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Ozet

Fasulye (Phaseolus vulgaris L.) gida {izerine bir¢ok alanda kullanilir, ancak
kurak ve tuzlu sartlara son derece hassastir. Kuraklik ve tuzluluk kiiltiirti
yapilan bitkilerin gelisimini ve iiriinden alinan verimi etkileyen 6nemli
cevresel faktordiir. Bu ¢alisma da amaclanan fasulye genotiplerinde farkli
tuz konsantrasyonlar1 ve kuraklik dozunun tohum g¢imlenmesi, biiyiime
parametreleri lizerine etkilerini aragtirmaktir. Calismada tuz olarak kontrol,
100 mM, 200 mM dozlar1 NaCl uygulanirken kuraklik olarak %15 PEG
6000 uygulanmigtir. Tesadif parselleri deneme desenine gore (g
tekrarlamali olarak kurulan bu arastirmada NaCl dozlarina gore ¢imlenme
orani %20-100, Radikula agirligi, 0.024-0.486 g, plumula agirliklar: 0.061-
0.611 g, radikula uzunluklar1 0.663-5.100 cm arasinda degismektedir. %15
PEG uygulamasina gore ise ¢imlenme oranit %20-100 arasinda radikula
agirliklar1 0.007-0.276 g, plumula agirliklart 0.012 -0.125 g ve radikula
uzunluklar1 1.523-5.162 cm arasinda degismistir. Calisma sonucunda
PNO55 genotipinin ¢aligmada kullanilan diger genotiplere gore tuzluluk ve
kurakliga daha dayanikli oldugu tespit edilmistir.

Anahtar kelimeler: Kuraklik, Tuzluluk, Abiyotik stres, Cimlenme
performansi

Response of some Bean (Phaseolus vulgaris L.) Genotypes to osmotic stress

Abstract

Common bean (Phaseolus vulgaris L.) is used in many areas as food, but
is extremely sensitive to arid and salty conditions. Drought and salinity
are important environmental factors affecting the development of crops
and the yield of the product. The aim of this study is to investigate the
effects of different salt concentrations and osmotic stress created on seed
germination and growth parameters in bean genotypes. In the study,
control, 200 mM, 200 mM doses of NaCl and 15% PEG 6000 as drought
were used. In this study, according to the NaCl doses which was
established in three replications according to the randomized plots trial
design, the germination rate was 20-100%, the radicular weight was
0.024-0.486 g, the plumule weight was 0.061-0.611 g and the radicular
length was 0.663-5.100 cm. According to 15% PEG application, the
germination rate was between 20-100%, radicular weights ranged from
0.007 to 0.276 g, plumule weights ranged from 0.012 to 0.125g, and
radicular lengths ranged from 1.523 to 5.162 cm. As a result of the study,
it was determined that the PNO55 genotype was more resistant to salinity
and drought than the other genotypes used in the study.

Key words: Drought, Salinity, Abiotic stress, Germination performance
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1. GIRIS

Diinya niifusunun artig1 yaninda tarim alanlariin bilingsiz kullanilmasi tarimsal iiretimde énemli
sorunlara neden olmustur. Topragin yapisi bozulmakta ve bitkilerin ¢esitli streslere maruz kalmasi, birim
alan veriminde azalmaya neden olunmaktadir (Wang ve ark., 2000). Asir1 tuzluluk bitkide ozmotik stres
sonucunda su alimmi kisitlarken hiicrede yarattigi iyonik etki nedeniyle hiicre igerisindeki iyon
dengesini bozmakta ve toksik etkiye neden olmaktadir. Abiyotik stresler arasinda yer alan tuz stresi,
osmotik etkisi ile kullanilabilir su igerigini kisitlarken, ayni zamanda iyon igeriginin toksik diizeye
ulagsmasina neden olmaktadir (Culha ve Cakirlar, 2011). Diger bir abiyotik stres ise kurakliktir. Kuraklik
stresi ile suyun bitki biinyesine taginamamas1 dokular arasi su dengesini bozar ve turgor kaybi nedeniyle
hiicre bytmesini olumsuz etkilemektedir (Zengin, 2007; Amira, 2011).

Yemeklik tane baklagiller, diinya ve Tiirkiye icin bitkisel proteinin ana kaynagini olusturan
ekonomik degeri yliksek onemli kiiltiir bitkileridir (Eren ve Keskin, 2021). Besin degerleri acisindan
zengin olmalarmin yaninda yetistirildikleri topraga havanin serbest azotunu baglama o&zellikleri
bulundugu i¢in siirdiiriilebilir tarimi1 tesvik etmesi ve tuzluluk orani yiiksek olan tropik ve subtropikal
bolgelerde toprak verimliliginin iyilestirilmesine katkida bulunmasi ve insan beslenmesinde hayvansal
kaynakl1 proteinlerin yerine gecmesi yemeklik tane baklagillerin 6nemini arttirmaktadir (Adak, 2014;
Fidan ve Ekincialp, 2017; Sakiroglu ve ark., 2011). Baklagiller arasinda en fazla yetistirilme unvanina
sahip fasulyenin anavatan1 Meksika, Kolombiya, Orta ve Gliney Amerika iilkeleri oldugu bilinmektedir
(Salk ve ark., 2008). Tiirkiye’ye ne zaman ve kimin tarafindan getirildigi bilinmemekle birlikte 17. yy
Ulkemizde yetistirildigi tahmin edilmektedir. Tirkiye’de tarimi yapilan fasulyeler Phaseolus vulgaris
turtine dahildir.

Tuzluluk, diinya ¢apinda tarimsal verimliligi etkileyen en 6nemli faktorlerden biridir. Tiirkiye’de
toplam {iretim alanin % 1.7’si yani 1.5 milyon hektar alanda tuzluluk problemi bulunmaktadir (Kaplan
ve Kara, 2014; Cakmake¢1 ve ark., 2016). Kurak ve yar1 kurak alanlarda, yetersiz ya da asir1 sulama ve
denize yakinlik topragin {izerinde asir1 miktarda tuz birikmesine sebep olmaktadir. Ayrica, diisiik yagis,
yiiksek buharlasma orani ve kotii su yonetimi bu alanlarda tuzlulukla ilgili sorunlara neden olabilir.
Tuzluluk, bitkilerin suyu kullanma kabiliyetini azaltir ve biiylime hizinin yam sira bitki metabolik
siireglerinde degisikliklere neden olur (Munns, 1993 ve 2002). Tuzlu kosullarda biiyiiyen bitkiler temel
olarak {i¢ sekilde strese maruz kalirlar; (1) kok bolgesinde su eksikligine neden olan su potansiyelinin
azalmasi, (2) Na+ ve CI- gibi iyonlarin fitotoksisitesi ve (3) siirgiin taginimin da stres nedeniyle besin
dengesizligi (Munns ve Termaat, 1986; Lauchli, 1986; Marschner, 1995; Dogru ve Canavar, 2020).
Bunlarin yanin da hormonal dengesizlikler, stoma agilimimnin azalmasi, transpirasyon kaybi, CO2
aliminin azalmasi, kloroz, biiyiime ve gelismenin azalmasina neden olmaktadir (Edreva, 1998; McKersie
ve Leshem, 1994). Fasulye genel olarak tuzluluga duyarl bir kiiltiir bitkisidir ve 2 dSm'nin altindaki
toprak tuzluluk seviyelerinde verim kayiplarina ugramasi nedeniyle verimin diisiikk olmasi beklenir
(L&uchli, 1984). Bu sartlarda iiretim yapabilmenin en 6nemli pratik ve ucuz yolu tuz stesine daha az
duyarl genotiplerin belirlenmesi ve kullanilmasi olacaktir.

Kuraklik, toprakta su miktarmin diismesi ve buna bagli olarak {iriin miktarinin azaldig: bir donem
olarak tanimlanir. Bitkiler {izerindeki kuraklik stresi, hiicre biiyltimesini olumsuz etkileyerek hiicrelerin
kii¢iik kalmasina sebep olur ve bu durumda hiicre ¢eperi sentezinde degisik durumlara neden olmaktadir
(Unal, 2019). Protein ve klorofil olumsuz etkilenirken tohumlarin ¢imlenme kabiliyetlerinin ortadan
kalktig1 tespit edilmistir. Kurak kosullarda bitkiler terleme ile su kaybini en aza indirmek i¢in stomalarin
kapatirlar ve bunun sonucunda fotosentez diizeyinde 6nemli diisiisler ortaya ¢ikar (Tindag, 2015).

Fasulye yetistiriciliginde 2 ds/m'in altinda dahi 6nemli verim kayiplar1 gézlemlendigi bildirilmistir
(Gama ve ark., 2007). Kurakligin fasulye bitkisinde yaprak alani, yaprak, govde ve kok yas agirhigi ile
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yaprak, govde ve kok kuru agirligr lizerine 6nemli derecede olmusuz etkisinin oldugu bilinmektedir
(Caska Kiligaslan ve ark., 2020). Tiirkiye fasulyede genetik cesitliligi yiiksek olan iilkeler arasindadir.
Bu genetik ¢esitlilik arasinda tuzluluga ve kurakliga dayamikli fasulye genotiplerini tespit etmek,
kuraklik ve tuzluluktan dolay1 olusacak verim ve kalite kayiplarinin azalmasma yonelik bilimsel
calismalara katki saglayacaktir.

2. MATERYAL VE YONTEM

Igdir Universitesi Tarmmsal Biyoteknoloji Boliimii laboratuvarinda yiiriitiilmiistiir. Kullanilan
genotipler yerel ¢esitlerdir. Calismada kullanilan fasulye genotiplerine ait bilgiler tablo 1°de verilmistir.

Tablo 1. Calismada kullanilan fasulye genotiplerine ait bilgiler
Table 1. Identity information of bean genotypes used in the study

Genotip No Temin Edildigi Yer
1 PNO001 Edirne-Uzunkoprii
2 PNOO7 Edirne-Uzunkdpri
3 PNO10 Pazar-Rize
4 PNO025 Ovacik-Tunceli
5 PNO31 Senir kdyu-Giindogmus-Antalya
6 PNO35 Kiz1l6z yaylasi-Kumluca-Antalya
7 PNO038 Akman 98
8 PNO040 Didenkdy-Elmali-Antalya
9 PNO041 Cobanise-Elmali-Antalya
10 PNO042 Elmali-Antalya
11 PNO55 Simav-Kiitahya
12 PN059 Gircistan

Aragtirmada kontrol olarak saf su ve 100 ve 200 mM NaCl iki farkli tuz konsantrasyonu ve %15
PEG 6000 konsantrasyonu kullanilmistir. Her petride 5 adet tohum kullanilmistir. Tohumlar %5°1ik
sodyum hidroksit ¢ozeltisinde 5 dakika sterilize edilmis ve ardindan steril saf su ile durulanmistir. 11
cm ¢apinda petriler igerisine iki adet ¢imlendirme kagidi yerlestirilmistir. Her petri kabina 5 ml ilgili
cozeltisi eklenmistir. Tohumlar yerlestirildikten sonra petriler stre¢ film ile sarilarak 27+1°C sicaklik,
karanlik ve sabit nem igeren iklimlendirme kabinine yerlestirilmistir.

Cimlenen tohumlari tespit etmek ve dl¢limlerini yapmak i¢in alt1 giin sonra ¢imlenme orani (%),
radikula agirligi (g), plumula agirligi (g), radikula uzunlugu (cm) belirlenmistir. Petriler kabinden
alinarak radikula, plumula agirliklar tartilmis ve radikula uzunluklari Slgiilmiistiir. Olglimlerde 5
mm’nin istiindeki degerle dikkate alinarak belirlenmistir. Cimlenme yizdesi ise herhangi bir petri
kabindaki ¢imlenen tohum sayisinin toplam tohum sayisina boliinmesi ile elde edilmis bu da 100 ile
carpilarak hesaplanmistir (Cokkizgin, 2010; Tanveer ve ark., 2010).

Arastirma tesaduf parselleri deneme desenine gore 3 tekerrtrli olarak yiiriitilmistiir. Elde edilen
verilerin varyans analizi XLSTAT istatistik paket programinda yapilmistir. Ortalamalar post-hoc
karsilastirma testlerinden Duncan testi ile karsilastirilmistir.
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3. BULGULAR ve TARTISMA

3.1. Cimlenme Oram

Cimlenme oranlar1 % 20 ile % 100 arasinda bulunmus olup en yiiksek degerin kontrol grubunda
ve 100 mM tuz uygulamasinda oldugu, en diisiik degerin ise % 15 PEG 6000 uygulamasinda oldugu
tespit edilmistir. Tuz uygulamalarinin ¢imlenme orani {izerine istatistiki olarak énemli etkisinin oldugu
ve uygulanan tuz konsantrasyonu arttik¢a ¢imlenme oranmin distiigii belirlenmistir. Arastiricilar,
¢imlenme doneminin bir bitki i¢in 6nemli oldugunu ve bu donemde bitkinin maruz kaldig1 stres ve stres
sartlarina verdi8i tepkilerin tiirlere ve uygulama dozlarina gore degisiklik gosterdigi bildirilmistir
(Unliikara ve ark., 2008; Ozkorkmaz ve Yilmaz, 2017). Wignarajah (1990) tuz konsantrasyonunun
artmast osmatik basincin azalmasina neden oldugunu ve osmatik basincin azalmasmin ise fasulye
tohumlarina su girisini engelledigini belirtmistir. Bazi fasulye genotiplerinde yapilan tuz konsantrasyonu
calismasinda, tuz stresinin ¢cimlenme oranini, hizini ve indeksini azaltmasina karsilik ¢imlenme siiresini
arttirdigin1 kaydetmiglerdir (Kouam ve ark., 2017). Turhan ve Seniz (2010) domates tohumlarina
uyguladiklart tuz dozlarinin ¢imlenme {izerine olumsuz etki yaptiklarini ve yine Turhan ve ark (2011)
1spanak tohumlarinda yaptiklar1 tuz stresi ¢alismasinda ¢imlenmenin azaldigimi goézlemlemislerdir.
Eroglu 2007 yilinda fasulye bitkisinde ¢imlenme oranini belirlemek amaciyla yaptigi ¢calismada fasulye
tohumlarma 4 ayr1 tuz dozu (0-50-100-150-200 mM) uygulamis ve incelenen biitiin genotiplerde
¢imlenme oraninin azaldigini ortaya koymustur.

Calismada %15 PEG 6000 uygulamasina maruz birakilan fasulye tohumlar1 kontrol grubu ile
kiyaslandiginda kuraklik stresi artisiyla birlikte su alma orani azaldigindan dolay1 ¢imlenme oraninda
diisiis gozlemlenmistir. Benzer sonuglar misir ile ¢alisan Achakzai (2009) tarafindan tespit edilirken
farkli bitki tohumlarinda g¢alisan baska arastiricilar tarafindan da kuraklik seviyelerinin tohumda
cimlenme oranini diislirdiigii tespit edilmistir (Toosi ve ark., 2014; Avci ve ark., 2018).

Bu denemede ¢imlenme yiizdesi kuraklik ve tuzluluk diizeylerinden etkilenmis ve stres diizeyinin
artmasiyla ¢imlenme azalmistir.
Tablo 2. Fasulye genotiplerine ait ¢imlenme oranlari

Table 2. Germination percentage of bean genotypes
Cimlenme Oram (%)

Genotipler
Kontrol 100mM NaCl 200mM NaCl %15 PEG
PNOO1
80.0 abc 33.3¢ 73.3 a-d 0.0f
PNOO7 93.3ab 100.0 a 60.0 cd
100.0 a
PNO010 93.3ab 100.0a 100.0a
100.0 a
PNO025 86.7 abc 73.3 a-d 33.3e
93.3ab
PNO31 100.0 a 80.0 abc 86.7 abc 66.7 bc
PNO035 100.0 a 86.7 abc 100.0 a 86.7 abc
PNO038 100.0a 100.0a 66.7 bc 26.7
PNO040 100.0 a 80.0 abc 80.0 abc 86.7 abc
PNO041 100.0 a 86.7 abc 100.0 a 60.0 cd
PNO042 100.0 a 100.0 a 86.7 abc 93.3ab
PNO055 93.3ab 100.0a 100.0a 100.0a
PNO059 100.0a 73.3a-d 40.0 de 0.0f

Harflendirmeler, ortalama farkliliklarinin P< 0,05 diizeyinde 6nemli oldugunu ifade etmektedir.
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3.2. Radikula Agirhg

Fasulye genotiplerine uygulanan kuraklik ve farkli dozlardaki tuz uygulamalari sonucu hem
uygulamalar arasinda hem de genotipler arasinda istatistiksel olarak Onemli bulunmustur. Tuz
uygulamalar1 (0, 100 ve 200 mM NacCl) ve %15 PEG 6000 uygulamalari altinda ¢imlendirilen fasulye
genotiplerinde kuraklik ve tuz uygulamalarinin olumsuz etkilerinin oldugu goézlemlenmistir.
Calismamizda radikula agirliklarinin 0.007 g ile 0.605 g arasinda degistigi bulunmus olup en diisiik
agirhiga kuraklik uygulamas: gerceklestirilen genotiplerden PNO038 sahip iken en yiiksek agirligi ise
kontrol grubundan PNO055 genotipinin sahip oldugu belirlenmistir. Tuz konsantrasyon miktar
yiikseldik¢e bitki su alim miktarim1 diisiirmektedir bu da radikula yas agirliklarinin diisiisiine sebep
oldugu ortaya konmustur (Kizilge¢i ve ark., 2010; Oral ve ark., 2020). Tuz uygulamasi altinda
cimlendirilen fasulyede (Kaya, 2011), kavunda (Kusvuran, 2010), yem bériilcesinde (Okgu, 2020) ve
farklh diger bitki tiirlerinde tuz uygulamasinin radikula yas agirlig1 iizerine olumsuz etkileri tespit
edilmistir.

Kibar ve ark. (2020) yilinda yaptiklari ¢aligmada 4 farkli tuz dozunun (Kontrol, 50, 100, 200 mM NacCl)
fasulyede ¢imlenme 6zelliklerine etkilerini gézlemlemistir. Calisma sonucunda radikula agirliklar1 0.08-
0.32 g arasinda bulunmustur. Artan tuz uygulamalar ile azalan radikula agirliklar1 bizim ¢calismamiz ile
uyum gostermektedir.

Radikula agirliklar1 bakimindan genotiplerin kontrol uygulamasinda 0.315-0.605 g arasinda, PEG
6000 uygulamasinda ise 0.007-0.276 g arasinda degisiklik gostermistir (Tablo 3). Fasulyede radikula
agirligiin cevresel 6zelliklerden etkilenen bir 6zellik oldugu bildirilmistir (Fidan ve Ekinicialp, 2017).
Kuraga dayanikliligin kok uzunlugu ve kok taze agirligi ile iliskili oldugu, kuraga dayanikli genotiplerin
daha uzun koklere ve daha fazla kok taze agirhigina sahip olduklari bildirilmistir (Fidan ve Ekinicialp,
2017).

Tablo 3. Fasulye genotiplerinin taze radikula agirliklar:
Table 3. Radicle fresh weights of bean genotypes

Radikula Agirhg (g)

Genotipler Kontrol 100 mM NaCl 200 MM NaCl %15 PEG 6000
PNOO1 0.315 f-i 0.037 tuv 0.110 p-t 0.000 v
PNOO7 0.394 be 0.274 g-k 0.096 g-t 0.069 r-v
PNO010 0.512 ab 0.254 h-1 0.132 n-r 0.129 n-r
PN025 0.545 a 0.321 e-h 0.205 k-n 0.230 jkI
PNO031 0.500 ab 0.380 ef 0.130 n-r 0.036 tuv
PNO035 0.497 ab 0.302 g-j 0.192 I-0 0.176 I-q
PNO038 0.497 ab 0.240 -1 0.040 s-v 0.009 uv
PNO040 0.344 cde 0.289 g-j 0.073 r-v 0.132 n-r
PNO041 0.500 ab 0.184 1-p 0.119 o-s 0.095 g-t
PNO042 0.595 a 0.226 j-m 0.086 r-u 0.151 m-r
PNO055 0.565 a 0.486 ab 0.140 n-r 0.130 n-r
PNO059 0.593 a 0.235 jki 0.046 s-v 0.000 v

Harflendirmeler, ortalama farkliliklarinin P< 0,05 diizeyinde 6nemli oldugunu ifade etmektedir
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3.3. Plumula Agirhg

Plumula agirligi bakimindan genotipler arasindaki farkliliklar ozmotik stres uygulamalar1 ve
genotip x uygulama interaksiyonu p<0.01 diizeyinde ©nemli bulunmustur (Tablo 4). Fasulye
genotiplerinin kontrol uygulamasinda 0.302-1.634 g arasinda tuz uygulamalarinda 0.061- 0.611 g ve
PEG 6000 uygulamasinda ise 0.03-0.125 g agirliklar1 arasinda degisiklik gostermistir. Calismamizda en
diisiik plumula agirligina PEG uygulamasi gergeklestirilen PNOO7 genotipi sahip iken en yiiksek
plumula agirligina ise kontrol grubundan PN025 genotipi sahip oldugu tespit edilmistir.

Okcu 2020 yilinda yaptig1 calismada yem boriilcesi tohumlarina farkli tuz seviyelerinin plumula
gelisimine etkilerini incelemistir. Calismadan elde ettigi sonuclar 30 mM tuz uygulamasi plumula
uzunlugunu kayda deger anlamda artirmis ve bu seviyeden sonra giderek artan tuz uygulamalarinin
plumula uzunlugunu azalttig1 belirlenmistir. Radikula, plumula yas ve kuru agirlig1 {izerine farklh
seviyelerin sonuglar1 kontrol ile kiyaslandiginda tiim parametrelerde ilk stresin 90 mM seviyesinde
basladig1 belirlenmistir. Ortamda bulunan tuz seviyesine bagl olarak incelenen parametrelerde artiglar
ve azaliglar s6z konusu olmustur. Artan tuz seviyelerine bagl olarak plumula agirliklarinin azaldigina
dair aragtirmaci bulgular ile ¢aligma sonuglarimiz benzerdir. Ciftci ve ark. (2013) tarafindan tuz
konsantrasyonu arttikca yas sap agirliklarin etkilendigini ve benzer sonuglart Ghoulam ve Fores (2001)
ve Akbarimoghaddam ve ark. (2011)’nin ¢alismalarinda da goriilmiistiir. Tuz stresine maruz birakilan
pek cok bitkide, plumula yas agirliklarinda 6nemli azalmalar oldugu degisik arastiricilar tarafindan
bildirilmistir (Irshad ve ark., 2002).

Tablo 4. Fasulye genotiplerine ait plumula agirliklar
Table 4. Plumule weights of bean genotypes

Plumula Agirhg (g)
Genotipler
Kontrol 100 mM NacCl 200 mM NacCl % 15 PEG 6000
PNOO1 0.469 hij 0.139 r-w 0.178 g-u 0.000 y
PNOO7 0.407 jkI 0.269 n-q 0.232 o-r 0.090 u-y
PNO10 1.336 b 0.434 g-l 0.267 n-q 0.099 t-x
PNO025 1.525a 0.477 hij 0.312 mno 0.208 p-s
PNO31 0.655 f 0.258 n-q 0.137 r-w 0.057 v-y
PN035 1.359 b 0.529 ghi 0.149 r-v 0.095 t-y
PNO038 1.185¢c 0.591 fg 0.114 s-w 0.016 xy
PNO040 0.746 e 0.446 ijk 0.229 o-r 0.049 wxy
PNO041 0.747 e 0.351 Imn 0.270 n-q 0.055 v-y
PNO042 1.120 cd 0.366 KIm 0.161 r-u 0.109 t-x
PNO055 1.056d 0.551 gh 0.272 n-q 0.106 t-x
PNO059 0.302 m-p 0.192 grst 0.041 wxy 0.000y

Harflendirmeler, ortalama farkliliklariim P< 0,05 diizeyinde 6nemli oldugunu ifade etmektedir

3.4. Radikula Uzunlugu

Tablo 5’de incelendiginde fasulye tohumlarina uygulanan farkli tuz dozlart ve kuraklik
uygulamasmin radikula uzunlugu {izerine etkisi istatiksel olarak onemli (p<0.01) bulunmustur.
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Calismada en uzun koék uzunlugu 10.00 cm ile kontrol grubundan PNO38 genotipi en diisiik kok
uzunlugu ise 0.663 cm ile 200 mM tuz dozu uygulamasinda PN0O7 genotipinde tespit edilmistir.

Ozdemir Dirik ve ark. 2018, tuzluluk seviyelerini degerlendirmek igin kullanilan en &nemli iki
parametrenin radikula ve plumula uzunluklari oldugunu ve koklerin topraktan suyu alarak diger
bolgelerde kullanmak iizere tedarik ettigini belirtmistir. Bundan dolay1 kok ve siirgiin uzunluklarinin
tuzluluk ve kuraklik streslerine karsi davraniglarini ortaya koymada 6nemli bilgiler verebilmektedir.
Farkl1 bitkilerde yapilan ¢aligsmalarda artan tuz seviyesinin hiicre boliinme ve biiylimesini negatif olarak
etkiledigi i¢in kok uzunlugunun diismesine sebep oldugu belirtilmistir (Kaya ve Dasgan 2013; Ozdemir
Dirik ve ark. 2018). Calismamizda elde ettigimiz verilere gore genotiplerin kok uzunluklar1 %15 PEG
6000 ve 200mM tuz uygulamalarinda énemli bir diisiis géstermistir. Benzer bir arastirmada bugday
genotiplerine uygulanan PEG 6000 (-5.0 bar) sonucunda kontrol uygulamasina gore kok uzunluklarinda
artis tespit etmislerdir (Ozdemir Dirik ve ark., 2018). Bu calismadan elde edilen bulgular ile calismamiz
sonucu elde ettigimiz bulgular benzerlik géstermemistir.

Tablo 5. Fasulye genotiplerine ait plumula uzunluklar
Table 5. Plumule lengths of bean genotypes
Radikula Uzunlugu (cm)

Genotipler
Kontrol 100 mM NacCl 200 mM NacCl % 15 PEG 6000
PN001 5.375f 1.000 t 0.944 t 0.000 u
PNOOQ7 6.233 e 2.107 Imn 0.933t 2.167 Im
PNO10 9.267 bc 3.001 ij 1.367 p-t 5.133 fg
PNO025 9.107 ¢ 1.154 rst 1.333 grst 2.100i-n
PNO031 8.400 d 2.625k 1.550 o-s 1.643 n-r
PN035 1.165 grst 3.308 i 1.667 n-q 5.042 fg
PNO038 10.000 a 2.833 jk 1.250 grst 1.667 n-q
PNO040 4.733 ¢ 1.923 mno 1.300 grst 5.313f
PNO041 8.500 d 1.846 m-p 1.067 st 5.333f
PNO042 9.533 bc 1.444 1t 1.115st 4.214h
PNO55 9.714 ab 4.900 fg 1.385 p-t 5.115 fg
PNO059 6.533 e 2.500 kI 0.000 u 0.000 u

Harflendirmeler, ortalama farkliliklarinin P< 0,05 diizeyinde énemli oldugunu ifade etmektedir

4. SONUC

Kuraklik ve tuzluluk bitkilerin karsilasabilecegi olduk¢a 6nemli stres faktorleridir. Bu faktorler
tohumun ¢imlenmesine engel olabilecek ya da tohum ¢imlenmesini geciktirebilecek dnemli bir kisittir.
Calismada genotiplere uygulanan % 15 PEG 6000 ve tuz konsantrasyonlarinin incelen tiim 6zellikler
acisindan olumsuz etki ettigi tespit edilmistir. Cimlenme gelisimi acisindan 12 farkli fasulye genotipinin
birbirinden farkli oldugu ve uygulamalara farkli tepkiler gosterdikleri tespit edilmistir. Cimlenme
yiizdeleri g6z 6niinde bulundurularak incelenen genotipler arasinda PNO55 genotipi kuraklik ve tuzluluk
stresine toleransli PNOO1 genotipinin ise duyarli oldugu gozlemlenmistir. Calisma sonucunda tuzluluk
ve kurakliga toleransh fasulye genotipleri belirlenmis ve bunu belirlemek amaciyla kullanilan
parametrelerin uygunlugu ispatlanmstir.
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5. TESEKKURLER

Makaleyi gelistirmek i¢in yaptiklar1 katkilardan dolay1 isimsiz hakemlere tesekkiir ederiz.
6. YAZAR KATKILARI

Yazarlar bu ¢alismaya esit katkida bulunmustur.

7. CIKAR CATISMASI

Yazarlar ¢ikar catigmasi olmadigini beyan eder.
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Ozet

Bu calismada, Anamur (Dwarf Cavendish) c¢esidine ait muz halkalar1
giineste, gblgede ve giines enerjili rafli kurutucuda kurutulmustur. Kurutma
stiresi boyunca renk parametrelerinin en iyi glines enerjili rafli kurutucuda
korundugu belirlenmistir. Glines enerjili rafli kurutucuda kurutma Oncesi
uygulanan 6n islemin etkisini belirlemek i¢in muz halkalar1 farkli daldirma
¢ozeltilerinde belirlenen daldirma siirelerinde bekletilmistir. Giines enerjili
kurutucuda kurutma {izerine daldirma siiresi, daldirma c¢ozeltisi tiird,
¢ozelti derisimi ve giines enerjili kurutucuda kurutma silresinin renk
parametreleri iizerine etkileri her defasinda tek diizey etken deneysel
tasarim yontemi ile incelenmistir. Renk parametreleri olarak kroma degeri,
hue agis1, kahverengilesme indeksi ve toplam renk degisimi seg¢ilmistir.
Daldirma o6n isleminin gilines enerjili kurutucuda kurutulan muz
halkalarinin renk kaybini engelleyerek toplam renk degisimi, kroma degeri
ve hue agisina olumlu katkis1 oldugu belirlenmistir.

Anahtar kelimeler: Muz, Daldirma, Kroma, Giines enerjili kurutucu,
Hue acis1

Color Analysis of Dried Banana Rings by Different Methods

Abstract

In this study, Anamur (Dwarf Cavendish) variety banana rings were dried
in the sun, in the shade and a solar tray dryer. It was determined that the
color parameters were best preserved in the solar dryer during the drying
period. In order to determine the effect of the pretreatment applied before
drying in the solar tray dryer, the banana rings were kept in different
blanching solutions for the blanching time. Then, in order to determine the
effects of pretreatment applied before drying, the banana rings were
immersed in different blanching solutions and then dried in the solar tray
dryer. The effects of blanching time, type of blanching solution, solution
concentration and drying time in solar dryer on color parameters were
investigated with a single-level factor experimental design method on
drying in solar dryer. Chroma value, hue angle, browning index and total
color change were chosen as color parameters. It has been determined that
the blanching pretreatment has a positive contribution to the total color
change, chroma value and hue angle by preventing the color loss of the
banana rings dried in the solar dryer.

Key words: Banana, Blanching, Chroma, Hue angle, Solar dryer
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1. GIRIS

Meyveler genel olarak, otsu ve yapragi yenen bitkiler, baharatlar ve sebzeler iklim kosullart uygun
oldugu durumda giines altinda kurutulmaktadir. Giineste dogal kurutma ekonomik ve geleneksel bir
kurutma yontemi olarak yaygin bir sekilde kullanilmaktadir. Giines altinda kurutma yonteminde
kurutma havasinin 1sitilmast ve hava sirkiilasyonunun maliyeti yoktur. Gilines 1sinimi suyu
buharlagtiracak 1s1 saglarken, riizgar nemin sirkiilasyonuna yardim ederek prosesi hizlandirir. Gilineste
kurutmada dis atmosfer sicakligr 30°C ve iizerindeki sicakliklarda gidanin sicakligi, genellikle dis
atmosfer sicakligindan 5-15°C araliginda daha fazla olmaktadir. Giineste kurutma siiresi, iirliniin 6zelligi
ve kurutma kosullarma bagli olarak genellikle 3-4 giin veya daha uzun siirmektedir. Ornegin {iziim ve
kayis1 3-4 hafta da kurumaktadir (Fikre, 2010). Ayrica kurutulacak iiriin acik havada gilines altinda iklim
kosullarina bagl olarak kurutuldugunda, istenmeyen bazi maddelerle (kir, toz, hasare vb.) iiriin
kirlenebilirken, kurutma icin ¢ok fazla alan ve siire gerekmektedir (Ozbek ve ark., 2021; Elik ve ark.,
2022). Gilines altinda kurutmada gilines 151m1 dogrudan iirline etki ettigi i¢in besin degerleri ve duyusal
Ozellikler olumsuz etkilenmektedir. Bu sebeple, giines enerjisinden dolayli olarak yararlanilan, kapali
hacimde kurutma saglanan giines enerjili kurutucular kullanilmaktadir. Giines toplaglarma sahip
kurutucularda hava sicakligi dig ortamdan daha yiiksek olup, hava nemi daha azdir (Lingayat ve ark.,
2017). Giines enerjili kurutucular, giines altinda kurutmaya gore daha az kurutma alanina ihtiyag¢ duyar.
Giines enerjili kurutucularda kurutma islemi ¢evreden izole edilmis kapali kabinde ger¢eklestiginden
giinesin dogrudan kurutulacak iiriine temasi engellenmis olur. Béylece kurutulacak iirlinde meydana
gelebilecek kayiplar (renk ve duyusal 6zelliklerin degisimi, besin degerlerinde azalma) 6nlenebilir ve
daha kisa siirede kurutma saglanabilir (Seerangurayar ve ark., 2019).

Glines enerjili kurutucularda kurutma isleminden 6nce uygulanacak 6n kurutma teknikleri ile {iriin
ozellikleri iyilestirilebilmektedir. Kimyasal 6n igleme, 1s1l 6n isleme ve ozmotik dehidrasyon gibi
kurutma 6ncesi islemler genellikle kuru gidanin fizikokimyasal ve duyusal 6zelliklerini iyilestirmek i¢in
kurutma 6ncesi uygulanir (Silva ve ark., 2022). Kurutma 6n iglemi, lirtiniin kurutucuya girmeden once
nem igeriginin diisliriilmesi ile kurutucu yiikiinii azaltmasi, daha diigiik sicaklikta daha kisa stirede
kurutma isleminin gergeklesmesi, renk, tat, doku ve besin degerlerinin korunmasi veya arttirilmas,
mikroorganizma aktivitelerinin engellenmesi ile raf dmrii uzun iriinler icin gergeklestirilen islemlerdir
(Giirel ve ark.,2016). On kurutma islemleri; haslama, kiikiirtleme, tuzlama, daldrma ve ozmotik
dehidrasyondur (Ozler ve ark., 2004; Taiwo ve Adeyemi, 2009; Romano ve ark., 2010; Yokus, 2014).

Daldirma ve ozmotik dehidrasyon iki farkli 6n kurutma islemi olup, ¢ozeltide isleme yontemi
olarak diistiniilebilir. Ozmotik dehidrasyon ve daldirma islemleri, Urinln rengi ve dokusuna etki
etmektedir. Daldirma islemi, ozmotik dehidrasyondan 6nce uygulanabilmektedir (Moreno ve ark.,
2000). Daldirma islemi, daha c¢ok sebzelere uygulanan son {iriinlin renk degisiminde istenmeyen
sonuglara sebep olan enzimleri inaktive ederek biyokimyasal degisimleri durduran bir 6n islemdir.
Meyveler i¢in daldirma islemi uygulanirken iirin genellikle asidik ¢ozeltilere daldirilir. Meyvelerin
kurutma ve depolama siirecinde 6zellikle renk degisimlerini 6nlemek amaciyla askorbik asit, sitrik asit,
malik asit gibi asitler, tokoferoller, sistein gibi dogal antioksidanlar ve etil oleat gibi ¢dzeltiler
kullanilmaktadir (Romano ve ark., 2010; Giirel ve ark., 2016). Daldirma islemi, sicak daldirma gibi
yuksek sicaklik kisa siire (HTST) ve soguk daldirma gibi diisiik sicaklikta yiiksek siire (LTLT) de
uygulanan bir 6n kurutma teknigidir. LTLT daldirma islemi esnasinda 6rnekte dayaniklilik artar ve
biiziilme azalir. 50-70°C sicaklik araliklarinda yaklasik bir saat kadar siirede gergeklestirilir. HTST
daldirma islemi kaynama sicakligina yakin sicakliklarda birka¢ dakika uygulanan bir daldirma iglemidir.
Bu uygulama ile yiizeyindeki mikrobiyolojik yiik azalir (Fikre, 2010). Ozmotik dehidrasyon kurutma
prosesinde, yiiksek sicaklik kurutma esnasinda karsilasilan fiziksel, kimyasal ve biyolojik degisiklikler
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daha azdir. Ozmotik dehidrasyon da oncelik besin degerlerini korumak olup, duyusal ve fonksiyonel
ozellikleri gelistirmek i¢in kullanilir (Nowakunda ve ark., 2004; Silva Junior ve ark., 2017). Ozmotik
dehidrasyon yontemi, nem oraninin yaklasik %50’si uzaklastirildigi i¢in kurutma yonteminden ziyade
yar1 kurutma yontemi ya da kurutma o6n islemi olarak degerlendirilir (Koirala, 2012; Giinaydin ve ark.,
2022). Ozmotik olarak dehidre edilen 6rneklerin renk, doku ve aroma gibi duyusal 6zellikleri ve su alma
yetenegi yiiksek oldugu belirtilmistir (Nowakunda ve ark., 2004; Silva Junior ve ark., 2017). Ozmo-aktif
madde olarak meyveler i¢in ¢gogunlukla su da kolayca ¢6ziinebilen sekerler (dekstroz, sakkaroz, esmer
seker, misir surubu, laktoz, bal ve maltodekstrin) kullanilmaktadir (Kamiloglu ve ark., 2021).

Meyvelerin kurutulmasinda seker, bal, meyve suyu, limon suyu, askorbik ve sitrik asit gibi ¢ozeltiler
kullanilabilmektedir (Abano ve Sam-Amoah, 2011).

Giines enerjili kurutucuda kurutmadan 6nce uygulanan 6n islem sirasindaki su kaybina bagh
olarak kurutucunun su uzaklastirma yiikii azalmakta, 6rnekler kurutucuya daha yiiksek kuru madde
oraninda girmektedir. Boylece On islem, kurutma siiresini kisaltmakta ve kurutucu performansini
arttirmaktadir (Nowakunda ve ark., 2004; Silva Junior ve ark., 2017; Aktas ve ark., 2019). Bu ¢alismada,
muz halkalar1 kururken renk degisimi iizerine farkli giineste kurutma yontemlerinin, 6n iglemin ve 6n
islem kosullarinin etkileri belirlenmeye ¢alisilmigtir. Meyvenin rengi, {iriin tazelik gostergesi ac¢isindan
iirlin segiminde en 6nemli dis faktorlerden birisidir (Cetin, 2019; Polat ve ark., 2020). Kurutma sirasinda
meyvede, enzimatik ve enzimatik olmayan esmerlesme reaksiyonlar1 gerceklesmesi ile {iriiniin rengi
degismektedir (Ozbek ve ark., 2021). Bu sebeple calismada kurutma ydntemi, on islem, ¢dzelti tiirii,
cozelti derigimi ve daldirma siiresi gibi degiskenlerin muz halkalarinin goriiniisii en ¢ok belirleyen
kroma, hue agis1 ve toplam renk degisimi gibi renk parametreleri izerine etkileri kurutma stiresi boyunca
belirlenmistir.

2. MATERYAL VE YONTEM

On islemin giines enerjili kurutucuda renk parametrelerine etkisini belirlemek igin deneyler, her
defasinda tek diizey etken deneysel tasarim yontemine gore gergeklestirilmistir. Bu yontemde her
defasinda diger etken diizeyleri sabit tutulurken, yalnizca bir etkenin diizeyi belirli bir aralik boyunca
degistirilerek sistem yanit1 gozlenir. En iyi yanit1 saglayan etken diizeyi, o etkenin optimum diizeyini
arastirmak icin yapilacak olan deneylerde sabit tutulur. Bu islem sirayla biitiin degiskenler igin
tekrarlanir (Yildiz, 2011). Bu ¢aligmada, glines altinda, golgede ve giines enerjili rafli kurutucu gibi
farkli kurutma yontemlerinin kurutma siiresi boyunca renk parametrelerine etkisi belirlenmistir. Sekil 1°
de verilen 6zel olarak imal edilmis ¢ok rafli dogal taginimli giines enerjili kurutucu kullanilmaistir.
Kurutucuda yer alan toplagtan dolay1 kurutucu kabinindeki sicaklik dis atmosfer hava sicakligindan daha
yliksektir. Giines 1511 camdan ge¢ip, kurutucunun 1s1 iletimini ve emilimini yogunlastiran siyah boya ile
boyanmis delikli sagtan olusan i¢ kaplamasi tarafindan emildigi i¢in giines enerjili kurutucudaki sicaklik
her zaman ortam sicakligindan daha yiiksek olur. Giines 1s1nin absorbe edilmesi ile kaplama tarafindan
daha diisiik frekanslarda kiziltesi dalgalar yayilir ancak camdan disariya gegmez ve kurutucunun igini
daha sicak olur (Silva ve ark., 2022)

Bu caligmada, her defasinda tek diizey etken deneysel tasarimina gore farkli giines kurutma
yontemleri ve daldirma islemi uygulanarak kurutulan muz halkalarinin renk analizi yapilmistir.
Deneysel tasarima gore oncelikle muz halkalar1 giines altinda, gblgede ve gilines enerjili kurutucuda
kurutulmustur. Yapilan ¢alisma sonucunda muz halkalarinin renk degisiminin en az oldugu kurutma
yonteminin giines enerjili kurutucu oldugu i¢in sonraki deneylerde kurutma ydntemi olarak giines
enerjili kurutucuda gergeklestirilmistir. Muz halkalarinin giines enerjili kurutucuda kurutulmasinda renk
degisimine on islemin etkisini belirlemek i¢in 6n islem uygulanmis ve uygulanmamis muz halkalari
giines enerjili rafli kurutucuda kurutulmustur. On islem olarak soguk daldirma yontemi secilmistir. Muz
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halkalar1 gilines enerjili rafli kurutucuda kururken {iiriin renginin korunmasina soguk daldirma o6n
isleminin olumlu etkisi bulunmustur. Daha sonra daldirma ¢ozeltisi tiirii, ¢dzelti derisimi ve daldirma
siiresi gibi faktorlerin giines enerjili kurutucuda muz halkalarinin kururken meydana gelen renk
degisimine etkisi belirlenmistir. Glines enerjili kurutucuda muz halkalarinin renk degisimine daldirma
isleminin etkisini her defasinda tek diizey etken yontemi ile belirlemek icin Oncelikle sabit daldirma
siiresi ve sabit ¢ozelti derisiminde, daldirma ¢ozeltisi tiirliniin degisimi incelenmistir. Bu islem diger
degiskenler olan ¢ozelti derisimi ve daldirma siiresi i¢in de tekrarlanarak en uygun daldirma ¢ozeltisi
tiirii, en uygun ¢ozelti derisimi ve en uygun daldirma siiresi bulunmustur.

Sekil 1. Cok Rafli Dogal Konvektif Giines Enerjili Kurutucu
Figure 1. Multi-Shelf Natural Convective Solar Dryer
Deneylerde kurutma islemi i¢cin muz halkalari giines altinda, golgede ve c¢ok rafli giines enerjili
kurutucuda kurutulmustur. Kurutma siiresi boyunca rafli glines enerjili kurutucuda muz halkalarinin
renk parametreleri taze muz halkalarmin (kontrol grubu) rengine daha yakin oldugu icin kurutma
yontemi olarak rafli giines enerjili kurutucuda deneylere devam edilmistir.

2.1. Daldirma islemi

Daldirma ¢ozeltisinin sicakligi 50°C olup, muz halkalarinin dilim kalinligi 4 mm’dir. Daldirma
cozeltileri olarak 1solab chemicals marka %99.7 saflikta sitrik asitten agirlikca/hacimce (a/h) derisim
biriminde hazirlanmis sitrik asit ¢ozeltisi (%5, a/h), 1solab chemicals marka sakarozdan hazirlanmig
sakaroz asit ¢ozeltisi (%5, a/h) ve kontrol ¢ozeltisi (su) kullanilmistir. Renk parametrelerinin en az

degistigi daldirma ¢ozeltisi sitrik asit ¢ozeltisi olup, ¢cozelti derisiminin etkisini belirlemek i¢in derisim
%0-7.5 (a/h) arasinda degistirilmistir. Daldirma siiresi 0 dk, 30 dk ve 60 dk olarak se¢ilmistir.

2.2. Renk Analizi

FRU marka WR18 kolorimetre renk analiz 6lciim cihaz ile L, a” ve b" renk parametreleri
dlciilmiistiir. Olgiilen L, a* ve b™ degerleri iiriin hakkinda tek basina bir anlam ifade etmezken bu degerler
kullanilarak renk degeri agisindan 6nemli olan kroma, kahverengilesme indeksi, toplam renk degisimi
ve hue agist hesaplanmistir. L parlaklik degeri olup, sifir (0) degeri beyazligi ifade ederken, 100 degeri
siyahlig1 ifade etmektedir. a* ve b* renk degerleri -60 ile +60 araliginda deger almaktadir. a* negatif
degeri, yesil rengi belirtirken, pozitif degeri kirmizi rengi belirtir. b” pozitif degeri sar1 rengi belirtirken,
negatif degeri ise mavi rengi belirtir (Polatci ve Tasova, 2017; Polatci ve ark., 2018).

Kroma degeri (K), esitlik (1) ile hesaplanmistir (Altuntas ve ark., 2020).
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K= (aZ + b2 )1/2 (1)

Hue renk agis1 (h), a* ve b™ nin pozitif veya negatif olma durumuna gore esitlik (2)’den esitlik
(5)’e kadar olan uygun denklem segilerek hesaplanmistir (Cetin ve ark., 2019).

H = arctan (b/a), (a> 0 ve b >0) 2)
H =180+arctan (b/a), (a <0 ve b >0) 3)
H=180+arctan (b/a), (a<0ve b <0) 4
H=360+arctan (b/a), (a>0ve b <0) (5)

Toplam renk degisim degeri (AE), esitlik 6 ile hesaplanmistir (Polatc1 ve ark., 2018).

AE =./(4L)% + (4a)? + (4b)? (6)
2.3. istatiksel Analiz

Calisma siiresince, biitiin kurutma deneyleri 3 defa tekrarlanmigtir. Muz halkalariin kurutulmasi
isleminde uygulanan islemlerin renk parametreleri iizerine etkileri %95 giliven araliginda varyans
analizinden (ANOVA) yararlanilarak degerlendirilmistir. Degerlendirme sonucu, istatiksel agidan
onemli bulunan degerler Tukey testi ile p<0.05 Onem derecesine gore belirlenmistir. Sonuglar,
ortalamatstandart sapma olarak verilmistir.

3. BULGULAR ve TARTISMA

Muz dilimlerinin giines altinda agik havada (GK), gdlgede kurutma (GOK) ve giines enerjili
kurutucuda (GEK) kurutulmasi siireci boyunca renk parametrelerindeki (RP) degisimi, standart
sapmalar1 (STD) ve tek yonlii karsilastirma testi Cizelge 1°de verilmistir.

Cizelge 1. Farkli kurutma yontemlerinde renk parametrelerin degisimi
Table 1. Change of color parameters in different drying methods

Kurutma Suresi (sa)zSTD

RP

Taze 1 2 3 4 5
K 28.28+0.23  47.68+0.85°  50.13+0.22®  49.51+0.01° 54.40+0.39°  56.83+0.22°
GK H 94.53+0.18"  85.07+0.01*  84.51+0.32*  86.18+0.02*°  85.04+0.03%  84.85+0.05
AE 0.00+0.00° 20.66+0.13*  24.30+0.05*  27.77+0.10*  32.13+0.35*  31.63+0.22°
K 29.00+0.36°  33.39+0.89°  37.62+0.29%  47.15+0.14°  43.88+0.15%  42.42+0.29
GOK H 90.39+0.13*  87.45+0.02° 88.02+0.02*®  86.60+0.08" 85.70+0.08*  84.18+0.13°
AE 0.00+0.002 7.48+0.06° 11.63+0.13°  19.24+0.05°  19.32+0.02°  20.52+0.36°
K 28.89+0.25*  29.06+0.92®  39.31+0.44*  39.25+0.19°  38.34+0.91*  35.94+0.44%
GEK H 88.69+0.15°  86.45+0.01*  87.23+0.67°  85.06+0.02°  83.44+0.02°  84.89+0.06"
AE 0.00£0.00°  14.11+0.04%  20.91+0.17%  24.91+0.11*  23.95+0.05*  30.58+0.34%

* Aym satirda farkli harfle isaretlenen ortalama degerler istatiksel olarak birbirinden farklidir (p<0.05)
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Hunter renk parametreleri L*, a* ve b* renk kaybinin belirlenmesinde oncelikle tirtindeki kalite
kontrol i¢in basvurulan degerlerdir (Maskan, 2001). Muz halkalar1 beyaz sar1 arasinda renk tonuna sahip
oldugundan 6zellikle L* ve b* renk degerleri 6nemlidir. a* degerindeki negatif yonde meydana gelen
artis yesilligin arttigin1 gostermektedir. b* degerinin azalmasi sariliktan uzaklasma anlamma gelir. L*
degerindeki azalis esmerlesme reaksiyonlarina ve daha mat goriiniise isaret etmektedir (Sezer ve
Demirdven, 2015; Turgut ve Topuz, 2020).

Oksitlenmenin en fazla goriildiigii meyve rengi olan beyaz rengin hakim oldugu iirlinlerde diger
kurutma yontemlerine gore kurutma siiresi boyunca iiriin daha uzun siire havayla temas ettigi kurutma
yonteminde daha fazla okside oldugu gorsel olarak gozlemlenmistir. Bu oksitlenme diger yontemlere
kiyasla triiniin daha fazla kahverengilesmesine sebep olur (Alibas ve ark., 2021). Kurutma sirasinda
meydana gelen kararma; enzimatik olmayan kahverengilesme, melonoidler, maillard reaksiyonu ve
karamelizasyon gibi nedenlere bagl olarak gergeklesmektedir. Bunun sonucunda L* ve b* degerlerinde
azalma, a* degerinde artis meydana gelir. Kurutma sonrasi kirmizilagsma ile kroma ve hue agisinin
azalmas1 muzlarin daha nétral (daha az doygunluk/pigmentasyon) olmasina neden olmustur. Muz
halkalar1 kururken pigmentasyon nedeniyle rengi sarimsi1 beyazdan grimsi kirmizi renge dogru degisir
(Silva ve ark., 2022). K, H ve AE gibi renk parametreleri kurutulmamis iirtine goére L*, a* ve b*
degerlerinin degismesiyle farklilagmaktadir.

Kurutulmus iriinlerin son kalite degerleri hakkinda kroma degeri dnemli bir fikir vermektedir
(Polatc1 ve Tasova, 2020). Kroma degeri, rengin safligin1 veya doygunlugunu gostermektedir. Soluk
renklerde kroma degerleri diiserken canli renklerde ise kroma degeri yiikselmektedir (Mutlu ve Ergiines,
2008). Cizelge 1’e gore, kroma degerleri kurutma siiresi ile degismistir. Bunun nedeni a* ve b*
degerlerindeki degisimdir. Kroma degerindeki en fazla degisim giineste kurutma da en az degisim giines
enerjili kurutucuda olmustur. Giineste kurutmada kroma degeri kurutma siiresi ile artmistir. Golgede
kurutma da kroma degerinde ilk {i¢ saatte kadar artmis son iki saatte de Onemli bir degisim
gorilmemistir. Giineste kurutmada kroma degeri bir saat sonra 28.28’den 47.68’¢e yiikselmistir. Golgede
kurutmada kroma degeri 29.00’den 47.15 degerine li¢ saat sonunda yiikselmistir. Golgede kurutmada
giineste kurutmaya goére kroma degerinin daha fazla korundugu goriilmektedir.

Hue agis1, renk tonunu ifade etmektedir. a* ve b* degerlerinin 360°'lik bir renk dairesi icerisinde
0° ac1 degeri, kirmizi-mor, 90° ac1 degeri sar1 rengi, 180° a¢1 degeri mavimsi-yesil, 270° a¢1 degeri ise
mavi rengi gostermektedir (Altuntas ve ark., 2020). Hue agisindaki diisiis, a* ve b* degerlerindeki diisiis
ile beraber kahverengilesmeyi gostermektedir (Turgut ve Topuz, 2020). Hue ag¢isindaki diisiis triin
renginde meydana gelen kararmalar sonucu rengin saridan uzaklagmay1 gostermektedir (Darvishi ve
ark., 2014; Turgut, 2022; Uysal ve Ozkal, 2022). Hue acis1 90 degeri sarilig1 ifade etmektedir. Hue
degerinin 0 ile 90 arasinda olmasi1 kirmizi rengi belirtirken 90 ile 180 arasinda olmasit yesil rengi
belirtmektedir (Selem ve ark., 2021). Giineste kurutmada, golgede kurutmada ve giines enerjili kurutucu
da hue acis1 kurutma siiresi boyunca degismis ancak ilk saatte hue acis1 tazeye gore azaltirken ilerleyen
siire boyunca goriilen azalma daha az olmustur. Giines enerjili kurutucuda diger kurutma yontemlerine
ve taze ornege gore hue acisindaki degisim daha az olmustur. Bu sonug, giines enerjili kurutucuda sarilik
degerinin daha iyi muhafaza edildigini géstermektedir.

AE degeri, kurutma siiresince iiriin renginin referans aliman noktadan uzaklagmasini gosterir
(Zorlugeng ve Fenerlioglu, 2012). AE degeri, taze {iriiniin renk degerlerine gore kurutma sartlarmin etki
ettigi toplam renk farklilik degerini belirlemek i¢in kullanilmaktadir. Toplam renk degisimi kurutma
siiresi boyunca artarken en az renk degisim golgede kurutma yonteminde en fazla renk degisimi ise
giineste kurutma yonteminde gerceklesmistir.
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Ug farkli kurutma ydntemi ile kurutulan muz halkalarmin kroma, hue agis1 ve toplam renk degisimi
bakimindan gruplar arasindaki farklilig1 tespit etmek i¢in yapilan ANOVA testi sonuglar1 Cizelge 2°de
gosterilmistir. Hue agis1 ve toplam renk degisimi bakimindan ii¢ farkli kurutma yontemi arasinda
kurutma siiresi boyunca anlamli bir fark oldugu sdylenebilir.

Cizelge 2. Farkl kurutma yontemi ile kurutulan érneklerin K, H ve AE bakimindan gruplar arasindaki farkiiigi tespit
etmeye yonelik ANOVA testi

Table 2. ANOVA test to determine the difference between groups in terms of K, H and AE of samples dried with different
drying methods

Varyans Kaynagi SS Df MS F P-degeri F olcutd

Gruplar Arasinda 677.1599 5 135.432 2.315732  0.108352 3.105875
K Gruplar Iginde 701.8013 12 58.48344

Toplam 1378.961 17

Gruplar Arasinda 87.03131 5 17.40626 6.528908  0.003736 3.105875
H Gruplar I¢inde 31.99235 12 2.666029

Toplam 119.0237 17

Gruplar Arasinda 1554.221 5 310.8442 10.08116  0.000566 3.105875
AE Gruplar iginde 370.0101 12 30.83418

Toplam 1924.231 17

p<0.05

Farkli giines kurutma yontemlerinde kurutulan muz halkalar1 renk acisindan incelendiginde,
kuruma siiresinin uzamasi ile kroma degerinin ve toplam renk degisiminin arttig1 goriilmiistiir. Muz igin
hue acisindaki azalma, pigmentasyon gostergesi olup iiriiniin kirmizimsi tona sahip oldugunu belirtir
(Silva ve ark., 2022). Kurutma siiresi boyunca muz halkalarinin hue agis1 ve kroma degerlerindeki en az
degisimin oldugu kurutma yontemi giines enerjili kurutucu oldugu i¢in bundan sonraki deneylerde
kurutma yontemi olarak giines enerjili kurutucu se¢ilmistir. Ayrica bu ¢alismada kullanilan gilines
enerjili kurutucu ile yapilan bir ¢alismada, gilines enerjili rafli kurutucuda, ortalama hava sicaklig
giinesli havaya gore 5.74 °C ve golgedeki havaya gore 14.3 °C daha fazla oldugu diger taraftan havanin
neminde ise disaridaki giinesli havaya gore %8.35 ve golgedekine gore %28.82 daha az oldugu ortaya
konmustur. Giines enerjili kurutucu da kurutma iglemi gélge ve giines altinda kurutmaya gore daha kisa
siirede gerceklesirken, hijyenik kalitesi daha {istiin ve daha gevrek kuru iriinler elde edildigi
belirlenmistir (Y1ldiz ve Gokayaz, 2020).

Glines enerjili kurutucuda kurutma siiresince 6n iglemin etkisini belirlemek i¢in muz halkalar
farkli ¢ozeltilere daldirilmistir. LTLT daldirma islemi 50°C’den 70°C’ye kadar sicakliklarda ve bir saat
kadar siirede gerceklestirildigi i¢in sicaklik 50°C ve daldirma siiresi 30 dk olarak belirlenmistir (Fikre,
2010). Daldirma ¢ozeltileri su, %5 sitrik asit ¢ozeltisi ve %5 seker ¢ozeltisi segilmistir. Bu daldirma
¢ozeltilerinden birine muz halkalart 50°C ve 30 dk daldirildiktan sonra giines enerjili kurutucu da
kurutulmustur. On islem uygulanmamis muz dilimleri de giines enerjili kurutucu da kurutulmustur.
Daldirma islemi uygulanmayan ve uygulanan muz halkalariin giines enerjili kurutucuda kurutma siiresi
sonundaki renk degisimi Sekil 2’de goriilmektedir. Sitrik asit ¢ozeltisinin renk degisimine olumlu etkisi
oldugu goriilmiistiir. Sitrik asitte daldirilmis muz halkalarinda b* renk degeri daha yiiksek olup, sar1 renk
tonu daha fazladir. Sitrik asit ¢ozeltisi istenmeyen enzimleri inaktive ederek fenolik bilesen kaybini
diisiiriir ve tiriinlin renginde 6nemli bir degisime neden olmayabilir (Martinez ve ark., 2013). Cizelge
3’de kurutulan muz halkalarinin renk tonunu gdsteren hue agis1 degerleri dikkate alindiginda, bu
degerlerin taze muz halkalarminkine yakin oldugu ancak {iriin rengindeki doygunlugu belirten kroma
degeri artt181 icin iirlin renk tonunda meydana gelen degisim maskelenmekte ve iirlindeki renk degisimi
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goz ile dogru olarak ayirt edilememektedir (Sahin ve ark., 2012). Bu sebeple sadece Sekil 2
degerlendirilerek en iyi daldirma igleminin hangisinin oldugunu belirlemek dogru olmayacaktir. Sekil 2
ve Cizelge 3 dikkate alindiginda kurutulmamis muzun beyaz-sarimsi renginin en iyi muhafaza edildigi

Farkli Yontemlerle Kurutulan Muz Halkalarinin Renk Analizi

daldirma ¢ozeltisinin sitrik asit ¢ozeltisi oldugu sdylenebilir.

/fil '

(b)

Sitrik asit ¢ozeltisi

@)

On islemsiz

Su

(d)

Seker ¢ozeltisi

Sekil 2. Daldirma islemi uygulanan ve uygulanmayan muz halkalarimin giines enerjili kurutucuda kurutma suresi
sonundaki renk degisimi
Figure 2. Color change of dipped and non-dipped banana rings at the end of drying time in solar dryer

On islemsiz (O), su (S), sitrik asit ¢dzeltisi (SA) ve seker ¢ozeltisi (S) gibi farkli daldirma
cozeltilerinde islenen muz halkalarinin giines enerjili kurutucuda kurutma siiresi ile renk
parametrelerinin degisimi Cizelge 3’de verilmistir. Ayrica, Cizelge 3’de daldirma ¢ozelti tiirliniin renk
parametrelerine etkisi tek yonlii karsilagtirma testine gore giines enerjili kurutucuda kurutma siiresi

boyunca farklar1 verilmistir.

Cizelge 3. Daldirma ¢ozelti tiirtiniin renk parametreleri tizerine etkisi
Table 3. Effect of blanching solution type on color parameters

Kurutma Siiresi (sa)zSTD

RP

0 1 2 3 4 5
) K 28.89+0.51*  29.06+0.85% 39.31+0.372 39.25+0.672 38.34+0.66% 35.94+0.412
° H 88.69+0.13*  86.45+0.02% 87.23+0.00% 85.06+0.00% 83.44+0.012 84.89+0.032
AE 0.00£0.00°  14.11+0.52° 20.91+0.05% 24.91+0.212 23.95+0.942 30.58+0.912
K 20.99+0.06° 26.64+0.45>  28.18+0.73°  44.34+0.66° 37.25+0.25% 41.19+0.63%
> H 83.48+0.02*  75.48+0.00% 70.91+0.05*  63.59+0.00*  75.85+0.01° 62.99+0.00°
AE 7.52+0.78¢ 18.11+0.62  20.61+0.35° 21.32+0.92°  26.81+0.92% 39.21+0.272
K 36.49+0.61°  48.07+£0.95°  47.04+0.44®®  54.15+0.37° 51.71+0.772 57.59+0.612
>A H 87.17+0.09*  86.78+0.012 85.61+0.08% 85.76+0.06% 83.67+0.012 80.15+0.032
AE 4.95+0.26P 7.06+0.83°  13.29+0.68%  14.80+0.70% 13.03+0.85% 22.53+0.742
K 24.59+0.91°  35.1240.20°  34.84+0.34®®  44.36+0.29°  41.42+0.70? 40.22+0.06%
> H 75.93+0.02%8  58.44+0.03%*  53.22+0.03" 64.23+0.06% 65.79+0.06% 71.95+0.012
AE 13.34+0.08°  22.18+0.53" 24.89+0.51° 24.69+0.34° 42.39+0.82% 43.75+0.01%

* Aymi satirda farkl harfle isaretlenen ortalama degerler istatiksel olarak birbirinden farklidir (p<0.05)
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Kroma degerleri kurutma siiresinin artmasi ile tazeye gore arttig1 Cizelge 2’de goriilmektedir.
Benzer bir c¢alisma da muz dilimlerinin sakkaroz ¢ozeltisinde ozmotik dehidrasyonla kurutulmasi
sirasinda, kurutulan muz dilimlerinde kroma degeri ham muzdan daha yiiksek bulunmustur
(Waliszewski ve ark., 1999). Baska bir calismada ayva dilimleri farkli 6n islemlerle kurutulmus ve
kurutma siiresiyle kroma degerinin arttig1 belirtilmistir (Icier ve ark., 2013). Taze 6rnege gore kroma
degerindeki en fazla degisim suya daldirip ii¢ saat giines enerjili kurutucu da kurutulan muz halkalarinda
gorilmiistiir. Kroma degerindeki en az degisim ise daldirma islemi uygulanmayan muz halkalarinda
olmustur.

Hue agis1 iiriiniin rengini gosteren bir renk parametresi olup, kurutma boyunca degeri 53.22 ile
88.69 arasinda degismistir. Hue acisinin azalis1 saridan kirmizi renge gecisi gostermektedir. Hue
acisinda taze tiriine ve kurutma siiresine gore en az degisim sitrik asit ¢ozeltisine daldirilan ve daldirma
uygulanmayan muz halkalarinda goriilmiistiir. Sekerli ¢ozeltiye daldirma ozmotik dehidrasyon etkisi ile
kurutma hizini artirirken kararma ile beraber renk parametreleri olumsuz etkilenmistir. Seker ¢ozeltisine
daldirilan muz halkalarinda kararmayla beraber hue agisinda tazeye gore ilk kurutma siiresinde énemli
diisiis gozlenmistir. Seker ¢ozeltisine daldiran muz halkalarinin giines enerjili kurutucuda gegirdigi iki
saatten sonra hue agis1 artmistir. Kurutma sirasinda renk pigmentlerinin bozulmasi ve meydana gelen
enzimatik olmayan reaksiyonlar Urini karartmaktadir (Maskan, 2001; Silvia ve ark., 2022; Uysal ve
Ozkan, 2022). Kahverengilesme miktarinda artisin sebebi, kirmiziligin artmasi, parlaklik ve sariligin
azalmasidir (Baini ve Langrish, 2009). Parlakligin artmasi 6ncelikle b* de énemli bir azalma ve a* da
daha diisiik bir azalmadan kaynaklanmaktadir. Hue agis1 90’ nin iizerinde olan meyveler saridan yesile
dogru bir renk de olurken 90 altinda olanlar turuncu-kirmizi renklere yakindir. Islem sirasinda ¢ogu
dilim L* degerindeki azalis ile uguk saridan koyu sariya renk alarak parlakligi azalmistir (Waliszewski
ve ark., 1999; Silvia ve ark., 2022; Turgut, 2022). On islem uygulandiktan sonra kurutulan &rneklerin
parlaklik degerleri tazeye gore istatistiki agidan daha yakin olarak bulunmustur (Aksut ve ark., 2022).

Toplam renk degisimi en az sitrik asit ¢ézeltisine ve en fazla seker ¢ozeltisine daldirilan muz
halkalarinda olmustur. Kurutma sirasinda renk parametrelerinin muhafaza edilmesi lizerine en fazla
olumlu etki sitrik asit ¢ozeltisine daldirilip giines enerjili kurutucu da kurutulan 6rneklerde oldugundan
daldirilma islemi i¢in en uygun ¢dzelti olarak sitrik asit ¢ozeltisi secilmistir. Uriinde olusabilecek
enzimatik degismeler ve renk esmerlesmelerini 6nlemek i¢in uygulanan ¢esitli 6n iglemlerden biri sitrik
asit uygulamasidir (Heybeli ve Ertekin, 2007).

AE kurutma siiresi boyunca artmistir. Pigmentlerin 1sisal bozunumu, askorbik asit oksidasyonu,
enzimatik kahverengilesme ve enzimatik olmayan kahverengilesme gibi renk degisimine neden olan
birgok farkl reaksiyon vardir (Deylami ve ark., 2016). On islem uygulanmayan 6rneklerin AE degerleri
Onislem uygulanmis olanlara gore daha yiiksektir (Sahin ve ark., 2012).

Glines enerjili kurutucudan 6nce daldirma islemi i¢in kullanilan dort farkli ¢ozelti ile kurutulan
muz halkalarinin kroma, hue agis1 ve toplam renk degisimi bakimindan gruplar arasindaki farklilig
tespit etmek i¢in yapilan ANOVA testi sonuglar1 Cizelge 4’de gosterilmistir. Daldirma ¢dzelti tiirlerinin
kroma ve toplam renk degisimi iizerine etkisi istatiksel agidan 6nemli bulunmustur (p<0.05).
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Cizelge 4. Daldwma ¢ozelti tiirlerinin K, H ve AE bakimindan gruplar arasindaki farkilig: tespit etmeye icin ANOVA testi
Table 4. ANOVA test to determine the difference between groups in terms of K, H and 4E of blanching solution types

Varyans Kaynagi SS df MS F P-degeri F olcutu

Gruplar Arasinda 886.5827 5 177.3165 2.859759 0.045179 2.772853
K Gruplar iginde 1116.072 18 62.00401

Toplam 2002.655 23

Gruplar Arasinda 254.4628 5 50.89257 0.392651 0.847388 2.772853
H Gruplar i¢inde 2333.031 18 129.6128

Toplam 2587.493 23

Gruplar Arasinda 1775.789 5 355.1578 6.031599 0.0019 2.772853
AE Gruplar i¢inde 1059.892 18 58.88286

Toplam 2835.68 23

p<0.05

Glines enerjili kurutucuda kurutma siiresi boyunca renk parametreleri daha iyi korundugu ig¢in
deneylere daldirma ¢ozeltisi olarak sitrik asit ¢ozeltisi ile devam edilmistir. Muz halkalarinin gilines
enerjili kurutucuda kurumasi boyunca renk parametrelerinin tazeye gore en az degistigi sitrik asit
¢ozeltisinin derisimini belirlemek i¢in muz halkalar1 kurutulmadan 6nce farkli derisimlerde sitrik asit
cozeltisine daldirilarak giines enerjili kurutucuda kurutulmustur. Cozelti derisiminin kurutma siireci
boyunca renk parametrelerine etkisi Cizelge 5’te verilmistir. Ayrica, Cizelge 5’te daldirma ¢ozeltisi
derisimine gore renk parametreleri ile tek yonli karsilastirma testine gore giines enerjili kurutucuda
kurutma siiresi boyunca farklar verilmistir.

Cizelge 5. Daldirma ¢ozeltisi (sitrik asit) derisiminin renk parametreleri iizerine etkisi
Table 5. Effect of blanching solution (citric acid) concentration on color parameters
Kurutma Siresi (sa)+STD

RP

0 1 2 3 4 5

K 20.99+0.06°  26.64+0.45° 28.18+0.73° 44.34+0.65° 37.25+0.25% 41.19+0.632
0 H 83.48+0.028  75.48+0.002 70.91+0.05% 63.59+0.00° 75.85+0.012 62.99+0.00°

AE 7.53+0.78°¢ 18.11+0.62" 20.61+0.35° 21.3240.92° 26.81+0.92° 39.20+0.272

K 34.24+0.92°  40.05+0.54° 50.81+0.14¢2 53.08+0.56% 50.53+0.612 54.69+0.30?

Derisim 2.5 H 90.84+0.00*  91.86+0.002 88.91+0.022 86.87+0.012 86.41+0.002 82.54+0.01°

(Y%alh) . X
AE  4.924#0.00°  5.34%0.89° 6.76£0.34° 7.91£0.762 8.64:0.17°  16.43+0.112

K 36.49+0.61°  48.07+0.95° 47.03+0.442 54.14+0.372 51.71+0.972 57.59+0.612
5 H 87.17+0.098  86.78+0.012 85.61+0.08? 85.76+0.06% 83.67+0.012 80.15+0.032

AE  4.95+0.26° 7.06+0.83% 13.29+0.672 14.80+0.702 13.03+0.85% 22.53+0.742

K 30.18+0.34°  32.82+0.40° 43.71+0.41% 49.67+0.612 57.27+0.65% 56.08+0.642
7.5 H 86.77+0.00°  87.96+0.002 86.50+0.00? 86.34+0.012 87.16+0.002 79.07+0.002

AE  4.32+0.00° 4.15+0.08° 6.46+0.54° 13.41+0.272 12.08+0.79% 17.53+0.892

* Aymi satirda farkl harfle isaretlenen ortalama degerler istatiksel olarak birbirinden farklidir (p<0.05)
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Kroma degerlerindeki en az degisim %5 sitrik asit ¢ézeltisine ve en fazla degisim %?7.5 sitrik asit
cozeltisine daldirilan muz halkalarinda goriilmiistiir. Kurutma siiresi boyunca hue agisindaki en az
degisim %7.5 sitrik asit ¢ozeltisine daldirilan muz halkalarinda oldugu goriilmistiir. Hue agis1 en fazla
%?2.5 sitrik asit ¢ozeltisine daldirilan muz halkalarinda olmustur. Hue agis1 %S5 sitrik asit ¢ozeltisine
daldirilan muz halkalarinda 80.153 ile 87.173 arasinda degismistir. Diger derisimlerde hue agis1 80 nin
uzerindedir.

Toplam renk degisimi %7.5 sitrik asit ¢ézeltisine daldirilan muz halkalarinda {i¢ saate kadar ve
%2.5 sitrik asit ¢ozeltisine daldirilan muz halkalarinda 5. saatte kadar 6nemli bir degisim goriilmezken
5.saatte yaklagik iki katina ¢ikmistir. En fazla toplam renk degisimi %5 sitrik asit ¢6zeltisine daldirilan
muz halkalarinda olmustur. AE degeri, 4. saate kadar dnemli bir degisim yok iken 5. saatte 6nemli bir
artis goriilmiistiir. Toplam renk degisim degeri, en az %2.5 sitrik asit ¢ozeltisinde goriilmiistiir ayrica
hue agis1 degerine bakildiginda diger derisimlerde saridan kirmiziya gegis varken %2.5 da saridan yesile
dogru bir renk kaymasi olmustur. Kroma degeri ise tazeye gore en az artis %2.5 derisimde olmustur.
Giines enerjili kurutucuda kurutma siiresi boyunca en iyi muhafaza edildigi i¢in deneylerde ¢ozelti
derigimi %2.5 olarak belirlenmistir.

Muz dilimlerinin giines enerjili kurutucuda kurutulmadan once %2.5 sitrik asit ¢dzeltisine
daldirildiktan sonra farkli daldirma siirelerinde isleme tabii tutulmustur. Daldirma ¢ozeltisi olarak
kullanilan sitrik asit ¢ozeltisinin dort farkli derisiminin muz halkalarinin giines enerjili kurutucuda
kurutulmasinda kroma, hue agis1 ve toplam renk degisimi bakimindan gruplar arasindaki farklilig tespit
etmek icin yapilan ANOVA testi sonuglar1 Cizelge 6’da gosterilmistir. Kroma ve toplam renk degigimi
iizerine daldirma ¢ozeltisi derisiminin etkisi istatiksel agidan 6nemli bulunmustur (p<0.05). Yapilan bir
calismada ozmotik ¢ozeltinin derigiminin hue degeri lizerinde dnemli olmadig1 diger taraftan kroma
degisimi ve toplam renk degisimi agisindan istatistiksel olarak énemli bulunmustur (p<0.05) (Zorlugeng
ve Fenercioglu, 2012).

Cizelge 6. Daldirma ¢ozeltisi derisiminin K, H ve AE bakimindan gruplar arasindaki farkiiigi tespit etmeye yonelik ANOVA testi
Table 6. ANOVA test to determine the difference between groups in terms of K, H and AE of blanching solution concentration

Varyans Kaynagi SS df MS F P-degeri F ol¢itl
Gruplar Arasinda 1488.29 5 297.6581 4.703268 0.006369 2.772853
K Gruplar Iginde 1139.175 18 63.28749
Toplam 2627.465 23
Gruplar Arasinda 295.8891 5 59.17782 0.9838 0.454489 2.772853
H Gruplar Iginde 1082.741 18 60.15228
Toplam 1378.63 23
Gruplar Arasinda 812.2275 5 162.4455 3.32821 0.026534 2.772853
AE Gruplar Iginde 878.5561 18 48.80867
Toplam 1690.784 23

p<0.05

Soguk daldirma islemi, 50°C den 70°C ye kadar sicakliklarda ve bir saat kadar siirede
gerceklestirildigi i¢in deneylerde daldirma siiresi olarak 30 ve 60 dk belirlenmistir (Fikre, 2010).
Daldirma siiresinin (t) giines enerjili kurutucuda kurutulan muz dilimlerinin renklerine etkisi Cizelge
7’de verilmistir. Cizelge 7°de Tukey testi yapilmig, daldirma siiresine gore renk analizinde dlgiilen
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degerler ile farkli daldirma stirelerinden sonra giines enerjili kurutucuda kurutma siiresi boyunca farklar

verilmistir.

Cizelge 7. Farkl kurutma siirelerinde %2,5 sitrik asit daldirma ¢ozeltisinin renk parametreleri iizerine etkisi
Table 7. Effect of 2.5% citric acid blanching solution on color parameters at different drying times

Kurutma Suresi (sa)STD

t (dk) RP 0 1 2 3 4 5
K 28.89+0.51° 29.06+0.85°  39.31#0.37%  39.24+0.67°  38.34+0.66°  35.94+0.41%

0 H 88.68+0.13°  86.44+0.02°  87.224#0.00°  85.0640.00°  83.44+0.01*  84.89+0.03
AE 0.00£0.00°  14.11+0.52°  20.90+0.05°  24.91+0.21%  23.95+0.94° 30.58+0.91°

K 36.49+0.61° 48.07+0.95°  47.03+0.44%®  54.14+0.37°  51.71+0.97° 57.59+0.61°

20 H 87.17+0.09° 86.78+0.01*  85.61+0.08%  85.76+0.06°  83.67+0.01®  80.15+0.03"
AE 4.95+0.26°  7.05:0.83°  13.20+0.67®  14.80+0.70°  13.03+0.86°  22.530.74%

K 34.23+0.59° 40.05+0.51°  50.81+0.44%  5308+0.34*  50.53+0.17° 54.69+0.71°

60 H 82.54+0.00° 88.91+0.00°  86.86+0.02*  86.40+0.00®  91.85+0.17°  90.83+0.01°
AE 4.92+0.09°  5.36+0.49%  6.76:0.50°  7.912+0.41°  8.64+0.00°  16.43+0.63"

* Aymi satirda farkl harfle isaretlenen ortalama degerler istatiksel olarak birbirinden farkhidr (p<0.05)

Cizelge 7°de gore kroma degerleri kurutma siiresinin artmasi ile artmistir. On islemin renk
parametrelerine olumlu etkisi oldugu goriilmiistiir. Kroma degerindeki en az degisim 60 dk daldirma
siiresinde olmustur. 60 dk daldirma siiresinde kroma degeri giinese enerjili kurutucuda kurutma siiresinin
2. Saatine kadar artmis sonra 6nemli bir degisim goriilmemistir. 30 dk daldirma siiresinde kroma degeri
giinese enerjili kurutucuda kurutma siiresinin 1. Saatine kadar artmis sonra Snemli bir degisim
goriilmemistir.

Hue ag¢isinda en fazla degisim 60 dk daldirma siiresinde olmustur. Hue a¢1 degeri 60 dk daldirma
siiresinde 90’nin {izerine c¢ikmistir. Bu durum, sar1 renkten yesille dogru degisim oldugunu
gostermektedir.

Toplam renk degisimi en az 60 dk daldirma siiresinde goriilmiistiir. Tiim daldirma siirelerinde
giines enerjili kurutma siiresinin 5. Saatinde yaklasik toplam renk degisiminde dikkate deger bir artis
oldugu goriilmiistiir.

Daldirma stiresinin muz halkalarmin giines enerjili kurutucuda kurutulmasinda kroma, hue agis1
ve toplam renk degisimi bakimimdan gruplar arasindaki farklilig1 tespit etmek i¢in yapilan ANOVA testi
sonuglar1 Cizelge 8’de verilmistir. Daldirma siiresinin toplam renk degisimi iizerine etkisi istatiksel
acidan onemli bulunmustur (p<0.05).
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Cizelge 8. Daldirma siiresinin K, H ve AE bakimindan gruplar arasindaki farkliligi tespit etmeye yonelik ANOVA testi
Table 8. ANOVA test to determine the difference between groups in terms of K, H and AE of blanching time

Varyans Kaynagi SS df MS F P-degeri F olgutu
Gruplar Arasinda 613.3982 5 122.6796 1.827174 0.181878 3.105875
K Gruplar iginde 805.7007 12 67.14172
Toplam 1419.099 17
Gruplar Arasinda 12.99186 5 2.598372 0.236124 0.939029 3.105875
H Gruplar I¢inde 132.0513 12 11.00428
Toplam 145.0432 17
Gruplar Arasinda 684.2909 5 136.8582 3.094565 0.050528 3.105875
AE Gruplar iginde 530.7041 12 44.22534
Toplam 1214.995 17

p<0.05

Kroma, hue agis1 ve toplam renk degisimi bakimindan gruplar arasindaki farklilik i¢in yapilan
ANOVA testine gore p<0.05 oldugu i¢in hue agis1 ve toplam renk degisimi bakimindan ti¢ farkli kurutma
yontemi arasinda istatiksel agidan anlamli bir fark bulunmustur. Kroma ve toplam renk degisimi tizerine
daldirma ¢6zeltisi tiliriiniin etkisi istatiksel agidan 6nemli bulunmustur (p<<0.05). Muz halkalarinin giines
enerjili kurutucuda kurutulmasinda sitrik asit ¢ozeltisinin derisiminin kroma ve toplam renk degisimi
Uzerine etkisi istatiksel agidan 6nemli bulunmustur (p<0.05). Daldirma siiresinin muz halkalarinin giines
enerjili kurutucuda kurutulmasinda sadece toplam renk degisiminde istatiksel agidan anlamli bir fark
belirlenmistir (p<0.05).

4. SONUC

Kurutma yontemlerine ve 6n islemlere bagl olarak muz halkalar1 kururken istenmeyen renk
degisimi goriilmektedir. Kuruma sirasindaki renk degisimi sadece nem kaybina bagli olmay1p, enzimatik
ve enzimatik olmayan esmerlesme ile karamelizasyon gibi reaksiyonlar sonucu gergeklesmektedir. Kuru
iirlin goriintlistinii en 1yi ifade eden renk parametreleri hue agisi, kroma ve toplam renk degisimidir.
Kurutulmus muz halkalarinin tazeye gore hue agis1 ve kroma degerindeki degisim en az giines enerjili
kurutucuda gergeklesmistir. Giines enerjili kurutucuda kurutma 6ncesi uygulanan daldirma isleminin
muz halkalarinin sar1 rengini koruyarak renk parametrelerinden kroma degeri, toplam renk degisimi ve
hue ag¢isinin korunmasina katkis1 olmustur. Kurutma siiresinin artmasi renk parametrelerini olumsuz
etkilemistir. Sekerli ¢ozeltiye daldirma kurutma siiresini kisaltirken muz halkalarinin kararmasina sebep
olmus ve renk parametrelerini olumsuz etkilemistir. Muz halkalarinin kurutma siiresi boyunca renk
degisimini azaltmak i¢in giines enerjili kurutucuda kurutma dncesi muz halkalar1 sitrik asit ¢ozeltisine
daldirilabilir. Tazeye en yakin renk parametre degerleri, %2.5 sitrik asit ¢ozelti derisimi ve 60 dk
daldirma islemi uygulanarak giines enerjili kurutucuda kurutulan muz halkalarinda goriilmiistiir.

5. TESEKKURLER

Bu ¢alismada deneylere yardimer olan Tarsus Universitesi Teknoloji Fakiiltesi Enerji Sistemleri
Miihendisligi 6grencisi Muhammed AKKARI'ye tesekkiir ederim.

6. CIKAR CATISMASI

Caligma kapsaminda herhangi bir kurum veya kisi ile ¢ikar catismasi bulunmamaktadir.
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Abstract

Green synthesis of copper nanoparticles (Cu NPs) is an economical,
environmentally friendly and non-toxic approach that has been the subject of
research in health and industry. Therefore, in this study, Cu NPs were synthesized
using Pimpinella anisum (P.anisum) seed extract and their pharmacological
activities were evaluated. Characterization of Cu NPs was performed by UV-vis,
FT-IR and SEM-EDX analyses. Copper metal was reduced by reacting with the
seed extract and reached the maximum peak at 385 nm in the UV-vis spectra,
confirming the surface plasmon resonance. FT-IR spectroscopy showed the
participation of phytochemical components in P. anisum in the synthesis. SEM
analysis determined that the size of the biosynthesized nanoparticles is 10-20 nm
in diameter and has a spherical structure. Strong signals of copper metal were
confirmed by EDX analysis. The therapeutic effect of Cu NPs was evaluated by
antioxidant and antibacterial assays. The DPPH radical scavenging activity 1C50
inhibition values of Cu NPs were better than the seed extract and exhibited strong

antioxidant activity. Antibacterial activity was performed by the disk diffusion
method and Cu NPs were more effective against gram-positive bacteria. It had the
highest zone diameter (18.0+2.8 mm), especially on Bacillus subtilis bacteria.
These results showed that Cu NPs may have a selective effect against drug-
resistant bacteria as an alternative agent to pharmaceutical applications. This study
showed that P. anisum seed extract-mediated bioconjugation of Cu NPs can be
done simply, quickly and cost-effectively. As a result, Cu NPs should be supported
by more detailed in vivo studies to create antioxidant and antibacterial agents.

Keywords: Antibacterial; Antioxidant; Copper nanoparticles; Pimpinella
anisum; Green synthesis

1. INTRODUCTION

Antibiotics destroy pathogenic bacteria either by bacteriostatic or bactericidal mechanisms of
action. These drugs are used in the treatment of infections in humans and animals. Unfortunately, the
irrational use of antibiotics causes bacteria to develop resistance to these drugs. This situation prolongs
the treatment period of microorganism-induced diseases and creates a heavy burden on the economies
of countries. (Kocak et al., 2022). According to the report of the World Health Organization, they pointed
out that antibiotic resistance is spreading and it is an important public health problem of this century
(Morrison & Zembower, 2020).

Recently, various methods have been tried to develop new-generation therapeutic agents against
antibiotic resistance. One of these methods is the synthesis of nanoparticles (NPs). NPs can be
synthesized by physical, chemical and biological methods. However, since chemical and physical
methods, high temperature, pressure and toxic chemicals are used, it contains risks in terms of
environment, human and animal health. (Abbasi et al., 2016; Meydan and Seckin, 2021; Kocak et al.,
2023). In biological methods, the interest in the use of non-toxic, environmentally friendly and cost-
effective materials such as plants and fungi has increased. (Alkhulaifi et al., 2020). The advantage of
plant-mediated biosynthesis of NPs over other methods allows their use in various diseases such as
cancer treatment and inhibition of infections (Bazancir and Meydan, 2022; Kocak et al., 2022). In
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addition, NPs show that they can be used harmoniously in different areas with their large surface area,
stability and durable properties (Thanh and Green, 2010).

Green synthesis of NPs is the reduction of alkaloids, tannins, balsams, phenolic and flavonoid
metabolites in the content of plants with noble metal salts such as copper (Cu) (Cho et al., 2005). Cu
metal has been the focus of attention due to its low cost, easy availability and similar therapeutic
properties as silver and gold. Cu NPs have beneficial effects on living organisms and provide balance
and stability in tissues (Ginting et al., 2020). There is also evidence that Cu has antibacterial potential
(Mehdizadeh et al., 2020). Many plants such as Diaplazium esculentum (Sinha et al., 2022), Cissus
arnotiana (Rajeshkumar et al., 2019), Aloe barbadensis Miller (Gunalan et al., 2012), Diplotaenia turcica
(Seckin, 2021) and Persea americana (Rajeshkumar and Rinitha, 2018) have been used for the green
synthesis of Cu NPs.

Pimpinella anisum L (Anise) is an essential oil-rich flowering plant belonging to the Apiaceae
family. Anise is used in traditional folk medicine for the treatment of various diseases such as cancer,
asthma, cholera and cough (Sihoglu Tepe and Tepe, 2015). In addition, its antibacterial, antioxidant,
antiseptic, diuretic and anti-depressant effects have been proven. (Sihoglu Tepe and Tepe, 2015). To the
best of our knowledge, no study has been found on the green synthesis of Pimpinella anisum (Pa) seed
extract with Cu metal. In this study, the biosynthesis and characterization of P. anisum-mediated Cu NPs
were designed to evaluate their antibacterial and antioxidant potential.

2. MATERIALS and METHODS
2.1. Preparation of seed extract

P. anisum seeds were obtained from a local market and indentified. P. anisum was rinsed by
washing in tap water and then in distilled water to remove dust particles. The seeds were left to dry at
room temperature. The dried seeds were ground into a powder with the help of an electric mill. The seed
powder (10 g) was transferred to a beaker containing 250 mL of distilled water and heated at 60°C for
10 minutes with stirring. It was then allowed to cool at room temperature and filtered with filter paper
(Whatman's). The filtered seed extract was centrifuged (5 min at 5000 rpm) and supernatants were taken
and stored at +4 °C for biosynthesis study.

2.2. Synthesis of plant-mediated Cu nanoparticles

10 mL of anise seed extract was added by distillation to 100 mL of 1 mM copper sulfate solution
in a 250 mL beaker. It was left to react for 24 hours at room temperature. The solution was placed in
Eppendorf tubes and centrifuged at 10000 rpm for 10 minutes. The obtained Cu NPs were washed twice
with distilled water. It was then dried in an oven at 50°C for 48 hours. (Keerthika et al., 2021).

2.3. Characterization of Cu NPs

The color change and wavelength of Cu NPs formation were measured by ultraviolet-Visible (UV-
Vis) spectroscopy. The morphological structure, size and shape of the NPs were visualized by scanning
electron microscopy (SEM). Elemental analysis was performed by energy dispersive X-ray spectroscopy
(EDX) analyses. Anise molecules bound to NPs were identified by Fourier transform infrared
spectroscopy (FTIR) (Gopalakrishnan and Muniraj, 2021).

2.4. Antibacterial activity of Cu NPs

Antimicrobial activities of Cu NPs biosynthesized with P. anisum were determined using the disc
diffusion method (Senthilkumar and Sivakumar, 2014). Pathogens were grown in broth and Mueller-
Hinton agar medium was used for disc diffusion. P. anisum seed extract and Pa-Cu NPs were adsorbed
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into blank discs. Rifampim was used as a reference control. The medium was then incubated at 370C
for 24 hours. The results were evaluated by measuring the zone diameters of its antibacterial activity.

2.5. Antioxidant activity of Cu NPs (DPPH method)

DPPH radical scavenging activity Pyo et al. (2004) was used by modifying the method proposed.
This method is based on the spectrophotometric measurement of the reduction in color as a result of the
destruction of the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical, which is a stable purple compound.
Properly diluted 0.1 mL of extract was mixed with 3.9 mL of DPPH solution (0.025 g/L methanol) and
kept at room temperature for 60 minutes. At the end of the time, the absorbance of the sample was
measured at 515 nm, and the inhibition rate of the DPPH radical was calculated. Results are expressed

as the 1C50 value (Pyo et al., 2004).

2.6. Statistical analysis

The results of the 3-replication analysis of this study were analyzed using the SPSS package (Ver.
22) program values were expressed as mean * standard deviation. Obtained data were evaluated with
one-way analysis of variance (ANOVA) and Duncan's multiple test was used for significant differences
(p < 0.05).

3. RESULTS and DISCUSSION
3.1. Characterization

Green synthesis of Cu-NPs was performed using copper sulfate and extract from P. anisum seed.
During the first 25 minutes of the reaction, the bluish color of the mixture turned green, indicating the
formation of nanoparticles (Figure 1A). P. anisum-mediated synthesis of Cu-NPs was confirmed by UV-
vis spectrophotometer showing two peaks (Figure 1B).
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Figure 1. Color change (A) and UV-vis spectrum (B) in P. anisum-mediated synthesis of Cu nanoparticles.
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The first peak was observed at 245 nm and the second peak at 385 nm. The findings were similar
to the two peak values detected in UV-vis of Cu NPs synthesized by Achillea millefolium (Rabiee et al.,
2020). Xiong et al. (2011) reported that copper nanoparticles biosynthesized with L-ascorbic acid have
two values (Xiong et al., 2011). The data of the presented study show the successful formation of Cu
NPs, which is in agreement with the literature (Issaabadi et al., 2017). The changes in the color and
surface plasmon resonance in the formation of Cu-NPs confirm that the phytochemicals in the P. anisum
content are due.

FT-IR analysis was carried out to identify P. anisum phytocomponents responsible for the
formation of copper nanoparticles that are reduced in the biosynthesis step. FT-IR spectra of P. anisum
seed extract and Cu NPs are shown in Figure 2. Changes in the peak points are observed as a result of
the reaction of copper nanoparticles with the seed extract. The FT-IR spectrum of P. anisum mediated
Cu NPs corresponds to the hydroxyl groups (-OH) in the phenolic compounds of the broad absorption
band at 3394.7 cm™ (Saif et al., 2016). The band at 2983.8 cm™* represents C-H vibrations in aliphatic
compounds. The peak at 1654.6 cm-1 can be attributed to alkene (C=C) groups. The 1500-1600 cm™t
twists can be attributed to the presence of aromatic rings (Amaliyah et al., 2020; Rajesh et al., 2018).
The band gap at 1050-1300 cm-1 can be assigned to the bending vibration of organic carboxylic acids.
The signals in the FT-IR spectrum can be concluded that the phenolics and flavonoids in the seed extract
act as stabilizing and sealing agents in the formation of nanoparticles.

Transmittence (%)

CuNPs/PA

. 1 ¥ 1 »: 1 d 1 ¥ | * |
4000 3500 3000 2500 2000 1500 1000
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Figure 2. FT-IR spectra of P. anisum seed extract and synthesized Cu nanoparticles.

Journal of Agriculture 2023; 6 (1) 26-35 https://dergipark.org.tr/tr/pub/ja | 29



https://dergipark.org.tr/tr/pub/ja

KOCAK and SECKIN JOURNAL OF AGRICULTURE
Synthesis, Characterization of Biogenic Copper Nanoparticles and Their Therapeutic Activity

Det: Element-C28

Figure 3. SEM (a-c) and EDX (d-e) of copper nanoparticles synthesized using P. anisum seed extract.

The shape and size of Cu NPs/PA were determined by SEM analysis (Figure 3 (a-c)). The
biosynthesized copper nanoparticles had an average of 10 to 20 nm in size (Xu et al., 2022). The shape
of the Cu NPs was spherical (Asghar and Asghar, 2020) and biogenic nanoparticles tended to
agglomerate slightly. This is known as a general feature in the green synthesis method with noble metals
(Liu et al., 2021). Elemental analysis of Cu NPs/PA was performed with EDX (Figure 3 (d,e)). The
presence of Cu metal in EDX confirmed the successful shape fabrication of nanoparticles. The presence
of carbon (C) and oxygen (O) elements other than Cu indicates that secondary metabolites in P. anisum
contribute to the formation of nanoparticles (Liu et al., 2021; Wu et al., 2020). The unidentified peak in
EDX belongs to the gold element used in the SEM-EDX analysis acquisition. The results show the purity
of Cu NPs in EDX analysis and prove the formation of biogenic nanoparticles.

3.2. Antioxidant potential of P. anisium-mediated Cu NPs/PA

The antioxidant activity of P. anisium seed extract and Cu NPs was determined by the DPPH
method. In this study, the antioxidant capacity of the seed extract and copper nanoparticles at different
concentrations was evaluated and compared with the positive control BHA (Butylhydroxyanisole). The
findings showed better antioxidant activity than the seed extract of Cu NPs at increasing concentrations.
ICs0 values of BHA, inhibition activity of both seed extract and Cu NPs/PA were more effective. The
ICso values of P. anisum, Cu NPs and BHA were 41.27, 7.24 and 1.45 pg/mL, respectively (Figure 4).
The mechanism of antioxidant activity of biogenic copper nanoparticles is attributed to their scavenging
activity against reactive oxygen derivatives, decomposition of peroxides and inhibition of various chain
reactions, and the high antioxidant potential of Cu NPs has been attributed to the availability of
phytochemicals in plant extracts as capping agents (Adewale Akintelu et al., 2021). It has been reported
that it increases the antioxidant capacity as a result of the synergistic interaction of phenolics and
flavonoids that contribute to the production of nanoparticles (Das et al., 2020; Liu et al., 2021; Subbaiya
and Masilamani Selvam, 2015). Phenolic compounds in plant extracts contribute to antioxidant activity.
Therefore, it has been reported that the antioxidant potential of P.anisum is due to its richness in
polyphenolic components. (Zayed et al., 2020). The findings show that P.anisum seed extract can be
used in the biosynthesis of potential antioxidant Cu NPs for safe pharmacological applications.
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Figure 4. P. anisum seed extract, DPPH scavenging activity and 1C50 values of Cu NPs.
(BHA; Butylhydroxyanisole), Cu NPs; copper nanoparticles, DPPH; 2,2-diphenyl-1-picrylhydrazyl).
3.3. Antibacterial activity of P. anisium-mediated Cu NPs/PA

P. anisum mediated Cu nanoparticles were evaluated against four pathogenic bacteria,
Staphylococcus aureus, Bacillus subtilis, Bacillus cereus and Pseudomonas aeruginosa, and these
pathogens were compared with the antibiotic Rifampin. The obtained results are presented in Table 1.
The inhibition zone of Cu NPs/PA nanoparticles differed according to the bacterial species. Cu NPs/PA
inhibition zone was more effective in gram-positive bacteria than gram-negative bacteria. This may be
mainly due to differences in bacterial cell structure (Rastogi & Arunachalam, 2011). In this study, it was
observed that nanoparticles formed a zone of maximum inhibition against Bacillus subtilis among gram-
positive bacteria (Figure 5). This may indicate that Cu nanoparticles may be effective in bacterial cell
membranes as a result of protein oxidation, DNA cleavage and lipid peroxidation (Wu et al., 2020).
Indeed, the findings were consistent with the literature (Keihan et al., 2017; Thiruvengadam et al., 2019).
On the other hand, Cu NPs/PA did not form a zone of inhibition against gram-negative Pseudomonas
aeruginosa. This result confirmed previous studies. (Rastogi and Arunachalam, 2011; Thiruvengadam
etal., 2019). P.anisum extract was only partially effective against Bacillus subtilis pathogen. The results
of seed-mediated synthesis of Cu NPs showed that it can exhibit antimicrobial activity against disease-
causing bacteria.

Tablo 1. Inhibition zone diameters (mm) of P. anisum seed extract and Cu NPs/PA against pathogenic bacteria.

Test Microorganisms Zone of Inhibition (mm)
Bacteria P.anisum extract Cu NPs/PA Rifampin
Staphylococcus aureus ATTC 29213 - 8.1+1.2 85+1.8
Bacillus subtilis ATCC 6633 8 18.0+2.8 11.0+1.7
Bacillus cereus ATTC 10876 - 8.0+2.1 9.4+26

Pseudomonas aeruginosa ATTC 27853 . - -
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Figure 5. Inhibition zone diameter of P. anisum seed extract and Cu NPs/PA impregnated on discs against
pathogenic bacteria Bacillus subtilis.

4. CONCLUSION

This research demonstrates the successful rapid synthesis of Cu NPs mediated by P. anisum seed
extract. It confirmed that Cu nanoparticles exhibit antimicrobial and antioxidant activity against DPPH
free radicals and some pathogenic bacteria. The color change in the reaction of copper metal with
phytochemicals in the seed content was observed with the location of the surface plasmon resonance
band with two peaks at 245 and 385 nm in the UV-vis spectrum. SEM analysis revealed that the
nanoparticles had a spherical structure and had an average size of 10-20 nm. It showed that polyphenols
or flavonoids in the seed extract could play a role as the sealing agent of nanoparticles in FT-IR. Cu NPs
had better biological activity than seed extract. The nanoparticles were more effective against the
Bacillus subtilis pathogen. This study is an environmentally friendly and economical approach that
demonstrates the formation of Cu NPs without the use of any toxic agents. In conclusion, it shows that
nanoparticles can function as a possible therapeutic agent and can be used in pharmacological
applications.
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Ozet

Bu calisma, tanenler ve suda ¢oziiniir karbonhidratlar agisindan yiiksek olan
yemlik kegiboynuzu kiriginin, yas seker pancari posasi silajina ilave olarak
kullaniminin uygulanabilirligini incelemistir. Yemlik kec¢iboynuzu kirigi
ilavesi (%0, 2.5, 5.0, 7.5, ve 10.0), olgunlasan yas seker pancari posasi silajinin
besin madde igerigini ve in vitro fermantasyon parametrelerini 6nemli derecede
etkilemistir. Katki maddesi olarak kullanilan yemlik kegiboynuzu kirigimn
oranina bagl olarak olgunlasan yas seker pancar posasi silajlarmin kuru
maddesinin (KM), ham kil (HK) ve Neutral Detergent Fiber (NDF)
iceriklerinin artmis oldugu ve Fleig skorunda yiikseldigi gozlenmistir. Ham
protein (HP) ve Asit Detergent Fiber (ADF) iceriklerine etkisi olmamuistir, in
vitro fermantasyon parametrelerinden gaz tiretimi, metan (ml), metabolik enerji
(ME) ve organik madde sindirim derecesini (OMSD) artirirken % metan
icerigini etkilememistir. Kuru madde igerikleri, seker posasi silajlart icin
%13,18 ile 16,35 araliginda bulunmustur. Silajlarin NDF icerikleri ise %19,62
ile 21,45 araliginda olmustur. Seker pancari posasina %10 oraninda
kegiboynuzu kirig: ilavesi kuru madde ve NDF igeriginin en yliksek degerine
ulagsmasini saglamistir. Yas seker pancar posasina %10 yemlik kegiboynuzu
kirigr ilavesi elde edilen silajin kuru madde igerigi bakimindan tavsiye
edilebilir.

Anahtar Kelimeler: Silaj, Seker pancar1 posasi, Besin madde, Metabolik
enerji, Metan

The Effect Of Feed Carob Fracture On The Silosability Of Fresh Sugar Beet Pulp And Methane

Production Capacity

Abstract

The use of forage locust fracture, which is high in tannins and water-soluble
carbohydrates, as additions in the production of sugar beet pulp silage was
explored in this study. The addition of forage locust fracture (0, 2.5, 5.0, 7.5,
and 10.0) significantly affected the nutrient content and in vitro fermentation
parameters of the ripening wet sugar beet pulp silage. It was observed that the
dry matter, ash and NDF contents of the ripened sugar beet pulp silages
increased and the Fleig score increased depending on the ratio of forage locust
fracture used as additives. It had no effect on crude protein and ADF contents,
while it increased the in vitro fermentation parameters such as gas production,
methane (mL), metabolic energy and organic matter digestion rate, it did not
affect the % methane content. Dry matter contents were found in the range of
13.18% to 16.35% for sugar pulp silages. NDF contents of silages were
between 19.62% and 21.45%. Addition of 10% carob flakes to sugar beet pulp
allowed the dry matter and NDF content to reach the highest value. Addition
of 10% forage locust fracture pulp to wet sugar beet pulp can be recommended
in terms of dry matter content of the obtained silage.

Keywords: Silage, Sugar beet pulp, Nutrients, Metabolic energy, Methane

Received: 11-05-2023 | Accepted: 24-05-2023

Journal of Agriculture 2023; 6 (1) 36-45

https://dergipark.org.tr/tr/publja |36



https://dergipark.org.tr/tr/pub/ja
mailto:aliihsanatalay66@hotmail.com
https://orcid.org/0000-0003-4552-3801
https://orcid.org/0000-0002-7379-9082

ALPHAN KAYNAR ve ATALAY JOURNAL OF AGRICULTURE
Yemlik Kegiboynuzu Kiriginin Yas Seker Pancar1 Posasinin Silolanabilirligine Etkisi Ve Metan Uretim Kapasitesi

1. GIRIS

Tiirkiye tarim ve hayvanciliga dayali ge¢im kaynagina sahip bir iilkedir. Ozellikle hayvancilik
biiyiik bir gecim kaynagi1 olmakla beraber hayvanciligin siirdiiriilebilmesi de yem ve yem cesitliligiyle
saglanacaktir. Yem kaynaklar1 arttikca hayvancilik daha rahat ilerleyecek ve gelisecektir. Silaj
hayvanlarin kaba yem ihtiyaglarinin karsilanmasinda 6nemli bir yem kaynagidir. Tiirkiye’de birgok
kaynaktan silaj yapilmaktadir. Misir, seker pancari, tahil hasillari, dar1 ¢esitleri ve sudan otu silaji, yonca
ve korunga silajlari, aycicegi, aga¢ dal ve yapraklari silaji, sanayi artig1 ve benzeri posalarin silajlari
yapilmaktadir (Atalay ve Kamalak 2018, Basar ve Atalay 2020, Idikut ve ark., 2009a, idikut ve ark
2009b, Kamalak ve ark., 2009, Kamalak ve Ark., 2013). Boylelikle ¢esitli yem kaynaklar1 iiretilip
hayvan sagligina ve beslenmesine katkida bulunulmaya caligilmistir. Silaj ucuz bir yem kaynagidir fakat
saklanmast ve depolanmasi da bir o kadar zor bir iirlindiir. Silajin bakteri ve mikroorganizmalar
tarafindan bozulmasina izin verilmemelidir. Silaj liretimindeki asil amag kaliteli bir silaj elde etmektir.
Bunun i¢in tiim kosullar silaja uygun hale getirilmelidir. Saklama ve depolama kosullarini olmasi
gereken sekillerde yapilip silajin dig ortamlarla temasi onlenmelidir. Herhangi bir agiklikta cesitli
mikroorganizmalarin liremesine ve silajin bozulmasina sebep olabilmektedir. Bunlar silaj iiretimi ve
tlketiminde istenmeyen bir durumdur. Kegiboynuzu, Akdeniz boélgesinde yetisen vitamin ve mineral
acisindan zengin; potasyum, kalsiyum, sodyum, magnezyum ve demir mineralleriyle de oldukga
degerlidir. Antioksidan Ozelligiyle antibiyotik gorevi gorerek kalp damar sagligmma yardimci olur
(Demirtas, 2007). Kegiboynuzu ilavesi sayesinde silajin igerisindeki su oranini azaltilmasinin yaninda
besin degerinin arttirilmasi saglanmig olunur. Son zamanlarda, kaliteli yem sorununu ruminantlarda
cozebilmek adina silaj yapimina ilgi artmis ve daha fazla tercih edilmeye baslanmistir (A¢ikgdz, 2001;
Kutlu, 2010). Yesil ve sulu kaba yemlerin fermentasyonu ile silaj meydana gelmektedir. FAO verilerine
gore; Amaranthacea ailesinden bir yumru bitki olan seker pancarinin (Beta vulgaris) 1 tonu kullanilarak
yaklasik olarak 150 kg seker iiretilmektedir. Seker sanayisi yan iiriin olarak 500 kg yas pancar posast
cikmaktadir. Posanin preslenmesi sonucunda 210 kg, kurutulmasi sonucunda ise 50 kg olarak ciftlik
hayvanlar1 ile ugrasan treticilerin kullanimina sunulabilmektedir. 9.90-11.38 kg oraninda toz sekeri,
4.3-5.4 kg melas ve 24.9-31.02 kg yas seker pancar posasi, 100 kg seker pancarinin iglenmesi ile elde
edilmektedir (Anonim 2016). A¢iga ¢ikan posanin biiyiik bir kismi yapay iiretim prosesleri sonrasinda
kurutularak melas ilavesi yapilmis ve kuru seker pancar posasi olarak kullanimi saglanmistir. Fakat
yapay kurutma isleminin yerini, enerji fiyatlarindaki artiglar diistintildiigiinde yas seker pancar posasinin,
taze veya silaj yapilarak hayvan beslemede kullanilmas1 almistir (Deniz ve ark. 2002).

Yas seker pancar1 posast (YSPP), ihtiva ettigi fermente olabilen selilloz bakimdan zengin ayrica
diisiik fiyatindan otiirli ruminant beslemede yaygin kullanilmaktadir (Boucque ve ark. 1969). YSPP
dogrudan veya kurutulmak suretiyle ya da melas ilave edilerek, farkli iilkelerde ise iire eklenerek
ruminant rasyonlarmda kullanilmaktadir (Ozkan, 2012). YSPP, hayvancilik sektdriinde yaygin
kullanimi yan1 sira uygun depolama kosullarinin saglanamamasi ve fazla sulu yapisindan otiirti, diger
kuru yemlere kiyasla besin madde kaybinin daha fazla olmasina sebep olmaktadir (Sahin ve ark., 1999).
Birgok aragtirmaci tarafindan yas seker pancar1 posasinin silolanmasi esnasinda kayiplar1 azaltmak veya
posa kalitesini artirmak adina kuru narenciye posasi, misir silaji, HCI ile islenmis saman, porsiitiilmiis
arpa hasili, saman, pamuk tohumu kap¢ig1, misir, yulaf kapgiklari, melas, 6giitiilmiis arpa, lire, enzimler
ve asitler, bakteri kiiltiirleri gibi katki maddelerinin kullanildig1 bildirilmistir (Idikut ve ark., 2009c¢,
Ozkan, 2012). Yas seker pancar1 posasinin, ruminant hayvanlarda kullanilirken bu sebepten dtiirii kuru
maddesi yiiksek olan diger kaba yemler ile desteklenmelidir (Leterme ve ark. 1992). Bununla birlikte
arastirma yapan ¢ogu arastirmact ruminant hayvanlarda kuru maddesi diisiik silajlarin yem tiiketimini
azalttigini, silajin kuru maddesinin yiikselmesiyle birlikte hayvanlarin yem tiiketimin yiikseldigini ve
biliylime ve verim kriterlerinin iyilestigini bildirmistir (Noller ve ark. 1963). Ates ve Atalay 2022 de
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yapmis olduklar1 ¢alismada yemlik ke¢i boynuzu kirigmin misir silajinin kalitesini iyilestirdigini
bildirmiglerdir. Bu gerekgeler dogrultusunda yas seker pancari posasina yemlik kec¢iboynuzu kirigi
katilarak silaj kalitesi artirilmaya ¢alisilmistir.

2. MATERYAL VE YONTEM

Kars ili Seker Fabrikasindan alinan Yas seker pancari posasi ornekleri en kisa siirede Yemler ve
Hayvan Besleme Laboratuvarma getirilmistir. Yas seker pancari posast 3 kg’luk bidonlara %0, 2.5, 5,
7.5 ve 10 oraninda olacak sekilde keciboynuzu kiriginin homojen olarak karistirip plastik bidonlara hava
kalmamasini saglayarak en az 3 tekerriir olacak sekilde altmig giinliik fermantasyon olusum siirecine
birakilip ornekler gézlemlenmistir. Cesitli silaj kalite parametreleri ve kimyasal analizleri goz oniine
almarak inceleme yapilmistir.

Cizelge 1. Kegiboynuzu(Ceratonia siliqua) kirigi kimyasal analiz sonuglar
Table 1. Carob (Ceratonia siliqua) fracture chemical analysis results

Kuru Madde (KM) %88.35
Organik Madde(OM) %93.06
Ham Protein (HP) %7.74

Ham Seluloz(HS) %10.34

Ham Yag (HY) %1.30

Ham Kul (HK) %6.94
Nitrojensiz Oz Madde(NOM) %73.68

2.1. Kimyasal kompozisyon

Altmisg giinliik silolamanin sonunda silaj Orneklerine ilk olarak pH oOl¢limleri kalite
parametrelerinden biri olarak yapilmis (Kung at al., 2000) ayrica kuru madde igerikleri belirlenmistir
(AOAC, 1990). Silaj 6rnekleri 70 0C’de 48 saat siire ile kurutularak diger kimyasal analizlerin ve in
vitro gaz liretiminin yerine getirilmesi i¢in elek boyu 1 mm olacak sekilde dgiitiilerek hazirlanmistir.
Yapilacak besin madde analizleri en az 3 tekerriir olacak sekilde planlanmistir. Yemlerin KM, HK, HP,
ve HY analizi AOAC, (1990) bildirdigi analiz metotlarina gére yapilmistir. Orneklerin NDF ve ADF
igerikleri ise Van Soest, at al., (1991) bildirdigi yontemle yapilmistir. Silajlarin Fleig skorlar1 ve olmasi
gereken pH degerleri ayrica hesaplanmistir (Kilig, 1986; Meeske, 2005). “Olmas1 gereken pH degeri”
(OlpH) Meeske (2005) tarafindan ortaya atilan bir metot olup, silajlarin pH’lar1 KM igerigine gore sekil
almaktadir.

Olmasi gereken pH = 0,00359 x KM (g/kg) + 3,44 (Meeske, 2005) (1)
2.2. In vitro fermantasyon parametreleri

Hassas terazide 0,2 gr agirliginda tartilan 6rnekler in vitro gaz liretim analizi i¢in 100 ml kapasiteli
cam enjektdrlere yerlestirilmistir. Enjektorlerin pistonlarina dip boliimiinden 2 parmak, iist kismandan
ise 3 mm temiz kalacak sekilde kat1 vazelin siiriilmiistlr. Vazelin surulen pistonlar érnek bulunan
enjektorlere 30 ml ¢izgisine kadar itilip klips yardimiyla silikon hortumu kapatilmistir. Yapay tiikiiriik
stvist hazirlanarak iizerine kesimhaneden taze kesilmis kiigiikbaslardan alinan rumen sivisi homojen
sekilde siiziiliip karistirllmigtir. Hazirlanan karisimdan biiret yardimi ile 100 m1’lik cam siringalarin igine
30 ml (1/3 rumen s1vis1 + 2/3 yapay tiikiiriik) eklenmistir. Ornekler 39 oC’deki su banyosunda en az ii¢
paralel olacak sekilde inkiibe edilmistir. Gaz liretim olgiimleri, inkiibasyondaki cam siringalar i¢in 24
saatin sonunda gergeklestirilmistir (Menke ve Steingass, 1988).
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2.3. Metan Uretimi

24 saat sonunda in vitro fermantasyon ile olusan gaz, cam enjektorlerden 100 ml’lik plastik

siringalara c¢ekilerek metan oran1 % olarak S-AMG 1010 cihazi ile mL cinsinden hesaplanmstir (Goel
at al., 2008).

2.4. Organik madde sindirilebilirlik derecesi (OMSD)
OMSD degeri asagida yer alan formiile gore belirlenmistir (Menke at al.,1979).
OMSD(%)= 14,88+0,889 GU+0,45 HP+0,0651 HK (2)
2.5. Metabolik enerji (ME)
ME degeri asagida yer alan formiile gore belirlenmistir (Menke at al.,1979).
ME (Mj/kg KM) = 2,2+0,1357 GU+0,057HP+0,002859HY (3)
2.6. Istatistik analiz

Elde edilen analiz sonuglari varyans analizi (ONEWAYANOVA) ile degerlendirilmis ve
ortalamalar arasindaki farklar i¢cin Tukey ¢oklu karsilagtirma testi kullanilmistir.

3. BULGULAR ve TARTISMA

Altmis giinliik silolama sonucunda olusan silajlara 6ncelikle fermantasyon karakterleri belirlenmis
daha sonra besin madde icerikleri ve in vitro fermantasyon parametreleri belirlenmistir.

3.1. Seker Pancari Posas1 Fermantasyon parametreleri

Uygun kosullarda hazirladigimiz silaj 6rneklerinden elde ettigimiz sonuglarda KM oranlari
%13,18 ile %16,35 arasinda degismistir. Yas seker pancar1 posasina en diisiik ylizdelik kontrol (%0)
grubunda ol¢iilmistiir. Sar1 ve ark., (2008), kuru madde icerigi diisiik olan silajlarin yem tiiketimini
olumsuz etkiledigi, bunun yaninda hayvanlarin yem tiiketiminin 1k, viicut biyiikliigii ve rumen’in
sindirim kapasitesi ile smirli oldugunu bildirmistir. Calisma bulgular1 incelendiginde silajlarin KM
igerikleri %16.18 (PPL grb) ile %23.97 (YPP grb) araliginda bulunmustur. Bu oranlarin, Ulger vd. 2015
tarafindan bildirilen ortalama KM (%25-35) degerlerinden diisiik oldugu tespit edilmistir. Ayrica bu
oranlarin, KM diizeyini meyve suyu sanayi yan iirlinleri i¢in diigiirdiigii de (KM<%23.97) gbzlenmistir
(Ulger vd. 2015). Deniz ve ark., (2002) kaliteli bir yas seker pancar posast silaji elde etmek i¢in kuru
madde igerigi % 20’ye ylikselmis ve melas ilave edilmesiyle tespit edilmis, olusan silajlarin besin madde
sindirilebilirliginin misir silaj1 ile benzer oldugunu bildirmislerdir.

Olusan silajlarin pH oranlar1 en yiiksek 3.66 en diisiik 3.59 arasinda degismistir. Degerler
arasindaki farklar tablo 1 de verilmistir. Katki maddesinin katilmasi ile olusan silajlarin pH degerlerinde
istatistiki olarak bir farklilik bulunmamustir. Farkli kuru maddedeki silajlarin farkli pH degerlerine sahip
olmasi gerektigi bu yilizdende 6l¢iilen pH degeri OlpH degerinden diisiik yada yakin degerlerde olmasi
gerekmektedir. Olgiilen pH degerlerimiz OlpH degerinden diisiik hesaplanmistir. Buda silolamanin
dogru yapildiginin bir gostergesidir. Uygun sekilde saklanan ve muhafaza edilen silajlar hayvan
beslenmesinde biiyiik 6neme sahiptir. Uygun pH degeri raf 6mriinii ve hayvanlarin yem yeme istegini
etkileyen bir faktordiir (Canbolat vd., 2013). Ergiil vd., (2001), silajlarin pH degerlerini YSPP’sina
%0,15,30 ve 45 oraninda broyler altlig1 ilavesi ile 4.1-4.2 araliginda hesaplamistir. Deniz vd. (2001), bu
calisma ile benzer %20 KM igeren orneklerde 3.72-4.30 araliginda tespit etmistir. Avel vd. (2005), %17
KM igeren silajlarda 3.64-4.33, %20 KM iceren silajlarda ise 3.96-4.34 olarak hesaplamiglardir. Sahin
vd., (1999) ise, YSPP’nin kontrol, %5 formik asit, %8 oranlarinda soldurulmus arpa hasili, misir silajt
ve HCl ile desteklenmis saman eklenerek hazirlanmis olan arpa hasili silaj1 katkisiyla hazirlanmis YSPP
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silajlarinda ise pH degerlerini 3.50-4.36 araliginda bulmuslardir. Yaptigimiz ¢calismada pH degerleri, bu
konudaki literatiir verileri, YSPP silajinin KM’sinin %15 den yiiksek olmasinin fermantasyonunun iyi
oldugunu gostermektedir.

Yaptigimiz calismada OlpH degeri 3,91 ile 4,03 arasinda Sl¢iilmiistiir. Olgiilen pH degerlerimiz
OlpH degerinden diisiik hesaplanmistir. Buda silolamanin dogru yapildiginin bir gostergesidir. Uygun
sekilde saklanan ve muhafaza edilen silajlar hayvan beslenmesinde buyik 6éneme sahiptir. Uygun pH
degeri hayvanlarin yem yeme istegi ve raf dmriinii etkileyen bir etkendir (Canbolat vd., 2013).

FS (fleig skoru) en diisiikk 71,64 %2,5 lik oran, en yiiksekse 80,58%10 luk katki oraniyla
belirlenmistir. Fleig puaninin yiiksek olmasi kalite sinifinin yiiksek oldugunu géstermektedir. Aver vd.,
(2005) yaptiklar1 ¢calismada, YSPP silajlarinin Fleig puanlarini ¢alismamizla benzer diizeyde oldugunu
ve skalaya gore iyi kalitede olduklarin1 belirlemislerdir.

Cizelge 2. Silaj orneklerine ait ortalama KM, pH, FS, OLPH degerleri
Table 2. Average KM, pH, FS, OLPH values of silage samples

Katki Oram KM pH FS OlpH

0 13,18c 3,59 72,63b 3,91c

2,5 14,15b 3,66 71,64b 3,95b

5 14,15b 3,65 72,31b 3,95b

7,5 16,08a 3,65 76,17ab 4,01a

10 16,35a 3,65 80,58a 4,03a
SEM 0,612 0,024 1,673 0,022
Os "k ol * "k

abe: Ayni siitunda bulunan farkli harfler gruplar arasi farkliliklar: ifade etmektedir KM: Kuru madde %. OlpH: olmasi gereken pH. FS:
Fleig skoru.OD: Onemli degil, Sig. Onem seviyesi *** P<0.001. 6nemli

3.2. Seker Pancar1 Posasi Silajlarimin Kimyasal Kompozisyonu

Ham protein (HP) igerikleri 9,80 ile 10,39 araliginda degismistir. Muamele gruplar1 arasinda
istatistiki olarak fark bulunmamistir. Deniz ve ark (2002) ise, KM degeri bugday samani ya da kuru ot
ilavesiyle yiikseltilen YSPP silajlarinda, silaja katilan miktarlara bagl olarak, silajin HP igeriginin
azalmis oldugunu ve HS igeriginin ise artmig oldugunu belirtmiglerdir. Ergul ve ark. (2001) yaptig
caligmasinda ham protein igerigini katkisiz yas seker pancari posasi i¢in % 10.8 olarak ve ADF igerigini
% 31.5 olarak bildirmistir. Elde edilen muamele gruplarmin ham protein igerigi bu ¢aligma ile benzer
olmustur fakat ADF degeri diisiik bulunmustur.

ADF degerleri muamele gruplarinda 10,43 ile 11,26 arasinda degismektedir. En yliksek deger
%7,5 lik oranin katilmasiyla olurken en diisiik degerde %10 luk oranin katilmastyla belirlenmistir. Katki
oranina gore silajlarin ADF igeriklerinde istatistiki olarak bir fark bulunmamistir. Kaba yemlerin
sindirilme derecesi hakkinda bilgi veren dnemli bir 6l¢iit olan ADF miktar1 diisiik olan yemlerin
sindirilme dereceleri yiiksek olmaktadir (Yakisir ve Aksu, 2019). Farkhi silaj materyallerine melas
katkisinin, silajdaki NDF, ADF ve ham selilloz miktarlarin1 azalttigi, yapilan bazi ¢aligmalarda da
bildirilmistir (Castle ve Watson, 1985). Bu azalmanin nedeni, laktik asit bakterileri basta olmak iizere,
bazi anaerob bakterilerin gogalmasini melasin aktive etmesine ve silajdaki NDF, ADF ve hemiseliillozun
yikima ugramasinin artirmasina baglanmistir (Bolsen ve ark., 1996).
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Muamele gruplarinda NDF igerikleri 19,62 ile 21,45 arasinda degismistir. Yine en yiiksek %10
luk katki maddesiyle olurken en diisiik %2,5 lik katki maddesiyle degiskenlik gostermistir. NDF
iceriginin artmasmin sebebi katki maddesinin igermis oldugu NDF miktarindan kaynaklandigi
diisiiniilmektedir. Katkisiz YSPP nin NDF igerigi Ergul ve ark. (2001) yaptig1 ¢aligmada % 59.5 olarak
bildirilmistir. Bu ¢alismada hesaplanan kontrol grubunun NDF igerigi (% 21,45) bildirilen bu degerden
diisiik bulunmustur. Katkisiz seker pancar1 yapragi i¢cin, Azman ve ark.(1997) tarafindan bildirilen ADF
ve NDF degerleri (%15.09 ve %23.99) bu ¢alismada elde edilen silaj gruplarindan yiiksek bulunmustur.
Hayvanin tiiketebilecegi yem miktarin1 yansitan NDF miktar1 arttik¢a, rumende sindirimi daha uzun
siiren lif iceriginin artmasi, hayvanlarin genellikle daha az yem tiiketmeleri ile sonuglanir (Yakisir ve
Aksu, 2019). Ayrica, Avci ve ark. (2005) tarafindan yapilan bir calismada melas ve bugday kiriginin yas
pancar posast silajlarina ilavesiyle silajin HP diizeyinin arttigi; NDF ve ADF diizeylerinin distigii
bildirilmistir.

Muamele gruplarin da NDF degeri 21,45 olarak 6l¢iilmiistiir. %10’luk katilan ke¢iboynuzu kirigi
ile elde edilen sonug, %100 YSPPS grubunda oransal olarak en yiiksek toplam NDF sindirimi (%54.48)
ile gergceklesmis ve bu sonuglar Aldrich vd., (1993) tarafindan bildirilen degere (%54.60) benzer
olmustur. Bu ¢alismada elde edilen NDF sindirim oranlari, genel olarak Borucki vd., (2008)’nin
bildirdigi %63.1, Levendoglu (2006)’nun bildirdigi %64.56 degerlerinden daha diisiik, fakat Singh vd.,
(2006), Reynal and Broderick (2005), Mabjeesh vd., (1997)’in bildirdikleri degerlerden daha yiiksek
bulunmustur.

Muamele gruplarinda HK (ham kiil) igerikleri 4,14 ile 4,59 arasinda degismektedir. En diisiik
deger %5 lik oran belirlerken en yliksek degeri de %10 luk oranda belirlenmistir. Yapilan ¢caligmanin
sonuglari tablo 4.2 de verilmistir.

Bugday samani ya da kuru ot ilavesi ile KM degeri yiikseltilen YSPP silajlarinda ise, silaja katilan
miktara bagli olarak, silajin HP iceriginin azaldig1 ve HS igeriginin arttig1 Deniz ve ark (2002) tarafindan
bildirilmistir.

Katkisiz YSPP kiil icerigi, Ergul ve ark. (2001) tarafindan yapilan bir ¢alismada % 7.6 olarak
bildirilmistir. Bu calisma ile elde edilen sonuglarin daha diisiik oldugu goriilmiistiir. Keg¢iboynuzu
meyvesinin yetistigi ¢evre kosullar1 sebebiyle bu farkliligin meydana geldigi diisiiniilmektedir. Olusan
seker pancari1 posasi silajlarinin kiil igerigi ke¢iboynuzu meyvesinin katki oraninin artmasiyla birlikte

artmistir.
Cizelge 3. Silajlarinin kimyasal kompozisyonlar
Table 3. Chemical compositions of silages

Katki Orani HP ADF NDF HK
0 10,39 10,75 19,68b 4,19b
2,5 10,20 11,09 19,62b 4,31b
5 9,80 11,02 19,73b 4,14b

7,5 10,37 11,26 19,88b 4,3b
10 10,32 10,43 21,45a 4,59
SEM 0,109 0,145 0,346 0,078

0s 0s 0s * ol

abe: Ayng siitunda bulunan farkh harfler gruplar aras1 farkliliklar ifade etmektedir. OD: Onem degeri HK: Ham Kiil %. HP:
Ham Protein %. ADF: Asit Deterjan Fiber %. NDF: Nétral Deterjan Fiber %
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3.3. Seker Pancari Silajlarin In Vitro Gaz, Metan Uretimleri, Metabolik enerji ve Organik
Madde Sindirim Derecesi Degerleri

Yaptigimiz calisma da 24 saatlik in vitro gaz tiretimi 78,33 ile 84,26 ml arasinda degiskenlik
gostermistir. Muamale gruplar arasinda kec¢iboynuzu kiriginin katki oranin artmasi ile 24 saatlik gaz
Uretim miktarlar1 artmistir. En diisiik deger kontrol grubunda tespit edilirken en yiiksek deger %10
keciboynuzu kiriginin katilmasiyla tespit edilmistir. Laktik asit kiiltiirlerinin kullanilmasi ile Harrison
ve ark., 1989 yaptiklar1 bir calismada, silajlarin kuru maddesinin in vitro sindirilme derecesinin arttigini
bildirmiglerdir. Chiericato ve Rioni (1983), ise in vitro sindirilme derecesinin preslenmis posa silajinin
kuru maddesi i¢in %61.95 oldugunu bildirmislerdir. Silaj katki maddesi olarak laktik asit yerine, yas
seker pancar1 posasina yemlik kegiboynuzu kiriginin belli oranlarda ilavesiyle olusturulan silajlarin,
ilave yapilmayan gruplara gore daha kaliteli oldugu bu ¢alismanin sonucu olarak verilmistir. Ayrica,
silolar agildiktan sonra silajlar kisa bir siire igerisinde tiiketilmesi gerekliligi ve in vitro sindirilme
derecesi iizerine kuru maddenin olumlu katkisinin oldugu bildirilmistir (Sahin ve ark., 1999).

24 saatlik gaz 6l¢tim degeri, bu ¢alisma i¢in 84,26 mL olarak bulunurken; Kili¢ ve Sarigigek (2010)
bu degeri 47.05 mL olarak bildirmislerdir. Katkisiz silajlar i¢in hesaplanan in vitro kuru madde
sindirilebilirlik degeri, bu ¢alismada (%84,26), Ak ve ark. ve Demarquilly (1979)’nin bildirdikleri
degerlerden (%74.45 ve %72.00) yiiksek olmustur.

Yaptigimiz ¢aligma da net metan 11,26 ile 12,37 arasinda 6l¢iim yapilmistir. Yine %10’luk oranla
katilan yemlik ke¢iboynuzunda daha fazla artis elde edilmistir. Metan {iretim yiizdesinde istatistiki
olarak bir far bulunmamustir. Silaj igerisinde fermente olabilme durumuna gore net gaz ile metan tretimi
degiskenlik gostermektedir.

ME (Metabolik Enerji) degerleri 13,44 ile 14,27 arasinda degismistir. Bir ¢cok arastiric1 seker
pancar1 posasinin ruminantlar i¢in yiiksek enerji (2.73 Mcal /kg KM ) diizeyine sahip bir yem maddesi
oldugunu ve bunun nedeninin, seker pancari1 posasmin igerdigi seliillozun yiiksek diizeyde
sindirilebilmesi ve ¢ok diisiik diizeyde lignin igcermesinden kaynakli oldugunu bildirmektedirler (Avci
ve ark., 2005).

Cizelge 4. Silaj 6rneklerine ait ortalama net gaz, metan (ml-%), ME ve OMSD Degerleri
Table 4. Average net gas, methane (ml-%), ME and OMSD Values of silage samples

Katki Oram Gaz ml Metan ml % Metan ME kg/mj OMSD

0 78,33d 11,35b 14,49 13,44d 91,84d

2,5 79,32cd 11,26b 14,19 13,57cd 92,72cd

5 80,97bc 11,45b 14,14 13,77bc 93,89bc

7,5 81,30b 11,57b 14,23 13,84b 94,54b

10 84,26a 12,37a 14,69 14,27a 97,34a

SEM 1,012 0,200 0,123 0,137 0,942

oS —— * S — —

abe Ayni siitunda bulunan farkli harfler gruplar aras1 farklihiklari ifade etmektedir. Sig: 6nem degeri *** P<0.001, OD:
Onemli degil, Net Gaz: 24 Saatlik iiretilen gaz, ME: Metabolik Enerji., OMSD: Organik Madde Sindirim Derecesi

OMSD degeri ise 91,84 ile 97,34 arasinda hesaplanmustir. %10’luk ekleme de daha fazla sonug
degismistir. Elde edilen degerler, OMSD bakimindan %91,84 (PPL) ve %97,34 (PPP) araliginda
degisim gostermistir. Yas seker pancari posasinin kuru madde diizeyinin % 20’ye artirilarak melasla
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desteklenmesi ile kaliteli bir silaj elde edilebilecegi Deniz ve ark. (2002) tarafindan bildirilmis ve besin
madde sindirilebilirliginin bu silajlara ait misir silaji ile es deger kabul edilebilecegi belirtilmistir.

Avci ve ark (2005), OMSD degerlerini (%69.93 ve %67.54), ayn1 KM oranli silajlar i¢in %67.40
ve %58.0 oldugunu bildirmislerdir. Bugday samani kullanilmasi silajlarin KM diizeyini ylikseltmesine
karsin, sindirilebilirligi daha diisiik olan odun talasinin kullanilmis olmasi, 6zellikle %20 KM igeren
gruba ait OMSD degerinin ciddi sekilde diigmesine sebebiyet vermistir. Benzer farklilik, enerji icerikleri
acisindan da bu iki calisma arasinda goriilmiistiir.

4. SONUC

Calismada elde edilen bulgular, yemlik ke¢iboynuzu kiriginin katilmasi ile olusan silajlarin kuru
madde, 24 saatlik gaz tiretimi, ME ve OMSD 6nemli derecede artirmistir. Silaj katkis1 olarak kullanilan
ve SCK ve KT igerigince zengin yemlik keciboynuzu kirig1 meyvesinin, seker fabrikalarinin atik tirtinii
olan pancar posasinin silolanabilirligini giivenli bir sekilde kullanilacag: gostermistir. Ileride yapilacak
arastirmalarda, yemlik keciboynuzu kirig1 katkili yas seker pancar1 posasi silajlarinin ruminantlarda in
vivo denemeler ile yem tiikketimine ve verim performansina olan etkisinin belirlenmesin hayvanciliga
fayda saglayacaktir.

5. TESEKKURLER

Makaleyi gelistirmek i¢in yaptiklar1 katkilardan dolay1 isimsiz hakemlere tesekkiir ederiz.

6. YAZAR KATKILARI

Yazarlar bu ¢alismaya esit katkida bulunmustur.

7. CIKAR CATISMASI
Yazarlar ¢ikar catigsmasi olmadigini beyan eder.
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Abstract

Ferula rigidula (FR) is one of the herbs used in traditional treatments. The
aim of this study is to investigate the effects of this plant, which is used in
traditional treatment, on insulin secretion, blood glucose level, lipid profile
and some oxidative stress parameters in diabetes.In addition, studies on the
total phenolic and flavonoid content of the plant extract, the determination
of antioxidant activity by DPPH and CUPRAC method, and the lethal dose
of FR were also performed. For the diabetes study, 49 male Wistar albino
rats were used. Rats were divided into seven groups as control, diabetes,
diabetest+ FR  (250mg/kg), diabetes+ FR (500  mg/kg),
diabetes+glibenclamide (5 mg/kg), FR (250 mg/kg), FR (500 mg/kg) group.
According to the diabetes group, fasting blood glucose levels in the
diabetes+FR 500 mg/kg group decreased. Cholesterol and HDL levels
decreased in the diabetes+FR 250-500 mg/kg and diabetes+glibenclamide
groups. MDA level decreased in diabetes+tFR 250-500 mg/kg and
diabetest+glibenclamide groups but it was determined that GSH level and
CAT, GSH-Px, SOD enzyme activities increased. The positive effects of
FR on some parameters that change in diabetes and examined in this study

"Yiizlincli Y1l University Animal el explamEd'

Experiments Local Ethics
Committee" dated 03/12/2020 and
numbered 2020 /11-17.

Keywords: Antioxidant activity; Diabetes mellitus; Ferula rigidula;
Oxidative stress; Rat

1. INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease caused by irregularities in carbohydrate, protein and
fat metabolism. It is a disorder in the secretion, effect or combination of the insulin hormone (Bulduk et
al., 2022; Meydan et al., 2022). The amount of free radicals increases as a result of hyperglycemia,
nonenzymatic protein glucosylation and autooxidation of glucose during diabetes. Some molecules that
act as antioxidants under normal conditions help prevent possible damage by acting on free radicals. It
is known that phenolic and flavonoid compounds, which are mostly found in plants, have antioxidant
effects (Gao et al., 2022; Bazencir and Meydan, 2022).Under normal conditions, there are enzymatic
catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione reductase
(GSHR) etc.) and nonenzymatic (glutathione etc.) antioxidant defense systems that act as protective and
reparative in the organism. This system fights against free radicals and the oxidative destruction caused
by these radicals.Oxidative stress is the deterioration of the balance between antioxidants and oxidants
in favor of oxidants. Oxidative stress plays an important role in the etiology and progression of
diabetes(Ozdek et al., 2020; Dogan et al., 2022).

In our country, the plants from the Apiacea (Umbelliferae) family, which have antioxidant and
antihyperglycemic properties, have used widely against the diabetes (Ozdek et al., 2020). Ferula L. is
the third largest genus of the Apiaceae family and has 180-185 species. The FR species, which grows in
the mountains of eastern and central Anatolia, is popularly known as siyabo (Arituluk et al., 2016).Like
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other members of the Apiacea family, FR has been reported to be used in traditional treatments (Arituluk
etal., 2016; Kose and Ocak, 2018). Bulut et al. (2014), in their interviews with the local people, reported
that the above-ground part of the FR plant was used in the traditional treatment of diabetes and high
cholesterol, and positive effects were obtained. However, no research has been found on the toxicity and
antidiabetic effect of this plant.

Streptozotocin (STZ) is used to create a diabetes model in animal experiments. STZ causes the
formation of reactive carbonium ions in pancreatic beta cells. These reactive carbonium ions, the poly
(ADP-ribose) polymerase involved in DNA alkylation and subsequent DNA repair, consume
nicotinamide adenine dinucleotide (NAD) in the cell, thereby blocking the ATP source. Necrosis occurs
in beta cells, via the consumption of the energy source. In addition, the oxidant effect of STZ and the
formation of nitric oxide (NO) are effective in DNA damage caused by STZ (Rais et al., 2021).

Therefore, in the presented study, it was aimed to determine the antioxidant activity, total phenolic
and flavonoid quantitation, lethal dose (LD50) of FR ethanol extract and to investigate the effects on
blood insulin and glucose levels, lipid profile and oxidative stress parameters in diabetes. The effects of
FR extract, which is used in the traditional treatment of established experimental diabetes, on serum
fasting blood glucose (FBG), insulin, cholesterol, triglyceride, HDL, LDL levels were investigated.

2. MATERIALS and METHODS
2.1. Animal material

Five adult female Albino mice (20-30 g) were used in acute toxicity study and 49 male Wistar
albino rats (200-250 g) were used in the experimental diabetes study. These animals were obtained from
Van Yiiziincti Y1l University Experimental Animals Unit. The experimental animals were housed in
cages where they were fed ad libitum without restriction in terms of feed and water, in rooms with 12
hours of darkness/lighting during the experiment and the temperature set to 22 + 2°C. This study was
carried out by obtaining the research application approval document dated 25.06.2020 and decision
number 2020/06-14 of the Animal Experiments Local Ethics Committee of Van Yiiziincii Y1l University.

2.2. Supplying of Ferula rigidula plant

The FR plant used in this study was collected from its natural environment on the rocks of
Cavustepe Castle in Giirpinar district of Van province in May-June. Herbarium registration number:
VANF-164116.

2.3. Preparation of plant extract for analysis

The collected FR plant was dried in an environment without sunlight, with direct light air flow.
The dried plant was pulverized with the help of a grinder. 100 grams of this powder was taken and kept
in 1000 mL of 96% ethy! alcohol for 24 hours and then filtered. In the second step, the remaining filtrate
was kept in 70% ethanol for 24 hours and filtered again. Then, both filtrates were combined and dried
in the evaporator at 50 °C at 70 rpm. The remainder was kept at 40 °C until completely dry (Ozdek et
al., 2020).

2.4. In vitro analyzes of Ferula rigidula extract:

The Folin-Ciocalteus method (Singleton et al., 1999) was used to determine the total phenolic
content of the FR extract. The aluminum nitrate method (Moreno et al., 2000) was used as the total
amount of flavonoids equivalent to quercetin, and the CUPRAC method (Singleton et al., 1999) was
used to determine the antioxidant capacity. The method based on reduction of neocuproin (Nc) complex
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to colored Cu(l)-Nc chelate (Apak et al., 2004) and free radical scavenging activity were determined
using DPPH free radical (Blois, 1958).

2.5. Acute toxicity study and dose determination

This test was carried out according to the Organization for Economic Corporation and
Development (OECD) guideline 425 (Olela et al., 2020). For this, 5 female Albino mice, 8-12 weeks
old, healthy, naive and non-pregnant at a dose of 2000 mg/kg body weight(BW) as specified in the test
guideline were used. When performing the Limit Test according to the OECD 425 Test Guideline, mice
deprived of feed and water 4 hours prior to dosing were weighed. After the dose of FR extract, calculated
according to its weight, was dissolved in distilled water and administered by gavage, it was placed in a
separate cage and followed for one day in terms of acute toxic symptoms (locomotor activity, strange
behavior, abnormal sounding, sensitivity to pain, sensitivity to sound, tremor, etc.) No adverse
symptoms were observed. Since death did not occur, the other 4 mice, which were deprived of 2000
mg/kg(BW) of feed and water beforehand, were administered the weight-calculated dose of FR extract
by gavage. For 14 days, animals were monitored for delayed toxic effects, as no deaths occurred during
this period, with an LD50 considered greater than 2000 mg/kg(BW). According to the results of this
study, the dose of FR extract to be used was determined as 250 and 500 mg/kg(BW), taking into account
the studies conducted with other plants from the Apiacea family (Yusufoglu et al., 2015; Ozdek et al.,
2020).

2.6. Establishment of working groups

In the study, 49 male Wistar albino rats were grouped as 7 in each after weighing. Groups, Group
1: Normal control, Group 2: Diabetes control, Group 3: Diabetes + FR (250 mg/kg), Group 4: Diabetes
+ FR (500 mg/kg), Group 5: Diabetes + glibenclamide (5 mg/kg), Group 6: FR control (250 mg/kg),
Group 7: FR control (500 mg/kg). In order to induce diabetes, streptozotocin (STZ) dissolved in cold
sodium citrate buffer (pH: 4.5) was administered intraperitoneally (i.p.) as a single dose of 45 mg/kg to
rats that were fasted the night before. FBG levels were measured with the Accu-Check Active blood
glucose monitor in blood samples taken from the tail vein of the rats 72 hours after the application. Those
with blood sugar levels above 200 mg/dl were accepted as diabetes and included in the study (Kumar,
Jain, Rathore, & Ahmed, 2016). FR extract was dissolved in distilled water and given as 250 mg/kg to
groups 3 and 6, and 500 mg/kg to groups 4 and 7, as a single daily dose for 28 days, simultaneously via
gastric gavage. Glibenclamide was dissolved in distilled water and given to Group 5 as 5 mg/kg, as a
single daily dose for 28 days, simultaneously via gastric gavage (Andrade-Cetto, 2011).

2.7. Taking blood and pancreatic tissue samples

At the end of the 28-day trial, rats that were fasted for 12 hours were administered ketamine
anesthesia (75 mg/kg ketamine + 10 mg/kg xylazine, ip) and intracardiac blood samples were taken into
vacuum tubes with and without anticoagulant. After the blood samples were taken, the pancreas of the
rats sacrificed by the bloodless method were removed and divided. One part was fixed with 10%
formalin for histopathological evaluation. The other fragment was stored at -80 °C until analysis.

2.8. Analysis of blood

The blood taken into vacuum tubes without anticoagulant was centrifuged at 3000 rpm for 5
minutes. In the obtained serum samples, glucose, triglyceride, cholesterol and HDL measurements were
made in an auto analyzer (ArchitecCi 1600) using a commercial kit. LDL amount was calculated
according to the Fried ward formula (Giribabu et al., 2014).

LDL cholesterol = Cholesterol — (HDL cholesterol + TG/5).
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Insulin level was measured in ELISA (Biotek ELx800) based on the double antibody sandwich method
using commercial kit (BT-Lab, Cat. No E0707Ra.).

2.9. Preparation of tissue homogenate

The removed pancreatic tissue was weighed and 10 times the weight of phosphate buffer (pH: 7.2
— 7.4) was added to it and homogenized for 3 minutes at 16000 rpm with the help of a homogenizer.
Homogenization was carried out in an ice bucket. The homogenates were centrifuged at 2000 — 3000
rpm, +4 °C for 20 minutes (Ozdek et al., 2018). The obtained supernatants were used for biochemical
analysis.

2.10. Analyzes in tissue homogenizer

Tissue molondialdehyde (MDA) level(Placer, Cushman, & Johnson, 1966), catalase enzyme
(CAT) activity (Aebi, 1984), glutathione (GSH) and protein levels(Lowry, Rosebrough, Farr, & Randall,
1951) were determined using by spectrophotometric method. Glutathian peroxidase (GSH-Px, BT-Lab,
Cat. No. E1759Ra) and superoxide dismutase (SOD, BT-Lab, Cat. No. E0168Ra) enzyme activities were
determined by using an ELISA reader (Biotek ELx800) in accordance with the commercial ELISA kit
insert used.

2.11. Histopathological analysis of pancreatic tissue

Pancreatic tissues taken for histopathological evaluation were fixed in 10% buffered formalin
solution for 48-72 hours and then washed in running tap water for 12 hours. In routine tissue follow-up,
after passing through alcohol (70°, 80°, 90°, 96° and 100°) and xylol series, they were blocked in
paraffin, and 4 mp thick sections were taken from each block and slides were prepared. Preparations
prepared for histopathological examination were stained with Hematoxylin Eosin (HE) and examined
with light microscopy. The required fields are illustrated (Altindag et al., 2021).

2.12. Statistical Analysis

In the study, Duncan's test was used to compare group means in terms of characteristics (variables),
one-way analysis of variance (ANOVA) and analysis of variance in the 'SPSS statistics 23" program to
determine statistical significance between groups. The statistical significance level was taken as 0.05 in
the calculations.

3. RESULTS and DISCUSSION

The total phenolic content of FR extract was determined as 22.37+0.60 ug GA/mg extract and the
total flavonoid content was determined as 16.87+2.06 pg CE/mg extract (Table 1). According to the
CUPRAC method, the antioxidant activity of FR extract increased depending on the concentration, it
was higher than the standard a-TOC, but lower than BHT (excluding 10 pg/mL) and BHA (Table 2). It
was observed that the DPPH free radical scavenging activity of FR extract increased depending on the
concentration, it was higher than the standard a-TOC and BHT, and it was close to BHA (Table 3).

Table 1: Total phenolic and flavonoid content of Ferula rigidula extract

Total phenolic content Total flovonoid content
(ng GA/mg extract)t (ng QE/mg extract):
Ferula rigidula 22.37+0.60 16.87+2.06

Values were determined as meantstandard deviation after three parallel measurements. T GA, gallic acid equivalent, I QE, quercetin
equivalent
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Table 2: Antioxidant activity results of Ferula rigidula extract, BHT, BHA and a-TOC by CUPRAC method

Ferula rigidula BHT BHA a-TOC
10 pg/mL 0.17+0.02 0.17+0.01 0.24+0.02 0.16+0.03
25 pg/mL 0.31+0.01 0.33+0.01 0.48+0.06 0.18+0.01
50 pg/mL 0.55+0.04 0.62+0.01 0.89+0.01 0.24+0.05
100 pg/mL 1.0340.04 1.24+0.05 1.63+0.03 0.31+0.01

Values were determined as meanzstandard deviation after three parallel measurements.

Table 3: DPPH free radical scavenging activity % inhibition results of Ferula rigidula extract, BHT, BHA and

a-TOC
Ferula rigidula BHT BHA a-TOC
50 pg/mL 90.23+2.94 88.09+3.01 92.80+2.44 80.55+4.11
100 pg/mL 90.83+1.83 89.53+2.77 92.82+2.56 83.60+2.72
250 pg/mL 92.21+1.32 91.63+4.96 92.90+2.87 86.53+0.45
500 pug/mL 92.64%3.02 92.05+1.92 94.26+1.88 88.94+2.90

Values were determined as meanzstandard deviation after three parallel measurements.

On the 1st and 28th days of the study, the mean rat weights and the percent change in the mean
weight in the same group were calculated. In the control group, a 6.4% increase in group mean weight
was noted at the end of the study. A decrease of 24.4% was found in the mean weight of rats in the
diabetes group. It was determined that there was a decrease of 21.4%, 24.1% and 22.0%, respectively,
at the end of the study in the groups to which FR extract (250, 500 mg/kg) and glibenclamide (5 mg/kg)
were administered with diabetes. It was found that there was an increase of 6.5% and 6.9%, respectively,
in Groups 6 and 7 to which FR extract was applied (Table 4).

Table 4: Live weight levels of the groups

Groups

(n=7) Grupl Grup 2 Grup 3 Grup 4 Grup5 Grup 6 Grup 7
A 235 242 238 245 236 248 245
B 250 183 187 186 184 264 262
% +6.4 -24.4 -21.4 -24.1 -22.0 +6.4 +6.9

A: Live weight averages (g) on the 1st day of the study, B; Average live weight (g) on the 28th day of the study, %; The rate of change in
weight in the same group after the study (%). Group 1: Normal control, Group 2: Diabetes control, Group 3: Diabetes+FR (250 mg/kg),
Group 4: Diabetes+ FR (500 mg/kg), Group 5: Diabetes+glibenclamide (5 mg/kg) kg), Group 6: FR control (250 mg/kg), Group 7: FR
control (500 mg/kg).
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When serum FBG levels were compared, it was determined that there was an increase in the groups
2, 3,4 and 5 compared to the group 1. This increase was statistically significant. 1 (P<0.05). FBG level
decreased in group 4 compared to group 2 (P<0.05). The decrease in groups 3 and 5 was not statistically
significant when compared to group 2 (P>0.05). When it was compared in terms of serum insulin levels.
It was determined that there was a statistically significant decrease in the groups 2, 3, 4 and 5 compared
to the group 1 (P<0.05). It was determined that insulin levels in groups 4 and 5 increased compared to
group 2 (P<0.05).

Cholesterol and HDL levels, it was determined that there was a significant increase in the diabetes
group comparing to healthy rats (P<0.05). In Groups 3 and 4 treated with FR extract, increased
cholesterol and HDL levels due to diabetes were found to be decreased, which was close to the control
group. When it was compared in terms of triglyceride level, a statistically significant increase was found
in the group 2 comparing to the group 1 (P<0.05). When the TG values in the groups 3, 4 and 5 were
compared with both the group 1 and the group 2, it was determined that there was no statistical difference
between them (P>0.05). LDL levels in groups 2 and 5 were statistically higher than Group 1 (P<0.05).
It was determined that the LDL levels of the diabetic groups treated with FR extract were significantly
lower than the diabetes group (P<0.05). When the control group and healthy groups (Group 6-7) given
FR extract were compared in terms of the parameters which were examined, it was found that the
differences were not statistically significant (P>0.05) (Table 5).

Table 5: Comparison of serum glucose, insulin and lipid profile parameters levels between study groups.

FBG INS KOL TG HDL LDL
(mg/dl) (MLU/L) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Grupl  110.67+5.242 4.81+0.19° 35.64+2.39 37.8+4.42° 19.68+1.34° 6.82+2.21¢¢
Grup2 416.71+26.80° 2.10+0.05° 53.94+1.23 51.98+4.16° 27.38+1.20° 17.98+1.912
Grup3 406.29+27.83>¢  2.88+0.14°° 37.18+3.52° 41.72+4.36%P 18.80+1.35°  10.01+1.83bcd
Grup4 347.14+29.02°  3.50+0.15 38.40+2.78°  42.16+4.04%°  17.78+2.40 12.19+1.36°¢
Grup5 382.40+16.78°¢  3.23+0.11° 37.16+1.66°  41.90+2.73*°  14.64+1.68° 14.14+1.812P
Grup6  91.67+2.80° 4.51%0.29° 30.36+2.31° 36.50+2.30° 17.62+1.57° 5.44+1.749
Grup7  107.86+5.09° 4.53+0.66° 32.64+2.72 37.24+4.69 19.66+0.72° 5.53+2.16¢

a,b,c: Different letters in each column represent the statistical difference between groups (P<0.05). FBG: Fasting blood glucose, INS:
Insulin, COL: Cholesterol, TG: Triglyceride. Group 1: Normal control, Group 2: Diabetes control, Group 3: Diabetes+ FR (250 mg/kg),
Group 4: Diabetes+ FR (500 mg/kg), Group 5: Diabetes+glibenclamide (5 mg/kg) kg), Group 6: FR control (250 mg/kg), Group 7: FR

control (500 mg/kg).

3.1. Pancreatic tissue analysis results of experimental groups

There was a statistically significant increase in pancreatic tissue MDA level in all the diabetes
groups compared to the control group (P<0.05). Compared to Group 2, the decrease in MDA levels in
the diabetic groups (Group 3-4) given FR extract and glibenclamide group (Group 5) was found to be
statistically significant. (P<0.05). When pancreatic tissue CAT, GSH-Px, SOD enzyme activities and
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GSH levels were compared, it was determined that there was a significant decrease in all diabetes groups
compared to the control group (P<0.05). It was found that the increase in the treated diabetic groups
(groups 3, 4 and 5) was statistically significant (P<0.05), but the increase in Group 4 in terms of GSH-
Px was not significant (P>0.05). When the control group and FR extract control groups were compared
in terms of the parameters examined; It was found that the difference between group 1 and group 6 and
7 in pancreatic tissue was not statistically significant (P>0.05) (Table 6).

Table 6: Pancreatic tissue oxidative stress parameters analysis results of the experimental groups

MDA
CAT GSH-Px SOD GSH
(nmol/g . : : .
. (U/mg protein) (U/mg protein) (ng/g protein) (umol/g protein)

protein)
Grup1l 0.86+0.04d 3.21+0.20a 536.95+41.02a 10.24+0.78a 22.99+0.16a
Grup 2 3.11+0.12a 1.0740.05¢c 140.91+12.91c 2.67+0.26¢ 17.2+0.18c
Grup 3 2.16+0.04b 1.87+0.09b 327.21+8.26b 6.26+0.16b 20.33+0.48b
Grup 4 1.69+0.06¢ 1.6940.11b 154.20+6.75¢ 2.95+0.13b 19.69+0.16b
Grup5 2.06+0.08b 1.48+0.12b 251.07+3.95b 4.80+0.08b 19.22+0.14b
Grup 6 0.99+0.02d 3.37+0.16a 555.91+37.28a 9.50+1.11a 23.37+0.73a
Grup 7 1.02+0.08d 3.24+0.19a 560.99+52.56a 10.36+0.63a 23.74+0.59%a

a,b,c: Different letters in each column represent the statistical difference between groups (P<0.05). MDA: Malondialdehyde, CAT:
Catalase, GSH-Px: Glutathione peroxidase, SOD: Superoxide dismutase, GSH: Glutathione. Group 1: Normal control, Group 2: Diabetes
control, Group 3: Diabetes+FR (250 mg/kg), Group 4: Diabetes+FR (500 mg/kg), Group 5: Diabetes+glibenclamide (5mg/kg) ), Group
6: FR control (250 mg/kg), Group 7: FR control (500 mg/kg).

3.2. Histopathological evaluations

It was observed that the pancreatic tissue of the rats in the groups formed from healthy rats (groups
1, 6 and 7) had normal histological architecture. It was observed that islet cells were polygonal in healthy
groups. In these groups, blood vessels and pancreatic ducts were normal. It was determined that the
pancreatic tissue and pancreatic islet of Langerhans in the rats in Group 2 and 3 had shrinkage and
intensely necrotic cells. Moderately necrotic cells were detected in the pancreatic tissue and pancreatic
islet of Langerhans in the rats in Groups 4 and 5 (Figure 1).
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Figure 1. Histological appearance of pancreatic tisue eIonging to the experimetal roups. Group 1 (A): Normal
control, Group 2 (B): Diabetes control, Group 3 (C): Diabetes+FR (250 mg/kg), Group 4 (D): Diabetes+FR (500 mg/kg),
Group 5 (E): Diabetes+glibenclamide (5mg/kg), Group 6 (F): FR control (250 mg/kg), Group 7 (G): FR control (500
mg/kg).

From ancient times to the present, it is known that many plants are used in traditional treatment
methods and alternative medicine in our country and in the world. There are many scientific studies
conducted with different plants in the Apiaceae family (Abu-Zaiton, 2010). Different plants belonging
to the Apiaceae family are traditionally used to relieve different complaints such as carminative,
spasmodic gastrointestinal complaints, bloating, stomach complaints, indigestion, anorexia, diabetes,
and blood pressure regulator (Arituluk et al., 2016; Ozdek et al., 2020). In pharmacological and
biological studies with these plants, antimicrobial (Senol & Ocak, 2018), antiviral, antifungal (Kaval &
Tonger, 2020), cancer chemopreventive (Cinar et al., 2020), antidiabetic (Arituluk et al., 2016; Ozdek
et al., 2020) and blood pressure regulator (Esmaeili et al., 2020)properties were examined.
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Oxidative stress, which occurs when the balance between oxidants and antioxidants is disturbed
in favor of oxidants, plays an important role in the formation and course of diabetes. Free radicals that
arise as a result of oxidative stress cause metabolic disorders and decrease insulin secretion in beta cells
of the pancreas (Giribabu et al., 2014). After it was understood that free radicals are effective in the
formation of diabetes, it has been suggested that plants with antioxidant properties can be used in the
treatment or support of diabetes. It has been shown in different studies that antioxidants suppress
oxidative stress and prevent possible cell damage (Yusufoglu et al., 2015). Another method to strengthen
the antioxidant defense system is through dietary minerals, vitamins and natural antioxidant compounds.
Examples of natural antioxidant compounds are isoflavones, flavonoids, flavones, coumarins, o-
tocopherol, -carotene, isocatechins, anthocyanins, catechins, vitamins C and E (Jain et al., 2008). In
studies which were conducted, it has been determined that the molecules contained in plants are effective
in antioxidant defense (Jalili-Nik et al., 2019; Ozdek et al., 2020). Phenolic compounds and flavonoids
from these molecules eliminate the negative effects of free radicals that occur naturally in metabolism
(Gao et al., 2022). Therefore, in many studies with plants, the total phenolic and flavonoid content of
the plant was investigated (Ozdek et al., 2020). Different methods such as B-carotene color bleaching,
DPPH free radical, ABTS cation radical and superoxide anion radical removal and CUPRAC methods
are used to determine antioxidant capacity. Studies have shown that there is a parallelism between total
phenolic and flavonoid content levels and antioxidant capacity (Kose & Ocak, 2018; Ozdek et al., 2020).
Kose and Ocak (2018) investigated the total phenol content and DPPH free radical scavenging activity
of methyl alcohol, ethyl alcohol and acetone extracts of FR plant. They stated that methyl alcohol extract
has more phenolic content, while DPPH free radical scavenging activity is at the highest level in ethyl
alcohol extract.In the present study, the total phenolic content of the FR ethyl alcohol extract was found
to be 22.37+0.60 pg GA/mg and the total flavonoid content was 16.87+2.06 pg CE/mg. In order to
determine the antioxidant activity, in the studied CUPRAC method, it was found that the antioxidant
activity of FR extract increased depending on the concentration and was higher than the a-TOC used as
the standard. DPPH free radical scavenging activity was found to be higher than the standard a-TOC
and BHT. These results show that the total phenolic and flavonoid content of the plant is at a good level.

It should be ensured that the plant or different substances do not have a toxic effect in the use of
living things. There are different toxicity tests used for this purpose. Most current toxicity testing
methods involve the use of laboratory animals (eg, mice, rats, rabbits). In recent years, toxicity methods
recommended by the Organization for Economic Cooperation and Development (OECD) have been
used to spend less experimental animals (Krishnasamy et al., 2016; Bhandari et al., 2021). In the
presented study, the lethal dose of FR extract was found to be more than 2000 mg/kg according to OECD
Test Guideline 425 before the intended diabetes study was conducted. While determining the application
dose for the treatment of diabetes, the doses of plants from the same family as FR used in scientific
research were taken into account. These doses were determined as 250-500 mg/kg (Jagtap & Patil, 2010;
Yusufoglu et al., 2015).

DM is one of the most common diseases seen in societies. The incidence of DM, which is also
common in developed countries, is increasing by 50% every decade (Shaw et al., 2010). Due to
hyperglycemia in DM, major damage may occur in different organs, especially kidney, heart, eyes,
nervous system and blood vessels (Fadem, 2022). In the treatment of diabetes, in addition to exercise
and nutrition methods, oral antidiabetic drugs and insulin are used to maintain metabolic balance.
Glibenclamide belongs to the group of sulfonylureas among oral antidiabetics and is used as a reference
drug in experimental diabetes studies. Drugs in this group have an antihyperglycemic effect by
increasing the secretion and effect of insulin in the beta cells of the pancreas (Lazzaroni et al., 2021).
Different Ferula species belonging to the Apiaceae family are used in the treatment of different diseases
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in local treatments (Yusufoglu et al., 2015; Arttuluk et al., 2016; Ozdek et al., 2020). As a result of the
examinations, no literature investigating the effect of FR on diabetes was found. In this study, an
experimental diabetes model was created using streptozotocin (STZ) in Wistar rats. The effects of
different doses of FR extract on serum biochemical parameters, pancreatic tissue oxidant and antioxidant
parameters and histopathology were evaluated.

Due to the deterioration in metabolism in diabetes mellitus, the use of fat and protein increases,
despite the high level of glucose in the blood. Therefore, a decrease in body weight is observed. In
different studies, significant reductions in body weight were found in rats with experimental diabetes
(Jagtap & Patil, 2010; Jalili-Nik et al., 2019; Ozdek et al., 2020). In the presented study, it was
determined that in all diabetes groups (groups 2, 3, 4 and 5), the mean body weight at the end of the
study was significantly decreased compared to the mean body weight at baseline.

In diabetes mellitus, a hyperglycemic picture occurs due to damage to the beta cells that produce
insulin in the pancreas (Noriega-Cisneros et al., 2012). It has been reported that as a result of STZ
injection, serum insulin level decreased (Giribabu et al., 2014; Lazzaroni et al., 2021) and glucose level
increased in blood samples of animals with diabetes mellitus, compared to the control group, due to beta
cell destruction(Jagtap & Patil, 2010; Akhlaghi et al., 2012; Abou Khalil et al., 2016). In these studies,
it was stated that Cuminum cyminum (Jagtap & Patil, 2010), Ferula gummosa-oleo resin(Jalili-Nik et
al., 2019) and Petroselinum sativum(Abou Khalil et al., 2016) plants belonging to the Apiacea family
increased the serum insulin level and decreased the glucose level in rats with diabetes. Unlike these
literature results, it was found that plant extracts of Petroselinum crispum(Yanardag et al., 2003), Ferula
assafoetida(Akhlaghi et al., 2012) and Eryngium carlinae(Noriega-Cisneros et al., 2012) did not cause
any change in serum glucose level with diabetes. In the presented study, it was determined that the
diabetes group had low serum insulin levels and high glucose levels. This result that we obtained is in
line with the literature. In the diabetic group, where 500 mg/kg of FR extract was administered, the
decrease in the FBG level and the increase in the insulin level were significant compared to the diabetes
group.The reason for this partial improvement may be the curative effect of FR on the pancreatic tissue
due to its antioxidant properties. While the decrease in FBG level in the glibenclamide given group was
not significant compared to the diabetic group, the increase in insulin level was found to be significant.

In the pathogenesis of diabetes mellitus, besides carbohydrate metabolism, lipid and lipoprotein
metabolism are also impaired. Hypertriglyceridemia and hypercholesterolemia are very common
conditions in diabetes patients. The main lipoprotein lipase and hepatic lipase enzymes, which are
responsible for the level of blood lipids, are under the influence of the hormone insulin. It is observed
that the blood lipid profile is also affected by the changes in the insulin level (Ozdek et al., 2020). It was
determined that serum triglyceride, cholesterol and LDL levels increased and HDL levels decreased in
the studies investigating the effects of diabetes on blood lipid profile (Giribabu et al., 2014). There are
studies showing different effects of other plants belonging to this plant family on serum lipid profile
(Yusufoglu et al., 2015). It was determined that, with the administration of Ferula durani root extract in
rats with experimental diabetes, the level of total cholesterol, triglyceride and LDL, which increased
with diabetes, decreased, while there was an increase in the level of HDL, which decreased with diabetes.
In another study, Jalili-Nik et al. (2019) found that the increased total cholesterol, triglyceride, LDL and
HDL levels decreased with the administration of Ferula gummosa-oleo resin in rats with experimental
diabetes. However, Akhlaghi et al. (2012) found that there was no significant change in triglyceride,
cholesterol, HDL cholesterol and LDL cholesterol levels in diabetic rats in their study with Ferula
assafoetida plant. In the presented study, cholesterol, triglyceride and HDL and LDL levels were found
to be significantly increased in the diabetes group compared to the controls. Compared to the diabetes
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group, it was determined that the cholesterol and HDL levels decreased in the diabetic groups treated
with 250-500 mg/kg FR extract and glibenclamide, as well as having results close to the control group
values.The decrease in the increased LDL level in diabetic groups treated with FR extract is an indication
of the positive effect of this plant on the lipid profile.

Oxidative stress occurs as a result of free radicals formed in rats with STZ-induced diabetes.
Malondialdehyde (MDA\) is a product of lipid peroxidation. The amount of MDA gives important
information about the level of oxidative stress (Abou Khalil et al., 2016). It has been determined that
Cuminum cyminum plant extract from the Apiacea family significantly reduces the increased MDA level
in the pancreas of diabetic rats, and there is no difference between the MDA level of the control group
(Jagtap & Patil, 2010). Yusufoglu et al. (2015), found that the increased MDA level in the pancreas and
liver tissue decreased with the administration of Ferula duranii root extract in rats with experimental
diabetes. Ozdek, (2017) determined that the increased MDA level in the pancreatic tissue of diabetic rats
decreased with the administration of Diplotaenia turcica root extract. In this study, it was observed that
the pancreatic tissue MDA level was significantly increased in the diabetes group compared to the
control group, which supports the above literature results. According to the diabetes group, it was
determined that the MDA level decreased significantly in the groups treated with 250-500 mg/kg of FR
extract and glibenclamide with diabetes, and the decrease was the most in the group that was
administered 500 mg/kg of FR extract. It is thought that this significant decrease in MDA level in
pancreatic tissue may be related to the inhibition of lipid peroxidation due to antioxidant properties of
FR extract in defense against oxidative damage due to diabetes.

Antioxidant enzymes are used to make free radicals more harmless or ineffective. Thus, they
protect the metabolism against oxidative stres.GSH is an intracellular non-enzymatic antioxidant
substance. By reacting directly with peroxides and free radicals, it prevents the formation of oxidative
damage that will occur as a result of oxidative stres.While GSH resists radical-induced damage, it acts
as a substrate for antioxidant enzymes and acts as a radical scavenger (Gomathi et al., 2013).

In the studies which were conducted, different results were found regarding the antioxidant
substance level and enzyme activities in the pancreatic tissue. Yusufoglu et al. (2015) and Ozdek (2017)
reported that GSH-Px, CAT, SOD enzyme activities and GSH levels decreased in pancreatic tissue of
STZ-induced rats when it was compared with the control group. On the other hand, Yang and Cherian
(1994) only evaluated SOD activity and found that there was no change in the enzyme activity in the
question. In another study, reported that SOD and CAT enzyme activities increased in pancreatic tissue
of STZ-induced rats when compared with the control group (Shukla et al., 2007). And also, in these
studies; Yusufoglu et al. (2015) found that Ferula duranii root extract, Ozdek (2017) determined that
the GSH level, which they stated decreased in liver and pancreas tissue, and SOD, CAT and GSH-Px
enzyme activities increased significantly with the use of Diplotaenia turcica root extract. In this study,
it was determined that CAT, GSH-Px, SOD, enzyme activities and GSH levels of pancreatic tissue in
the diabetes group were significantly decreased,when it was compared to the control group. This result
showed a parallelism with the data of the above studies, thus it was revealed that antioxidant levels
and/or enzyme activities decreased in the pancreatic tissue of diabetic groups. In diabetic rats, the
decreased CAT, GSH-Px (except 500 mg/kg), SOD enzyme activities and GSH levels were found to
increase statistically in the groups treated with 250-500 mg/kg of FR extract and glibenclamide. On the
other hand, 250 mg/kg of FR extract was found to be more effective in increasing CAT, GSH-Px and
SOD enzyme activities. This increase in antioxidant parameters in pancreatic tissue may be due to the
free radical scavenging and protective effect of FR extract against oxidative stress. It was found that
there was no difference between the groups administered 250-500 mg/kg of FR extract and the control
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group in terms of CAT, GSH-Px, SOD enzyme activities and GSH level. Significant pathological
findings have been reported in histopathological and immunohistochemical studies in STZ-induced rats,
and atrophy in pancreatic islets of Langerhans, degeneration and necrosis in beta cells were detected
(Altindag et al., 2021; Ozdek et al., 2020). In the presented study when it was compared to the control
group, pancreatic islets of Langerhans decreased in size and dense necrotic cells were observed in the
diabetes group. In the group given 250 mg/kg FR extract, similar to the diabetes group, pancreatic islets
of Langerhans decreased in size and had dense necrotic cells. It was observed that the groups given FR
extract 500 mg/kg and glibenclamide had moderately necrotic cells in the pancreatic islet of Langerhans.
It was determined that the pancreatic tissue of the groups given 250-500 mg/kg FR extract had a normal
histopathological structure.

4. CONCLUSION

In experimental studies with plants, antihyperglycemic effects have been demonstrated in different
ways. These plants can cause a decrease in blood glucose level by triggering events such as increasing
insulin synthesis, reducing insulin resistance, absorbing glucose from the intestines, consuming more
glucose in cells, and regeneration in pancreatic cells. The antihyperglycemic effect of Ferula rigidula
extract may be associated with its curative effect on pancreatic islets of Langerhans. The effects of the
antihyperglycemic property of Ferula rigidula extract on other possible pathways need to be clarified
by different studies. Based on this information, it was concluded that 500 mg/kg administered dose of
Ferula rigidula extract could be useful to investigate clinical use possibilities, since it reduces the
oxidative stress in the pancreatic tissue in an experimental diabetes model and has a healing effect on
beta cells in the pancreatic islets of Langerhans.
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