M-p P
Prorocentrum lima (Ehrenberg) F.Stein 1878 + + C M-p PB,h
Prorocentrum maximum (Gourret) J.Schiller 1931 + + B-T M-p P
Prorocentrum micans Ehrenberg 1834 + + C M-p PB.,h
Prorocentrum obtusum Ostenfeld 1908 + + C M-p PB,h
Prorocentrum rotundatum J.Schiller 1918 + B-T M-p P
Prorocentrum triestinum J.Schiller 1918 + B-T M-p P
Protoperidinium bipes (Paulsen) Balech 1974 + C M-p P
Protoperidinium brochii (Kofoid & Swezy) Balech 1974 + + C M-p P
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SPECIES LIST Years Ecological Status

2007 2008 PG EG-GO PF
Protoperidinium cerasus (Paulsen) Balech 1973 + + C MB-p P
Protoperidinium claudicans (Paulsen) Balech 1974 + + C MB-p P
Protoperidinium conicum (Gran) Balech 1974 + C M-p P
Protoperidinium crassipes (Kofoid) Balech 1974 + + B-T M-p P
Protoperidinium curvipes (Ostenfeld) Balech 1974 + + B-T M-p P
Protoperidinium depressum (Bailey) Balech 1974 + + C M-p P
Protoperidinium diabolus (Cleve) Balech 1974 + T-ST  M-p P
Protoperidinium divergens (Ehrenberg) Balech 1974 + C M-p P
Protoperidinium elegans (Cleve) Balech 1974 + C M-p P
Protoperidinium excentricum (Paulsen) Balech 1974 + + B-T M-p P
Protoperidinium granii (Ostenfeld) Balech 1974 + + C MB-p P
Protoperidinium pallidum (Ostenfeld) Balech 1973 + C MBp P
Protoperidinium pellucidum Bergh 1881 + + C MB-p P
Protoperidinium saltans (Meunier) Balech 1973 + - B-T M-p P
Protoperidinium steinii (E.G.Jorgensen) Balech 1974 + + B-T M-p PB,m
Protoperidinium thulesense (Balech) Balech 1974 + B-T M-p P
Pyrocystis elegans Pavillard 1931 + B-T M-p P
Pyrocystis fusiformis C.W.Thomson 1876 + + C M-p P
Pyrocystis lunula (Schiitt) Schiitt 1896 + + C M-p P
Scrippsiella acuminata (Ehrenberg) Kretschmann, Elbréachter, Zinssmeister,
S.So[gmer, Kirsch, Kusber & Gottsc%ﬂing 2015 * * BT Mp PB,m
Tripos arietinus (Cleve) F.Gémez 2013 + + T M-p P
Tripos belone (Cleve) F.Gémez 2013 + - T M-p P
Tripos candelabrum (Ehrenberg) F.Gémez 2013 + + T-ST M-p P
Tripos carriensis (Gourret) Hallegraeff & Huisman 2013 + - T-ST  M-p P
Tripos compressus (Gran) F.Gémez 2013 + T-ST  M-p P
Tripos contortus (Gourret) F.Gémez 2013 + T-ST  M-p P
Tripos declinatus (G.Karsten) F.Gémez 2013 + T-ST M- P
Tripos deflexus (Kofoid) Hallegraeff & Huisman 2020 + C M-p P
Tripos extensus (Gourret) F.Gémez 2013 + T M-p P
Tripos furca (Ehrenberg) F.Gémez 2013 + + C M-p PB,m
Tripos fusus (Ehrenberg) F.Gémez 2013 + + C M-p PB,m
Tripos gibberus (Gourret) F.Gémez 2013 + - T-ST M-p P
Tripos hexacanthus (Gourret) F.Gémez 2013 + T-ST M- P
Tripos horridus (Cleve) F.Gémez 2013 + + B-T M-p P
Tripos incisus (Karsten) F.Gémez 2013 + B-T M-p P
Tripos kofoidii (E.G.Jorgensen) F.Gémez 2013 + ST M-p P
Tripos limulus (Pouchet) F.Gémez 2013 + B-T M-p P
Tripos lineatus (Ehrenberg) F.Gémez 2013 + + B-T M-p P
Tripos longissimus (Schroder) F.Gémez 2013 + + T M-p P
Tripos macroceros (Ehrenberg) Hallegraeff & Huisman 2020 + + C M-p P
Tripos massiliensis (Gourret) F.Gémez 2013 + + B-T M-p P
Tripos minutus (E.G.Jergensen) F.Gémez 2013 + T M-p P
Tripos muelleri Bory 1826 + + C M-p PB,m
Tripos pavillardii (E.G.Jergensen) F.Gémez 2013 + T M-p P
Tripos pentagonus (Gourret) F.Gémez 2013 + + T M-p P
Tripos platycornis (Daday) F.Gémez 2013 + T M-p P
Tripos ranipes (Cleve) F.Gémez 2013 + + T M-p P
Tripos teres (Kofoid) F.Gémez 2013 + + T-ST  M-p P
Tripos trichoceros (Ehrenberg) Gémez 2013 + + T-ST  M-p P
COCCOLITHOPHYCEAE
Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler 1967 + + C M-p PBm,h
DICTYOCHOPHYCEAE
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Sampling Phytogeographical-
SPECIES LIST Years Ecological Status
2007 2008 PG EG-GO PF
Dictyocha fibula Ehrenberg 1839 + + C M-p PBm,h
Octactis speculum (Ehrenberg) F.H.Chang, J.M.Grieve & J.E.Sutherland 2017 + + C M-p PBm,h
Octactis octonaria (Ehrenberg) Hovasse 1946 + + B-T M-p PBm,h

Phytogeographical and Ecological Compositions

65% of the species belonging to the Bacillariophyceae
class have been determined as cosmopolitan species,
23% tropical-subtropical species, 6% boreal species, 3%
boreal-tropical species and 3% arcto-boreal species.

50% of the  species belonging to the
Coscinodiscophyceae class have been determined as
boreal-tropical species, 20% cosmopolitan species, 20%
tropical species and 10% tropical-subtropical species.

41% of the species belonging to the Mediophyceae class
have been determined as boreal-tropical species, 35%
cosmopolitan species, 12% arcto-boreal species, 6%
tropical-subtropical species and 6% subtropical
species.

30% of the species belonging to the Dinophyceae have
been determined as cosmopolitan species, 30% boreal-
tropical species, 29% tropical species, 9% tropical-
subtropical species, 1% boreal species and 1%
subtropical species.

The only sampled species belonging to the
Coccolithophceae class, FEmiliania huxleyi is a
cosmopolitan species.

67% of the species belonging to the Dictyochophyceae
have been determined as cosmopolitan species and
33% boreal-tropical species.

Different types of phytoplankton classes are examined
and have been identified as marine species according
to ecological groups. 69% of the species belonging to the
Bacillariophyceae class are marine species and 31%
are marine-brackish species, 90% of the species

belonging to the Coscinodiscophyceae class are marine
species and 10% are marine-brackish species, 82% of
the species belonging to the Mediophyceae class are
marine species and 18% are marine-brackish species,
95% of the species belonging to the Dinophyceae class
are marine species and 5% are marine-brackish species
and the species belonging to the Coccolithophceae and
Dictyochophyceae classes have been identified as
marine species (Table 1).

When phytoplankton classes are evaluated according
to their geographical origins, it has been determined
that 86% of Bacillariophyceae species are benthic
originated species and 10% are pelagic originated
species, 75% of Coscinodiscophyceae species are
pelagic originated species and 25% are benthic
originated species and 82% of Mediophyceae species
are pelagic originated species and 25% are benthic
originated species. All species belonging to
dinoflagellates, coccoliths and silicoflagellates have
been identified as pelagic originated species.

The phytogeographic status of the phytoplankton
groups was examined, it was found that 47% of
diatoms, 30% of dinoflagellates and 75% of the other
groups were represented by cosmopolitan species.
Marine species dominate 78% of diatoms, 95% of
dinoflagellates and all other groups. It was determined
that 53% of the species belonging to the diatom group
as Dbenthic originated species, and the species
belonging to dinoflagellates and other groups were
determined as pelagic originated species (Table2 ).

Table 2 The phytogeographical and ecological characteristics of the phytoplankton groups (C: Cosmopolitan species, A-B: Arcto-
boreal species, B: Boreal species, B-T: Boreal-tropical species, T: Tropical species, T-ST: Tropical-subtropical species,
ST: Subtropical species; M: Marine species, MB: Marine and Brackishwater species; p: pelagic-originated species, b:

benthic-originated species)

Cizelge 2. Fitoplankton gruplarinin fitocografik ve ekolojik ézellikleri (C- Kozmopolit tiir, A-B: Arkto-boreal tiir, B: Boreal tiir,
B-T: Boreal-tropikal tiir, T° Tropikal tiir, T-ST: Tropikal-subtropikal tiir, ST Subtropikal tiirs M- Denizel tiir, MB:
Denizel ve Acisu tiir; p: pelajik-orijinli tiir, b’ benthic-orijinli tiir)

p ) -
Phytoplankton Groups % Phyto-Geographical Group T

C A-B B B-T T T-ST ST %
Diatom 47 4 8 25 - 15 1 100
Dinoflagellate 30 - 1 30 29 9 1 100
Other 75 - - 25 - - - 100
% Ecological Group T % Geographical Origin T

Phytoplankton Groups v VB % 5 b %
Diatom 78 22 100 47 53 100
Dinoflagellate 95 5 100 100 - 100
Other 100 - 100 100 - 100




KSU Tarim ve Doga Derg 25 (3): 606-616, 2022
KSU J. Agric Nat 25 (3): 606-616, 2022

Arastirma Makalesi
Research Article

DISCUSSION and CONCLUSION

The limited number of phytoplankton species
composition studies conducted in Gulf of Agaba and
the Red Sea are given in Figure 2. Halim (1969)
identified 209  phytoplankton  species (125
dinoflagellates, 84 diatoms) covering the entire Red
Sea. Dowidar et al. (1978) detected 224 species (111
dinoflagellates, 112 diatoms) in their studies off the
coast of Saudi Arabia. In another study conducted off
the coast of Saudi Arabia (Shaikh et al., 1986), 283
species (110 dinoflagellates, 137 diatoms) were
reported. Madkour et al. (2007) detected 181
phytoplankton species (117 dinoflagellates, 60
diatoms) in their study in the northern Red Sea, which
includes the Gulf of Aden and the Gulf of Aqaba. In the
study, 184 phytoplankton species (113 dinoflagellates,
71 diatoms) were identified, including 148 (97
dinoflagellates, 51 diatoms) in 2007 and 131 (76
dinoflagellates, 55 diatoms) in 2008. In 2007-2008, 4
species were identified from other groups.

The number of phytoplankton species identified in this
study has more than the number of species (Total: 137,
49 diatoms, 88 dinoflagellates) detected in Gulf of
Aqaba in Madkour et al.'s (2007) study. Also, compared
to other studies, the number of species in this study is
less than the previous studies. The number of
dinoflagellate species found in this study is in parallel
with previous studies. The decrease in the total
number of species is due to the number of diatom
species identified in this study. The low number of
diatom species compared to other reviews can be
explained by the method of this study. In previous
studies, samples were taken with plankton net and at
the same time, sampling was made from the whole
water column. The samples were taken from the
surface water in this study using Niskin bottle. Studies
carried out in the Red Sea have shown that species
diversity decreases towards the north (Halim, 1969;
Weikert, 1987).

160 1 smDiatom = Dinoflagellate
140 -
4
2120 -
2. 100 -
w
S 80 A
g 60 -
E 40
4
20 -
0 -

1969 1978 1986 2006

Sampling Years

2007

2008

Figure 2. Diatom-dinoflagellate species numbers determined in studies conducted in the Red Sea (1969: Halim,
1969; 1978: Dowidar et al., 1978; 1986: Shaikh et al., 1986; 2006: Madkour et al., 2007; 2007-2008: This

study)

Sekil 2. Kizildeniz'de yapilan ¢alismalarda belirlenen diatom-dinoflagellat tiir sayilar: (1969 Halim, 1969; 1978-
Dowidar ve ark., 1978; 1986: Shaikh ve ark., 1986, 2006: Madkour ve ark., 2007, 2007-2008: Bu calisma)

In studies conducted in the Red Sea, the low number of
diatom species has been characterized as typical.
Halim (1969) reported that the number of diatom
species decreased dramatically, especially in warm
periods (June-October period), and even was not
encountered from time to time. Madkour et al. (2007)
also reported that the number of diatom species
decreased especially in the late spring-early autumn
periods. This study is also in parallel with other
studies. It is striking that the number of diatom species
is scarce, especially during the 2008 hot period. Studies
have reported that the qualitative and quantitative
scarcity of diatom and dinoflagellate species is due to
limited nutrient input and grazing, especially on
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diatoms (Sommer, 2000; Sommer et al., 2002; Al-
Najjar et al., 2007). Especially in experimental studies,
the scarcity of diatom and dinoflagellate species was
attributed to the movements of the nutrient cycle in
the gulf from the bottom to the surface and from the
surface to the bottom (Sommer, 2000).

A genus with the highest number of species were
determined as 7ripos, Protoperidinium, Oxytoxum,
Dinophysis, Prorocentrum, Gonyaulax, Licmophora,
Actinocyclus,  Coscinodiscus,  Rhizosolenia  and
Chaetoceros have been identified in this study.
Diatoms tend to collapse into deep water when
turbulence in the body of water decreases and
nutrients are depleted. Dinoflagellates can stay in the
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euphotic zone because of their movements, and so,
explaining its high diversity in surface waters
(Spector, 1984). Dinoflagellates have adapted very well
to the high temperature values of the Red Sea
(especially in the summer period) (Halim, 1969).
Nutrient increase and vertical stratifications triggered
by winter monsoons do not affect dinoflagellates
because of their high adaptability to the region's
environmental conditions (Halim, 1969; Sommer,
2000; Al-Najjar, 2007). Neoceratium (Tripos) genus is
the most crucial dinoflagellate genus in tropical waters
(Dowidar, 1983). It has been determined that the
Neoceratium genus has the highest number of species
in all studies conducted in the region (Halim, 1969;
Dowidar, 1983; Madkour et al., 2007). Madkour et al.
(2007) stated that the genera Neoceratium,
Protoperidinium, Chaetoceros, Rhizosolenia and
Nitzschia are dominant in terms of number of species.
Subra Rao and Al-Yamani (1998) reported that the
most critical genera they identified in their study in
the Persian Gulf were Chaetoceros, Coscinodiscus,
Rhizosolenia, Neoceratium, Protoperidinium and
Prorocentrum.

When the prevalence of species in the community was
examined spatially and temporally, it was found that
the following were observed as constant species,
including Coscinodiscus perforatus, Thalassiosira
eccentrica, Dictyocha fibula, Ceratocorys armata,
Gymnodinium helveticum, Gyrodinium fusiforme,
Tripos arietinus, Tripos furca, Tripos Ilineatus, Tripos
macroceros, Tripos teres, Phalacroma rotundatum,
Prorocentrum  micans, Protoperidinium  steinii,
Pyrocystis  fusiformis,  Scrippsiella  acuminata,
Triceratium favus and Emiliania huxleyi. This result
shows remarkable similarities with the constant
species that Madkour et al. (2007) obtained from
samples taken from many stations in the Red Sea,
including the Gulf of Aqgaba, between 2005-2006.
Halim (1960) reported the Nitszchia delicatissima,
Leptocylindrus danicus, Hermesinum adiraticum,
Chaetoceros affinis, Cerataulina bergoni, Chaetoceros
decipiens, Biddulphia rhombus, Exuviaella cordata,
Skeletonema costatum, Chaetoceros curvisetus,
Hemiaulus sinensis, Chaetoceros costatus, Rhizsolenia
hebetata semispina and Chaetoceros socialls species
detected in study on the coasts of Egypt in 1956 as the
constant species of the region. Kimor et al. (1987)
reported that the species Dbelonging to the
Rhizosolenia- Chaetoceros  genus, Thalassiothrix
frauenfeldii and Gymnodinium sp. species are constant
species that show distribution in layers close to surface
water.

The results of this study were similar to the
phytogeographic composition obtained in previous
studies in the region. In our research, most of the
phytoplankton species were found to be cosmopolitan
species (> 50%), besides boreal-tropical species and
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subtropical species were also determined. Most of the
identified species are marine species. In previous
studies, more than 60% of the species composition
consists of cosmopolitan, tropical, and subtropical
species characteristic of the Indo-Pacific Region
(Halim, 1960; 1969, Dowidar et al., 1978; Shaikh et al.,
1986; Madkour et al., 2007).

The dynamics of phytoplankton compositions are
significantly influenced by the physical and chemical
properties of the water column (Lindell and Post 1995;
Labiosa et al., 2003; Laiolo et al., 2014). The effect of
the Gulf trophic level, including the mesotrophic
conditions in winter and oligotrophic conditions in
summer and autumn, is crucial to phytoplankton
groups relative changes.

The thermal stratification and low nutrient level
suppress the small-scale organisms such as Emiliania
huxleyi throughout the year and revealing that these
organisms are more advantageous in low nutrient
concentration in surface waters. This condition may be
due to high nutrient uptake efficiency, large surface:
small volume structures, or low nutrient requirements
(Genin et al., 1995; Al-Qutob et al., 2002; Mackey et al.,
2007).

Studies on large groups of phytoplankton should be
included in the scope of long-term monitoring
programs to control the increasing eutrophication
pressure in the Gulf of Aqaba and on the coral reefs,
which are very important for the region. In addition to
this, it is necessary to regularly monitor not only along
the Jordanian part of the Gulf but also in all Gulf of
Aqaba's territorial waters.
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ABSTRACT Fisheries
In this study, accumulation of aluminium (Al) in the gill, liver and _
muscle of Oreochromis niloticus were determined following exposure Research Article

to Al (0, 1, 2 and 4 ppm) alone and in combination with chitosan (10

ppm) for 7, 14 and 21 days. Aluminium concentrations in the tissues Article History

were measured by ICP-MS. There were no fish mortality and apparent Received 04062021
morphological or behavioural changes after 21 days of exposure Accepted 212:08:202]1
duration. Al concentrations of the tissues increased significantly Keywords

(P<0.05) in both Al alone exposures and Al+chitosan combination Aluminium

exposures and following order was found in Al accumulation among Chitosan

the tissues; Gill>Liver>Muscle. Data also showed that chitosan Interaction

significantly (P<0.05) reduced the accumulation of Al in the tissues. Accumulation
This study suggests that chitosan may be used as an effective chelate Fish

in Al contaminated waters and emphasizes Al burdens in commercial

fish species from contaminated waters for human health point of view.

Aliminyum’un Oreochromis niloticusun Solungag, Karaciger ve Kas dokularindaki Birikimi ile
Kitosan'in Doku Aliiminyum Birikimi Uzerine Etkileri

OZET Su Uriinleri

Bu calismada, aliiminyum (Al)’un tek basimna (0, 1, 2 ve 4 ppm) ve

kitosan (10 ppm) ile birlikte etkilerine 7, 14 ve 21 giin siire ile maruz Aragtirma Makalesi

kalan Oreochromis niloticusun solungag, karaciger ve Kkas

dokularinda Al birikimi belirlenmigtir. Dokulardaki aliiminyum Makale Tarihgesi
duzeyleri ICP-MS ile ol¢ulmustiir. Yirmi bir gin sonunda baliklarda Gelis Tarithi  :04.06.2021
6lim ve belirgin bir morfolojik degisim veya davranigsal bozukluk Kabul Tarihi :12.08.2021
gorulmemistir. Hem tek basina Al etkilerinde hem de Al+kitosan

kombinasyonlarinda dokularin Al diizeyleri anlamlh (P<0.05) olarak Anahtar Kelimeler
artarken, dokular arasinda Al birikimini bakimindan su siralamada Aliminyum
gorulmustur; Solunga¢>Karaciger>Kas. Veriler ayrica kitosan'in Kitosan

dokularda Al birikimini &énemli 6l¢iide (P<0.05) azalttigim1 da Etkilesim
gostermigtir. Bu ¢alisma, kitosan'in Al ile kirlenmig sular ic¢in etkili Birikim

bir selat olarak kullanilabilecegini 6ne siirmekte ve Al kirlenmesinin Balik

oldugu alanlarda insan tiiketimi agisindan balik dokularindaki Al
yikiiniin toksisitesini vurgulamaktadir.
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INTRODUCTION aquatic systems are the main receivers for
Developments in science and technology have contaminants released to the environment, the
increased the use of heavy raw metal materials in environmentalists worry about the increase in the
industry and consequently resulting an increasing contaminant loads of waters. The uncontrolled

their discharges into aquatic systems. Because the discharges of wastes to the aquatic environments can
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cause significant changes in the physical and chemical
qualities of waters and finally affect the health of
aquatic biosystem (Sidra et al., 2018). Some metals
such as Cd, Hg, Pb and As do not have any known
function in biological systems and they can be very
toxic to fish even at low concentrations. On the other
hand, fish need the essential metals (Cu, Zn, Fe, Mn,
Mo, Co, Se) at trace levels for their metabolisms.
However, even the essential metals can be toxic to fish
above certain threshold levels (Abbasi and
Khayatzadeh, 2012).

Al is one of the most abundant metal in the earth's
crust and used widely in different areas of industry
including automotive, aerospace, packaging,
construction materials, catalysts, ammonium nitrate
explosives and waste water treatment plants. Al can
directly enter to the aquatic ecosystems via various
discharges and also indirectly enter the aquatic
systems by washing up the soil and rocks due to the
acid rains (Wood et al., 2012). Studies conducted with
aquatic organisms showed that Al inhibited the active
ion uptake by inhibiting ATPases and altered the ion
regulation, causing development disorder and reduced
swimming performance (Authman, 2011; Azmat et al.,
2012). It was also shown that Al can cause the lipid
peroxidation and alter the biochemical and
haematological parameters in the blood (Camargo et
al., 2009).

In the aquatic systems, some organic and inorganic
materials such as EDTA (Ethylene diamine tetra
acetic acid), NTA (Nitrilo tri acetic acid), DTPA
(Diethylene triaminepenta acetic acid), DFO
(Deferroxamine),  DFP  (Deferiprone),  zeolite,
clinopylolite and chitosan are widely used as a chelate.
Chitosan is a linear amino polysaccharide obtained
from deacetylation of chitin in the exoskeleton of
crustaceans and arthropods in alkaline environment.
It has been determined that chitosan has the capacity
to strongly adsorb heavy metals such as Hg, Cu, Niand
Zn (McKay et al., 1989). Chitosan has low toxicity,
biological applicability, easy to obtain and low cost.
These characteristics of chitosan could make it widely
used remediation material in contaminated aquatic
systems (Samarakoon et al., 2003).

Freshwater fish O. niloticusis widely distributed in
fresh waters in the tropical and subtropical climate
zone. It has high resistant to diseases, salinity and
pollutants that make them desirable culture fish.
Therefore, tilapias are widely consumed fish species in
the tropical and subtropical regions. However,
resistance to pollutants may cause great amounts of
metal accumulations in their tissues that end up in the
feed of humans. Because the chronic exposures of
subletal concentrations of metals cause their
accumulations in fish tissues and chitosan is an
effective chelate in removing metals from the aquatic
systems, this work was undertaken to investigate the
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chronic accumulation of Al in tissues of O. niloticus and
effects of chitosan in tissue accumulation of Al.

MATERIALS and METHODS

In this study, freshwater fish O. niloticus (13.0 + 3.0
cm in length and 35.0 £ 1.2 g in weight) were used for
the experiments. Fish were obtained from the
Aquaculture Unit of the Faculty of Fisheries (Mersin
University) and transported to the laboratory where
the experiments were carried out (the Basic Sciences
Research Laboratory). Fish were kept in glass
aquariums (40x100x40 cm) for one month until they
were adapted (12 h light/ 12 h dark) to the
experimental conditions. Some physical and chemical
characteristics of experimental waters were measured
daily and presented in Table 1. In the experiments, 5
fish were randomly allocated to 7 glass aquariums
(40x100x40 cm) for each experimental period (7, 14 and
21 days) and a total of 21 aquariums (105 fish in total)
were used for all experiments. About 120 L of 1, 2 and
4 ppm Al solutions were added in the first three out of
7 aquaria and the other three aquaria was filled with
the 1, 2 and 4 ppm aliiminium solutions together with
10 ppm chitosan solutions. The last aquarium was
filled with the same amount (120L) of tap water and
used as control. Sublethal concentrations of
aluminium (0, 1, 2, 4 ppm Al) were determined using
our preliminary studies and also literature data guided
in determination of the test concentrations (Noureen,
2017; Canli et al., 2018; Canli and Canli, 2020). Fish
were exposed to Al concentrations alone and also
together with 10 ppm chitosan. An acetic acid solution
(1%) was used in preparing the stock solution of
chitosan (Aldrich, GR, Deacetylation > 75). The
aquaria of control fish did not contain Al or chitosan.
Experiments were carried out using the semi-static
test protocol, renewing exposure media every day. Fish
were fed once a day with a commercial fish food (Pellets
No: 2, Izmir, Turkey) during the experiments, serving
them approximately 2% of their total biomass at the
same day of water renewal.

Table 1. Some physical and chemical properties of
water in experimental aquariums
Cizelge 1. Deney akvaryumlarindaki suyun bazi
fiziksel ve kimyasal ozellikleri
Temperature 22+ 1°C
Total alkalinity 331 + 0.5 mg CaCOs/L
Total harness 259.3 £5.82 ppm CaCOs

Dissolved Oxygen 6.6 + 0.5 mg/L
pH 7.4+0.7
Heavy Metal Analysis

At the end of the exposure periods, fish were removed
from exposure aquariums and anesthetized with an
anesthetic substance MS 222 (Tricaine methane -
sulphonate 75 mL/L) (Cicik et al., 2004). They were
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rinsed with tap water and dissected using clean
equipment. Liver, gill and muscle tissues were taken
out carefully from each fish and put into petri dishes
and placed in an oven set at 150 °C. The tissues were
kept in the oven for 48 hours until they reached to
constant weights. Then, the tissues were weighed to
the nearest mg and put into the digestion tubes. All the
tissues were digested in 2 ml of nitric acid (HNOs, 65%,
s.g. 1.40, Merck) and 1 ml perchloric acid (HC1O4, 60%,
s.g. 1.53, Merck) mixtures on a hot plate set to 120 °C
for 3 h (Muramoto, 1983). Digested samples were
transferred to polyethylene tubes and ultrapure water
was added onto them to obtain a final volume of 10 ml.
Al levels in the tissues were measured using an ICP-
MS and IAEA-407 (International Atomic Energy
Agency) samples prepared from fish tissue homogenate
were used as reference material to check the validity of
the measurements (IAEA, 2003).

Statistical Analyses

A statistical package program SPSS v.16.0 IBM Corp.,
Armonk, NY, USA) was used to analyse data. Before
statistical tests, the homogeneity of variance was
checked. One-way ANOVA test was first applied to
data and significant (P<0.05) results were re-analysed
by post-hoc tests (SNK) to estimate groups differing
from controls (see Figure 1, 2, 3).

RESULTS and DISCUSSION

The present data demonstrated that significant
(P<0.05) accumulation of Al occurred in the gill, liver
and muscle of O. niloticus comparing to controls (Figs.
1, 2, 3). Additionally, tissue accumulation of Al
increased in relation to increases in exposure
concentrations and exposure periods. However, the
presence of chitosan in the exposure mediums reduced
significantly (P<0.05) the accumulation of Al in the
tissues (Figs. 1, 2, 3). The present data demonstrated
that chitosan affected the uptake of Al by fish, possibly
reducing bioavailability of Al and suggested that it
could be an effective chelate for Al contaminated
waters. As it is well known, heavy metal accumulation
in fish tissues is determined as a results of the uptake,
excretion, storage and transformation processes which
are regulated by homeostatic mechanisms. However,
continuous exposures to metals deactivate homeostatic
mechanisms and accumulation increases in tissues,
eventually causing toxic effects (Javed and Usmani,
2017). The gill plays vital roles in the uptake of metals
as it 1is responsible for the respiration and
osmoregulation in fish and is also the main target
organ for toxic substances (Heath, 1995). The effects of
different chelates in Al accumulation by Cyprinus
carpio (Muramoto, 1981). The authors demonstrated
that exposure of fish to the subletal concentrations of
different Al  compounds  (AlCls.6H:O0  and
Al2(S04)3.18H:20) increased Al accumulation in tissues,
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though Al levels in tissues reduced sharply when fish
were exposed Al and chelates (EDTA or NTA)
combinations. Their findings were similar to the
present data, as the highest accumulation occurred in
the gill following exposure to Al alone and together
with chitosan (Figure 1A). This is apparently due to
the fact that the gills are in direct interaction with
exposure waters, so that the gill accumulate more Al
compared to the other tissues. The other reason for this
might be the retention of Al by binding to sialic acid
residues in the mucus covering the gill surface
(Muramoto, 1981).

Effects of toxic xenobiotic on mortality in the aquatic
organisms vary depending on various factors such as
toxic potential of xenobiotic, duration and
concentration of exposure, chelates, temperature and
biology of species in concern. Although there was no
fish mortality in the present study, Rao and Kumar
(2014) demonstrated that there was fish mortality
(Channa punctatus) following exposure to 0.001 M Al
on the 30th day and 80% of the fish died at the end of
60th of exposure period. In a study conducted with O.
niloticus, the 96 hour LC50 value for Al was found to
be 68.03+0.86 mg/L and the lethal concentration was
111.00+10.02 mg/L: (Noureen, 2017). Chelates used to
remove pollutants from the medium can also cause fish
mortality if they are used in high levels. The lethal
effects of EDTA (0.5 g/L) in O. niloticus (Janes et al.,
1998) and chitosan (0.075, 0.75 ppm) in Oncorhynchus
mykiss (Bullock et al., 2000) were evident, as the fishes
died in a few days. However, no fish mortality occurred
following exposures to Al alone or together with 10
ppm chitosan up to 21 days in the present study,
indicating the concentrations of both Al and chitosan
were not in the range of lethal concentrations for
tilapias.

Fish react to changing environmental conditions by
changing their behaviour. There were behavioural
changes such as impaired swimming movements, lack
of food intake, orientation to the aquarium surface and
increase in operculum movements in studies conducted
with O. mykiss (Rod et al., 1992) and Brachydanio
rerio (Anandhan and Hemalatha, 2008). In the present
study, similar behavioural changes were observed in
fish after exposure to Al and Al+chitosan combinations
at the beginning of the experiments, but these changes
returned to normal at the end of the exposures. This
can be attributed to the response of fish to changing
environmental conditions and adaptation.

Heavy metals absorbed through the gills are primarily
transported to the liver via the circulatory system. The
liver is a metabolically active organ in which toxic
substances are detoxified (Heath, 1995). Azmat et al.
(2012) found that there were significant accumulations
in the liver of fishes (Catla catla, Labeo rohita,
Cirrihinus mrigala) after exposure to Al. Similarly, the
present data also demonstrated that there were
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significant accumulations of Al in the tissues of O. great amount of Al in the liver may result from the
niloticus following exposure to Al alone and in retention of Al in the liver by binding to metal-binding
combination with chitosan (Fig 2). Accumulation of proteins such as metallothionein and glutathione.
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Figure 1. Accumulation of aluminium in the gill tissues of O. niloticus following exposure to Al alone and Al+chitosan mixture
for 7, 14 and 21 days.

*=SNK; Letters s, t, X, y, w, z and a, b, ¢ show differences among concentrations and exposure periods at a given tissue. Data
shown with different letters are significant at the P<0.05 level.

Sekil 1. Al'un tek bagsina ve kitosan ile birlikte 7, 14 ve 21 gtin stirelerle etkisinde O. niloticus’'un solungag¢ dokularindaki birikim

diizeyleri.

*=SNK: s, t, x, y, w, z derisgimleri; a, b, ¢ harfleri etkide kalma siireleri arasindaki farkliliklar gosterir. Farkli harflerle
gosterilen veriler arasinda P<0.05 diizeyinde istatistik ayrim vardir.
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Figure 2. Accumulation of aluminium in the liver tissues of O. niloticus following exposure to Al alone and Al+chitosan mixture
for 7, 14 and 21 days.

*=SNK; Letters s, t, X, y, w, z and a, b, ¢ show differences among concentrations and exposure periods at a given tissue. Data
shown with different letters are significant at the P<0.05 level.

Sekil 2. Al'un tek basina ve kitosan ile birlikte 7, 14 ve 21 giin siirelerle etkisinde O. niloticus’un karaciger dokularindaki

birikim diizeyleri.

*=SNK: s, t, x, y, w, z derisimleri; a, b, ¢ harfleri etkide kalma siireleri arasindaki farkliliklar: gosterir. Farkli harflerle
gosterilen veriler arasinda P<0.05 diizeyinde istatistik ayrim vardir.

As it is well known, the muscle is the main consumable Hemalatha, 2009). Similarly, Al nanoparticles
part of fish by humans. Although muscle tissue is not accumulated in O. niloticus, lowest accumulation
an active in terms of metal accumulation, it is very occurring in muscle tissues (Abdel-Khalek et al., 2020).
important for public health due to the transport of Similarly, the present data also demonstrated that the
metals to the diet of humans through the food chain. It lowest Al accumulation occurred in muscle tissue
was determined that muscle tissue of B. rerio showed (Figure 3) compared to the gill and liver, suggesting
the lowest Al accumulation following exposure to Al relatively lower metabolic activity of the muscle.

(5.69 and 17.08 ppm) up to 28 days (Anandhan and
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Figure 3. Accumulation of aluminium in the muscle tissues of O. niloticus following exposure to Al alone and Al+chitosan

mixture for 7, 14 and 21 days.

*=SNK; Letters s, t, X, y, w, z and a, b, ¢ show differences among concentrations and exposure periods at a given tissue. Data
shown with different letters are significant at the P<0.05 level.
Sekil 3. Al'un tek basina ve kitosan ile birlikte 7, 14 ve 21 gtin siirelerle etkisinde O. niloticus’un kas dokularindaki birikim

diizeyleri.

*=SNK: s, t, x, y, w, z derisimleri’ a, b, ¢ harfleri etkide kalma siireleri arasindaki farkliliklar1 gésterir. Farkli harflerle
gosterilen veriler arasinda P<0.05 diizeyinde istatistik ayrim vardir.

Chitosan is a very strong adsorbent for heavy metals
due to the nitrogen content of amino groups (Qin et al.,
2003). The effects of adsorbents on metal toxicity
differ. It has been determined that while chitosan
increases copper accumulation in the gill tissue in
Clarias gariepinus, it reduces the accumulation in the
liver (Tungsoy et al. 2016). Similarly, it has been
determined that DFO and DFP in C. mrigala reduced
Al accumulation in liver, kidney, gill and muscle
tissues (Sivakumar and Khatiwada, 2012). The
present data are in accord with the literature data, as
chitosan reduced the accumulation of Al in the gill,
liver and muscle tissues. This shows that chitosan
forms a complex with Al and prevents its binding to
active surfaces and finally reduces the uptake by fish.

CONCLUSION

The effects of Al (1, 2 and 4 ppm) alone and together
with chitosan (10 ppm) in different exposure periods
(7, 14 and 21 days) resulted significant accumulation
of Al in the gill, liver and muscle tissues of O. niloticus.
Highest accumulation occurred in the gill, while the
lowest accumulation was in the muscle. The effect of Al
together with chitosan reduced the accumulation of Al
in the tissues compared to Al alone exposures. Finally,
this study suggests that chitosan may be used as an
effective chelate in contaminated waters.
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OZET

Bu c¢alisma biberiye yapraklarindan elde edilen ekstraktin yonca
otunun in vitro metan (CH4) {iretimine, gercek sindirim derecesine
(GSD), taksimat faktériine (TF), mikrobiyal proteinine(MP) ve
mikrobiyal proteinin sentezleme etkinligine (MPSE) etkisini
saptamak i¢in diizenlenmistir. Biberiye ekstrakti yonca otunun in
vitro gaz, CHs, GSD, TF, MP ile MPSE degerlerlerini 6nemli derecede
etkilemistir (P<0.001). Yonca otunun in vitro gaz iiretimi 92.80 ml ile
109.16 ml/500 mg kuru madde (KM) arasinda degismistir. Agustos
ayinda hasat edilen biberiye ekstrakti ve kurutularak ekstraksiyon
yapilan grup hari¢ diger gruplarda in vitro gaz lretimini 6nemli
diizeyde artirmistir (P<0.001). Biberiye ekstrakt: CHs iiretimini hem
ml, hem de % olarak 6nemli derecede artirmis ve sirasiyla; 14.66-25.36
ml ile %15.76- %25.36 arasinda saptanmistir. Biberiye ekstrakti
yonca otunun GSD’ni 6nemli derecede diigirmiis ve GSD %67.07-
%72.50 arasinda bulunmustur. Biberiye ekstrakti ilavesi mikrobiyal
protein Uretimini ve sentezleme etkinligini 6nemli derecede
azaltmistir (P<0.001). Mikrobiyal protein {iretimi 85.56 mg ile 140.20
mg arasinda olmustur. Eylil ayinda elde edilmis taze biberiye
ekstraksiyonu en disik MP ve MPSE neden oldugu saptanmastir.
Sonu¢ olarak biberiye ekstraktinin mikrobiyal protein, sindirim
derecesi ve CH4 Uretimindeki olumsuz etkisinden dolayr ruminant
rasyonlarinda kullanimi 6nerilmemektedir.

ABSTRACT

The current experiment was conducted to determine the effect of
rosemary extract on in vitro methane production, tru digestibility,
partitioning factor, microbial protein and efficiency of microbial
protein production of alfalfa hay. Rosemary extract significantly
(P<0.001) affected the in vitro gas production, methane production,
true digestibility, partitioning factor, microbial protein and efficiency
of microbial protein of alfalfa hay (P<0.001). The gas production
ranged from 92.80 ml to 109.16 ml/500 mg dry matter. The gas
production significantly increased with supplementation of rosemary
extract except for that of supplemented with dry rosemary extract
obtained by drying and that of in August (P<0.001). The highest gas
production was obtained in group that supplemented with fresh
rosemary extract obtained in September. Rosemary extract
significantly increased the methane production in both ml or %. The
methane production in both ml and % ranged from 14.66 to 25.36 ml
and %15.76 to 25.36, respectively. Rosemary extract significantly
decreased true digestibility of alfalfa hay. The true digestibility
ranged from %67.07 to 72.50. Supplementation of rosemary extract
significantly decreased microbial protein production and efficiency of
microbial protein production. Microbial protein ranged from 85.56 to
140.20 mg. The lowest microbial protein production and efficiency of
microbial protein production were obtained in group of supplemented
with fresh rosemary extract obtained in September. As a conclusion,
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rosemary extract is suggested to use in ruminant diets to manipulate
the ruminal fermentation due to negative effect on microbial

production, digestibility and methane production.
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GIRIS kurutulmus ve 1 mm elekten gegirilerek 6guitilmis

Hayvan beslemede antibiyotiklerin kullaniminin
yasaklanmasi sonrasi, antibiyotiklere alternatif olacak
ve insan sagligina zararli olmayan sekonder
metabolitleri tzerinde durulmustur. Bu alanda
yapilan calismalarla bitki ekstraklarinin ruminant
beslenmede yem katki maddesi olarak kullaniminin
ontinti acmistir (Patra ve ark. 2006; Agarwal ve ark.

2006; Salem 2019; Sinsz ve ark, 2019). Bu alanda
yurutilen calismalarin temel amaci hayvanin
performansini olumsuz etkilemeden, rumen

fermantasyonunu modifiye etmek, CHi {iretimini
azaltmak, enerji ve proteinin kullanim etkinligini
artirmaktir (Patra ve ark. 2006; Agarwal ve ark. 2006;
Salem 2019; Sinsz ve ark, 2019). Ruminant
hayvanlarin trettikleri enterik CHi gaz1 kiresel
1sinmaya neden olan karbondioksitten (CO2) sonra
ikinci 6nemli sera gazidir (Van Nevel and Demeyer,
1996). Enterik CHs {iretimi sera gazi emisyonunu
artirma yaninda, ruminant hayvanlarda Onemli
diizeyde enerji kaybina neden oldugu bildirilmektedir
(Jonhson ve Jonhson 1995). Rasyona tanen, saponin ve
esansiyal yag ilavesiyle ruminantlarda enterik CHjs
uretimini azaltmaya yo6nelik c¢aligmalar artmigtir
(Wina ve ark. 2005, Temizkan ve ark. 2011;
Jayanegara ve ark. 2015; Zhou ve ark. 2020). Son
zamanlarda  enterik  metam1  azaltmak  igin
hazirlanmasi ve kullanimi kolay bitki eksraklarida
ruminant rasyonlarinda kullanilmaya baslanmagtir.
Bitki ekstraklarinin saponin, terponoids, fenolikler,
fenolik glikosidler, tanin, alkoloidler ve esansiyel
yaglar igerdigi ve rumen fermentasyonunu degistirme
potansiyeline sahip oldugu yapilan ¢alismalarla ortaya
konmustur (Salem ve ark. 2011; Bodas ve ark. 2012).
Tibbi ve aromatik bitki olan biberiye (Rosmarinus

officinalis L.) Dbitkisi esansiyel yag ve tanin
bakimindan zengin (Damianova ve ark. 2010)
olmasindan dolay1 rumen  fermantasyonunu
degistirmek i¢in 6nemli bir aday oldugu

distinilmistir. Bu arastirma; biberiye ekstraktinin
ruminantlarda rumen fermentasyonu, CHy tiretimi ile
rumen mikrobiyal biyokitlesine etkisini saptamak
amaciyla diizenlenmistir.

MATERYAL ve METOD
Yem ve Rumen Sivis1i Mataryeli

Arastirmanin yem materyalini ¢igeklenme donemi
hasat edilmig ve 105°C’de etiivde 24 saat siireyle
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yonca otu (Medicago sativa) olusturmustur. Rumen
svist rumen kantilli 3 bag koc¢tan alinmis ve rumen
sivist alinan koglarin bakim ve beslenmesinde etik
ilkere uyulmustur. Calismanin yapilabilmesi i¢cin KSU
Hayvan Deneyleri Yerel Etik Kurulundan (28.07.2017
tarih ve 2017/5-1 sayili toplant1) izin alinmigtir.

Biberiye Ekstraktinin Hazirlanmasi

Biberiye bitkisinin Agustos-Eylil aylarinin yas ve
golgede kurutulmus halinin yapraklar1 ayr1 ayr1 5 g
tartilip vida kapakli cam sisenin igine 50 ml %20’ lik
metanol-etanol karigsimi ile birlikte karigtirilarak
konulmustur. U¢ giin boyunca bekletilen karigim
biberiye bitkisinden siiziilerek elde edilmistir.

In Vitro Gaz ve Metan Uretiminin Belirlenmesi

Yonca otunun in vitro gaz uretimi Menke ve ark.
(1979)’n1n uyguladiklar: teknige gore yapilmistir. 0.5 g
yonca otu 100 ml cam siringalara konmus ve tizerine
40 ml tamponlanmis rumen sivis1 ilave edilmistir.
Hazirlanan bu siringalara Agustos ve Eylil aylarinin
elde edilen biberiye ekstraklarindan 1 ml ilave edilmisg
ve 39°C’de 24 saat inklibasyona birakilmigtir. Rumen
sivist  1.5-2 yaslarinda fistal takilmis 55-60 kg
agirligindaki iki ko¢dan alinmigtir. Alinan rumen
svist 1:2 oraninda tampon ¢ézeltisiyle karistirilmigtir.
Koclar yasama paymimn 1.25 kati dlizeyinde
beslenmiglerdir. Ko¢lara ad-libitum su verilmistir.

Uretilen gazin CH4 igerigi Infared metan analiz
cihaziyla saptanmistir (Goel ve ark. 2008). 24 saat
inkiibasyon stiresi sonunda siringa icerigi kullanilarak
mikrobiyal biyokitle uretimi Blummel ve ark.
(1997)nin bildirdikleri yonteme gore saptanmis ve
asagidaki egsitlikler ile hesaplanmistir. Yonca otunun
gercek sindirilebilir kuru madde (g) (GSKM), gercek
sindirim derecesi (GSD), taksimat faktoria (TF),
mikrobiyal protein (MP), mikrobiyal sentezleme
etkinligi (MPSE) degerleri Blummel ve ark, (1997)
bildirdigi metoda gére yapimigtir.

GSKM (mg) = Inkiibe edilen KM (mg) — Kalan KM (mg)
GSD (%) = (GSKM / Inkiibe edilen KM)

TF = GSKM / GU

MP (mg/g KM) = GSKM — (GU X 2,2 mg/ml),

MPSE = (GSKM — (GU X 2.2 mg/ml))/GSKM.

Kimyasal Analizler
Yonca yonca otunun kuru madde (KM), ham kiil (HK),
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ham protein (HP), ham yag (HY), icerikleri AOAC
(19907 a gore belirlenmistir. Yonca otunun asit
deterjan fiber (ADF) ve nétr deterjan fiber (NDF)
icerigiise Van Soest (1991)’ in uyguladig1 yonteme gore
saptanmistir.

Istatistik Analizler
Arastirmadan elde edilen verilerin istatistiki olarak
degerlendirilmesinde ortalamalar arasindaki

farklihiklarin saptanmasinda varyans analizi (General
Linear Model) (Statistica, 1996), goriilen farkliliklarin
onem seviyelerinin belirlenmesinde ise Tukey ¢oklu
karsilastirma testinden yararlanilmistir (Snedecor ve
Cochran, 1967).

BULGULAR ve TARTISMA

Ciceklenme donemi hasat edilmis yoncanin besin
madde kompozisyonlar:

Ciceklenme doneminde hasat edilmis yonca otunun
kimyasal kompozisyonu Cizelge 1’ de verilmigtir.

Cizelgel. Ciceklenme donemi hasat edilen yoncanin
kimyasal kompozisyonu
Table 1. Chemical composition of alfalfa hay harvested
during flowering

Besin maddeleri %
Kuru Madde (KM) 92.6
Ham Kiil (HK) 9.5
Ham Protein (HP) 16.5
Ham Yag (HY) 1.2
Noétral Deterjan Lif (NDF) 46.3
Asit Deterjan Lif (ADF) 29.9

Bu calismada kullanilan yonca otunun kuru madde,
ham kul, ham protein ve nétral deterjan lif icerigi
Kamalak ve ark. (2011) bildirdigi degerlerle uyumlu,
asit deterjan lif ve ham yag igerigi daha dusik
bulunmusgtur. Bu farkliligin yoncanin hasat zamana ile
yetisme bolgesindeki farkliliklardan kaynaklandigi
soylenebilir.

Biberiye eksraktinin yonca otunu fermentasyon
parametrelerine ve sindirim derecesi tizerine etkisi

Biberiye eksraktinin yonca otunun fermentasyon ve
sindirim derecesi tizerine etkileri saptanmis ve Cizelge
2’de verilmigtir. Biberiye eksrakti yonca otunun in viro
gaz uretimi, CHy4 iretimini, gercek sindirim derecesini,
mikrobiyal protein iiretimini ve mikrobiyal protein
sentezleme etkinligini 6nemli diizeyde etkilemistir
(P<0.001). Bu calismada, fermentasyon sonucunda
yonca otunun in vitro gaz uretimi 92.80 ml ile 109.16
ml/500 mg KM arasinda degismistir. Agustos ayinda
hasat edilen biberiye ekstrakti, hasat edilen ve
kurutularak ekstraksiyon yapilan grup hari¢ 6nemli
derecede in vitro gaz Uretimini artirmigtir. Eylil
ayinda hasat edilen ve taze biberiye ekstraksiyonu en
yuksek gaz TUretime neden olmustur. Biberiye
ekstrakti CH4 tiretimini hem ml olarak hem de %’de
olarak 6nemli derecede artirmis olup fermentasyona
tabi tutulan yoncanin CHy iiretimi sirasiyla 14.66 ml
ile 25.36 ml arasinda, %15.76 ile %25,36 bulunmustur.
Metan tiretimi kontrol grubu hari¢ yaklasik iki katina
¢ikmigtir.

Cizelge 2. Biberiye eksraktinin yonca otunun rumen fermantasyon parametreleri ve sindirim derecesine etkisi
Table 2. The eftect of rosemary extract on the rumen fermentation parameters and digestion degree of alfalfa.

Parametreler K BAY BAK BEY BEK O.D.
Gaz (ml) 92.80°+3.46 100.13b£3.21 96.80b+4.73 109.162+£1.53 104.468b+2.08 ***
CH4 (ml) 14.66b+0.51 25.36a+0.50 23.02:4+1.22 24.862+1.57 24.202+1.38  **¥
CHy4 (%) 15.76¢+0.07 25.362+1.29 23.802b+0.34 22.76+1.15 23.20ab+1,13  ***
GSD (%) 72.502+0.62 69.733b+1.37 67.07°+1.05 69.06+0.87 68.13h+1.26  **¥
TF 3.732+0.13 3.30+0.19 3.30+0.16 3.0000.07 3.100+0.03 *kd
MP (mg) 140.202+6.99 110.20+15.75  105.82+10.76  85.56¢+6.91 92.50bc+4.28  *k*
MPSE (%)  40.732+2.05 33.26+3.95 33.00+3.34 26.25¢+1.77 28.69bc+().65  **¥

abeAyny simgeye sahip ve aymi satirda yer alan ortalamalar arasinda fark yoktur (P>0,05), O.D: Onemli diizeyi, GSD: Gergek
sindirim derecesi (%), TF: Taksimat faktori, MP: Mikrobiyal protein iliretimi (mg), MPSE: Mikrobiyal protein sentezleme

etkinligi (%), *** P<0.001.

Biberiye ekstrakti yonca otunun gergek sindirim
derecesini 6nemli derecede diistirmiistiir (P<0.001).
Yonca otunun gercek sindirim derecesi %67.07 ile
%72.50 arasinda bulunmustur. Agustos ayinda hasat
edilen ve yag olarak elde edilen biberiye ekstrakti harig
diger biberiye ekstraktlari yoncanin gercek sindirim
derecesini disirmistiir. Farklh zaman ve sekilde elde
edilen biberiye ekstrakt: yonca otunun TF degerini de
onemli derecede diiglirmiistiir. Yoncanin TF degeri
3.00 ile 3.73 arasinda degismistir. Biberiye ekstrakti
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ilavesi MP o6nemli derecede azaltmistir (P<0.001).
Mikrobiyal protein iiretimi 85.56 mg ile 140.20 mg
arasinda olmustur. Eylil ayinda elde edilen taze
biberiye ekstraktinin en diisiik mikrobiyal protein
sentezlemesine neden olmustur. Eylil ayinda elde
edilen taze biberiye ekstraktin mikrobiyal protein
sentezini digstrmustur.

Bu ¢alismada kullanilan biberiye ekstraksiyonu hem
In vitro gaz turetimi hem de CHi uretimini 6nemli
miktarda artirmistir (P<0.001). Benzer sekilde Patra
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ve ark. (2006) farkhi bitkisel ekstraklarla yaptig
calismada benzer sonuclar bulmuslardir. In vitro gaz
ve CH4 uretimindeki artigin ekstraklar igerisinde
bulunan suda ¢o6zlunebilir  karbonhidratlardan
kaynaklandigini bildirmiglerdir (Patra ve ark. 2006).
Cozeltide kullanilan metanol ve etanoliin in vitro gaz
ve CH. tretimine etkisi olabilecegi hakkinda bilgi
verilmemistir Bu c¢alismada ekstraksiyon igleminde
kullanilan metanol ve etonol arkealar tarafindan CHs
uretiminde kullanabilecegi organik maddelerdir.
Arkealar  metanolu  direk CH:  iretiminde
kullanilmasina ragmen, etanolu once asetik asite
dontisturup, daha sonra asetik asiti CH4 liretiminde
kullanilabilmektedir (van Lier ve ark. 2008). Bu
calismada kullandigimiz biberiye ekstrakti hem
metanol hem de etanolu igermektedir. Hem metanol
hem de etanol arkelar tarafindan fermente
oldugundan dolay: sonucglarin dogru bir sekilde elde
edilmesi i¢in her muamele grubu igin spesifik korler
olusturulmustur. Her muamele grubundan spesifik
korlerden elde edilen in wvitro gaz ve CHi turetim
degerleri dusilmesine ragmen muamele gruplarinin
gaz ve CHs Uretimleri kontrol grubuna gére énemli
derece yiksek bulunmustur. Gaz tiretimindeki artigin
ekstrak ve yemin fermentasyonu sonucu olusan asetik
asit miktarinin artmasindan kaynaklandigi
soylenebilir. Toplam in vitro gaz tiretimi ile rumende
olusan asetik asit arasinda yakin iligki oldugu, asetik
asit Uretiminin in vitro gaz Uretimini artirdigi,
propionik asitin ise dugurdigi bildirilmektedir
(Getachew ve ark. 1998). Bu c¢alismada, CH:
uretimindeki artis miktari, gaz tiretimindeki artigstan
¢ok daha yuksek bulunmustur. Metan tretimindeki
artis ekstraktan ziyade i¢inde bulunan ve ¢oziicii olan
metanol ve etanoldan kaynaklandigi
diisinulmektedir. Arkealar metanolu hem direk, hem
de metanol ve Hz iyonlarini kullanarak CHjs tGrettikleri
bildirilmektedir (Jonhson ve Jonhson 1995; Leahy ve
ark., 2010; Poulsen ve ark., 2012; Knapp ve ark.,
2014;). Biberiye ekstraktiyla birlikte arkealara
metanol verilmesi arkea sayisinda baslangicta cok
hizli bir artisa neden oldugu ve zaman gectikce bu
farklihigin kapanmadigi ve bundan dolay1 ekstrakt
ilavesinin kontrol grubuna goére daha fazla CHs
uretimine yol ac¢tig1 diisinilmektedir. Ayrica ekstrak
icerisinde bulunan etanol metajonik bakteriler igin
direk kullanilan bir substrat olmadigindan dolay: énce
asetik asite dontistiirilmesi gerekmektedir. Etanolun
asetik asit doniismesi sirasinda ac¢iga ¢ikan hidrojen
iyonu (H*), inkiibasyonda kullanilan tampon ¢ézeltiyle
reaksiyona girerek CO:z agiga ¢ikmasina neden olarak
in vitro gazin Uretimini artirmig olacag: séylenebilir.

Bu galismada kullanilan biberiye ekstraktlari yonca
otunun in vitro sindirim derecesini diiglirmistir.
Benzer sekilde bazi bitki ekstraklarin yemlerin
sindirim derecesinin distrdigi yapilan ¢alismalarla
ortaya konmustur (Patra ve ark., 2006; Agarwall ve
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ark., 2009). Ozellikle bitkisel ekstraklarin rumendeki
seltlozik bakterilerin faaliyetlerini engelledigi, buna
bagli olarak yemlerin sindiriminin azaldig:
bildirilmektedir (Patra, 2006). Bitkisel ekstraklar
icerisinde bulunan esansiyal yaglar, tanen ve diger
aktif bilesikler sindirim enzimlerinin aktivitesini
distirerek, yemlerin sindirim derecesinin diigsmesine
yol actig1 bildirilmektedir (Patra ve ark., 2006, 2010).

Biberiye ekstraktlar: yonca kuru otunun in vitro TF,
MP ve MPSE degerlerini 6nemli diizeyde etkilemigtir
(P<0.001). Yukarida siralanan parametrelerin in vitro

gaz Uretim miktar1 ile yakin iligkili oldugu
soylenebilir. Calismada kullanilan biberiye
ekstraktlari  hem gergcek sindirim derecesini

digirmesi, hem de in vitro gaz Uretimini artirmasi
nedenilye, hesaplanan MP, TF ve MPSE’nin de 6nemli
derecede diismesine neden olmustur (P<0.001).

Biberiye ekstraktinin kullanilmasi in vitro MP’ni
distirmustiir. Bu durum rumende MP’ni sinirlayarak
ruminantlarin performansim diigiirecegi soylenebilir.
Buradan hareketle biberiye ekstraktlarinin anti-
proteolitik potansiyellerinin saptanmasinin 6nemli
olduguda soylenebilir. Bu sekilde mikrobiyal protein
sentezindeki kayiplarin bypass proteinle telafi edilip
edilmeyecegi ortaya konabilir.

SONUC ve ONERILER

Biberiye ekstraktlarinin yonca otunun in vitro gaz ve
CH4 artirdign, GSD, TF, MP ve MPSE distrdigi
saptanmistir. Bundan dolay1 biberiye ekstraktinin

anti-metanojenik  6zellige sahip olmadigr ve
ruminantlarda anti-metanojenik olarak
kullanilmasinin  fayda saglamayacagi kanisina

varilmistir. Bununla birlikte, dusik MP ve GSD,
biberiye ekstraktinin anti-mikrobiyel etkisinin
oldugunu gostermektedir. Ayrica ekstraksiyonda
kullanilan metanol ve etanolun in vitro inkibasyonda
kullanilmadan  o6nce  ekstraktan bir sekilde
uzaklastirilmasi yoluyla daha guvenilir sonuglar elde
edilecegi soOylenebilir. Ayrica biberiye ekstraktinin
anti-preteolik etkisinin saptanmasina yonelik olarak
In vivo ve In situ ¢alismalara gereksinim olduguda
soylenebilir.

TESEKKUR

Bu c¢alisma Bilal SELCUK’ un ytiksek lisans ¢alisma
tezinden Uretilmistir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT

This study was conducted to determine the effects of environmental
factors on milk yield traits of Jersey breed cattle reared at the
Karakoy State Farm located in Samsun Province of Turkey, as well as
the phenotypic, genetic and environmental trends in relation to 305
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day milk yield. The Wombat software was used to estimate Received 01.07.2021
heritability and breeding values for milk yield. The effects of parity, Accepted + 20.08.2021
season and year factors on actual and 305 day milk yields were found Keywords

to be statistically significant (P<0.01). The mean values of lactation Jersey

length, actual and 305 day milk yields of Jersey cattle were found as Phenotypic

310+ 5 days, 4462 £+ 90 kg and 4183 + 70 kg, respectively. A phenotypic Genetic

trend of 29.97 kg yearl, genetic trend of 18.71 kg year! and Environmental trend
environmental trend of 11.26 kg year! were estimated. The Heritability

heritability of 305 day milk yield was 0.344. The overall results of this
study showed that an improvement in Jersey cattle reared at the
Karakoy State Farm between the years 2006 and 2014 was provided
remarkably on the basis of phenotypic, genetic and environmental
trends and the enterprise had a good genotype and a good
management.

Jersey Irk1 Sigirlarda Siit Verim Ozellikleri, Fenotipik, Genetik ve Cevresel Yonelimlerin Belirlenmesi

OZET . Zootekni

Bu calismada Karakoy Tarim Isletmesinde Yetistirilen Jersey Irk:

sigirlarda gercek ve 305 giinliik stit verimini etkileyen ¢evre faktorleri Aragtirma Makalesi

ile 305 gunlik siit verimine ait baz1 genetik parametreler, ¢evresel,

genetik  ve fenotipik yonelimler hesaplanmistir. Genetik Makale Tarihgesi
parametrelerden olan kalitim derecesinin ve damizlik degerlerin Gelig Tarthi  :01.07.2021
hesaplanmasinda Wombat istatistik paket programi kullanilmigtir. Kabul Tarihi :20.08.2021

Verim yillari ve mevsimin, gercek ve 305 giinliik siit verimi iizerine
etkisi ¢ok o6nemli bulunmustur (P<0.01). Arastirmada dJersey

Anahtar Kelimeler

sigirlarina ait ortalama laktasyon stiresi 310 + 5 gln, gercek sut Jersey
verimi 4462 + 90 kg ve 305 giin stit verimi ise 4183 + 70 kg olarak Fenotipik
tespit edilmigstir. Isletmede yil bagina fenotipik yonelim 29,97 kg year Genetik

1 genetik yonelim 18,71 kg year! ve cevresel yonelim ise 11.26 kg
year! olarak tahmin edilmistir. Ugytizbes giinliik siit verimine ait
kalitim derecesi (h?) 0,344 olarak saptanmistir. 2006-2014 yillar
arasinda Karakdy Devlet Ciftligi'nde yetistirilen Jersey sigirlarinda
fenotipik, genetik ve cevresel egilimler bazinda dikkate deger bir
gelisme saglandigini ve igletmenin iyi bir genotip ve iyi bir yonetime
sahip oldugunu gostermistir.
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INTRODUCTION

Jersey’s origin is from Jersey Island which is located
between France and the United Kingdom. Jersey cattle
were brought from the USA to the Samsun-Karakoy
state farm in the year 1958, and then, imported from
the United Kingdom and Denmark (Eli¢in et al., 1991).
Jersey breed are reared densely in Black Sea Region of
Turkey. Most particularly, this breed had a high
adaptability considerably under environmental
conditions of central and eastern Black Sea Region
over time and therefore it was used by the region
farmers for breeding purpose. The cattle breed used for
crossbreeding and pure breeding have been reared
officially for pure breeding purpose in Karakoy
Agricultural Enterprise connected with general
directorate of agricultural enterprises in Turkey
(Cankaya and Unalan, 2008).

Jersey cattle is originated from Bos Ilongifrons
(brachyceros). The desired weight in mature Jersey
cows 1s 400-500 kg. Mature Jersey bulls weigh
approximately 600-725 kg. Jersey’s milk is superior in
fat and dry matter to other breeds with a fat
percentage range of 4 to 8%. On average, the breed
produces 3800-4600 kg with the fat percentage of 5.3%.
Butter production costs cheaper due to high fat
percentage in its milk dry matter. The milk of the
breed, preferred for obtaining fat and cream, has a
high carotene amount; therefore, its milk color is
yellow. The dry matter-fat ratio in the milk is high for
cheese making or concentrated milk production
(Ozhan et al., 2001). Birth weights of Jersey calves
range from 19.8 to 23.3 kg. In the first periods of their
lifetime, their weight gains are low, and they are not
appropriate for young cattle fattening. Their meat is
also not in good quality or delicious (Ozbeyaz et al.,
1997). A large quantity of data for breeding studies is
needed, and the number of subgroups in the obtained
data is generally unbalanced. In this context, classical
estimation methods could not meet the requirements
in unbalanced datasets. Software used in evaluation of
animal datasets can estimate variance components,
heritability and phenotypic, genetic and
environmental correlations between traits by
providing agreement of genetic and statistical models
with the data. By means of software, the breeding
values of animals may also be estimated (Akbasg, 1998).

Recent developments in computer technologies offer
the opportunity of constructing statistical models
evaluating animals as a factor and using nonlinear
converge techniques 1In estimating variance
components. Accordingly, Wombat (a tool for mixed
model analyses in quantitative genetics by the
restricted maximum likelihood function) is a popular
program performing simultaneous analysis of random
and fixed factors and using techniques that reduce
possible data losses. With each passing day, more
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attention on the program has emerged. Heritability
may be estimated in the event of knowing the error
variance and variance between animals within the
scope of an animal model. The Wombat program
enables analysts to estimate the effect sizes of factors
by solving random (animal, dam and sire, etc.) and
fixed factors simultaneously and then the breeding
values of animals by selecting the best linear unbiased
prediction option (BLUP). The program estimates
converging variance components of random factors,
such as animal, dam and sire, on the basis of the
Restricted Maximum Likelihood algorithm (REML).
Therefore, prior variance values from previous studies
facilitate the program’s work in estimating variance
components. Otherwise, a convergence operation
cannot be performed in the event that these prior
values are not close to actual values (Tekerli et al.,
2014).

To date, various methods have been used to estimate
the genetic parameters of 305 day milk yield and the
phenotypic, genetic and environmental trends in
Turkey. Environmental trend has been computed by
the regression of differences obtained from successive
yields of cows on calving years, whereas phenotypic
trend has been calculated by the regression of
standardized yields of cows on calving year (Kaygisiz
1996; Aydin et al., 1998; Musani and Mayer 1997).
Afterwards, the REML, DFREML and MTDFREML
methods have been employed (Ahmad et al., 2001;
Leitona and Zeledon, 2008; Rehman et al., 2008, Bakir
and Kaygisiz, 2009, Cetin and Kog, 2011; Missanjo et
al., 2011; Katok and Yanar, 2012; Sahin et al., 20145,
Demirgii¢c 2015; Selvi and Yanar, 2016). Nowadays, the
Wombat software developed based on the REML
procedure by Meyer (2011) has been used by Sahin
(2012) and Tekerli et al., (2014).

There is no information about the estimation of
phenotypic, genetic and environmental trends for the
305 day milk yield on Jersey cattle breed reared in
Turkey. Hence, the aim of this study was to determine
the effects of environmental factors on milk yield traits
(actual and 305 day milk yields) of Jersey breed cattle
reared at the Karakoy State Farm located in the Black
Sea Region of Turkey and estimate the phenotypic,
genetic and environmental trends in relation to 305
day milk yield in the past decade.

MATERIALS and METHODS

The material of the study comprised milk yield records
of Jersey breed cattle reared at the Karakoy State
Farm located in Samsun province of Turkey between
the years 2005 and 2014.

In this study, 704 lactation records of 215 cows
belonging to 26 sires were evaluated. In the herd
management of Jersey breed cattle reared at the
Karakoy State Farm, the computer-aided Westfalia
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Dairy Plan has been used as a herd management
program to remove problems resulting from human
errors in order to make better evaluations on Jersey
cows. Thanks to this program, the individual data of
animals were recorded manually and automatically.
The records of the cattle used in this study were
obtained from the computerized herd management
program. Cows available in the enterprise have been
milked twice a day, i.e., in the morning and evening.

In this study, macro environmental factors, i.e.,
calving year, calving season and parity, were
considered to be able to affect actual and 305 day milk
yield traits. The SPSS software was used to determine
the influential factors for the traits (SPSS 2004). The
mean separation was determined for significant
environmental factors by Duncan’s multiple
comparison test (Yildiz et al., 2011).

The statistical model used for the analysis of variance
was as follows:

Yijl = p + ait+ bj + cx + eiju

Where,

Yijki =1th parity, jth calving season, kth calving year,

Ist animal effect,

u = Population mean,

ai = ith parity effect G =1, 2, ....7),

bj = jth calving season effect (j = 1st winter, 2nd spring,
3rd summer, 4th fall), ck = kth calving year effect (k =
2006, 2007, ... 2014), and

eijkl = random error with zero mean and variance, 0.2
To estimate the phenotypic trends for 305 day milk
yield traits and the effects of environmental factors
(parity and calving season), the following statistical
model was used in the SPSS statistical package
program. 305 day milk yields were standardized
according to the determined effect sizes. The statistical
model built with these purposes may be written as
follows:

Yix = p + ai+ bj + eijk

Where;

Yijx = ith parity,

jth calving season,

kth cow’s standardized 305 day milk yield amount,

u = Population mean, a;j = ith parity effect (=1, 2, ....,7),
bj = jth calving season effect (j = 1t winter, 2nd spring,
3rd summer, 4tk fall), and

eijk = random error with zero mean and variance oe2.

The genetic trend for 305 days milk yield was obtained
by calculating the regression between the birth years
of the animals and the milk yield averages. The
phenotypic trend was obtained by calculating the
regression between the calving years of the animals
and the average breeding value. Phenotypic trends
were calculated by regression of standardized 305-day
milk yields by years using the SPSS statistical
program. With the objective to determine the genetic
trends in this study, the Wombat statistics program
developed by Meyer (2011) was utilized.

The following regression equation was used to
estimate the phenotypic trend and genetic trend.

Yi = a +bxitei

Yi =ith calving year milk yield (for phenotypic trend) or
ith birth year breeding value (for genetic trend)

1=2006, 2007, ...2014 (calving years), or i = 2003, 2004,
2011 (Birth years)

a : Constant,
bxi: phenotypic trend or genetic trend
ei: random error with zero mean and variance 0.2

The Windows version of Wombat and user notes can be
downloaded from
http:/didgeridoo.une.edu.au/km/wombat.php (Meyer
2011). A “pedigri file” from which the entire pedigree
of the animals will be extracted, the “parameter file”
that constitutes the syllabus of the work to be done,
and the “data file” containing the data of the
individuals have been prepared. Wombat.exe and
these files have been transferred to the same folder.

First, the data set file was created. The pedigree and
data files to be used in this program are prepared as
follows (Figure 1).

** PedigriYildiz ™ Mustafa Tekerli V.1.0 - 2014 TAGEM Verilerini Isleme Amaghdir, >

[ Mumaras AMA ve BABA Mumarasindan kiicik BIREYLERI Otomatik Si
[~ verisi Olan Yavrulardan BABASI Belirgizieri (0) il
[~ verisi Olan Yavrulardan AMASI Belirsizleri (1) Sil

Pediari Savfas AC Pedigrivi OLUSTUR

Veri Dilzenleme Gn islemini BASLAT

Baba Olanlarin Sayis

Figure 1. Pedigree Star Program placed in Excel program

Ana Clanlarin Sayisi

awvru Birey Sayisi

Sekil 1. Excel programina yerlestirilen Pedigri Yildizi Programi
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- It is ensured that the sire and dam numbers are
smaller than the cow itself. For this purpose, the sire
are renumbered (as 1-26). Dam numbers have been
renumbered (as 27-241).

-The numbers given to individuals (cows) in the
enterprise must be greater than the dam and sire
numbers. In this study, the individual numbers were
not changed because they were already greater than
the dam and sire numbers.

-The pedigri file was created as pedigri.xls file in Excel
program.

By pressing the Ctrl + Z key, the "Pedigree Star"

Table 1. Data file
Cizelge 1. Veri dosyasi

program in Figure 1 was started. A pedigree file was
created from here.

Then, the corrected data file and pedigree files were
saved as two different files in Windows Notepad (txt)
format using the save as option. In the first lines of
both pedigree and data files, abbreviations are written
with the symbol “‘#” and indicating the data names.

Pedigri and Data files were saved as Windows Notepad
(Figure 2 and 3). While creating the parameter file, the
data name for each lactation was created with the
extension (kitapl.par) as follows (Figure 4).

birey baba ana dyil mevkod byl lakkod Laksure (giin) Tsv (kg) Usv (kg)
305 daily

Cow sire dam birth season calving lactation total milk milk

number number number year code year parite  length (day) yield (kg)  yield (kg)

464 1 27 2003 2 2005 1 378 4698 3752

476 1 28 2003 2 2005 1 301 1655 1655

494 1 29 2003 3 2005 1 267 3976 3976

519 1 29 2003 4 2005 1 294 4130 4130

547 1 31 2003 2 2006 1 347 4196 3621

555 2 32 2003 4 2005 1 377 2836 2291

596 1 33 2003 1 2006 1 332 4066 3845

648 1 34 2004 4 2006 1 314 3376 3313

666 3 35 2004 1 2006 1 304 5094 5094

703 1 36 2004 1 2007 1 326 4226 4009

796 4 41 2005 2 2007 1 293 5070 5070

66991 19 241 2010 2 2012 1 280 3462 3462

Just after the model statement, the animal itself was
written as a random factor, one line down and one
column inside, and the expression NRM (numerator
relationship matrix) was included with a space
distance in case of the pedigree file showing kinship
relations. Similarly, RAN for random factors; FIX
prefix was used for fixed factors. The TRAIT pre-
statement was used to report the examined feature to
the program. The model is finished with the END
MODEL statement.

Prediction of genetic parameters, breeding values and
genetic trend with Wombat program
The following sequence is followed as an example for
the prediction of genetic orientation.

1. In the first study, after creating a folder named
“milk yield records”, the files Kitapl.dat, Kitapl.ped,
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and Kitapl.par were copied to this folder.

2. A folder has been created for each lactation (kitapl,
kitap2, kitap3,.....kitap7). In order to run Wombat on
the command line, the CMD program has been
transferred to the milk yield records folder.

3. To run the CMD program, write wombat kitapl on
the command line and run the program with the enter
key. The desired information was entered in the
program and the process was continued until the end.

4. After the process is finished, the SumEstimate.out
file is opened from the kitapl folder. Heritability data
for the first lactation were obtained from here.

5. In order to calculate Dbreeding values,
RnSoln_ana.dat and RnSoln_Individual.dat files were
created in the folder by giving the wombat --blupkitap1
command to the blup program in the Wombat
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command line. Among these files, BLUP values
(breeding values), standard errors, hit degrees and

P ——— - [
[ 4 b |

“] Kitap1 - Not Defteri = | B |

Dosya Dizen Bicim Gérdndm  Yardim
¥birey baba ana
1

m »

[uny
(=]

CO000000000000000000000000000000

o000 00000000000000000000OOOOO0O0

5t1, 5tnl

Figure 2. Ped (Pedigri) file (Kitapl.ped)
Sekil 2. Ped (Pedigri) dosyas1 (Kitapl.ped)

6. Breeding values were calculated separately for
seven lactations as stated above than combined in an
excel file and average breeding values were calculated
for each animal.

7. Genotypic trend was estimated by regression of
mean breeding values to “year of birth” in the SPSS
statistical program.

The effect sizes of the factors were estimated by solving
random (animal, dam and sire, etc.) and fixed factors
simultaneously, and then, breeding values of animals
by selecting the BLUP option in the 305 day milk yield
trait with the help of the Wombat program (Tekerli et
al., 2014; Kabakc1 2017). Preparation of pedigree,
parameter and data files is explained in detail by
Kabake1 (2017) with examples. In addition, genetic
parameters and breeding values estimation with
Wombat were explained in detail by Kabakeci.
Presenting the method here will increase manuscript
volume.

Genetic trend was calculated by the regression of
breeding values on the birth years of the cows with
SPSS statistic program. Heritability and breeding
values were estimated by the Wombat program
(Tekerli et al., 2014; Kabake1 2017).

Environmental trend was estimated using the
phenotype = genotype + environmental formula. First,
the phenotypic and genetic trends were estimation.
Second, these values were applied to the formula.
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relatedness degrees of the animals were seen in the
RnSoln_Individual.dat file.

RS .

- b |

_| Kitap1 - Not Defteri =
Dosya Diazen Bigim Gordndm  Yardim
¥birey baba ana dy1 mevkod byl Takkc -
464 1 27 2003 2 2005 1
476 1 28 2003 2 2005 1
494 1 29 2003 3 2005 1 =
519 1 29 2003 4 2005 1
547 1 31 2003 2 2006 1
555 2 32 2003 4 2005 1
596 1 33 2003 1 2006 1
648 1 34 2004 4 2006 1
666 3 35 2004 1 2006 1
703 1 36 2004 1 2007 1
722 1 37 2004 1 2007 1
744 4 38 2004 1 2007 1
762 5 39 2004 1 2007 1
773 [ 40 2005 1 2007 1
796 4 41 2005 2 2007 1
801 [ 42 2005 2 2007 1
803 g 44 2005 2 2007 1

I | 806 4 45 2005 1 2008 1
814 9 46 2005 2 2007 1

1827 9 47 2005 2 2007 1
844 9 48 2005 4 2007 1
899 5 49 2005 4 2007 1
902 4 50 20086 2 2008 1
925 10 51 2005 2 2008 1
6510 11 52 2007 2 2010 1
6514 4 53 2007 3 2009 1
6544 12 54 2007 3 2009 1
6589 11 35 2007 4 2009 1
6615 4 56 2007 4 2009 1
6636 4 57 2007 3 2009 1
6644 4 58 2007 3 2009 1
6686 9 59 2007 1 2009 1 -
4 I b

Stl, Stnl

E
Figure 3. Dat (data) file (sample; Kitapl.dat)
Sekil 3. Dat (veri) dosyasi (6rnek; Kitap1.dat)

Finally, the genetic trend value was subtracted from
the phenotypic trend value and thus the
environmental trend was calculated.

RESULTS and DISCUSSION

Environmental Factors Affecting Actual and 305 Day
Milk Yield Traits

The results of least squares means with standard
errors and multiple comparison test of lactation
length, actual and 305 day milk yield traits in Jersey
cattle are given in Table 1.

The effects of parity, calving year and calving season
on actual and 305 day milk yield traits were found
significant (P < 0.01), which was in agreement with
those reported by several authors (Bashir et al., 2008;
Lateef et al., 2008; Lemma et al.,, 2009; Teke and
Akdag, 2010, Unalan and Cankaya, 2010;2012;
Missanjo et al., 2011).

The mean lactation length of Jersey cattle reared at
the Karakoy State Farm was found as 310 = 5 days,
which was within the limits of the 297 - 323 days given
in the relevant literature. (Tahtabicen, 2008; Lemma
et al, 2009; Sahin, 2009; Unalan and Cankaya,
2010;2012, Kul, 2013; Fernando et al., 2016). It could
also be suggested that this figure was a good value for
the enterprise. When calving years in lactation length
were examined, small fluctuations were observed. The
longest lactation length was recorded in the year 2011
with 324 days, whereas the shortest lactation length
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with 248 days was obtained in the year 2014. When the
effects of the season factor on lactation length were
evaluated, it was determined that cows in winter

| Kitapl - Not Defteri

Dosya Diazen Bigirn Gdrindm  Yardim

seasons were milked for a longer time (322 days) in
comparison to other seasons.

Fkitapl

#analiz tipi
ANALYSIS UNI

#Pedigri doswyas?
PEDS Kitapl.ped

#erilerin dizeni
DATA Kitapl.dat
birey 213
baba 25
ana 213
dy1l 10
mevkod 4
byl 10
lakkod 7
laksure
TSV
usv
EMD DATA

#odelin belirlenmesi
MODEL

RAN birey NRM

RAN ana

FIx Takkod

FIX mevkod

TRAIT usv

EMD MODEL

#Vargaﬂs compenenti priorlari
vaR birey 1

1200000

VAR ana 1

1300000

VAR residual 1

1000000

5t1,

5tnl

i*“igure 4. Par (parameter) file (sample Kitapl.par)
Sekil 4. Par (Parametre) dosyasi (6rnek Kitapl.par)

Actual milk yield mean value of the Jersey cattle was
estimated at 4462 + 90 kg. When actual milk yield was
examined based on parity, it reached the peak point
(4721 £ 135 kg) at the third lactation, and it started to
decrease from the fourth lactation on. When change in
actual milk yield was examined in reference to calving
years, actual milk yield was recorded on the lowest
level (3910 + 52 kg) in the year 2005, but it reached the
highest level with the mean value of 4926 + 93 kg in
the year 2013. When change in actual milk yield was
evaluated based on calving season, it was seen that
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higher milk yield was obtained in the winter season.

In this study, 305 day milk yield reached the peak level
by increasing from the first lactation to the third
lactation. In agreement with those reported by
Nyamushamba et al., (2014), the mean value of 305
day milk yield in the Jersey cattle was 4183 = 70 kg.
The lowest 305 day milk yield amount was recorded in
the year 2005, while the highest was obtained in the
year 2013 (Table 1). The 305 day milk yield amount
recorded in winter was relatively higher than those
recorded in other seasons, and lower 305 day milk yield
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was found in summer. Due to the fact that the
Karakoy State Farm is located in the Black Sea Region

of Turkey, the warm-rainy winter season could have
positively affected milk yield.

Table 1. Results of least squares means, standard errors and multiple comparison test of lactation length, actual
and 305 day milk yield traits in Jersey cattle

Cizelge 1. Jersey sigirlarda laktasyon stiresi, gergek siit verimi, 305 giinliik siit verimine, ait en kiigtik kareler
ortalamalari, standart hatalari ve ¢oklu karsilastirma testi sonuglari

Lactation Length (day) Actual Milk Yield (kg 305 Day Milk Yield (kg)
Variables Laktasyon siiresi (giin)  Gergek siit verimi (kg) 305 Giin Siit Verimi
Degigkenler N X + Sz X + Sz X £S5
Parity NS il bl
1 213 313 +4 4103 £ 87P 3771 + 68>
2 157 308+ 5 4616 + 1042 4360 + 81a
3 108 305+ 6 4752 + 1222 4548 + 962
4 69 312+ 8 4693 + 1502 4394 £ 1172
5 65 315+ 8 4713 + 1562 4370 + 122a
6 45 304 £ 10 4348 + 187b 4121 + 146b
7 47 312+ 9 4232 + 184b 3903 £ 144b
Calving Year wk *k *k
2006 12 319+ 17" 4305 + 342b 4082 + 267¢
2007 20 312+ 13b 4438 + 2662> 4148 + 207be
2008 38 319+ 10b 4286 + 1953b 3904 + 152bc
2009 52 316 + 9b 4454 + 168ab 4166 £ 13]1abe
2010 69 306 + 7b 4549 + 144ab 4293 + 113abe
2011 87 324 + 6P 4830 + 1282 4477 +£ 1002
2012 143 323 £ 5b 4636 + 104ab 4276 £ 8]abe
2013 182 322 £+ 5b 4926 + 932 4580 + 732
2014 101 248 +b 4023 + 119b 3960 + 93bc
Season *% *% *%
Winter 147 322 + 6P 4789 + 1142 4463 + 892
Spring 176 316 + 5P 4548 + 1042 4247 + 812
Summer 208 304 +5b 4237 + 98b 3960 + 76P
Fall 173 299+ 5b 4401 + 1062b 4168 + 832
Overall Mean 704 310+ 4 4494 + 72 4210 + 56

**:P<0.01;*:P<0.05 X + Sz : mean and standard error of mean, NS: Non significant
a,b,c,d: Means in same columns with different superscripts are significantly different on the level of P < 0.05 or P < 0.01

Phenotypic Trend

Phenotypic trend is named as the change provided in a
particular of period of time in a yield trait. Phenotype
is composed of two parts i.e. genotype and
environment. “Environmental trend” is described as
the change that joint effects of all environmental
factors affecting quantitative yield traits showed
according to years, and “genetic trend” is expressed as
the effect degree that genetic improvement studies
conducted in order to improve the studied yield traits
indicated according to years (Kaygisiz, 2000).

In the estimation of phenotypic trends, the year factor
was excluded from the studied linear model due to the
fact that the regression of 305 day milk yield on years
was accounted for. The effect sizes of the
environmental factors that influenced the 305 day milk
yield trait in the Jersey cattle are given in Table 2.

The coefficients including the obtained regression
parameters are presented in Table 3.
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The regression equation was obtained by taking the
regression of standardized milk yields to yield year.
The phenotypic trend was estimated at 29.97+17,10 kg
yearl, with the help of the regression prediction
equation. These findings were consistent with those
reported by Palmer et al., (1972) and Musani and
Mayer (1997). In the relevant literature, there is no
published information on the estimation of the
phenotypic, genetic and environmental trends of
Jersey cattle reared in Turkey.

Genetic Trend

The annual genetic trend was calculated as 18.71 +
7.34 kg year! (Table 3), indicating that the genetic
capacity of the sires used for breeding purposes was
good. These estimates were higher than those reported
by previous studies (Musani and Mayer, (1997) 0.8 kg,
Leiton and Zeledon, (2008) 7.95 kg and Sahin, (2009)
5.90 kg).
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Table 2. The effect sizes of environmental factors that influenced the 305 day milk yield trait in Jersey cattle
Cizelge 2. Jersey sigirlarda 305 giinliik siit verimini etkileyen ¢evre faktorleri ve etki miktarlari

Variables N 305 day milk yield (kg) Effect sizes

Degiskenler 305 giin siit verimi (kg) Etki miktarlar:
X+Se

Overall Mean 704 4290 + 41

Parity wk

1 213 3848 + 63 -442

2 157 4494 + 742 204

3 108 4597 £ 892 306

4 69 4517 £ 111a 226

5 65 4516 £ 1162 226

6 45 4101 + 139> -189

7 47 3959 + 135P -331

Season wk

Winter 147 4501 + 812 211

Spring 176 4291 + 742 1

Summer 208 4056 + 65 -234

Fall 173 4312 + 732 22

a.b.¢.d: Means in same columns with different superscripts are significantly different on the level of P < 0.05 or P <0.01

**: P<0.01; *: P<0.05
X + Sz* mean and standard error of mean

Table 3. The coefficients including the obtained regression parameters from the 305 daily standardized milk yield

and Breeding Values.

Cizelge 3. 305 giinliik standardize edilmis siit verimi ve damizlik degerlerinden elde edilen regresyon

parametrelerini iceren katsayilar

Regression equations a b R2 Signification
Fenotypic Trend

Y=-56003.07 + 29.97 X -56003.07 + 34390.14 29.97+17.10 0.004 NS

Genetic Trend

Y=-37549.89 + 18.71 X -37549.89 + 14740.02 18.71 +7.34 0.008 *

Y: predicted milk yield (kg), a: constant, b linear coefficient for year or breeding value

NS: Non significant, *:P<0.05

To estimate the genetic trend, the regression of the
breeding values of the cows on calving years was taken,
and the regression prediction equation obtained from
this data was as follows (Table 4).

The variation of breeding values by years is presented
in Table 4. It is seen that the highest average breeding
value belongs to 51 Jersey cows born in 2008
(247,322+41.004 kg), while the lowest average
breeding value belongs to 47 cows born in 2004 (-
154.648+42.713 kg) (Table 4).

Breeding values of 305 days milk yield were found to
be negative in some years and positive values in some
years. However, it can be said that the breeding value
is positive and high indicates that the breeder selection
in the herd is made accurately. It is known that an
individual inherits half of his genotype from his
mother and the other half from his father, but these
halves are passed on to the offspring by chance. Since
the parents can be heterozygous for many genes, the
genes passed on to the offspring can be good or bad. In
other words, the fact that an individual's parents have
good yield records does not necessarily require that the
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offspring be highly productive (Ozhan et al. 2001)

Environmental Trend

The environmental trend, which is defined as the
difference between the phenotypic and genetic trends,
was estimated at 11.26 kg year!. The estimates of the
phenotypic, genetic and environmental trends
reflected that the managerial conditions were on a
sufficient level. The environmental trends estimated
from the Jersey cows were in agreement with Musani
and Mayer (1997) who found the value of 14.6 kg year-
1" but higher than those reported by Palmer et al.
(1972) and Njubi et al. (1993) (-14.0 and 32.2 kg year
1

).

Genetic Parameters

The genetic parameters of the Jersey cattle reared at
the Karakoy State Farm were used to estimate
heritability values (Table 5). The mean heritability
estimate of 0.344 was recorded for the Jersey cattle
(Table 5). These heritability estimates for the 305 day
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milk yield trait were in agreement with those reported
by several authors (Makuza et al., 2001, Sahin 2004;
Sahin 2009, Unalan and Cankaya 2010), whereas
different results were reported by some authors

Table 4. Variation of breeding values by birth years

including Leiton and Zeledon (2008) as 0.21 h?2,
Missanjo et al., (2011) as 0.30 h2 and Banga (1992) as
0.54 h2,

Cizelge 4. Damizlik degerlerin dogum yillarina gore degisimi

95% Confidence Interval
%95 Gliven Simirlar:

Birth Year Breeding Values** Lower Bound Upper Bound
Dogum Yil n Damizlik degerler En Diigiik En Yiiksek
2003 58 18.474 + 38.450¢d -57.018 93.967
2004 47 -154.648 + 42.713¢ -238.511 -70.786
2005 67 -7.667 £ 35.775¢d -77.906 62.572
2006 122 24.512 + 26.511¢d -27.540 76.563
2007 88 -24.039 + 31216¢d -85.327 37.249
2008 51 247.322 + 41.0042 166.816 327.829
2009 70 73.997 £+ 35.000pc 5.280 142.715
2010 140 -40.599 + 24.748d -89.189 7.992
2011 61 128.299 + 37.493b 54.686 201.911
Grand Mean 29.517+11.751 6.446 52.588
**:P<0.01

Table 5. Heritability calculated for 305 daily milk yield Conflict of Interest

in parity
Cizelge 6. Laktasyon sirasina gore 305 giin stit verimi
Igin hesaplanan kalitim dereceleri

Parity h2 (Heritability)

Laktasyon sirasi Kalitim derecesi

1 0.346

2 0.345

3 0.344

4 0.344

5 0.343

6 0.343

7 0.343

Mean 0.344

CONCLUSIONS

The overall results of this study reflected that a
significant 1improvement was recorded in the

phenotypic, genetic and environmental trends for the
Jersey cattle reared at the Karakoy State Farm located
in the Black Sea Region of Turkey in the period of
2005-2014. In this study, the estimated positive
phenotypic, genetic and environmental trends showed
that the Karakoy State Farm had a good herd
management process. The enterprise has taken a
significant task in elite cattle breeding, especially in
presenting elite cattle to farmers. Application of the
available herd management process should be
sustained identically for many years, in accordance
with the phenotypic, genetic and environmental
improvements provided by years.
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