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Giizelavrat Otu (Atropa belladonna L.) Genel Ozellikleri

Merve Giin'*, Selim Aytac!

OZET MAKALE GECMISi
Atropa belladonna sistematik olarak Solanaceae ailesinde yer alan ¢ok yillik otsu bir Gelis 11.02.2019
bitkidir. Cigekleri yesilimsi mor, yapraklari oval, meyveleri siyah renkte ve parlaktir. Kabul 18.05.2019

Giizelavrat otu; atropin, skololamin, belladonnin, hyosiyamin, apoatropin gibi nemli

alkoloidleri kapsar. En énemli kimyasal maddesi ise atropin’ dir. Icerdigi etken

madde 1809 yilinda yalitilmis ve 1819 yilindan sonrada alkaloid olarak ANAHTAR
simiflandirilmistir. En yiiksek alkaloid orani yesil yapraklarinda ve meyvelerinde KELIMELER
olmasina ragmen bitkinin biitiin kisimlar alkaloid igerir. Birgok kodekste alkaloid Atropa belladonna,
oraninin %0,3’iin istiinde olmasi istenir. Giizelavrat otu (atropa), kapsadigi etken alkaloid, etken
maddelerden dolay1 eskiden bu yana bir¢ok iilkede ekilen bir bitkidir, esas alkoloid madde

olan atropinin sentetik olarak elde edilen tiirevleri eczacilikta 6nemli bir yere sahiptir.

Ulkemizde de Atropa belladonna sahip oldugu tropan alkaloidleri ile bitkisel kokenli

ilaglar arasinda 6nemli bir yere sahiptir.

General Features of Deadly Nightshade’s (Atropa belladonna L.)

ABSTRACT . _ _ _ _ ARTICLE HISTORY
Atropa belladonna is a perennial herbaceous plant that is systenatically found in Received 11.02.2019
Solanaceae family. The flowers are greenish purple, the leaves are oval, the fruits are Accepted 18.05.2019

black and bright. Deadly nightshade includes important alkaloids suvh as atropine,

skololamine, belladonnaine, hypocaine,apoatropine. The most important chemical

substance is atropine. Its active ingredient was isolated in 1809 and later classified as KEY WORDS
alkaloid by 1819. All parts of the plant contain alkaloids although the highest alkaloid Deadly nightshade,
ratio is in the green leaves and in the fruites. It is the desirable that the ratio of several ?IkaIO'_dS* active
coteche alkaloids is not less than %0,3. Deadly Nightshade is a plant that has been ingredient

planted in many countries since ancient times due to 1its active ingredients and the

synthetically derived derivatives of atropine whis is the main alkaloid have important

place in pharmacy. In our country Atropa belladonna has an important place among

tropane alkaloids and herbal medicines.

Giris

Son yillarda bitkilerde bulunan etken maddeler iizerinde yogun ¢alismalar yiiriitiilmektedir.
Bunun nedenlerinden bazilari, tedavide kullanilan bazi sentetik ilag hammaddelerinin saglik
tizerinde yan etkiler olusturmasi veya bitkilerden elde edilen hammaddelerin sentetik olarak
elde edilememesi tibbi bitkilerdeki etken maddelerin 6nemini arttirmaktadir. Genel bir kani

olarak bitkisel droglar birden fazla etkiye sahipken sentetik ilaclarin tek yonli etki yaptigi

'Ondokuz Mayis Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Samsun- Tiirkiye
* merveocak008@gmail.com
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diistiniilmektedir. Gilinlimiizde endiistrinin gelismesiyle birlikte yeniden dogal kaynaklara
yonelis artmis ve bu yonde talepler ortaya ¢ikmistir. Diinya Saglik Teskilati’nin yapmis oldugu
bir arastirma da tibb1 amagla faydalanilan bitki sayisinin yirmi bin kadar oldugunu ortaya
cikarmistir [22]. Ulkemizde ise on bin kadar bitki tiirii ierisinde 3649 kadarinin endemik bitki
oldugu goriilmiistiir [2, 4, 21]. Ulkemiz iklim ve cografik yap1 sebebiyle tiir cokluguna sahip
olmasindan dolay1 Avrupa’nin en zengin bitki varligina sahip oldugu halde ila¢ sanayilerinin
ihtiya¢ olan hammaddelerinin % 70’den fazlasi ithal edilmektedir [1]. Alkaloid ve tiirevleri ise
bu ithalatta 6nemli yer tutmaktadir. Buna karsilik alkaloid i¢eren Atropa ve Datura gibi bitkiler

tilkemizde dogal olarak bulunmakta ve kiiltiir ¢alismalar1 yapilmig ve yapilabilmektedir.

Giizelavrat Otu Hakkinda Genel Bilgiler

Solanaceae (Patlicangiller) familyasindan olan Atropa belladonna (Giizelavrat otu) tilkemizde
Karadeniz Bolgesi’nde, Toroslarda, Kiriklareli, Bolu, Balikesir, Adana ve Hatay gibi
illerimizde yabani olarak yetismekte olup [35-41], Dilber otu, It {iziimii, Ay1 ¢ilegi (Trabzon),
Kurt bogiirtleni (Kastamonu), Yidin (Giresun), Siyah iiziim, Seytan visnesi-Kirazi, Yabani tiitiin
(Hamsikoy-Trabzon) gibi isimlerle anilmaktadir [40]. Diinya genelinde ise Avrupa (Avustralya,
Ukrayna, ve Arnavutluk), Kuzey Afrika (Cezayir, Fas) Bat1 Asya (iran, Tiirkiye) Italya, Fransa
Ingiltere ve Amerika dogal olarak yetismekte olup Avrupa’da, Amerika’da ve Hindistan ile
Pakistan’in da bir kisminda tarimi yapilmaktadir [15, 41, 42].

Ismini Yunan mitolojisinde yer alan kaderi belirleyen ii¢ tanrisindan kader ipini kesen
Atropos’dan alir. Bella —Donna ise Italyanca giizel kadin demektir. 16 yy. kadinlar, 6zellikle
Italyan kadmlari, géz bebeklerini biiyiiterek daha efsunlu bir bakis olusturmak igin
meyvelerinin suyunu goézlerine damlatmislardir [31]. Diger yandan igerdikleri alkaloitlerin
zehirli olmasindan dolay1 bircok Roma imparatorunun $ldiiriilmesinden; Iskog siiikasgileri olan
Anglo-Saxson’larin zehirlenerek Oldiiriillmesine kadar birgok suikaste kullanilmistir [25].

Bunun diginda haliisinolejik etkiye sahip olmasindan dolayi biiyiictiliikte de kullanilmistir [26]

Giizelavrat otunun biitiin bitki kisimlarinda alkaloid bulunmasina ragmen en fazla kullanilan

kismu yapraklaridir.

Atropa; gbéz muayenelerinde, kalp hastaliklarinda kullanilmaktadir [12]. Merkezi sinir
sisteminde etkilidir. Ter ve mide ifrazatin1 hafifletici, spazm giderici ve agri kesici olarak
kullanilmaktadir [6]. Idrar yollar1 ve safra kesesi rahatsizliklarinda, romatizma agrilarinin
dindirilmesinde, bogmaca, sigara igmeden meydana gelen astim (nefes darlig1) {izerine de

etkilidir [41]. Giizelavrat otu iltihaplanmalar1 6nlemede, Parkinson hastaliginda, bobrek ve
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safra taglarinda, hipertansiyon ve hipotansiyonda kullanilir [41-43]. Ayrica Atropa halk
hekimliginde de mide rahatsizliklari i¢in gay olarak, astimda sigara seklinde kullanilir. Yara ve
sisliklere yapraklar lapa seklinde kullanilir. Ancak Atropa ¢ok zehirli bir bitki oldugu i¢in ¢ok
kiiciik miktarlardaki doz agimi bile zehirlenmelere sebep olmaktadir bu nedenle evde kullanimi

tercih edilmez.
Morfolojik Ozellikleri

Atropa belladonna yaklasik 1.5-2 metreye kadar boylanabilen toprak seviyesinin biraz
iistlinden itibaren dallanma gdsteren, morumsu renkli saplara sahip ¢ok yillik ¢calims1 bir bitkidir
[44]. Yapraklart; tiitiin yapraklarina benzeyip oval, belirgin damarlara sahip, alt yiizeyleri tiiyli
olup, uzunluklar1 7-25 cm arasinda degisen yapraklar alternatif veya diizgiin karsit ¢iftler olup
bir yaprak digerinden daha biiyiiktiir [33-43, 44]. Cigekleri; 2-3 cm uzunlugunda olup -yaprak
koltugunda tek, ¢an seklinde ve morumsu renkte olup ciceklerin dip kisimlart sar1 renklidir.
Bitki yaz boyunca ¢igeklidir. Goze garpan sar1 anterleri vardir. Anterler stigma etrafinda
toplanmistir. Cilek kiiciik kiimelenmelerde asili durur, olgunlagsmadigi zaman yesil,
olgunlastiginda siyah/koyu mor ve parlaktir [32 - 43, 44]. Meyveler-¢ilekler tatli, koyu renkli,
miirekkep benzeri meyve sulari igerir. Cilek ¢ap1 1,5-2 cm olup 2 hiicrelidir [9]. Tabanda yildiz
seklinde 5 loplu kaliks bulunmaktadir. Bu bitkinin tohumlar1 oldukea kii¢lik olup, bin tohum
agirhigr 1 gram civarindadir. Uzunlugu 1,5-1,8 mm, genisligi 1-1,5 mm kadardir. Tohumlar bir
tarafa hafif egimli, yumurtams1 sekilli, sert kabuklu, yiizeyi agimsi yapida, mat veya hafif
parlaktir [11].

Kimyasal Ozellikleri

Atropa belladonna modern tipta biiyiik bir dneme sahip olup, eczacilik endiistrisi i¢in yaygin
olarak yetistirilmektedir. Tibb1 uygulamalar igin degerli ve suikastgiler tarafindan tirkiitiicii bir
kullanim sekline sahip ¢esitli alkaloidleri igerirler [43]. Bitkinin tiim kisimlar1 tropan
alkaloitleri icerir ve bitkinin kokii genellikle en zehirli kisimdir, ancak bu bir numuneden
digerine degisebilir [25]. Total alkaloidi olusturan en 6nemli maddeler; hyosiyamin, atropin,
skololamin, apoatropin ve belladonnin’dir. Ancak esas madde L- Hyosiyamin (atropin) olup
total alkaloidin % 95 kadarin1 olusturmaktadir [12, 41]. Bitki toksik etkiye sahiptir. Deride
tahrise sebebiyet verip alerji olusturabilir [43]. 1 gram kuru yaprak ya da 10 adet meyve
tilketimi zehirlenmeye yol acabilir [41]. Yapilan bir aragtirmada, koklerinde toplam alkaloid

oran1 % 1.25, yapraklarinda % 0.91 olarak bulunmasina [28] ragmen, olgun meyve ve

52



yapraklar1 en yiiksek alkaloid igerigine sahiptir [16]. Kodekslerde total alkaloid oraninin
yaprakta %0.3’iin Gstiinde olmast istenir [28].

iklim ve Toprak Istekleri

Giizelavrat otu 90-180 metre yiikseklikte ve 50-55 derece kuzey enlemleri arasinda yetisir,
bununla birlikte yeterli gdlgenin saglandig1 iyi drene olmus kiregli topraklarda deniz seviyesine
kadar inebilir [44]. Nemli-iliman iklimlerden ¢ok kurak iklimlere kadar yetisir ancak nemli
topraklari tercih eder [31]. Iliman iklim bitkisi olan Giizelavrat otu koru ve orman agikliklarinda
dogal olarak yetisir [41]. Yazlart 1lik ve kurak olan giinesli yerlerde alkaloid igerigi daha
yiiksektik [43]. Ciftlik giibresi veya sodyum nitrat — Thomas fosfat1 ve Kainit giibre karigiminin
kullanim1 mahsulde gozle goriiliir sekilde artis saglamaktadir [44].

Tarmm

Genis alanlarda tarimi1 yapilan Giizelavrat otu tohum ve kok saplarindan elde edilir. Tohumlar
genellikle martin ilk yarisina kadar ekilir. Ancak dormansinin bulunmasi sebebiyle
cimlenmenin bazi durumlarda yaklasik olarak 3 ay gibi bir siire siirmesi sebebiyle cift¢iler ekim
icin kok saplarini tercih ettiklerini bildirmislerdir [45]. Belli bir yilikseklige gelen fideler 1.5
metre sira iizeri ve 60-90 cm sira iizeri mesafe ile tarlaya sasirtilir [43]. Ilk y1l bitkiler genellikle
1.5 metreye kadar uzar ve eyliil ayina kadar ¢iceklenir. Yalnizca yapraklar ve iist kisimlari
toplanir ve sonraki yillarda asir1 dallanmay1 engellemek i¢in 75-90 cm yukardan kis aylarinda
seyreltme yapilir. ikinci yilinda bitkiler haziran ayinda ¢igeklenme zamani kesilir ve mevsim
sartlarinin iyi oldugu durumlarda bitki ikinci mahsul igin eyliil ayina kadar yeniden hasata gelir
[46]. Kuru s1v1 ekstreler, tentiir, merhem, bandaj ve gliserin hazirliklar1 seklinde islenmek igin
ciceklenme zamaninda bitkinin tamami kesilir ve kurutulur. Kokleri i¢in hasat ise agustos
ayinda iki ii¢ yilda bir sokiilerek yasl bitkiler kaldirilir ve benzer metotlar kullanilarak iglenir
[43]. Dikimle beraber 8 kg saf olarak Azot ve taban giibresi olarak fosfor, dikimden dort hafta

sonrada azot tekrar {ist giibre olarak verilir [27].
Verim

Atmosferik kosullar belladonna’nin alkaloid igerikleri {izerinde belirgin bir etki gosterir. En
yiiksek alkaloid yiizdesi glinesli ve kurak mevsimde yetistirilen bitkilerden elde edilir. Mayis
ve hazirandaki giinesli giinlerde alkaloid oran1 %0,68 olurken, giines 1s181nin yetersiz oldugu
durumlarda alkaloid oran1 %0.34 olarak bildirilmistir. Ingiliz yetistiriciler topraga tomas fosfati

uygulamasinin ti¢lincii yildaki bitkilerde ve kuru yapraklarda %0,84 gibi iyi sonuglar elde
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etmislerdir [46]. Yaprak hasatinda kurutma sonucu 7-8 kg yas yapraktan 1 kg kuru yaprak elde
edilir.

Yapilan Cahsmalar

Glizelavrat otu tohumlarn fiziksel ve fizyolojik dormansiye sahiptir. Kazima veya hormon
uygulamalariyla tohum kabugunda degisiklik meydana gelir ve ¢imlenme o6zelligi
gelistirilebilir [45]. Bununla ilgili yapilan ¢alismalarda, Bhat ve Dhar, (1971) Giizelavrat otu
tohumlarinda bir dormansinin oldugunu ve bunun tohum kabugunda bulunan inhibitor
maddelerden ileri geldigini, ¢imlenme alternatif sicaklik kosullarinda birkag hafta alabilecegini,
ancak gibberellik asit kullanim1 ve farkli uygulamalarla ile hizlandirilabilecegini belirtmistir.
Nitekim bununla ilgili olarak yapilan ¢alismalarda; Dachler ve Pelzmann, (1989) tohumlarin
buzdolabinda nemli ortamda sekiz hafta tutulmasinin ve fidelik veya kasalara sonbaharda
ekimin yapilip, kis sartlanin gegirmelerinin yararli olacagini, Ruminska ve ark. (1978)
gibberellik asit ile muamele edildiginde ¢imlenme oraninin % 2'den, % 81'e ¢ikacagini, Arslan
ve ark. (1994) yaptig1 caligmalarda ise gibberellik asit uygulamasiyla ¢imlenmenin % 65,
gibberellik asit + soguk uygulamasiyla birlikte ise % 75’e kadar artacagi belirtilmigtir.

Su iriinleri yetistiriciliginde gerek hastaliklarin tedavisinde, gerekse biiylitme amagli kullanilan
antibiyotiklere olusturduklari zararl etkilerinden dolay1 birgok tilkede kisitlanma getirilmesiyle
[36] bitki ekstraktlarinin kullanimi ve fitoterapik ¢aligmalar uygulanmaya baglanmigtir [37]. Bu
caligmalarla ilgili kullanilan bitkilerden biriside Atropa belladonna olup [34], Trichodina ve
Costia gibi parazitlere karsi baliklarin trasportasyonunda giizel avrat otu tavsiye
edilebilmektedir [38].

Organofosfatlar (OF) diinyada ozelikle tarimsal faaliyetlerin fazla oldugu iilkelerde yaygin
olarak kullanilan bocek oldiriicii maddelerdir. OF ile meydana gelen zehirlenmelerde ise
giizelavrat otunun etken maddesi olan atropin igerikli atropin siilfat ilaglar1 kullanilmakta olup;
artmis salgi, goz bebeklerinin kiiciilmesi, akciger bronslarinda kasilma, kusma, ishal, terleme
ve idrar tutama gibi sorunlart tedavi edici ozelliktedir [24]. Ayrica gastroenteroloji, iiroloji,
kadin dogum ve ndroloji gibi pek ¢ok klinikte ve acil kliniklerinde yaygin olarak kullanilan
ilaglar antispazmodik ilaglar olup, bu ilaglar i¢inde en ¢ok tercih edilen antikolinerjiklerin etken
maddelerinden biride Belladon alkaloidleri (atropin, hiyosiyamin ve simetropium)’dir [21].
Tiirkiye Saglik Bakanligi’ndan alinan bilgiye gore etken maddesi atropin ve atropin siilfat olan

0,25 mg, 0,5mg ve 1mg ampul seklinde ruhsatli 19 ilacimiz bulunmaktadir [39].
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Sonuc ve Oneriler

Tiiketici bilincinin artmasi sonucunda insanlarin dogala yonelmesi ile birlikte bitkisel igerikli
iiriinlere olan talep her gegen giin artmaktadir. Ulkemiz de ¢ok sayida tibb1 ve aromatik bitki
bulunmakta ve bunlardan bazilar1 dogadan toplanarak ihracati yapilmakta bu ise toplanan
bitkilerin dogadan kaybolmasina sebep olmaktadir. Ulkemiz ise tiim bu dogal cesitlilige ragmen
ihtiya¢ duyulan ilag hammaddesinin biiyiik bir kismini ithalatla karsilamaktadir [1].Yapilan
caligmalar ise bize dogal ortamda yetisen bitkilerin kiiltiire alinabildigini ve istenilen kodeks
degerlerinde etken maddeler elde edildigi gostermistir.

Giizelavrat otu (Atropa belladonna L.) de iilkemizde dogal olarak yetisen ve icerdigi 6nemli
etken maddeler ile ¢ok degerli olan bir bitkidir. Etken maddesi, 6zellikle atropin, sentetik olarak
elde edilse bile etki yoniinden dogal elde edilenler daha ¢ok tercih edilmektedir. Giizelavrat
otundan ticari olarak etken maddelerin elde edilmesi igin kiiltiire alinma c¢alismalarinin
arttirtlmasi, etken maddenin saflastirilmasi ve ihtiya¢ duyulan sektdrlere hammadde saglar
duruma gelmesi i¢in konu ile ilgili caligmalara 6nem verilmesi gerekmektedir. Diger taraftan
iilkemiz dogal florasinda bulunan Atropa tiirlerinin ilag hammaddesi olarak kullanilabilme

calismalarina yon ve destek verilmesi dogal kaynak kullanim1 agisindan faydali olabilecektir.
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Aycicegi (Helianthus annuus L.,) Bitkisinin Onemi ve
Uretimine Genel Bir Bakis

Ulkii Binboga Meral’

OZET

Astreceae familyasinin bir iiyesi olan aygicegi; diinyanin en Onemli yagh
tohumlarindan birisidir. Tiiketim bakimindan soya yagindan sonra ikinci sirada yer
almaktadir. Hem yemeklik hem de tibbi amagla kullanilmaktadir. Tek yillik bir kiiltiir
bitkisidir. Anavatan1 Kuzey Amerika’dan 6nce Avrupa’ya daha sonra tiim diinyaya
yayilmustir. Icerdigi yiiksek oranda tekli ve coklu doymamus yag asitleri, vitaminler,
minerallerden dolay ¢ok tercih edilen yemeklik yag olarak kullaniminin yani sira bol
proteinli bir hayvan yemi olarak ciftliklerde de tercih edilir. Yag1 ¢ikarilmis tohumlar
kusyemi olarak kullanilirken, saplar1 yakacak olarak kullanilir, ¢cevreye dost enerji
hammaddesidir. Ayrica, yapisinda bol miktarda bulunan lif besin degerini artirir. TR
Icerigindeki maddeler tibbi acidan da oldukca degerlidir. Hiicre yenileyici, kolesterol ayeicegl, y"agh’
dengeleyici bir kalp dostudur. Antioksidan 6zelligi yiiksek, kanser 6nleyici, mantar, tohumlar, tiretim
iltihap ve mikrop 6nleyicidir. Bu ¢caligmada giincel bilgilerden yararlanilarak aygicegi

tiretiminde karsilasilan problemlerden bahsedilmistir. Tiirkiye’de her gegen yil

tretiminde bir artig goriilse de artan niifusun ihtiyacina karsilik verilememistir.

Aygigegi liretiminin artmasina yonelik bazi ¢oziim Onerilerine yer verilmistir.

MAKALE GECMISi
Gelis 05.03.2019
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ANAHTAR
KELIMELER
Helianthus annuus L.,

An Overview of Importance and Production of Sunflower
(Helianthus annuus L.,)

ABSTRACT
Sunflower, a member of the family Astreceae, is one of the most important oil seed ARTICLE HISTORY
crops in the world. It ranks second after soybean oil in terms of consumption, and it is Received 05.03.2019

used for both edible and medicinal purposes. North America is its centre of origin, from Accepted 18.05.2019
there it spread to Europe and then to the whole world. It is an environment-friendly
source of energy and it is preferred in animal farms due to protein rich feed and, it is
also used as fodder to fatten animals, while the seeds are used as bird feed, and

the stems are used as raw material for making bio fuel. It is rich fiber in its structure KEY WORDS

that increases its nutritional value. The ingredients are cell regenerative, cholesterol Helianthus annuus L.,
balancing and heart friendly that makes it very valuable for medicinal use. It has high sunflower, oily seeds,
antioxidant, anti cancer, antifungus, anti inflammation and anti microbial properties. cultivation

The problems encountered in sunflower production by using the current information
are mentioned and reviewed in this study. Although there is a rise in annual production
of sunflower in Turkey, this does not to respond to the needs of fastly growing local
population. Some solutions for increasing sunflower production are included in this
review.
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Aycicegi (Helianthus annuus L.,)

Aygicegi; Asterales takimindan, Asteraceae familyasmin bir iiyesi olan Helianthus
cinsinden Helianthus annuus L. (Sekil 1), olup, tek yillik bir bitkidir. Helianthus cinsi 51
tire ve 19 alt tiire sahiptir. Bunlardan 14’4 tek yillik, 37’si ¢ok yilliktir ve farkli
kromozom sayisina sahiptirler [1, 2]. Helianthus cinsine dahil tiirlerde temel kromozom
sayist n=17 olup, diploid, tetraploid ve hexaploid tiirleri de bulunmaktadir [3, 4, 5].
Tiirlerin bliyiik bir ¢ogunlugu siis bitkisi olup, bunlardan iki 6nemli tiir; Helianthus
annuus ve Helianthus tuberosus gida amagl olarak kiiltiire alinmaktadir.

Giiniimiiziin en 6nemli yag bitkilerinden biri olan aygiceginin (Helianthus annuus L.)
anavatan1 Kuzey Amerika olarak bilinmektedir [6]. 1.0. 3000°li yillarda iiretilmeye
baslanmistir. 1500°1ii yillarda Ispanya’ya daha sonra tiim Avrupa iilkelerine dagilmistir.
Onceleri dekoratif amagla kullamlmaya baslanmis, 1700°li yillarda, Avrupa’da tercih
edilen bir yag bitkisi olmustur. Tiirkiye’ye 1. Diinya Savasi’ndan sonra Romanya ve
Bulgaristan’dan gelen goc¢menler tarafindan getirilip, yayildigi diisiiniilmektedir. ilk
olarak Trakya’da baslayan {iretimi daha sonra Tiirkiye’nin her tarafina az veya gok

yayilmistir [5, 7, 8].

Sekil 1 Ayg¢igegi (Helianthus annuus L.,) bitkisi ¢igeginin sematik gériintiisi

Aygigeginin morfolojik ozellikleri ¢ogunlukla toprak iklimine baghdir. Aygigekleri,
deniz seviyesinde ve 3.000 m yiikseklige kadar degisik bircok bdlgede yetismektedir.
Olgunluk ¢aginda, bu bitkilerin gesitli fenotipik varyasyonlar1 bulunmaktadir. Boylar: 1-
1,4 m arasinda degisir fakat genellikle 1.6 m’dir. Dall1 ya da dalsiz, piiriizsiiz ya da tiiyli
olabilmektedir [9].
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Aygigek yagi, yag oran1 %40 - 52 arasinda degisen H. annuus bitkisinin tohumlarindan
elde edilen yagdir. Aycicek yagi, %15 doymus, %85 doymamis yag asidi igermekte,
doymamis yag asitlerinin %14-43"inii oleik asit, %44-75'ini linoleik asit olusturmaktadir.
Linoleik asit, yagin doygunlugunu azaltmakta, hazmmi ve kana gegmeyi
kolaylastirmaktadir. Ayrica, linoleik asit hiicre zarinin yapisina katilmakta ve kolesterolii
diistirmektedir. Yaglarda linoleik asit miktarinin fazla olmasi kaliteyi artirmaktadir. En
fazla % 0.7'sini de linolenik asit olusturmaktadir [10]. Aygicek yagmin yag asitleri

bilesimi tablo 1’de verilmektedir.

Tablo 1 Aygigek yaginin yag asitleri bilesimi [11]

Yag Asidi Zincir uzunlugu
Laurik (12:0)
Miristik (14:0)
Palmitik (16:0)
Palmitoleik (16:1)
Stearik (18:0)
Oleik (18:1)
Linoleik (18:2)
Linolenik (18:3)
Aragidik (20:0)
Behenik (22:0)

Aycigek yaginda; sekonder metabolitler olarak %0.025-0.31 hidrokarbonlar, %0.542-
0.584 steroller, %0.008-0.044 vakslar gibi ekolojik ve tibbi olarak biiyiik rolleri olan
sabunlagsmayan maddeler bulunmaktadir. Bunlar bocek 6ldirmek, mikrop ve iltihap
olusumunu 6nlemek gibi biyolojik 6zelliklere sahiptirler [12].

Aycigegi yaginin besin degerinin zeytinyagina esit oldugu ifade edilmektedir. Titre
bulanma derecesi 17-20° C, donma derecesi -17 ile -18° C’dir. Donma derecesinin diisiik
olmasi da aygicegi yagina bir avantaj saglamaktadir [10, 13]. Aygicegi yaginin bazi

karakteristik 6zellikleri tablo 2’de verilmistir.
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Tablo 2 Ayg¢igek yaginin bazi karakteristik 6zellikleri [14]

Ozellikler Degerler
Ozgiil agirlik (25°C) 0,915-0,919
Kirilma indeksi (25°C) 1,472-1,474
Iyot sayis1 125
Sabunlagma sayisi 188-194
Sabunlasmayan madde (%) 1,5

Aycigegi, yapisinda bol miktarda karbonhidrat, protein, vitamin ve mineral maddeler
bulundurmaktadir. Ayrica, 64 g aygicegi tohumu, 370 kcal enerji, 7 g lif ve 12 g protein,
17 mg E vitamini, 4,5 mg niacin (vit B3), 0,5 mg B6 (pridoksin), 4,5 mg pentothenic asit,
151 mg folik asit, 44.8 mg kalsiyum, 2.45 mg demir, 82.5 mg magnezyum, 1.15 mg bakar,
739 mg fosfor, 544 mg potasyum, 1.9 mg sodyum ve 3.4 mg ¢inko ve 51 mg selenyum
icermektedir [15].

Ayciceginin Kullanim Alanlari

Insanlik tarihinin bilinen en eski medeniyetlerden olan Misir, Cin, Hindistan ve Yunan
uygarliklarinda bitkisel ilaglarin ¢esitli hastaliklarin tedavisinde kullanildigini gosteren
kanitlar bulunmustur [16]. Diinya saglik 6rgiitiiniin tahminlerine gore, diinya niifusunun
%70-80’1 dzellikle gelismis tilkelerde yasayan insanlarin bitkisel ilaglarla tedaviyi tercih
ettikleri ve sagliklarin1 bu sekilde koruduklar belirtilmistir [17, 18].

Aycigegi tohumlari, tibbi tedavilerde dogal bir kolesterol diigiiriicii olarak
kullanilmaktadir. Yapilan ¢alismalarda goriilmistiir ki ay¢igegi tohumlarinin bagisiklig
kuvvetlendirmek, kolon ve prostat kanserini 6nlemek, cildin elastikiyetini artirmak, kalbi
korumak gibi 6zellikleri vardir [15]. Mantar enfeksiyonlarini 6nlemek, iltihabi olusumlari
durdurmak gibi durumlarda tedavi amagli kullanimi yayginlagsmaktadir [19, 20].
Babcock, (21) tarafindan yapilan bir ¢alismada da aygiceginin zengin E vitamini
iceriginden dolayr 6nemli bir antioksidan oldugu belirtilmektedir. Yiiksek E vitamini
igerigi kolesterolii dengelemekte, yiiksek tansiyonu diisiirmekte, kalp hastaligi ve cilt
hastaliklar1 riskini azaltmaktadir [21]. Bagirsak, mesane, prostat kanserine karsi
koruyucudur, yiiksek selenyum igerigi meme kanserini onlemede rol oynamaktadir.
Tiroid fonksiyonlarini diizenlemek, DNA hasarin1 gidermek ve kan sekerini dengelemek

gibi alanlarda da etkili olmaktadir [22]. Ay¢igegi tohumlari ¢ok iyi bir E vitamini, kolin,
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lignin, betain, arjinin ve phonelik asit kaynagidir [23, 24]. Bu bilesenler romatizma, idrar
yolu enfeksiyonlari, karaciger hastaliklari ve mide iilserlerinde tedavi amacli olarak
kullanilmaktadir [25, 26].

Yeni tedavi yontemleri gelistirilmesine ragmen diinyadaki en 6nemli 6liim nedenlerinden
biri kanserdir. Kanser onleyici birgok ilacin yiiksek maliyetli olmasi ve kemoterapi
sirasinda bir¢ok yan etkilerinin goriilmesi ucuz ve giivenilir alternatif yontemler arastirma
ihtiyacinit dogurmustur [27, 28].

Aygigeginin kafeik, klorogenik ve ferulik asit gibi metabolitleri yiiksek anti-oksidandir
ve anti mutajenik 6zellige sahiptir. Mutajenlerin metabolik aktivitelerini bloke ederek
mutajenleri elimine eder ve serbest radikaller tiretir [29, 30]. Calismalarda gézlenmistir
ki ay¢icegi yagmin kansere karsi yiiksek koruyucu 6zelligi bulunmaktadir [31]. Protein
tiretim dongiisiinde aygiceginin dogal tripsin inhibitorii (SFT1) dzelligi, meme kanserini,
modifiye edilmis formunun ise diger tip kanserleri 6nledigi goriilmiistiir [32]. Aygicegi
yaginin sivi ekstrakinin derinin i¢ine uygulanmasiyla deride gelisen kotii huylu timor
olusumunu ve lenf nodiillerinin ¢ogalmasini Onlemek amaciyla tibbi tedavilerde
kullanildigi belirtilmistir [33]. Yine aygicegi yaginin yapisinda bulunan en 6nemli
elementlerden biri olarak kabul edilen P- kumarinin de antioksidan 6zellige sahip oldugu
ve kanser hiicrelerinin ¢ogalmasini 6nledigi belirtilmistir [34, 35]. Tannin yaygin olarak
birgok bitkide bulunan ve aygicegi tohumlarindan da elde edilen diger bir anti kanser
ozellige sahip metabolik bilesendir. Kanser hiicrelerini 6liime tesvik ederken normal

hiicrelerin biiytimesini durdurmaz [36, 37].

Ligno-seliilozik bir madde olarak aygigegi kabugu, fermentasyon yoluyla seker
iiretiminde, bazi kimyasallara ve degerli bilesiklere doniisiimde olduk¢a ucuz bir
kaynaktir. Ornegin aycicegi kabugunun asit veya seliilaz enzimleriyle hidrolizi, kabukta
seker oranini arttirarak besin degerinin artmasini Ve boylece maya icin gerekli maddelerin

olusumunu saglar [38].

Aycigegi kabuklari saman ile ayni oranda s1ivi emme kapasitesine sahiptir bu nedenle sigir
yetistiriciliinde saman yerine althik olarak kullanilabilir. Ayrica bu kabuklar kereste
endiistrisinde dolgu ve yalitim maddesi ve paketleme materyali olarak da kullanilir.
Aygigegi kabugunun bir diger kullanim alani da, 6zellikle de baz tiirlerde kabugunda

bulunan antosiyanin olarak bilinen kirmizi boya maddesi nedeniyle gidalarda dogal
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katkilt boya olarak kullanilmasidir. Gida sektoriinde kullanilan yapay renklendiricilerin
yan etkileri nedeniyle, kirmizi ve pembe renk veren dogal antosiyanin kaynaklari oldukca
onemlidir. Cigek yapraklar1 da sar1 boya yapiminda kullanilmaktadir. Yenilebilir ¢igekleri
salata yapiminda tercih edilmektedir. Tohumlar1 ham, kavrulmus veya un seklinde

tilketilmektedir [12].

E vitamini sadece fotosentetik organizmalar tarafindan sentezlenen; hiicre koruyucu ve
besleyici, biyolojik aktivitesi yiiksek Oonemli bir antioksidandir [21]. En Onemli
antioksidan a-tocopherol’diir, aygigegi en iyi a-tocopherol kaynagi olarak bilinmektedir
[39] . Igerdigi toplam tocopherol’lerin %95’i a-tocopherol’diir. Aycicegi sahip oldugu
tekli ve ¢oklu doymamis yag asitleri igeriginden dolay:1 yiiksek kaliteli bir yagdir ve
oOzellikle kalp hastalari tarafindan tercih edilmektedir [40].

Oleik asidin yiiksek oksidatiflik performansi, diisiik stearik asit ve ¢oklu doymamis yag
asidi miktari, bu yag1 kozmetik, ilag, deterjan, yiizey aktif madde ve kimyasal sentez gibi
endiistriyel uygulamalar i¢in uygun hale getirmektedir [41, 42]. Oleik asitce zengin
aycicegi yaglart LDL (low density lipoprotein)’yi ve kolesterolii diisiirerek koroner kalp
rahatsizliklarin1 azaltmaktadir [43]. Saini ve arkadaslart (23) tarafindan yapilan bir
calismada ayg¢igeginin geleneksel olarak yemeklik yag ve ¢esitli hastaliklarin tedavisinde
kullanildigina deginilmistir. Yaralart hizla iyilestirdigi, bobrek, gogiis ve akciger
hastaliklarinda, romatizma ve astim tedavisinde etkili bir tedavi araci oldugunu
belirtmislerdir [44]. Benzer bir c¢alismada da Amerikali yerlilerin  kurutulmus
aygiceklerinin yakilmasiyla olusan dumani ve ¢ignenmis yumru koklerini yilan ve akrep
isiriklarinda kullandiklaring,  ¢igeklerinden elde edilen ¢aymn akciger hastaliklarinda,
sitma ve sarthumma tedavisinde, yaprak ve tohumlarinin da idrar ve balgam soktiiriicii
olarak kullanildig1 belirtilmektedir [19].

Aygicegi yemeklik yag sanayinde oldugu kadar, kimya, kozmetik, boya, motor yagi,
biyodizel, hidrolik yag, sabun, cila ve plastik sanayinde de 6nemli bir hammaddedir.
Dedio, (37), Aycigegi tohumlarmin yagi alindiktan sonra geriye kalan kiispesinin ¢ok
besleyici bir hayvan yemi oldugunu, tohumlarinda %17-18 oraninda protein bulundugunu
ifade etmistir. Kiispede yiiksek oranda (kabuklu %32,3; kabuksuz %46,8) protein ve %1-
7 arasinda yag bulunmaktadir. Aycicegi kiispesi, karma yem sanayinin en 6nemli
hammaddesi oldugu kadar dogrudan dogruya besi ve siit sigirlari icin de zengin bir besin

kaynagidir. Yesil yem bitkisi olarak geng devrelerde hayvanlara verilebilecegi gibi, silaj
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yapilarak da yedirilebilmektedir [22]. Ayg¢igegi kiispesinde bulunan proteini olusturan
onemli amino asitler tablo 3’te, kabuklu ve kabuksuz aycicegi kiispesinin bilesimi tablo
4 ‘te verilmektedir [3].

Tablo 3 Aygigegi Kiispesinde Bulunan Onemli Amino Asitler

Amino asitler Oransal degerler
Arjinin 10,38

Losin 7,11

Treonin 5,33

Fenilalanin 5,25

Valin 5,21

Isolosin 4,28

Lisin 4,03

Histidin 2,67

Metionin 2,16

Tablo 4 Kabuklu ve kabuksuz ay¢igegi kiispesinin bilesimi [45]

Bilesim Kabuksuz Ortalama (%6) Kabuklu Ortalama (%b6)
Nem 15,7 10,8

Ham yag 1,1 49

Ham protein 49,5 19,6
Hazmolabilir protein 45,0 16,3

Azotsuz 6z maddeler 28,6 27,0

Ham seliiloz 5,4 35,9

Ham kil 59 5,6

Kalsiyum 0,26 -

Fosfor 1,22 -

Bircok arastirma sonuglarina gore aygigegi yagi; oldukca yiiksek biyolojik aktivitelere
sahip mikrop, mantar ve tiimor olusumunu 6nleyici ¢esitli alkoloid, flavanoid, ugucu yag
ve terpenoid gibi antioksidanlar igermektedir [46].

Aygigeginin karasal ve sucul ortamlarda biyoremidasyon amaci ile kullanimi
yayginlasmaktadir. Mahmood (47)’un caligmalarina goére bu ydntem, son yillarda
geleneksel yontemlere alternatif olarak ortaya ¢ikan, diisiik maliyetli, cevre dostu, dikkat
cekici bir yontem olarak dikkat cekmektedir. Karasal ve sucul ortamlari kirleten ve besin
zinciri yoluyla insan sagligini, tarim iiriinlerinin yetismesini, biiylimesini, iiremesini ve
fotosentez hizin1 olumsuz etkileyen Cd, Pb, Zn gibi agir metallerin, endiistriyel, evsel ve

kanalizasyon atiklarinin, suni giibre kalintilar1 gibi kirleticilerin giderilmesinde
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kullanilmaktadir [47, 3]. Giiniimiizde fosil yakitlarin giderek azalmasi, ¢evre kirliliginin
artmasindan dolay1 ¢evreye dost alternatif enerji kaynaklarina ihtiyag artmaktadir. Smith
ve arkadaslarma (42) gore, biyoyakitlar sadece alternatif bir enerji kaynagi olmakla
kalmamakta, ayni zamanda net sera gazi emisyonlarimi ve iklim degisikligini de
azaltmaktadir [48]. Aygicegi onemli bir siis bitkisi, biyodizel iiretiminde son derece

elverigli, cevreye dost enerji hammaddesidir [49].
Tiirkiye’de Aycicegi Uretim Miktar

Aycicegi, Tiirkiye’de en fazla ekim alani ve {liretime sahip yagl tohumlu bitkidir.
Tohumunda bulunan yiiksek orandaki yag (%40-55) birim alandan elde edilen yag
miktarmin yiiksek olmasini, aygicek yagimin kalitesinin de yiiksek olmasint saglarken;
dolayisiyla bu yiiksek kaliteli aygigek yagi, liretim talebinin artigini saglamaktadir [50].
Bitkisel yag tiretimimizin %69’u, toplam siv1 yag tliiketimimizin yaklasik %84°1, toplam
yag kullaniminin ise %32’si ayciceginden karsilanmaktadir. Diinyada ve Tiirkiye’de
aycicegi cerezlik olarak da yetistirilmekte ve tiiketilmekte olup, diinya aycicegi
tretiminin % 2,6’s1 ¢erezlik olarak tiiketilmektedir. Tiirkiye’de 2017 yili aygicegi

tiretiminin % 8,37’si ¢erezlik olarak tiretilmistir. Tablo 5’te Tiirkiye ay¢igegi ekim alani

(da)-tiretim (ton)-verim (kg/da) goriilmektedir.

Tablo 5 Tiirkiye Aycicegi Ekim Alam (da)-Uretim (ton)-Verim (kg/da) [51]

Aycicegi Tohumu (Yaghk) Aycicegi Tohumu (Cerezlik) Toplam
YIL Ekilen Uretim Verilen Ekilen Uretim Verilen Ekilen Uretim

Alan Miktari kg /da) Alan Miktari kg /da) Alan Miktar1

(da) (ton) (da) (ton) (da) (ton)
2004 | 4.800.000 800.000 | 167 700.000 | 100.000| 143 550.000 900.000
2005 | 4.900.000 865.000 | 177 760.000 | 110.000| 145 5.660.000 975.000
2006 | 5.100.000| 1.010.000| 198 754.000 | 108.000| 143 5.854.000 | 1.118.000
2007 | 4.857.000 770.000 | 159 6.897.778 84.407 | 126 5.546.778 854.407
2008 | 5.100.000 900.387 | 177 700.000 91.613| 133 5.800.000 992.000
2009 | 5.150.000 960.300 | 186 690.000 96.825| 140 5.840.000 | 1.057.125
2010 | 5.514.000| 1.170.000| 212 900.000 | 150.000| 167 6.414.000 | 1.320.000
2011 | 5.560.000 | 1.170.000| 210 997.000 | 165.000| 166 6.557.000 | 1.335.000
2012 | 5.046.160 | 1.200.000| 238 1.000.000 | 170.000| 170 6.046.160 | 1.370.000
2013 | 5.202.600 | 1.380.000| 265 895.239| 143.000| 160 6.097.839 | 1.523.000
2014 | 5.524.651| 1.480.000| 269 1.049.925| 157.900| 152 6.574.576 | 1.637.900
2015 | 5.689.950 | 1.500.000| 264 1.163.224 | 180.700| 155 6.853.174| 1.680.700
2016 | 6.167.800 | 1.500.000| 244 1.033.281| 170.716| 166 7.201.081| 1.670.716
2017 | 6.813.976| 1.800.000| 264 082.241| 164.385| 168 7.796.217 | 1.964.385
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Tirkiye’de ekimi yapilan yagli tohumlu bitkiler i¢inde ekim alan1 ve iiretim bakimindan
birinci siray1r aycicegi almaktadir. Giiniimiizde Tirkiye’de {iretimi yapilan bitkisel
yaglarin yaklasik yaridan fazlasi ay¢iceginden elde edilmektedir. Tiirkiye’deki aygicegi
ekim alanlarinin %731 Trakya-Marmara, %13’{i I¢ Anadolu, %19°u Karadeniz, %3’
Ege ve %1°i Dogu ve Giineydogu Anadolu Bélgesi’nde olmaktadir. i¢ Anadolu Bélgesi,
Marmara Bolgesi’nden sonra ay¢icegi ekimi bakimindan ikinci sirada yer almaktadir. Son
yillarda aygicegi ekimi Akdeniz Bolgesi’nde de yayginlasmistir. Tablo 6’da Tiirkiye’de
illere gore aycicegi tretim miktarlar1 gosterilmistir. Tiirkiye’nin aygicegi dis ticaret
verilerine gore 2017 yilinda 595.501.657 ton ay¢icegi ihracati yapilirken, 2.266.261.247
ton aycicegi ithal edilmistir. 2002-2018 yillarinda ithalat %499 oraninda artmis ve bu
ithalat karsiliginda 15.646.602.900 dolar yabanci tilkelere 6denmistir [51]. Tablo 7°de

Tiirkiye’nin aygigegi dis ticareti verileri gosterilmistir.

Tablo 6 Tiirkiye’de Illere Gore Aycicegi Uretim Miktar (ton) [51]

. 2013 2014 2015 2016 2017

fHier Miktar % Miktar % Miktar % Miktar % Miktar %
Tekirdag 211.671| 13,90| 260.753| 15,92 | 267.012| 15,89| 283.838| 16,99 | 368.125| 18,74
Konya 266.775| 17,52 | 268.751| 16,41 | 217.634| 1295| 212.312| 12,71 | 263.008 | 13,39
Edirne 175.857 | 11,55| 258568 | 15,79 | 226.573| 13,48 | 222.064 | 13,29 | 244.655| 12,45
Adana 100.677 6,61 89.565 547 | 134.361 7,99 | 166.524 9,97 | 195.225 9,94
Kirklareli 146.682 9,63 | 165.206| 10,09 | 188.998| 11,25| 170.278| 10,19| 193.784 9,86
Corum 47739 | 3,13 38297 | 2,34 53.189 | 3,16 59.069 | 3,54 75.157 | 3,83
Tokat 47.096 | 3,09 33.740| 2,06 41593 | 2,47 39.306| 2,35 41549 | 2,12
Eskisehir 43.101 2,83 35.520 2,17 29.281 1,74 30.553 1,83 39.993 2,04
Samsun 33.018 2,17 27.652 1,69 39.083 2,33 35.546 2,13 38.253 1,95
Balikesir 27.837| 1,83 26.483| 1,62 30.609 | 1,82 30.555| 1,83 37923 1,93
Bursa 27.471| 1,80 30.463| 1,86 31548 | 1,88 37.764 | 2,26 37.382| 1,90
Deniz 37.263 2,45 45.996 2,81 36.144 2,15 32.155 1,92 32.900 1,67
Karaman 21.015 1,38 19.632 1,20 20.504 | 49,30 16.485 0,99 22.979 1,17
Kayseri 15.092 | 0,99 14.035| 0,86 19.853| 6,80 20.361| 1,22 19.676 | 1,00
Dogu Iller | 321.706 | 21,14| 323.239| 19,73 | 344.318| 26,42| 313.906| 18,78 | 353.776| 18,00
TOPLAM | 1.523.000 | 100,00 | 1.637.900 | 100,00 | 1.680.700 | 100,00 | 1.670.716 | 100,00 | 1.964.385 | 100,00
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Tablo 7 Tirkiye nin Aygicegi Dis Ticareti [51]

ihracat ithalat

Y Miktar (kg.) Deger ($) Miktar (kg.) Deger ($)

2000 42.893.190 26.832.227 906.286.860 173.534.129
2001 26.625.626 18.573.820 360.698.839 111.915.467
2002 13.643.377 12.411.361 282.002.462 101.632.461
2003 32.848.795 31.171.805 748.844.214 220.089.550
2004 23.173.358 26.984.456 911.807.466 261.641.461
2005 32.362.753 38.572.072 976.706.499 332.169.143
2006 110.054.531 108.399.368 1.197.809.190 399.206.153
2007 42.909.003 63.336.363 1.133.437.679 464.165.382
2008 106.667.700 195.035.170 1.071.522.041 1.060.612.784
2009 125539.491 146.920.775 1.114.162.358 755.439.439
2010 100.252.941 159.636.909 1.353.011.001 739.472.698
2011 237.813.638 419.915.999 1.944.182.465 1.360.886.520
2012 312.896.951 517.970.359 2.225.829.216 1.617.458.389
2013 378.980.656 596.458.932 1.804.946.446 1533.902.073
2014 697.815.573 899.887.431 2.158.859.600 1.820.246.817
2015 655.423.289 758.138.271 1.938.171.830 1,539.607.490
2016 655.698.940 758.138.271 1.902.405.500 1.447.545 246
2017 595,501,657 687.038.049 2.266.261.247 1.203.486.976
2018 343.028.037 391.757.295 1.688.541.702 789.040.318

Diinya Aycicegi Uretimi

Aygigegi tarimi diinyada en fazla Ukrayna, Rusya ve Arjantin’de yapilmaktadir. Bu

ilkeler, 2016 yilinda diinya iiretiminin %58,38’1 gergeklestirmislerdir. Tablo 8 ‘de

tilkelerin aygigegi iretim miktarlart gosterilmistir. Tirkiye’nin ise diinya aygicegi

tiretimindeki pay1 2016 yilinda %3,53 tiir [51].
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Tablo 8 Ulkelerin Aygicegi Uretimi (Ton) [51]

2016
Ulkeler 1061 | 1970 | 1980 | 1990 | 2000 | 2010 | 2015 | 2016 | %
Ukrayna 3.457.400 | 6.771.500 | 118112 | 1362689 | 55 7
Rusya 3.918.549 | 5.344.821 | 9.280.206 | 01019 | 2326
Arjantin | 585.000 | 1.140.000 | 1.650.000 | 3.900.000 | 6.069.655 | 2.232.034 | 3.158.290 | 3.000.367 | 6,34
Cin 61.000| 70.000| 909.700 | 1.338.736 | 1.954.141 | 2.298.000 | 2.698.113 | 2.587.422 | 547

Romanya | 481.000| 769.587 | 800.600| 556.242 | 720.871 |1.262.926|1.785.771|2.032.340 | 4,29

E”'garisw 301.000 | 406.887 | 379.950| 388.560| 425.369 |1.536.321 | 1.699.228 | 1.873.677 | 3,96
Tiirkiye 96.700| 375.000| 750.000| 860.000| 800.000 | 1.320.000 | 1.680.700 | 1.670.716 | 3,53
r':"aca”“a 109.964| 95509 | 455.915| 683.706| 483.649| 969.718 |1.556.976 | 1.534.959 | 3,24
ABD 17.000| 85.785 | 1.697.000 | 1.032.000 | 1.607.730 | 1.240.830 | 1.326.180 | 1.204.170 | 2,54
Fransa 12201| 56.830| 245.400 |2.430.000 | 1.833.062 | 1.640.837 | 1.186.913 | 1.189.832 | 2,51
giﬁgﬂ 5'152'73 7.046.118 | 6.767.761 115163; 5.279.104 | 6.836.168 | 8.815.732 | 7.614.466 | 16,08

6.817.06 | 10.045.71 | 13.656.32 | 22.705.55 | 26.549.55 | 31.453.15 | 44.369.31 | 47.345.03 | 100,0
TEBEA 4 6 6 9 0 5 9 6| 0

Aycicegi Tariminda Yasanan Sorunlar ve Céziim Onerileri

Tiirkiye’de yagl tohum tiretimi yeterli degildir. Tiirkiye’de bitkisel sivi yag tiikketiminin
onemli bir kismim1 yaglhk ay¢iceginden elde edilen aygicek yagi olusturmaktadir.
Yurtiginde tiiketilen 900 bin ton civarindaki aygigek yagiimn sadece 500-550 bin tonu
tilkemiz tiretiminden karsilanmaktadir [51].

Tiirkiye ay¢icegi tarimi i¢in uygun ekolojik kosullara sahip olmasina ragmen aycicegi
ekim alanlarimiz arttirnlamamaktadir. Aycicegi bitkisi kazik kok yapisiyla kurakliga
toleransli bir bitki olsa da yazlik bir bitki olmas1 ve bu mevsimde de yeterince yagis
diismemesi sonucu olusan kuraklik, dekardan alinan verimi oldukga diigiirmektedir [10].
Biitiin kosullar 1y1 olsa dahi, ayciceginde bir defa elle yabanci ot kontrollii yapilmasi
faydalidir. En etkili miicadele yontemi, elle yapilan olmasina ragmen is giiciliniin pahali
olmasi nedeniyle herbisitler tercih edilmektedir. Ancak, bilingsiz kullanilan herbisitlerin
ayciceginin ¢imlenmesinden baslayarak, biitlin asamalarinda olumsuz etkilerde
bulundugu ve bu olumsuzluklarin verimi etkiledigi, beklenilen fayda yerine zararlar
ortaya ¢ikardigi, yapilan ¢alismalarla belirlenmistir [39, 40].

Aygigegi iretiminde hedeflenen miktarlara ulasabilmenin yolu; énemli oranda birim

alandan alinan tane ve yag verimlerinin artirilmast i¢in yiiksek verimli kaliteli tohumluk
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kullaniminin yayginlastirilmasi, ¢esitli arastirmalarla teknik uygulamalarin yerinde ve
zamaninda yapilmasi ile miimkiin olacag diisiiniilmektedir [10].

Cok fazla is giicli gerektirmesi, tohum ¢imlenmesinde karsilasilan olumsuzluklar, kiiresel
iklim degisikligi, azalan toprak ve su kaynaklar1 géz oniine alindiginda klasik 1slah
yontemleriyle iiretimde istenilen hedefe ulagsmak olduk¢a zordur. Bu sorunun
coziilebilmesi i¢in, ilk 6nce aygicegi verimini arttirmak tizere biyoteknolojik teknikler
gelistirilerek, aygicegi liretiminde yaygin olarak goriilen hastaliklara, orobans ve mildiyo
gibi zararlilara dayanikli tiirlerin gelistirilmesi gibi ¢alismalar yogunlastirilmalidir [51].
Bununla birlikte ciftgilere bu alanda gerekli egitimin verilmesinin yararli olacagi
diistiniilmektedir [52].
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Farkh Benzil Amino Piirin ve Gibberellik Asit Kombinasyonunun

Rotala rotundifolia (Buch-Ham. ex Roxb) Koehne’nin

Mikrocogaltimi Uzerine EtKkisi

Muhammet Dogan'

OZET

Rotala rotundifolia (Buch-Ham. ex Roxb) Koehne geneneksel tip sisteminde
hastaliklarin tedavisinde kullanilan énemli akuatik tibbi bitkidir. Bu ¢alismada, 6-
benzil amino purin (BAP) ve gibberellik asit (GAs)’in farkli kombinasyonlarini igeren
kiltir ortaminda R. rotundifolia’nin bogum eksplantlarindan in vitro siirgiin
rejenerasyonu arastirilmistir. Kiiltlir ortamlarinda ilk siirgiin olusumlari 10 giin
sonunda gozlenmistir. Sekiz hafta sonunda deneme sonlandirilmig ve rejenerasyon
verileri alinmistir. Siirgiin rejenerasyon orani %72,22-100,00 arasinda siralanmustir.
%100 siirgiin rejenerasyon orani 0,25-0,75 mg/L BAP + 0,25 mg/L GA;3 igeren MS
ortaminda kaydedilmistir. Eksplant basina maksimum siirgiinler (18,38 adet) ve en
uzun siirgiinler (2,36 cm) 0,25 mg/L BAP + 0,25 mg/L GA; eklenmis kiilttirlerde elde
edilmistir. Cogaltim ortaminda siirgiinlerin koklenmesi nedeniyle ayrica koklendirme
caligmasi yliriitilmemistir. Rejenere siirglinlerin akvaryum ortamina alistirilmast
basariyla saglanmistir. Bu rapor, tibbi bitki R. rotundifolia’nin ¢oklu iiretimini
sunmas1 bakimindan énemlidir. fleride bu bitki ile yiiriitiilecek sekonder metabolit
iretimi ve gen aktarim ¢aligmalarina yardimeci olabilir.
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The Effect of Different Combinations of Benzyl Amino Purine and
Gibberellic Acid on Micropropagation of Rotala rotundifolia

(Buch-Ham. ex Roxb) Koehne

ABSTRACT

Rotala rotundifolia (Buch-Ham. ex Roxb) Koehne is an important aquatic medicinal
plant for the treatment of diseases in the traditional medicine system. In this study, in
vitro shoot regeneration from the nodal explants of R. rotundifolia in culture medium
containing different combinations of 6-benzyl amino purine (BAP) and gibberellic
acid (GAs) was investigated. First shoot formation was observed after 10 days in
culture medium. At the end of eight weeks, the trial was completed and regeneration
data were obtained. Shoot regeneration rate is listed as 72.22-100.00%. 100% shoot
regeneration rate was recorded in MS medium including 0.25-0.75 mg/L BAP + 0.25
mg/L GAs. The maximum shoots per explant (18.38) and the longest shoots (2.36 cm)
were obtained in cultures with 0.25 mg/L BAP + 0.25 mg/L GAs. No rooting study
was carried out due to the rooting of the shoots in the multiplication environment. The
acclimation of regenerated shoots to the aquarium environment has been successfully
achieved. This report is important in that it offers multiple production of medicinal
plant R. rotundifolia. In the future, it can help with the production of secondary
metabolites and gene transfer studies.
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Giris

Rotala rotundifolia (Buch-Ham. Eski Roxb) Koehne (Lythraceae) Asya’da yayilis gosteren
sucul bir bitkidir [1]. R. rotundifolia geneneksel tip sisteminde hastaliklarin iyilestirilmesinde
sifali bitki olarak kullanilmaktadir. Ozellikle eklem agrisinin tedavisi ve romatizmal
tedavisinde tercih edilmektedir [2]. Ayrica R. rotundifoliamin akuatik ekstrelerinin en fazla
antioksidan kapasiteye barindirdig: bildirilmistir [3].

Bitkiler siisleme, tibbi ve diger bir¢ok amag icin dogal ortamlarindan asir1 sekilde
toplanmaktadir. Bu durum bitki tiirlerinin neslinin yok olmasina ve bu bitki tiirleri ile beslenen
diger canli tiirlerinin 6lmesine neden olabilimektedir. Bu nedenle, dnemli bitki tiirlerinin biiyiik
Olgekli cogalmalarini ve korunmalarmi saglayacak etkili c¢ogaltma yoOntemlerinin
gelistirilmesine acil bir ihtiyag¢ vardir.

Normal kosullarda tatli su bitkilerini yetistirme teknikleri eseyli ve eseysiz olmak {izere ikiye
ayrilir. Eseyli iiretimde yapay polenleme ve tohumla {iretimden yararlanilmaktadir. Yapay
polenleme, kendini délleyemeyen tiirlerde uygulanan bir yontemdir. D6llenme olayi, bir firga
yardimiyla aliman polenlerin diger bitkinin ¢icegine tasinmasiyla saglanabilecegi gibi
olgunlagmis anterleri bulunan ¢igeklerin koparilarak diger cicegin stigmasina siirtiilmesi ile de
saglanabilir. Tohumla {iretim, bitkinin normal hayat dongiisiinde bulunan bir olaydir. Diger
tiretim sekli eseysiz tiretimdir. Bu yontem ticari olarak en yaygin kullanilan yontemdir. Cesitli
sekillerde yapilabilmektedir. Ornegin; ana bitkiden kesilen pargalarin topraga dikilmesiyle,
rizoma sahip bazi su bitkilerinde, rizomlar iizerinde yeni ¢ikan bitkilerin kesilip topraga
aktarilmasiyla ve ¢igek agmayan bazi su bitkilerinde ana bitkinin yapraklarindan yeni bitkilerin
gelismesiyle elde edilebilmektedir [4].

Geleneksel tiretim yontemlerinin aksine bitki iiretiminde yaygin sekilde biyoteknolojik bir
yontem olan doku kiiltiirii teknikleri kullanilmaya baslanmistir. Geleneksel tekniklerle
cogaltma ile iliskili zorluklar, doku kiiltiirii teknikleri kullanilarak asilabilir [5]. Bitki doku
kiltirii teknikleri, 6zellikle nadir ve nesli tiikenmekte olan bitki tiirlerinin hizli bir sekilde
cogaltilmasi i¢in kolay ve giivenilir yontemler olarak kabul edilir [6-9].

Bu c¢alismada, 6-benzil amino purin (BAP) ve gibberellik asit (GA3z)’in farkli
kombinasyonlarini igeren kiiltiir ortaminda R. rotundifolia’nin bogum eksplantlarindan in vitro

siirglin rejenerasyonu arastirilmistir.
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Materyal ve Metot

R. rotundifolia Konya’da (Tiirkiye) yer alan akvaryumculardan temin edilmistir. Bitkinin yiizey
sterilizasyonu islemleri %20 hidrojen peroksit (H202) ile 10 dk etkilesime sokularak
basarilmistir. Ardindan bitki parcalar izerinde H.O>’1 uzaklastirmak i¢in 3 kez 5’er dk siire ile
durulama yapilmistir. Bu bitki pargalarinda bogum eksplantlar1 izole edilerek bitki biiylime
diizenleyici icermeyen Murashige ve Skoog (MS) temel besin ortamina transfer edilmistir [10].

Cogaltim caligmalarinda, bu kiiltiir ortaminda biiyiiyen 4 haftalik siirgiinler kullanilmistir.

In vitro ¢ogaltim calismalarinda bogum eksplantlar1 izole edilerek %3 sukroz ve 0,05-1,25
mg/L BAP ve 0,25 mg/L GAs kombinasyonlarini igeren sivi MS besin ortami kullanilmstir.
Besin ortamin pH'1 otoklavlanmadan 6nce 1N NaOH ve IN HCl ile 5.8 £ 0.1'e ayarlanmuistr.
Otoklavda 120°C'de 20 dk boyunca (118 kPa atm) steril edilmistir. Biitlin kiiltiirler, beyaz
floresan lambalar altinda 16 saat 151k fotoperyodunda (5000 lux), 24+1°C'de bekletilmistir.

Cogaltim ortaminda stirglinlerin koklenmesi nedeniyle ayrica koklendirme ¢alismasi
yirltilmemistir. Kiiltiir ortaminda {iretilen bitkiler iizerinde bulunan besin ortamlari

uzaklastirilmis ve musluk suyu ve kum iceren akvaryuma alinmistir (16 saat 1s1k; 23°C).

Kiiltiir ortamindaki datalarin analizi i¢in SPSS 21 for Windows programi kullanilmistir. Post
Hoc testlerinden ise Duncan segilmistir. Yiizde veriler i¢in arksin transformasyon uygulanmistir
[11].

Bulgular ve Tartisma

In vitro siirgiin rejenerasyonu i¢in R. rotundifolia’nin bogum eksplantlar1 0,05-1,25 mg/L BAP
ve 0,25 mg/L GAs kombinasyonlarini ihtiva eden sivi MS besin soliisyonunda kiiltiire
alinmistir. Benzer sekilde bogum eksplantlarindan basarilt siirgiin rejenerasyonlar1 daha 6nce
Mishra ve ark. [12], Dogan [13], Reddy ve ark. [14], Subbaiyan ve ark. [15] ve Warakagoda ve
ark. [16] tarafindan da bildirilmistir. ilk siirgiin ¢ikislar1 10. giinde gdzlenmistir. Sekiz hafta
sonunda deneme sonlandirilmis ve kiiltiir ortamlarindaki bogum eksplantlarindan ¢ikan ¢oklu
stirgiin olusumlar1 kaydedilmistir. Siirglin rejenerasyon verileri ig¢in Vvaryans analizi

uygulanmistir (Tablo 1).
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Tablo 1 0,25 mg/L GAsve farklt BAP konsantrasyonlarinin R. rotundifolia’nin bogum eksplantlarindan
slirglin rejenerasyonuna ait varyans analizi

Siirgiin Eksplant Basina Siireiin Uzunludu Kok Olusturan
Rejenerasyon Siirgiin Sayisi g (cm) g Eksplant orani
o 0,
VK. sD. Orani (%) (adet) (%)
K.O. F K.O. F K.O. F K.O. F
Ortam 5 361,18 | 2,60% 42,91 13,95** 0,95 80,01** | 2395,09 | 8,62**
Hata 12 138,91 - 3,08 - 0,02 - 277,74 -
Genel
Toplam 17
** p<0,01 diizeyinde dnemli, *Onemsiz.

Tablo 2. incelendiginde, slirgiin rejenerasyonu orani bakimindan ortamlar arasinda istatistiksel
olarak anlamli bir farklilik bulunmazken, kok olusturan eksplant orani, siirglin uzunlugu ve
eksplant basina siirgilin sayis bakimindan istatistiksel olarak énemli bir farklilik bulunmustur
(p<0,01). Bu farkliligin anlamlilik seviyesi i¢in Duncan testi uygulanmistir (Tablo 2).

Siirgiin rejenerasyon orant %72,22-100,00 arasinda siralanmistir (Tablo 2). %100 siirgiin
rejenerasyon orani 0,25-0,75 mg/L BAP + 0,25 mg/L GAsz igeren MS ortaminda kaydedilmistir.
%72,22 siirgiin rejenerasyon olusumu 1,25 mg/L BAP + 0,25 mg/L GAs eklenmis kiiltiirlerde
kaydedilmistir. Genel olarak ¢ok yiiksek hormon kombinasyonu ve ¢ok diisiik hormon
kombinasyonlar1 eksplantlarin siirgiin rejenerasyonlart i¢in olumlu bulunmamistir. Benzer
sekilde Ceratophyllum demersum L.’un siirgiin ucu ile yiiritilen ¢alismada siirgiin
rejenerasyon frekanslari yiiksek ve diisik BAP igeriginde azalmistir Emsen ve Dogan [17].
Limnophila aromatica (Lamk.) Merr.’nin bogum ve bogum arasi eksplantlar1 0,10 mg/L GAs
ve 0.05-1.60 mg/L Tidiazuron kombinasyonunu i¢ceren MS besin ortaminda kiiltiire alinmis ve
en yliksek ve en diisiik hormon kombinasyonlarinda siirglin rejenerasyon yiizdeleri diisiis
gostermistir [18]. Benzer sonuglar Ipomoea purpurea (L.) Roth’nin bogum eksplantlarinda da
tespit edilmistir [19]. BAP ve GAz kombinasyonlarini igeren MS besin ortamlarinda eksplant
basina siirgiin sayis1 8,16-18,38 adet arasinda degismistir (Tablo 2). En fazla siirgiin olusumu
18,38 adet ile 0,25 mg/L GAs + 0,25 mg/L BAP eklenmis kiiltiirlerde (Sekil 1a,b,c), ardindan
da 17,10 adet ile 0,25 mg/L GAs + 1,25 mg/L BAP eklenmis kiiltiir ortaminda tespit edilmistir.
Diisiik sayida siirgiinler ise 0,25 mg/L GA3z + 0,75 mg/L BAP eklenmis kiiltiirlerde (8,16 adet),
ardinda da 0,25 mg/L GAsz + 0,05 mg/L BAP’l1 ortamda belirlenmistir (12,64 adet).
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Tablo 2 0,25 mg/L GA; ve farkli BAP konsantrasyonlarinin R. rotundifolia’nin bogum eksplantlarinda
stirgiin rejenerasyonuna etkisi

Biiyiime Siirgiin Eksplant Basina . .
Diizenleyicileri Rejenerasyon Siirgiin Sayisi Surgul} Kok Olusturan
o Uzunlugu Eksplant Oram
(mg/L) Oram (%) (adet) (cm) (%)
BAP_ | GAs 0
0,05 0,25 88,89 % 12,64b 1,08c 83,33a
0.25 0,25 100,00 18,38a 2,36a 66,66a
0.50 0,25 100,00 15,27ab 1,75b 55,55ab
0.75 0,25 100,00 8,16¢c 1,51b 44.44ab
1,00 0,25 88,89 14,34ab 1,077c 16,66b
1,25 0,25 72,22 17,10a 0,83c 11,17b
Ayni stitundaki farkli harfler istatistiksel olarak farkliliklar1 gostermektedir (p<0.01)
& Onemsiz

Veriler incelendiginde, siirgiin sayilarinin hormon kombinasyonlarinin etkisiyle 6nemli 6l¢iide
etkilendigi fakat slirglin sayisinin hormon kombinasyonlari ile diizenli bir artig veya azalig
gostermedigi goriilmiistiir. Benzer sekilde farkli horman konsantrasyonlariin etkileri ile

slirglin sayilar1 tizerinde degisimler Lysimachia nummularia L. [20], Echinops kebericho [21],

Pongamia pinnata [22], Picea abies (L.) H. Karst [23] ve Pogostemon erectus (Dalzell) Kuntze
[24] bitkilerinde de bildirimistir.

: st o : i a7 At

Sekil 1 0,25 mg/L GA;s ve farkli BAP dozlarim ihtiva eden sivi kiiltiir ortaminda R.rotundifolia’nin
bogumlarindan rejenere siirgtinler; Sekiz hafta sonra (a,b,c) 0,25 mg/L BAP + 0,25 mg/L GAs eklenmis
kiiltiirlerde bogum eksplantindan ¢oklu siirgiinler

Kiiltiir ortamlarinda siirgiin uzunluklari 0,83-2,36 cm arasinda degismistir. En uzun siirgiinler
(2,36 cm) 0,25 mg/L BAP + 0,25 mg/L GAz eklenmis kiiltiirlerde, en kisa siirgiinler ise 1,25
mg/L BAP + 0,25 mg/L GAs eklenmis Kkiiltiirlerde elde edilmistir. Bitki biiylime
diizenleyicilerin 0,25 mg/L’den fazla kullanilmasi siirglin uzunlugunu olumsuz etkilemistir.

Siirgiin sayist ve silirglin uzunlugu bakimindan en uygun hormon kombinasyonlart BAP ve
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GA3z’in esit oranda (0,25 mg/L) kullanildig1 ortam olarak kaydedilmistir. Dogan [25] R.
rotundifolia’nin siirgiin ucu ve bogum eksplantlar1 doku kiiltiirii ile tiretim igin 0,05-1,25 mg/L
Kinetin ve 0.25 mg/L GAs eklenmis biiyiitme ortamina aktarilmis ve en uzun siirgiinleri siirgiin
ucu eksplantlarinda 0,75 mg/L Kinetin + 0.25 mg/L GA3z’l1 kiiltiirlerde, bogum eksplantlarinda
0,50 mg/L Kinetin + 0.25 mg/L GA3’li kiiltiirlerde elde etmistir. Bu sonuglar
degerlendirildiginde ayni bitki tiirlerinde bile farkli hormonlar bitki {izerinde farkli etkiler
gosterebilmektedir. Kok olusturan eksplant orani %11,17-83,33 arasinda siralanmistir. En
yiiksek kok olusumu (%83,33) BAP’1n en diisiik oranda kullanildig: ortamda (0,05 mg/L), en
diisiik kok olusumu (%11,17) BAP’in en yiiksek oranda (1,25 mg/L) kullanildig1 kiiltiir
ortamlarinda kaydedilmistir.

Cogaltim ortamlarinda bitkilerden kok olusturmalar1 nedeniyle ayrica kdklendirme ¢aligmalari
yiirlitiilmemistir. Rejenere siirglinler {izerinde bulunan besin ortami ¢esme suyu ile dikkatlice
uzaklagtirildiktan sonra akvaryum ortamina aktarilmistir. Dort hafta sonunda rejenere bitkilerin

dis kosullara aligtirilmas1 saglanmstir.
Sonug¢ ve Oneriler

Son zamanlarda ekonomik olarak degerli bitkilerin ¢oklu {iretimi i¢in doku kiiltiirii teknikleri
yaygin sekilde kullanilmaktadir. Bu ¢alismada, farklit BAP ve GA3z kombinasyonlarini igeren
kiiltiir ortaminda R. rotundifolia’nin in vitro hizli ve ¢oklu iiretimi basariyla saglanmigtir. En
fazla eksplant basina siirgiinler ve en uzun siirgiinler 0,25 mg/L BAP ve 0,25 mg/L GAs
kombinasyonunda elde edilmistir. Bu rapor tibbi bitki R. rotundifolia’nin doku kiiltiirii
kosullarinda ¢oklu tiretimine yardimci olabilir ve bdylece bu bitkiden degerli sekonder
metabolitlerin fazlaca {iretilmesine olanak saglayabilir. Ayrica dogal ortamlarindan
toplanmasinin 6niine gegilerek biyocesitlilige katki saglayabilir. Bu ¢alisma sonuglari, tibbi ve
slis amagli kullanilan R. rotundifolia’nin biiyiik 6l¢ekli tiretimine yardimci olabilir. Ayrica bu

bitki ile yiirtitiilecek genetik miihendisligi ¢alismalarina katki yapabilir.

Tesekkiir

Bu calisma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) tarafindan 2130190 numaral1 proje
ile desteklenmistir. Desteklerinden dolayt TUBITAK'a tesekkiir ederim.
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Evaluation of Fresh Ear Yield And Quality Performance In
Super Sweet Corn

Erkan Ozatal

ABSTRACT

Aim of this study is determine to fresh ear yield and quality characters of sweet corn ARTICLE HISTORY

varieties which Vega, Challenger, Sentinel, HYRIX 39, and HYRIX 53 in two Received
L - ; - 17 May 2019
location in Turkey. The research was conducted on randomised blocks design with
P . : . Accepted
four replication in Bafra and Tekkekoy location. The experiment was caried out 25 June 2019

evaluate the yield and quality performance of some sweet corn genotypes as well as
demonstrate unfamiliar supersweet corn concept in Turkey. In the research were
obserwed some yield component and quality characters such as flowering time, plant
length, first cob length, grain yield, cob diameter, cob length, number of rows in the
cob, amount of grains in row, number of marketable cobs per plant, wet cob harvest
time, wet cob yield, grain cob ratio, grain moisture, dry grain yield. It was found that
sweet corn genotype are significantly different in terms of yield and quality KEYWORDS
characteristics. The highest wet cob yield was 24.238 t ha in Hybrix 39 super sweet. Fresh ear yield,
Super sweet corn has an important potential in sweet corn cultivation due to high yield grain yield,

of dry grains and its high maintenance rate of sugar raito in the long term after super sweet

harvesting. Statistical analysis showed that the effect of genotype and the

corn,
environment, as well as their interactions, had a significant impact on the yield of ;

. quality and cob
sweet corn hybrids. The presented results have demonstrated the poerformance of length

some sweet corn in Turkey. This work is intended to inspire similar studies using other
sweet corn varieties and also to encourage the wide-scale production sweet corn in
Turkey.

Introduction

Sweet corn [Zea mays (L.) var. saccharata] is cultivated plant for human consumption
and it is a raw or processed material of the food industry throughout the world. It is
popular with the consumer for its unique taste, pleasant flavour and sweetness. Sweet
corn plays an important role in the human diet because of its health-promoting nutritional
characteristics. The nutritional value of sweet corn kernels is related to the content of
water (72.7%) and the total content of solid parts (27.3%). Solid parts include
hydrocarbons (81%), proteins (13%), lipids (3.5%) and others (2.5%). Starch is the
dominant hydrocarbon component [1]. Sweet corn kernels are moderately high in calories

in comparison to other vegetables. Corn features high-quality phyto-nutrition profile

1 Republic of Turkey Ministry of Agriculture and Forestry, Black Sea Agricultural Research Institute.
Samsun, Turkey. e-mail: erkan.ozata@tarimorman.gov.tr
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comprising of dietary fibre, vitamins, and antioxidants in addition to a reasonable
proportion of minerals. Sweet corn contains a significant amount of lutein, zeaxanthin
and other carotenoids [1]. Sweet corn is widely consumed as a healthy food since it is
rich in carotenoids.

The world sweet corn cultivation area is 1444037 ha, production is 18841356 tons, and
yield is 13.029 tha. Moreover, worldwide sweet corn producing area ocure that Africa
(32.3%), European Union Countries (27.7%), America (24,7%) and Asia (12,6%),
respectively. European Union countries (52.4%), then America (29.5%), Africa (9.1%)
and Asia (6.9%), respectively, are the top producer's countries in terms of production of
sweet corn. Similar to production, the European Union Countries with 24.745 tha-1and
the United States with 15.552 t/ha-1 have the highest yield. Nowadays, its biggest
producers are Ukraine (6967780 t), USA (3838630 t), Croatia (1283068 t), and Mexico
(898793 t). Moreover, the USA and UK are the most significant exportercountries. Sweet
corn is consumed as a human food in the worldwide, which approximately 21% of total
production [1]. Sweet corn production has dramaticaly increased by the 250% in the last
30 years [1]

The sweet corn is divided into three groups according to the sugar content and its storage
ability. The first group is named as a sugar corn. Sugar corn after the grain maturation, it
IS necessary to harvest corn spadix and sequentially process or consume by 24 hours.
When reached this stage, the content of sugars very quickly decreases and they are
converted to starch [1]. The second group is tagged as SE (sugary enhanced). SE corn is
more slowly convert sugars to starch after harvest is slow. The corn spadix is possible to
storage about three days after harvest in good taste quality [1]. The third group is named
as sh-2 (super sweet, shrunken) and spadix has the highest sugar content, and its storage
ability after harvest is about seven days in cold conditions. After that, the grain quality is
decreased. The grain starts to shrivel because of water lack, despite preserving sweet taste.
This variety group is the most preferred variety by producers and consumers [1].

The consumption of sweet corn as fresh in the form of canned or frozen food is increasing
extremely quick in all over the world. Although sweet corn is produced with contract
farming model intensively in Aegean, Marmara and the west part of Turkey, demand for
sweet corn is not reached by domestic production in Turkey. Turkey's frozen-canned

sweet corn imports in 2016 are approximately 8 thousand tons. In addition, although the
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value of imports is approximately $ 10 million, the cost of export is about $ 0,95 million
[1] Turkey sweet corn yield potential is close or higher than world avarage statistics. Since
Turkey is a country that exports most of its agricultural products abroad, there is the
potential to move from importer to exporter position with the increase in sweet corn
production areas. The research carried out to evaluate the yield, yield component and
quality of widely planted sweet corn genotypes and supersweet genotypes at ecological

conditions in Bafra and Tekkekoy locations in Turkey.
Materials and Methods

Experimental site and material

The field trials were conducted on Bafra and Tekkekdy location in Blacksea Agricultural
Research Institution ( Bafra; 41°36°N, 35955’ E; Tekkekdy 41°.13 N*, 36° 30'E; 16 m
evaluation Bafra, E; 7 m evaluation) during to 2018 cropping seasons as a double crop.
The sweet corn varieties in the research and their some characteristics are presented Table
1.

Table 1 Sweet corn varieties and their some charectiscs

Variety Name Sweet corn Ear colour Origin Growing period (days)
Vega Super Sweet (Sh2) Yellow USA 70-80
Challenger Super Sweet (Sh2) Yellow USA 80-85
Sentinel Super Sweet (Sh2) Yellow Australia 80-85
HYRIX 39 Super Sweet (ShZ) Yellow Thailand 120-130
HYRIX 53 Super Sweet (Sh2) Yellow Thailand 120-130

The soil of the experimental area is clayed-loamy and little alkaline. Total salt and the
amount of takable phosphor were low, but the plant was rich in terms of nutrition elements
and potassium and lime, but low in terms of organic matter (Table2).
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Table 2 Some properties of study soil *

Parameter Bafra Tekkekoy
Soil texture (%) 66 68 Clay Loam
pH 7,2 7,4 Slightly alkaline
P,0s (kg hat) 25,2 25 Very Low
K20 (kg ha?) 940 920 High
Organic Matter (%) 1,76 1,7 Low
CaCOs; (%) 6,76 75 Medium
EC (%) 0,054 0,061 Nonsaline

*(Samsun, Blacksea Agricultural Research Institute, Soil Department Laboratory, Analyze
Number:183,2018)

Winter and summer in Samsun are temperate and rainy, which is a type of a Black Sea
climate. The mean monthly air temperature during the research period (May- October)
was 15.9 - 23.8 C° in Tekkekoy location, whereas it was 17.4 - 24.6 C° in the Bafra
location. Total rainfall was 317.7 mm in Tekkekoy and 208.6 mm in Bafra during the
growing periods in 2018. In addition, the average relative humidity was ranged from77.5-
80.0 % in Tekkekoy location, 74.8-78.6% in Bafra location (Table 3, Table 4).

Whilistmoisture and temperature values relatively had the close values each other in
cultivating season (2018) differed from long term averages. Average temperatures in
Bafra location was measured 1-1.5 °C higher than long term averages. Significant
differences were measured in total rainfall and distribution of rainfall into months.
Table 3 The climate conditions in 2018 and long term in Tekkekoy location (1970-2018)*

Months Mean temperature (°C) Relative humidity (%) Precipitation (mm)

Long Term 2018 Long Term 2018 Long Term 2018
May 15,9 16,9 77,5 79,9 49,0 65,2
June 20,1 21,0 77,5 78,0 45,4 57,5
July 234 23,8 77,5 775 32,0 37,5
August 23,8 24,0 78,5 78,8 40,1 72,0
September 20 20,5 79,5 80 51,7 85,5
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Table 4 The climate conditions in 2018 and long term in Bafra location (1970-2018)*

Months Mean temperature (°C) Relative humidity (%) Precipitation (mm)
Long Term 2018 |Long Term 2018 |Long Term 2018
May 15,4 17,4 78,6 78,5 46,3 15,3
June 20,1 21,8 74,5 76,5 449 38,4
July 22,8 24,6 72,5 74,8 29,9 23,5
August 22,7 24,5 73,9 77,5 44 4 50,0
September 19,2 20,9 76,3 76,5 58,5 81,6

* X Meteorologi Regional Directorate Data

The experiment treatments

The experiment was conducted on a Randomized Complete Block design with four
replications in the main crop separately. Seeds were sown by hands as spreading two
seeds in per growing bed, and every plot had four lines, and plot area was 14 m? plot
dimensions inter-rows was 70cm and within rows was 18cm and the length of plot 5m.
When the plants reached knee-deep (40-50cm) in the experiment, the weak one from two
plants in the growing bed was thinned. Irrigations were applied with drum irrigation
systalk and earthing up was applied with hoeing regularly [1]

The dressing was made as pure 80 kg ha® P,Os and 200 kg N ha™ totally per hectare
according to soil analysis. All phosphorised manure and 80 kg ha* of nitrogenous manure
were given at the cultivating period as bottom fertiliser, the rest of the nitrogenous was
given when the plants became 4-6 leafed (V4-V6 phase), reached approximately 40-
50cm. Two lines in the middle were harvested for fresh ear yield another two lines in the
middle were harvested for dry grain yield. Corn was sowed in one day at both locations
on 12 May 2018. Wet cob harvests between the dates of 4-21 August 2018, the dry crops
were harvested between 18 September 2018 and 16 November2018. Wet cob was
harvested when the grain moisture of the cobs is 70-75 %, while dry grain was harvested
when grain moisture was close to 20%. Dried grain yield per decare was calculated after
the grain moisture was adjusted to 15%. During the growing period, some cultural
practices such as weed control, irrigation, pesticide and fungicide were applied at the

proper time intervals for each experiment.
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Data collection and measurement

Besides, the number of days for %50 flowering, plant height, Phenological and
morphological observations taken during the research were made based on technical order
of agricultural values evaluation testings by Ministry of Agriculture and Forest [1]. Data
obtained from the research were subjected to the variance analysis [1] using JMP 7.0
statistical software with Split Plot Design. Obtained data were statistically processed by
the two-factorial analysis of variance, where the factor A was genotype and the factor B
environment. Least Significant Differences (LSD) test was used to compare the

treatments at the probability level of 0.05.
Results and Discussion

There are a statistically significant difference (p>0.05) between location, genotype and
location genotype interaction among sweet corn genotypes. Flowering times are avarege
52.7 and 58.4 days Bafra and Tekkekoy location, respectively. Among the genotypes, the
earliest flowering time was observed in Sentinel super sweet, as 47 days and the latest
flowering time was observed in Hyrix 39 super sweet corn. Differences in flowering times
between locations are thought to be caused by climatic conditions. The average
temperature values between sowing and flowering period in Bafra location were
relatively 1-1.5 C° higher 1-1.5 than Tekkekdy location (Table 5). The reason for the
difference in flowering time among genotype is the genetic structure. As Hyrix 39 and
Hyrix 53 sweet corn genotypes were tropical origins, they showed later flowering. Many
researchers have reported that there are differences between genotypes in their studies

[1].
Table 5 The flower days and plant height belonging to some sweet corn variety in location
) % 50 Flower (day) Plant height (cm)
Variety
TKKY BAFRA Av. TKKY BAFRA Av.
HYRIX 39 72,5 a 62,8 b |675| A 316,3 a | 3050 | ab | 310,6 A
HYRIX 53 72,0 a 63,0 b |66,0] A | 2988 b | 3050 | ab | 3042 | A
VEGA 50,0 c 458 | ef |48,1| B 221,3 c | 1850 d 2019 B
SENTINEL (488 d 45,3 f |470]| C 228.,8 c | 1738 d 201,3 B
Challenger [485 d 46,5 e |475|BC| 2250 c | 1813 d 203,1 B
Mean 584 A 52,7 B 258,0 A | 2300 B
CV (%) 1,42 3,54

LSD (Location) 1,05‘ F(L) ‘628,84‘ P(L)‘ <,0001 LSD (L) ‘38,25‘ F(L) ‘30,95‘ P(L) ‘0,0001
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There is a statistically significant difference (p>0.05) between the average plant height of
the sweet corn genotypes and location, the interaction genotype and location xgenotype.
The average plant height at Tekkekoy location as 258 cm was measured higher than Bafra
(230cm). Among the genotypes, the highest height was measured in Hyrix 39 sweet corn
as 310.6 cm, and the shortest height was measured in Sentinel variety as 201.3 cm. The
differences in plant height between the locations are thought to be caused by climatic
conditions. The total precipitation in the area of Tekkekoy is 313.7 mm and is about 100
mm more rainfall than Bafra location. The differences in plant height among genotypes
are due to the genetic structure of the species. Hyrix 39 and Hyrix 53 sweet corn
genotypes are tropical species, so it stands out as tall and quite fast growing sweet corn
species. Many researchers have reported that there are differences between genotypes in
their research [1].

Table 6 The grain/ear ratio and grain moisture belonging to some sweet corn variety in location

) Grain/Ear ratio (%) Grain moisture (%)

variety TKKY | BAFRA ORT TKKY BAFRA ORT

HYRIX 39 81,7 82,6 822 | B 223 227 225 | AB

HYRIX 53 82,0 82,3 819 | B 22,9 229 229 | A

VEGA 825 81,4 821 | B 19,9 22,3 213 | AB

SENTINEL 82,6 82,9 828 | AB 20,1 21,4 207 | B

CHALLENGER | 82,4 85,6 840 | A 20,1 22,0 210 | AB

AVERAGE 82,2 83,0 21,1 B 222 [ A

CV (%) 1,7 6,17

LSD (Location) - F(L) [588[ P(L) [005] LSD() | 072 | F(L) [6,63] P(L) | 0,04

LSD (Variety) 144 [ F(V) [281] P(v) [005| LSD(V) | 1,34 | F(V) [456] P(V) | 0,01
LSD P

LSD (LxV) - |FLXV) 250 P (LXV) 0.07 (LXV) ns | F(LXV) 120 (LXV) 034

The rate of grain tocobs is a critical selection criterion for breeders, and it is desired to be
80% or more. Among the genotypes, the grain/cob ratio was measured from the highest
Challenger sweet corn genotype with 84% and from the lowest, Hyrix 53 corn species
81.9%. The grain/cob ratios are directly related to the grain length among genotypes, and
there can be differences between genotypes. The findings of the research are consistent
with the studies, and the differences between genotypes have been reported by many
researchers [1].

There was a statistically significant difference (p>0.05) between grain moisture of sweet

corn varieties and the location and genotypes. The Bafra location with an average rate of
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21.1% of grain moisture was measured relative lower than the Tekkekoy location
(22.2%). Among the genotypes, the highest amount of grain moisture was measured in
Hyrix 53 super sweet corn with 22.9%, while the lowest amount of grain moisture in the
Sentinel super sweet corn with 20.7%. Differences in grain moisture between locations
are thought to be caused by climatic conditions. The average temperature values during
the growing period of Bafra location were 1-1.5 C higher than Tekkekdy location. The
differences in grain moisture between genotypes are due to the fast drying time between
grain bonding and harvest and total temperature requirement. Many researchers have
reported that there are differences between genotypes in their research [1].

Table 7 The number of row per ear and number of kernel per ear belonging to some sweet corn
variety in location

. Number of row per ear Number of kernel per ear

variety TKKY BAFRA ORT TKKY BAFRA ORT
HYRIX 39 18,0 19,5 18,8 a 36,8 46,5 41,6
HYRIX 53 17,0 19,0 17,3 a 34,3 41,0 36,8
VEGA 16,0 16,5 16,0 b 38,5 38,3 42,0
SENTINEL 16,5 16,0 16,3 b 38,8 36,8 37,8
CHALLENGER 15,5 16,5 16,0 b 39,5 39,0 39,3
AVERAGE 166 B| 175 A 37,6 40,3 39,5

CV (%) 7,62 12,24

LSD (Location) 088 |F | ey 1% o |-lrw | P [P 0,052
LSD (Variety) 13 ey |7 Jpyy |9 lsowy | [Fovy |7 |pov) | 0074

1,08 0,38 - (Fva 5,89
LSD (LXV) F (LXV) P (LXV) LSD(LXV) | |) P (LXV) | 0,068

It is found that statistically significant differences (p>0.05) between row number in cob,
location and genotypes among sweet corn varieties. The average number of rows in cob
in Bafra location was measured 17.5 rows/cobs, and it is higher than Tekkekoy location
(17.5 rows/cobs). It was measured that Hyrix 39 super sweet corn variety has the highest
number of rows in the cob as 18.8 rows/cob and Challenger has the lowest amount of
grain in the row as16 grain/rows. The number of rows in the cob is under the influence of
genetic structure and varies according to the genotypes. The findings obtained from the
experiment show similarities and differences with the studies [1]. These differences are

thought to be caused by genotypes.
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Table 8 The ear diameter and ear length belonging to some sweet corn variety in location

) Ear diameter (mm) Ear length (cm)

variety TKKY BAFRA ORT TKKY BAFRA ORT
HYRIX 39 47,0 50,8 48,9 21,3 23,3 22,3
HYRIX 53 44,8 47,3 45,8 20,3 21,3 20,8
VEGA 46,8 50,3 48,3 21,3 22,5 21,9
SENTINEL 49,8 46,0 479 21,3 21,0 21,1
CHALLENGER 47,5 46,3 46,9 22,0 21,8 21,9
AVARAGE 47,2 48,1 47,5 21,2 22,0 21,6
CV (%) 7,03 9,65

LSD (Location) | - F(L) 1,06 [ P(L) 0,34 LSD (L) - TR 2,38 [P(L) 0,17
LSD (Variety) | - F (V) 0,97 | P (V) 0,43 LSD (V) - F(V) 0,60 | P (V) 0,66
LSD (LXV) - F(LXV)[1,91|P (LXV) 0,14 LSD (LXV) | - [F(LXV)[0,38 [P (LXV) | 0,81

There was no statistically significant difference in cobs height between the location and

genotypes of sweet corn genotypes (p> 0.05). The average height of the cobs among

genotypes ranged between 20.8-22.3 cm. Breeders working on sweet corn take into

account the cob height as an important selection criterion. The sweet corn consumed as

fresh is preferred 18 cm and above for being marketable. The findings obtained from the

experiment show similarities and differences with the studies [1]. These differences are

thought to originate from genotypes and cultural processes such asfertilisation and

irrigation.
Table 9 The first ear height and number of row per ear belonging to some sweet corn variety in
location
] First Ear height (cm) number of row per ear
Variety
TKKY BAFRA Av. TKKY BAFRA ORT

HYRIX 39 1650 [a [1225] ¢ 1438 a 661,5 bc | 9068 a | 7805 a
HYRIX 53 1375 | b [1225] ¢ 135,0 b 582,3 c 7790 b | 6384 b
VEGA 725 |d|613] d 66,3 c 616,0 c 6311 ¢ | 6720 b
SENTINEL 725 |d|525]| f 62,5 c 639,4 c 5880 c | 6134 b
CHALLENGER | 700 |[de| 663 | de 68,1 c 612,3 6435 c | 6280 b
AVARAGE 1035 | A | 850 B 622,3 B 709,7 A 666,5 b
CV (%) 12,88 13,51

LSD (Location) | 17,72 F(L) 37,00 | P(L) 0,001 |LSD (L) 13,04 | F(L) 10,55 | P(L) 0,017
LSD (Variety) | 7,66 F(V) 22220 |P(V) |<0001|LSD(V) [9282 |[F(V) [509 [P(V) 0004
LSD (LXV) 14,48 F(LXV) |7,75 P (LXV) [ 0,001 |LSD (LXV) |131,26 | F(LXV) |4,06 |P(LXV) 0,011
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There is no statistically significant difference in cob diameter between the location and
genotypes of different sweet corn genotypes (p>0.05). The average diameter of the cobs
was varied between 45.8-48.9 mm among the genotypes. The breeders working on sweet
corn take into account cob diameters as an essential selection criterion in parallel with the
height of the cob. The sweet corn consumed as fresh, it is preferred to be 38 mm and
above for being marketable. The findings obtained from the experiment show similarities
and differences with the studies. [1] These differences are thought to originate from
genotypes and cultural processes (sowing frequency, fertilisation).

There is a statistically significant difference in first cob height between the location,
genotype and location x genotype interactions in different sweet corn genotypes (p>
0.05). Among the genotypes, the first cob heights were measured from Hyrix 39 sweet
corn with the highest average height of 143.8 cm and from Sentinel variety with the
lowest average height of 62.5 cm. Since sweet maize is usually harvested by hand, the
varieties, which do not give cob from the bottom or top, are ideal. The findings obtained
from the experiment show similarities and differences with the studies [1]. These
differences are thought to be caused by differences in genotypes and cultural processes.
There is a statistically significant difference in different genotype in the number of rows
in cob between location, genotype, and location x genotype interactions (p> 0.05). In
genotypes, the highest the average amount of grain in the cob was measured in Hyrix 39
with 780.5 grain/ cob, while the lowest the average number of grain in the cob was
measured in Sentinel with 613.4 grain/cob. There is a significant positive correlation in
the number of grains in the cob, the number of rows in the cob and the number of grain
in the row. The findings obtained from the experiment show similarities and differences
with the studies [1]. These differences are thought to be caused by differences in

genotypes and cultural processes.
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Table 10 The fresh ear yield and dry ear yield belonging to some sweet corn variety in location

Fresh ear yield (kg/ha) Dry ear yield (kg/ha)
Variety TKKY BAFRA ORT TKKY BAFRA ORT
HYRIX 39 18413 c 30064 a 24238 | A | 3884 bc 5522 S 4703 | A
HYRIX 53 18480 c 22786 b 20173 | B | 3536 cd 4300 b 3841 | B
VEGA 12843 f 16961 d 14995 | C | 2669 ef 3376 d 3014 | C
SENTINEL 12193 f 14200 e 13196 | D | 2439 f 2801 ef 2620 | D
CHALLENGER | 12643 f 15743 d 14193 | C | 2513 ef 2881 e 2697 | D
AVERAGE 14914 B 19951 A 3008 B 3776 A
CV (%) 5,16 8,75
LSD (Location) F(L) 157,80 [ P(L) <0001 |62,42]F(L) 37,92 [P(L) 0,00
LSD (Variety) [93,73 | F (V) 220,77 | P (V) <,0001 30,59 | F (V) 72,71 | P (V) <,0001
LSD (LXV) F(LXV)[35,06 |P(LXV)[<,0001 [4321[F(LXV)|6,14 [P (LXV)][0,00

There is a statistically significant difference in the fresh cob yield of different sweet corn
genotypes between the location, genotype and location x genotype interactions (p > 0.05).
It was measured that the highest average fresh cob yield is in Hybrid 39 with 24.238 tha-
1, whereas the lowest fresh cob yield is in the Sentinel with 13.196 tha-1. In terms of
locations, the highest yield was obtained at Bafra location with 19.951 tha-1. Hyrix 39
and Hyrix 53 varieties, which have the tropical origin, are more productive than early
varieties because they are late flowering. There is a positive correlation between maturity
groups and yield in corn breeding. The findings obtained from the experiment show
similarities and differences with the studies. These differences are thought to be caused
by genotypes and climatic variations. The grain proportion, weight and length of ears
belong to basic parameters influencing the total yield of cultivated sweet corn varieties.
This fact was presented in the research works of several authors which stated significant
impact of variety to the yield quantity of sweet corn [1].

There is a statistically significant difference in the dry grain yield of different sweet corn
genotypes between the location, genotype, and location x genotype interactions (p >
0.05). It was measured that the highest average dry grain yield is in Hybrid 39 with 4.703
tha-1, whereas while the lowest dry cob yield is in the Sentinel with 2.620 tha-1. In terms
of locations, higher yield was obtained at Bafra location with 3.776 tha-1. The dry grain
yields of Hyrix 39 and Hyrix 53 were found to be high in parallel with the yields of the
wet cob. Although sweet corn is mostly consumed fresh, dry grains of sweet corn are also

consumed as snacks after different processes. As well, the yield per unit area is an
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essential factor for the producers who produce sweet corn as a snack. The findings
obtained from the experiment show similarities and differences with the studies [1]. These

differences are thought to be caused by genotypes and climatic variations.

Table 11 The number of marketable ears, days to fresh maturity and Days to dry maturity
belonging to some sweet corn variety in location

) number of marketable ears Days to fresh maturity Days to dry maturity
variety TKKY BAFRA | ORT TKKY BAFRA | ORT TKKY | BAFRA | ORT
HYRIX 39 1,8 2,0 1,9 99,8 102,0 100,9 154,0 154,3 | 154,1
HYRIX 53 1,6 1,8 1,7 99,8 102,0 100,5 154,0 154,3 | 154,2
VEGA 11 1,2 1.2 82,5 84,0 83,1 125,5 126,0 | 125,9
SENTINEL 1,0 1,0 1,0 82,0 84,3 83,1 1255 1258 | 125,6
CHALLENGER 11 1,2 1,2 82,5 84,0 83,3 125,8 127,8 | 126,8
AVARAGE 1,3 15 14 89,3 91,3 90,2 137,0 137,6 | 137,3

The number of cobs in crop, fresh cob harvest dates and dry grain harvest times of
different sweet corn genotypes are of great importance in terms of production. The
number of cobs in the crop is directly related to the yield. The sweet corn has the potential
to show the second cob in general similar to that of flint corn. Since the sweet corn is
mostly produced for fresh consumption purposes, the number of marketable cobs
obtained by evaluating the cob height with the cob diameter is of great importance. The
highest number of marketable cobs per plant were collected from Hyrix 39 and Hyrix 53
varieties with 1.9 and 1.7, respectively.

One of the essential elements in sweet corn cultivation is to provide products to the market
as early grown. The wet cob harvest times are of great importance for the producers.
Super sweet corn varieties in the temperature group were determined to be grown on
average between 80-85 days, while tropical varieties were determined to be grown on
average between 99-102 days. In addition, dry grain harvests were also determined as 125

days in temperature group and 155 days in tropical varieties under Samsun conditions.
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Conclusion

In the study, five sweet corn varieties were agronomicaly tested in two locations where
Samsun, Turkey ecological condition. Vega variety, which is in the early maturity group,
came to the forefront in terms of the number of marketable cobs and the yield of wet cob.
It was determined that two tropical origin sweet corn varieties have a very significant
advantage in terms of the high wet cob yield and the number of marketable cobs. It was
noted that the remaining part after the wet cob harvest could have a significant silage feed
potential. Especially, Hyrix 35 and Hyrix 53 have an advantages for silage feed because
of number of leaves and higher plant length compare the other varieties. It is essential for
the sweet corn breeders that their genetic pool has to copmrise advantages both the fresh
ear yield and silage feed potential. The presented results have demonstrated the fresh ear
yield of sweet corn is significantly influenced by genotype. It may have affected

metrological conditions in different environments and the interaction of those two factors.
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ABSTRACT

Drought stress can severaly damage plant growth and the most important factor in the ARTICLE HISTORY

reduction of wheat yield in cultivated areas. Development of new methodologies to 1R7e?\(/§|2/63019
improve wheat productivity and quality under drought conditions have a primary Acce ¥e d
importance. Extensin-like (TaExtLP) and Germin-like Protein (TaGLP) transcripts were 25 JuFr)le 2019
selected from our RNAseq data for their relation with defense mechanism. We aim to

show the expression patterns of these genes in drought tolerant (Gerek 79 and Miifitbey)

and non-tolerant T. aestivum (Atay) cultivars under drought stress conditions using gRT -

PCR technique. Extensin is the most abundant proteins present in the cell wall of higher

plants and has an important role in plant defense through strengthening the cell wall and

preventing tissue damage. GLPs are involve in different biological processes; e.g., disease

resistance and superoxide scavenging metabolism. We established different mRNA KEYWORDS
expression regulation of Extensin like and Germin-like mRNAs in root and leaf tissues of T. aestivum,
tolerant and non-tolerant T. aestivum cultivars under drought stress. We observed GLP extensin-like
transcript was significantly up-regulated (5 fold) in 4 h drought- stressed root tissues of protein,
tolerant cultivar Gerek and then decreased in 8 h. On the other hand, there was no dramatic germin-like
difference in leaf tissue of each cultivar. Extensin-like gene up-regulation was protein,
approximately 6 and 3.5 fold in 4 h stressed root tissues of tolerant cultivars. In leaf tissues, drought,
different expression pattern was observed in tolerant and non-tolerant cultivars. Drought gRTPCR

stress caused to up-regulation (4 fold) in 4 h stressed leaf tissues of tolerant cultivar. On
the contrary, down-regulation (4 fold) was identified in non-tolerant stressed leaf tissues.
These results suggest that overexpression of Extensin-like gene under drought stress
conditions may enhance drought tolerance. The qRT-PCR results from root and leaf
tissues from 3 different cultivars were in agreement with our previous RNAseq data. This
is the first report shows the expression profiles of these defense proteins under drought
stress conditions in T. aestivum.

Introduction

Bread wheat, Triticum aestivum L. is one of the main fundamental crops for many
countries including Turkey. Drought is the major factor affecting wheat yields throughout

the world however; it is more problematic factor for wheat agriculture in arid regions
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including central and eastern Anatolian regions of Turkey. Especially in central Turkey,
yield losses could reach up to 80% in some years (http://www.turkstat.gov.tr). Therefore,

development of new methodologies to improve wheat productivity and quality under
drought conditions has a primary importance. Improvement in wheat breeding for drought
tolerance is difficult because of the complexity of quantifying and measuring drought
traits.

In higher plants, drought stress causes physiological changes, including loss of turgor,
reduced leaf water potential and osmotic adjustment [1, 2]. Turgor pressure is a crucial
factor for cell growth regulation. The management of cell enlargement depends on the
cell wall extensibility [3, 4]. Water stress causes a low turgor pressure and then leads
regression of growth by reducing cell extensibility and cell expansion [5]. From our
previous studies, drought-stress related genes were identified in Triticum aestivum (bread
wheat) cultivars under drought conditions by RNASeq technology (Illumina HiSeq2000)
[6]. The selection of most promising drought stress tolerant and sensitive genotypes was
performed by slow drought treatment experiments with three biological replications for
12 bread wheat cultivars. Three of them were selected as drought tolerant (Gerek 79 and
Miifitbey) and non-tolerant (Atay-85) bread wheat cultivars based on the results of the
physiological and biochemical analyses [6]. From RNAseq data, we selected differently
expressed Extensin-like protein (TaExtLP) and Germin-like (TaGLP) proteins important
for the defense mechanism in biotic stress [7, 8, 9]. In this report, we aimed to investigate
MRNA expression profiles of these genes in the root and leaf tissues of different T.
aestivum cultivars under drought stress conditions. As a member of the family of Hyp-
rich glycoproteins (HRGPs), extensin is the most abundant protein group present in the
cell wall of higher plants and regulated developmentally in a tissue-specific [7, 8]. They
play an important role in plant defense through strengthening the cell wall, preventing
tissue damage, enabling attachment of symbiotic organisms or limiting the pathogen
invasion and propagation. Germins and GLPs were firstly reported in wheat as a specific
marker for the start of germination [9]. Dwarfism induction, cell morphology changes
and disease increase (sheath blight and blast fungal) were observed in GLP1

downregulated in transgenic O. sativa [10].
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We aim to illuminate the mRNA expression profiles of Extensin-like and Germin-like
proteins under shock dehydration stress conditions in showing different drought tolerance
T. aestivum cultivars. QRT-PCR analyses were performed for these defense proteins in

the root and leaf tissues under normal and two different dehydration stress conditions.
Materials and Methods

Growth conditions

Three T. aestivum cultivars Gerek 79 and Miifitbey (drought-tolerant) and Atay 85 (non-
tolerant) were used in this study. Seeds were surface sterilized with 70% alcohol and 30%
sodium hypochlorite and pre-germinated in Petri dishes for 10 days at 4°C in the dark.
Seedlings were transferred to 10 L plastic pots containing moistened perlite after the
germination and grown in a plant growth room under 16/8 h; temperature 22-18°C;
relative humidity 60%. Seedlings that at the same developmental stage were moved to
hydroponic (continuously aerated %2 Hoagland’s solution) culture, renewed every 3 days,
and grown under controlled conditions in the plant growth room. Plants were removed
from the hydroponic culture at the age of four leaf stage and treated dehydration shock
stress for 4 h and 8 h under the same temperature and light conditions. From 3 wheat
varieties (2 drought tolerant and 1 non-tolerant) root and leaf tissues were harvested and

frozen with corresponding controls and stored -80°C until RNA isolation [11].

RNA extraction and cDNA synthesis

Total RNA extraction was performed by using the RNeasy Plant Mini Kit (Qiagen,
Valencia, CA) from 3 different T. aestivum cultivars according to the manufacturer’s
instructions. Extracted high-purity total RNAs from 4 h and 8 h drought stressed and
corresponding control root and leaf tissues were measured by nanodrop (Thermo). RNA
samples were treated with DNase | (10 U) (Roche, GmbH, Germany) for removing
residual genomic DNA and purified following to the method described previously [12].
The integrity of RNA samples was controlled by running on 1% formaldehyde agarose
gel and first-strand cDNA synthesis was performed to the manufacturer’s (Roche High
Fidelity cDNA synthesis Kit) instructions in a 20 ul final volume containing 5 pg total
RNA, 200 U MMLV RTase, 100 pmol oligo-dT (18 mer), 15 pmol dNTPs, and 20 U
RNase inhibitor [12].
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Quantitative real-time PCR

gRT-PCR reactions contained 75-200 ng of the cDNA as a template, 10 pmole of each
primer, 12.5 ul SYBR Green (Roche FastStart Universal SYBR Green Master, Rox) in a
total volume of 25 ul. QRT-PCR experiments were carried out in 96 well polypropylene
plates and performed in triplicate for each sample with 1Q5 System (BioRad, Hercules,
USA). The following standard thermal profile was employed: After 95°C for 5 min for
polymerase activation, amplification and quantification cycles (45 times) 95°C for 30 s,
55°C for 1 min. Melting-curve analysis was carried out for the specificity of the primer
pairs after 45 amplification cycles (55-95°C). Housekeeping gene B-actin was used
(AY663392) as an internal control. The following primer pairs (Table 1) were designed
to amplify a 115-bp TaExtLP fragment and a 102 bp TaGLP 9.1 fragment. All the primers
used in qRT-PCR experiments were designed by Primer 3 program. Three technical
replicates were carried out in order to quantify transcript level accurately. The AACq
values for all the transcripts were averaged across all the treatments and experimental
replicates. Student’s t-test (GraphPad Prism 6) was applied to check for the statistical

significance between drought-treated and —untreated control groups.

Table 1 QRT-PCR Primer list

=

B-Actin F GACAA TGGAACCGGAATGGTC 110 bp
B-Actin R GTGTGATGCCAGATTTTCTCCATYg

TaEXtLP F AACCAGGGAAAACACAT CTT 115bp
TaExtLP R GGCAACAACAACAACAACTA

TaGLP 9.1 F CACCAG GGATCACTAGACTA 102bp

TaGLP 9.1 R TGTCCGGAA ATCATGAAACT
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Results

From our RNAseq data, we found Germin-like protein 9-1 and Extensin-like protein gene
expressions were differentially expressed in root and shoot tissues [6]. The abundance of
TaExtLP and TaGLP 9-1 mRNA under 4 h and 8 h shock drought stress treatment was

examined in root and leave tissues of drought tolerant and non-tolerant T. aestivum

GEREK DROUGHT (4h)  ATAY (4h) MUFITBEY (4h) GEREK (8h)  ATAY DROUGHT (8h) MUFITBEY (8h)

Fig 1 Drought non-tolerant Atay85, Drought tolerant Miifitbey, and Gerek 79 T. aestivum
cultivars

After total RNA extraction from root and leaf tissues, removal of genomic DNA was
carried out. Semi-quantitative RT-PCR method was used to control the synthesized
cDNAs (Fig 2).

B St S S S e e B S S e e B e —

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig 2 Agarose gel electrophoresis of amplified first-strand cDNAs by semi-qRT-PCR with
housekeeping -actin gene primers (M: GeneRuler 100bp DNA Ladder, MBI Fermentas)

Extensin-like protein (Arabidopsis, cell wall extensin) mMRNA Expression: Extensin-
like protein is the most abundant protein group present in the cell wall of higher plants
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[7, 13]. Extensin expression in response to wounding, pathogen infection and ethylene
treatment supports for the role of extensins in plant defense [14, 15, 16, 17, 8]. In our
gRT-PCR experiments, it was observed that drought stress caused the up-regulation of
this gene in root tissues. Maximum mRNA expression was observed in 4 h drought-
stressed root tissues of tolerant and non-tolerant genotypes (Fig 3A, B, and C) .

In leaf tissues, TaExtLP mRNA was dramatically increased under 4 h drought-stressed
Miifitbey.
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Fig 3 mMRNA expression pattern of TaExtLP (cell wall) in 4 h and 8 h drought stressed root tissue
of drought non-tolerant genotype Atay 85 (A), and Gerek (B), Miifitbey (C) cultivars. RCtrl:
Root Control 4 h, RD4h: Root Drought 4 h. RCtri8h: Root Control 8 h, RD8h: Root Drought 8
h. Error bars indicate the standard deviation of gRT-PCR each performed in triplicate. (*): p
<0.05, (**): p<0.01.
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On the other hand, Ext-like protein mRNA transcript was not much changed compared to
the control tissue in 4 h drought stressed leaf tissues in non-tolerant genotype Atay. After
8 h of drought, mMRNA expression level was not changed in leaf tissues (Fig 3).

Conversely, the different expression pattern was observed in leaf tissue of tolerant and
non-tolerant genotypes. In non-tolerant genotype Atay 85, maximum mRNA was
observed in 4 h drought stress treated leaf tissue and there was no significant difference
in 8 h drought stress (Fig 4A). Whereas in the same tissue, down-regulation of this gene

was shown in tolerant genotype Miifitbey (Fig 4B) and Gerek (data not shown).
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Fig 4 mRNA expression pattern of TaExtLP (cell wall) in 4 h and 8 h drought stressed leaf tissue
of drought non-tolerant genotype Atay 85 (A), and non-tolerant Miifitbey (B) cultivars. LCtrl4h:
Leaf Control 4 h, LD4h: Leaf Drought 4h, LC8h: Leaf Control 8h, LD8h: Leaf Drought 8h.
Error bars indicate the standard deviation of gRT-PCR each performed in triplicate. (*): p <0.05.

Germin-like proteins (GLPs) have been shown to implicate as plant cell defenders in
many species to different conditions and diseases [19]. In root tissue, GLP9-1 mRNA
expression was induced by 4 h and 8 h drought stress (Fig 5A, B, and C). In the leaf tissue
of non-tolerant genotype, there was no dramatic difference between control and drought
stress. On the contrary, up-regulation was obtained in 4 h and 8 h drought stressed leaf

tissues of tolerant genotype Miifitbey (Fig 6 B).
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Fig 5 mRNA expression profile of GLP9-1 in 4 h and 8 h drought stressed root tissue of drought
non-tolerant genotype Atay 85 (A), and Gerek (B), Miifitbey (C) cultivars. RCtrl: Root Control
4h, RD4h: Root Drought 4h. RCtrI8h: Root Control 8h, RD8h: Root Drought 8h. Error bars
indicate the standard deviation of QRT-PCR each performed in triplicate. (*): p <0.05, (**): p
<0.01.

In root tissue, GLP9-1 mRNA expression was induced by 4 h and 8 h drought stress (Fig
5A, B, and C). In the leaf tissue of non-tolerant genotype, there was no significant
difference between control and drought stress. On the contrary, up-regulation was
observed in 4 h and 8 h drought stressed leaf tissues of tolerant genotypes Miifitbey (Fig
6 B) and Gerek (data not shown).
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Fig 6 mRNA expression profile of GLP9-1 in 4 h and 8 h drought stressed leaf tissue of
drought non-tolerant genotype Atay 85 (A), and non-tolerant Miifitbey (B) cultivars. LCtrl4h:
Leaf Control 4 h, LD4h: Leaf Drought 4 h, LC8h: Leaf Control 8h, LD8h: Leaf Drought 8h.
Error bars indicate the standard deviation of gRT-PCR each performed in triplicate. (*): p
<0.05.

Discussion

Extensin-like and Germin-like-genes are expressed in an organ-specific fashion and
stress-related proteins in plants. Extensins are implicated in different biological processes
such as embryonic development [20], root hair growth [21, 22], cell wall assembly and
structure [23, 24], and biotic and abiotic stress responses [18, 25, 26]. Increased extensin
accumulation and extensin cross-linking has been suggested to help in wound recovery
and in the formation of a physical barrier against pathogens, thus avoiding the entry of
pathogens into the vascular system [27]. In higher plants, the immune response can differ
between leaf and root tissues [28, 29]. RNAseq data from A. thaliana showed that a
significant number of genes (2424 genes) were differentially expressed between shoots
and roots under normal conditions. Root-overexpression of at least nine encoded extensin
proteins suggested specific roles of these glycoproteins in root tissues [30]. Glycine max
extensin gene, SbOHRGP3, expression has been shown in hypocotyl and the roots of
seedlings [13]. In tomato, LeExt1, an Extensin-like protein expression was observed with
tip growth, which proposes a role of the LeExtl protein in root hair expansion.
Comparative transcript analysis of LeExt1/GUS chimeric gene in four different transgenic
plant species has proven its role in the regulation of apical/basal polarity in root tissues
of transgenic tomato [31]. As a cell wall protein, extensins are also released into the root
mucilage. Recently, Castilleux et al [32] reported a model about the influence of cell wall

extensin on root secretions.
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Up-regulation of cell wall modification related proteins lead to changes in the cell wall
composition [33]. Different Expansin (Exp) and Extensin (Xth) mRNA gene expression
profiles were reported at low temperatures in Arabidopsis and rice [34]. Extensin (Xth)
down-regulation was observed to cold stress in Arabidopsis [35]. Freezing tolerance was
improved by the overexpression of AtXTH21in transgenic Arabidopsis plants [35].

The Extensin-like gene identified from our RNAseq data was significantly up-regulated
(about 4 fold) in response to 4 h and 8 h dehydration stress [6]. In this study, Extensin-
like gene up-regulation was approximately 6 and 3.5 fold in 4 h stressed root tissues Gerek
and Miifitbey cultivars. In leaf tissues in tolerant and non-tolerant cultivars, the different
expression pattern was observed. Drought stress caused to up-regulation (4 fold) in 4 h
stressed leaf tissues of Miifitbey. On the contrary, down-regulation (4 fold) was identified
in Atay 4 h stressed leaf tissues. These results suggest that Extensin-like gene may have

a role in drought tolerance.

Germin-like protein 9-1 (Oryza sativa subsp. japonica — apoplast, manganese ion
binding, nutrient reservoir activity): Germins and GLPs were firstly reported in wheat
as a specific marker for the start of germination [36]. Different enzymatic activities of six
germin subfamilies (GER1-6) were identified with e.g. OXO activity in GER1 and SOD
activity in GER2 [10]. The GER1 subfamily has also been reported to be involved in early
plant development and germination [37, 38]. Dwarfism induction, cell morphology
changes and disease increase (sheath blight and blast fungal) were observed in GLP1
down-regulated in transgenic rice plants [19]. GLPs have been studied in different plant
species and implicated as plant cell defenders to biotic and abiotic stress conditions. GLPs
have been reported to be resistant to proteases, extreme pH, heat, and sodium dodecyl
sulphate [39].

GLP expression in H. vulgarae and a QTL on chromosome 8 of O. sativa have shown
their involvement in disease resistance and complex trait of GLPs in cereal genomes [40,
41]. In our previous studies, we reported differential expression of GLP-like mRNA in
ABA- treated wheat by DD mRNA experiments. In ABA-dependent pathway, GLP1
MRNA expression in ABA-treated plants rapidly increased in 1 h and maximal expression
level was obtained in 8 h [40]. In the present study, we observed GLP transcript was

significantly up-regulated (5 fold) in 4 h drought- stressed root tissues of tolerant cultivar
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Gerek and then decreased in 8 h. On the other hand, there was no dramatic difference in
leaf tissue of tolerant and non-tolerant cultivars. The gRTPCR results from root and leaf

tissues from 3 different cultivars were in agreement with our RNAseq data.
Conclusion

The identification and elucidation of functional characteristics of the genes that play a
role in the complex drought-response in wheat will be helpful for making the popular
wheat varieties more productive with less amount of water. It is very significant to learn
more about stress related genes for the elucidation of stress mechanism by transgenic
plants. Although there are many studies about the Ext and GLP genes, the functions of
these genes are still elusive. Downregulation or overexpression of Ext and GLP through
gene editing methodology may shed more light on the functions of these genes in the

future.
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A_BSTRA_CT _ ARTICLE HISTORY
Ripening is a complex developmental process and involves many events such as textural and Received

constitutional changes. The texture of fleshy fruits is one of the major criteria for consumer  5q May 2019
choice. However, the molecular determinants of ripening- associated changes in texture or Accepted
“softening” are relatively poorly understood and seem to involve a large number of cell wall 51 July 2019
remodelling factors. The recent completion of the tomato genome sequence has revealed

more than 50 cell wall structure-related genes that are expressed during fruit development

and ripening and may impact texture changes in this fruit. The aim of the project is to KEY WORDS
compare, on a genome-wide scale, ripening-related gene expression in a range of fleshy fruits Comparative
and especially those linked with cell wall remodelling via computer simulation. Then by genomics,
identifying orthologous genes in different fruit species to make predictions about those genes inparanoid, cell
likely to important for the softening process in all fleshy fruits. Comparative genomics
analysis of tomato (Solanum lycopersicum), banana (Musa acuminate), melon (Cucumis
melo) and grape (Vitis vinifera), has been undertaken using Inparanoid, Multiparanoid and
BLAST2GO software. This analysis showed that a total of 8,982 (25.86%) gene models
could be identified in common between all four genomes based on comparison of amino acid
sequences. Of these genes, 262 in tomato, 252 in grape, 261 in melon, and 198 in banana
were identified as encoding cell wall structure-related proteins. However, comparison of the
expression patterns of these genes revealed that most were expressed in tissues other than
ripening fruits, and of the fruit expressed genes only a small number were common between
different fruit species. This in silico analysis should provide additional clues as a target for
manipulation of fruit softening in a range of fleshy fruit species. These also provide new
opportunities to develop varieties of tomatoes that can survive the trip from the farm to the
grocery store whilst maintaining excellent flavour and shelf-life.

wall

Introduction
The revolution in DNA sequencing technology in the last 10 years has enabled the
sequencing and assembly of hundreds of genomes from organisms across the tree of life.

These genomes include those from a wide range of fruit species. The objective of this
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project was to undertake a comparative genomics study to reveal similarities and
differences in the types of cell wall-structure genes expressed in a range of fleshy fruit
species. The fruit species chosen were tomato (Solanum lycopersicum), melon (Cucumis
melo), grape (Vitis vinifera) and banana (Musa acuminata). Tomato is the model for
investigations on the mechanistic basis of ripening and was chosen as our experimental
platform and the genome assemblies for melon, grape and banana were of sufficient
quality, annotated and with expression data to allow the bioinformatics analysis. The
approach was made to identify related gene families and identify orthologous genes across
these species.

Gene families can be defined as a set of genes inherited from a common ancestor that
maintain their sequence and functional similarities [1]. This concept includes the gene
paralogs (pairs of genes with similarities in sequence in the same species) and orthologs
(genes that share similar sequences and have the same function in different species). Genes
in the same family are expected to maintain their molecular structure and biochemical
functions in different organisms [2] and sequence clustering helps to identify the gene
family.

Studying relationships between genes within a family can provide important structure-
function information and provides evidence for ancient genome duplications and
neofunctionalisation as is apparent in tomato [3]. The changes in number of genes that are
involved in certain biological processes could occur in several scenarios, for example, gene
duplication that leads to gene families with multiple copies of genes which encode the same
or related functions. The classic model in molecular biology assumes that duplication of a
gene will generate several new genes that are free to be mutated, as long as one of the
original genes retains its function [4]. The most likely outcome for these paralogues is that
they degenerate into pseudogenes that are not transcribed (nonfunctionalization) [5, 6].
Alternatively, paralogs may still be functional and through mutation diverge from the
original function (neofunctionalization) [4].

Here, the cell wall genes in melon, grape and banana were compared with those in tomato.
The hypothesis to be tested was that cell wall structure-related genes that are common to all

fleshy fruits and expressed during softening are likely to be key targets to allow the
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manipulation of fruit firmness. These genes will be the targets of our next experiments in
generating transgenic tomato. By identifying and manipulating these genes, it is hoped to

improve tomato production in the future.

Materials and Methods

Similarity Search using BLAST

BLAST [7] programs used in this study were blastp (Protein-protein BLAST), blastn
(Nucleotide-nucleotide BLAST) and tblastx (Nucleotide 6-frame translation-nucleotide 6-
frame translation). The parameter used is the default parameter which is BLOSUM
(BLOcks SUbstitution Matrix). BLOSUM®62 with opening value space is 11 and the
extension value space is 1. The BLAST program that is used in this study was downloaded
from NCBI database and installed into a LINUX system on an external server. The
similarity search analyses were then undertaken by batch collection (batch blast).

BLAST database format

In this study, formatDB was used for making a custom BLAST database. Putative cell wall
structure-related genes were selected in each of the genome. This file was then used to
construct the index for the BLAST database using a program from NCBI using a
“formatdb" command.

Comparative analysis using in paranoid and multiparanoid

The genome sequences from four species of fleshy fruit, banana (Musa acuminata), melon
(Cucumis melo) and grape (Vitis vinifera) were compared with that of tomato (S.
lycopersicum). Only genomes that were assembled, annotated and had associated fruit-
related expression data were used. All the pairwise proteome data from the Inparanoid [8]
approach were then brought together by using Multiparanoid script. MultiParanoid is a
powerful approach for searching for gene clusters among multiple strains so the pairwise
orthologous clusters that had been generated from Inparanoid were directly transferred to it.
Gene classification by gene ontology (GO)

GO will provide a comparison of the classification of genes among genomes being studied
[9]. It also overcomes issues in linking genes that have been annotated by different

researchers when comparison of genes between species is required [10]. The results from
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GO classification were used to identify all genes that had a putative cell wall base on
cellular component distribution.

Manual curation with transcriptome database

Candidate genes will be manually selected and annotated based on GO classification and
annotation from tomato genome (our reference genome). Then, the cell wall remodelling
genes were selected out of all the proteins that were identified as orthologs in all four
genomes. The curations also have been done using all transcriptome data from NCBI

database, which focused on those genes expressed during ripening.
Results

Ortholog analysis

In this research, comparative analysis was done with the detection of orthologous groups
using the Inparanoid program which applies all-versus-all sequence comparisons of two
genomes with the special rules of cluster analysis. Although phylogenetic tree is a well-
established method to distinguish orthologs and has been used to study the evolution of
organisms, it is time-consuming and prone to errors [11]. Thus, the Inparanoid program
was used as an alternative to the phylogenetic method. The S. lycopersicum gene models
were compared to the list of genes from C. melo, V. vinifera and M. acuminata. The
orthologs for each genome that were generated from Inparanoid program were sorted and
viewed using Microsoft Excel program. The numbers of genes shared among all four
species were obtained and calculated. Then, the cell wall remodelling genes in this group
were identified. V. vinifera and C. melo were compared with S. lycopersicum because all of
them were dicot genomes and the genomes have been completely sequenced [3, 12, 13, 14].
M. acuminata was used in a comparative analysis because it is a representative for monocot
fleshy fruit bearing species [15]. From this analysis (Figure 1.1), a total of 3,013 of the
predicted S. lycopersicum genes have orthologs in C. melo, whereas 2,763 of the gene
models are shared in V. vinifera sequences and 1,607 of the gene models are represented by
orthologous sequences in M. acuminata. The different trends of orthologous relationships
between S. lycopersicum with the two dicots, C. melo and V. vinifera, and with the monocot

M. acuminata likely reflect evolutionary processes that occurred in the ancestral genomes
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of each group. Figure 1.1 also shows that all the dicot species (S. lycopersicum, C. melo,
and V. vinifera) share a total of 1,340 orthologous sequences while 8,982 (26 %)

orthologous genes were found to be common to all four species.

Cucumis melo Musa acuminata
32,487 36,549

Solanum lycopercium
34,727

Vitis vinifera
26,346

Fig 1-1 Venn diagram of the orthologous genes between S. lycopersicum, M. acuminata, -C. melo
and V. vinifera. Numbers in the area of overlap indicate the number of orthologs predicted by
reciprocal Inparanoid v 2.0 analysis (threshold E-value = 1x107°)

Gene classification from GO

The Gene Ontology (GO) [http://www.geneontology.org] approach is probably the most
widespread and the most extensive annotation scheme for the functional description of gene
products [16]. A straight forward mapping of gene sequences was made using homology
searches (blast hit) [17] to retrieve the GO terms associated with the hit obtained from the
Blast results. The 8,982 sequences that had significant blast hits were loaded for GO
mapping in Blast2GO suite (Table 1-1). GO terms of a total of 7,791 sequences were
successfully assigned based on Gene Ontology Consortium in term of biological process,
molecular function and cellular components which then were loaded through mapping to
Gene Ontology database. From these, all sequences were assigned to biological processes,
molecular functions and cellular components which GO terms could be assigned for more
than one term for one sequence and each category was divided into other subcategories.
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Table 1-1 Gene Ontology analysis generated using Blast2GO suite

Quantity Percentage (%)
Sequence has significant similarity 8,982 100
(e-value <107)
Sequence has Gene Ontology 7,791 86.74
assignment

Data mining for cell wall remodeling genes

Fruit softening is a complex process characterized by sequential disassembly and
degradation of cell wall components mediated cooperatively by cell wall modifying
enzymes [18]. There is also evidence for renewed cell wall biosynthesis during this process
[19]. Five GO IDs were used in the identification of cell wall genes common between all
orthologous groups, these were GO: 0005623, GO: 0005618, GO: 0044464, GO: 0030312,
and GO: 0071944. Then, by using tomato as a model, comparison between the GO
classification and tomato genes annotated as linked to cell wall structure, and remodelling
[3] was undertaken manually using Microsoft Excel. The Tomato Genome Consortium
(2012) reported there were 718 genes that were identified as cell wall structure-related
genes in tomato genome. This information was then mapped to the orthologous cell wall
sequences. The mapping resulted revealed that there is 262, 261, 252 and 198 cell wall
structure-related genes where sequence were highly related in tomato, melon, grape and

banana, respectively.
Discussion

Although there are numerous cell wall-related genes, not all are involved in the fruit
softening process. For example, in tomato, out of more than 700 genes linked to cell wall
metabolisms, only just over 50 were expressed in developing and ripening fruits [3]. Thus,
peach and nectarine cultivars also reported only 14 cell wall related genes changed in
expression in all cultivars tested [20]. Cell wall classification results using GO terms were
mapped to transcriptome data from each of the fruits to identify the genes expressed during

fruit development and ripening.
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In tomato, 52 cell wall-related genes have been identified as being expressed during fruit
development and ripening. However, only 12 genes showed large changes in expression
during the ripening process and these included pectin methyl-esterases (PME), pectate
lyases (PL), polygalacturonases (PG), and xyloglucan endotransglicosidases (XET) [3]. In
melon and grape, approximately 100-200 cell wall genes were identified as expressed
during fruit development and ripening which included those that encoded
polygalacturonase, pectate lyase, cellulose, and xyloglucan endotransglucosylase. In
banana fruits, around 90 genes were expressed during the developing and ripening stage
[15], during ripening in bananas some of the most highly expressed cell wall genes were
those encoding pectate lyase (2 genes), polygalacturonases (6 genes), pectinacetyl esterases
(6 genes), xyloglucan endotransglucosylase/hydrolases (5 genes) and expansins (3 genes)
[21].

Although the range of fleshy fruit species studied showed the expression of many of the
same families of cell wall-related genes, the most surprising observation was that only a
small number of truly orthologous genes were apparent that were expressed in all species
(Supplementary Table 1). These include B-glucosidase, cellulose synthase, expansins,
polygalactruonase and pectate lyases which were expressed in a wide range of fruits
including others not studied in detail here such as apple [22] and strawberry [23].

In tomato, there are three PL genes that are expressed during fruit development and
ripening (Solyc03g111690, Solyc05g014000 and Solyc06g083580) (Figure 1-2). The only
one of these genes that has a close ortholog in melon, grape or banana was
Solyc05g014000. However, this gene is expressed in tomato principally, during fruit
development [3, 15]. Solyc06g083580, is expressed only in developing tomato fruits, but
expression during ripening is very low [3] which fruit expressed orthologues in melon and
grape [12, 13].
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Solyc08g014000_Pectate lyase Tomato
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GROUP |
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GSMUA_AcChr6P28260_001_Pectate_lyase_Banana

Solyc06g083580_Pectate_lyase Tomato -

GSVIVTO1028548001_Pectate_lyase Grape

MELO3C012791P1_Peciale_lyase Melon - GROUP |1

52 pectate lyase Strawberry

58 pectate wvase 8 Apple

0.050

Fig 1-2 Molecular phylogenetic tree of pectate lyase (PL) amino acid sequences and the similar
amino acid sequences in studied fruits. The dendrogram was generated by Mega 7.0 software using
MUSCLE for the alignment and the maximum likelihood method for the construction of the
phylogeny. Bootstrap tests were performed using 1,000 replicates and the percentage of the
bootstrap value are shown in each branch where the value exceeds 50% is considered significant.
The branch lengths are proportional to the phylogenetic distances

Interestingly, Solyc03g111690 is highly expressed in tomato during fruit ripening, but it
does not have a close ortholog in melon, grape or banana. PL was shown to be important in
fruit softening in banana [24], strawberry [25], apple [14] and very recently work in the
Seymour lab has shown it is very important in tomato [26].

Tomato PG is perhaps the best know pectin degrading enzyme in tomato and is encoded by
the gene Solyc10g080210. Orthologues of this gene are present in melon, grape and banana
and fruit related expression of these orthologs occurs in tomato, melon and grape. In apple
the PG most highly expressed during ripening [22] was more closely related to the tomato
gene Solyc05g049980 (Figure 1-3) which was lowly expressed in ripening tomato fruits. In
addition, Solyc06g009200, which is not expressed in developing or ripening tomato fruits,
is orthologous to a gene that modulates softening in strawberry [27]. These data help

highlight that species utilize a range of gene family members during cell wall disassembly.
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Fig 1-3 Molecular phylogenetic tree of polygalacturonase (PG) amino acid sequences and the
similar amino acid sequences in studied fruits. The dendrogram was generated by Mega 7.0
software using MUSCLE for the alignment and the maximum likelihood method for the
construction of the phylogeny. Bootstrap tests were performed using 1,000 replicates and the
percentage of the bootstrap value are shown in each branch where the value exceeds 50% is
considered significant. The branch lengths are proportional to the phylogenetic distances

One of the gene families where orthologues showed expression in all fruits were those
encoding a CesA-like gene (Solyc08g061100) and also a glucan endo-beta glucosidase-like
protein (Solyc03g115200) (Supplementary Table 1). During fruit development cellulose
synthases are highly expressed in tomato and then their levels decrease at the breaker stage
[3]. They are likely to be involved in the biosynthesis of cellulose [28], but the function of
the CesA-like gene product from Solyc08g061100 has not been investigated in fruits. The
role of the putative glucan endo-beta-glucosidase-like protein is even more obscure where

in tomato its expression declines during fruit development and then increases during
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breaker stage (Figure 1-4). Glucan endo-beta-glucosidase has a role in callose
decomposition and others have reported that they are expressed during ripening [29].

500
et
= 450
G
mn 400
gz
5 Z 350
= oo
o 300
wl
= 5 250
o =
= £ 200
P |-
2 Z  1s0
%;: 100
0

1cm_fruit 2cm_fruit Zcm_fruit Mature green Breaker Breaker+10

B Cellulose synthase (Sohyc08g061100) Glucan endo-beta-glucosidase (Solyc03gl15200)

Fig 1-4 Gene expression patterns based on Reads Per Kilobase of transcript per Million mapped
reads (RPKM) value of cesA-like gene and B-glucosidase in tomato during fruit development and
ripening (Tomato Genome Consortium, 2012)

Conclusion

In this project, the aim to select genes that were common to all the fleshy fruit species
examined with respect to expression during fruit ripening. A comparison of the relationship
between cell wall related genes in ripening tomato, melon, grape and banana revealed that
there were only a small number of cell wall genes that were likely orthologues and
expressed in all fruits that were surveyed. A limited number of these would then be targeted

for further functional analysis.
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Supplementary Table 1 Cell wall structure related genes expressed in tomato and likely orthologues in melon, grape and banana. These
genes are expressed during fruit development and ripening

Short
Gene Description name Tomato Gene 1D
Xyloglucan
endotransglucosylase/hydrolase 9 | SIXTH3d | Solyc03g093080
Xyloglucan
endotransglucosylase/hydrolase 14 | SIXTH5 Solyc01g081060
Xyloglucan
endotransglucosylase/hydrolase 5 | SIXTH16 | Solyc07g052980
Xyloglucan
endotransglucosylase/hydrolase 2 | SIXTH26 | Solyc05g005680
Xyloglucan
endotransglucosylase/hydrolase Solyc03g031800
Beta-galactosidase TBG6 Solyc02g084720
Polygalacturonase A PG-2a Solyc10g080210

Polygalacturonase

Solyc05¢049980

Pectinesterase inhibitor

Solyc06¢009190

Pectinesterase inhibitor

Solyc07g017600

Pectate lyase 1-27

Solyc06g083580

Melon Gene ID
MELO3C012004

MELO3C023556

Grape Gene ID

GSVIVT01029162001

GSVIVT01013055001

GSVIVT01000416001

GSVIVT01020228001

GSVIVT01012635001

GSVIVT01018853001

GSVIVT01033303001,
GSVIVT01033364001

GSVIVT01019405001

GSVIVT01028041001

GSVIVT01023135001

GSVIVT01028548001

GSVIVT01000592001,

Pectate lyase Solyc05g014000 GSVIVT01007582001
GSVIVT01009746001,

Mannan endo-1 4-beta-mannosidase Solyc02g084990 MELO3C007842 GSVIVT01018923001
Glucan endo-1 3-beta-glucosidase 1 Solyc03g115200 MELO3C017220 GSVIVT01007873001

Fasciclin-like arabinogalactan
protein 19

Solyc07g045440

GSVIVT01014684001

Banana Gene ID

GSMUA_Achr6P28260_0
01
GSMUA_Achr4P32790_0
01

120



Fasciclin-like arabinogalactan

protein 10 Solyc10g005960 GSVIVT01030085001
Expansin LeEXP1 Solyc06g051800 GSVIVT01024946001
Expansin (EXPA3) Solyc03g031840 GSVIVT01023857001
Endoglucanase 1 Cel8 Solyc08g082250 SOVITIIIEBZ00
Endoglucanase 1 Solyc04g081300 s s
Cellulose synthase-like Solyc11g066820 GSVIVT01028071001
Cellulose synthase Solyc01g087210 MELO3C023114 GSVIVT01033297001
Cellulose synthase Solyc08g061100 MELO3C003689 GSVIVT01035830001

GSMUA_Achr5P06050_0

01
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ABSTRACT
Plant extracts are complex mixtures obtained from fruits, leaves, flowers, woods, resins ARTICLE HISTORY
and seeds of a fresh or dried plant by various methods. Because of the disadvantages of Received

conventional extraction methods such as requirement of long periods and high amounts of i5'06'%0§9
chemicals, novel extraction methods such as ultrasound assisted systems have drawn 0;%‘;"2%19

higher attention in recent years. In this study, the ultrasound-assisted extraction (USE)

conditions (temperature, time, ultrasonication power and solvent-solid ratio) were

determined for the production of crude extracts from sage (Salvia officinalis) and mint

(Mentha piperita). Bioavailability of the plant extracts were also compared to those

obtained by classical hot-water extraction (HWE). USE parameters for the highest yield KEY WORDS
were 40 °C, 10 min, 400 W, as determined by preliminary experiments. Total phenolic Medicinal herbs extract,
contents of the mint and sage samples increased by ultrasound assisted liquid extraction ultrasound-assisted
method at the levels of 23.88 %and 14.97 %, respectively. The bioavailability of total extraction,
phenolic contents in classic and ultrasound extraction of mint (Mentha piperita) extracts bioavailability
was 20.11 %, 32.45 % respectively. In conclusion, the results of the present study showed

that ultrasound assisted extraction was more effective method for extraction of bioactive

substances from sage and mint with shorter extraction time, increased bioactivity and

bioavailability.

Introduction

Turkey is one of the most important gene centers of medicinal and aromatic plants in the
World, and is located in a very fertile region which hosts thousands of endemic plant
species. Aromatic plants have been used as remedy in traditional medicine for ancient
times, as well as in food preservation due to their antimicrobial activity and in cosmetic
and pharmaceutical industry in recent years [1]. The first records of treatment of people
with aromatic plants belong to Mesopotamian civilization in BC. [2]. According to the

World Health Organization (WHO), 25% of the pharmaceutical drugs used today are

1 Author Addresses:* Yildiz Technical University Chemical and Metallurgical Engineering Faculty Food
Engineering Department Davutpasa Campus 34210 Esenler/Istanbul/Turkey.
*Corresponding Autor: Kiibra Dogan, e-mail:dogannkubraaa@gmail.com
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produced from medicinal plants. On the other hand, Food and Agriculture Organization
(FAO) states that 30% of the drugs sold worldwide contain compounds derived from plant
materials [3]. This is due to the abundance of bioactive compounds such as vitamins (E
and C), glutathione, enzymes and phenolic compounds in medicinal and aromatic plants
[4]. Phenolic compounds which are major bioactive constituents of aromatic plants are
very important due to their effects on the organoleptic properties and nutritional quality
of foods such as color, taste, odor, natural colorant in foods, and have alternative use as
natural antioxidant and the positive effects on health in recent years [6]. The most
common crops cultivated and used in the industry are sage, anise, juniper tar, nettle,
thyme, rosehip, lemon balm, chamomile, cinnamon, vanilla, lion paw and mercury [7].
Although conventional extraction techniques such as Soxhlet extraction have been used
for a number of decades in order to obtain bioactive extracts from plants, they have
numerous disadvantages such as being time consuming and requirement of large amounts
of chemicals, which cause high energy consumption and environmental pollution [8].
Therefore novel extraction techniques such as ultrasound-assisted, microwave-assisted,
supercritical and accelerated extraction systems, alternative to conventional solvent
extraction from plant sources have been investigated by different researchers to overcome
these disadvantages [9, 10].

Ultrasonic assisted extraction, also called sound waves-assisted liquid extraction, is
considered as one of the most efficient extract recovery techniques. In this technique,
extraction is performed in gas or liquid environment by the effect of cavitation which is
formed on liquid-liquid or gas-liquid interfaces [11]. In this method, acoustic vibrations
are applied to the sample with frequencies above 20 kHz. [12]. In the use of ultrasound

in extracting, the application is in the form of mass transfer by mechanical disintegration
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of the cell wall. By disintegrating the cell wall in this way, it becomes easier for the liquid
extract inside the cell to exit the cell. It is faster than other extraction methods and it is an
effective non-thermal alternative method since the cell wall is destroyed by the
application of ultrasound [13, 14]. Ultrasonic assisted extraction is commonly applied to
obtain valuable compounds from a variety of matrices mainly food and plant materials
[15]. Extraction of bioactive components by ultrasound application is one of the methods
that provide high level of hand in a short time, reducing heat and energy consumption,
reducing solvent consumption and easy to apply [16]. In this study, it was aimed to
compare the bioavailability of sage and mint extracts obtained by conventional and

ultrasonic assisted methods.
Material and Methods

Materials

Fresh sage (Salvia officinalis) and peppermint (Mentha piperita) were obtained from
Zeytinburnu Medicine and Aromatic Plant Garden in Istanbul, Turkey. Ethanol, 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH) and Folin&Ciocalteu’s reagent purchased
from Sigma Aldrich Chemical Co. (USA). Ethanol, dialysis membrane tube and bile salts
were obtained from Merck (Germany).

Sample preparation for extraction process

After removing impurities, the plant materials were dried using a vacuum dryer (Daihan
WOV-30, Gangwon-do, South Korea) at 40 °C for 8 h. The vacuum was adjusted by a
vacuum pump (EVP 2XZ-2C, Zhejiang, China) with 6 kPa ultimate pressure and 2 L/s
pump seed. The dried samples were grinded and then stored in desiccator at room

temperature until extraction process.
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Fig 1 Vacuum drying system

Extraction Process

Classical hot water extraction (HWE)

For this purpose, 10g of the samples was incorporated with 100 mL of 80% ethanol (v/v)
and mixed at 40 °C for 6 hours using a magnetic stirrer at 250 rpm. The ethanolic extracts
were filtered and freeze-dried for the bioavailability assays.

Sonication-assisted liquid extraction (USE)

Ultrasound extraction process was performed using an ultrasonic processor (Hielscher
UP400S, Germany) with 24 kHz frequency and 100pm amplitude values. The flow cell
of the ultrasonic processor (Hielscher Flowcell D22-K) was combined with a 22 mm
diameter probe (Hielscher sonotrode H22D) and the instant process volume was 15 mL.
The samples were mixed with 80% ethanol (v/v) inaratio of 1:10 (w/v) and then extracted
at 40 °C for 10 min with ultrasound power of 400 W, which determined as optimum
parameters with preliminary experiments to obtain maximum extraction yield. The
temperature was kept at the constant value using a refrigerant during the process. After
extraction, the extracts were filtered to remove impurities and freeze-dried to obtain crude

powder for the bioavailability assays.
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In vitro gastrointestinal digestion assay

In order to simulate gastric and intestinal digestion of the extracts, the method described
by McDougall et al. (2005) was performed with some modifications [17].

For stomach digestion; freeze-dried extracts were homogenously dissolved in 2.5 mL of
water and completed to 20 mL of distilled water. Then 1.5 mL of pepsin solution (40
mg/ml) prepared with 0.1 M HCL was added to the mixture. The pH of the mixture was
adjusted to 2.0 by adding 5 M HCI. The beaker was covered with parafilm and incubated
for 2 h in a shaking incubator at 37°C with stirring at 100 rpm. At the end of the
incubation, 5 mL of PG fraction was separated and stored at -20°C to use following
analyses. For intestinal digestion, 5 mL of pancreatin (18 mg / mL), a mixture of bile
(112.5 mg / mL bile salt) and 4.5 mL of NaHCO3 (0.1 M) were added to the stomach
digested beaker. The dialysis tube was completely immersed in the PG phase and the
beaker was sealed with parafilm. It was incubated for 2 h in a shaking incubator with
stirring at 100 rpm at 37°C.

At the end of the period, the IN fraction in the dialysis tube was discharged into the falcon
tube. The liquid outside the tube was discharged into a separate falcon tube as the OUT
fraction. It was stored at -20°C for the following analyses.

Bioavailability is determined by dividing the amount of substance present in the IN phase
to the amount of substance present in the sample, as indicated in equation 2.1. This

procedure is schematized in detail in Figure 2.

. . iy The amount of matter in IN phase
% bioavailability = f P x 100 (2.1)
The amount of the matter in the sample
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water + 1.5 mL pepsin solution

l

The pH of the mixture was reduced to 2.0 by adding 5 M HCI in the amount
determined in the preliminary trials. Incubation at 37°C for 2 h in shaking water
bath at 100 rpm.

[ 2.5 mL of the liguid extract 20 mL distilled ]

At the end of the incubation, 4 mL
aliguot of the post-gastric digestion (PG)
stored at -20°C for use in the analyzes.

4.5 M pancreatic and bile salt + Place
dialysis bags filled with 1 M NaHCO3
to neutralize the sample’s acidity

Incubation at 37°C for 2 h in
shaking water bath at 100 rpm.

k.

At the end of the time, the IN fraction in the dialvsis tube was
discharged into the falcon tube. The liquid outside the tube was
discharged into a separate falcon tube as the OUT fraction. It was
stored at -20°C for use in analysis.

~- |

PG. IN and OUT samples were stored at 20°C until further analvsis

Fig 2 Flow chart of the in vitro gastrointestinal digestion method [31]

Determination of total phenolic content (TPC)

The total phenolic content (TPC) of the samples was determined using Folin-Ciocalteu
method as described by Singleton and Rossi (1965). Briefly, 0.5 ml of the ethanolic
extract was mixed with 2.5 mL of 0.2 N Folin-Ciocalteau’s reagent and after the
incubation for 3 min, 2 mL of 7.5% Na>COz solution was added to the mixture. After
keeping at the room temperature for 30 min, the absorbance of the samples was measured

at 760 nm using a UV-vis spectrometer (Shimadzu, UV-1800, Japan). The results were
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calculated using the following equation and were expressed as mg gallic acid equivalents

in liters (mg GAE/L) [18].

absorbance—0.0791
0.0103

TPC(mg GAE/L) =

X dilution factor (2.2)

Determination of total flavonoid content (TFC)

Determination of total flavonoid content (TFC) was performed according to the method
described by Zhinsen et al. (1999). For this purpose, 1 mL of extract was mixed with 4
mL of distilled water and 0.3 mL of 5% NaNO: solution (w/v). After 5 min, it was
incorporated with 0.3 mL of 10% AICIs solution (w/v) and mixed for 6 min. Following
the addition of 2 mL of 1M NaOH, the volume was completed to 10 mL with distilled
water. Then the absorbance values of the samples were measured at 510 nm with UV-
VIS spectrophotometer (Shimadzu UV-1800, Japan). All the results were expressed as
mg catechin equivalents (CAE)/100g of sample [19]. The formula used to calculate the

total flavonoid content was given in Equation 2.3.

TFC (mg C'Z;E) = [(151.6 X absorbance) — 0.05454] X dilution factor (2.3)

Determination of antioxidant activity by DPPH radical scavenging assay

The antioxidant activity of the samples was determined according to the method described
by Sanchez Moreno et al. (2002). For this purpose, 0.1 mL of the extract was mixed with
4.9 mL of 0.1 mM DPPH solution and the mixture was kept at 27 °C for 20 min. Then,
the absorbance of the samples was measured at 517 nm using a UV-vis spectrometer
(Shimadzu, UV-1800, Japan). The results were presented as mg Trolox equivalent

(TEAC)/ 100 g of the sample [20].
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Statistical analysis

Mean values and standard deviations of the data were evaluated using Excel software
(Microsoft Office, 2017). Statistical analysis was performed by using a statistical
software of SPSS 20.0 (SPSS, Inc., Chicago) with one way analysis of variance
(ANOVA).

Differences between the data were determined by Duncan’s multiple

comparison test with 95% confidence level.
Results and Discussion

Changes in bioactive components in extracts

Bioactive properties of sage and mint extracts are shown in Table 1. As seen in the table,
ultrasonication process significantly increased the extraction yield of both sage and mint.
Total phenolic contents (TPCs), total flavonoid contents (TFCs) and DPPH scavenging
activities of the sage extracts were significantly higher than those of mint. Considering
the effect of extraction technique on bioactive properties, ultrasonication enabled higher
values than classical extraction, for instance, TPCs of mint and sage samples increased

by 23.88 % and 14.97 %.by ultrasound assisted liquid extraction method, respectively.

Table 1 Bioactive properties and yields of sage and mint extracts

Sample Extraction TPC TFC DPPH Yield
method (mg GAE/L) (mg CAE/L) | (mg TE/L) (%)

Sage HWE 4066.24+4.012 356.53+0.922 66.41 £0.96 2 3.36:0.112
USE 4491.14+2.11° 378.45+1.83°¢ 101.6+4.34¢ 5.28+0.23¢

Mint HWE 198.354+3.67° 65.67+1.23° 72.09+1.04° 3.82+0.19°
USE 245.73+5.459 87.35+1.56¢ 83.67+1.62° 5.79+0.13¢

*Different lowercase letters indicate the significance of the statistical difference between the data on the
same row according to the ANOVA Duncan test (p<0.05)

Changes in post-digestive bioactive properties
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Change in bioactive properties (TPCs, TFCs and DPPH scavenging activities) of sage
and mint extracts obtained by classical or ultrasound assisted liquid extraction method
after in vitro gastric and intestinal digestion (intestinal digestion, post-gastric (PG), IN
(absorbed through the small intestine) and OUT (not absorbed from the small intestine))

are given in Figures 3, 4 and 5, respectively.

35 32,45 15 13,73
28,34
30 1157 10,45
25 20,11 10
20 | 16,12 6,34
15
10 >
5
0 0
HWE USE HWE USE HWE USE HWE USE
Sage Sage Mint  Mint Sage Sage Mint Mint
Figure 3 % Recovery of TPC Figure 4 % Recovery of TFC
30 25,46

25 | 21,26 21,46
20 17,34
15
10
5
0
HWE USE Sage HWE USE Mint
Sage Mint

Fig 5 % Recovery of DPPH scavenging activity

Ultrasound was shown to improve the bioavailability of medicinal plants after

gastrointestinal digestion. The bioavailability of TPCs in classic and ultrasound extraction
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of sage extracts was 16.12% and 28.34% while it was 6.34% and 11.67% in the case of
TFC, respectively. The bioavailability of DPPH scavenging activity was determined as

21.26 % and 25.46 % (Figure 6).

Bioavailability %

35 - 32,45

TPC TFC DPPH
B HWE Sage USE Sage ® HWE Mint © USE Mint

Fig 6 Recovery (%) of TPCs, TFCs and DPPH radical scavenging activities of sage and mint
extracts after in vitro gastrointestinal digestion

The bioavailability of TPC of the mint extracts obtained by classical or ultrasound
extraction was 20.11 % and 32.45 % while it was 10.45 % and 13.73 % for TFC while
the bioavailability of the extract as measured by DPPH scavenging activity was
determined as 17.34 % and 21.46 %, respectively.

Dahmoune et al. (2013) investigated effect of EU using solvents with different ethanol
concentrations varying from 30% to 70% on bioactive properties of lemon peel and found
that TPC values increased at higher ethanol ratios up to 62.93%. [21]. In another study,

Wang et al. (2008) extracted the phenolic compounds from wheat bran by ultrasound-
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assisted extraction technology at different processing conditions for extraction
optimization. They found that extraction time was the most significant parameter for
optimization and at the optimum extraction conditions (ethanol concentration, 64%;
extraction temperature, 60 C; and extraction time, 25 min) TPC was 3.12 mg GAE/g of
wheat bran [22].

Plant extracts with high antioxidant capacity, rich in phenolic acids, act as free radical
terminators and reduce the effect of oxidative damage on dsDNA [23]. In one study,
Skeva and Girousi investigated the antioxidant ability of Camelia sinensis (black and
green tea) plant extracts in vitro by using a dsSDNA biosensor to achieve oxidative damage
on dsDNA. (Compared to Gallic acid, caffeic acid and trolox standard.)[23]. Putnik et al.
(2018) used microwave assisted extraction (MAE) technique to obtain phenolic
compounds from sage. They tested three different solvents (30% ethanol, 30% acetone
and water), five different times (3, 5, 7, 9 and 10 min) and five different temperatures (30,
50, 60 and 80 °C) for extraction. The best result for the total polyphenols was obtained at
30% acetone as solvent and 80 °C for 10 minutes [24]. Bender et al., reported that in vitro
oxygen radical absorbance capacity (ORAC) and antioxidant capacity (CAA) of
peppermint extract were 1438 mmol trolox eg/g and s 27.9 mmol quercetin eg/g while
Those values were 1351 mmol trolox eg/g and 35.3 mmol quercetin eg/g for sage,
respectively [25]. Our results were in accordance with these findings. On the other hand,
industrial microwaving of black pepper, sage and basil did not change their antioxidant
properties [26].

Advantages of ultrasound assisted extraction are; inexpensive equipment, ease of use,
environmentally friendly, maximization of the extract yield of the targeted component

with minimum degradation and achieving high efficiency. Ultrasound-assisted extraction
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accelerates mass transfer, thus providing more processing time and less solvent
consumption compared to the classical extraction method [27, 28, 29] and increases

penetration by breaking down cells [30].
Conclusion

In this study, separation of bioactive extracts from sage and mint was carried out by
classical solvent extraction and ultrasound assisted extraction techniques. Although the
classical extraction process was performed at higher temperatures than the ultrasound
assisted extraction, TPC, TFC and DPPH scavenging ability of the extracts remained
below the amount of phenolic material obtained by ultrasound assisted extraction.

When ultrasound assisted extraction method was examined, it was found that ultrasound
assisted extraction was the most effective method for extracting of bioactive substances
from sage and mint in a much shorter time compared to classical method. While
increasing the amount of bioactive properties, it also increased the bioavailability of the
extracts.
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