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Ttketicilerin daha kaliteli bir yasam icin saglikli tirlinlere yoneliminin artmast ile bitlikte fonksiyonel gidalara olan
talep de artis g6stermistir. Bu sebeple, gida sektoriinde gesitli tirtinlerin formiilasyonlarinda yenilik ¢alismalart
yogun bir sekilde yapilmaktadir. Bu ¢alismada, jelly tipi yumusak seker tirtiniine intilin ilave edilerek formilasyona
giren hammaddelerden jelatin, seker ve inilin oranlarinin triinin tekstiirel ve duyusal 6zelliklerine etkisinin
incelenmesi amaglanmustir. Ornekler tizerinde yapilan tekstiir analizi sonucunda jelatin miktarinin artmasinin
sertligi arttiran, adezif yapiskanligi ise azaltan en 6nemli parametre oldugu anlagilmistir. Orneklere uygulanan
tekstiir analizi sonuglan degerlendirildiginde inilin miktarinmn adezif yapiskanhg: arttirdigt sonucuna varlmistir.
Inilin analizleri sonuglarinin teorik beklenen iniilin miktartyla uyumlu bulunmast iiretim sartlarinda inilin kaybinin
yasanmadigint gostermistir. Yapilan degetlendirmeler sonucunda duyusal sertlik begenisinin genel begeniyi
dogrudan etkiledigi anlagilmustir. Arastirmada elde edilen sonugclar, tathlik optimizasyonu yapildiginda jelly tipi
sckerleme trtnlerinde seker yerine iniilin kullantminin, tiiketiciler tarafindan sevilerek tiiketilen, fonksiyonel
Ozellik kazandirilmig alternatif bir sekerleme trtiniintin tretilebilecegini gbstermektedir.

Anabhtar kelimeler: Sekerleme, iniilin, jelatin, tekstiir, duyusal 6zellikler

PRODUCTION OF INULIN CONTAINING JELLY TYPE SOFT
CONFECTIONERY AND OPTIMIZATION OF INGREDIENTS

ABSTRACT

Demand for functional foods has increased with the increasing consumer orientation towards healthy
products for a better quality of life. For this reason, innovation studies are being made intensively in the
formulation of various products in the food sector. In this study, it was aimed to investigate the effect of
gelatin, sugar and inulin ratios on the textural and sensory properties of jelly type soft candy. As a result
of the texture analysis, it was understood that increasing the amount of gelatin is the most important
parameter which increases the hardness and reduces adhesive adhesion. When the results of texture
analysis were evaluated, it was concluded that the amount of inulin increased adhesiveness. Inulin analyses
have shown that the results are compatible with the theoretical expected amount of inulin and there is no
loss of inulin in the production conditions. According to the results, it was understood that the
appreciation of sensory hardness directly affects the general appreciation. The results of this research
show that if sweetness optimization is done, an alternative and delightfully consumed jelly type soft
confectionery product with functional properties can be produced by using inulin instead of sugar in the
formulation.

Keywords: Confectionery, inulin, gelatin, texture, sensory properties
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GIRIS
Inilin, fruktoz dnitelerinin B-2-1 baglar ile
baglanmastyla olusan bir oligosakkarittir. Inilin,
endistriyel boyutta hindiba koéki  ve  yer
elmasindan  ekstrakte edilerek tretilmektedir
(Murphy, 2001; Abbasi ve Farzhnmehr, 2009).
Fiziksel olarak renksiz, kokusuz ve distk tatlilikta
olan inilin, gidalarda yag ve seker ikamesi, distik
kalorili dolgu maddesi veya tekstiir gelistirici bir
bilesen olarak cesitli amagclarla kullanilmaktadir

(Karimi vd., 2015). Seker ikamesi olarak
kullanildiginda ~ Gzellikle  yiksek — yogunluklu
tatlandiricllar - ile  kombinasyonu  tercih

edilmektedir (Aidoo vd., 2013). Essiz bir molekiil
yapistyla diger liflere kiyasla ¢6ztnir bir diyet lifi
olan indlin, stirekli fazda (su) kivam verici olarak
stabiliteyi arttirtr (Miremadi ve Shah, 2012; Zabot
vd., 2016). Sudaki konsantrasyonu %15'
astiginda, molekiiler yapidaki hidroksil gruplarina
baglt olarak, yag benzeri bir tekstlr gésteren stabil
yapida jel olusturma yetenegine sahiptir (Barclay
vd., 2010; Gilbowski ve Bukowska, 2011). Ayrica
disik pH (<5) ve yuksek sicakligin (90-100°C)
yer aldigt islemlere karsi dayaniklidir (Gilbowski
ve Bukowska, 2011).

Iniilin, teknolojik ve fonksiyonel 6zellikleri, diisiik
kalori degeri, besinsel lif ve prebiyotik etkilerinden
dolayt  gida  endistrisinde  genis  ¢apta
kullandmaktadir (Saeed vd., 2015). Stt trinleri,
dondurulmus tatlilar, soslar, corbalar, cesitli
aperatifler ve igecekler, unlu mamuller ve
sekerleme Urlnlerinde basarili  bir  sekilde
uygulanmaktadir (Miremadi ve Shah, 2012).

Jelly tipi yumusak sekerlemelere yonelik yapilan
calismalara bakiddiginda Delgado ve Bafidén
(2018), diyet lifi ile zenginlestirilmis daha az kalori
iceren jelatin bazh yumusak seker dretiminde jel
olusumuna yardimct madde olarak misir nisastast
yerine indlini kullanip, tdrin kalitesi Uzerine
etkisini incelemislerdir. Nihai Urtnde inulin
miktar %9 seviyesinde tutulmustur. Iniilin iceren
sekerlemelerin  sertlik, yapiskanlk, c¢igneme,
esneklik  ve jellesme  6zelliklerinin  intlin
icermeyenler ile benzer oldugu tespit edilmistir.
Iniilinin proses kosullarina dayanim gostererek
(80°C, 3,2 pH) serbest sekerlere indirgenmedigi
tespit edilmistir. Bu sonuclara dayanilarak intilinin

diyet Lif iceren sckerlemelerin Uretiminde
kullanilabilecegi belitlenmistit.

Prakash ve Priya (2016) yaptiklart arastirmada,
pektin bazli jelly tipi seketlemelerin duyusal ve
tekstiirel 6zelliklerini etkilemeden seker seviyesini
azaltmak icin FOS (%6, 12, 18) ve antioksidan
Ozelligini arttirmak icin de yaban mersini pulpunu
(%5-10) kullanmustir. Yapilan duyusal analiz
sonucunda, %18 FOS ve %10 yabanmersini
pulpu iceren sekerlemeler en ylksek begeniyi
almigtir.  Uretim prosesi antioksidan aktivite
kaybina neden olsa da, arastirma sonuglart tretilen
sckerlemelerin  antioksidan potansiyele  sahip
oldugunu gostermis ve FOS konsantrasyonunun
duyusal kaliteyi etkilemeden arttirilabilecegi
belirtilmistir.

Tekstiir ve duyusal 6zelliklere iliskin olarak, sekeri
azaltlmis ve sekersiz agar bazli jelly tipi meyveli
sekerlemelerin formiilasyonlarinin gelistirildigi bir
calismada ise, kismen veya tamamen sukroz ve
glikoz surubuna uygun bir ikame kombinasyonu
olarak oligofruktoz, polidekstroz, sukraloz ve
eritritol  kullandmistir. Elma aromali kontrol
grubunda, 14°C'de 2-4 hafta depolama sonrasinda
nem oraninin  Onemli Ol¢ide azalmasi, bu
uriinlerde sinerezisin daha belirgin olmasiyla
iliskilendirilmistir. Ayrica, kontrol gruplarinda
depolama sirasinda 6nemli bir sertlesme oldugu
gozlenmistir. Sekersiz Orneklerin asitliginin ise,
formiilasyondaki ytksek agar iceriginden dolay:
diger tiriinlerden daha diisitk oldugu belirtilmistir.
Aynt  zamanda sekeri azaltlmis Grneklerde
yapiskanlik degeri genellikle daha diistik ¢tkmistir.
S6z konusu arastirmada, Just-about-right (JAR)
teknigi kullaniarak yapilan titketici
degerlendirmesi ile sekersiz Girtinlerin tatmin edici
bir kabul edilebilirlige sahip oldugu belitlenmistir
(Riedel vd., 2015).

Delgado ve Bafién (2018), diyet lifi ile
zenginlestirilmis daha az kalori iceren jelatin bazlt
yumusak seker tiretiminde jel olusumuna yardimect
madde olarak misir nisastast yerine inilini
kullanip, kalitesi  lzerine  etkisini
incelemislerdir. Nihai tGriinde intlin miktart %9
seviyesinde tutulmustur. Iniilin iceren
sekerlemelerin  sertlik, yapiskanlik, c¢igneme,

urun



indlinli jelly tipi sekerleme Gretimi

esneklik  ve jellesme  6zelliklerinin  intlin
icermeyenler ile benzer oldugu tespit edilmistir.
Iniilinin proses kosullarina dayanim gostererek
(80°C, 3,2 pH) setbest seketlere indirgenmedigi
tespit edilmistir. Bu sonuglara dayanilarak intilinin
diyet Lf iceren sckerlemelerin Uretiminde
kullanilabilecegi belitlenmistit.

Literatiirde, inilinin 6zellikle yumusak sekerlerde
fonksiyonel ve tekstiir gelistirici bir bilesen olarak
kullanimi ve optimizasyon calismalari hakkinda
sinirll sayida bilgi ve aragtirma mevcuttur. Bu
bakimdan, yapilan ¢alismada jelly tipi sekerleme
bilesiminde yer alan gelencksel sekerin kismen
veya tamamen indlin ile ikame edilerek alternatif
bir sekerleme urininin tretimi hedeflenmistir.
Optimizasyon c¢alismast ile formilasyondaki
degiskenlerin (iniilin, seker ve jelatin orani)
trtiniin tekstiirel ve duyusal Ozellikleri tzerine
etkisi incelenmistir.

MATERYAL VE YONTEM

Materyal

Glikoz sutubu (PNS Pendik Nisasta Sanayi A.S. /
Turkiye), sakkaroz (Migros Ticaret A.S. /
Turkiye), 240 bloom degerine sahip jelatin
(Halavet Gida San. ve Tic. A.S. / Turkiye), sitrik
asit monohidrat (Jungbunzlauer / Isvicre), aroma
(Aromsa Besin Aroma ve Katki Maddeleri San.
Tic. A.S. / Turkiye), kalip nisastast (mineral yaglat
ile modifiye edilmis muisir nigastast) (Roquette
Freres/ Fransa), patlatma/yaglama ajant (Capol
GmbH / Almanya) jelly tipi yumusak sekerleme
Uretimi icin temin edilmistir. Calismada intlin
olarak polimerlesme derecesi 10’dan kiigiik olan

yiksek  cozinirlikli  Inilin -~ Orafti  HSI
kullandmistir  (Beneo, Palatinit GmbH  /
Almanya).

Iniilinli jelly tipi sekerleme iiretimi

Kitlece %33’lik jelatin soliisyonu, ayrt bir kapta
jelatinin 70°C’deki suda ¢oziindiriilmesi suretiyle
hazirlanmistir.  Pisme Oncesi bilesen oranlar
olarak glikoz surubu (%55) ve su (%D5) sabit
tutulmus olup, karisim dizayni deney noktalarina
gore belirlenen miktarlarda sakkaroz, intlin ve
jelatin solusyonu tartilarak (w/w) olusturulan 6n
surup 115°C’ye ulasana kadar pisirilmistir. Pisirme
stresi sicaklik takibi ile yapilmis olup, sicaklik

115°C’ye
Pisirilen

ulastiginda  islem
surup icerisine surubun  sicakligt
dismeden ayrt bir yerde 70°C’deki suda
¢oziindirilen %33k  jelatin  solisyonu
képturmeyi Onlemek amaciyla yavas yavas
karistirlarak ilave edilmistir. Elde edilen surup
karisimina son olarak aroma, renklendirici ve asit
dozajt yapilmis, sonrasinda 90°C sicakliktaki nihai
jelly surubu fazla nemin atilmasi ve jellesme
slirecinin tamamlanmast amactyla nem degeri %06-
%0,5 arasinda kalip nisastasi iceren kaliplara
dokiilmiistiir. Istenen nem degerine ulasilmast icin
nisasta kalibinda, sartlandirilmis kogullarda (23°C,
%40 bagil nem) 1,5 giin bekletilmistir. Istenen
nem degerine ulasan (%18-21) ve jellesmesi
tamamlanan numuneler nisastadan arindurlip,
bitkisel yag (palm ¢ekirdegi) ve patlatici ajanlardan
(karnauba mumu ve bal mumu) olugan karisim ile
yaglanmustir. Belirtilen yontemle hazirlanan jelly
orneklerine aroma (%00,12), renklendirici (%0,15)
ve asit (%1,6) oranlarinda katilmugtir.

sonlandirilmistir.

Inilin igerikli jelly tipi yumusak sekerleme
tretiminde indlin, jelatin ve sakkarozun, driiniin
tekstiirel ve duyusal Ozelliklerine — etkisini
incelemek ve formilasyon  optimizasyonu
yapabilmek amaciyla Design Expert programi
kullanilarak (Stat-Ease, ABD) Karisim Dizayni
olusturulmustur. Buna gore glikoz surubu %55 ve
su %5 oranlarinda sabit tutularak geriye kalan
kistm {izerinden indlin orant (%0-%065), jelatin
soliisyonu orant (%35-%70) ve seker (sakkaroz)
orani (%0-%065) farkli oranlarda ilave edilmis ve
deney noktalar1 Cizelge 1’de
gosterilmistir. Sakkaroz ve jelatin diizeylerinin alt
ve tst sinur1, Hartel vd. (2018)’nin rapor ettigi jelly
triinlerinde kullanilan genel oranlardan alinmistir.
Iniilin miktart ise 6n denemeler sonucu tespit
edilmistir. Optimizasyon, duyusal analizlerin
genel begeni parametresi temel alinarak design
expert programi yardimiyla yapimistir. Elde
edilen optimum regete ile Ornek numune
hazirlanarak genel begeni anlaminda kontrol
ornek ile kiyaslamali duyusal analizi yapilmustir.
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Cizelge 1. Iniilinli jelly sekerleme iiretimi denemelerinde iniilin, seker ve jelatin oraninin Karisim
Dizayn Yéntemi ile elde edilen deney dizayni ve yanitlari
Table 1. Experimental design and responses of the inulin, sugar and gelatin ratio in the experiments of inulin added jelly
confectionery production obtained by Mixiture Design Method

Tekstir Analizleri Duyusal Analizler
(Lexcture Analyses) (Sensory Analyses)
Deneme In;(ilin $c;ker ]e})atin Sertlik  Yapiskanlk Serdik  Yapiskanlik IS; egr;ili
Sample /0. /o o . ® (& s.n) Hardness  Adbesiveness General
Inulin -~ Sugar — Gelatin - Hardness — Adbesiveness P
ceceptance
1 0.0 4750 52,50 28658 13.255 6 6.5 6.09
2 14.596 15404  70.0 55788 6.319 4 52 3.82
3 0.0 30.0 70.0 68655 24.797 2.6 3.9 291
4 21.377 2217 65454 50346 39.512 4 4.6 4.36
5 65.0 0.0 35.0 20768 81.304 5.5 5.7 5.73
6 0.0 65.0 35.0 13957 74.78 6,9 6.7 7.82
7 43.850 0.0 56.15 38121 18.87 3.7 4.7 4.36
8 42.875 11.818 45307 23590 36.504 52 5.4 5.55
9 31.169 33.831  35.0 18915 32.541 5.1 4.8 5.36
10 32.50 0.0 67.50 25066 10.671 5.1 5.4 5.55
11 15.151 48.934 35915 8578 65.199 5 4.8 5.91
12 65.0 0.0 35.0 20154 64.593 4.9 4 5.55
13 0.0 65.0 35.0 13540 85.158 6.5 6.4 7.45
Jelly tipi sekerlemelerin tekstiirel ~ Degerlendirmede hedonik skala (1-9)

6zelliklerinin belirlenmesi

Numunelerin tekstiirel 6zellikleri, 5 kg yiik hiicresi
ile donatildmis tekstiir analiz cihazt (TA. HD Plus,
Stable Micro sistemleri, Surrey, Ingiltere)
kullanilarak tespit edilmistir. Analiz icin P/12
probu (5 cm ¢ap) kullanilmistir. On test, test ve
son test hizlart sirasiyla Imm/s, 5mm/s ve
5mm/s olarak ayatlanmis, algtlama kuvveti 0.1 g
olarak secilmis ve numunelere tekstlir profil
analizi (TPA) uygulanmustir.

Jelly tipi sekerlemelerin duyusal 6zelliklerinin
belirlenmesi

Numunelerin = duyusal parametreleri (aroma
yogunlugu, tatlilik, sertlik, yapiskanlik,

gorunis/renk ve genel begeni/kabul edilebilirlik)
sekerleme sanayinde tecriibeli 20 egitimli panelist
tarafindan degerlendirilmistir. Panelistler farkls
konsantrasyonlarda intlin eklenmesiyle olusan
ornekleri tadim arasinda su ve galeta tiketerek
degerlendirmis ve faktorlerin duyusal Gzellikler
tzerindeki etkilerini yorumlamustir.

kullantlmistir. Kullanilan hedonik skalada 1 degeri
duyusal anlamda en digsik begeniyi, 9 ise en
yiksek begeniyi ifade etmektedir.

Tekstiir Parametreleri Igin Hizlandirilmig
Depolama Analizi

Tekstlr parametrelerindeki degisimi depolama
stiresince gbzlemlemek icin 6rnekler 30°C ve %60
bagil nemde iklimlendirme kabininde
hizlandirdmis  olarak  muhafaza  edilmistir.
Kabinde 1 aylik periyotlatla toplamda 3 ay
bekletilen 6rneklere tekstiir analizi uygulanmustir.
Bu sayede tretilen urtinlerde en 6nemli kalite
parametresi olan tekstiirin raf 6mrii boyunca
degisimi  hakkinda  bilgi edinilip  indlin
eklenmesinin  farkli  degisikliklere yol acip
acmadig1 tespit edilmistir.

ARASTIRMA BULGULARI VE TARTISMA
Formiilasyonda; iniilin, seker ve jelatin oranlar
degistirilerek yapilan denemelerde tretilen jelly
tipi  sekerlemelerin  tekstiirel ve  duyusal
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analizlerine ait sonuglarin degerlendirilmesi alt
basliklar seklinde asagida verilmistir.

Iniilinli jelly tipi geketlemelerin tekstiirel
6zellikleri

Karisim dizaynt yontemi ile elde edilen sekerleme
orneklerinin bilesenlerinden inulin, sakkaroz ve
jelatin soliisyonunun sertlik degerine etkisi aylara
gore incelenmistir. Ornekler tizerinde aylara gére
yaptlan ANOVA analizi sonugclari ¢izelge 2’de
verilmistirt. ANOVA analizleri Cizelge 2°’de verilen
p degerleri (p<0.05) ile genel olarak etkili
bulunmustur. Yine ¢izelge 2’de Duyusal ve tekstiir
analizlerine ait regresyon katsayiari ve karisim
modelinde ayarlanmis model ile deneysel veriler
arasindaki korelasyon verilmistir. Karisim dizaym
ile elde edilen sekerleme o6rneklerinin  sertlik
degerine bilesenlerin etkisi Sekil 1’de verilmistir.
Buna gore, formiilasyonunda  inilin
miktarinin artmasi ile tekstiir cihazinda 6lgllen
sertlik degerlerinde azalma goriilmektedir (Sekil
1). Literatirde, gesitli Grin gruplarinda indlin
kullanimiyla sertlik degerlerinde azalmanin tespit
edildigi arastirmalar mevcuttur (Méndez-Zamora
vd., 2015; Delgado ve Bafién, 2018). Shourideh
vd. (2012), D-tagatoz ve iniilinin farkli oranlarda

arun

karistmini iceren bitter cikolata
formilasyonlarinda iniilin konsantrasyonundaki
artisin  Orneklerin sertligini azalttigini ve seker
yerine  tamamen  indlin @ kullanildiginda
cikolatalarin en disik sertlige sahip oldugunu
belitlemislerdir. Bu durumun, intlinde bulunan
hidrofilik gruplara bagli olarak nemi absorbe
etmesinden kaynaklandigi belirtilmistir. Diger
yandan, yaptigimiz arastirmada iretilen jelly tipi
sekerlemelerde seker oraninin %0 dan %065’
ctkmast  da  Orneklerin - sertlik  degerlerinde
azalmaya sebep olmus ve seker orani en yiksek
olan 6rneklerin sertlik degeri en dusiik ¢ikmustir.
Iniilin ve seker ilavesinin aksine ¢rneklere katilan
jelatin - solisyonu, beklenildigi gibi jelly tipi
sekerlemelerin sertligini ciddi oranda arttirmugtir.
Buna yonelik olarak, Mutlu vd. (2018) yaptiklart
arastirmada jelatin dozundaki artigin (%15-20-25)
trettikleri sekerlemelerin = sertligini  arttirdiging
belirlemiglerdir. Jiamjariyatam (2017), jelly tipi
cignenebilir sekerlemelerde jelatin
izomaltulozun kalite tzerine etkisini inceledigi
calismada, jelatin seviyesindeki artigin, jelatin
molekiilleri arasinda olusan hidrojen baglarin
artirarak sekerlemelerde sertligi arttirdigini tespit
etmistir.

ve

Gizelge 2. Duyusal ve tekstlir analizlerine ait regrasyon katsayilart ve karisim modelinde ayarlanmis
model ile deneysel veriler arasindaki korelasyon
Table 2. Regression coefficients of the sensorial and textural analysis and correlation for the adjusted model to
experimental data in mixtures design

Katsay1
Degisken Coefficient R P degeri
Variable ral
arabie Ay Xi X2 X3 Xi2 Xi3 X023 Xi23 Xi2 X12 Xi3 Xi3 X3 X023 vaiue
Month
0 6411 11670 -5796 -36.86 -1.56 -110.5 -595  0.15 2.78 426 09935 0.0040
Teks. sertlik 1 8101 14756 -7088 -11.39 -821 -146 -833 026 -3.45 532 0.9983  0.0005
(Texct. hardness) 2 7584 14513 -6541 2.6 -6.83 -151.4 811 037 3.19 517 09996 0.0001
3 7422 14524 6520 0.08 -2.88 -151.7 -811  0.37 -3.16 517 0.9983  0.0005
0 116 1.253 -0.406 0.6916  0.0028
Teks. yapiskanlik 1 317 3175 09044 -0118 -0.067 -0.068 0.003 0.9840  0.0001
(Text. adbesiveness) 2 249 2505 -0.879 0.7815  0.0005
3 1 1.09 0.106 0.3905 0.0841
Duyusal sertlik . 0 0.6 03331 -8E-04 -0.004 0008 3E-04 3.99E-05 8.51E-05 0.000231 0.9843 0.0147
(Sensorial hardness)
Duyusal yapiskanlk - 005 0069 0.044 0.2973 0.1713
(Sensorial adbesiveness)
Duyusal begen 01 047 03031 -9E-04 -0.002 0.006 3E-04 249E-05 9.04E-05 0.000203 0.9894 0.0083

(General acceptance)

Xi: Indlin (inulin), Xo: Seker (sugar), Xs: Jelatin Solisyonu (gelatin solution)
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Sekil 1. Karisim dizayni ile elde edilen sekerleme 6rneklerinin tekstiirel sertlik degerine jelly
bilesenlerinin etkisi
Figure 1. Effect of jelly components on texctural hardness value of samples obtained by Mixture Design

Farkli oranlarda inilin, seker ve jelatin soliisyonu
katilmis jelly tipi sekerlemelerin tekstiir analiz
cihaz ile tespit edilen yapiskanlik ézelliklerindeki
degisim Sekil 2.’te gOsterilmistir. Formiilasyona
ilave edilen intlin oraninin artmasi ile yapiskanlik
degeri de artis gbstermistir. Boylece intilinin sebep
oldugu bu durum, nisastanin geleneksel bir iirtin
olan lokuma kazandirdigi yaptya benzerlik
gOsterdigi  tecriibe edilmistit. Bunun durum,
indlinin su tutma kapasitesine baglt olarak
yapiskanligt arttirmast ile iliskilendirilmistir. Serin
ve Sayar (2017), firincilik driinlerinde hamurdaki
yag orantnin ¢esitli karbonhidrat bazli yag ikame

maddeleri ile azaltlmasi amactyla yaptiklar
calismada, hamurlara ait yapiskanlk degerlerinin
kullanilan yag ikame maddesi miktarindaki artiga
bagli olarak artis gdsterdigini tespit etmisler ve bu
duruma inilin, maltodekstrin veya polidekstrozun
yiksek su tutma kapasitesinin neden oldugunu
agiklamuglardir. Muzammil vd. (2017), probiyotik
takviyeli dondurulmus yogurtlarda intlin ve
gliseroliin  fizikokimyasal ~Ozelliklere — etkisini
inceledikleti aragtirmada, dondutrulmus
yogurtlarin yapiskanliginin inilin konsantrasyonu
ile 6nemli Sl¢tide arttigini tespit etmislerdir.
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Adezif yapiskanlik ilk Gretim
# Design Points
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Sekil 2. Karisim dizayni ile elde edilen sekerleme 6rneklerinin tekstiirel yapiskanlk degerine jelly
bilesenlerinin etkisi
Figure 2. Effect of jelly components on texctural adbesiveness value of samples obtained by Miscture Design

Calismamizda, 6rneklerin seker miktarindaki artis
yapiskanligin artmasina sebep olmus ve bu artisin
etkisi indlinin yapiskanhiga etkisi ile yakin
bulunmustur (Sekil 2). Uriin formiilasyonunda
kullandan jelatin soliisyon oraninin  %35’ten
%70’e ¢ikmast ise diger degiskenlerin aksine
yapiskanlikta azalmaya sebep olmustur. Bu durum
literatiire uygun bulunmustur. Rahman ve Al-
Mahrougi ~ (2009), artan  sigir  jelatini
konsantrasyonu ile jellerin yapiskanliginda azalma
oldugunu belitlemistir. Protein disindaki su ve yag
gibi girdilerin bunu arttrdigr diistintilmektedir.
Dolaysiyla jelly tipi sekerlemelerde jelatin miktar
artttkca daha siki ve kompakt yapi olusmakta,

cignenebilirlik azalmakta ve yapiskanlk degeri
dusmektedit.

Iniilinli jelly tipi sekerlemelerin duyusal
ozellikleri

Karisim dizaymt ile elde edilen seketleme
orneklerinin  bilesenlerinin  adezif yapigkanlik
tzerine etkisi aylara gére incelenmis ve yapilan
ANOVA analizi sonuglari ¢izelge 2’de verilen p
degerleri  (p<0.05) ile genel olarak etkili
bulunmustur. Indlinli jelly tipi sekerlemelerin
duyusal yapiskanlik ve sertlik begenileri Sekil 3’te
verilmistir. Sekil 2’de tekstir analizi sertlik
sonuglart ANOVA analiz model grafiginde jelatin
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soliisyonu arttikca sertligin arttigi gorillmektedir.
Sekil 3’te ise jelatin solisyonu oraninin en yiksek
oldugu Orneklerde duyusal sertlik begenisi
puaninin en dastk oldugu gorilmistir. Bu
baglamda Sekil 2 ve Sekil 3 birlikte ele alindiginda
sertlik artttkea duyusal begeninin  dustiigi
sonucuna vardmistir.

Duyusal Sertlik Begenisi
# Design Points
6.9

A: inulin
65

26

X1=A: inulin
X2 = B: seker
X3 = C: jelatin solusyonu

430107 A

65 0
B: seker

Duyusal Sertlik Begenisi

Duyusal Genel Begeni
© Design Points

7.82
2.91
X1=A: inulin

X2 = B: seker
X3 = C: jelatin solusyonu

Lal721714 y

65
B: seker

100
C: jelatin solusyonu

Duyusal yapiskanlik  begenisi incelendiginde
model yetersiz bulunmakla beraber, seker
miktarindaki artisin duyusal yapiskanlik begenisini
nispeten arttirdigs gorillmistir (Sekil 3).

Duyusal Sertlik Begenisi
¢ Design Points
6.9

A: inulin
65

26

X1=A: inulin
X2 =B: seker
X3 = C: jelatin solusyonu

100
C: jelatin solusyonu

Duyusal Sertlik Begenisi

65 0
B: seker

A: inulin
65
2

0 100
C: jelatin solusyonu

Duyusal Genel Begeni

Sekil 3. Karisim dizaynt ile elde edilen sekerleme érneklerinin duyusal yapiskanlk begenisi, duyusal
sertlik begenisi ve duyusal genel begeni degetlerine jelly bilesenlerinin etkisi
Figure 3. Effect of jelly components on sensorial hardness, sensorial adbesiveness and sensotial overall acceptability values
of samples obtained by Mixture Design

Jelly tipi sekerlemelerin genel begenilirlik durumu
incelendiginde (Sekil 3), 6rneklerde intlin ve
jelatini miktart az, seker miktart yiiksek dizeyde
oldugunda en yliksek begeniyi aldigi gorilmistiir.

Bu durumun olusmasina iki 6nemli faktoriin
neden oldugu belitlenmistir. Bunlardan birincisi;
intlinin  tatlilig ddsirict etkisinin - olmasidir.
Iniilin suda ¢6ziindiigiinde hafif tath 6zellikte ve
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sakkarozun ~ %10’'u  kadar  bir  tathhk
olusturmaktadir  (Franck, 2002). Notr tadt
sayesinde ilave edildigi tiriinde herhangi bir koti
tat veya aromaya neden olmamakta, yapiy1 ve ag1z
dolgunlugunu etkilemektedir (Boeckner vd., 2001;
Nair vd., 2010). Fonksiyonel triin gelistirmede
tatlilitktan  6din  vermemek adina indlinin
kullanildigt  durumlarda farkli tatlandiricilarin
ilavesi veya bunlarin uygun kombinasyonlatinin
kullanim1 g6z 6niinde bulundurulmalidir. Buna
yonelik olarak, Azevedo vd. (2017) bitter ¢ikolata
tretiminde, prebiyotik olarak inilini (%15-20),
tatlandirict  olarak  farkli  konsantrasyonlarda
steviol glikoziti (rebaudioside A.) iceren stevia
(Stevia rebandiana) ekstraktint (%0.16) ve maltitolii
(%32.34) kullanmuslardir. Arastirmada elde edilen
verilere gore, intilin ve stevia ekstraktinin ideal bir
sakkaroz ikamesi oldugu vurgulanmistir.

Ikinci ve daha oénemli faktoér ise Sekil 3’teki
duyusal sertlik begenisi ile duyusal genel begeni
degetlerinin  trtin  formilasyonunda yer alan
bilesen miktarlarina gbre gosterdigi degisikligin
birbirine ¢ok yakin olmasidir. Diger bir ifadeyle,
jelly tipi sekerleme dUrtnlerinin sertlik begenisi
genel begeniyi etkilemis ve sert olan Urlinlerin
genel begenide en diigitk skoru almasina neden

olmugtur. Dolayisiyla bu  durum, jelly tipi
cignenebilir  sekerleme driinlerinde  tekstirel
Ozelliklerin genel kabul edilebilitlige dogrudan etki
ettigini  ve Urin formilasyonu  gelistirme
calismalarinda doku saglayici kivam arttiricilarin
optimum  sekilde  kullaniminin  Snemini
gostermektedir.

SONUC

Yapilan intlin tayini sonuglart teorik beklenen
miktarlar ile uyumlu bulunup tretimde intlin
kaybinin yasanmadigi sonucuna ulasilmustir. Tark
Gida Kodeksi Beslenme ve Saglik Beyanlari
Yonetmeligine gore ylksek lif igerir beyani
verebilmek i¢cin 100 gr gidanin en az 6 gr lif
icermesi gerekmektedir. Buna gére uretilen tiim
ornekler 20 kisilik egitimli panelistlerin duyusal
degerlendirmesine sunulmus ve c¢ikan genel
begeni sonuglart karigim dizayni programinin
optimizasyon secenedi kullanilarak ytksek Lf
icerir beyanmna uygun optimum regete elde
edilmistir. Elde edilen optimum recetede glikoz

surubu (%55) ve su (%5) sabit tutulmus olup,
geriye kalan kisim i¢in formiilasyona giren intlin
orant %15, jelatin soliisyonu orant %49 ve seker
orant %36 olarak hesaplanmistir. Yiksek Lif
icerikli optimum regete ile uretim yapilmis ve
karsilastirma yapmak lizere standart jelatinli jelly

sekerleme ile birlikte 20 kisilik egitimli
panelistlerin duyusal degerlendirmesine
sunulmustur. Duyusal degerlendirme

sonuclarinda elde edilen yiksek lif icerikli
optimum regete ile dretilen 6rnek, kontrol 6rnek
lle kiyas edildiginde kabul edilir seviyede
bulunmustur (kontrol 6rnek duyusal genel begeni
puant: 6,75; inilinli 6rnek duyusal genel begeni
puant: 6,6).

Yapilan calismalar neticesinde intlinin
miktarindaki artisin adezif yapiskanligi artirdigy,
jelatin miktarindaki artisin ise sertligi arttirdigt
anlasilmistir. Yapisan duyusal analizler sonucunda
duyusal = sertlik begenisinin  genel begeniyi
dogrudan etkiledigi gorilmistir. Bu durum jelly
sckerlemelerde tekstiiriin genel begeni tizerinde
en 6nemli parametre oldugunu teyit etmektedir.

Sonug olarak; jelly tipi sekerleme driiniinde seker
yerine indlinin dolgu maddesi olarak kullanimi,
trinin tathlhgt disinda tekstirinde olumsuz bir
durum yaratmadifi ve Uriinde istenmeyen
kristalizasyona neden olmayarak gayet basarili
oldugu gorilmistir. Tatliik olarak bilesenler
optimize edildiginde intlinin gseker yerine
kullanimiyla  alternatif yeni bir sekerleme
driinintin tretilebilecegi ve bunun yiksek lif
icerikli yeni fonksiyonel Griinler igin bir temel
olusturacagt disinilmektedir.
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oz

Arastirmada bazt tahil benzeri trtnlerin (giya, amarant, kinoa ve karabugday) glutensiz kek tretiminde
kullandlabilirliginin ve bu drtnlerin keklerin bazt 6zellikleri Gizerine etkilerinin belitlenmesi amaglanmistir. Bu
amagla dort farklt kek unu kansimi; musir (%45) ve piring (%045) nisastast ve tam tane olarak 6gutilmis tahil
benzeri trtnler (%10) kullandarak hazirlanmustir. Bu kangimlar ile dretilen kek Ornekleri ve kontrol kek
orneklerine; bazi fiziksel (renk, spesifik hacim ve tekstiir), kimyasal (nem, su aktivitesi, direncli nisasta, glisemik
indeks ve antioksidan aktivite) ve duyusal analizler yapilmustir. Kek 6rneklerinin sertlik ve ¢ignenebilirlik
degerlerinin 1234.21-1709.50g ve 668.09-996.27 araliklarinda degistigi belitlenmistir. Tahil benzeri triin ilavesiyle
hazirlanan keklerin direngli nisasta iceriklerinin %00.17-0.22 arasinda oldugu ve tahmini glisemik indekslerinin ise
55 degerinden disiik olmalart sebebiyle diistik glisemik indeksli gida siifi igerisinde yer alabilecegi tespit edilmistir.
Yapilan degerlendirmeler neticesinde  glutensiz  keklerin  gesitlendirilmesinde tahil benzeri trtnlerin
kullantlabilecegi ve bunlarin arasinda ise ¢iyanin yumusaklik, yitksek antioksidan aktivite ve duyusal 6zellikleri
itibatiyle 6ne ¢iktif1 sonucuna ulagimustir.

Anahtar kelimeler: Ciya, amarant, kinoa, karabugday, glutensiz kek, ¢6lyak

USAGE OF SOME PSEUDOCEREALS IN THE GLUTEN-FREE CAKE
PRODUCTION

ABSTRACT

The aim of this study was to determine the usability of pseudocereals (chia, amaranth, quinoa, and
buckwheat) in cake production and their effect on some properties of cake. For that purpose, four
different cake flour mixtures were prepared by using corn and rice starches (45:45%) and whole-grain
milled pseudocereals (10%). Some physical (color, specific volume, and texture), chemical (moisture,
water activity, resistant starch, glycemic index, and antioxidant activity) and sensory analyses were
performed to both samples produced with these mixtures and the control samples. The hardness and
chewiness values of the samples varied between 1234.21-1709.50g and 668.09-996.27, respectively. The
resistant starch content of the samples with pseudocereals was between 0.17-0.22% and they could be
classified as low glycemic index food because their glycemic index values were lower than 55. As a result,
pseudocereals could be used to vary gluten-free cake and chia containing cake samples distinguished in
terms of softness, high antioxidant activity and sensorial properties among other cake samples with
pseudocereals.

Keywords: Chia, amaranth, quinoa, buckwheat, gluten-free cake, celiac
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Glutensiz kek tGretimi

GIRIS
Gluten; ekmek, kek, makarna ve eriste gibi tahil
trinlerinin -~ dretimi  agisindan  6nemli  bir
proteindir. Gliadin ve glutenin olmak tzere iki
farkli fraksiyonun bitlesiminden olusmakta olup,
bugdayin toplam protein iceriginin yaklasik %80
kadar1 glutendir (Rosell vd., 2014). Gluten
proteini hamurun yapismasint engellemekte ve
mayalama islemi sirasinda olusan gazlarin
tutulmasini  saglayarak;  Urlintin ~ hacmini,
elastikiyetini ve kabuk yapisini etkilemektedir
(Delcour vd., 2012).

Tahd urtnlerinin teknolojik Gzellikleri tzerine
bir¢cok olumlu etkiye sahip olan gluten, alerjiler ve
intoleranslarla ilgili olarak insan saghig Uzerinde
bazi olumsuz etkilere de sahiptir. Gluten titketimi
fle gida alerjisi, ¢6lyak hastaligt ve gluten
hassasiyeti olmak tzere t¢ farklt patolojik durum
meydana gelebilmektedir (Rosell vd., 2014).
Glutene baglt gida alerjisi, toplumun yaklasik
%0.2-0.5 kadarini etkileyen ve Onemli klinik
etkileri olan bir hastaliktir (Zuidmeer vd., 2008).
(olyak hastaligt otoimmiin bir rahatsizliktir ve
toplumun  yaklastk  %0.1-1.6 kadarnin  bu
rahatsizliga  sahip oldugu bildirilmistir.  Bu
hastaliga sahip kisiler tarafindan bugday, ¢avdar,
arpa ve bazi yulaf cesitleri titketildiginde cesitli
saglik sorunlari ortaya cikabilmektedir (Abadie
vd., 2011). Gluten hassasiyeti ise bugday alerjisi ve
¢olyaktan fakli olan ve son yillarda kesfedilen
patolojik bir durumdur. Bu hastalikla ilgili olan
gida bilesenleri ve metabolizmadaki mekanizma
tam olarak aydmnlatlamamis olmakla bitlikte,
gluten proteininin yani sira ekmekte bulunan diger
bilesenlerin de bu tir bir hassasiyet tizerinde etkili
oldugu bildirilmistir (Rosell vd., 2014; Bernardo
ve Pefia, 2012).

Giiniimiize kadar belirtilen gluten kaynakli aletji
ve intoleranslar tastyan bireylerde bu etkilerin
onlenmesi ve/veya azaltilmasinda en etkili tedavi
yontemi, gluten icermeyen glivenli ve besleyici
olarak dengeli gidalar titketilmesidir (Bernardo ve
Pefia, 2012). Bu amacgla un ve unlu mamuller,
soslar, pizzalar, seker suruplari ve sekerlemeler
olmak tzere bircok glutensiz gida gelistirilmistir
(Arendt ve Dal Bello, 2011; Gutiérrez, 2018;
Linares-Garcia vd., 2019). Glutensiz gidalarin

zenginlestirilmesi ve gluten proteininin sagladigt
teknolojik  Ozelliklerin ~ bu  drtinlerde  de
saglanabilmesi igin ise bu iriinlere baklagiller ve
baklagil unlart (mercimek, bakla, bezelye, nohut
vb.), stit ve siit iriinleri, tahil benzeri Griinler (¢iya,
amarant, kinoa, karabugday vb.), besinsel lifler ve
hidrokolloidler (agar, aljinat, gamlar vb.) gibi
bilesenler ilave edilmistir (Arendt ve Dal Bello,
2011; Pellegrini ve Agostoni, 2015).

Dogal olarak gluten icermeyen ve bu nedenle
gluteni iceren tahillara saglikli alternatifler olarak
glutensiz diyette kullanilabilen ¢iya, amarant,
kinoa ve karabugday gibi tahil benzeri drtnler,
glutene baglt alerji ve intoleranslart olan bireyler
ve bunun disindaki bireysel tiiketim tercihleri
sebebiyle diger tiketiciler tarafindan son yillarda
buyik ilgi gérmektedir. Bu ilgi tahil benzeri
Urtinlerin =~ sahip  olduklart  zengin  besin
bilesimlerinden kaynaklanmaktadir. Tahil benzeri
triinler nigasta igerikleri nedeniyle 6énemli enertji
kaynaklari olmalarinin yani sira; kaliteli protein,
besinsel lif ve doymamus yag asitleri bakimindan
zengin lipitleri de icermektedirler. Ayrica tahil
benzeri Urinlerin yapilarinda vitamin, mineral,
esansiyel yag asitleri, fitosteroller ve polifenoller
gibi diger biyoaktif bilesenler de bulunmaktadir
(Alvarez-Jubete vd., 2010).

Bu aragtirmada; ¢iya, amarant, kinoa ve
karabugday  ilavesi ile  besinsel  acidan
zenginlestirilmis glutensiz karigimlardan dretilen
kek 6rneklerinin bazi fiziksel, kimyasal ve duyusal
niteliklerinin, gluten iceren normal unla ve gluten
icermeyen ticari karmgim ile hazirlanan  kek
orneklerinin ilgili 6zellikleriyle karsiastirilmast
amaclanmistir. Boylece bu arastirma ile normal un
ile hazirlanan kek 6rneklerinin 6zelliklerine en
yakin Ozellikleri tastyan ve tahil benzeri iirtin
ilavesi ile besinsel agidan daha zengin olan
glutensiz karisim belirlenmis olacaktir.

MATERYAL VE METOT
Materyal
Kek  o6rneklerinin  Gretimi  icin  kullanilan

malzemeler (un, yumurta, aygicek yagi, seker,
kabartma tozu ve vanilya) ve tahil benzeri trtinler
(¢iya, amarant, kinoa ve karabugday) piyasada iyi
bilinen firmalardan ambalajli ticari Grlinler olarak
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satin alinip kullanilmustir. Arastirmada kullanilan
kimyasal maddeler ise analitik saflikta temin
edilerek kullanilmistir.

Kek Uretim Metodu

Kek ununun hazirlanmasi

Glutensiz kek uretimi icin; esit miktarda misir
(%045) ve piring (%045) nisastast karistirilmis ve bu
karisima tam tane olarak yaklastk un partikil
boyutunda  6gutilmis  (Bosch, MKMG6000,
Slovenya) olan ¢iya, amarant, kinoa veya
karabugday unlart son karnsimda %10 olacak
sekilde ayr1 ayr1 katkilanarak dort farkli un karisimi
hazirlanmustir. Normal un ve ticari glutensiz kek
karisimi ise iki farkli kontrol 6rnegi Gretmek icin
kullandmustir. Boylelikle arastirma, alti farklt kek
tretimi yapilarak gerceklestirilmistir.

Kek karigmminin hazirlanmasi

Kek karisiminin hazirlanmasinda standardize kek
formtlasyonu kullanilmistir. Bu amacla esit
miktarda; kek unu karigimi (125 g), tam yumurta
(125 g), yag (125 g) ve seker (125 g) plastik bir
kaba tartdmis ve bir karstirict yardimi ile
karistirlmistir. Homejenize edilen kek katisimi
icerisine toplam miktarin  %1.2’si  oraninda
kabartma tozu (3 g) ve vanilya (3 g) ilave edilmis
ve bu karisim yeniden karstirtlmistir (Wilderjans
vd., 2013). Hazirlanan kek karisimindan yuvarlak
kek kalibinin bélmelerine her bir kek 6rnegi icin
40 ¢ tartlmistir. Kaliba tartilan kek hamurlar
225°C sicaklikta 30 dakika siire ile pisirilmistir.
Pisirme isleminden sonra kekler sogutularak
kaliplar icerisinden ¢tkartilmistir. Kek 6rneklerine
uygulanan fiziksel ve duyusal analizler Gretimden
1 saat sonra 25°C sicaklikta gerceklestirilmigtir.
Kimyasal analizler ise ogitilen ve -18°C’de
plastik polietilen posetler icerisinde saklanan
orneklerde set halinde gerceklestirilmistir.

Analiz Metotlar1

Renk analizi

Kek o6rneklerinin renk analizleri, renk ol¢im
cihazt (Chroma Meter CR-400, Konica-Minolta
Sensing Inc., Osaka, Japonya) kullanilarak tespit
edilmistir. Renk 6l¢tim sonuglari, Hunter L [(0)
siyah - (100) beyaz], 4" [(+) kirmuzt — (-) yesil] ve
b [(+) sart — (-) mavi] degerleri olarak
belitlenmistir.

Spesifik hacim analizi

Kek 6rneklerinin hacimleti kolza tohumu ile yer
degistirme prensibine gore belirlenmis ve sonuglar
ml./golarak verilmistir (Roman vd., 2017).

Tekstiir analizi

Kek o6rneklerinin tekstiir profil analizi, tekstir
6lcim cihazt  (TATX plus, Ingiltere) ile
gerceklestirilmistir. Kek 6rnekleri bitiin halde ve
oda sicakliginda analiz edilmistir. Olgiim sirasinda
SMSP/100 silinditik prop kullanilmis ve analiz 5
kg’lik yiik hiicresi ile gerceklestirilmistir. Analizde
test hizt 3 mm/s, gerilme orant %30 ve gerilme
kuvveti 3 g olarak ayarlanmustir.

Nem igerigi ve su aktivitesi analizi

Kek o6rneklerinin nem igeriginin belirlenmesi
amactyla, 2 g 6rnek tartilarak 105°C sicakligindaki
icerisine yerlestirilmistir. Nem icerigi
sonuglari agithk degisimi farkindan hesaplanarak
yizde nem icerigi (%) olarak verilmistir.

Kek 6rneklerinin su aktivitesi (ay) degetleri, su
aktivitesi tayin cihazi (Aqua Lab 4TE, Decagon
Divices, USA) kullanilarak belirlenmistir.

etav

Direngli nisasta analizi

Kek 6rneklerinin enzime direncli nisasta (EDN)
miktari, standart metoda (AACC, 2011) gore
direncli nisasta enzim kiti (K-RSTAR, Megazyme
Int. Wicklow, Irlanda) kullanilarak tespit
edilmistir. Bu amagla 6ncelikle 6gutilmus kek
orneklerinin n-hekzan ile yag1 uzaklastrilmustir.
Yag1 uzaklastirilmis 6rneklerden 100 mg tartilmis
ve uzerlerine pankreatik a-amilaz (3 Ceralpha
Unit/mg) ve seyreltilmis amiloglukozidaz (300
U/ml) enzimlerini iceren ¢ozeltiden 4 mL ilave
edilmistir. Karigimlar calkalamalt su banyosunda
(WSB-30, WiseBath, Kore) 37°C sicaklikta 100
rpm ¢alkalama hiziyla karistirilarak 16 saat stireyle
bekletilmis ve bu islem ile enzime direncli
olmayan nisastanin hidrolize olup kendisini
olusturan glukoza doniismesi saglanmistir. Stire
sonunda karigim tizerine 4 mL etil alkol (%99 v/v)
ilave edilerek enzimatik reaksiyon durdurulmus ve
ornekler 4500xg hizla 5 dakika santriftij edilmistir.
Cokeltideki glukozun tamamen
uzaklastirilabilmesi i¢in pelletler 8 mL etil alkol-su
cozeltisi (%50 v/v) ile 2 kez yitkanmis ve 4500xg
hizla 5 dakika daha santriftijlenerek stvi kisimlar
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yeniden ayrimustir. Elde edilen pelletler 40°C
sicakligindaki  vakumlu  etivde  (VO200,
Memmert, Almanya) 30 dakika bekletilerek
kurutulmus ve daha sonra Uzetlerine OSrnekte
bulunan EDN’nin ¢6zlinmesi icin; 2 ml, 2M
KOH ¢6zeltisi ilave edilmistir. Elde edilen karisim
buz banyosu icerisine alinmis ve manyetik
karistirict ile karstirllarak 20 dakika bekletilmistir.
Bu sure sonunda orneklerin Gizerine 8 ml, 1.2 M
sodyum asetat tampon ¢ozeltisi (pH:3.8) ve 0.1
ml. amiloglukozidaz enzimi ilave edilmis ve
ornekler 50°C su banyosunda 30 dakika streyle 5
dakikada bir karistirilarak bekletilmistir. Boylelikle
¢oziinmiis olan EDN glukoza kadar hidroliz
edilmistir. Hidroliz edilen 6rnekler 4500xg’'de 5
dakika santriftij edilmis ve olusan berrak sivi
kismindan 0.1 mL alinip tizerine 3 mL glukoz
oksidaz-peroksidaz aywract (GOPOD) ilave
edilerek 50°C sicaklikta 20 dakika su banyosunda
bekletilmistir. Hidroliz sonunda olusan glukoz
miktari, spektrofotometre kullanilarak (UV-1800,
Shimadzu, Japonya) 510 nm’de kér 6rnege (0.1
mL, 100 mM sodyum asetat tampon ¢bzeltisi
(pH:45 + 3 mL GOPOD) karst 6lcim
yaptlmastyla belirlenmistir. EDN icerigi asagida
verilen denklem (1) yardimiyla hesaplanmis ve
sonuclar g/100 g 6rnek olarak verilmistir.

EDN igerigi = AE %% 9.27 (1)

Denklemde belirtilen AE, F ve W sirastyla 6rnegin
absorbansini, absorbanstan mikrogram
dénisimini (100/D-glukoz standart
absorbanst) ve kurumadde bazinda 6rnek
agirhigim ifade etmektedir (AACC, 2011).

Glisemik indeks analizi

Kek 6rneklerinin glisemik indeks degeri, nisasta
hidroliz hizinin 6lcllmesi ile 7z wvifro olarak
belirlenmistir (Gofii vd., 1997). Bu amagla; 50 mg
ornek tzerine 10 mL. HCI-KCI tampon ¢ozeltisi
(pH:1.5) ilave edilmis ve karistm homojenize
edilmistir. Homojenizat Uzerine pepsin (200
U/mL) iceren HCI-KCI tampon ¢6zeltisinden 0.2
mL eklenmistir. Ornekler 40°C sicakligindaki etiiv
icerisinde bulunan bir yatay calkalama cihazina
(Rocker 2D Basic, IKA, Staufen, Almanya)
yetlestirilmis ve 50 rpm hizla karistirilarak 1 saat
inkiibasyona birakilmistir. Inkiibasyon sonunda

ornek hacimleri tris-maleat tampon c¢Ozeltisi
(pH:6.9) kullanilarak 25 ml ve pH degerleri ise 1
M NaOH kullanilarak 6.9 olacak sekilde
ayarlanmistir. Daha sonra 6rneklerin tzerine o-
amilaz (2.6 U/mlL) iceren tris-maleat tampon
¢ozeltisinden (pH:6.9) 5 mL eklenmis ve 6rnekler
37°C sicaklikta 50 rpm yatay calkalama hizinda
180 dakika boyunca enzimatik hidrolize tabi
tutulmustur.

Enzimatik hidrolizin 30, 60, 90, 120 ve 180.
dakikalarinda bos tipler icerisine 1 mL 6rnek
aktarilmistir. Aktarilan 6rneklerin 100°C sicaklikta
5 dakika bekletilip, 1 dakika girdap karistirict ile
karistirilmastyla enzim inaktivasyonu saglanmustir.
Enzim inaktivasyonu sonrasinda 6rnekler 180
dakikalik stre sonuna kadar +4°C sicaklikta
saklanmustir. Siire sonunda 6rneklere 3 ml. 0.4 M
sodyum asetat tampon ¢ozeltisi (pH:4.5) ve 60 uLL
amiloglukozidaz enzimi (3300 U/mL) ilave
edilmistir. 60°C sicaklikta 45 dakika boyunca 5
dakikada  bir karstirilarak  inkibe  edilen
6rneklerden cam tiplere 0.1 mlL aktarilmis ve
tzerlerine 3 mL. GOPOD ayiract ilave edilmistir.
Ornekler 45°C sicaklikta 20 dakika daha inkiibe
edilmis ve 6rneklerin glukoz igerikleri 510 nm’de
spektrofotometre ile okuma yapilarak agagida
verilen denklem (2) yardimiyla belirlenmistir
(Simsek, 2011).

AEsWV=C+D

Glukoz (%) = o « 100 2)

Formiilde belirtilen AE, V, C, AS, D ve W sirastyla
ornegin absorbansini, test c¢dzeltisinin toplam
hacmini, kullanilan standardin konsantrasyonunu
ve absorbansini, seyreltme faktérini ve Ornek
miktarint ifade etmektedir.

Hesaplanan glukoz miktari, monosakkaritlerin
polisakkaritlere ~ doniisimiinii  saglayan 0.9
katsayist ile carpilmis ve 6rneklerde hidroliz olan
nisasta icerigi tespit edilmistir. Hidroliz olan
nisasta iceriginin sireye karst grafik edilmesiyle
olusturulan nisasta-hidroliz egrileri Gofii vd.
(1997) tarafindan non-lineer olarak modellenmis
olup, bu egriler asagida verilen denkleme gére (3)
SigmaPlot Systat 12 (Erkrath, Almanya) programit
kullanilarak degerlendirilmistir.
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C=C,+(1—e7kt) 3)

Formilde belirtilen C, Cw, k ve t sirastyla t
anindaki  konsantrasyonu, denge anindaki
konsantrasyonu, kinetik sabiti ve segilen stireyi
ifade etmektedir.

Nisasta hidroliz egrisi altinda kalan alanin referans
Ornegin hidroliz egrisi altinda kalan alana orant
hidroliz indeksi (HI) olarak tanimlanmaktadur.
Egri altinda kalan alan (EAA) ise agagida verilen
denklem (4) yardimiyla hesaplanmistir.

EAA =Cy, (t7 — to) - % (1 g Htrt)) )

Formilde belirtilen Ce, tr, to ve k sirasiyla denge
anindaki konsantrasyonu (tigo), analizin bitis
stresini (180. dakika), analizin baslangic zamanini
(0. dakika) ve kinetik sabitini ifade etmektedir.

Elde edilen nisasta hidroliz indeks degerleri ise
asagida verilen denklemde (5) kullaniarak
orneklerin tahmini glisemik indeks (tGI) degerleri
beyaz ekmek tzerinden hesaplanmistir. Beyaz
ckmek referans alinarak hesaplanan tGI degeri ise
1.43 degerine bolinerek glukoz referansina
dontstirilmus (Schakel vd., 2008) ve sonuglar
glukoz referansina gére verilmistir.

tGI = 39.71 + 0.549 (HI) ©)

Antioksidan aktivite analizi

Kek  orneklerinin  antioksidan  aktiviteleri
Fernandez-Leén vd. (2013) tarafindan bildirilen
DPPH (diphenylpicrylhydrazyl) yontemine gore
yontemde bazi  modifikasyonlar  yapilarak
belirlenmistir. Bu amagla; 1 g 6rnek tartilmis ve
tzerine 9 mL %80 metanol ¢ozeltisi eklenerek 2
saat stireyle 40°C sicakligindaki calkalamali su
banyosunda 150 rpm hizla karngtirlarak
ckstraksiyon islemi gerceklestirilmistir.
Ekstraksiyon sonunda 6rnekler 5°C sicaklikta
9000 rpm hizla 5 dakika santrifiij (Sigma 3K18,
Almanya) edilmis ve Ustte toplanan berrak kisim
ayrilmistir. Ayrilan berrak kistmdan alinan 0.95
mL ekstrakt tzerine 50 pul. DPPH ¢6zeltisi
eklenmistir. Elde edilen karisim karanlik ortamda
30 dakika bekletilmis ve siire sonunda 6rneklerin

absorbans degerleri 515 nm dalga boyunda
spektrofotometre ile belirlenmistir. Orneklerin
antioksidan aktivite degerleri troloks kurvesi
kullanilarak mg TE/kg olarak hesaplanmistir
(Fernandez-Leo6n vd., 2013).

Duyusal analiz

Kek o6rneklerinin - duyusal — Ozellikleri;  renk,
gbriinim, tekstiir, gbzenek yapisi, koku, tat ve
genel begeni parametrelerinin 5 puanlik hedonik
skala (1: cok koti, 5: ¢ok iyi) kullanilarak 10 kisilik
egitimli panelist grubu tarafindan puanlanmasiyla
ile belirlenmistir.

Istatistiksel analiz

Arastirmada  kek Orneklerinin  Uretimleri  iki
tekerrlirld, 6rneklere yapilan analizler ise paralelli
olarak gerceklestirilmistir. Elde edilen verilere
varyans analizi ve Duncan Coklu Karsilastirma
Testi uygulanmustir. Tim istatistik hesaplamalar
SAS istatistik programi (Cary, NC, ABD)
kullanilarak yapilmis ve sonuglar ortalama =+
standart hata seklinde dizenlenmistir.

BULGULAR VE TARTISMA

Kek 6rneklerinin fiziksel ozellikleri

Kek 6rneklerinin i¢ ve dis yiizeylerine ait ", 4" ve
4" renk degerleri sonuclari Cizelge 1’de verilmistir.
Farkli kek formtlasyonlarinin, 6rneklerin i¢ ve dis
yiizeylerindeki renk 6zellikleri Gzerine 6nemli (P
<0.01) bir etkisinin bulundugu belitlenmistir. Kek
orneklerinin i¢ yiizeylerine ait en yiksek ve en
distik L renk degerlerinin sirastyla normal un ve
ticari glutensiz un karisimi iceren Orneklere ait
oldugu tespit edilmistir. Ogiitiilmiis ciya veya
karabugday tohumu igeren kek &rneklerinin dis
yiizeylerine ait I." renk degerlerinin ise diger kek
Orneklerine  gére  daha  yiksek  oldugu
belirlenmistir. Kek o6rneklerinin  i¢  ve dis
yuzeylerindeki renk farkliliklarinin bilesimlerinde
bulunan tohumlarin renk 6zelliklerinden, Gretim
formilasyonlarindaki ~ farkliiklardan  ve  bu
farkliliklarin -~ enzimatik  olmayan esmerlesme
reaksiyonlart  izerine  olan  etkilerinden
kaynaklandig degerlendirilmistir. Kek
yuzeylerindeki renk koyulasmasiun 1sil islem
etkisi ile meydana gelen Maillard reaksiyonu ve
sekerlerin karamelizasyonu nedenleriyle
gerceklestigi  bildirilmigtir (Shevkani ve Singh,
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2014). Maillard reaksiyonunun gerceklesme
diizeyi ve hizi 6rnekte bulunan seker ve aminoasit
bilesim ve miktarina baglt olarak degismekte ve

boylece Ornek ylzeylerinde renk farkliliklars
olugabilmektedir (Fennema vd., 2007).

Cizelge 1. Kek 6rneklerinin renk ozellikleri
Table 1. Color properties of cake samples

I¢/Crumb
Ornek/Sample L a I
Normal un/Normal flour 73.38£0.25 -5.17°£0.00 33.82+0.09
Ticari glutensiz un/ Commercial 5o 5q. 4 59 -3.24:40.08 33.890+0.00
gluten free flour
Ciya/Chia 61.774+0.38 -3.780+0.15 27.394+0.22
Amarant/ Amaranth 70,51 +0.47 -5.32:40.23 34.82>+0.95
Kinoa/Quinoa 71.59>+0.37 -6.39440.02 39.762+0.06
Karabugday/Buckwheat 69.39¢+0.53 -4.26°+0.23 30.58:+0.57
Onem/Sign. ok ok ok
Dis/Crust
Normal un/Normal flour 5951+ 1.54 10.70:£0.15 38.67°£0.12
Licari glutensiz un/ 59.74<+0.43 8.12¢+0.20 39.38+1.15
Commercial gluten free flour
Ciya/Chia 67.772+0.47 2.27¢40.09 33.119+0.68
Amarant/ Amaranth 64.987+0.12 7.68%0.29 41.97+40.26
Kinoa/Quinoa 63.200+0.34 8.66>+0.22 41145 +0.01
Karabugday/Buckwheat 67.43£1.00 5.194+0.23 34.664+0.00
Onem/ Sign. Hok Hok Hok

Ortalama * standart hata / Mean + standard error

Kek 6rneklerinin fiziksel 6zelliklerine ait sonuglar
Gizelge  2'de  verilmistir. Farkli  kek
formilasyonlarinin  6rneklerin - spesifik  hacim
Ozellikleri tUzerine 6nemli (P >0.05) bir etkisinin
bulunmadigs; ancak sertlik, esneklik, yapiskanlk,
cignenebilirlik ve sakizimsilik gibi tekstirel
Ozellikleri tizerine 6nemli (P <0.01; P <0.05) bir
etkisinin bulundugu belirlenmistir.

Kek oOrneklerinin  ortalama spesifik  hacim
degerinin 3.41 mL/g oldugu tespit edilmistir.
Spesifik  hacim  degetleri arasinda  Srnekler
arasinda  istatistiksel = acidan  bir  fark
bulunmamasina ragmen, normal un (3.73 mL/g)
ve 6gutilmus ciya tohumu iceren (3.65 mL/g)
Orneklerin  spesifik hacim degerlerinin, diger
orneklere gore deskriptif olarak daha yiiksek
oldugu belirlenmistir. Bugday ununda bulunan
glutenin gaz tutma 6zelligl ve ¢iya tohumunun ise
icerdigi gam nedeniyle su bulunan ortamlarda
jelleserek olusturdugu kivamli yapt sayesinde kek
orneklerinin hacmini artturdigs degerlendirilmistir.

Ogiitiilmis kinoa tohumu igeren kek 6rneklerinin
sertlik, cignenebilirlik ve sakizimsilik degerlerinin
diger kek 6rneklerine gbre daha yiiksek oldugu,
ogutilmis ¢iya ve amarant tohumu iceren kek
orneklerinin ise daha yumusak bir yapiya sahip
oldugu ve daha kolay cignenebilirlik O6zelligi
gosterdigi belirlenmistir.

Kek 6rneklerinin kimyasal 6zellikleri

Kek o6rneklerinin - kimyasal ~6zelliklerine  ait
sonuglar Cizelge 3’te verilmistir. Farkll kek
formiilasyonlarinin - 6rneklerin nem igerigi, su
aktivitesi, direncli nisasta, glisemik indeks ve
antioksidan aktivite degerleri tizerine 6nemli (P
<0.01; P <0.05) bir etkisinin bulundugu
belirlenmistir.

Kek 6rneklerinin nem igerigi degerlerinin %11.36-
13.08 arasinda degistigi ve en yliksek nem icerigi
degerinin 6gutilmis amarant tohumu iceren kek
orneklerine, en dusitk nem igerigi degerinin ise

normal ticari un igeren kek 6rneklerine ait oldugu
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belitlenmistir. Kek Orneklerinin  su  aktivitesi
degerlerinin 0.72-0.77 arasinda degistigi ve en
yuksek su aktivitesi degerinin 6gitilmiis amarant
tohumu iceren kek oOrneklerine, en dusuk su
aktivitesi degerinin ise ticari glutensiz un karisimi

iceren kek Orneklerine ait oldugu tespit edilmistir.

su aktivitesi degerlerinin ise 0.82-0.94 (Shevkani
ve Singh, 2014; Rothschild vd., 2015) arasinda
degistigi rapor edilmistir. Arastirmada elde edilen
sonuglarin literatiirde bildirilen degerlerden distik
oldugu ve bu durumun formiilasyonlardaki ve

pisirme kosullarindaki (sicaklik, stire, iiriin miktart

Yapilan  ¢esitli  caligmalarda  glutensiz  kek  vb.) farkliliklardan kaynaklandig1
orneklerinin nem iceriklerinin 24.50-30.51 g/100 degerlendirilmistir.
g (Gularte vd., 2012; Levent ve Bilgicli, 2011) ve
Cizelge 2. Kek 6rneklerinin fiziksel 6zellikleri
Table 2. Physical properties of cake samples

Ornek/ Sample Spesifik hacim/ Sertlik/Hardness Esneklik/

Specific volume ) Springiness

(mL/g)

Normal un/Normal flour 3.73+0.36 1608.22ba+12.85 0.816+0.01
Licari glutensiz un/ 3.34+0.19 1486.80> + 43.00 0.834+0.01
Commercial gluten free flour
Ciya/Chia 3.65+0.09 1234.21<£42.79 0.82>£0.00
Amarant/ Amaranth 3.09+£0.23 1338.31<£49.00 0.852+0.01
Kinoa/Quinoa 3.291+0.01 1709.502 £ 33.20 0.83b2+0.01
Karabugday/Buckwheat 3.36%0.15 1559.472+ 40.74 0.81>+0.00
Onem/Sign. — ok *

. Yapiskanlik/ Cignenebilirlik/ Sakizimsilik/
Ornel/ Sample Adflesiveness Z%hewiness Gumminess
Normal un/Notrmal flour 0.65¢+0.01 842.06>+ 3.30 1041.88>+17.05
Ticari glutensiz un/ 0.66% +0.01 808.38% +32.09 979.89b +35.51
Commercial gluten free flour
Ciya/Chia 0.67b<+0.01 668.09¢+21.41 819.40c £ 22.82
Amarant/Amaranth 0.722+0.01 807.93¢<b + 32,38 954,86+ 33.05
Kinoa/Quinoa 0.702%0.03 996.272£91.79 1199.182£ 80.34
Karabugday/Buckwheat 0.63<£0.00 797.71> £ 14.32 984.14>+22.19
Onem/Sign. * * ok
Ortalama * standart hata / Mean + standard error

Cizelge 3. Kek 6rneklerinin kimyasal 6zellikleri
Table 3. Chenical properties of cake samples
Ornek/ Sample Nem/ Moisture Su aktivitesi/ Direngli nisasta/ Glisemik indeks/ Antioksidan
(%o) Water activity Resistant starch  Glycemic index aktivite/
(%) Antioxidant activity
(mg TE/kg)
Normal un/Normal flour 11.36> £ 0.31 0.73440.00 0.28>+0.01 44.20b2+0.44 176.11< +5.02

Ticati glutensiz un/

Commercial gluten-free 12.06b2£0.47 0.72¢£0.00 0.362+0.02 42.712£0.47 395.482%0.85
flour
Ciya/Chia 12,172+ 0.11 0.75¢+0.01 0.17¢+0.02 44.27b21+0.52 225.17>+8.57

Amarant/ Amaranth 13.082£0.67 0.772+0.00 0.21<b £ 0.04 45.93210.32 74.764 +2.62

Kinoa/Quinoa 11.39> £ 0.02 0.76> % 0.00 0.22¢b £+ 0.02 45.600+1.33 82.764+7.54

Karabugday/Buckwheat 11.62> £ 0.00 0.75¢+0.00 0.19¢+0.03 45.42b2+1.30 172.86¢ + 6.92

Onem/Sign. * K% ok * Kk

Ortalama * standart hata / Mean * standard error
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Kek o6rneklerinin direncli nisasta degetlerinin
%0.17-0.36 arasinda degistigi ve en yiksek
direngli nisasta degerinin ticari glutensiz un
karisimt iceren kek 6rneklerine, en dusuk direncli
nisasta degerinin ise O6gutilmis c¢iya tohumu
iceren kek Orneklerine ait oldugu tespit edilmistir.
Ditencli nisasta, tliketildikten sonra ince
bagirsakta 120 dakika igerisinde D-glukoza
hidrolize edilemeyen ve ancak kolon mikroflorast
tarafindan fermente edilebilen nisasta fraksiyonu
olarak tanimlanmaktadir (Fuentes-Zaragoza vd.,
2010). Genellikle gluten iceren esdegerlerine gore
glutensiz Urtinlerin  direncli nisasta igerikleri
disiik, glisemik indeks degerleri ise yiiksektir. Bu
trtinlerdeki  yiiksek nisasta  sindirilebilirligi;
nisastanimn tipi ve kaynagi, besinsel lif miktar1 ve
cesidi, protein ve lipit matriksinin varligt ve isleme
yontemi sonucunda gidada olusan makroskobik
yapiya baglt olarak degismektedir (Giuberti ve
Gallo, 2018). Yapilan bir calismada karabugday ve
amarant unlari, kullanidan unun yaklasik %30’u
oraninda biskiivi hamuruna eklenmis ve elde
edilen bisktvilerin direncli nisasta icerikleti
yaklastk %6 olarak belirlenmistir (Vuji¢ vd., 2014).
Mevcut calismada tahil benzeti Uriin unlarinin
oldukea diisik miktarda formiilasyona eklenmesi
ve nihai Urinin diren¢li nisasta igeriginin
belirlenmesinde sorunlara neden olan protein ve
lipitler bakimindan zengin bir irin olmast
nedenleriyle kek Orneklerinin direncli nisasta
iceriklerinin  dustik  olarak  tespit edildigi
degerlendirilmistir.

Kek o6rneklerinin glisemik indeks degertlerinin
42.71-45.93 arasinda degistigi ve en yiksek
glisemik indeks degerinin Sgitilmils amarant
tohumu igeren kek 6rneklerine, en dustk glisemik
indeks degerinin ise ticari glutensiz un karigimi
iceren kek 6rneklerine ait oldugu tespit edilmistir.
Glukoz referans alindiginda tGI degeri 270 olan
gidalar yiksek, 56=tGI=69 arasinda olan gidalar
orta ve tGI=55 olan gidalar ise dustk glisemik
indeksli gidalar olarak  simflandiridmaktadir
(Schakel vd., 2008). Bu smiflandirmaya gore,
calisma kapsaminda Uretilen keklerin dusik
glisemik indeksli gida sinifinda yer aldig1 tespit
edilmistir. Yapilan bir ¢alismada tretilen glutensiz
kek Orneklerinin  glisemik indeks degerinin

ortalama 42.20 oldugu bildirilmistir (Scazzina vd.,
2015).

Kek 6rneklerinin antioksidan aktivite degerlerinin
74.76-395.48 mg TE/kg degetleri arasinda
degistisi ve en yiksek antioksidan aktivite
degerinin ticati glutensiz un karisimi iceren kek
orneklerine, en dustik antioksidan aktivite
degerinin ise 6gutilmis amarant ve kinoa tohumu
iceren kek drneklerine ait oldugu tespit edilmistir.
Normal un ve ticari glutensiz un karisimlart ile
tretilen keklerin antioksidan aktivitesinin yiiksek
olmasinin bu unlarin Gretimi sirasinda ilave edilen
askorbik asit gibi antioksidan etkili katkilardan
kaynaklanmis  olabilecegi  degerlendirilmistir.
Yapilan bir ¢alismada amarant ve kinoa unu iceren
ekmek Orneklerinin  antioksidan aktivitelerinin
karabugday iceren ckmeklere gbre daha disik
oldugu bildirilmistir (Chlopicka vd., 2012). Bir
diger calismada ise karabugday ve kinoa
tanelerinin amarant tanelerine gore sirastyla
yaklastk 22 ve 2 kat daha yiiksek bir antioksidan
aktiviteye sahip olduklart bildirilmistir (Alvarez-
Jubete vd., 2010).

Kek 6rneklerinin duyusal 6zellikleri

Kek 6rneklerinin duyusal 6zelliklerine ait sonuglar
Cizelge 4te verilmistir. Farkli kek
formilasyonlarinin  Srneklerin  renk, gortinim,
tekstir, gézenek yapist, koku, tat ve genel begeni
duyusal 6zellikleri tizerine 6nemli (P <0.01; P
<0.05) bir etkisinin bulundugu belirflenmistir.
Gluten  icermeyen  formilasyonlar  kendi
aralarinda kiyaslandiginda ise tahil benzeri tirtin
tohumlari ile hazirlanan kek Orneklerinin, ticari
glutensiz un kansmi ile hazirlanan  kek
orneklerine gore panelistler tarafindan daha ¢ok
begenildigi ve bu Srneklerin 5 puanlik hedonik
skala Uzerinden 3.50 ve tizerinde puanlar almalari
nedeniyle duyusal agidan kabul edilebilir oldugu
degerlendirilmigtir. Tahil benzeri Griinler iceren
kek ornekleri arasindan ise; tekstur, koku, tat ve
genel begeni parametreleri bakimmndan 6gttilmus
¢iya tohumu iceren Orneklerin daha yiiksek
puanlar aldi@t tespit edilmistir.
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Cizelge 4. Kek 6rneklerinin duyusal 6zellikleri
Table 4. Sensorial properties of cake samples

Ornek/ Sample Renk/Color Gorunim/ Appearance Tekstiir/ Texture
Normal un/Normal flour 4.352+0.05 4.352+0.15 3.80Pa+0.30
ggﬁfﬁ;;i‘fzfu?;/ free floue 3.35:%0.05 3.35:40.05 3.25M+0.25
Ciya/Chia 2.804+0.10 2.804£0.10 4.052+0.15
Amarant/Amaranth 3.80p+0.10 3.80¢0+0.20 3.35ba+(.35
Kinoa/Quinoa 3.85P+0.15 3.85P+0.15 3.206+0.10
Karabugday/Buckwheat 3.75p+0.05 3,750 +0.05 3.30b2+0.10
Onem/Sign. ok ok *
Ornek/ Sample Gls)ozreensetli 3:52 / Koku/Odor Tat/Taste GenélV lzreaglfm/
Normal un/Normal flour 3.900£0.20 4.402+0.00 4.300+0.20 4.352+0.15
E‘()Cif;gelz;?zlzu?;/ free flour 3.350+0.05 2.65¢%0.25 2.354+0.35 2.90¢+0.40
Ciya/Chia 3.60P2+0.10 4.00k2+0.10 4.25b2+0.15 4.00ba%0.10
Amarant/Amaranth 3.55P2 (.05 3.85P21+ (.05 3.50P¢£0.00 3.50P<+0.00
Kinoa/Quinoa 3.752%£0.05 3.40>+0.40 3.60Pac £ (.30 3.60P<+0.20
Karabugday/Buckwheat 3.802£0.10 3.35bc£0.15 3.35¢+0.05 3.60P<+0.00
Onem/Sign. * * ok *

Ortalama * standart hata / Mean * standard error
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oz

Bu ¢alismada, geleneksel fermente bir gida olan tarhanamin yapiminda bugday unu yerine, nohut, fasulye, mustr,
piring, karabugday ve mercimek unu kullaniminmn fizikokimyasal, reolojik ve duyusal nitelikler izerindeki etkileri
arastirlmustir. Tarhana ve unlarin renk, su ve yag tutma kapasitesi, viskozite, rutubet, pH, toplam asitlik, protein,
yag, kiil, karbonhidrat, mikrobiyolojik ve duyusal analizleti yapilarak &zellikleri belirlenmistir. Formilasyon ve
diger hammaddeler sabit tutuldugunda tarhana nitelikleri kullandan unun &zelliklerinden 6nemli diizeyde
etkilenmistir. Tarhanalarda en yiiksek kil miktar1 fasulye tarhanasinda (%05.18%0.01),protein miktar kirmizt
mercimek tarhanasinda (%28.19£0.74) ve yag orant musir tarhanasinda (%9.55£0.56)bulunmustur. Aymt siire ve
kosullarda fermantasyona tabi tutulan tarhanalarin pH degerleri arasindaki fark musir hari¢ istatistiksel olarak
6nemsiz (P>0.05) bulunmustur. Tathana kurutma prosesinin maya, toplam aerobik ve toplam anaerobik
mikroorganizma sayilarinda azalmaya neden oldugu ancak kuru tarhanalarda mikrobiyel canlihfin devam ettigi
belitlenmistir. Tarhanalarin, kullanilan tahil ve baklagil ununa gére teknolojik ve reolojik niteliklerinin degistigi
tespit edilmistir. Tarhanalarin duyusal nitelikleri degerlendirildiginde 6rneklerin genel kabul edilebilitligi arasmnda
istatistiksel fark olmadig1 belitlenmistir.

Anahtar Kelimeler: Tarhana, fermente gidalar, laktik asit bakterisi, duyusal 6zellikler

PHYSICOCHEMICAL, RHEOLOGICAL AND SENSORY PROPERTIES OF TARHANA
SAMPLES PRODUCED BY DIFFERENT CEREAL AND PULSE FLOURS

ABSTRACT

In this study, the use of chickpea, bean, corn, whole rice, buckwheat and lentil flours instead of wheat
flour has been evaluated in terms of physicochemical, theological and sensory properties for the tarhana.
The color, water and oil binding capacity, viscosity, moisture, pH, total acidity, protein, fat, ash,
carbohydrate, microbiological and sensory properties of the tarhana samples were examined. When the
formulation and other raw material qualities were kept constant, the properties of tarhana were
significantly affected by the type of flour. The highest ash content in the bean tarhana (5.18£0.01%), the
highest protein content in the red lentil tarhana (28.1920.74%)and the highest oil content in the corn
tarhana (9.55£0.56%) were determined. pH value of the tarhana samples, which were fermented under
the same conditions, were found to be statistically insignificant (P>0.05) except the corn tarhana.
Although the drying process caused a decrease in the number of yeast, total aerobic and anaerobic
microorganisms, the microbial viability still remained in dry tarhana samples. The technological and
rheological qualities of the tarhana samples changed according to flour types. However, there wasn’t a
significant difference among the overall acceptability of the samples according to sensory evaluation.
Keywords: Tarhana, fermented foods, lactic acid bacteria, sensory properties
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GIRIS
Tarhana TSE 2282’de, bugday unu, bugday
kirmast, irmik veya bunlarin karisimi ile yogurt,
yesil veya kirmizibiber, tuz, kuru sogan, domates,
tat ve koku verici, sagliga zararsiz Dbitkisel
maddelerin kanstirilip fermente edildikten sonra
kurutulmasi, Ggutilmesi ve elenmesiyle elde

edilen bir gida maddesi olarak tanimlanmistir
(Anonim, 2004; Duran, 2017).

Ulkemizin en o6nemli gelencksel fermente
drtinlerinden olan tarhana, ylksek besinsel
kaliteye sahip bir gidadir. Kolay sindirebilir ve
besinsel (mineral, protein, vitamin ve organik
asitler) maddeler acisindan zengin oldugu icin
insan saghgt acisitndan 6nemli bir yere sahiptir
(Ozcelik  vd.,, 1997; Ozdemir vd., 2007).
Geleneksel tarhana yapimi, bilesiminde kullanidan
maddelerin karisimi ve fermentasyon siresi ile
bitlikte toplam 5-7 gin stirmektedir. Tirkiye’nin
farkli bolgelerine gore tarhana tretimi ve isimleri
degisiklik gostermektedir. Tarhana
formiilasyonlarina yoresel olarak farkli tahil ve
trtinleri eklenebilmektedir. Tarhana un ve yogurt
ana hammaddeleri sayesinde temel aminoasitler
yontinden birbirini tamamlarken, iyi bir protein ve
vitamin kaynagi olmaktadir. Mineraller agisindan
zengin ve beslenme acisindan buyltk Oneme
sahiptir. Tarhana zenginlestirilmeye acik bir
gidadir (Bilgicli ve Ibanoglu, 2007). Kuru
formuyla cips seklinde veya sulandirilmis kuru
tozun kaynatilmastyla corba seklinde
titketilmektedir (Tamer vd., 2007; Kumral, 2015).

Bu c¢alisma ile tahidl ve bakliyat unlarinin
hammadde  olarak  kullammiyla  giinimuz
tilketicisinin fonksiyonel, dogal alternatif Griin
beklentisine hitap edecek, geleneksel fermente
tarhanaya alternatif bir Giriin grubu kazandirilmast
amaclanmistir. Bu amagla tarhana yapiminda
bugday unu yerine zengin protein ve besinsel
icerige sahip nohut, fasulye, musir, kepekli piring,
karabugday ve kirmizi mercimek unlarinin
kullanim olanaklarint  arastirilmis, Grinlerinin
fizikokimyasal, teknolojik, reolojik ve duyusal
Ozelliklerini tespit edilerek karsilastirilmustir.

MATERYAL VE YONTEM

Arastirmada kullanilan nohut, fasulye, kirmiz
mercimek, kavuzlu piring, karabugday ve misir
Kastamonu’da yerel bir firmadan saglanmis ve
Kastamonu Thsangazi ilcesinde tas degirmende
ogiitiilerek  unlart  elde  edilmistir. Uretimde
kullanilan diger hammaddeler ve sebzeler (yogurt,
sogan, biber, domates, dereotu ve tuz) yerel bir
marketten temin edilmistir.

Tarhana Orneklerinin Hazitlanmasi

Tarhana  dretiminde  spontan  kademeli
fermantasyon yoéntemine dayanan geleneksel
tarhana yapim metodu uygulanmistir.

Formiilasyonda yogurt (400g), taze nane (20g),
kirmizi (50g) ve yesil (50g) biber, tuz (30g) ve
dereotu (5g) karmstridarak 24 saat 30°C’de
fermente edilmis, pargalanmis domates (150g) ve
sogan (100g) ilave edilerek 30°C’de 24 saat daha
fermentasyona birakdmistir. Un  (400g) ilave
edilerek karigtirilmis, agzt hava alacak ancak
kurumayacak sekilde kapatilarak ve her 12 saatte
kanstirilarak 2 giin siireyle fermantasyona devam
edilmistir. pH 4.0+0.5 dizeyine gelmesi ve yapida
CO; olusmasi ile fermantasyona son verilmistir.
Daha sonra kurutma (50°C), par¢alama (1-2 cm),
ogutme ve eleme prosesleri uygulanmistir.

Fizikokimyasal Ozellikler

Un ve tarhana numunelerinde rutubet, protein,
kil ve yag analizleri AACC (2000) standart
metotlara gore yapimistir (Rutubet No:44-15A,
Kiil No:08-01, Yag No:30-25). Orneklerin serbest
azot miktart analizinde Kjeldahl metodu (AACC
No:46-12)  kullanidlmig, protein miktarlarinin
hesaplanmasinda ise kirmizi mercimek, nohut ve
fasulye ununda 6.25, kepekli piring ve musir unlart
icin 5.95 ve karabugday icin 5.70 faktori
kullandmustir.  Toplam  miktarin =~ 100’den
ctkartilmast ile toplam karbonhidrat orani (%)
hesaplanmustir.

pH ve Toplam Titrasyon Asitligi (TTA)

Tarhana 6rneklerinden 10 g alinarak 90 ml distile
su ile tamamlanarak 3 dak boyunca karstirict ile
karistirddmis ve ¢ozelti filtre kagidindan (Whatman
30) stztulmustir. Cozeltinin pH't daha sonra bir
dijital pH metre (Heidolph, Germany) kullanilarak
Olctilmistir. Elde edilen ¢ozelti 0.1 M NaOH ile
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titre edilerek TTA belirlenmis, laktik asit (%)
olarak ifade edilmistir (Nes vd., 1996).

Laktik Asit Bakterileri (LAB)ve Maya Sayimi
Tarhana hamurlarinda ve toz tarhanalarda LAB ve
maya saytmit yapilmis, bu amagla 10 g 6rnek 90 mL
steril fizyolojik tuzlu suda (SES) homojenize

edilmistir.  Bu  sekilde hazitlanan 107k
seyreltiden 1’er mLL 9 mllik SES’lere aktarilarak
diger seyreltmeler yapilmustir. Uygun

dilasyonlardan 0.1mlL alinarak, MRS Agara, M17
Agar ve YGC agara (yeast extrakt glucose
chloromfenicol agar)yayma kiltiir yOntemiyle
ckim yapilmis ve 2 gln streyle inkibe edilmistir.
Inkiibasyon sonunda petri kutularindaki koloniler
saytmistir (Erkan, 2004; Hendek Ertop, 2017).

Renk (L¥*a*,b%

Bakliyat, tahil unlart ve tarhana numunelerinin
kolorimetrik (Minolta, Co.,Ltd, Osaka, Japan)
olarak renk o&lgiimleri yapimustir. Olgiimler 3
noktadan yapilarak degerlerin ortalamast alinmis
ve renk parametreleri (L*a%6%) belirlenmistir.
Olgiim verilerinin Esitlik (1)’in kullanimi ile elde
edilen renk farkliligs (dEn) degerleri de
hesaplanmustir (Bilgicli, 2009a).

dE}, = +/(dL)? + (da)? + (db)? (1)

Su tutma (STK) ve Yag tutma kapasitesi
(YTK)

Su ve yag tutma kapasitesi tarhanada gram basina
emilen su veya yag grami olarak ifade edilmis,
hesaplama icin asagidaki esitlikler kullantlmigtir
(Hayta vd., 2002; Bilgicli, 2009a). Ttim analizler 3
paralel yapilmistir.

STK(ml/ ) — ABirliksediment —A8ITTIKsrnek
9 AgirliKsrnek

(2)

(3)

YTK(ml/ ) — Agirliksediment ~A8INTIKsrnek
9 Agirliksrnek

Viskozite

20 g toz tarhana 200 ml 20°C’de saf suyla 10 dak
karistirilmis, strekli karistirilarak orta ateste 10
dak stireyle kaynatilmis ve nisasta jelatinizasyonu
tamamlanmustir. Corba durumundaki tarhananin
viskozitesi 60°C’de rotasyonel viskozimetre
(Fungilab Expert L viscometer, ABD-spindel

n0:3) kullanilarak 5, 20, 30, 60 ve 100 rpm’de
Ibanoglu vd. (1995) ve Hayta vd. (2002)’ye gére
Olcilmustir.

Duyusal Analiz

Tarhana Orneklerinden hazirlanan  ¢orbalar
duyusal analize tabi tutulmustur. Tarhana, eksi
hamur gibi asidik fermente driinleri titketen 10
panelist belirlenmigtir. Tarhana corbalarini renk,
tat, koku, genel yeme hissi ve kivam agisindan
degerlendirerek 9 puanli hedonik skala ile
puanlamalari istenmistir. Tarhana corbasi 40 g
tarhana ve 500 ml su karisiminin sabit karistirma
ile 10 dak kaynatimasiyla hazirlanmis (Erkan vd.,
20006) ve 25-38 yas araliklarinda dort bayan, alti
erkek paneliste rastgele duzende, 60°C’de

sunulmustur

Istatistiksel analiz

Deneylerden elde edilen analiz sonuglarinin
istatistiksel degerlendirmesi SPSS 20.0.1 (SPSS
Inc., Chicago, Illinois, US) kullanilarak yapilmustir.
Veriler ¢oklu varyans analizine (ANOVA) tabi
tutularak 6rneklerin veri ortalamalari arasindaki
fark P <0.05 anlamlilik diizeyinde Tukey coklu
karsilastirma testi yapilarak belirlenmistir. Aynt
ornek i¢in kurutma prosesinin tarhana mikrobiyel
canliligt tizerindeki etkisini belitflemek, hammadde
ve tarhana Orneklerine ait verilerin  ikili
kargilastirilmast amactyla da bagimsiz Student-#
testi kullandmis, veriler %5 6nem diizeyinde
degerlendirilmistir. Duyusal analiz sonuclarinin
degerlendirilmesinde ~ Kruskal =~ Wallis  testi
kullanilmig ve her bir duyusal nitelik acisindan
ornekler arasindaki fark %5 6nem diizeyinde test
edilmistir.

ARASTIRMA BULGULARI

Fizikokimyasal 6zellikler

Kurutulmus toz tarhana TS 2282 standardina gbre
en ¢ok %10 nem igerigine sahip olmalidir
(Anonim, 2004; Simsek vd., 2012). Unlarin, yas
tarhanalarin  ve kurutulmus toz tarhanalarin
rutubet  degerleri  Sekil 1’de  verilmistir.
Hammadde olarak kullanilan unlardan en yitksek
rutubet igerigi kepekli piring (%12.34) ve musir
ununda (%12.02), en distik rutubet degeri kirmiz
mercimek  (%9.21) ununda oldugu tespit
edilmistir. Yas tarhanalarda rutubet miktart
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ortalama %52.30 iken, kurutulmus toz tarhanalar
da ortalama %06.33 diizeyinde bulunmustur. Tahil
ve baklagil unlariyla yapilan calismalarda kirmizt
mercimek ununun %7.97 (Kohajdova vd., 2013),

kepekli piring ununun %712.30, nohut ununun
%9.14 (Ozmen, 2011) rutubet icerigine sahip
oldugu bildirilmistir.

Rutubet (%)
Moisture (%2)
57.45+
54.57 — 54.97
M 49.224 50.35¢ ] 49.55¢
|
12.34¢
11.26 R 10.26¢ 12.02 9.87
I 6.07 I 5.81 I 6.08/ I 6.91" 6.02 I 7.09
| | d i il il il
Kara Bugday Kepekli Piring Mercimek Fasulye Misir Nohut
Buckwheat Whole rice Red lentil Bean Corn Chickpea
® Hammadde = Yag Tarhana = Kuru Tarhana

Rawmaterial

Wet Tarhana

Dyry Tarhana

*Birbirinden farklt harfler, veriler arasinda istatistiksel olarak 6nemli fark (P <0.05) oldugunu géstermektedir
*Different letters indicate significant differences (P <0.05) between the samples

Sekil 1. Un, yas ve kuru tarhana 6rneklerinin rutubet degerleri
Figure 1. Moisture values of wet and dry tarhana, and flour samples

Tahil ve baklagil unu katkili tarhanalarin ve
unlarnin bazt fizikokimyasal 6zellikleri Cizelge
1’de verilmis, aralarindaki farkliliklar istatistiki
6nem (P <0.05) diizeyinde incelenmistir. TS 2282
tarhana standardina gére, tarhanada kuru madde
tzerinden en az %12 protein bulunmalidir.
Tarhana igerigindeki protein tahil ve baklagil
unlarnin yani sira yogurttan da gelmektedir.
Unlarda en yiiksek protein kirmizi mercimek
(%26.53) ve fasulye ununda (%19.53 ), tarhana
numunelerde ise paralel olarak kirmizi mercimek
tathanast  (%28.19) ve fasulye tarhanasinda
(%21.63) tespit edilmistir. Erkan vd. (2000),
tarafindan yapilan calismada, bugday unu ile
tarhana numunelerinde ortalama %15.10, arpa
tarhanasinda ortalama %710.10, bugday ve arpa
unlart karisimi tarhana numunelerinde %713.60
protein orant tespit edilmistir. Tamer vd. (2007)
yaptiklart calismada farkli tarhana Orneklerinin
protein oraninin %6.77-28.55 arasinda degistigini
ve ortalama %14.93 oldugunu belirtmislerdir.

Farkli igeriklere sahip tarhana numunelerinde
yapilan cesitli ¢alismalarda numunelerin protein
miktarlart farkl diizeylerde bulunmustur (Kése ve
Cagindi, 2002; G6é¢men vd., 2003; Erkan, 2004;
Erkan vd., 2006; Ozdemir vd., 2007; Bilgicli,
2009a). Yapilan ¢aligmalarda bu farkliligin esas
olarak tarhana formiilasyonundaki yogurt tipi ve
miktarindan (Yicecan vd., 1988; Temiz ve Pirkul,
1991) ve kullanilan un c¢esidi ve miktarindan
kaynaklandigi bildirilmistir (Oner vd., 1993; Kose
ve Cagindi, 2002). Bu calismada ise tim
formilasyonlarda  yogurt tipi ve miktar
degismemis ve protein degerlerindeki degisimin
kullamlan  tahidl  ve  baklagil  unlarindan
kaynaklandig1 tespit edilmistir.

Hammadde olarak kullanidan unlar arasinda en
yiksek yag miktart musir ununda (%06.33), en
diigitk kepekli piring ununda (%1.63) oldugu
belitlenmistir. Tarhana formilasyonunda un
haricindeki bitin bilesenler ayni miktarda
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kullanddigindan, tarhana orneklerindeki  yag
miktar1  farkliliginin = kullanllan ~ unlardan
kaynaklandig1 sSylenebilir. Unlara paralel olarak,
tarhana 6rneklerinde de en yiiksek yag icerigi misir
unlu tarhanada (%9.55), en distik yag miktart ise
kepekli pirin¢ unlu tarhanada (%6.39) oldugu
tespit edilmistir. Yapilan farkli calismalarda,
bugday unu igeren tarhanada %3.40, arpa unlu
tarhana numunelerinde %3.39 (Erkan vd., 2006),
kinoa unu iceren Orneklerde %8.04 ve farklt
tarhana 6rneklerinde ortalama %5.4 yag iceriginin
oldugu belirtilmistir (Kitan, 2017). Daglioglu
(2000) tarafindan yapilmis tarhana calismasinda,
yag iceriginin tarhana bilesenlerine baglh olarak
%1.6-18.2 arasinda degisebilecegini belirtilmistir.

Tarhana Orneklerinin  karbonhidrat miktarlart
(Cizelge 1) arasinda da istatistiksel olarak 6nemli
fark oldugu tespit edilmistir (P <0.05). Unlar
arasinda en yitksek musir (%73.75) ve karabugday
ununda (%72.84); tarhanalarda en yitksek musir

(%70.80) tarhanasinda ve kepekli piring
tathanasinda  (%70.24)  tespit  edilmistir.
Karbonhidrat miktarlar1  dogrudan proteinle

iligkili oldugundan protein miktari yitksek unlarda
ve tarhanalarda karbonhidrat degerleri disiik
olarak  bulunmustur.  Siyamoglu  (1961)
Turkiye’'nin ~ degisik  bolgelerinden  tarhana
numuneleri toplayarak aralarindaki farkliliklars
belirlemis,  tathananin  ortalama  %060’nin
karbonhidrat oldugunu tespit etmistir. Yortkoglu
(2012), Maras tarhanasi tizerinde yapmis oldugu
calismada ise tarhananin karbonhidrat icerigini
%72.67-78.59 arahiginda saptamustir.

Tarhanalarin ayni formiilasyon ve hammaddeler
ile hazirlandigy, ayrica kullanilan un ve tarhanalarin
yag, protein ve karbonhidrat bilesenleri g6z

ontinde  bulunduruldugunda, tarhana temel
bilesiminin  kullanillan undan  kaynaklandig
sOylenebilir.

Tahil ve baklagil unlu tarhanalarin ve unlarinin pH
ve asitlik dereceleri Cizelgel’de  verilmistir.
Fermente bir trlin olan tarhanalarin, unlara gére
pH degerlerinin daha digsik, TTA’nin daha
yuksek oldugu saptanmugtir. Ayni siire ve kosulda
fermantasyona tabi tutulan tarhanalarin pH

degerleri genel olarak birbirine yakin oldugu tespit
edilmis misir haricinde diger 6rnekler arasindaki
fark  istatistiki (P>0.05)
bulunmamustir.

olarak  onemli

Tarhana TS 2282 standardina gére pH ile ilgili
herhangi bir sinirlama bulunmamaktadir. Ancak
farkli calismalarda kabul edilebilir tarhana pH
degetlerinin 3.8-4.2 araliginda oldugu
belirtilmektedir (Daglioglu, 2000; Tamer vd,
2007). Yapilan bir¢ok arastirmada bugday unu ile
yapilan tarhananin pH degeri 4.59, asitlik degeri
%1.4, bugday ve arpa unlu tarhana Srneklerinin
pH degerinin ortalama 4.81 asitlik degerinin 1.2
(Erkan vd., 2000), karayemis iceren tarhana
orneklerinin ise pH degerlerinin ortalama 3.63
asitlik degerinin ise %0.85 (Tarake¢t vd., 2013)
oldugu Dbelitlenmistir. Tarhanalardaki asitlik
degisiminin uygulanan proses ve fermantasyon
kosullart kadar kullanilan hammaddelerden ve bu
hammaddelerin mikrobiyota tarafindan fermente
olabilirliginden de etkilendigi distintilmektedir.

Tarhanalarin Mikrobiyolojik Nitelikleri
Kurutma prosesinin  tarhana mikrobiyotasi
tzerindeki etkisini tespit etmek amactyla YGC
agarda maya, MRS agarda anaerobik LAB, M17
agarda ise aerobik LAB sayimlari
gerceklestirilmistir. Fermantasyon siiresi sonunda
yas tarhanalarda ve kurutma islemi sonunda da
kuru tarhana 6rneklerinde yapilan mikrobiyolojik
sayimlarda elde dilen maya, toplam aerobik ve
toplam anaerobik LAB sayilari Cizelge 2’de
verilmistir. Tarhana 6rneklerinin kurutma oncesi
ve sonrast toplam aerobik, anaerobik LAB ile
maya sayim sonuglart arasindaki farklar istatistiki
olarak 6nemli (P <0.05) bulunmustur. Toplam
aerobik LAB yas 6rneklerde en yiksek misir
tarhanasinda 89.10%kob/g, kuru Orneklerde ise
fasulye tarhanasinda 67.103%kob/g tespit edilmistir.
Toplam anaerobik LAB ise en ytlksek, yas ve kuru
kirmizi mercimek tarhanalarinda 69.105%kob/g-
34.10%kob/g tespit edilmistir. Maya ise en yuksek
yas ve kuru mercimek tarhanalarinda (87.10%-
43.10%kob/g), en dustk ise yas ve kuru nohut
tathanalarinda  (39.10%-39.10%kob/g)  tespit
edilmistir.
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Cizelge 1. Un ve kuru tarhana 6rneklerinin bazi fizikokimyasal 6zellikleri
Tablel. Physicochemical properties of flonr and dyy tarbana samples

Protein Kul Yag Karbonhidrat TTA

(g/100 g) (g/100g)  (g/100 g (g/100 g) pH (o)

Protein Ash Far Carbobydrate pH TTA

(2/100 g) @/1005)  (2/100g) (2/100 ) (%)
Karabugday ) s4b0450 22040030 31340320  72.84+0.685 6285003  1.11+0,04bc
Buckwheat

o Repeldipiting o o1 47c 1045001 1.631045 76424039 6.03+020¢  0.55+0,024

§/§ Whole rice

S S Mercimek 26.53+0.37¢  2.52+0.01> 2.45+0.03c  59.29+0.46¢  6.32+0.01* 1.4140.11%

o .8 Red lentil

E § Fasulye

gg B y 19.5340.120  3.45+0.01*  6.0510.78  60.72+0.08¢  6.11+0.06* 1.64+0.09

< I\/Eﬂ”

T e C;f;r 6.7510.35¢  1.16+0.057 6.33+0.62¢  73.7510.49>  5.89+0.08  0.8340.04<
Nokhut 16.6340.49¢  2.6110.02> 5.46+0.47%  65.44+050¢  6.1140.050 1.25+0.02b
Chickpea

(@)
Karabugday 13.97+0.10c  4.59+0.01c  7.40+0.542  67.974+0.01> 4.32+0.06® 5.48+0.11a
Buckwheat
Kepekli pifing 15 994058c  4.56+0.03¢ 6394023 702440385 4254013  5.65+0.13
s Whole rice
< /

£ 5§ Mercimek 281940740 4.9310.01> 7.29+0.65 53.50+0.95¢ 4.33+0.01® 5.60%0.042

12 S Red lentil

S gj:;ﬂye 21.6310.12>  518+0.01* 8.1740.98 58.1140.02¢  4.45+0.042  4.76+0.20

M
I\Cff;r 9.59+0.35¢  4.0410.01¢  9.55+0.56* 70.80+0.23*  4.03+0.06> 4.66+0.35
Nokut 19.28+0.25>  4.0410.02¢  8.92+0.87¢  63.6710.09c  4.4910.012  4.72+0.412
Chickpea

(b)
Karabugday 0.019 0.027 0.080 0.001 0.020 0.016
Buckwheat
Kepekli piring 0.069 0.007 0.031 0.039 0.046 0.016
Whole rice

N /

§ § Mercimek 0.267 0.003 0.085 0.104 0.003 0.006

5% Red lenti/

PleTo Ny .

g 5 Fasulye 0.036 0.004 0.276 0.005 0.015 0.041

o, ~  Bean
Misir 0.078 0.002 0.110 0.050 0.021 0.058
Corn
Nohut 0.060 0.009 0.157 0.032 0.004 0.075
Chickpea

(©

*Ayni sttundaki birbirinden farkli hatfler, veriler arasinda istatistiksel olarak 6nemli fark (P <0.05) oldugunu
gostermektedir. *Different letters in the same column indicate significant differences (P <0.05) between the samples

HTTA (Yo): Toplam titrasyon asitligiy TT:A (%):Total titration acidity

*#*Unlar ve tarhanalart arasindaki istatistiki iliskiyi ifade eden p degerleri; *** P values which represents the relationship
between flour types and their tarbana samples
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Cizelge 2. Kurutma 6ncesi ve sonrast tarhana 6rneklerinde maya ve LAB sayilart (kob/g)
Table 2. 1.AB and yeast count results of the tarhana samples before and after drying (log CFU/g)

Toplam aerobik LAB* Toplam anaerobik LAB* !
(kob/2) (kob/2) Maya (kob/g)
. . Yeast
Total aerobic I AB** Total anaerobic 1 AB (h/g)
(fn/g) (cfn/g)
Yas Kuru P deger: Yas Kura P deder: Yas Kuru P degeri
Karabugday 76104 38102  0.001  26.10%>  86.10%  0.003  79.10% 39.10%>  0.008
Buckwheat
Kepeklipiting 55100 75005 0002 190.10%  7940% 0042  69.10% 34.10%  0.010
Whole rice
Mercimek 52,105 47.10%  0.001  69.10%  34.10% 0010 87.10%  43.10%  0.008
Red lenti/
gj;;lye 14.10%  67.10%  0.005  22.10%>  66.10%  0.003  78.10% 36.10%c  0.009
Misir .
o 89.105% 45102  0.000  93.10%  87.10%  0.001  66.10% 32.10%  0.010
Nohut 3010 4310 0.002  2210%  58.10%  0.003  39.10% 39102  0.002
Chickpea

*Aynu stitundaki birbirinden farklt harfler, veriler arasinda istatistiksel olarak 6nemli fark

gostermektedir,

(P <0.05) oldugunu

*Different letters in the same column indicate significant differences (P <0.05) between the samples

WHLAB: Laktik asit bakterisi; **LLAB: Lactic acid bacteria

Genel anlamda yas tarhanalarda mikrobiyel
canliik fazla iken kurutma islemine tabi
tutulmasina  ragmen kuru tarthanalarda da
mikrobiyel canlihigin devam ettigi goriilmektedir.
Dayisoylu  vd.  (2003) tarafindan  Maras
tarhanasinda yapilan calismada <10%kob/g maya,
<10*%ob/g aerobik LAB tespit edilmistir. Guney
Funda (2009), sanayi tipi ve ev yapimi tarhana
ornekleri tizerinde yaptigr calismada, sanayi tipi
tathana Orneklerinde LAB <10%kob/g, maya
<10%ob/g, ev tipi tathana 6rneklerinde ise LAB
<10%ob/g, maya <10%kob/g arasinda oldugunu
bildirmistir.  Kastamonu’nun  dokuz  farkl
yoresinden toplanan geleneksel yas tarhana
orneklerinde ise, 103-10%kob/g diizeyinde maya,
ayni  dizeyde aerobik LAB, 105-10°kob/g
dizeyinde ise anaerobik LAB sayist tespit
edilmistir (Hendek Ertop vd., 2019). Bu ¢alismada
elde edilen sonuglar da literatiir bulgulariyla
benzerlik gbstermektedir.

Tarhana ve Unlarnin Bazi
Nitelikleri

Un, yas tarhana ve kuru tarhana numunelerin de
yapilan renk analiz sonuglart Cizelge 3°de
verilmigtir. Tablodan goérildigd tzere unlarda

Teknolojik

parlaklik (L) degerleri ylksekken kuru tarhana
orneklerinde parlaklik (L) degerlerinde diisiis
gozlenmistir. Kirmizi mercimek hari¢ diger tim
hammaddelerin tarhanaya islenmesi sonucu &*
kirmizilik degerinin  arttigl, kirmizi mercimek
ununun mevcut kirmizilik degerinin ise dustigu
belirlenmistir. Misir ve nohut hari¢ #* degerindeki
artiglar istatistiki olarak o6nemli (P <0.05)
bulunmustur. Tim hammaddelerin tarhanaya
islendikten sonra #* degerlerinde ise artis meydana
geldigi tespit edilmistir. Bu artis 6zellikle kirmizt
metcimek, misir ve nohut 6rneklerinde istatistiki
olarak 6nemli (P <0.05) bulunmustur.

Bugday unu ile yapian bir calismada tarhana
numunelerinde ortalama [% a*, b* sirastyla 75.00;
6.46 ve 20.12 bulmuslardir (Erkan vd., 2006). Bu
calismada elde edilen tarhanalarin temel renk
nitelikleri  gerek  geleneksel — bugday
tarhanasindan  gerekse birbitlerinden 6nemli
dizeyde (P <0.05) farkli bulunmustur. Bu durum
tarhana yapiminda temel hammadde olan unun
temel renk karakteristiginin nihai Griniin rengini
de belirledigini g&stermektedir.

unu
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Gizelge 3. Un ve kuru tarhanadrneklerininrenk 6zellikleri, yag ve su tutma kapasiteleri

Table 3. Color properties, oil and water binding capasity of flour and dry tarhana samples

Renk STICH YT

Color (ml/g) (ml/g)

WBC OBC

¥ * b¥ dE.,*
! : (l/3) (l/3)
Karabugday o7 1010340 06740000 8574023  87.481033b  2.54+0.01>  3.10+0.02:
Buckwheat

Kepekli i

= pitne 8638£024¢ | o o0 9913015 869550220  3.16T0.04  2.96+0.05°

aé Whole rice

T3 Mercimek g0 0010 17¢ 82140341 25.65+0761  93.84+0121  2.83+012b  3.01+0.08¢

9§ Redlenul

£ 3 .

g & Fasulye 94.84+0.200 10.64+0.55¢  95.44+0.14a  2.97+0.18>  2.98+0.03

E 5 Bean 0.99+0.07¢
Misir -

+ a + b + a + ab + a
oo 049TH243 o oo 225850470 97.66238 2713010 2.97+0.06
Nohut -

+ b + b + a + ab + a
Chickpea 93.06£0.27% (o ooy 22350420 95.74£0.21% 302010  3.09%0.16

(@

Karabugday 29 0440 37c 18040120 19544040 81.63£034c  3.13+0.01¢  2.84+0.01s
Buckwheat
Kepekli
piting 81.7940.45>  0.09+0.36>  21.93+0.50c  84.68+0.47>c  3.15+0.168 2.94+0.05

g Whole rice

& 3 .

£ Merdmek g 0000 07c 66640890 20.62+40.89  84.83+0970  290+0.100  2.82+0.11s

= S Red lentil

5B .

39 gj;ﬂ}e 79.85+0.69c  1.52+0.22b  27.254+0.74®  84.39+0.63>c  2.94+0.012  3.03+0.162
I\Cdjf: 86.07+0.260  0.1010.19>  25.93+0.75>  89.90+0.13* 2.7140.22*  2.6940.062
Nohut 84.94+0.55%  -0.0140.10>  26.79+0.50®>  89.07+0.38  2.59+0.01=  2.9340.06*
Chickpea

(b)
Karabugday 0.030 0.062 0.023 0.037 0.011 0.024
Buckwheat
Kepekli piring 0.062 0.349 0.026 0.130 0.960 0.758
Whole rice

N .

§ 3 Mercimek 0.069 0.332 0.140 0.068 0.611 0.334

5% Red lenti/

80

$ Y Fasulye 0.029 0.056 0.028 0.036 0.205 0.807

o, &~ Bean
Misir 0.019 0.040 0.140 0.011 1.000 0.134
Corn
Nohut 0.043 0.025 0.071 0.036 0.015 0.228
Chickpea

©

*Ayni stitundaki birbirinden farkli harfler, veriler arasinda istatistiksel olarak 6nemli fark (P <0.05) oldugunu

gostermektedir.

*Different letters in the same column indicates significant differences (P <0.05) between the samples
*#*STK: Su tutma kapasitesi, YTK: Yag tutma kapasitesi
** WBC: Water binding capasity, OBC: Oil binding capasity
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Su ve yag tutma kapasiteleri viskoz Ozelligi
bulunan gidalarda Onemli bir fonksiyonel
Ozelliktir. Cizelge 3’ de tahil ve bakliyat unlarinin
ve tathanalarinin su tutma kapasitesi (STK ml/g)
ve yag tutma kapasitesi (YTK ml/g) degerleri
verilmistir. Unlarda su tutma kapasitesi 2.54 ile
3.16 ml/g arasinda olup en yiksek kepekli piring
unudur. Yag tutma kapasiteleri de 2.96 ile 3.01
ml/g arasinda degismis olup karabugday ununun
en yuksek degere sahip oldugu tespit edilmistir.
Tarhana Orneklerinde ise STK’nin 2.59 ile 3.15
ml/g araliginda, YTK’nin 2.82 ile 3.03 ml/g
arasinda oldugu tespit edilmistir. Tarhanalarda da,
unlara paralel olarak en yiiksek STK kepekli piring
unu tarhanasinda beliflenmistir ki bu durumun
kepek iceriginden kaynaklandigr distiniilmektedir.
Farkli  tarhana  numunelerinde  yapilan
analizlerinde su tutma kapasitelerinin 0.45 ile 1.45
ml/g araliginda oldugu bildirilmistir (Hayta vd.,
2002). Karabugday unu ile zenginlestirilerek
yapilan tarhanada su tutma kapasitesinin 0.50-0.63
ml/g, yag tutma kapasitesinin 3.54-4.59 ml/g
arasinda degistigi belirtilmis ve karabugday unu
orant artik¢a su tutma ve yag tutma kapasitelerinin
arttd tespit edilmistir (Bilgicli, 2009b).

Viskozite, reolojik bir nitelik olup ¢orba tarzinda
akiskan  gidalarin en  6nemli  ayirt  edici
ozelliklerindendir. Calismada  farkll  tahil  ve
baklagil unlar1 ile tarhana tretimi gerceklesmistir.
Tahil ve baklagillerde ylksek miktarda nisasta

200 ]
180
160
140 Y
120

100 +

Viskozite (cp)

80

60 +

bulunmakta ve bu da kullanildigs gidalarin
viskozite niteligini 6nemli 6lclide etkilemektedir.
Nisasta graniilleri su ile ¢6ziinmedigi halde
sicaklik ile muamelesinde cirislenerek jel yapi
olustururlar. Fermente bir urtin olan tarhana,
nisasta bazli bir gida oldugundan kalite niteligini
belirlemede viskozite énemli bir yere sahiptir.
Tarhananin diger bilesenlerini olusturan yag ve
proteinlerin  de  viskoz  yapiyt  etkiledigi
bildirilmistir (Kitan, 2017). Sekil 2’de elde edilen
sonuglara gore Ozellikle yiksek nisasta icerigine
sahip Orneklerin viskozite degetlerinin diger
tarhana Orneklerine goére daha yiksek oldugu
tespit edilmistir. En yiiksek viskozite degerinin
nohut tarhanasinda ve fasulye tarhanasinda
oldugu belirlenmistir.

Tarhana numunelerinde genel olarak rotasyonel
hiza ve kayma hizina (Sekil 2) karsilik viskozitenin
distiigii belirlenmistir. Stvi gida numunelerinde
genel olarak kayma kuvveti arttik¢a viskozitesinde
degisim gozlenmektedir. Akis davranslarinin
degisimleri sivi gidalarin icerigine gére degismekte
ve bu tiir akigkanlara ‘Non-Newtonian’ veya ‘ideal
olmayan’ akiskanlar denilmektedir. Bu calismada
tim tarhana numunelerine uygulanan kayma
hizina karsin viskozitelerinin dustigu
gorilmektedir ve bu da tathana numunelerinin
hepsinin Non-Newtonian akis karakterine sahip
oldugunu gostermektedir (Geankoplis, 1983;
Erbas vd., 2005).

—a— Nohut (Chickpea)

—®— Fasulye (Bean)

—@— Misir (Corn)

—w— Mercimek (Red lentil)
—&— Karabugday (Buckwheat)
—— Kepekli piring (Whole rice)

Rotasyonel hiz (rpm)

(@)
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Viskozite (cp)

80
60
40 4

204

—m— Nohut (Chickpea)

@ — Fasulye (Bean)
—@— Misr (Corn)
—%— Mercimek (Red lentil)
—&— Karabugday (Buckwhear)
—— Kepekli piring (IWhole rice)

1
160

Kayma hiz1 (1/s)

(b)

Sekil 2. Tarhana ¢orba 6rneklerinin rotasyonel hizina karsilik viskozitelerindeki degisim (a), kayma
hizina karsilik viskozitelerindeki degisim (b)
Figure 2. Viscosity of tarbana soup samples versus to rotational speed (a), 1 iscosity of tarhana soup samples versus to
shear rate

Gidalara fonksiyonellik kazandirmak veya gidayi
zenginlestirme amaciyla katilan maddeler gidanin
tiketilebilirligini olumsuz yonde etkilememeli,
duyusal  Ozelliklerini  tiiketici  agisindan
bozmamalidir (Eyidemir, 2006). Bu calismada
duyusal analiz yapilmasinin sebebi, geleneksel bir
trinde daha 6nce kullanidmayan tahil ve baklagil
unlarinin ilavesi sonucu ortaya ¢tkan yeni tarhana
numunelerinin tlketiciler tarafindan kabuliini
beliflemektir. Kuru tarhana 6rneklerinden
hazirlanan ¢orbalarin  duyusal degerlendirme
sonuglar Cizelge 4.’de verilmistir.

Cizelge 4’de goruldigi tzere test edilen koku,
renk ve tat kriterleri bakimindan 6rnekler arasinda
onemli farkliliklar tespit edilmezken (P>0.05),
krvam ve eksilik kriterleri acisindan 6nemli fark (P
<0.05) elde edilmigtir. Genel begeni puanlart
acisindan karabugday diger 6rneklerden yiksek
iken, kepekli piring daha diigik bulunmus. Ancak
tathana Orneklerinin genel kabul edilebilirlik

puanlart arasindaki fark istatistiki acidan 6nemsiz
olarak degerlendirilmistir (P>0.05). Hicbir tarhana
orneginin 6’nin altinda puan almamig olmast,
farkli un kullaniminin titketici begenisini olumsuz
yonde etkilemedigi seklinde yorumlanmistir.
Tarhanada kullamlan tahil ve baklagil unlari,
tarhana formiilasyonunda yer alan yogurt, sebze
ve baharatlar gibi malzemelere gére daha nétr tada
sahip hammaddelerdir. Ayni zamanda tarhana, tuz
igerigine sahip ve fermentasyona tabi tutularak pH
degeri 4.0-4.5 dizeyine kadar dusiirilen asidik bir
gidadir. Dolayistyla tarhana Srneklerinin ana tat
profilini, fermantasyonu sonucu olusan organik
asitler, tat ve aroma maddeleri ile formiilasyona
katilan baharatlar, sebzeler ve yogurt belirlemekte,
un tadt ise geri planda kalmaktadir. Dolayisiyla
duyusal analiz sonucu, panelistlerin tarhanalar
arasinda istatistiki 6nem diizeyinde fark tespit
edememesinin (P>0.05) nedeninin, un tat ve
kokusunun, tarhana lezzet profilinde geri planda
kalmasindan kaynaklandig1 s6ylenebilir.
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Cizelge 4. Tarhana ¢orbalarinin duyusal 6zellikleri
Table 4. Sensory properties of tarhana soup samples

Tarhana Koku Renk Kivam Tat Eksilik Genel
Tarbana Flavor Color Consistency Taste Sonrness Overall
Karabugday 8294076  7.43+127 7144121 7574127  643+1.62  8.00+1.00
Buckwheat
Kepekli piring 6434223  571+1.60 6294076  6.7141.98  529+0.95  6.43+1.40
Whole rice
Mercimek 657+1.51  7.0041.00  6.29+125 6294111  7.29+0.95  7.00*+1.15
Red lenti/
gj;;ﬂye 7294095  6.14+2.04  6.57+0.79  8.00+1.15  7.43+1.62  6.57+1.62
Ig;f; 7714111 7144121 8294076  657+1.72  8.00+1.00  7.00+1.15
Nokhut 8294076  7.71+1.11  7.14+0.90  7.7141.11  829+1.11  7.43+1.27
Chickpea

T
D degeri 0.072 0.091 0.007 0.171 0.004 0.215
P value*

*P <0.05;6rnekler arasinda istatistiksel olarak 6nemli fark oldugunu gostermektedir.

*P <0.05; indicates that there is a significant difference between the samples.

TARTISMA

Bu caligmada gunlik diyetimizin %707k
bélimiini olusturan baklagil ve tahillardan elde
edilen unlarin, geleneksel bir gidamiz olan tarhana
tretiminde  bugday yerine  kullanimi
degerlendirilmis ve elde edilen drtnlerin bazt
fizikokimyasal, = mikrobiyolojik ve  duyusal
nitelikleri belitlenerek karsilastirtlmistir. Tarhana
numunelerinin incelenen nitelikler acisindan,
kullandlan  un  cesitliliginden 6nemli  Slgiide
etkilendikleri, un cesidinin tathana G&zellikleri
tzerinde belirleyici oldugu tespit edilmistir.
Kullanilan unlar ve bunlardan elde edilen tarhana
ornekleri karsilastirildiginda ise formilasyonuna
katilan yogurt, baharat ve sebzelerin etkisiyle
fizikokimyasal nitelikler acisindan tarhanalarin
yag, protein ve karbonhidrat degerlerinde artis
oldugu tespit edilmistir. Un cesitliligine baglt
olarak yas tarhana ve toz tarhana Orneklerinin
renk degerlerinde farkhilik gbzlenmistir. Tarhana
Orneklerinde uygulanan kurutma prosesinin ise
toplam mikrobiyotanin canliliginda azalmaya
neden oldugu ancak toz tarhanalarda canliligin
devam ettigi belirlenmistir. Elde edilen trtinlerin
en O6nemli niteligi tiiketici kabulidur ki, yapilan
duyusal degerlendirme sonucu tim numunelerin
panelistler tarafindan yeterli puant almasi farkli un
kullaniminin titketici begenisini olumsuz yénde
etkilemedigini gostermistir.

unu

Bu calisma ile gelencksel fermente gida irinimiiz
tarhana, gunlik diyetimizde yer alan kirmizt
mercimek, piring, musir, nohut, fasulye ve
karabugday gibi alternatif unlarla dretilerek
alternatif bir gida UrlnG haline getirilmistir.
Kullanilan mercimek, nohut, piring, fasulye ve
mistr unlarinda gluten olmamast bu Urlnlerin
¢Olyak hastalart tarafindan da kullamilabilir bir
alternatif olmasini saglamustir. Piring ununun ise
kepekli olarak 6gutilmiis olmast lif igeriginin
zenginligi acisindan farkll bir fonksiyonellik
olusturmaktadir. Bu calisma ile elde edilen
triinlerin  ginimiiz tlketicisinin  fonksiyonel,
dogal ve besinsel niteligi yiiksek triin arayisina
alternatif olacagi diiginilmektedir.
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ABSTRACT

The present study aimed to investigate phenolic compounds of strawberry which is organically-grown in
Bursa region and blueberry in Trabzon region. The phenolic acids and flavonoids were detected by RP-
HPLC according to their retention times with the help of diode array detector at 280 nm, 320 nm and 360
nm. Investigated compounds were gallic acid, epigallocatechin, catechin, epicatechin, epicatechin gallate, 2
coumaric acid, 3 coumaric acid, 4 coumaric acid, chlorogenic acid, cafeic acid, neochlorogenic acid, trans
resveratrol, ferulic acid, quercetin, kaempferol and myricetin. According to results it was determined that
bluberry fruit contains high amounts of chlorogenic acid (644.25 mg/kg) and among the phenolic acids in
strawberties, 4 coumaric acid is regarded as major phenolic compound (3.76 mg/kg). The highest level of
myricetin compounds was measured in blueberry (14.41 mg/kg), on the contrary, myricetin was not
identified in strawberry fruits but this fruit is especially rich in catechins (58.34 mg/kg).

Keywords: Phenolics, bioactivity, antioxidant, strawberry, blueberry, organic

ORGANIK OLARAK YETISTIRILEN CILEK VE YABANMERSINI
MEYVELERININ FENOLIK BILESEMININ INCELENMESI

(074

Bu calismada, Bursa yoresinde organik olarak yetisen cilek ve Trabzon yoresinde organik olarak
yetistisen yaban mersini meyvelerinin fenolik bilesenlerinin arastirilmast amaglanmistir. Fenolik asitler
ve flavonoidler, RP-HPLC tarafindan tutma siirelerine gére 280 nm, 320 nm ve 360 nm'de DAD
detektSri yardimiyla tespit edilmistir. Incelenen bilesikler, gallik asit, epigallokatesin, katesin,
epikatesin, epikatesin gallat, 2 kumarik asit, 3 kumarik asit, 4 kumarik asit, klorogenik asit, kafeik asit,
neoklorogenik asit, trans resveratrol, ferulik asit, kuarsetin, kamferol ve mirisetin’dir. Elde edilen
sonuglara gére, yaban mersini meyvesinin yiiksek miktarda klorogenik asit (644.25 mg/kg) icerdigi ve
cileklerde fenolik asitler arasinda 4 kumatik asidin baslica fenolik bilesik (3.76 mg/kg) oldugu
belitlenmistir. En yuksek mirisetin miktart yaban mersini meyvesinde (14.41 mg/kg) olarak 6l¢ilmus,
tam aksine cilek meyvelerinde mirisetin saptanmamistir, ancak bu meyve Ozellikle katesinler
bakimindan zengindir (58.34 mg / kg).

Anahtar kelimeler: Fenolikler, biyoaktivite, antioksidant, ¢ilek, yaban mersini, organik
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Phenolic composition of strawberry and blueberry

INTRODUCTION

In recent years, the increasing interest for human
health, nutrition and the prevention from illness
has driven the demand of the consumer to foods
and quality raw material with high nutraceutical
value ( Cecilia ez al, 2013). As a part of a diet,
consumption of certain fruits may have noticeable
long-term physiological effects. Among different
fruit species, berries have attracted a great
attention for their bioactivity and they are part of
human diet all over the world (Amakura, Umino,
Tsuji, & Tonogai, 2000). Especially strawberry
and blueberry, belong to the best dietary sources
of bioactive compounds (BAC) such as
anthocyanins, flavons and other phenolic
compounds. They have received increasing
attention because of their remarkable antioxidant
capacity. BAC compounds are responsible for
various health benefits of berries, such as
prevention of  inflammation disordets,
cardiovascular diseases or protective effects to
lower the risk of various cancers. (Bomser ¢ /.,
1996; Heinonen e# al., 1998).

Organic  cultivation methods are gaining
popularity because of the concerns over
environmental contamination and health benefits
(Bourn & Prescott, 2002). Researches have
reported that organic fruits and vegetables have
higher levels of flavonoids. (Asami, Hong, Barrett
& Mitchell, 2005; Mitchell e af, 2007). In
addition, higher levels of anthocyanins and
phenolic compounds, and higher antioxidant
capacities were found in organically cultivated
blueberries (Wang, Chen, Sciarappa, Wang &
Camp, 2008). Moreover, a higher antiproliferative
activity towards cancer cells was found in extracts
from organically grown strawberries than
conventionally grown (Olsson, Andersson,
Oredsson, Berglund & Gustavsson, 2000).
Turkey ranks third in the world the production of
strawberry (FAO, 2017). The strawberry is
considered a functional food that offers multiple
health benefits, including antioxidant,
cardiovascular, antihypertensive, and
antiproliferative effects (Basu, Nguyen, Betts &
Lyons, 2014). The main polyphenol compounds
described in strawberries are anthocyanins,
flavan-3-ols, ellagitannins, glycosides of quercetin

and kaempferol (Aaby, Mazur, Nes & Skrede,
2012; Maitta, Kamal- Eldin, Kaisu & To6rronen,
2004).

It is well documented that blueberties are rich in
phenolics, particularly hydroxycinnamic and
hydroxybenzoic acids and their derivatives such
as chlorogenic, caffeic, gallic, p-coumaric, ferulic,
ellagic, syringic, vanillic acids (Hakkinen &
Torronen, 2000; Mattila, Hellstrom & Torronen,
2006;  Rodriguez-Mateos,  Cifuentes-Gomez,
Tabatabaee, Lecras & Spencer, 2012). On the
other hand, recent studies indicated that the
contents of anthocyanins, chlorogenic acid and
quercetin were highly dependent upon blueberry
cultivar, while seasonal variations had a
comparatively minor effect (Brambilla, Lo Scalzo,
Bertolo & Torreggiani, 2008; Scalzo ef al., 2013).
Chlorogenic acid is a colotless phenolic of
blueberries formed by esterification of quinic acid
with caffeic acids (Clifford, 1999) and also is the
major phenolic acid in blueberries previously
reported by Correa-Betanzo ¢f al., 2014. Catechin
is another major phytochemical belonging to
flavonoids found in berries. The most common
dietary catechins are catechin, gallocatechin,
epicatechin, epigallocatechin, epicatechin = 3-
gallate, and epigallocatechin 3-gallate (Arts e al.,
2000; Cieslik ez al., 2000).

The objective of this research was to determine
the phenolic composition of strawberry and
blueberry fruit species organically grown in
Turkey (Bursa and Trabzon provinces) to provide
information useful for planning effective
antioxidant dietary consumption using local
products.

MATERIALS AND METHODS

Fruit samples

Strawberry  (FragariaXananassa — Duch.) — were
harvested from Bursa province and blueberry
(Vaccinium corymbosum 1..) was harvested from
Trabzon province. Berries at the full maturity
stage were harvested from the beginning of
August to the middle of September 2015. Samples
were maintained fresh in an icebox during
transport to the laboratory and subsequently
stored in a refrigerated room at 4 °C; only
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undamaged fruits were selected and they were
extracted and analysed within 24 h. Fruit extracts
were used for the HPLC analysis of the phenolic
composition.

Standards and chemicals

The following standards were used to determine
phenolic compounds in analyzed fruits:  caffeic
acid trans resveratrol, chlorogenic acid from Dr.
Ehrenstorfer (Augsburg, Germany);
epigallocatechin, catechin, epicatechin,
epicatechin gallat, 2 coumaric acid, 3 coumaric
acid, 4 coumaric acid, , ferulic acid, kaempferol,
myricetin from Extrasynthese (Genay Cedex,
France).

The chemicals for mobile phases and sample
preparation were methanol and acetic acid from
Sigma-Aldrich.  The water used in sample,
standards and mobile phase preparation was
double distilled and purified with a Purelab
Option-Q water purification system by Elga

(UK.

Extraction of phenolic compounds

The extraction of fruit samples was performed as
described (Mulero e al, 2010) with some
modifications. Fresh berry samples
mechanically homogenised. A weighed quantity
of homogenised sample (approximately 5 g) was
mixed with 50 ml extraction solution (50%
methanol/water) (v/v) during 16 hours and
cooled wultrasonic bath for 30 min. After
extraction, the fruit extracts were centrifuged for
25 min at 5400 rpm for 2 times. The supernatant
was filtered through a 0.45 um PVDF filter and
transferred to a amber coloured vial prior to
injection into the HPLC system.

were

Determination acids and
flavonoids

The HPLC analysis was performed an HPLC
system with a PDA detector (Shimadzu, Japan).
The column was an Inertsil ODS-3 (250 x 4.6
mm, 5 pm; GL Sciences Inc., Japan) operated at
40 °C. The elution solvents were methanol (A)
and bi-distilled water containing 2% acetic acid
(B). Samples were eluted according to the gradient
described by Velioglu (2007) with some

modifications, with an injection amount of 20 uL.

of phenolic

and a flow rate of 1 mL/ min. Phenolic
compounds of samples were eluted according to
a linear gradient from 100% to 95% B in the first
3 min, followed by a linear gradient from 95% to
80% B for 15 min, then holding at 80% B an
isocratic flow for 7 min, followed by a linear
gradient from 80% to 75% B for 5 min, followed
by a linear gradient from 75% to 60% B for 5 min,
followed by a linear gradient from 60% to 50% B
for 15 min, followed by a linear gradient from
50% to 40% B for 10 min, followed by a linear
gradient from 40% to 100% B for 2 min, then an
isocratic flow for 5 min before returning to the
initial conditions. The gallic acid, epigallocatechin,
catechin, epicatechin, epicatechin gallat, 2
coumaric acid, 3 coumaric acid, 4 coumaric acid
were detected at 280 nm, chlorogenic acid, cafeic
acid, neochlorogenic acid, trans resveratrol,
ferulic acid were detected at 320 nm and
quercetin, kaempferol, myricetin were detected at
360 nm according to their retention times. The
retention times and wavelengths of phenolic
compounds are presented in Table 1.

Statistical evaluation

The results were analyzed using Microsoft Excel
program. Means and standard errors of the
phenolic content were calculated from three
replicates (n=3) for each individual berry species.

RESULTS AND DISCUSSION

The phenolic compounds detected in strawberry
and blueberry samples studied were classified into
flavonoids and  phenolic  acids.  Typical
chromatograms of phenolic acid and flavonoid
standards are given Fig. 1. Table 2. shows the
phenolic acid content of strawberries and
blueberries. According to results it
determined that blueberry fruit contains high
amounts of chlorogenic acid (644.25 mg/kg fw)
and among the phenolic acids in strawberries, 4
coumaric acid is regarded as major phenolic
compound (3.76 mg/kg). Table 3. shows
quantities of flavonoids determined in strawberry
and blueberry. The highest level of myricetin
compounds was measured in blueberry (14.41
mg/kg), on the contrary myricetin was not
identified strawberry fruits but this fruit is
especially rich in catechins (58.34 mg/kg).

was
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Table 1. Retention time and wavelength of phenolic acids and flavonoids.

Retention time (min.) Wavelength (nm) Abbreviation
Flavonoids
Epigallocatechin 17.62 280 Epig
Catechin 18.20 280 Cat
Epicatechin 25.95 280 Epicat
Epicatechin gallat 35.33 280 Epic gal
Trans resveratrol 46.39 320 Trans res.
Myricetin 49.02 360 Myr
Quercetin 57.12 360 Quer
Kaempferol 64.22 360 Kaem
Phenolic acids
Gallic acid 7.41 280 Gallic a
4 coumaric acid 34.92 280 4 coum. a
3 coumaric acid 40.61 280 3 coum. a
2 coumaric acid 44.65 280 2 coum. a
Neochlorogenic acid 15.00 320 Neochl. a
Chlorogenic acid 22.29 320 Chl. a
Cafeic acid 24.25 320 Caf. a
Ferulic acid 39.18 320 Fer. a
k=
PDA Multi 1
754
7 8
5.04
1
5 6
2.5+ -
0.04
10 20 2 40 % &0 70
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Fig. 1. Chromatograms of phenolic acid and flavonoid standards. Peak identification, 1:gallic a.; 2:epig.;
3:cat.; 4:epicat.; 5:4 coum. a.; 6:epic. gal.; 7:3 coum. a.; 8:2 coum. a.; 9:neochl. a.; 10:chl. a.; 11:cafeic a,;
12: ferulic a.; 13:trans res.; 14:myr.; 15: quer.; 16: kaem.

According to research of Grace e al (2019),
sixteen phenolic compounds in organically grown
blueberry samples were successfully separated,
identified and quantified, including flavonols,
phenolic acids and trans resveratrol. Chlorogenic
acid represented the primary phenolic acid in all
blueberry varieties and this compound showed
the highest level (1492-4150 mg/kg dw) and gallic

acid amount was dedected 0.05-5.4 mg/kg dw,
these results were in line with our results. In our
study, clorogenic acid was detected as the major
phenolic compound (3796.41 mg/kg dw) and
gallic acid was determined 3.83 mg/kg dw (Table
2). For the other investigated phenolic
components catechin was detected 117.5-259.9
mg/kg dw, epicatechin 26.0-109.9 mg/kg dw,
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quercetin 5.6-15.4 mg/kg dw and caffeic acid
23.7-35.8 mg/kg dw (Grace et al, 2019). 'Their
results are not accordance with our study.
Cardefiosa ez al. (2016) one of the researchers who
studied on this subject found the chlorogenic acid
values between 4890 and 7730 mg/kg dw.
However, Kraujalyte" e al. (2015) determined this
value as 20-346.8 mg/kg fw in fresh betries. The
values obtained in our study were 644.25 mg/kg
tw (Table 2). Yildiz e a/. (2015) found that gallic
acid content between nd-8.6 mg/kg fw, caffeic
acid 2.0-121.6 mg/kg fw, coumaric acid 0.9-2.0

mg/kg fw, catechin 11-29.9 mg/kg fw,
epicatechin 11.5-161. 4 mg/kg fw, resveratrol 2.9-
164.0 mg/kg fw, myricetin 7.6-212.3 mg/kg fw,
quercetin 0.6-28.7 mg/kg fw and kaempferol 0.6-
11.4 mg/kg fw. The results of gallic acid, caffeic
acid, myricetin, and quercetin were parallel with
our findings.

These differences may be originate from cultivar,
growing techniques, time of harvest, composition
of the fertilizers.

Table 2. Quantities (mg/kg fw) of phenolic acids determined in strawberry and blueberry

Phenolic acids

Gallica. 2coum.a. 3 coum.a. 4 coum.a. Chl. a. Caffa. Neochl. a. Fer. a.
Strawberry * 1.85£0.29  0.350.06 ND 3.76 £0.33 0.22+0 ND  0.09%+0.05 0.12%0.06
Blueberry™  0.65+£0.09 ND ND ND 644.25+3.96 4.16x0.16 4.66=0.15 0.63%£0.08

Abbreviations and the full names for phenolic compounds are presented in Table 1. Means and standard errors of
the phenolic content were calculated from tree replicates (n=3) for each individual berry species.

*Dry matter : 11.05 (%)

**PDry matter:16.97 (%)

Table 3. Quantities (mg/kg fw) of flavonoids determined in strawberry and blueberry

Flavonoids
Trans res. Quer. Myr. Kaem. Cat. Epicat. Epic.  Epig.
gal.
Strawberry © 1.95£0.19  0.65%+0.27 ND 0.27£0.12  58.34+0.07 6.99+1.27 ND 5.92+0.74
Blueberry™ ND 0.58%£0.07 14.41+0.34  0.33%£0.04 ND 0.66x£0.07 ND ND

Abbreviations and the full names for phenolic compounds are presented in Table 1. Means and standard errors of
the phenolic content were calculated from tree replicates (n=3) for each individual berry species.

*Dry matter : 11.05 (%)
**Dry matter:16.97 (%)

Fernandez et al, (2014) found remarkably high
flavanol content in strawberries, especially for (+)
catechin (123.7-211.8 mg/ kg fw and 40.1-227.4
mg/ kg fw), in 2011 and 2012 seasons,
respectively. And also they detected gallic acid
amount as 15.6-24.2 mg/kg fw, ferulic acid 1.5-
5.1 mg/kg fw, caffeic acid nd-48.2 mg/kg fw,
coumaric acid 0.9-2.7 mg/kg fw, kaempferol 0.53-
1.04 mg/kg fw and trans resveratrol nd-1.23
mg/kg fw. In our study Caffeic asid (nd), ferulic

acid 0.12 mg/kg fw , gallic asid 1.85 mg/kg fw and
coumaric acid (0.35-3.76 mg/kg fw) was dedected
in strawberry fruits (Table 2). A just compound
coumaric acid were higher than from the
researcher results but other copenents lower than
in our study. The predominant flavonols in our
samples was catechin (58.34 mg/kg fw) in
contrast to data reported by other authors (Aaby,
Ekeberg ez al,, 2007; Buendia ez af,, 2010; Mditta ez
al., 2004; Da Silva Pinto, Lajolo, Genovese, 2008;
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Del Bubba ¢ al, 2012), who found quercetin
derivatives to be the main flavonol in
strawberries. Our results were similar to those
obtained by this research compared with reported
values: 25-81 mg/kg fw (Aaby ez al., 2007, Arts et
al., 2000).

As a result, these differences of composition and
amount of phenolic compounds might be
explained by cultivation techniques, variety,
harvest season, agroclimatic conditions and
fertilization programme and organically grown
fresh blueberry fruits phenolic compounds
content were higher than organically grown fresh
strawberry fruits in terms of the inspected sixteen
components.
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ABSTRACT

Pectinases have been used for many industrial applications since long time ago. The largest industrial
application of these enzymes is in fruit juice and wine production for the extraction, filtration and
clarification and for the maceration of fruits and vegetables. They work by enzymatic breaking down of the
cell wallIn this study it was aimed to use the previously optimized shake flask media formulation in batch
mode 1 L scale serial bioreactor system and 5 L scale in order to investigate the effects of substrate
concentration and scale on PG activity and biomass production. In conclusion it was observed that average
PG activity (101.29 U/ml) obtained in 5L scale bioreactor expetiments was higher than the maximum PG
activity (88.55 U/ml) at 40 g/L orange peel (OP) concentration obtained in the 1 L scale substrate
concentration experiment. Furthermore, PG activity increased with an increase in substrate concentration
except for 60 g/L orange peel concentration.

Keywords: Scale-up, polygalacturonase, Aspergillus sojae, bioreactor, orange peel

SUBSTRAT KONSANTRASYONU VE OLCEK BUYUTMENIN
POLIGALAKTURONAZ URETIMINE ETKISi

oz

Pektinazlar, uzun zaman 6nceden beri bir cok endistriyel uygulama icin kullanidmistir. Bu enzimlerin
en biyiik endiistriyel uygulamasi meyve suyu ve sarap tretiminde ekstraksiyon, berraklastirma ve
filtrasyon ayrica meyve ve sebzelerin maserayonudur. Hiicre duvarinin enzimatik pargalanmasi yoluyla
etki ederler. Bu calismada, substrat konsantrasyonunun ve Olgek biyiitmenin PG aktivitesi ve
biyokiitle Uretimi tizerindeki etkilerini arastirmak i¢in daha 6nce erlenlerde optimize edilmis medya
formulasyonunun kesikli tip 1 L Olgekli seri biyoreaktdr sistemi ve 5 L Olcekte kullanilmasi
amaglanmistir. Sonu¢ olarak, 5 L Olgekli biyoreaktér deneylerinde elde edilen ortalama PG
aktivitesinin (101,29 U/ml), 1 L 6l¢ekli substrat konsantrasyonu deneyinden elde edilen 40 g/L
portakal kabugu konsantrasyonundaki maksimum PG aktivitesinden (88,55 U/ml) daha yiiksek
oldugu belitlenmistir. Ayrica 60 g/L portakal kabugu konsantrasyonu hari¢ substrat konsantrasyonu
arttikcaPG aktivitesi de artmustir.

Anahtar kelimeler: Olgek biiyiitme, poligalakturonaz, Aspergillus sojae, biyoreaktér, portakal kabugu
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Substrate concentration and scale up effect

INTRODUCTION

In industry the most extensively used pectinases
are the polygalacturonases (PG). (Jayani et al,
2005; Gummadiet al, 2007). As the pectinases are
induced enzymes it is necessary to supplement the
culture medium with pectin or with raw materials
rich in pectin, like orange peel (Malvessi and
Silveira, 2004). PGs can be industrially produced
by  submerged (SmF) and  solid-state
fermentations (SSF). It is known that about 90%
of all industrial enzymes are produced by SmF
using genetically modified microorganisms due to
several process advantages over SSF. The
drawbacks of SSF can be summarized as the
difficulties in scale-up and control of process
parameters such as pH, temperature, oxygen
transfer and moisture. Additionally, low mixing
efficiency and higher product impurities increases
the product recovery costs of SSF (Nakkeeran et
al., 2012). However Biz et al, 2016 show the
potential use of solid-state fermentation to
produce pectinases in pilot scale. Submerged
fermentation (SmF) is generally used for the
production of industrially important enzymes,
employing mostly genetically modified strains
(Pandey et al, 2000). In the investigation of
Songulashvili et al, (2015) laccase was produced in
a 120-L volume by SmF of Cerrena unicolor C-139
growing on wheat bran.It is known that different
from the shake flask studies, bioreactors are a
better controlled environment where the effect of
common factors such as pH, agitation and
dissolved oxygen tension can be observed and
controlled. They also provide information
required in scale up processes (Oncu et al, 2007).

Once a fungus has been decided to be used in the

fermentation process, research starts under
laboratory-scale  conditions using 1-10 L
fermenters for the examination of media

formulation and feeding strategies (batch, fed-
batch, continuous, etc.) and the selection of
fermentation system (stirred tank, airlift, packed
bed, solid state, hollow fibre, etc.). Additionally,
reactor configuration, pH control, dissolved
oxygen, foam and temperature should be
considered. After the optimization of product
yield, process scale-up is usually performed;
primarily to pilot scale of 10-100 L and finally to

industrial scale of 1000- 100 000 L or more. The
conditions in the large-scale fermenters are not
the same with the smaller scale or laboratory
systems. Therefore during scale up, product yields
decreases(Waites et al, 2001). Yield is affected by
the following factors during scale up process;
Choice of medium, cheaper nutrient sources are
mostly used for large scale applications for a cost
effective production, Inoculum type, quality,
quantity and the inoculum propagation
procedures,  Degradation = of  heat-labile
compounds in the industrial-scale sterilization
protocols, which affects the final quality of the
medium, Profiles of nutrient, temperature, pH
and oxygen gradients are needed in larger scale
fermenters although they are not experienced in
smaller, well mixed fermenters, Foam generation,
shear forces and carbon dioxide removal rate can
be altered during scale up (Waites et al, 2001).

In our preliminary studies we have optimized the
fermentation conditions and developed a low cost
industrial media formulation for the production
of polygalacturonase enzyme by using Aspergillus
sojae mutant strain in shake flasks (Gogus et al,
2014). This study was performed in order to
evaluate the performance of optimized media
formulation in larger scales (1 L serial bioreactor
system and 5 L bioreactor) in terms of maximum
PG production by using submerged fermentation
technique. Moreover effect of orange peel
concentration in 1 L serial bioreactor system on
PG activity and biomass was investigated.

MATERIALS AND METHODS

Materials

All chemicals were supplied by Sigma-Aldrich
(www.sigmaaldrich.com), AppliChem (www.
applichem.com), Merck (www.merck.com), or
Riedel-de Haén (www. riedeldehaen.com).
Orange peel was supplied by Jacobs University
¢GmbH, Bremen from local markets in Germany.

Microorganism

Aspergillus sojae ATCC 20235 was purchased from
LGC Promochem Inc. (Teddington,Great
Britain) an international distributor of ATCC
(American Type of Culture Collection) in Europe.
This wild type culture was randomly mutated
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using ultraviolet light exposure by Jacobs
University ¢GmbH, Bremen according to a
modified procedure of De Nicolas-Santiago et al,
(2006).The propagation of the cultures was done
on YME agar plate medium containing malt
extract (10 g/L), yeast extract (4 g/L), glucose (4
g/L) and agar (20 g/L) at 30°C untl well
sporulated, according to the procedure given by
Goguset al, (20006).

Preparation of Inoculum

The inoculum for either shake flasks or bioreactor
was obtained on molasses agar slants optimized
by Goguset al, (2000) after the pre-activation step
performed on YME agar using the stock cultures.
The spore suspension was counted using Thoma
bright line  hemocytometer  (Marienfield,
Germany) and the suspensions were stored at 4°C
until the inoculation. Inoculation rate was 2.8x103
spore/mL.

Enzyme Activity, Total Protein and Total
Carbohydrate Assays

Polygalacturonase (PG) activity analysis were
performed according to the modified procedure
given by Panda et al, (1999) using 2.4 g/L of
polygalacturonic acid as substrate at pH 4.8 and

40°C. The amount of substrate and enzymes used
were 0.4 and 0.086 mL, respectively. Galacturonic
acid was used as standard. One unit of enzyme
activity was defined as the amount of enzyme that
catalyses the release of 1 micromole of
galacturonic acid per unit volume of culture
filtrate per unit time at standard assay conditions.
The phenol-sulfuric acid method was used to
determine the total carbohydrate content in
fermentation broth where glucose was used as
standard (DuBois et al, 1956).Thetotalprotein
contents of the samples were determined
according to the method described by Bradford,
1976 with BSA as a standard.

Biomass Determination

The biomass expressed as dry cell weight
(mg/mL) was determined by means of
gravimetric method. The fermentation broth was
filtered through the dried and pre-weight
Sartorius whatman filter discs grade: 389,

followed by drying to constant weight at 95°C,
overnight.

Effect of Substrate Concentration on PG
Activity and Growth

Orange peel concentrations were decided
according to our media optimization study in
which optimum OP concentration was 33.98 g/L
for maximum PG activity (Gogus et al, 2014).
With this perspective six different orange peel
concentrations were specified as followings; 60
g/L, 40 g/L, 20 g/L, 15 g/L, 10 g/L, 5 g/L. In
order to have a cost effective media formulation
additionally only 2.75 g/I. ammonium sulphate
was used as a nitrogen source. The other
fermentation conditions were the optimized
conditions in our previous study, as uncontrolled
pH, 600 rpm agitation speed, 30°C temperature,
2.8x10¢ spore/L inoculation rate and 1 vvm
aeration rate. Sartorius BIOSTAT Qplus-6 MO
serial bioreactor was used for this experiment.

Effect of Scale up to 5L on Polygalacturonase
Activity

The aim was to investigate the effect of scale up
to 5L scale with a working volume of 4 L on the
PG activity using the OP concentration which
gave the maximum PG activity in 1 L scale serial
bioreactor experiment which is explained in the
previous section. Orange peel concentration at 40
g/Land ammonium sulphate 2.75 g/L was used.
Experiments were petformed with fully
automated Biostat B plus, Sartorius, Gottingen,
Germany bioreactor. The other fermentation
conditions were as 600 rpm agitation speed,
uncontrolled pH, 30°C temperature, 2.8x10°
spore/L inoculation rate and 1 vvm aeration rate.

RESULTS AND DISCUSSION

Effect of Substrate Concentration on PG
Activity and Growth

Performance of the bio-reaction system in
submerged fermentation 1 L scale (750 mL
working volume) on PG production and biomass
was evaluated under batch mode. The aim of this
study was to investigate the effect of different
substrate concentrations on PG activity and
biomass formation. Biomass was increased in first
24 h. for all substrate concentrations except for 5
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g/L. It may be explained by the limited substrate
concentration which is used for PG production
instead of biomass production (Figure 1b).
Additionally the use of particulated substrate such
as OP may have caused some difficulties in
biomass determination by dry weight method.
However it is clear from the figure 1b that higher
concentrations of substrate resulted higher
biomass concentrations. Highest PG activity
(88.55U/mL) was obtained at 95.h. with 40 g/L
orange peel concentration (Figure 1a). It was clear
from Figure 1a that PG activity increased with an
increase in substrate concentration except for 60
g/L orange peel concentration. This case could be

explained by catabolite repression. Maldonado
and Saad, (1998) indicated that high sugar
concentration stimulated pectinase production in
solid state fermentation, whereas in submerged
fermentation this production was inhibited,
probably by catabolite repression. As the orange
peel concentration increased, DO level decrease
became faster after 24.h. as it can be observed
from Figure 1lc. At the 60, 40, 20 and 15 g/L
orange peel concentrations the DO level dropped
below 40% saturation level at the end of 48.h.
(Figure 1c). At the beginning of fermentation pH
started around 4.50 and decreased to 2.93 at the

end of 95.h. (Figure 1d).
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Figure 1. Profiles of substrate concentration experiment performed at 600 rpm, 30°C temperature, 1
vvm and uncontrolled pH conditions (a) PG activity, (b) biomass, (¢) DO (%) and (d) pH.
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Effect of Scale Up to 5 L on PG Activity

For a fermentation process development scale-up
is an important issue to be considered. In order to
expand a process from lab-scale to commercial
scale, it must be characterized and validated by
some controls to evaluate its reliability and
reproducibility. Generally it is known that large-
scale fermentation processes give lower yield than
laboratory scale due to the factors affecting the
process yield.

As shown in Figure 2a, PG activity showed rapid
increase after 24.h. and reached its maximum
value at the end of 48h. (101.38
U/mlL).Furthermore  biomass concentration
reached to 13.42 mg/mL value at the end of 72.h.
(Figure 2b). However biomass concentration
dropped to 11.8 mg/mlL level at 90.h and
increased again to 13.7 mg/mL at the end of
fermentation (96.h) which is the maximum
biomass amount (Figure 2b). Same profile was
also valid for PG activity profile where a decrease
was observed after 48.h to 90.h and then activity

increased to the end of fermentation (96.h). This
will be due to the growth related PG activity
production of the batch fermentation system. The
maximum activity value was higher than the
activity values obtained in the previous 1 L scale
bioreactor experiments.

Specific PG activity similar to PG activity reached
its maximum value at 48.h. with a value of 1103.09
U/mg protein as seen in Figure 2c. When the
change in protein concentration over time was
examined, it can be said that protein
concentration profile was mostly constant
between the 24.h and 64.h of the fermentation
where rapid increase was observed in the PG
activity between these hours. In addition, the
stable protein concentration between 24-64.h,
might be explained by the rapid increase in the
enzyme production at this range which led
dissolved oxygen level (DO) and pH fall quickly
(Figure 2a,c). This decrease also stabilizes the
biomass concentration between these hours as
seen in Figure 2b.
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Figure 2. Profiles of first 5L scale bioreactor experiment performed at 600 rpm, 30°C temperature, 1
vvm and uncontrolled pH conditions (a) PG activity (U/mL), (b) Biomass (mg/mL), (c) Specific PG
activity (U/mL).
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In the study performed by Pollard et al, (2006) the
scale up, from pilot scale to (0.07, 0.8, and 19 m3)
production scale (57 m?) for the intracellular
production of the pharmaceutically important
secondary metabolite, pneumocandin from Glarea
lozoyensis was described. They claimed that a scale
up process requires the establishment of oxygen
delivery and mixing efficiency in the bioreactor,
coupled  with  process  sensitivity — and
characterization studies that together define the
process-limiting and critical scale-up parameters.

Junker et al, (2004) summarized the parameters to
be considered for a successful initial pilot plant
scale-up as followings, based on experiences
during model cultivations: Minimization of
culture pelleting; The use of media suitable for the
large scale, (without solid particles, possessing a
reasonable  viscosity); Optimizing process
parameters for pilot scale from laboratory scale;
Establishment of reproducibility for similar
fermentation vessels; Evaluation of data to
determine the key parameters for improved
process performance.

Junker et al, (2009) have developed pilot-scale
fermentation for an antifungal compound
produced by a filamentous fungus.The process
was scaled up to thel5.000 L working volume
based on constant aeration rate (vvm) and peak
impeller tip speed. In that study they concluded
that although process scale up resulted with high
productivity, high broth viscosity was a problem
during fermentation which was also an important
problem in our study.

Table 1 shows the effect of scaleon maximum PG
activity, and biomass values with 40 g/L OP
concentration. It is clear that scale up improved
PG activity. As a result, maximum PG activity
(101.29 U/mL) obtained at 48h of 5L scale
bioreactor experiment was higher than the
maximum PG activity (88.55 U/mL) obtained at
96.h conducted in the previous section at 1 L
scale. Higher scale caused PG activity to increase
faster with a reasonably high activity value.

Meneghel et al,(2014)explained that unlimited
oxygen availability in 4. nger cultivation directed

nutrient consumption to activities rather than
biomass synthesis. According to the authors,
fungi first adapt to the environment, and then
startproteolysis and the oxidative stress produced
in the «cell leads to the release of
hydrolyticenzymes to obtain substrate. The
substrate consumption leads to either biomass or
product formation. If consumption is fast,
culturing time decreases at the without oxygen
restriction condition. In the current study scale up
improved PG activity production while limiting
the biomass synthesis which might be explained
with a better oxygen transfer in larger scales.

Table 1. Comparison of PG activity and

biomass.
Scale PG activity Biomass
(U/mD) | (mg/ml)
*250 mL
(shake flask) 110.93 i
1 L scale 88.55 25.71
5 L scale 101.29 13.42

*From shake flask experiments of our optimization
study at 33.98 g/L (Gogus et al., 2014).

Similarly Fontana et al, 2009 tested Aspergilius
oryzae polygalacturonase with a soluble medium in
STR and concluded that after 96 h, maximum
enzymatic activity values achieved for exo- and
endo-PG were 65.2 U/mL and 91.3 U/mL, in the
STR, with similar activity values of 60.6 U/mL
and 86.2 U/mlL, respectively, being in the airlift
bioreactor. Our study achieved similar activities
again after 96. h. Pectinase production by
Aspergillus oryzae performed in bioreactor resulted
in 43 U/mL activity according to Meneghel et al,
2014.Study performed by Wolf-Marquez et al,
2017 revealed that the scaling-up of the process at
a 5 L-bioreactor improved endo- and
exopectinase production 10 and 40 times,
respectively, when compared to the values
recorded at the 1 L-stirred tank. Similarly current
study achieved improved polygalacturonase
production with scaling-up of the process from 1
L to 5 L scale. However maximum activity (110.93
U/ml) was produced in shake flask experiment
as given in Table 1which may be explained with
high hydro mechanical stress generated in stirred
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tanks. In a study performed by Rocha-Valadez et
al, (2000) it was reported that shake flasks
generate lower levels of hydro mechanical stress
than stirred tanks where that higher shear rates
triggered an eatlier synthesis of 6-pentyl-a-pyrone
in the stirred tank cultures.

CONCLUSION

Consequently, scale up to 5 L improved PG
production rather than biomass which is
explained with the unlimited oxygen transfer in
larger scales that leads enzyme production.
However, higher pectinase activity obtained in
batch fermentation than bioreactor experiments
may be explained with high hydro mechanical
stress generated in stirred tanks which limits PG
production. Additionally in 1 L scale due to the
oxygen limitation PG activity started to increase
after 48.h where in 5 L scale PG activity started to
increase after 24.h which was eartlier than 1 L
scale. Furthermore in 1 L scale maximum PG
activity was achieved at 40g/L OP concentration,
similar with the 5 L. scale OP concentration.

In general conclusion, the present study
underlines the need to develop a correct and
consistent scaling-up process for a high
production of polygalacturonase using cheap
substrates in order to obtain enough data for the
studies about the contribution of the enzyme in
different industrial food applications.
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Bu calismada, seliiloz asetat ¢ozeltisinden elektroegirme prosesi ile enkapsiilasyon matrisleri tiretilmis ve bu
matrislerin resveratroliin enkapsiilasyonundaki performanslart incelenmistir. Taramalt elektron mikroskobu
(SEM) ile incelendiginde, seliiloz asetat liflerinin diizglin yiizeyli oldugu ve damlactk icermedigi g6rilmustir.
Resveratrol yiikli liflerin ve yikstz liflerin ortalama caplart sirasiyla 493 nm ve 478 nm olarak belirlenmistir.
Resveratrolin enkapstilasyon etkinligi %94.5 olarak bulunmustur. Antioksidan aktivite analizi, depolama
sirasinda  elektroegrilmis liflere enkapsiilasyon ile biyoaktif bilesigin bozunmasinin azaldigint ortaya
koymustur. I vitro saltmm ¢alismasi, 20 saat igerisinde baslangictaki resveratroliin %11’inin tampon ortamina
salindigint ve sonrasinda salinimin durdugunu géstermistir. Sonug olarak, elektroegrilmis seltiloz asetat
liflerinin resveratrol i¢in etkin enkapstlasyon matrisleri olarak kullanilma potansiyeli oldugu belirlenmistir.
Anahtar kelimeler: Resveratrol, seliiloz asetat, elektroegirme, lif, enkapsiilasyon

CHARACTERIZATION OF RESVERATROL LOADED CELLULOSE
ACETATE FIBERS

ABSTRACT

In this work, encapsulation matrices were fabricated by electrospinning of cellulose acetate solution
and their performance for the encapsulation of resveratrol was evaluated. Scanning electron
microscopy (SEM) results showed that cellulose acetate fibers were bead-free and smooth. The mean
diameters of resveratrol loaded and unloaded fibers wete found to be 493 nm and 478 nm,
respectively. Encapsulation efficiency of resveratrol was 95%. Antioxidant activity assay confirmed
that the encapsulation via electrospun fibers reduced the degradation of bioactive compounds during
storage. In-vitro release study showed that 11% of the resveratrol in cellulose acetate fibers was
released into buffer medium within 20 h and after that, the release reached plateau. Therefore,
electrospun cellulose acetate fibers are promising to be used as an efficient encapsulating matrices
for resveratrol.

Keywords: Resveratrol, cellulose acetate, electrospinning, fiber, encapsulation

* Yazismalardan sorumlu yazar / Corresponding author;
D ceyda@hacettepe.edu.tr, © (+90) 312 297 7103 = (+90) 312 299 2123



Resveratroliin liflere enkapsilasyonu

GIRIS
Biyoaktif gida bilesenlerinin bazt hastaliklarin
onlenmesi veya tedavi edilmesinde etkili oldugu
ortaya konmustur. Bunlar arasinda, resveratrol
(3,5,4'-trihidroksi-trans-stilben) antioksidan,
antikanserojen, antiinflamatuar ve antiviral
etkilerinden dolayt oldukea ilgi g6rmektedir (Rauf
vd., 2017). Resveratrol yer fisugi, tzim, erik ve
kirmizt sarap gibi bircok gidada bulunan dogal bir
polifenolik bilesiktir (Penalva vd., 2015). Son
yillarda yapilan calismalar
resveratroliin  disik yogunluklu lipoprotein
(LDL) peroksidasyonunu engelledigi, ventrikiler
aritmiyi  azalttigi, kan basmncinr  distrdigi,
trombosit agregasyonunu ve ¢Oziiniir adhezyon
molekillerinin olusumunu engelleyerek
kardiyovaskiiler ~ hastaliklarin ~ 6nlenmesinde
yardimct olabilecegi ortaya konmustur (Orallo vd.,
2002). Buna ek olarak, resveratroliin diyabete
karst koruyucu etkisi ve obezitenin tedavisinde
etkili bir rol alabilecegi gosterilmistir (Palsamy ve
Subramanian, 2011; Alves vd., 2012; Timmers vd.,
2011). Saglik tizerindeki tim bu olumlu etkilerin
sonucu olarak resveratroliin gidalara katilmas:
gindeme gelmistir. Ancak, bu kosullarda disik
¢cOziinirligl, kimyasal kararsizlign  ve hizh
metabolize olmasi nedeniyle resveratroliin zn-vivo
etkinligi azalmaktadir (Riccitiello vd., 2018). Bu

sonucunda

nedenle,  tresveratrolin  Zn-vitro  kosullarda
stabilitesinin  arttirtlmast  ve oral tiketimi
sonrasinda biyoyararliliginin tyilestirilmesi
amaciyla enkapsiilasyon sistemlerinin
gelistirilmesi 6nemlidir.

Bu calisgmada, resveratrolin elektroegirme
yontemi ile liflerin igerisine enkapsilasyonu
amaclanmistir.  Elektroegirme yontemi farkli
polimerlerin  kullanilabildigi, mikrometre ve

nanometre Olcekte liflerin Uretiminde etkin bir
teknik olarak karsimiza cikmaktadir (Ghorani ve
Tucker, 2015). Son yillarda, bu teknik biyoaktif
bilesiklerin liflere enkapsiilasyonunda da siklikla
kullanilmaya baslanmustir (Aceituno-Medina vd.,
2015). Elektroegrilmis liflerin yitksek ylizey-hacim
oranina sahip olmasi, porlu yapida olmalari, disitk
sicaklikta Gretimlerinin mimkin olmast ve farklt
polimer  karigimlarinin  kullanimina  imkan
tanimasi sayesinde her gecen giin kullanim alant
artmaktadir (Aytac vd., 2017). Bircok farkls

biyoaktif bilesikte oldugu gibi, elektroegirme
yontemi resveratroliin  enkapstlasyonu icin
basarili bir sekilde kullanilmustir. Resveratrol yikli
polikaprolakton ve polilaktik asit polimerlerinden
elde edilen lifler ile resveratrolin kontrolli
salinimi gerceklestirilmis ve osteoblast tzerine

etkileri incelenmigtir (Riccitiello vd., 2018).
Resveratrol  igeren  polikaprolakton liflerin
periyodontal  hastaliklarin  tedavisinde — de

kullanilabilecegi  gésterilmistir  (Zupanci¢  vd.,
2015). Baska bir c¢alismada, yara pansuman
malzemesi olarak kitosan ve polikaprolakton
koaksiyel elektroegrilmis nanolifler ile ferulik asit
ve resveratroliin enkapstilasyonu gerceklestirilmis
ve salinim Ozellikleri incelenmistir (Poornima ve
Korrapati, 2017). Benzer sekilde, polikaprolakton
ve jelatin ile olusturulan koaksiyel lifler ile
resveratrolin lokal salinimi amaclanmis ve 16semi
htcreleri tzerindeki terapotik etkileri
arastirdlmistir  (Al-Attar ve Madihally, 2018).
Ancak yapilan bu galismalarda, resveratrol icin
tasarlanan tastyict sistemler farklt hastaliklarin
tedavisi i¢in gelistirilmistir. Tastyic1 sistemlerin
gidalarda  kullanimi  s6z  konusu oldugunda
enkapstlasyon materyalinin gidalarda
kullanilabilir ve genellikle gtivenilir kabul edilen
(generally recognized as safe) sinifta olmasi,
tretiminin ucuz olmas, gida triintintin gérintsi,
yapist, tadi ve kokusu tzerinde olumsuz etkisi
olmamast ve gidanin depolanmasi sirasinda
stabilitesini korumasi gibi ek gereksinimlere
ihtiyag  duyulmaktadir  (Davidov-Pardo  ve
McClements, 2014). Elektroegirme yoéntemi ile
enkapstlasyonda siklikla kullanilan polimetlerden
biri olan seliiloz asetat toksik olmamast, yiiksek 1s1
ve mekanik stabiliteye sahip olmasi, biyo¢oziiniir
olmast ve kimyasal dirence sahip olmast gibi
avantajlart sayesinde bu gereksinimleri biyiik
oranda  kargilamaktadir (Han vd., 2008).
Elektroegrilmis seltloz asetat lifleri Acanthus
ebracteatus V abl. ekstrakti, 6-gingerol, kurkumin ve
asiatikosit gibi farklt biyoaktif bilesiklerin
enkapsiilasyonunda  basartyla  kullandmistr
(Vongsetskul vd., 2016; Chantarodsakun vd.,
2014; Suwantong vd., 2007; Suwantong vd.,
2008).

Bu calismada, literatiirde ilk defa resveratrol ilave
edilmis seliloz asetat polimeri kullanilarak
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elektroegirme yontemi ile lifler elde edilmis ve
gelistirilen tastyict sistemin biyoaktif bilesik
enkapsiilasyonu i¢in performanst incelenmistir.
Calisma kapsaminda lifler taramali elektron
mikroskobu (SEM, scanning electron
microscope) ve Fourier doniigimli  kizilGtesi
(FTIR, Fourier transform infrared) spektroskopisi
ile karakterize edilmistir. Resveratrol yiikli liflerin
zamana ve sicakliga bagli antioksidan aktiviteleri
2,2-difenil-1-pikrilhidrazil (DPPH) analizi ile
belirlenmistir. Ayrica, tampon ¢ozelti igerisinde
elektroegrilmis liflerden resveratrolin salinimi
incelenmistir.

MATERYAL VE YONTEM

Materyal

Seliloz asetat (molekiler agirligi ~ 30000 Da),
asetik asit ( 99.8-100%), etanol (saflik, = 99.8%),
potasyum fosfat monobazik, sodium fosfat
dibazik heptahidrat ve 2,2-difenil-1-pikrilhidrazil
(DPPH) Sigma-Aldrich (St. Louis, MO, USA)
firmasindan temin edilmistir. Trans-resveratrol
(ResVida®) DSM  Nutritional Products Ltd.
(Kaiseraugust, Switzerland) firmasindan
alinmustir.

Elektroegirme Prosesi

Elektroegirme prosesi icin %15 (a/a) seliloz
asetat ¢Ozeltisi asetik asit:etanol  (8:2, h/h)
icetisinde hazitlanmustir. Resveratrol stok ¢ozeltisi
50 mg/mL  derisimde etanol igerisinde
hazirlanmis ve polimerin agirlika %1.5%1 olacak
sekilde ¢ozeltiye ilave edilmistir.

Elektroegirme prosesi yiksek voltaj gii¢
kaynagina ve  donen  kollektére  sahip
Electrospinning ESM 1100 (Solvan A.S., Ankara,
Ttrkiye) cihaz ile gerceklestirilmistir. Resveratrol
icermeyen ve resveratrol yikli seliloz asetat
cozeltileri 21G  bashkli plastik  siringalara
yuklenmis ve siingalar dijital kontrollii siringa
pompasina  (New Era NE-1000, Scientific
Instrument Services, Ringoes, NJ, ABD)
yerlestirilmistir. Cozeltiler 35 kV potansiyelde, ug-
kollektor mesafesi 10 cm olacak sekilde, 3
ml./saat akis hizinda beslenmistir. Yukla ve
yukstiz lifler ayni islem parametreleri ile
uretilmistir.

Elektroegrilmis liflerin karakterizasyonu
Resveratrol, seliloz asetat lifleri ve resveratrol
yukld seltloz asetat liflerinin kimyasal yapist tekli
elmas kristal ve triglisin stlfat dedektre sahip
Fourier doéntstimla kizilGtesi (FTIR)
spektroskopisi (Thermo Nicolet 1S50, Thermo
Fisher Scientific Co., Waltham, MA, ABD) ile
analiz edilmistir. Olctimler icin 4000-400 cm-!
dalga sayisi araliginda, 4 cm™ ¢6zintrlikte 32
taramanin  ortalamast  alinarak  kizilGtesi
spektrumlari elde edilmistir.

Elektroegrilmis liflerin morfolojileri ve caplart
emisyon taramalt electron mikroskobu (ESEM)
(FEI-Quanta 200 FEG, Thermo Fisher Scientific
Co., Waltham, MA, ABD) ile belirlenmistir.
Bunun icin 6rnekler puskiirtmeli kaplama cihazt
(Precision Etching and Coating System (PECS)
682, Gatan Inc., Pleasanton, CA, USA)
kullamilarak ince altin-paladyum tabakast ile
kaplanmistir.  Orneklerin  ESEM  goriintiileri
5000x yakinlastirma ile elde edilmistir. Ortalama
lif caplart ve gap histogramlari Image] yazilimi
(NIH, Maryland, ABD) ile hesaplanmugtir.

Enkapsiilasyon etkinligi

Liflerin enkapsiilasyon etkinliginin belirlenmesi
icin resveratrol yiikli liflerden 1 mg alinarak 5 mL
0.05 M fosfat tampon c¢ozeltisi (pH 7.4) ile
kanstirilmis ve oda sicakliginda 30 saniye boyunca
karistiridmistir. Daha sonra ¢ozeltiler 10000 xg’de
5 dakika santrifijlenmis ve supernetantin
absorbans degeri 310 nm dalgaboyunda Agilent
8453 UV-Visible spektrofotometresi (Agilent

Technologies, Santa Clara, CA, ABD) ile
Olclilmiistir. Supernetanta gegen resveratrol
miktart  standart  kalibrasyon  egrisinden

bulunmugstur. Enkapstilasyon etkinligi (%EE)
Esitlik 1’e gére hesaplanmistir:

%EE = [( Teorik toplam resveratrol
konsantrasyonu-enkapsiile olmayan resveratrol
konsantrasyonu) / teorik toplam resveratrol
konsantrasyonu | X100 )

Resveratroliin saliniminin incelenmesi

Resveratrol yiikli seliloz asetat liflerden alinan 10
mg, 500 pL 0.05 M fosfat tampon ¢ozeltisi (pH
7.4) igerisine alinmis ve oda sicakliginda orbital
karistiricida  inkiibe  edilmistir.  Inkiibasyon
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baslangicindan itibaren 1., 2, 4., 8., 16., 20., 22.,
ve 24. saatlerde tampon ¢Ozeltiden 6rnek alinarak
310 nm dalgaboyunda spektrofotometre ile
salinan resveratrol miktari belitlenmistir.

Antioksidan aktivite

Orneklerde antioksidan aktivite analizi DPPH
analizi ile gerceklestirilmistir (Serpen vd., 2007).
Resveratrol yukla lifler 4°C ve 25°C olmak tzere
iki farkl sicaklikta depolanmis ve belirli zaman
araliklarindan liflerden 10 mg alinarak 100 pL
asetik asit icerisinde ¢6ziinmesi saglanmistir. Elde
edilen bu ¢ozeltiye 10 mIL DPPH ¢6zeltisi ilave
edilmis ve 1 saat boyunca orbital calkalayicida
karistirlmugtir.  Inkiibasyon sonunda ¢ézeltiler
10000 xg’de 5 dakika santrifiij edilmis ve
supernatantlarin  absorbans degerleri 310 nm
dalgaboyunda spektrofotometre ile Sl¢tilmistiir.
Negatif kontrol olarak resveratrol ylklenmemis
liflere de ayni islem uygulanmustir. Enkapstle
resveratrol ile karsilastirmak amaciyla serbest
resveratroliin ~ antioksidan  aktivitesi  de
incelenmistir. Orneklere ait antioksidan aktivite
Esitlik  2’ye  gbre  hesaplanmustir.  Esitlikte
Akonrol  lif  icermeyen DPPH  ¢6zeltisinin
absorbans degerini, Asmek ise lif iceren reaksiyon
ortaminin absorbans degerini ifade etmektedir.

% antioksidan aktivite=[(Akontrol-Asnek) / Akontrol |
X100 2

SONUCLAR VE TARTISMA
Elektroegrilmis liflerin karakterizasyonu
Resveratrolin, yiksiiz seliloz asetat liflerinin ve
resveratrol yuklii liflerin ATR-FTIR spektrumlart

Sekil 1’de  goriulmektedir.  Seliloz — asetat
spektrumunda C=0 esnemesi ile ilgili 1735 cm™!
ve C-H egilmesi ile ilgili 1366 cm-! dalga sayisinda
karakteristik  pikler gbrulmektedir. Bunun
yaninda, 1214 cm! ve 1030 cm™ dalga sayisinda
gorilen  pikler ise C-O  esnemesi ile
liskilenditilmektedir ~ (Keun — vd.,  2004).
Resveratrole ait karakteristik parmak izi bolgesi
600 ile 1630 cm' arasinda gorilmektedir.
Resveratroliin spektrumunda 1605 cm-!, 1583 cm-
1 ve 1380 cm dalga sayisinda gorilen pikler
sirastyla, C-C aromatik c¢ift bag esnemesi, C-C
olefinik  esnemesi ve C-C  esnemesiyle
iliskilendirilmekte ve 964 cm' dalga sayisinda
gorillen pik ise resveratrolin trans formundan
kaynaklanmaktadir (Kumpugdee-Vollrath  vd.,
2012). Resveratrol yukli seliiloz asetat liflerine ait
spektrum  yiiksiiz liflere ait spektrumla biytik
oranda benzerlik géstermekle birlikte, yiiksiiz
liflerden farkli olarak 1605 cm!, 1514 cm-! ve 830
cm! dalga sayisinda goriilen pikler resveratrol
varhgin isaret etmektedir. Resveratrol igeren
liflere ait spektrumda yeni olusan bir pik veya pik
dalga sayilarinda 6nemli bir kayma gériilmemesi
resveratrolin seliloz asetat icerisinde sadece
fiziksel olarak tutundugunu distindirmektedir.
Resveratrol ve polimer arasinda herhangi bir
kimyasal bagin olusmamasinin, biyoaktif bilesigin
salinimint kolaylagtiracagy ve titketim sonrasinda
da aktivitesinde Onemli bir degisiklige yol
acmayarak biyoyararhligint arttirabilecegi
distntlmektedi.

Transmittance (%)

Resveratrol

Seluloz asetat lifleri
Cellulose acetate fibers
=

= Resveratrol yiiklli sellloz asetat lifleri
by Resveratrol Ioadeid cellulose acetate fibers
s v I
‘E \
5 ya / \
s 1514 |
Ll 830 1605
400 800 1200 1600 2000 2400 2800 3200 3600

Dalga sayisi (cm™)

4000
Wavenumber (cm-)

Sekil 1. Resveratrole, seliiloz asetat liflerine ve resveratrol yikli seliiloz asetat liflerine ait ATR-FTIR
spektrumlart
Figure 1. ATR-FTIR spectra of resveratrol, cellulose acetate fibers and resveratrol loaded cellulose acetate fibers
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Resveratrol yikli ve yiksiz seliloz asetat
liflerinin morfolojileri ESEM ile incelenmistir.
Liflere ait temsili ESEM gorintileri ve cap
histogramlart Sekil 2’de verilmistir. Elde edilen
tim liflerin dizgin yizeyli olmast ve damla
icermemesi elektroegirme prosesinin bagarili bir

Frekans (%) Frequency (%)

HV  |spot|mag CI| det | WD | tilt 20 pm
15.00 kV| 4.0 | 5000 x [ETD|9.8 mm |0 UNAM

Frekans (%) Frequency (%)

WD

[ttt |
ETD|10.6 mm .0 °|

|7 HV  |spot|mag OO det |
10.00 kV| 3.0 | 5000 x

20 pm
UNAM

30

25

20

sekilde gerceklestirildigini gostermistir. Yikld ve
yiksiiz liflerin ortalama caplari sirasiyla, 493 nm
ve 478 nm olarak bulunmus ve resveratrol
ilavesiyle Lf c¢aplarinda 6nemli bir degisim
saptanmamistir.
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Sekil 2. Resveratrol icermeyen (A) ve resveratrol yukld (B) seliiloz asetat liflerine ait ESEM gériintiileri
ve ¢ap histogramlari
Figure 2. ESEM images and diameter histograms of unloaded (A) and resveratrol loaded (B) cellulose acetate fibers

Elektroegrilmis  liflerin  enkapsiilasyon
etkinligi ve resveratroliin salinimi

Elektroegrilmis seliiloz asetat liflerinin resveratrol
icin enkapsiilasyon etkinliginin  belirlenmesi
amaciyla lifler tampon ¢6zelti igerisine alinmus ve
liflere yiiklenen resveratrol miktarindan tampon
cozeltisine  gecen  resveratrol  miktarinin
cikarilmast ile enkapsiilasyon miktart
belirlenmistir. Polimer agithginin %.1.5%1 kadar
yuklenen resveratrol i¢in enkapstilasyon etkinligi
%94.5£0.6 olarak bulunmustur. Elde edilen

yiksek enkapsiilasyon etkinliginin seliiloz asetatin
tampon ¢Ozeltisindeki disik ¢6ziintrliginden
kaynaklandig1 distintilmektedir (Jyothi vd., 2010).

Tampon ¢Ozelti igerisinde liflerden salinan
resveratrol miktart 310 nm  dalgaboyunda
absorbans 6lcimt ile belirlenmistir. Seltloz asetat
liflerinden resveratrolin salinim profili Sekil 3’te
gosterilmektedir. Resveratrol baslangicta ¢ok hizlt
bir salinim géstermis ve 1 saat sonunda liflerdeki
resveratrolin %7’si salinmustir. Baslangictaki bu
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ani salinimin lif yapilarinin ylizeyinde yer alan veya
yuzeye yakin molekillerin hizli bir sekilde

¢ozeltiye gecmesinden kaynaklandig1
dastinilmektedir. Baslangictaki  ani  salinim
sonrasinda  resveratrol kademeli bir salium

gOstermis, 20. saatten sonra salinan miktar sabit
degere wulasmustir. 36 saatin sonunda liflere
yuklenen resveratroliin %111 salinmistir. Seltloz
asetat liflerinin =~ sulu  ¢Ozeltilerdeki — dusuk
¢6zintrligl ve porsuz bir yapiya sahip olmasi, bu
liflere ytiklenen bilesiklerin kismi saltnimina neden
olmaktadir (Yan vd., 2014). Bu durum kontrolli
salinim sistemleri i¢in tasarlanan liflerde biiytik bir
sorun olarak karsilanirken, gidalara katilacak olan
biyoaktif bilesiklerin enkapsiilasyonu icin 6nemli
bir avantaj saglamaktadir. Bdylece gidalarin
depolama stiresi boyunca bilesiklerin korunmast
saglanabilmektedir. ~ Ancak  bu  durumda
enkapsiilasyon sisteminin tiketim sonrasinda
sindirim sistemindeki salium 6zellikleri biyuk
onem kazanmakta ve sinditim sonrasinda da
bilesigin tamamen salinmamast olumsuz bir
dutrum olarak degerlendirilmektedir
(Kiatyongchai vd., 2014). Bu nedenle, sulu
ortamdaki salium  Szellikleri  incelendiginde,
seltiloz asetat lifleri resveratrolin enkapstilasyonu
icin umut vadetse de, sindirim sistemindeki

salinim ozellikleri de mutlaka incelenmelidir.
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Sekil 3. Seliloz asetat liflerinden resveratroliin
salinim profili
Figure 3. Release profile of resveratrol from cellulose
acetate fibers

Antioksidan aktivite

Serbest resveratrol, resveratrol yukld lifler ve
yukstiz lifler iki farklt sicaklikta (4°C ve 25°C) 14
gin boyunca depolanmis ve belli zaman

araliklarinda antioksidan aktiviteleri DPPH analizi
ile belirlenmistir (Sekil 4). Resveratrol icermeyen
seltloz  asetat lifleri antioksidan  aktivite
gostermemislerdir. Depolamanin  baslangicinda
serbest resveratroliin ve resveratrol yukld liflerin
benzer  antioksidan  aktivite  gOstermeleri
resveratrolin antioksidan Ozelliklerinin
elektroegirme prosesinden etkilenmedigini ortaya
koymugstur. Depolama sicakliginin 4°C oldugu
durumda (Sekil 4a), ilk 3 giin boyunca serbest

resveratrolin ve resveratrol yukli liflerin
antioksidan  aktivitelerinde = benzer  disis
gorilmustir. Sonrasinda, serbest resveratrolin
antioksidan  aktivitesinde hizli  bir  dusus

gozlenirken enkapsiile resveratrolin antioksidan
aktivitesinde daha yavas bir azalis meydana
gelmistir. Depolama siiresinin sonunda, serbest
resveratrol antioksidan aktivitesi %51’e diiserken,
resveratrol  yukla liflerin  aktivitesi %70’
digmistiir. Depolama sicakliginin 25°C oldugu
durumda da benzer bir egilim gérilmus (Sekil 4b)
ve depolama sliresinin sonunda, serbest
resveratrol  antioksidan  aktivitesi %40 ve
resveratrol yukli liflerin aktivitesi %59 olarak
belitlenmistir.

Son yillarda elektroegirme prosesi farklt biyoaktif
bilesiklerin liflere enkapsiilasyonu amaciyla stkca
kullanilmaya  baglanmistir.  Bu  ¢alismada,
elektroegirme ile antioksidan aktiviteye sahip
resveratroliin diizglin ve tekdiize seliloz asetat
liflere enkapsiilasyonu gerceklestirilmistir.
Resveratrolin  liflerden  salimm  Szellikleri
incelendiginde ise bilesigin saliniminin 20 saatten
sonra durdugu ve baslangicta  ylklenen
resveratrolin ~ %8%unun lif icinde kaldig
gorilmustir. Son  olarak, uretilen liflerin
resveratroliin enkapsiilasyonu icin
kullanilabilirligini ortaya koymak igin iki farkls
sicaklikta depolama esnasindaki antioksidan
aktivitedeki degisim incelenmistir. Sonuglar
incelendiginde serbest resveratrolle
kiyaslandiginda,  elektroegrilmis  lifler  ile
enkapsiillasyonun  resveratroliin  antioksidan
kapasitesini arttirdigt gorilmustir. Calismanin
sonucunda, Uretilen seliiloz asetat liflerinin gida
endustrisinde antioksidan maddelerin
enkapstilasyonunda etkin bir sekilde
kullanilabilecegi ortaya konmustur.
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Sekil 4. Serbest resveratrol ve resveratrol yikli seliiloz asetat liflerinin 4°C (A) ve 25°C’de (B)
depolama sirasindaki antioksidan aktiviteleri
Figure 4. Antioxidant activity of free resveratrol and resveratrol loaded cellulose acetate fibers during the storage at 4°C
(A) and 25°C (B)
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ABSTRACT

In this study, the effect of microencapsulated L. rhammnosus was investigated on biogenic amine amounts in sucuk
during the 6 months storage. Traditional and probiotic sucuk production were occurred with L. plantarum and L.
rhammnosus. Probiotic sucuk was produced with free or microencapsulated L. rhamnosus. Microencapsulation
protected survival of L. rhammnosus in sucuk. It was observed that biogenic amine amounts of sucuk increased with
storage. Putrescine, cadaverine, histamine, tyramine and tryptamine were detected as the most abundant biogenic
amines in sucuk. It was also determined that addition of L. rhammosus plus L. plantarnm wete reduced effectively
biogenic amine amounts in sucuk samples. Total biogenic amine amounts in sucuk without probiotic L. rhanmnosus
was found higher than in sucuk with probiotic L. #hammosus. In conclusion, short storage period and the use of
probiotic culture are recommended for the production of sucuk with low biogenic amine level.

Keywords: Biogenic amines, microencapsulation, probiotic, sucuk

SUCUGUN BIYOJEN AMIN MIKTARI UZERINE DEPOLAMANIN VE
MIKROENKAPSULE L. RHAMNOSUSUN ETKISI

(074

Bu ¢alismada 6 aylik depolama periyodu sirasinda sucuktaki biyojen amin miktari Gzerinde depolamanin
ve mikroenkapsile L. rbamnosusun etkisi arastirilmistir. Geleneksel ve probiyotik sucuk tretimi L.
Pplantarum ve L. rhammnosus ile gerceklestirilmistir. Probiyotik sucuk, serbest ve mikroenkapsile L. rhamnosus
ile tretilmistir. Mikroenkapsiilasyon islemi sucuktaki L. rhamnosusun canliigini korumustur. Sucuktaki
biyojen amin miktarinin depolamayla birlikte arttigi gézlenmistir. Putresin, kadaverin, histamin, tiramin
ve triptamin’in sucukta en bol bulunan biyojen aminler oldugu ortaya ¢ikarlmistir. Ayrica L. plantaruns’a
ilave olarak L. rhamnosus ilavesinin sucuk 6rneklerindeki biyojen amin miktarlarini etkin bir sekilde azalttigt
belirlenmistir. Probiyotik L. rhamnosus bulunmayan geleneksel sucuklardaki toplam biyojen amin miktart
L. rhamnosus’lu probiyotik sucuklardan daha yiiksek bulunmustur. Sonug olarak, kisa depolama siiresi ve
probiyotik kiltiir kullanimi diistik biyojen amin seviyeli sucuk tiretimi icin tavsiye edilmektedir.

Anahtar sézciikler: Biyojen aminler, mikroenkapsiilasyon, probiyotik, sucuk
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INTRODUCTION

Fermented meat products could be suitable
vehicle for probiotics. Especially, fermented dry
sausages containing probiotic are attracted to
consumers because of both their functional
properties and dietary composition with high
protein content (Rubio et al., 2013; Cavalheiro et
al., 2015; Wang et al.,, 2015). In this regard, a
number of studies were conducted on probiotic
fermented sausages. Lactobacillus strains were
mostly used as probiotic cultures in fermented
sausages. However these strains suffer from
adverse conditions such as low pH and water
activity, curing agents, competitive
microorganisms, spices and other ingredients in
fermented sausages (De Prisco and Mauriello,
2016). Microencapsulation technique has been
emerged and developed to protect probiotics
against these stress factors in various food
products (Champagne and Fustier, 2007; Kalkan
et al., 2018). However, there are very few studies
about application of microencapsulation in
fermented meat products (Cavalheiro et al., 2015).

Sucuk known as a typical Turkish dry-fermented
sausage is the most popular and widely consumed
meat product in Turkey (Ozdemir, 1999;
Genccelep et al., 2008). The safety of fermented
meat products is a major concern for industry and
consumer (Wang et al., 2015). For example some
biogenic amines can have undesirable effect on
human health due to their toxicity properties
(Kongkiattikajorn, 2015; Lu et al., 2015). The
microorganisms from fermentation process may
contribute to biogenic amines accumulation and
their activities vary according to species and strain
(Jairath et al., 2015; Kongkiattikajorn, 2015). The
choice of suitable starter culture (amine negative
starter culture) prevents the formation of high
levels of biogenic amine in fermented sausages
(Xie et al., 2015). Lactic acid bacteria are widely
used in fermented sausages as starter or probiotic
culture and inhibit undesired amine positive
microorganisms to improve the quality and safety
of final product because of their rapid
acidification ability (Lu et al., 2015). In Turkey,
recently there have been a few studies about
probiotic sucuk, while no reports are available on
the study of sucuk production with encapsulated

probiotic  strains.  For  example, sucuk
manufacture with the use of free probiotic
cultures such as L. plantarum, Lactobacillus casei,
Lactobacillus acidophilus and Bifidobacterinm lactis was
achieved by some researchers in Turkey (Kaya
and Aksu, 2005; Ergéntl and Kundakel, 2011;
Bagdatl and Kundaket, 2016; Ozer et al., 2016).
On the other hand, in other countries, works
based on fermented sausage  with
microencapsulated or free probiotic strains were
conducted by some of previous researchers
(Muthukumarasamy and Holley, 2006; De Vuyst
et al., 2008; Espinoza and Navarro, 2010; Sidira et
al., 2014).

In this study, sucuk samples obtained by
microencapsulated and free L. rbammnosus wete
compared in terms of their biogenic amine
contents.

MATERIALS AND METHODS

Starter culture and probiotic culture used in the
present study were L. plantarum (Blessing-Biotech
GmbH-Stuttgart/Germany) and L. rbamnosus
(Danisco USA INC.), respectively. Prebiotic
(fructooligosaccharide),  growth  promoter
(peptide), sodium alginate, gellan gum and gelatin
coating materials applied in
microencapsulation.

were

Microencapsulation of Probiotic Strain
Incorporation of probiotic strain (L. rhamnosus)
was carried out with 1.89% sodium alginate,
0.96% gellan gum, 0.15% gelatine, 1% peptide
and 1.45% fructooligosaccharides by extrusion
method based on rate of optimal coating matetial
combination in terms of probiotic survival found
by Unal (2014). Also, microencapsulation
technique practiced by Chen et al. (2007) was
performed in this study.

Probiotic Sucuk Production

For the manufacturing of probiotic sucuk, the
method of previous researchers was followed
with a bit modification (Kaban and Kaya, 2009).
Sucuk productions were occurred with 3 varied
culture combinations (A: Control sample
containing free L. plantarum, B: Sucuk sample
containing free L. rhamnosus and free L. plantarum,
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C: Sucuk sample containing microencapsulated L.
rhamnosus  and  free L.  plantarum). Detailed
information related to probiotic sucuk production
with microencapsulated and free cells was given
in previous paper of the present author (Unal
Turhan et al, 2017). The sucuk samples were
vacuum packaged and stored at 10-15°C for 6
months.

Sampling and Sample Preparation

From three replications, sucuk samples were
taken on the 0, 2, 4 and 6 months of storage.
Biogenic amine amounts, L. plantarum and L.
rhamnosus counts were analyzed. All analyses were
carried out in duplicates.

Biogenic Amine Analysis

a) Reagents: The water used in the study was
purified by a Millipore-Q system (Millipore Corp.,
Saint-Quentin, France). 1.7 diaminoheptan,
perchloric  acid, NaOH, NaHCO;, dansyl
chloride, ammonium acetate, acetonitrile and
amine standard solutions including histamine,
tryptamine, tyramine, putrescine, 2-
phenylethylamine, cadaverine, spermidine and
spermine were purchased from Sigma Chemical

Co. (USA).

b) Extraction and Quantification: Biogenic amine
levels of the samples were determined according
to the method of Eerola et al. (1993) and
Gengceelep et al. (2008) with slight modification.
Amine standard solutions (1 mg/ml) were
prepared in 0.4 M perchloric acid. Working
solutions (0.0, 2.0, 5.0, 10 and 20 mg/mL) of each
amine standard solution were prepared in 0.4 M
perchloric acid and stored at 4°C. For the
extraction of biogenic amines 2.0 g samples were
mixed with 0.4 M perchloric acid and the
detection of biogenic was carried out as their
dansyl derivatives by HPLC. Elution solvents
were 0.1 M ammonium acetate (solvent A) and
acetonitrile (solvent B). The gradient elution was
programmed as starting at 50% solvent B and
ending at 90% solvent B in 25 min. The
equilibration of the system was last for 10 min
before following analysis. 20 pL. of derivatized
biogenic amine solution was injected onto the
column in the HPLC apparatus. The column was

termostated at 30°C and flux was set at 1.0
ml./min.

The detection of peaks were carried out at 254 nm
using the HPLC system with a column nucleodur
100-5-C18 (12.5 X 4 mm) and a gradient pump.
This instrumental system consists HPLC
(Shimadzu LC-20AT, Japon), quaternary pomp
(G1311A), vacum degasser (G1322A), auto
sampler (G1313A), Diode Array Detector (DAD,
SPD-M20A), variable wavelength (G1314A) and
a computer with the Agilent package program.
The quantitative determinations were performed
according  to  internal  standard  (1.7-
diaminoheptane) method, utilizing peak heights.
Biogenic amine amounts were given in mg/kg.

Statistical Analysis

Data obtained from the present study were
represented as averages of triplicate data with
their standard deviations. Statistical analysis was
performed according to one-way ANOVA.
Duncan’s multiple test also was applied to detect
the significance or insignificance of differences
among averages (P < 0.05) based on “Windows
SPSS 15 Software” (Bek and Efe, 1988).

RESULT AND DISCUSSION

Table 1 represented biogenic amine amounts
found in sucuk samples during storage. Total
biogenic amine amounts changed from 360.68

mg/kg to 1378.35 mg/kg.

The maximum threshold of total biogenic amines
that has been considered dangerous from human
health was reported as 1000 mg/kg by
Dominguez et al. (2016). Total biogenic amine
amounts of A, B and C samples in 6 months of
storage and of A and C samples in 4 month of
storage exceeded this dangerous limit. As seen
from results, there were significant differences in
biogenic amines amounts of sucuk. In accordance
with our study, previous researchers stated that
the main biogenic amines in fermented sausages
and sucuk were putrescine, cadaverine, histamine,
tyramine and tryptamine (Gengcelep et al., 2007;
Gengcelep et al., 2008; Kurt and Zorba, 2009; Lu
et al., 2015; Xie et al, 2015). Putrescine was
biogenic amine with the highest amount in sucuk
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samples ~ whereas  phenylethylamine  and
spermidine amounts in sucuk samples were found
at low levels. Similar to the present results, in the
paper of Ergonil and Kundaker (2011) putrescine
content (ranged from 3.94 to 35.48 ppm) in

probiotic sucuk samples was found higher than
other biogenic amines such as cadeverine,
histamine, tyramine (between 3.90 and 18.50

ppm).

Table 1. Biogenic amine amounts in sucuk samples during the storage (mg/kg)

A-0 B-0 c0 A2 B-2 c2 A-4 B-4 C-4 A6 B-6 c-6
Ttyptamine 2798 899  10.06> 43550 28.87> 15570 5739 377 5319 61.66* 52241 56.09°
Phenyl- 1028 147> 1.03% 1466  3.020 074 1889 499  383b  2514r 4991 540
ethylamine

Putrescine 260574 177.92¢ 165070 404.41c 31448 33421c  447.49> 33838> 399.80> 53513 522572  510.16°
Cadaverine 6059  1629¢  89Gs  63.98  21.67¢ 1283 15630 93.29>  91.17> 121.96> 169.27+  166.84°
Histamine 115950 84.01¢ 54620 14572 110.76¢ 113.31c 27034 207.77> 28392 23231> 401900 358.78
Tyramine 121,020 7888  8240c 211.69¢ 158.25> 180.750 259.69> 16458 192950 31216* 23627+ 238.120
Spermidine 542> 475 5770 475 685 797 654> 594 531> 1006 538 599
Spermine 33.83 2863 3277° 2823  3057¢  27.90c 24200 3771 2999  28Gln  3254b 36970
iﬁfams 635.64 40094 360.68 91699 67447 69328 1240.84 89036 106025 1327.03 142516 1378.35

a, b, c: values with different letters are significantly different (P <0.05), A: Control sample containing free L.
plantarum, B: Sucuk sample containing free L. rhamnosus and free L. plantarum, C: Sucuk sample containing
microencapsulated L. rhamnosus and free L. plantarum, 0: The beginning of storage, 2: 2°d month of storage, 4: 4™

month of storage, 6: 6™ month of storage

In another study, Gengcelep et al. (2008) reported
that the most important biogenic amines were
tyramine (maximum 676 mg/kg) and putrescine
(maximum 364 mg/kg). Spermidine amounts
and spermine in sucuk samples ranged from 4.75
to 10.06 mg/kg and from 24.20 to 36.97 mg/kg
within the acceptable level. Spermine and
spermidine in fermented sausages are the main
biogenic amines coming from raw material and
their amounts rarely change during the
fermentation and storage (Lu et al, 2015).
Similarly spermine and spermidine values in sucuk
samples did not undergo large changes during the
whole storage period.

Quality characteristics of foods could change with
storage period (Loizzo et al, 2016). To this
regard, we followed the evolution over 6 months
of biogenic amine amounts (Table 1). Storage
period affected significantly (P <0.05) biogenic
amine amounts in sucuk samples (A, B, C), with
the exception of spermine in A sample. Results of
this study showed that total biogenic amine
concentrations at the beginning of storage were
low (635.64 mg/kg for A sample, 400.94 mg/kg

for B sample and 360.68 mg/kg for C sample)
and after 6 months of storage these values
reached 1327.03 mg/kg, 1425.16 mg/kg and
1378.35 mg/kg, respectively. Similar to the
present results, Xie et al. (2015) reported that total
biogenic amine amounts in fermented sausages
with L. plantarum as starter culture were
approximately 1000 mg/kg. Biogenic amine
amounts of sucuk samples mostly increased with
the storage, and especially a significant increase
was seen in level of putrescine, cadaverine,
histamine and tyramine in accordance. These
results are also in agreement with Loizzo et al.
(2016) who reported that biogenic amine
concentrations increased with storage time and
tyramine, putrescine and cadaverine were the
most abundant. Similarly, Bozkurt and Erkmen
(2004) stated that storage time significantly
affected biogenic amine amount. Additionally
total biogenic amine amounts in A sucuk sample
were found higher than B and C sample in 0, 2
and 4 months of storage except for 6 month of
storage. In 6 month of storage total biogenic
amine amounts in A sample showed a drop due
to increase of cadaverine and histamine amount
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in B and C sample. During the first 4 month of
storage, presence of probiotic culture in B and C
sample showed a good effect in reducing the
accumulation of biogenic amine. In the study of
Ergonil and Kundaket (2011) while the highest
biogenic amine accumulation in probiotic sucuk
samples was observed in the 4 months of storage
period, there was no significant change in
biogenic amine amounts of sucuk samples from 4
to 8 months of storage period.

Starter cultures are used to control the
fermentation process and to provide standardized
sucuk production having properties of favorable
quality. During the formation of biogenic amine
in sucuk, fermentative cultures influence the
decarboxylase  activity of  microorganisms
producing biogenic amine (Giicikoglu and
Kiplali, 2010; Song et al., 2018). Similatly, in the
present study, culture combination had
significantly effect on biogenic amine amounts in
sucuk samples. Especially, a high correlation
among biogenic amine amount and probiotic
content was observed. As seen from results,
formation of biogenic amine in probiotic sucuk
samples (B and C) were found lower than A
samples. This situation was considered that
prevalent of probiotic culture in sucuk prevented
formation of biogenic amine. Similarly, some
researchers reported that probiotics caused to
drop in formation of biogenic amine (Erkkila et
al,, 2001). For instance, in the study of Ergéntl
and Kundakgt (2011), putrescine amount (13.38
ppm) in sucuk containing probiotic L. casei was
found lower than with L. acidophilus (35.48 ppm).
The present study revealed that the type and
counts of microbial cultures (probiotic and
starter) affected biogenic amine amounts in sucuk
samples as highlighted in the paper of Genccelep
et al. (2007). As a matter of fact B and C samples
containing both starter and probiotic culture had
lower biogenic amine amounts than A sample and
this results confirmed the literature. In summary
the production of biogenic amine was limited by
probiotic culture. Many researchers reported that
fermentation with appropriate starter cultures or
mixed cultures is effective approach to reduce
biogenic amine formation during fermented
sausages production (Kongkiattikajorn, 2015;

Wang et al., 2015; Xie et al., 2015; Dominguez et
al., 2016; Kantachote et al., 2016; Sun et al., 2016).
Sun et al. (2016) reported that the lowest amounts
of biogenic amines were observed in sausages
inoculated with the bacterial mixture including
Staphylococens xylosus and  Lactobacillus  plantarum.
Similarly, addition of L. rbamnosus as well as L.
plantarum in the production of sausages reduced
biogenic amine formation.

As regards to effect of microencapsulation on
biogenic amine amounts, in general it was
observed that there were no significantly
differences among sucuk productions with
microencapsulated L. rbamnosus or free L.
rhammosus.  'Thus obvious relation between
microencapsulation and biogenic amine amount
could not be found in B and C samples. Similarly,
Song et al. (2018) reported that there were no
statistical differences between biogenic amine
in probiotic sausages containing
microencapsulated or free B. longum.

amounts

CONCLUSION

Culture combination and storage period affected
some biogenic amine amounts. Biogenic amine
amounts in sucuk samples mostly increased with
storage.  Sucuk samples containing probiotic
culture (B and C sample) had lower amounts of
biogenic amine than A sample. These results
confirmed that probiotic cultures in sucuk
prevented biogenic amine formation and biogenic
amine amounts were negatively correlated with
probiotic counts. Probiotic L. rhamnosus could be
considered as candidates for a mixed starter
culture in sucuk production to inhibit biogenic
amine formation. Probiotic sucuk in the present
research could contribute to the wvariety of
probiotic functional products and safely be
consumed because of positive effect of probiotic
on health and protective properties of probiotic.
Probiotic sucuk will possibly contribute to
probiotic product diversity.
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Bu calismada farklt illerden toplanan sikma peynir 6rneklerinden Enferococcus cinsi bakterilerin izolasyonu,
identifikasyonu ile 6rneklerin genel mikrobiyolojik ve kimyasal 6zelliklerinin tespit edilmesi amaglanmustir. Bu
dogrultuda, 20 peynir 6rneginden 84 izolat izole edilmis olup bunlarin 32°si E. faecalis, 31’1 E. faecinm, 13’6 E. durans,
46 E. gallinarnm, 3G E. casseliflavus ve 1’1 de E. thailandicus olarak tanimlanmustir. Calismada incelenen peynitlerin
toplam aerobik mezofilik, maya ve kiif, koliform, enterokok ve laktobasil sayilart ortalama sirastyla 7.3220.95,
4.94%0.89, 4.02£1.88, 5.86£1.38 ve 6.90+1.22 log kob/g olarak tespit edilmistir. Kimyasal analizler sonucunda
ise ortalama kuru madde, nem, protein, yag, kuru maddede yag, tuz, kuru maddede tuz, kiil, asitlik ve pH degerleri
sirastyla %055.4413.68, %044.56£3.68, %23.51+2.26, %23.42+5.22, %41.89%5.16, %5.51+2.13, %10.06£5.98,
%0.8812.62, %0.3779£0.103 ve 5.66£0.14 olarak tespit edilmistir. Sonuc¢ olarak, stkma peynitlerinin
mikrobiyolojik ve kimyasal 6zelliklerinin genis sinurlar icinde seyrettigi ve ¢ig sit kullanilarak dretilmesinden
kaynakli enterokok mikroflorasinmn zengin oldugu gézlemlenmistir.

Anahtar kelimeler: Gelencksel peynitler, stkma peynitleri, MALDI-TOF-MS, Enterococcus, enterokok.

DETERMINATION OF MICROBIOLOGICAL AND CHEMICAL PROPERTIES
OF SIKMA CHEESES COLLECTED FROM DIFFERENT PROVINCES®

ABSTRACT

In this study, identification of Enferococcus spp. from sikma cheeses and determination of microbiological
and chemical properties of the samples were aimed. For this purpose, 84 isolates from 20 cheese samples
were obtained. Among them, 32 E. faecalis, 31 E. faecium, 13 E. durans, 4 E. gallinarum, 3 E. casseliflavus and
1 E. thailandicus were identified. According to microbiological analysis; total aerobic mesophilic bacteria,
yeast and mould, coliform, Enterococcus and Lactobacillus spp. were assesed to be 7.321+0.95, 4.94£0.89,
4.0211.88, 5.861+1.38 and 6.90+1.22 log cfu/g, respectively. Chemical analysis revealed that dry matter,
moisture, protein, fat, fat in dry matter, salt, salt in dry matter, ash, acidity and pH were 55.44%3.68%,
44.56%3.68%, 23.51+2.26%, 23.42+5.22%, 41.89%£5.16%, 5.51£2.13%, 10.06+5.98%, 6.88%2.62%,
0.3779£0.103% and 5.6610.14%, respectively. In conclusion, results indicated that sikma cheeses have
wide range of microbiological and chemical properties and a diverse Enferococcns microflora due to using
raw milk in the production of cheeses.

Keywords: Traditional cheeses, sikma cheeses, MALDI-TOF-MS, Enferococcus, enterokok.
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Sikma peynirlerinin 6zellikleri

GIRIS
Turkiye yoresel trtn cesitliligi agisindan oldukea
zengin bir Ulkedir. Farkli kisi ve kurumlar
tarafindan yayinlanan sonuclar arasinda ufak
farkliliklar olsa da Turkiye’de 130’un Uzerinde
yoresel peynir iretildigi bildirilmistir (Kamber,
2015). Kiltiirel mirasin bir gostergesi olan yoresel
peynirlerin  korunup endustriye kazandirilmast
ekonomik ve kultlirel acidan 6nem arz etmektedir
(Sart vd., 2018). Genellikle mandira ve kiigik
imalathanelerde ¢ig stt kullanilarak iretilen bu
peynir cesitleri kendine 6zgli mikrobiyolojik,
kimyasal ve duyusal niteliklere sahiptir (Yalcin vd.,
2007). Dogu ve Guneydogu Anadolu
Bolgeleri’'nde yoOresel halk tarafindan siklikla
tiketilen Sanlurfa, Gaziantep, Maras ve Malatya
stkma peynirleri kullandan ¢ig siitiin  nevi,
telemenin baskilama ve haslama asamalari ile
salamurada muhafazalari bakimindan birbirlerine
benzerlik géstermektedir (Hayaloglu vd., 2008).

Uretim yapilan yorelere gore kiiciik farkliliklar
olsa da gelencksel stkma peynirinin iretiminde ¢ig
sut ik olarak kaba pisliklerinden arindirilarak
rennet enzimi ile mayalanmakta ve kabin isti bir
bez ile kapatilmaktadir. Mayalama islemi
sonucunda olugan pihtt tilbentlere doldurularak
agzi stkica diigiimlenmektedir. B&ylece peynir altt
suyunun pihtidan uzaklagmas: saglanmaktadir.
Daha sonra, ttlbentin icindeki pthtt baskiya
alinmakta ve baskilama sonrasinda teleme G60-
90°C’deki sicak su veya peynir alti suyu icerisinde
2-5 dakika boyunca haslanmaktadir. Elile stkilarak
sckil verilen peynir daha sonrasinda salamura
¢ozeltisine alinarak 3-4 ay boyunca olgunlagsmaya
birakilmaktadir (Ceylan vd., 2003; Ardic ve
Nizamlioglu, 2004; Hayaloglu vd., 2008).

Geleneksel peynir idretiminde siitin pastorize
edilmemesi, hijyen ve sanitasyon kurallarina
uyulmamast gibi nedenler fekal kontaminasyonun
bir gostergesi olan enterokoklarin gelismesine
imkan saglamaktadir (Togay ve Temiz, 2011).
Enterococens cinsi bakteriler Gram (+), katalaz (-)
morfolojik olarak kok seklinde, genis pH
araliklarinda ve ytksek tuz konsantrasyonlarinda
gelisim gosterebilen bir laktik asit bakterisi (LAB)
grubudur (Klein vd., 2003). Insan ve hayvan
bagirsak mikroflorasinin birer pargast olmalarina

karsin geleneksel yollarla tretilen bir¢ok fermente
gidanin mikroflorasinda yer almaktadir (Tuncer
vd., 2013). Peynirde stklikla rastlanan tiitler
arasinda E. faecalis, E. faecium ve E. durans yer
almakla bitlikte (Giraffa, 2003) E. casseliflavus, E.
hirae, E. italicus, E. avium ve E. pseundoavium gibi
tirlerin de izole edildigi cesitli aragtirmacilar
tarafindan  bildirilmigtir (Ertiitkmen ve Oner,
2015; Kirmact vd., 2016; Domingos-Lopes vd.,
2017, Ispitli vd., 2017).

Peynirde bulunma  popitlasyonlart  olduke¢a
degiskenlik gbsteren enterokoklar telemede 4.00-
6.00 log kob/g arasinda bulunurken, olgunlasma
petiyodu sonucunda bu sayinin 5.00-7.00 kob/g
dolaylarina ¢ikti@r farklt arastirmactar tarafindan
bildirilmistir (Picon vd., 2016; Pyz-Lukasik vd.,
2018; Oner ve Saridag, 2019). Enterokoklar,
peynir teknolojisi agisindan  dustinildiginde
olgunlasma periyodu boyunca g6sterdikleri
lipolitik ve proteolitik faaliyetler neticesinde tat,
aroma ve yaptya katkida bulunsa da (Franz vd.,
1999; Giraffa, 2003) bazi tir ve suslarinin
vankomisin basta olmak tizere bir¢cok antibiyotige
gostermis oldugu direng ve bu direnci bagirsak
mikroflorasinda bulunan diger
mikroorganizmalara aktarma  potansiyelinden
dolayt gidalarda bulunmast ve/veya ek kultir
olarak kullanilmasi giiniimiizde halen bir soru
isaretidir (Miller vd., 2016; Ahmed ve Baptiste,
2018; Nawaz vd., 2019).

Yapilan  literatiir  arastirmast  kapsaminda,
geleneksel  yollarla  tretilen  Urfa  beyaz
peynitlerinin enterokok mikroflorasinin

belirlenmesi ile ilgili calismalar yer alsa da (Uraz
vd., 2008; Kirmaci vd., 2016) stkma peynirlerinin
enterokok mikroflorasinin belirlenmesine ait bir
calismaya rastlanmamistir. Bu calisma kapsaminda
Sanlurfa, Gaziantep, Kahramanmarags ve Malatya
illerinden  toplanmis  stkma  peynirlerinin
Enterococcus spp. mikroflorast ile mikrobiyolojik ve
kimyasal 6zelliklerinin belirlenmesi amaglanmustir.

MATERYAL VE YONTEM
Materyal
Calismada Gaziantep, Sanlurfa, Malatya ve

Kahramanmaras  illerinde  dretilen  stkma
peynitlerinin her birinden 5’er adet olmak tzere
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toplamda 20 adet peynir Ornegi materyal olarak
kullanilmistir. Ornekler soguk zincir kirllmadan
laboratuvara getirilmistir.

Enterokok suglarinin izolasyonu

Enterokok suslarinin  izolasyonu Kanamycin
Esculin Azide Agar (KAA) (Merck, Almanya)
besiyeri kullanilarak yayma yontemi ile yapilmistur.
Ekimden sonra Petri kaplari 37°C’de aerobik
sartlar  alunda  24-48  saat  inkiibasyona
birakdmigtir. Siyah zonlu stipheli enterokok
kolonileri Tryptic Soy Borth (Merck, Almanya) ve
Tryptic Soy Agar (Merck, Almanya) besiyerleri
kullanilarak saflastirilmistir. Saflastirilan izolatlar
teyit amaclt 10°C ve 45°C’de, pH 9.6 ve %06.5
NaCl varliginda gelistirilmistir. Bitiin sartlarda
gelisim gosteren izolatlar Gram boyama ve katalaz
testleri uygulandiktan sonra %40 oraninda steril
gliserol ilave edilerek -80°C’de muhataza
edilmistir.

Izolatlarin Matrix-Assisted Laser Desorption

Ionization - Time of Flight Mass
Spectrometry (MALDI-TOF-MS) ile
tanumlanmasi

Ik olarak, 2 mg a-siyano-4-hidroksisinnamik asit
(Sigma-Aldrich, Almanya) matriks kimyasalt 150
ul organik ¢ozict ile karstirlmistir. 1 ml organik
¢Ozucunin hazirlanmast icin ise 475 pl ddH»O,
500 ul asetonitril solisyonu (Sigma-Aldrich,
Almanya) ile 25 pl Trifluoroasetik asit (Sigma-
Aldrich, Almanya) ¢ozeltilerinden alinmis ve steril
bir eppendorf tiipt igerisinde iyice homojenize
olana  kadar  kangstirdmustir.  Aktiflestirilen
kiltiirlerden steril bir kiirdan yardimiyla alinarak
MALDI plakasinin (MTP 384; Bruker Daltonik
GmbH, Almanya) haznelerine strilmustir.
Uzerine 1 pl hazirlanan organik ¢ézelti ve matriks
karistmindan eklenerek oda sicakliginda kurumaya
birakilmistir  (Han  vd.,, 2014). Kurumast
tamamlanan 6rnekleri iceren plaka MALDI Bio-
Typer (Bruker Daltonik, Almanya) cihazina
yetlestirilmistir. Tanimlama metodu olarak MBT-
FC.par secilmis, lazer 1stma siddeti ise %050.0 (50.0
Hz) olarak belitlenmistir. Sistem veritabant olarak
MALDI-BioTyper 3.0 kullanilmistur.

Sonuglar logaritma skoru olarak kaydedilmistir.
Bu dogrultuda, 2.300-3.000 skoruna sahip olan

izolatlar "Tur diizeyinde givenilir tanimlama",
2.000-2.299 "Cins duzeyinde yuksek guvenitlikli,
tur dizeyinde yiksek ihtimalli", 1.700-1.999
"Yiksek ihtimalli cins tanimlamasi" ve 0,000-
1.699 "Guvenilir olmayan tanimlama" olarak
degerlendirilmistir.

Mikrobiyolojik analizler

Mikrobiyolojik analizlerde toplam mezofil aerobik
bakteri (TMAB), maya ve kif, enterokok ve
laktobasil sayilart icin yayma, koliform bakteri
sayist icin ise ¢ift kat dokme yOntemi
uygulanmustir. Bu amagla 10 g peynir 6rnegi 90
mL Y4 kuvvetindeki Ringer solisyonu igeren steril
bir stomacher posetinde iyice karisana kadar
homojenize edilmis ve ardindan 10¥e kadar
seyreltilmistir. TMAB sayimi Plate Count Agar
(PCA) (Merck, Almanya) kullanilarak 30°C’de 24-
48 saat, maya ve kiif sayimi Yeast Extract Glucose
Chloramphenicol Agar (YGC) (Merck, Almanya)
kullamilarak 24°C’de 5 giin, koliform bakteri
sayimi icin Violet Red Bile Agar (VRB Agar)
(Merck, Almanya) kullanilarak 30°C’de 24 saat,
enterokok sayimi KAA  (Merck, Almanya)
kullamilarak 37°C’de 48 saat, laktobasil sayimi ise
de Man, Rogosa and Sharpe (MRS) Agar (Merck,
Almanya) kullanilarak anaerobik sartlar altinda
300C’de 48-72 saatlik inkiibasyonlar sonucunda
yapilmustir (Ardic ve Nizamlioglu, 2004; Kirmaci,
2010).

Kimyasal Analizler

Peynirlerde, gravimetrik yontem ile toplam kuru
madde (KM), Kjeldahl yontemi ile toplam azot
(protein), Van Gulik yéntemi ile yag orani, Mohr
yontemi ile tuz orany, titrasyon asitligi ile laktik asit
cinsinden asidite ve pH metre ile pH degerlerinin
Ol¢timleri yapilmistir (Metin, 2008).

BULGULAR VE TARTISMA
MALDI-TOF-MS sonuglari

Fenotipik 6zellikler baz alinarak yapilan 6n
tanimlamalar sonucunda Ewnferococcus spp. olarak
tanimlanan izolatlarin MALDI-TOF-MS
sonuglart  Cizelge 1’de Tant
sonucunda E. faecalis ve E. faecium turlerinin
dominant enterokok mikroflorasint olusturdugu
gorilmektedir. Bununla birlikte E. durans, E.
gallinarum, E. casselifilavus ve E. thailandicus tutleri

sunulmustur.
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de tanimlanmustir. Stkma peynir Uretiminde kéti
hijyen kosullar ¢ig sutin kullanilmast
enterokok kontaminasyonunun birincil nedenidir.
Cig sttten telemeye, oradan da peynire gegen bu
bakteriler — disik pH yiksek  tuz
konsantrasyonlarinda canliliklarin
stirdirmesinden dolay1 bircok geleneksel yollatla
tretilen peynirin laktik mikroflorasinin ciddi bir

ve

ve

boliminia  olusturmaktadir.  Bu  calisma
kapsaminda izole edilen dominant tiirler bir¢ok
arastirmact tarafindan tanimlanan tutler ile

benzerlik gbsterse de dominant olmayan tirler
arasinda farkliiklar tespit edilmistit (Dutlu-
Ozkaya vd., 2001; Aquilanti vd., 2007; Korucu,
2012; Ertitkmen ve Oner, 2015; Kirmact vd.,
2016; Domingos-Lopes vd., 2017; Ispirli vd.,
2017). Bunun temel sebepleri arasinda kullanilan
¢ig sttin nevi, cografi farkliliklar, kontaminasyon
diizeyleri, telemenin haglama sicakligi ve siiresi ile
depolama sartlar1 gibi bir¢ok faktér yer
almaktadur.

Cizelge 1. Izolatlarin tiir diizeyinde MALDI-TOF-MS ile tan1 sonucu
Table 1. Ldentification of the isolates on species level by MALDI-TOF-MS

Enterscocons spp Izolat Say1st Izolat Yiizdesi
) (Number of Isolate) (Percentage of Isolate) (%o)
Enterococcus faecalis 32 38.09
Enterococcus faecinm 31 36.90
Enterococcus durans 13 15.48
Enterococcns gallinarum 4 4.76
Enterococcus casseliflavus 3 3.57
Enterococcus thailandicus 1 1.20

Enterokoklarin dogal yasam ortami insan ve
memeli  hayvanlarin  bagirsaklaridir.  Insan
diskisinda enterokok tiitleri arasinda dominant
olarak bulunan E. faecalis ile birlikte E. faecium, E.
hirae, E. avinm ve E. durans titlerinin de bulundugu
bildirilmektedir. Ek olarak, memeli hayvanlarin
diskisindan da enterokoklar izole
edilebilmektedir. Bunlar arasinda E. faecium inek
bagirsagindan en ¢ok izole edilen tir olup bunu
E. faecalis, E. hirae ve E. casseliflavus turleri takip
etmektedir (Lemsaddek ve Tenreiro, 2012). E.
gallinarnm tirinin ise 6zellikle vankomisine karg:
gosterdigi  diren¢ nedeniyle bircok hastane
enfeksiyonundan izolasyonu miumkindir ve
zaman zaman insan bagirsak mikroflorasinin da
bir pargasi olabilmektedir ve dolayistyla digkidan
izole edilebilmektedir (Narciso-Schiavon vd.,
2015). Son olarak, E. thailandicns ik olarak
Tayland’da sosisten izole edilmistir. Insan diskisi
kaynakli oldugu dustnilen FE. thailandicus
molekiiler genetik olarak %99.3-%99.6 gibi buyiik
oranda FE. Jirae ile benzerlik gOsterdigi
bilinmektedir (Tanasupawat vd., 2008). Calismada
elde ettigimiz sonuclar literatiir bilgileri ile
kiyaslandiginda E. faecalis ve E. faecium turlerinin
hem insan hem de memeli hayvan diskisinda

baskin olmasindan dolayt dominant mikrofloranin
bu iki tiir tarafindan olusmast sasirtict bir sonug

degildir.

Farkli giiven araliklarinda (GA) tanimlanan
izolatlar Cizelge 2’de verilmistir. Cizelgeye gore
izolatlarin  %78.57si 3.000 = GA = 2.300
araliginda sonug verirken %19.05’1 ise 2.300 = GA
> 2.000 araliginda sonug vermistir. Seksen dort
izolat arasinda 1 E. casseliflavus izolan ‘yiksek
ihtimalli cins tanimlamast’ anlamina gelen 1.992
skoru ile tanimlanmustir. Benzer sekilde aralarinda
enterokoklarin da bulundugu LAB
tanimlanmasinda MALDI-TOF-MS yénteminin
kullanildig1 calismalarda tiir diizeyinde dogru tant
aralig 3.000 = GA = 2.000 olarak alinmis ve
9%92.3-%100.0 arasinda tanimlama basarist elde
edilmistir (Angelakis vd., 2011; Carbonnelle vd.,
2012; Bareika vd., 2017; Nacef vd., 2017; Ledina
vd., 2018; Russo vd., 2018). Calisma sonuglart aynt
GA  referans alinarak  degerlendirildiginde
%98.91'lik tiir dizeyinde dogru tanimlama ile
benzer sonuglar sergilemistir.
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Cizelge 2. Farkli giiven araliklarinda tanimlanan izolat sayilars
Table 2. Number of isolates identified in different confidence intervals

Aralik (Interval) <1.700

1.700-1.999

2.000-2.299 2.300-3.000

Izolat sayilari

(Number of isolates) 0

1 17 66

Mikrobiyolojik 6zellikler

Yapilan mikrobiyolojik ekimler neticesinde elde
edilen sonuglar Cizelge 3’de sunulmustur.
Hayvanin memesinde steril olarak bulunan ¢ig
stite memeden, peynir dretiminde kullantlan arag
gereclerden  ve  direkt  olarak  insandan

mikroorganizma kontaminasyonu olmaktadir. Bu
durum g6z 6nitine alindiginda Szellikle ¢ig stitten
geleneksel yollarla Uretilen peynitlerde TMAB
sayisinin yliksek olmasi beklenmektedir. Nitekim
ortalaima TMAB degeri 7.32+0.95 log kob/g
olarak bulunmustur.

Cizelge 3. Peynir 6rneklerinin mikrobiyolojik sayim sonuglari (log kob/g)
Table 3. Microbiological counts of the samples (log cfi/g)

Mikroorganizmalar Enaz En ¢ok Ortalama
(Microorganisms) (Minintum) (Mascinzum) (Mean)
TMAB 5.84 £ 0.05 8.66 = 0.04 7.32+0.95
(TMAB) .84+ 0. .66 £ 0. 32%0.
Maya ve Kif
(Yeast and Mould) 323+ 0.11 6.86 = 0.07 4.94 £ 0.89
Koliform
(Coliforn) 1.16 £ 0.03 5.96 £ 0.08 4.02 £ 1.88
E kok
feroro 318+ 0.02 8.25 +0.10 5.86 +1.38
(Enterococcus spp.)
Laktobasil
(Lactobacillus spp.) 4.36 = 0.09 8.59 £0.13 6.90 £ 1.22
TMAB: Toplam Mezofil Aerob Bakteri. TN.AB: Total Mesophilic Aerob Bacteria.
Maya ve kuf sayist ortalama 4.9410.89 log kob/g ~ ve Halkman, 2014). Diger yandan, diskt

olarak  saptanmustir  (Cizelge  3). Bu
mikroorganizma gruplart peynirde cogunlukla
istenmeyen tat ve aromadan sorumludur. Dissiik
su aktivitesi ve pH e yiksek tuz
konsantrasyonlarinda gelisebilme yeteneklerinden
dolayt geleneksel yollarla tretilen peynitlerde
maya ve kuf sayist 5.00-6.00 log kob/g sayilarina
kadar ¢iktig1r gesitli arastirmactlar tarafindan
bildirilmistir (Pyz-F.ukasik vd., 2018; Oner ve
Saridag, 2019). Benzer sekilde mevcut galisma
sonuclart da bu verileri destekler niteliktedir.

Toplam koliform sayist ortalama 4.0211.88 log
kob/g olarak tespit edilmistir. Gidalarin dogal
mikroflorasinda bulunmayan koliformlar iriine
diskt veya toprak bulasist oldugunu, Uretimin
hijyenik sartlar altinda yapilmadigini ve yetersiz 1sil
islem uygulamalarint isaret etmektedir (Halkman

kontaminasyonun bir gostergesi olan Enterococcus
cinsi bakteriler koliform grubu bakterilere kiyasla

daha zorlu kosullarda yasamini = strdirme
yeteneklerinden dolayt zaman zaman
arastirmactlar tarafindan indikator

mikroorganizma olarak kullanidmaktadir (Citak
vd., 2009; Pappa vd., 2019). Calisma verileri
incelendiginde  enterokok  sayist  ortalama
5.86+1.38 log kob/g olarak tespit edilmistir.
Enterokok sayisinin ¢ig siitten tiretilen peynirlerde
olgunlasma agamasinda 5.00-7.00 log kob/g

arasinda  degistigi farkli arastuma  gruplan
tarafindan  bildirilmistir  (Renye vd., 2008;

Colombo vd., 2010; Gonzilez-Montiel ve
Franco-Fernandez, 2015; Picon vd., 2016; Pyz-
Fukasik vd., 2018). Bu degerlerin elde edilen
calisma verileri ile Ortiistiigu tespit edilmisgtir.
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Olgunlastirilmis peynirlerde olgunlasma
esnasinda dominant mikroflora ¢ogunlukla starter
olmayan laktik asit bakterileri (NSLAB) olarak
adlandirilan mezofil laktobasiller ve enterokoklar
tarafindan olugmaktadir (Gobbetti vd., 2015;
Yuvasen vd., 2018). Laktobasiller ortamda
fermantasyon sonucunda az miktarda kalan
laktozu metabolize etmekte ve karbon enerji
kaynagt bittiginde aminoasit ile sitratt kullanarak
aroma maddeleri Uretmektedir. Bu yiizden,
olgunlastirilan peynirlerde riiniin tat ve aromast
taze olarak tiiketilen peynirlere kiyasla daha zengin

olmaktadir  (Skeie vd., 2008). Turkiye’de
olgunlastirilarak  titketilen peynitlerde  gesitli
arastirmactlar  tarafindan  laktobasil = sayisinin

ortalama olarak 7.00-8.00 log kob/g araliginda
degistigi bildirilmistir (Ardigc ve Nizamlioglu,
2004; Yalcin vd., 2007; Dinkci vd., 2012; Morul ve
Isleyici, 2012; Kara ve Akkaya, 2015). Bu
calismada, elde edilen laktobasil sayilart da bu
sonuclart desteklemektedir.

Kimyasal 6zellikler

Peynir 6rneklerinin  kimyasal analiz  bulgular
Cizelge #4te sunulmustur. Yari-sert peynirler
grubunda degetlendirilen stkma peynirlerinin
besleyici degeri hakkinda kabaca bilgi sunan kuru
madde miktart ortalama %55.44%3.68 olarak
tespit edilmistir. Orneklerin ortalama nem degeri
ise  %44.56+3.68  olarak  hesaplanmistir.
Peynitlerin %70.0’i (14/20) Turtk Gida Kodeksi
Peyniri Tebligi’'nde yer alan telemesi haslanan
peynitlerin icermesi gerecken maksimum nem
miktart ile (En ¢ok 9%45.0) Ortismektedir
(Anonymous, 2015). Calismada elde edilen
sonuglar Urfa ve Maras illerinden toplanan sikma
peynirlerinde calisan Yetismeyen ve Yildiz (2003)
ile Yalgn vd. (2007) tarafindan bildirilen
sonuclarla benzerlik gosteritken, Tekinsen ve
Nizamlioglu (2003) tarafindan bildirilen % nem
miktarlarindan  yliksek  ¢tkmugtir.  Sonuclar
arasinda farkin fazla olmasi peynirlerin standart
bir dretim tekniginin olmamasindan ve tretimde
farkll tirde sttlerin kullanilmis olmasindan ileri
geldigi diginilmektedir.

Cizelge 4. Peynir 6rneklerinin kimyasal 6zellikleri

Table 4. Chemical properties of the samples

Kimyasal Bilesen Enaz En ¢ok Ortalama
(Chenrical Composition) (Minimnm) (Maxinum) (Mean)
0

Kuru madde () 46.87 +0.27 63.45 + 0.05 55.44 + 3.68
(Dry matter %)
Nem (%) N N N
(Hnmudity %) 36.55 + 0.05 53.13 £ 0.27 44.56 + 3.68

o 0
Protein (7o) 19.46 + 0.19 28.75 + 0.05 2351 +2.26
(Protein %)
Yag (%) + + +
(o %) 14.00 £ 0.50 33.0 % 0.00 2342 + 522
Kuru maddede yag (%) 23.23 + 0.49 46.95 + 0.71 41.89 + 5.16
(Fat in dry matter %)
Tuz (%) N N N
Salt %) 2.05+0.22 11.24 + 021 551 +2.13
Kuru maddede tuz (%) 357 +0.18 22.66 + 0.46 10.06 + 5.98
(Salt in dry matter %)
Kiil (%) N N N
Cish %) 2.96 + 0.04 11.58 + 0.15 6.88 + 2.62
Asitlik (%) N N N
CAcidity %) 0.2160 % 0.036 0.6116 % 0.00 03779 + 0.103
pH 5.24 +0.02 5.83 + 0.01 5.66 % 0.14
(pH) - - —
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Orneklerin  protein degerleri ortalama
%23.51£2.26 olarak saptanmistir. Elde edilen
sonuclar Celikbilek (2010) tarafindan bildirilen
Malatya stkma peynirlerine ait ortalama protein
degerlerinden daha dusiik, Kaya (2002) ile
Yetismeyen ve Yildiz (2003) tarafindan bildirilen
Gaziantep ve Utrfa sikma peynitlerine ait
degerlerden ise daha yiksek bulunmustur.
Sonuglar arasindaki farkliligin peynir tretiminde
kullanilan ¢ig sitiin  tirinden kaynaklandigt
dusuntlmektedit.

Yag iceriginin %14.00+£0.50 ile %33.0£0.00
degerleri  arasinda  degistiZi ve  ortalama
%23.42£5.22 olarak bulundugu belirlenmistir.
Kuru maddede yag icerigi ise ortalama %
41.89£5.16 olarak tespit edilmistir (Cizelge 4).
Ornekler Peynir Tebligi'nde yer alan ‘peynirlerin
sit yagt miktarina gbre  smuflandirilmast’
basliginda degerlendirildiginde %25.01 (5) tam
yagl, %75.01 (15) ise yarm yaglt olarak
siniflandirmistir (Anonymous, 2015). Elde edilen
bu sonuglar Celikbilek (2010) ve Karatekin (2014)
tarafindan bildirilen Malatya sikma peynirine ait
sonuglar ile benzerlik gosterirken Golge ve Sahan
(2008) taratindan bildirilen Maras stkma peynirine
ait sonuglardan daha dustik bulunmustur. Aradaki
farkliligin ¢ig sitlin yag icerigi ile telemenin
haslama sicakligt ve siiresinden kaynaklandig:
dastnilmektedit.

Incelenen numunelerin tuz ve kuru maddedeki
tuz oranlar ortalama strasiyla %5.51+2.13 ve
%10.06£2.98 olarak tespit edilmistir. Peynir
Tebligi'nde salamurada depolanan peynitler icin
izin verilen kuru maddedeki maksimum tuz
miktarina  (%7.5) Orneklerin - %55.01  (11)
uymaktadir. Elde edilen sonuclar Yetismeyen ve
Yidiz (2003) tarafindan bildirilen Urfa sikma
peynirine ait sonuclar ile benzerlik gosterirken
Ceylan vd. (2003) tarafindan bildirilen Maras
stkma peynirine ait sonuclardan daha yiiksek

bulunmustur. Sonuglarin  ¢ok genis dagilim
gOstermesinin  peynirlerin - farkli  salamura
konsantrasyonlarinda farklt surelerde

depolanmasindan  kaynaklandigi  distinilmek-
tedir.

Numunelerde en az %2.96%0,04, en c¢ok
%11.58%0.15 ve ortalama %06.88+2.62 olarak
tespit edilen kil degerleri Urfa stkma peynirlerine
ait Ardic ve Nizamlioglu (2004) tarafindan elde
edilen degerler ile benzerlik gosterirken Ozer vd.
(2002) tarafindan bildirilen degetlerden daha
dusuk bulunmustur.

Ortalama  %0.3779£0.103  olarak  bulunan
titrasyon asitligi degeri Ardi¢ ve Nizamlioglu
(2004) ile Yal¢in vd. (2007) tarafindan bildirilen
sonuglar ile benzerlik gosterirken Caglar vd.
(1998) ile Yetismeyen ve Yildiz (2003) tarafindan
bildirilen  degetlerden daha dusik oldugu
saptanmistir.  LAB  tarafindan  laktozun
parcalanmast sonucunda olusan laktik asit tadin
olusmasinda, gida patojenlerine karst peyniri
korunmasinda ve peynirin  yapisinin - elde
edilmesinde 6nemli rol oynamaktadir (Ceylan vd.
2003). Elde edilen sonuglar ile diger
arastirmacilarin elde ettigi sonuglar arasindaki
farkliliklarin -~ olgunlasma  6ncesi  telemenin
haslanma sicaklik ve stresi ile tuz miktarlart
arasindaki farkliliklardan kaynaklandig
disinilmektedir.  Peynirde  asitligin  ifade
edilmesinde bir diger ifade olan pH degeri
ortalama 5.6610.14 olarak bulunmus olup bu
deger Ardi¢ ve Nizamlioglu (2004) tarafindan
bildirilen degetler ile benzerlik gostermekteyken
Tekingen ve Nizamlioglu (2003) tarafindan
bildirilen Maras stkma peynirine ait degerlerden
daha yuksek oldugu saptanmustir. Aradaki
farkliliklarin  ¢ig sttin mikroorganizma yukd,
haglama sicaklik ve stresi, salamura tuz
konsantrasyonu ve olgunlasma sartlarindan
kaynaklandigi disiiniilmektedir.

SONUC

Sonug olarak, ¢ig stt kullanilarak dretilen
geleneksel stkma peynitlerinin standart bir Giretim
tekniginin olmamasindan dolay1 mikrobiyolojik ve
kimyasal Ozelliklerinin genis sinirlarda seyrettigi
tespit edilmistir. Ek olarak, incelenen 6rneklerde
hijyen kurallarina uyulmamasi neticesinde ¢ig
sttiin kontaminasyonu suretiyle telemeye oradan
da peynire gecen Enterococcus cinsine ait 6 farkls tir
MALDI-TOF-MS yontemi ile tespit edilmistir.
Ilerleyen calismalarda, firsatci patojenler olarak
nitelendirilen  fakat aymi zamanda peynir
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teknolojisinde de NSLAB olarak 6nemli bir roli
olan enterokoklarin Oncelikle 16S  rRNA
bolgelerinin - ¢ogaltllarak  dogru  genotipik
karakterizasyonunun yapilmasi, vankomisin basta
olmak tdzere antibiyotik direncliklerinin ve

virulens faktorlerinin  belitlenmesi onem arz
etmektedir.
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Bu calismada farkli baglayicilar kullanarak aglomere edilen yogurt tozlarin nem sorpsiyon Ozellikleri
arastirtlmustir. Bu amagla aglomere olmamis yogurt tozu ile laktoz ve distile su baglayicilart kullamilarak
aglomere edilmis yogurt tozlarinin 4, 20 ve 40 °C sicakliklarda nem sorpsiyon izotermleri tespit edilmistir.
Denge bagil nem degetleri Oswin, BET ve GAB modellerine uyarlanmistir. Aglomere tozlarin nem ¢ekme
ozellikleri aglomere olmamus (kontrol) yogurt tozuna gore farkliliklar gostermistir. Yogurt tozlarinin ytiksek
sicakliklarda daha az higroskopik oldugu belitlenmistir. Baglayict olarak higroskopik karakterdeki laktozun
kullanilmast saf suya kiyasla yitksek su aktivite degerlerinde nem sorpsiyon oranini arttirmistir. Tzosterik 1s1,
diferansiyel entalpi ve entropi degerleri gibi termodinamik kavramlar kullanilarak sorpsiyon davranist, nem
ve enetji gereksinimleri tespit edilmistir. Yogurt tozlarmin nem igerigi arttik¢a tiim tozlarda izosterik 1s1
sorpsiyonu degetlerinde azalma gbzlemlenmistir.

Anahtar kelimeler: Akiskan yatak aglomerasyon, yogurt tozu, baglayict etkisi, nem sorpsiyon izotermi

EFFECT OF AGGLOMERATION PROCESS ON THE MOISTURE SORPTION
ISOTHERMS AND THERMODYNAMICS PROPERTIES
OF YOGHURT POWDER

ABSTRACT

In this study, the effect of different binders on the sorption behavior of agglomerated yoghurt
powders was presented. Moisture sorption isotherms of non-agglomerated yoghurt powder and
agglomerated yoghurt powders with lactose and distilled water were determined at 4, 20 and 40 °C
temperature levels. Equilibrium moisture contents of powders were fitted to mathematical models
such as Oswin, BET and GAB equations. Moisture sorption properties of agglomerated powders
were found as different from control yoghurt powder. It was determined that powders are less
hygroscopic at higher temperatures. Using lactose binders caused to increase in water sorption values
of powders at higher water activity values. Thermodynamic properties such as isosteric heat of
sorption, differential entropy, and enthalpy values were assessed to provide knowledge about the
properties of water and energy requirement associated with sorption behavior. Isosteric heat values
decreased with increasing of moisture content of yoghurt powders.

Keywords: Fluid bed agglomeration, yoghurt powder, binder effect, moisture sorption isotherm
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GIRIS
Yogurt tozu, fermente bir stut Urlnd olan
yogurdun cesitli kurutma yontemleriyle kurutulup
toz forma donusturilmesi ile elde edilen bir
drindir.  Yaygin  olarak  cesiti  gida
formiilasyonlarinda (kraker, cips, bazt c¢orba
gesitleri vb.) kullanilmaktadir. Gida bileseni olarak
kullaniminin yani sira, tekrar sulandirma islemiyle
tiketimi de s6z konusudur. Pisktrtmeli kurutma
islemi instant toz Uretimi Ulzerine tek basina
¢6zim olamamakta, partikiller arasinda yiksek
kohezyon kuvvetleri meydana gelmesinden dolayt
dustik instant (islanabilme, dagilabilme ve
¢ozunirlik) 6zelligine sahip tozlar Uretilmektedir.
Aglomerasyon (granilasyon) prosesi kigik
partikillerin biiytik partikillere doniisimt olarak

tarif  edilmektedir. Islatmali  aglomerasyon
teknolojisinin  gidalarin  ¢éziinme, 1slanma ve
batabilme gibi instant Ozelliklerinin

tyilestirilmesinin ~ yani  sira, yiksek partikil
buyikligi ve gdzenekli morfoloji saglamasi,
istenilen yitksek kalitede toz iiretimine olanak
saglamaktadir (Atalar ve Yazici, 2018a).

Nem sorpsiyon izotermi gidanin denge nem
icerigi ile kendisini ¢evreleyen ortamin belirli bir
sicakliktaki ~ bagl nemi arasindaki iligkiyi
aciklamaktadir (Kumar ve Mishra, 2006). Denge
nem icerigi tozlarn fiziksel, kimyasal ve
mikrobiyel stabilitelerinin yant sira kurutma,
karisimlama, ambalajlama ve depolama gibi islem
kogullarindaki ~ davramglari  hakkinda  bilgi
vermektedir. Gidalarn  sorpsiyon  izotermleri
genellikle sigmoid sekilli olup yorumlanmalari
zordur. Bu nedenle bu egrilerin agiklanabilmesi
icin matematiksel modeller gelistirilmistir.

Isinin sorpsiyonu gida tozlarinin depolanmast
boyunca 6nemli bir parametredir. Gidanin en
uygun nem icerigine sahip oldugu depolama
stabilitesine erismesi icin kurutulmasi gereken son
noktayt ifade etmektedir. Ayni zamanda gidadan
belirli miktar suyun uzaklastirilmast icin gerekli
olan minimum enetji icerigi hakkinda da bilgi
vermektedir (Tatar vd., 2014). Nem sorpsiyon
izotermleri en az Ug¢ sicaklik i¢in hesaplandiginda
net izosterik 1s1 sorpsiyonu Clausiuse Clapeyron
esitligi kullanilarak hesaplanabilmektedir. (Edrisi
Sormoli ve Langrish, 2015). Su molekulleri katt

gida maddesi icerisinde baglt durumdaysa saf
suyun entalpisinden dusiik entalpi degerine
sahiptir. Dolayisiyla kati icerisindeki nem saf suya
oranla daha yitksek buhatlagsma isisina sahiptir.
Kati gida maddesi icerisindeki suyun buharlasma
1s1st ile saf suyun buharlasma gizli 1s1s1 arasindaki
fark sorpsiyonun net izosterik 1sist ya da 1slanma
entalpisi olarak adlandirilmaktadir. Sorpsiyonun
net izosterik 1sistnt bilerek trini belirli bir nem
icerigine  kurutmak icin  gerekli  entalpi
hesaplanabilmektedir (Basu vd., 2006).

Calismanin amaci aglomerasyon isleminin ve
aglomerasyon asamasinda kullanilan baglayicilarin
yogurt tozunun nem sorpsiyon izotermleri ve
izosterik 1sist tizerine etkisini belirlemektir.

MATERYAL VE YONTEM

Materyal

Calismanin ana materyali olan yogurt tozu (%34
protein, %1 yag, %55 karbonhidrat ve %4.5 kil)
stit firmasindan (Akova Gida, Konya) hazir olarak
temin edilmistir. Baglayict olarak kullanilan laktoz
ve sorpsiyon analizlerinde kullanilan tuzlar Sigma
(St. Louis, MO, ABD)’dan satin alinmistur.

Aglomerasyon Iglemi

Yogurt tozunun aglomerasyon islemi icin
laboratuvar  Olcekli akiskan  yatak  sistemi
kullanilmistir (Mini Glatt, Almanya).

Aglomerasyonda her bir denemede 150 g yogurt
tozu kullanllmustir. Baglayict ¢ozeltisi peristatik
pompa  vasitastyla  sisteme  gonderilerek
puskiirtme hiz1t dakikada 2.11 mL/dk olacak
sekilde ayarlanmistir. Sisteme giren hava hiz
tozlarin sistem icerisinde yeterli akiskanliklarinin
saglanabilmesi amactyla 8-9 m3/h araliklarinda
sabit tutulmustur. Aglomerasyon islemi bittikten
sonra tozlarin mono-model partikil dagilimi
gOsterebilmeleri amactyla eleklerden gecirilerek
eleme islemi gerceklestirilecektir. Aglomerasyon
islem kosulart olarak 62 °C hava giris sicakligi, 0.9
bar atomizasyon basinct ve 68 g baglayict miktart
kullandmistir (Atalar ve Yazici, 2018b).

Sorpsiyon Izotermleri

Nem sorpsiyon izotermleri gravimetrik yéntem
kullanarak belirlenmistir. Yogurt tozu Ornekleri
kurutulduktan sonra 0.520.1 g yogurt tozu olacak
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sekilde plastik kaplar icerisine tartilarak farkli su
aktivitesindeki kavanozlar icerisine
yerlestirilmistir. Cizelge 1’deki tuzlarin asirt
doygun c¢ozeltileri  hazirlanarak farkll nem
ortamlart saglanmustir. (Kurt ve Kahyaoglu, 2014;

Saricaoglu ve Turhan, 2017). Otrnekler 10, 25 ve
40 £1°C sicakliklarda denge neme ulagmalati icin
etivlerde  bekletilmistir.  Ornekler  1mg/1g
degisim seviyesinin altina diigene kadar (2— 3
hafta) her iki glinde bir diizenli olarak tartilmistir.

Cizelge 1. Ug farkli sicaklikta doymus tuz ¢ézeltilerinin su aktivitesi degerleri
Table 1. Water activity values of saturated salt solutions at three different temperature

Tuz Sicaklik
10 °C 25°C 40 °C

NaOH - 0.0824 0.0692

KAc 0.2338 0.2251 0.2116

MgCl, 0.3347 0.3278 0.3205

KoCOs 0.4314 0.4316 0.4317

MgNO; 0.5736 0.5289 0.4991

KI 0.7211 0.6886 0.6696

Na(Cl 0.7567 0.7529 0.7487

KCl 0.8677 0.8434 0.8295

KNO; 0.9596 0.9358 0.9079
Taramali Elektron Mikroskop Goriintiileri  diisiik gap1 oldugunu belirtmektedir)
(SEM) ve Partikiil Boyutu Analizi parametreleri  degerlendirme  kriteri  olarak
Yogurt tozlarina ait SEM goriintileri taramalt secilmistir.
elektron mikroskopu (JSM-7001F, JEOL,
Japonya)  kullanarak  ¢ekilmistir.  Ornekler Matematiksel Modeller

gorintileme isleminden 6nce altin-paladyum
(Quorum SC7620, Ingiltere) ile kaplanmustir.
Taramalt elektron islemi 5Kv’da 100x buyiitme
kosullarinda gerceklestirilmistir.

Partikdl boyutu analizi ise kuru besleme tinitesine
sahip lazer kirinimi prensibine gbre partikil
analizi cihazinda (Mastersizer 3000; Malver
Instruments Ltd., Worcestshire, Ingiltere) tespit
edilmistir. Sauter ¢api (alan-bazl ¢ap) (D][3,2]) ve
dso (partikiillerin %50’sinin belirlenen degerden

Yogurt tozlarina ait nem sorpsiyon izotermleri
denge nem igeriklerinin ortam su aktivitesine karst
grafiklerinin ¢izilmesi ile elde edilmistir. Cizelge
2’de gosterilen 3 farkli model Oswin (19406),
Brunauer vd. (1938), Guggenheim, Anderson, ve
de Boer (GAB) (Van der Berg ve Bruin, 1981)
nem sorpsiyon egrilerine uyarlanmistir. Model
parametreleri degerleri lineer olmayan regresyon
analizleri ile Sigma Plot 10.0 yazilimi vasitasiyla
hesaplanmustir.

Cizelge 2. Yogurt tozlarinin deneysel adsorpsiyon verilerine uygulanan matematiksel modeller
Table 2. Equations describing the sorption equilibrium isotherms of yoghurt powders

Model Ismi Model

a b
Oswin M=a (7“’)

1-a,
C
BET M= a( Mo Gw )
a1d-a,)1-a, + Ca,)

CK

GAB M = a( Mo® ™ Gw )

(1-Ka,)(-Ka,, + CKa,)

a, b, C, Kve My ve M denklem katsayilar
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Adsorpsiyona ait net izosterik 1s1 ya da
differansiyel  entalpi = Qg toplam  1st
adsopsiyonundan  su  buhart  1sistun Qg

ctkarilmasiyla hesaplanmigstir. Diferansiyel entalpi
Clausiuse Clapeyron esitligi kullanarak asagidaki
denkleme gére hesaplanmustir.

élnaw|  Qse=4 Qs
|- - ;

Adsorpsiyoun izosterik 1sis1, sabit nem iceriginde

In(ay,,) degerinin 1/T degerine karst egimleri
belirlenerek tespit edilmigtir. R evrensel gaz
sabitidir (8.314 J/mol K).

Qs¢ degeri ise agagidaki denkleme gore
hesaplanmustir.
Qst=qst +4 @

A degeri saf suyun gizli 1sis1 olup sabit (43.95
kJ/mol) olarak alinmistir. Tzoterik 11 (qs) ve
diferansiyel entropi ($q) arasindaki iliski asagidaki
denklemde gosterilmistir (Rao ve Rizvi, 1994).

Gst _ Sd

—dlna,, |m=—

In(a,) degerini sabit nem igeriginde 1/T
degerine karst bir grafige islediginde ¢ degeri
egimden hesaplanmakta % ve Sq degeri Si/R

katsayisindan hesaplanmaktadir. Entalpi-entropi
dengelenme teorisine gére ¢q ve Sqgarasinda lineer
bir iliski vardir ve asagidaki denklemden
hesaplanmaktadir (Leffer ve Grunwald 1963).

qst = Tg.54 = AGg 4)

Tg (K) izokinetik sicaklik iken AGg (J /mol) Tg

sicakligindaki ~ serbest enerji  olup lineer
regresyonla tespit edilmektedir.

SONUC VE TARTISMA

Mikroskobik  Goériintilleme ve  Partikiil
Boyutu

Yogurt tozlarina ait taramalt mikroskop

gorinttleri (100x) Sekil 1°de gosterilmistir. Sekil
1’dan da gorildugt gibi aglomere olmamis yogurt
tozlarinin  kiigiik  partikiillerden olustugu ve
partikiller arasinda baglanmay1 olusturacak képri

kuvvetlerinin meydana gelmedigi
gbzlemlenmistir. Sekil 1b ve 1c, sirastyla laktoz ve
distile su baglayicilart kullanilmis yogurt tozlarina
ait goruntllerdir. Aglomerasyon islemiyle birlikte
partikiller arast képrilerin olustugu, partikil
boyutunun arttig ve gbzenekli yapinin meydana
geldigi sekillerden anlasilmaktadir. Aglomerasyon
islemiyle meydana gelmis yapinin toz trtnlerin iyi
bir sekilde rekonstitiiye olmast icin gerekli olan
yapiya sahip oldugu tespit edilmistir (Skanderby
vd., 2009).

Yogurt tozlarmna ait partikiil boyutu dagilim
grafikleri Sekil 2’de gosterilmistir. Sekil 2’de
gorildigi tzere tim Orneklerin mono-model
dagilimi gostermistir. Kontrol Yogurt tozu ile
laktoz ve distile su baglayicilarina ait ortalama
partikil  buyiklighi — parametreleri  sirastyla
66.3%1.15, 183+1.25 vel73+2.65 pum
bulunmusken Sauter caplari 47.7+0.8, 139£1.55
ve 1324+2.35 um bulunmustut.

Izotermler

Kontrol ve aglomere olmus yogurt tozlarina ait
10, 20 ve 40°C°deki adsorpsiyon izotermleri Sekil
3’te gosterilmistir. Izotermler sigmoid sekilli olup
yogurt tozlar ile ilgili énceki ¢alismalarda bezer
gorinimler tespit edilmistir (Kog vd., 2010; Seth
vd., 2018).

Tim o6rneklerde sabit su aktivitesi degerlerinde
sicakligin azalmast ile absorbe olan su oranini
arturdigt tespit edilmistir. Denge nem iceriginin
azalmasinda protein ve karbonhidratlarin disiik
sicakliklarda ytliksek sicakliklara kiyasla daha iyi
nem ¢ekmesi temel etkendir (Kaymak-Ertekin ve
Gedik, 2004). Yogurt tozlarinin  yuksek
sicakliklarda daha az higroskopik oldugu tespit
edilmistir. Yuksek sicakliklarda su molekiillerinin
kinetik enerjilerinin  yiiksek oldugu ve su
adsorpsiyonun  disik oldugu bilinmektedir.
Benzer sonuclar yogurt tozlarinin izotermi ile ilgili
calismalarda tespit edilmistir (Kog vd., 2010; Seth
vd., 2018). Ttim 6rneklerin nem adsorpsiyonunda
su aktivitesinin 0.5 ge¢mesinden sonra belirgin
artts  tespit edilmistir. Diugstk su aktivite
degerlerinde (<0.52), su sadece ylizeyde adsorbe
olurken, su aktivite degerleri arttikca ¢Oziinebilir
bilesenlerin  ¢Oztuntrligi artmakta ve tim
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sicakliklarda nem iceriginde artis meydana
gelmektedir (Tatar vd., 2014). Su aktivitesinin 0.52
degerinin altinda kontrol 6rneginin adsorpladigt
nem miktart aglomere olmus o6rneklere kiyasla
belirgin bir sekilde yitksek bulunmustur. Bu
durum distik su aktivitesi degerlerinde suyun
sadece ylzeyde adsorplanmasina bagl olarak
dustik partikiil buyukligh gdsteren kontrol
orneginde yiizey alaninin fazla olmast adsorplanan
nem igerigini artmustir. Su aktivitesinin 0.52
degerini agmasiyla aglomere tozlar ile aglomere
olmamis kontrol o6rneginin nem adsorplama

degerleri birbirine yaklasmigtir. Aglomere yogurt
tozlarinda laktoz baglayicisinin kullamilmasi saf
suya kiyasla yiiksek su aktivite degerlerinde nem
adsorplama oranini arttirmustir. Bu  durumun
laktozun higroskopik 6zellik gdstermesinden
dolayt kaynaklandigi disuntlmektedir. Nem
adsorpsiyonu icin sicakligin etkisinin yani sira
kimyasal kompozisyonun da 6nemli oldugu
bilinmektedir (Tatar vd., 2014). Bu baglamda
higroskopik baglayicilar kullanilarak tiretilmis toz
orneklerin daha distk su aktivitelerde muhafaza
edilmeleri gerekmektedir.

i1o00pm KITAM
WD S . Srmm

Sekil 1. Kontrol yogurt tozu (a), laktoz baglayicist kullanilarak aglomere edilmis yogurt tozu (b) ve
distile su baglayicist kullanilarak aglomere edilmis yogurt tozuna (c) ait taramali elektron mikroskop
goruntileri (100x)

Figure 1. Scanning electron photographs of control yoghurt powder (a), agglomerated yoghurt powder with lactose binder
(b) and agglomerated yoghurt powder with distilled water(100x)
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Sekil 2. Yogurt tozlarinin partikill boyut dagilim grafikleri
Figure 2. Particle size distribution of yoghurt powders

BET, GAB ve Oswin modellerine gore
tahminlenen parametreler ile regresyon katsayist
(R) ve RMSE (ortalama hata kareleri toplami
kokii) degerleri Cizelge. 3’te gésterilmistir. Yuksek
R? ve dusiik RMSE degetleri model uygunlugu
agisindan istenen degerlerdir. U¢ model de tiim
tozlar icin yliksek R? ve diisik RMSE degetlerine
sahip oldugundan modelleme asamasi i¢in uygun
bulunmustur.

Tek katman formundaki su (M) degeri tek tabaka
su icerigini gOstermektedir. My degeri bozulma
reaksiyonlarinin kontrol edilmesinde ve depolama
kosullarinin tespitinde 6nem tagimaktadir (Kaya
ve Kahyaoglu, 2007). My degeri BET ve GAB
denklemleri ile hesaplanmustir. Baglayict olarak
distile su kullanimi 40°C disindaki sicakliklarda
laktoz kullanimina gore yiksek My degerine yol
acmustir.  Kontrol — 6rneginin - tek  katman
formundaki su icerigi aglomere olmus tozlara
kiyasla yitksek bulunmustur. Sicakligin artmasi ile
Mpdegerinde azalis meydana gelmistir. Bu durum
yuksek  aktivasyon  enetjisi  teorisi  ile

aciklanabilmektedir  (Seth vd., 2018). Enerji
sabitleri olan C ve K degerleri sicakliga bagh
parametrelerdir. Sabit K degeri ¢oklu tabakadaki
molekiiller arasindaki interaksiyonun 6lgiisidiir. K
degeri bire esit oldugunda tekli tabakanin
otesindeki molekillerin saf suyla ayni 6zellikte
oldugu anlagtlmaktadir (Edrisi Sormoli ve
Langrish, 2015). Tim sicakliklarda tozlarin K
degerleri 0.7932 ile 0.9463 arasinda degisiklik
gostermektedir. Ko¢ vd. (2010) yogurt tozunun
GAB modeline gore belirlenmis K degerini 0.85-
091 arasinda belirlemistir. Seth vd. (2018)
tatlandirilmis yogurt tozuna ait K degerlerini 1-
1.02 degerleri arasinda bulmustur. K degerleri
sicakhigin  artmastyla tim  tozlarda  dusts
gostermistir. Izoterm sicakliklarindan 40 °C haric
tim sicakliklarda laktoz baglayicist kullanilan
tozlarin K degerleri diger tozlara gére az da olsa
yiksek bulunmustur. C sabiti ise driin yiizeyi
tizerindeki baglanma bélmelerine su molekiillerin
baglanma kuvvetinin Slctsiduir. Yiksek C degeri
tek tabaka icerisindeki su molekilleri arasinda

gucli bag yapilarinin bulundugunu
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gostermektedir. C degerleri K degerlerine gore
tim tozlarda yiiksek bulunmugtur. C degerinin
1’den ¢ok biyik olmast K degerlerinin ise 1’e
yakin olmast tekli ve c¢oklu tabaka nem
iceriklerinin baglama kuvvetleri arasinda 6nemli
derecede farkhiliklar oldugunu ve ¢oklu tabakanin
1s1 sorpsiyonun saf suyun buharlagsma gizli 1s1 ile
aynt oldugu anlamina gelmektedir (Quirijns vd.,

2005). Bu nedenle yiksek nem iceriklerinde
yogurt tozlarindan su molekiillerinin buharlasmast
icin tozlarin nem igeriginin tekli tabaka su
icerigine disene kadar saf suyun buharlasma 1s1st
kadar 1s1 gerektirmektedir. Bu noktadan sonra katt
yuzeyinde guglii bir sekilde baglanmis su
molekillerinin uzaklagtirilmasi icin fazla enetji
kullanilmalidir.
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Sekil 3. Sicakligin yogurt tozlarinin su sorpsiyon izotermleri tizerine etkisi
Figure 3. Effect of temperature on water adsorption isotherms of yoghurt powders
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Cizelge 3. Yogurt tozlarinin 10, 25 ve 40 °C’deki sorpsiyon izotermlerinin tespiti icin tahmini model
parametreleri
Table 3. Experimental parameters of fitted models to experimental data for the sorption isotherm of yoghurt powders at
10,25 and 40 °C

Kontrol Laktoz Distile Su
Model Aw Parametre

10°C 25°C 40°C 10°C 25°C 40°C 10°C 25°C 40°C

O;’%‘g . a 107704  8.045 6.6768 9.472 75399 6.2624 97795 81255  5.8779
b 0.479 0.5105 0.3683 05281 05278 04025 05033 04754  0.3854

R? 09511  0.9881 0.9698 09676 09855 09574 09511 09717  0.9556

RMSE 24142 1.0618 0.772 20172 10817  0.9893 2.387 14944  0.8238

0 ;EEOT 5 Mo 59247  3.9799 3.1488 54931 3.8499 32082 59531  3.8486  2.8909
C 875.907 434832  420.1835  38.3078  33.5194  20.3194  27.9077  79.767  63.8998

R? 0.9478  0.8803 0.9479 09202 09136 09962  0.8759  0.9377 0.883

RMSE 05552 0.8131 0.3039 0754 06776 0.113 1.1405 04805  0.5419

0 ZGZ%B9 . Mo 50749 43344 3.9358 45879 40419 44572 471 44408 35814
c 562407  27.9583  41.0186  -305.77 284904  8.8584 41411 284821  23.9882

K 09333 0.9229 0.8221 09463 09304  0.7932 0.939 0.9057  0.8234

R? 0.9789 09919 0.9822 09833 0.9918 0.972 09622 09783  0.9673

RMSE 17262 0.9442 0.6409 15632 09399  0.8655 21297 14134 0.8164

a, b, C, K ve My denklem katsayilari. R? regresyon katsayiss, RMSE ortalama hata kareleri toplami kokii.

Termodinamik Ozellikler

Su buhar ile adsorbant gida maddesi arasindaki
etkilesimin Ol¢lsii olan izosterik 1st sorpsiyonu
degerleri Qg sicakligin etkisinin tespiti agisindan
onem tasimaktadir. In (aw) degetlerine karst 7/T
degerleri sabit nem igeriklerinde grafige islenerek
bu grafiklerin her bir nem iceriginde egimleri

100
90
80
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40

[{ZOSTERIK ADSORBSIYON ISISI{KI/MOL K)

30

20
6 8 10

vasttastyla net izosterik 1st sorpsiyonu  (qs¢)
degerleri elde edilmistir. Yogurt tozlarina ait qg;
degerleri denge nem igerigi degetlerine baghlik
gostermektedir. Kontrol 6rnegi ile laktoz ve distile
su ile aglomere olmus yogurt tozlarina ait denge
nem igerigindeki izosterik 1st adsopsiyonu
degerleri Sekil. 4’te gbsterilmistir.

KONTROL
LAKTOZ
DISTILE SU

12 14 16

DENGE NEM ICERIGI (% KURU MADDEDE)

Sekil 4. Sicakligin yogurt tozlarinin izosterik 1s1 sorpsiyonu tizerine etkisi
Figure 4. Effect of temperature on isosteric heat sorption of yoghurt powders
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Izoterik 1s1 sorpsiyonu degetleri %6 ve %8 denge
nem iceriginde laktoz kullanilarak Uretilmis
aglomere yogurt tozlarinda diger tozlara kiyasla
distik bulunmustur. Denge nem igerigi arttikca
izosterik 1s1 sorpsiyonu degetleri azalarak birbirine
yakinlagmustir. Benzer bulgular farkli calismalarda
rapor edilmistir (Ayranci ve Duman, 2005; Seth
vd., 2018; Tatar vd., 2014). Bu durum disiik nem
iceriklerinde sorpsiyonun hidrofilik gruplarin
tzerinde oldugunu, nem igerigi artttkea tozun
sistigini ve su molekillerinin baglanabilmesi icin
yuksek enerjili bolmelerin  acddigint  isaret
etmektedir. Béylece yitksek nem iceriginde diisiik
izosterik 1s1 sorpsiyonu meydana gelmektedir.
Izoterik 1s1 sorpsiyonuna ait modeller power law
modeline uyarlanarak tespit edilmistir.
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Qs = 408(EMC)™%7%%  R? =0.9782 (KONTROL)

Qs = 423(EMC)™%%2 R? = 09196 (DISTILE SU)

Qs = 144(EMC)™%4%1 R? = 0.9705 (LAKTOZ)

Kontrol 6rnegi ile aglomere olmus yogurt
tozlarina ait diferansiyel entropi degisimleri (5,)
Sekil 5’te gOsterilmistir. Degetler benzer sekilde
power law modeline uyarlanmugtir.

5, =32523(EMC)™>™** R? =0.9907 (KONTROL)

5, =37558(EMC)2%% R? — 0969 (DISTILE SU)

Sg = 2532(EMC)~8%5 RZ? = 0869 (LAKTOZ)

LAKTOZ
KONTOL
DISTILE SU

12 14 16

DENGE NEM iCERIGi (%KURU MADDEDE)

Sekil 5. Yogurt tozlarina ait sorpsiyonun diferansiyel entropi grafikleri
Figure 5. Differential entropy of sorption of yoghurt powders

Belitli nem iceriklerine ait entalpi-entropi
grafikleri lineer regresyon uygulanarak denklem
3’e gore hesaplanmustir. Sekil 6’da diferansiyel
entalpi degerleri ile entropi degerlerinde lineer bir
iliskinin mevcut oldugu elde edilen yiiksek
regresyon katsayist ile tespit edilmistir

Kontrol ile laktoz ve distile su ile aglomere edilmis
yogurt tozlart icin regresyon katsayist sirastyla
R2=1, R2=0.999 ve R? =1 olarak belitlenmistir.

Izokinetik sicaklik (Tj) ve serbest enerji (AGp)
degerleri Gibbs yasast olarak da bilinen denklem
4‘e gore hesaplanmistir. Kontrol yogurt tozu ile
laktoz ve distile su baglayicilart  kullanilarak
aglomere olmus yogurt tozlart icin Tg degerleri
strastyla 315.47, 326.73 ve 314.47 K bulunmusken
AGg degerleri 0.256, 0.056 ve 0.332 kJ /mol olarak
belirlenmistit.
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Sekil 6. Yogurt tozlarina ait diferansiyel entropi degerlerine karsi diferansiyel entalpi grafigi
Figure 6. Differential enthalpy values versus differential entropy values of yoghurt powders

Izokinetik sicaklik degeri (Tg) aynt hizda tiim
sorpsiyon reaksiyonlarin meydana geldigi sicaklik
olup maddenin kompozisyonuna gore degisiklik
gostermektedir. Tg degeti kontrol yogurt tozu ile

laktoz ve distile su ile aglomere edilmis yogurt
tozlari icin sirastyla 315.47, 326.73 ve 314.47 K

olarak  tespit  edilmistir.  Entalpi-entropi
dengelenme  teorisinin  dogrulugu  sicaklik
degerlerinin harmonik ortalamalarinin
(Thm=296.12K)  kiyaslanmasiyla  gerceklestiril-

mistir. Tg degerlerinin T, degetlerinden buytik
olmast  sorpsiyon mekanizmasinin  entalpi
kontrollii oldugunu goéstermektedir (Spada vd.,
2013). AGg degerleri ise su icin sorbent maddenin
affinitesini gOstermekte olup negatif olmast
durumunda nem sorpsiyonun kendiliginden
oldugunu, pozitif olmast durumunda ise
olmadigint gostermektedir (Yogendrarajah vd.,
2015). Tim yogurt tozu 6rneklerinde nem ¢ekme
isleminin kendiliginden meydana geldigi ve AGpg
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degetlerinin kontrol ile laktoz ve distile su ile
aglomere edilmis yogurt tozlart icin sirastyla 0.265,
0.056 ve 0.332 (k] /mol) oldugu tespit edilmistir.

SONUC

Bu ¢alismada aglomere olmamis kontrol yogurt
laktoz ve distile su baglayicilar
kullanilarak Gretilmis aglomere yogurt tozlarina ait
10, 25 ve 40°C sicaklik derecelerindeki nem
sorpsiyon izotermleri incelenmistir. Denge nem
degerleri sicakligin artmast ile azalma géstermistir.
Tum Orneklerin  nem adsorpsiyonunda su
aktivitesinin 0.5’1 ge¢mesinden sonra belirgin artis
tespit edilmistir. Su aktivitesinin 0.52 degerinin
alinda kontrol 6rneginin  adsorpladigt nem
miktari, diger tozlara kiyasla daha fazla yiizey
alaninin sahip olmast nedeniyle adsorplanan nem
icerigini  artmasina neden  olmustur. Su
aktivitesinin 0.52 degerini asmastyla aglomere
tozlar ile aglomere olmamis kontrol Orneginin
nem adsorplama degerleri birbirine yaklagmugtir.
Laktoz baglayicisinin kullanilmast saf suya goére
higroskopik 6zellik géstermesinden dolay: yiksek
su aktivite degerlerinde nem adsorplama oranini
artturmistir. Yogurt tozlarinin denge nem igerigi
degeri artttkca tim tozlarda izosterik 1st
sorbsiyonu degerlerinde azalma gdzlemlenmistir.
Diferansiyel —entalpi degerleri ile entropi
degertlerinde lineer bir iliskinin mevcut oldugu
tespit  edilmis
degerlerinden biiytik olmast tim yogurt tozu
orneklerinde nem cekme isleminin kendiliginden
meydana geldigini gdstermektedir.

tozu ve

olup Tpg degetlerinin  Thyy
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Calismada, Ezine ve Bayramig il¢elerinde bulunan mandiralarda tretilen Ezine eski kasar peynitlerinin bazi
fiziksel, kimyasal ve duyusal 6zelliklerinin belitflenmesi amaglanmugstir. Peynirlerin genel bilesiminin farkl
oldugu, renk Slctimleri ve toplam serbest aminoasit, hidrolitik ransidite ve olgunlasma diizeyleri arasinda da
farkliliklar oldugu goriilmiistiir. Ozellikle, peynitlerin sertlik ve sakizimsilik Olgiimleri arasinda genis
varyasyon oldugu saptanmustir. Peynirlerde belirlenen karakteristik bazt duyusal terimleri pismis, peyniraltt
suyu, kremamst, stilfdr, ransit, tuzlu ve umamidir. Ugucu bilesen kompozisyonunun belitlenmesi igin altt
peynir 6rnedi secilmistir. Aldehitler, ketonlar, alkoller, asitler ve estetler analiz edilen peynitlerde belitlenen
yaygin ugucu bilesenlerdir.

Anahtar kelimeler: Ezine eski kasar peyniti, fiziksel ve kimyasal ézellikler, ucucu bilesen, duyusal.

SOME CHARACTERISTIC PROPERTIES OF EZINE AGED KASAR CHEESE
ABSTRACT

In this study, it was aimed to determine some physical, chemical and sensory properties of Ezine
aged Kasar cheeses produced in cheese plants located in Ezine and Bayrami¢ towns of Canakkale. It
was determined that general composition of the cheeses were different and differences were seen in
color measurements and total free amino acids, hydrolytic rancidity and ripening levels of the cheeses.
Specifically, wide variation was detected in hardness and gumminess measurements of the cheeses.
Cooked, whey, creamy, sulfur, rancid, salty and umami were some characteristic sensory terms
determined in the cheeses. Six cheese samples were selected for determination of volatile compound
composition. Aldehydes, ketones, alcohols, acids and esters were the common volatile compounds
in the cheeses analyzed. Some terpenes including pinene and limonene were also found in the cheeses.
Keywords: Ezine aged kasar cheese, physical and chemical properties, volatile compound, sensory.
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GIRIS
Eski kagar peyniri, “Uretildikten sonra kendine has
Ozellikleri kazanmasi icin belirli kosullarda en az
90 gun streyle olgunlastirilip piyasaya strilen
peynirdit”  seklinde tanimlanmaktadir (TSE,
1999). Ezine eski kasar peyniri de bu peynir
sinifina dahil bir peynir olup Canakkale iline bagl
Ezine, Ayvacik ve Bayramic il¢elerinin yer aldigt
bélgeden toplanan sttiin islenmesi ile Gretilmekte
ve olgunlastirildiktan sonra tiiketime
sunulmaktadir. Bolgede genellikle Trakya eski
kasart olarak satisa sunulmaktadir. Peynir
yapiminda sit karisimi, dogal sirden mayast ve
deniz tuzunun diginda herhangi bir katki maddesi
kullanilmamaktadir. Tekerlek halindeki
peynirlerin  bes tanesi c¢uvallara yerlestirilerek
belirli  kosullarda soguk hava deposunda
olgunlastirilmaktadir.

Ezine eski kagar peynirinin iretimi igin belirtilen
cografi bolgeden saglanan siit seperatdrden
gecirildikten sonra mayalama sicakligina (32-36
°C) kadar isitilarak tekneye alinir ve mayalanr.
Peynir mayast ilave edilmis siitiin yaklasik 45-60
dakika pihtilasmasi beklenir ve olusan pihti leblebi
tanesi buyikliginde kirilir. Peyniraltt  suyu
alindiktan sonra teleme 45-75 dakika baskida
bekletildikten sonra kesilerek asitlik gelisimi icin
tekneye alinir. Paslanmaz delikli kovalarla haslama
suyuna daldirilarak teleme haslanir ve elastikiyet
kazanmast saglanir. Daha sonra elastik kivam
kazanan peynitler tuz ilave edilerek yogrulur ve
kaliplanir. Kaliplanan peynitler bir glin boyunca
kaliplarda bekletilip soguduktan sonra yaklastk 15-
20 °C olan 6n olgunlastirma odasina alinr ve
kaliplardan cikarilir. Ilerleyen giinlerde peynir
tekerlerinin - etrafinda  kaf gelisimi ve kabuk
benzeri yapt olusur. Peynirlerin kenar kisimlart
yikanip kufler temizlendikten sonra cuvallara
konarak olgunlastirilir. Bu c¢alismada amacg,
bolgede faaliyet gosteren sinirlt sayidaki isletme
tarafindan Uretilen geleneksel bir peynir cesidimiz
olan Ezine eski kasar peynirinin karakteristik
Ozelliklerinin ortaya konmasidir.

MATERYAL VE YONTEM

CGalismada farkll stt tirleri ve  olgunluk
duiizeylerine sahip toplam 20 Ezine eski kagar
peyniri bes tretici firmadan temin edilmistir. Bu
orneklerden altt tanesi duyusal 6zelliklerine gore

secilerek ucucu bilesen analizlerinde
kullanilmistir.

Peynirlerin  bilesimi ve fizikokimyasal
analizler

Peynirlerde % asitlik (Metin, 20006), kurumadde
(TS, 1989), yag (TS, 1978), pH ve tuz (Bradley vd.,
1992), kil ve toplam protein (AOAC, 2000)
belirlenmistir. Orneklerde suda ¢ozinir azot
orant (SCA), Kuchroo ve Fox (1982)’a gbre %
12’lik TCA’da  ¢Ozunen azot miktart da
Polychroniadou vd. (1999) tarafindan 6nerilen
yonteme gore tespit edilmistit. % 5 PTA’da
¢bziinen azot miktart Jarrett vd. (1982) tarafindan
Onerilen yontemle belitlenmistir. Peynirlerde
hidrolitik ransidite titrimetrik metotla (Renner,
1986), toplam serbest aminoasitlik Folkerstma ve
Fox (1992) tarafindan uygulandigi bigimiyle tespit
edilmistir.

Peynirin renk analizi Minolta Renk Olg¢iim cihazi
(Bhale vd., 2003), tekstiirel 6zellikleri Tekstiir
Analizorii (Brookfield CT3, Ingiltere) kullanilarak
belitlenmistir.

Ucucu bilesenlerin  beliflenmesi amaciyla Gaz
Kromatografisi-Kiitle Spektrometresi (GC-MS)
(GC 6890, MS 6890 N, Agilent Technologies,
Wilmington, DE, ABD) kullandmistir.

Peynirlerde bulunan ugucu bilesenler kat1 faz
mikroekstraksiyon yontemi (SPME) ile izole
edilmis ve DB-5 (30 m uzunlukXx0,32 mm i¢ ¢ap
(.d)x0,25 pm film kalinhg) kolona enjekte
edilmistir (J&W Scientific, Folsom, California,
ABD). Analizlerde 2 g peynir 40 mL. SPME
vialine (Supelco, Bellafonte, ABD) alinip icine 2
mL saf su, 1 g sodyum kloriir ve 5 pL i¢ standart
(1 mL’sinde 0.1 pLL 2-metil valerik asit ve 0,6 pL
2-metil-3-heptanon bulunmaktadir) ilave edilerek
40 °Clik su banyosunda (GFL, Model 1103,
Burgwedel, Almanya) 20 dakika streyle
bekletilmistit. Sonra SPME fiber (2 cm-50/30 pm
DVB/Carboxen/PDMS  stable flex Supelco,
Belafonte, ABD) viale batirthp 20 dakika daha 40
°C’lik su banyosunda bekletilmis ve GC-MS’e
enjekte edilmistir. Tastyict gaz akist 1.2 ml./dk,
firin programi baglangic sicaklig 40 °C’de 1 dakika
olup 4 °C/dk ramp ile 250 °C son sicakliga
ulasilmis ve 15 dakika bekletilmigtir. MS sartlar
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ise; kapiler ara ylz sicakligs 280 °C, iyonizasyon
enerjisi: 70 eV: kutle araligr 35-350 amu, tarama
hiz1 4.45 scan/s’dir. Ucucu bilesenlerin tespitinde
National Institute of Standards and Technology
(NIST, 2008) ve Wiley Registry of Mass Spectral
Data (Wiley, 2005) kitiiphaneleri kullanidmistir.
Ucucu bilesenlerin miktar belitlenmesi ise oransal
bolluklarina gére (Avsar vd., 2004) belirlenmistir.

Duyusal analizler

Peynitlerin ~ tanimlayict  duyusal — 6zellikleri,
egitilmis ve yaslart 25-50 arasinda degisen 6
panelist (4 bayan, 2 erkek) tarafindan Spectrum™
yontemi kullanilarak belirlenmistir (Meilgaard vd.,
1999). Degerlendirecek panelistler peynir ve stit
triinlerinde duyusal degerlendirmeler konusunda
yaklastk 50 saat egitim almuslardir. Egitim,
olgiilendirme ¢aligmalari ve degerlendirmeler igin
15 puanl skala kullandmistir.  Peynitler
panelistlere  15-20 g¢’hk porsiyonlar halinde
sunulmug ve panelistlerin agzini nétiirlemesi icin
ekmek ve su kullanilmustir.

Istatistiksel Analiz

Peynirlerin fiziksel, kimyasal ve duyusal bazi
Ozelliklerinin ortaya konmasi, peynirler arasindaki
farklilitk  ve  benzerliklerin  belirlenebilmesi
amactyla Cok Boyutlu Olgeklendirme Analizi
(Multidimensional Scaling) kullanilmustir
(Kruskal, 1964; Baspinar vd., 2000).

BULGULAR VE TARTISMA

Peynir Orneklerinin olgunluk diizeyi, asitlik ve
genel bilesimi Cizelge 1 ve 2’de sunulmustur.
Peynirlerden bes tanesi (E1, E4, E5, E6, E7) inek
suti kullanilarak Uretilmis olup diger peynirlerin
tretiminde koyun, ke¢i ve inek siitleri birlikte
kullanilmistir. Peynitlerin olgunluk diizeyi ise 4 ve
20 ay arasinda degismektedir (Cizelge 1 ve Cizelge
2). Peynirlerin titrasyon asitligi % 0.67-1.21, pH
degerleri 5.14-5.79, kil % 3.84-5.48, kurumadde
% 54.27-64.66, tuz % 2.10-4.10, protein % 23.99-
29.24, yag % 23.11-28.96 arasinda degismektedir.
En yiksek pH degeri 5.79 ile E11 numarali peynir,
en dusiik pH degeri ise 5.14 ile E6 numarali
peynirde oldugu tespit edilmistir. Olgunlasma
asamasinda belirli bir ddnemden sonra meydana
gelen amonyak, karbonil bilesikleri vb. bazik
bilesikler sebebiyle (McSweeney vd., 1993;
Yizbasi, 1996) veya  organik  asitlerin

metabolizmast ve aminoasitlerin deaminasyonu
sonucunda  pH’nin degisim  gosterdigi
bildirilmektedir (Madkor vd., 1987). Peynirlerde
en yuksek titrasyon asitligi 6l¢timtntn % 1.21 ile
E9 numarali peynirde, en disik asitligin % 0.67
ile E7 numarali peynirde oldugu saptanmistir.
Olgunlasma siiresi uzun olan peynirlerde titrasyon
asitliginin genel olarak yiiksek oldugu tespit
edilmistir. Ornegin, E4 ve E9 numarali peynitlerin
olgunlasma siireleri uzun olup titrasyon asitlikler
de yitksek bulunmustur (Cizelge 1).

Ezine eski kagar peynirlerinde kurumadde igerigi
% 54.27-64.66, yag icerigi de % 23.11-28.96
arasinda degismektedir (Cizelge 1). Kurumadde
orani arttikca % yag oranlart da genel olarak artis
gostermistir.  Kurumadde orant  en  disik
peynitlerden olan E10 peyniri en dustk yag
oranina sahiptir. E9, E11 ve E13 peynirleri de
hem yiksek kurumadde hem de yiksek yag
oranina sahiptir. Peynirlerde tuz orani en yiiksek
olan % 4.10 ile E15 numarali peynir, en disiik
oranda tuz ise % 2.10 ile E10 numarali peynir
olmustur (Cizelge 1). Olgunlasma siiresi uzun
olan peynirlerde tuz oraninin genel olarak yitksek
oldugu tespit edilmistir. Ornegin, E2, E9, E11 ve
E13 numarali peynirlerin olgunlasma stireleri
uzun olup tuz oranlart da yitksek bulunmustur.
Kl analizleri sonucunda peynirlerde kil oraninin
% 3.84-5.48 arasinda degistigi belirlenmistir.
Olgun kasar peynirleri Uzerine yapilan diger
calismalarda da (Yasar, 2000; Aydemir, 2010;
Dogan, 2010; Kesenkas vd., 2009) benzer
sonuglar elde edilmistir.

Ezine eski kasar peynirinde protein, azot
fraksiyonlar1 ve hidrolitik ransidite degerleri
Cizelge 2’de sunulmustur. Peynirlerde belirlenen
SCA, TCA, PTA ve TSA degetleri olgunlasma
siresince proteoliz dizeyini gbstermektedir.
Ezine eski kasar peynirlerinde en yitksek SCA
orant % 1.02 ile E14 numarali peynir 6rnegi ve en
distik SCA orant % 0.39 ile E1 numaralt peynir
ornegine aittir (Cizelge 2). Olgunlasma suresi
uzun olan E13 ve E15 numarali peynitlerde
proteoliz diizeyi de yiksek bulunmustur. Koca
(2002), 90 gin boyunca olgunlastirdigr kasar
peynirlerinde SCA degerinin 0.18-0.43 arasinda
oldugunu belirlemistir.
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Cizelge 1. Ezine eski kagar peynirlerinde asitlik ve bilesim (n=20) (ortalama=standart hata)
Table 1. Acidity and composition in Ezine aged kasar cheeses (n=20) (Meant§.I)

Olgunlasma/ ripening

Peynir (ay/ mount) ve/ and pH*  %T. A" % K. M % Tuz % Yag % Kaiil

Cheese Stit/ Milk TA% D.M% Salt % Fat % Ash %
E1 9-1 5.44 0.86 59.16%£0.19 2.51£0.01 28.08+0.37 4.80%0.01
E2 16-K-K-1 5.40 0.82 60.55%+0.29 3.3410.01 28.8310.37 4.23%0.00
E3 16-K-K-1 5.32 0.82 60.66%0.50 3.56x0.01 28.9410.27 4.76%0.01
E4 20-1 5.27 0.93 61.32+0.17 3.02x0.00 26.7210.27 4.88%0.00
E5 20-1 5.31 0.86 60.22%+0.03 2.98+0.01 26.5510.37 4.74%0.02
E6 20-1 5.14 0.93 59.86%0.01 2.97£0.01 26.7110.28 4.43%0.00
E7 9-1 5.49 0.67 60.22%+0.15 2.75%0.01 28.7210.47 4.50%0.01
ES8 16-K-K-1 5.58 0.68 60.14%+0.37 2.7410.01 26.7010,26 4.88%+0.03
E9 9-K-K-1 5.56 1.21 64.66%0.55 3.4410.01 28.6310.25 5.4810.02
E10 5-K-K-I 5.35 1.02 55.46%0.01 2.10x0.00 23.11+0.11 3.9310.01
E11 9-K-K-1 5.79 0.89 62.321+0.04 3.41£0.01 28.961+0.22 4.78%+0.03
E12 5-K-K-I 5.32 1.03 55.16%£0.21 3.30%0.00 25.2310.23 4.64%0.00
E13 16-K-K-1 5.30 0.87 62.09%+0.00 3.59£0.00 28.231+0,24 5.3810.01
E14 5-K-K-1 5.65 0.95 54.271+0.16 2.8510.00 24.3510.11 3.8410.01
E15 16-K-K-1 5.21 0.97 61.54%0.09 4.10£0.01 27.0910.12 5.2610.01
E16 4-K-K-1 5.24 1.06 60.06x+0.07 3.02£0.00 26.2110.23 4.20%0.01
E17 4-K-K-1 5.16 0.94 59.66%+0.07 3.12£0.00 26.11+0.12 3.9610.01
E18 4-K-K-1 5.17 0.89 59.62%0.30 2.78%0.01 27.8310.09 4.34%0.02
E19 4-K-K-1 5.46 1.03 58.561+0.34 3.64£0.00 25.4710.24 4.66%0.02
E20 4-K-K-1 5.66 0.99 58.41+0.14 3.01£0.01 28.9410.23 3.8810.01
Min. 5.14 0.67 54.27+0.16 2.10£0.00 23.11+0.11 3.8410.01
Mak./Max 5.79 1.21 64.66%+0.55 4.10£0.01 28.9610.22 5.48+0.02
Ort./Mean 5.39 0.92 59.70+0.18 3.14£0.00 27.0710.24 4.58+0.01

E: Ezine eski kagar peyniri. S. E.:Standart hata, K: Koyun siitii, K: Kegi siitd, I: Inek siitii, T.A: Titrasyon Asitligi,
K.M: Kurumadde, Min: Minimum, Mak.: Maksimum, Ort.: Ortalama. *:Standard hata<0.01.
E: Ezine aged kasar cheese, S.E: standard error, K:Sheep, K: Goat, I: Cow, T.A: Titratable acidity, KM.: Dry matter, Min.:

Minimum, Max.: Maxcimum, Ort: Mean. *:Standard error<0.01.

Ezine eski kasar peynirlerinde en ylksek TCA
oraninin % 0.85 ile E20 numarali peynirde, en
disiik TCA orant % 0.20 ile E8 numarali peynirde
oldugu saptanmustir. E11, E14, E19 ve E20
numaralt  peynitlerin  proteolitik  aktivitesi
yuksektir. Uzun siire olgunlasan peynirlerde
proteolitik  aktivitenin yiksek oldugu tespit
edilmistir. Say (2008), 90 giin olgunlastirdigi kagar
peynirlerinde TCA degerini 0.04-0.23 arasinda,
Yasar (2007), 90 gin olgunlastirdigt kagar
peynirinde TCA degerini 0.04-0.14 arasinda
belitlemistit.

Ezine eski kasar peynitlerinde en ylksek PTA
orant % 0.35 ile E20 numarali peynirde, en diisitk
PTA orani % 0.04 ile E1, E2 ve E6 numarali
peynirlerde tespit edilmistir. E7, E9 ve El1
numarali peynitlerin proteolitik aktivitelerinin
yiksek oldugu saptanmis olup bu peynirlerin
olgunluk stireleri de uzundur. Yagar (2007), 90
gin olgunlastirdigi kasar peynitlerinin PTA
degerinin ~ 0.02-0.06  arasinda  oldugunu
belitlemistir.

Ezine eski kasar peynitlerinde en yitksek toplam
serbest aminoasit degerinin 16.30 mg Leu/ g ile
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E9 numaralt peynirde, en distik toplam serbest
aminoasit degerinin ise E15 numarali peynirde
oldugu tespit edilmistir (Cizelge 2). Bu sonuglara
gore E6, E7 ve E9 numaralt peynitlerde toplam
serbest aminoasit degerleri yiiksek bulunmus, bu
peynirlerde olgunluk siireleri uzun ve proteoliz
dizeylerinin  genel olarak  yiksek oldugu
saptanmistir. Say (2008), 90 giin olgunlastirdigt

kasar peynirlerinde TSA degerlerinin 6.95-38.95
mg Leu/ g arasinda, Yasar (2007), 90 gin
olgunlastirdigt  kasar  peynirlerinin =~ TSA
degetlerinin  0.74-3.57 mg Leu/ g arasinda,
Temizkan (2012), 90 giin boyunca olgunlastirdigt
kasar peynirlerinde TSA degetlerinin 0.15-1.54
mg Leu/ g arasinda oldugunu tespit etmistir.

Cizelge 2. Peynirlerin protein, azot fraksiyonlari, serbest aminoasit ve hidrolitik ransidite sonuglart
(n=20) (ortalamatstandart hata)
Table 2. Protein, nitrogen fractions, free amino acids and hydrolytic rancidity results of the cheeses (n=20) (MeantS.E)

ADV
Peynir % Protein %SCA" % TCA*  %PTA" TSA (mgleu/g) (meqKOH/ 100 g yag)
E1l 24.8510.16 0.39 0.31 0.04 6.6810.56 2.89%0.07
E2 26.02%0.20 0.46 0.22 0.04 5.15%0.46 6.55%0.07
E3 25.53%0.20 0.41 0.24 0.05 3.68%0.10 3.59£0.07
E4 28.38%0.28 0.53 0.42 0.11 8.47£0.66 6.76x0.07
E5 27.60£0.17 0.45 0.36 0.13 9.09£0.17 6.34£0.07
E6 27.33£0.23 0.55 0.38 0.04 12.26+0.29 5.60£0.03
E7 25.57£0.16 0.61 0.42 0.16 12.71+0.21 4.54%0.03
E8 26.92%0.06 0.48 0.20 0.09 3.10£0.31 3.45%0.07
E9 29.24%0.11 0.76 0.49 0.16 16.30£0.94 3.03£0.07
E10 27.20£0.02 0.85 0.53 0.14 15.45+0.46 3.56x0.03
El1 27.26%0.12 0.59 0.56 0.22 9.99£0.42 3.48£0.10
E12 23.99£0.09 0.47 0.45 0.07 6.26£0.35 6.27£0.07
E13 27.00£0.18 0.82 0.25 0.10 2.53%0.01 3.77£0.03
E14 24.8310.13 1.02 0.64 0.26 8.71£0.23 3.31+0.07
E15 27.9810.15 0.82 0.28 0.09 2.50£0.04 3.34+0.10
E16 28.3010.23 0.70 0.38 0.14 4.5310.40 5.11£0.03
E17 28.4210.13 0.40 0.33 0.13 3.41%0.18 5.95%0.03
E18 26.1810.07 0.88 0.31 0.15 3.10+0.00 3.8710.07
E19 27.04+0.13 0.93 0.65 0.05 6.76+0.17 6.20+0.14
E20 24.221+0.11 1.01 0.85 0.35 13.39£0.34 3.66x0.07
Min. 23.9910.09 0.39 0.20 0.04 2.50£0.04 2.89%0.07
Mak./Max.  29.24£0.11 1.02 0.85 0.35 16.30£0.94 6.76x0.07
Ort./Mean  26.691+0.15 0.66 0.41 0.13 7.70+0.31 4.56£0.06

E: Ezine eski kagar peyniri, SCA: Suda Cozinen Azot, TCA: Trikloroasetik Asitte Coziinen Azot Orani, PTA:
Fosfotungustik Asitte C6zinen Azot Orani, TSA: Toplam Serbest Aminoasitlik, ADV: Hidrolitik Ransidite (Acid
Degree Value, Min.: Minimum, Mak.: Maksimum, Ort.: Ortalama. *:Standard hata<0.01.

E: Ezine aged kasar cheese, S. E. : Standart error, SCA: Water soluble nitrogen ratio, TCA: 12 % Tricloroacetic acid-soluble
nitrogen ratio, PT.A: 5 % Phosphotungustic acid-soluble nitrogen raito, TS.A: Total free amino acid , ADV’: Acid degree value,
Min.: Minimum, Max.: Maximum, Ort.: Mean. *:Standard error<0.01.

Hidrolitik ransidite (ADYV) peynirlerdeki siit
yaginda bulunan serbest yag asidi miktarint ve
lipoliz duzeyini gbsteren bir parametredir.

Peynirlerde olgunlasma stiresi uzadik¢a lipolitik
aktivite  artmakta ve  hidrolittk  ransidite
yikselmektedir. Peynirlerde en yitksek hidrolitik
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ransidite degeti 6.76 meq KOH/ 100 g yag ile E4
numaralt peynirde, en disiik hidrolitik ransidite
degeri 2.89 meq KOH / 100 g yag ile E1 numarali
peynirde tespit edilmistir. E2, E4, E5, E12 ve E19
peynirlerinde  hidrolitik ransidite degerlerinin
yuksek oldugu saptanmis olup bu durum lipolitik
aktivitenin de yiksek seviyede oldugunun
gostergesidir. Kesenkas vd., (2009), bitkisel yag
ekleyip 3 ay boyunca olgunlagtirdiklart kagar

peynirinde hidrolitik ransidite degerinin 1.19-2.22
meq KOH/ 100 g yag arasinda, Urkek (2008), 3
farkli homojenizasyon basinct kullanarak tretip
90 glin olgunlastrdigt kasar peynitlerinde
hidrolitik ransidite degerinin  0.74-5.33 meq
KOH/ 100 g yag arasinda oldugunu saptamistir.
Sekil 1°de Ezine eski kasar peynitlerinin kimyasal
analiz  sonuglarma gére geometrik  dagilimi
gorilmektedir.

Derived Stimulus Configuration

Euclidean distance model
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o
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o~ 0
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8 o VAR19 -
w
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Dimension 1

Sekil 1. Ezine eski kasar peynirlerinin kimyasal analiz sonuglarina gére geometrik dagilimi. VAR: Her
bir peynir 6rnegini temsil etmektedir.
Figure 1. Geometric distribution of Ezine aged kasar cheese based on the results of chemical analysis.
VAR: represents each cheese.

Peynirlerde kimyasal analiz sonuglart bakimimndan
E3, E8, E13, E15 ve E18 peynitleri aynt bélgede
toplanmis olup geometrik olarak ¢ok yakin
dagilim gostermekteditler (Sekil 1). Ancak E1 ve
E11 peynirleri digerlerinde farkli gérilmektedir.
Ozellikle E3 ve E15 peynitlerinin kimyasal analiz
sonugclart incelendiginde (Cizelge 1 ve Cizelge 2)
Ozellikle pH, protein, SCA, titrasyon asitligi, TCA
ve PTA degerleri bakimmdan birbirine benzerlik
gostermektedir. E11 peynirinin farkli olusu bu
peynirin en yiksek pH, TSA, yag, kill, kurumadde
ve protein  degerlerine  sahip  olmasiyla
aciklanabilir. E10 peynirin geometrik olarak diger
peynirlerden  uzak konumda olmasi ise

kurumaddesinin, tuz yag ve kil
iceriginin diislik olmasina baglanabilir. Peynirlerin
olgunluk durumu, sitlerin  karisim  oranlari,
peynitlerin Gretim sekli, st tiirleri vb. etmenler
peynirlerde bu tiir farkliliklarin olusmasina neden
olabilir.

oraninin,

Ezine eski kasar peynirinde tekstlr profil analizi
ve renk analiz sonuclart Cizelge 3’te verilmistir.
Peynitlerde en yiiksek sertlik degerinin 4985.12 g
ile E17 numarali peynirde, en dusik sertlik
degerinin ise 1921.75 g ile E8 numarali peynirde,
en yuksek sakizimsilik degeri 3990.37 g ile E13
numarali peynirde, en diisik sakizimsilik degeri
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1561.95 g ile E8 numarali peynirde, en yiiksek i¢
yapiskanlik degeri 0.85 ile E5 numarali peynirde,
en dusik i¢ yapiskanhk degeri 0.66 ile E20
numaralt peynirde, en ylksek elastikiyet Ozelligi

276 mm ile E14 numarali peynirde, en digiik
elastikiyet Ozelligi 2.38 mm ile E16 numarali
peynirde belirlenmistir.

Cizelge 3. Tekstiir profil analizi ve renk analiz sonuglart (n=20) (ortalama*tstandart hata)

Table 3. Texcture profile analysis and color analysis results (n=20) (Mean®$.E)

Peynir Sertlik (g) I¢ yapis. Elas. (mm) Sak. (g) L v
Cheese Hardness Ad). Resilience Gumminess

E1 3615.62+414 0.74%0.01 2.61+0.04 2709.42+329 77.42+0.68  20.76x0.19
E2 3454.37+462 0.71£0.01 2.5410.06 2455.50+316 76.72+£0.82  21.40%0.12
E3 2612.75+326 0.80%0.01 2.6510.04 2095.35+253 81.18+0.32  18.08+0.31
E4 4304.37+471 0.84x0.03 2.69%£0.10 3651.421+462 77.80+£0.40  17.34%+0.19
E5 2610.37+464 0.85%0.01 2.75%£0.02 2211.17+374 76.44+0.36  18.15%£0.44
E6 2922.37+353 0.84%0.01 2.75%0.01 2454.55+302 82.51+£0.26  19.08%+0.22
E7 2304.75+239 0.78%0.00 2.6510.01 1817.05£184 80.69+0.13  19.13%0.64
E8 1921.75%£178 0.81%+0.01 2.6310.03 1561.951124 81.57+£0.19  21.25+0.49
E9 2948.87+322 0.79£0.01 2.64%0.01 3148.47+334 73.69+0.29  22.33+0.46
E10 3039.62+715 0.80x0.02 2.66x0.06 2404.47+500 78.83+0.28  15.42%0.12
E11 4459.25+135 0.83x0.02 2.69%0.02 3730.72+206 72.56+0.49  24.74%+0.19
E12 4163.50+703 0.78%0.01 2.56x0.10 3226.45+524 76.37£1.09  17.07£0.29
E13 4890.621+236 0.81+0.03 2.76x0.01 3990.37+160 83.87+0.58  16.53%0.20
E14 3598.50+373 0.81%+0.01 2.68%0.06 2895.621260 75.9310.58  14.87£0.25
E15 4509.871+398 0.81x0.04 2.73+0.03 3689.07+474 82.18+0.81 16.92£0.42
E16 3784.37+245 0.75%0.01 2.38+0.18 2859.67+142 81.87£0.29  16.03%£0.22
E17 4985.12+186 0.78x0.03 2.70%£0.11 3926.07+322 75.93+0.70  18.28%0.51
E18 4297.50+544 0.77£0.01 2.6610.04 3324121416 76.9710.66  19.25%0.27
E19 3368.12+473 0.77+0.03 2.41+0.14 2579.70+340 80.54+0.69  15.60%+0.28
E20 3922.37+593 0.66+0.03 2.60%0.01 2579.321+364 77.11x£1.66  14.87%0.17
Min. 1921.75+£178 0.66x0.03 2.38+0.18 1561.95t124 72.56+0.49  14.87+0.17
Mak./Max 4985.12+186 0.85+0.01 2.76%0.01 3990.37+160 83.87£0.58  24.74%0.19
Ort./Mean  3585.70+391 0.79£0.01 2.64%0.05 2865.521+319 78.51+0.56  18.36%+0.29

E: Ezine eski kasar peyniri, I¢ yapis.: I¢ yapiskanlik, Flas.: Elastikiyet, Sak.: Sakizimsilik, Min: Minimum, Mak.:

Maksimum, Ort.: Ortalama.

E: Ezine aged kasar cheese, Adh.: Adbesiveness, Min.: Minimum, Max.: Maxinum, Ort. : Mean.

Peynirlerde sertlik 6zelliginin farklt olmasi nem ve
yag orant ile ilgilidir (Jack ve Paterson, 1992).
Peynirde sakizimsilik 6zelligi sertlik ile iligkili
oldugundan  sertligi  etkileyen  etmenler
sakizimsilik 6zelligini de etkilemektedir (Chen vd.,
1979). E10 ve E19 numarali peynirlerde yag ve
kurumadde oraninin distik olmast (Cizelge 1)
sebebiyle bu peynirlere ait sertlik ve sakizimsilik
degerleri de dusiik olarak belirlenmistir (Cizelge
3). Peynirlerde proteinin parcalanmast sonucu
elastikiyetin azaldigt belirtilmektedir (Hort ve
Grys, 2001). Ornegin B9, E14 ve E20 numarali
peynirlerin proteoliz degerlerinin yiiksek olmast
nedeniyle (Cizelge 2), elastikiyet degerlerinin

diisiik oldugu saptanmustir (Cizelge 3). Peynirde
yag oranmnin artmastyla ic yapiskanhk degeri
azalmaktadir (Jong, 1987). E1, E2 ve E20
numaralt peynitlerde yag oranmimin yitksek olmast
(Gizelge 1) i¢ yapiskanlik degerlerinin distk
olmasina (Cizelge 3) baglanabilir. Salvarct (2015),
90 gln olgunlastirdig kasar peynirlerinde sertlik,
ic  yapiskanhk, elastikiyet ve sakizimsilik
degerlerini sirastyla; 4305-6280 g, 0.64-0.72, 0.82-
0.84 mm ve 2994-4009 g arasinda, Saygili (2015),
90 gln depoladigt kasar peynitlerinde sertlik, i¢
yapiskanlik, elastikiyet ve sakizimsilik degerlerini
strastyla; 1988-4496 g, 0.54-0.91, 2.89-4.17 mm ve
1073.99-3724.40 g arasinda belirlemistir.
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Peynirlerde I.* degeri beyaz rengi ve parlaklig
gOsteren bir parametre, a* degeri kirmizi rengi
gOsteren parametre, 4" deZeri ise sari rengi
gosteren parametredir. Ozellikle [ ve 4"
parametreleri peynir kalitesinin belirlenmesinde
o6nemli olan 6zelliklerdir. Peynirlerin renk analiz
sonuglarina ait veriler Cizelge 3’de sunulmustur.
Ezine eski kagar peynirlerinde L* degerleri
incelendiginde en ytksek L* degerinin 83.87 ile
E13 numarali peynirde, en diistik " degerinin ise
72.56 ile E11 numarali peynirde oldugu tespit
edilmistir (Cizelge 3). Diisiik oranda tuz miktarina
sahip peynirlerde L* degeri daha yiksek
bulunmustur (Kaya, 2002). Distk tuz oranina
sahip olan E1, E8 ve E10 numarali peynirlerde
(Gizelge 1) L° degerinin yiksek oldugu
saptanmistir (Cizelge 3). Genel olarak olgunlagsma
siresi uzadikca peynirlerde parlakhigin arttigy
goriilmistiir. Ornegin, E3, E6, E7, E8 ve E13
numaralt peynirlerin I." degetlerinin (80.69-83.87)
yitksek oldugu saptanmustir. Ezine eski kasar
peynirlerinin  4* degetlerinin genis bir dagilim
gosterdigi, en yiiksek 4° degerinin 24.74 ile E11
numarali peynirde, en disitk 4" degerinin ise 14.87
ile E14 numarali peynirde oldugu saptanmustir.
Yalman (2011), 90 giin boyunca olgunlastirdig
kasar peynirlerinde L* degerini 81.86-85.13
arasinda, 4* renk degerlerini 14.78-18.34 arasinda,
Temizkan (2012), 90 glin boyunca olgunlastirdigt
kasar peynirlerinde L* degerini 75.26-88.46
arasinda, 4" renk degerlerini 13.77-24.20 arasinda
belirlemistir.

Peynirlerde 33 ugucu bilesen belirlenmis olup
bunlardan 24 tanesi analiz edilen alt peynir
orneginde de tespit edilmistir (Cizelge 4). Esterler,
aminoasitlerce olusturulan act tat ve yag asitlerince
olusturulan  ransit tadi azaltarak peynirin
aromastina olumlu katki saglamaktadir (Gallois ve
Langlois, 1990). E3 ve E20 numarali peynirlerde
ester miktarlarinin yitksek oldugu saptanmis olup
bu peynirlere ait duyusal analizler sonucu tespit
edilen ransit tat da diisitk bulunmustur (Cizelge 5).
Ezine eski kagar peynirlerinde tespit edilen ve
miktari ylksek olan estetler; biitanoik asit etil ester
ve hekzanoik asit etil esterdir.

Ezine eski kasar peynirinde tespit edilen ve
miktari yiiksek olan alkol bilesenleri ise 3-metil-1-
btitanol ve 2-pentanoldiir. Alkol miktart en yitksek
olan peynirler E6 ve El14’tir. Ercan vd. (2011),
sepet peynirinde yaptigi calismada 1-hekzanol
tespit etmistir.

Ezine eski kasar peynirlerinde aldehit olarak
sadece 3-metil-btitanal belitlenmis olup miktatt en
yiksek olan peynir E9’dur. E3 ve E6 numaralt
peynitlerde keton bilesikleri yiiksek miktarlarda
bulunmus olup (Cizelge 4) bu peynirlerin
olgunlasma siireleri de uzundur. Ezine eski kagar
peynitlerinde 2-pentanon ve 2-heptanon miktarca
en yiksek olan ketonlardir.

Terpenlerin, hayvanlarin otlatlmasi ile siite ve
oradan peynire gectigi belirtilmektedir (Viallon
vd., 2000). Ezine eski kasar peynirinde tespit
edilen terpenler; limonen, a-pinen olmak tizere iki
tanedir. Limonen miktart en yitksek olan peynir
E3, a-pinen miktart en yitksek peynir El14’tir.
Ercan vd. (2011), sepet peynirinde yaptgt
calismada limonen tespit etmistir. E6, E14 ve E20
numaralt peynitlerde asit miktarlarinin yiksek
oldugu (Cizelge 4) saptanmis olup bu peynitlere
ait proteoliz seviyesi de yiksek bulunmustur
(Gizelge 2). Ezine eski kagar peynitlerinde tespit
edilen ve miktar yiiksek olan asitler; asetik asit,
butanoik asit ve hekzanoik asittir. Yalman (2011)
90 giin depoladigt kasar peynitlerinde 2-metil-
butanoik asit ve 3-metil-biitanoik asit tespit
etmistir.

Yapilan duyusal analizler sonucunda peynirlerde 6
panelist tarafindan pismis, peyniraltt suyu,
kremamst, sulfir, ransit, tuzlu, eksi, umami,
keskin (bite), buruk, act aroma ve tat terimleri
belirlenmistir (Cizelge 5). Aromatik terimlerden
en fazla yogunluga sahip olan aromalar pismis,
peynir altt suyu, kremamsi, siilfiir ve ransittir.
Temel tatlardan en ylksek puana sahip olan tat
Ozelligi tuzluluktur. Bunu, eksi, keskin ve umami
tatlar takip etmektedir.
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Cizelge 4. Analiz edilen peynir 6rneklerinde bulunan ucucu bilesenler (n=06)
Table 4. Volatile componnds found in analyzed cheese samples (n=6)
Peynitler (ug/ 100 g) Cheeses (ug/ 100 g)

Ugucu

Bilesenler RI B3 56 E9 E13 El4 E20
Volatile

Compounds

2-Butanon <600  15.13%1.14 B B B 65.00+40.9 -
Asetik asit 600 - 1372.50+109.60  790.50+295  1093+136.9  104.50+82.7  5027.00+3165
iuﬁ?ﬁ 645 0.6610.17 - 2.50+0.78  0.50+0.11 . .
1-Butanol 657 0.58+0.09 1.0010.04 0504014  0.50+0.03 1.5040.01 8.00+0.56
2-Pentanon 685  16.60+1.96  24.004.95 25041.06  7.50+1.15 11.00+2.83 16.50+1.39
2-Pentanol 699  5.18+1.26 7.50+1.18 6.0041.22  4.50+0.90 11.00+2.83 4.00+0.64
Asetoin 705 4.20+1.42 7.50+1.41 450+0.63  5.00%0.77 8.5040.70 4.00+0.11
iuﬁﬂ 1- 728 26.89+7.61 1.4140.23 400+1.07  20.0042.60  12.50+1.41 15.00%1.59
Toluen 760 1.0140.32 1.99+0.28 0504012 1.00+0.11 1.00£0.02 1.50+0.11
Diasetil 777 0.5740.03 2.70+0.04 0.5040.16 1.50+0.03 17.5040.42 3.00+0.31
ft‘flti‘;t‘:rk B 801 14.4611.64 28124470 20504597  17.5042.70  26.00+5.15 29.00+1.37
Bitanoik asit 812 § 2051.05498.2  653.50+157  773+186 613.50+220  1620.50%620
3-Medl- 847  1.58+0.92 6.50+1.44 2504042  3.50+1.70 6.00+1.13 3.00+0.71
butanoik asit

2-Metil- + " n
Mook asit 857 § 6.9611.88 0504013  2.00+0.12 3.00+0.31 2.00+0.08
1-Hekzanol 866 - - 0.5040.20  1.00+0.11 1.50+0.22 3.0040.10
2-Heptanon 857 15444322  26.29+5.24 50040.66  4.00+0.06 7.50+0.84 3.50+0.33
2-Heptanol 900 3.6610.20 8.1940.84 5004072 2.00+0.14 6.00+0.35 3.00+0.31
Oksime 907 5.42+0.54 4.39+0.55 3004052  4.50+0.12 3.50+0.35 4.00+0.21
metoksi fenil

Helzanolk asit o535 99+0.32 6.05%0.91 1.00£031  0.50£023  1.00+0.11 2.00%0.08
metil ester

a-pinen 930  0.58+0.17 0.88+0.14 0.35+0.21 0.30+0.12 16.00+0.28 1.0040.16
B-pinen 972 1.0540.07 3.74+0.84 - 2.50+0.54 2.00+0.21 0.50+0.29
Hekzanoik 999  3225+2.58  48.68+1.91 27.50+4.04  24.50+0.91 16.50+0.29 32.50+3.80
Asit etil ester

Hekzanoik asit 1014 . 1845.70495.50  755.504204 1181+113.80 19774830  1112.50+214
D-limonen 1025  2.53+0.98 2.0140.43 1.50+0.37 1.50+0.32 2.00+0.21 1.00+0.14
Eucalyptol 1027 4.33+0.13 4.04+0.17 3.00+0.79  3.0040.22 4.00+0.42 2.50+0.03
2-Nonanon 1090 3.96+0.02 8.63+0.53 1.00+0.21 1.504+0.23 3.0040.22 0.50+0.08
Fenil etil alkol 1109 1.42+0.52 0.8340.18 0.5040.04  0.50+0.06 0.50+0.05 0.40+0.10

Oktanoik asit

N 1117 1.7720.12 2.8120.29 1.50£1.05  1.00+0.02 0.3520.14 1.50£0.09
Kamfor 1138 0.254+0.02 0.5040.08 0.15+0.04  0.20+0.03 0.5040.09 0.3540.07
Oktanoik asit 1186 1.87+1.44 613761138  796.504378  360.00%1.41  1219.50+156  389.50%+109
gﬁfi‘;k B 197 1.0740.04 3.89+0.17 25040.63  0.50£0.06 2.00+0.18 2.00+0.24
Dekanoik asit 1372 - 21174558 217.50+122  9.00+4.47  188.00+27.60 -

?jiﬁgk B 4396 0304007 0.7740.21 10040.65  02540.06  0.50%0.18 0.5040.12

RI: Alikonma indeksi, -: belitlenemedi.
RI: Retention index, -: not determined.
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Cizelge 5. Peynirlerin duyusal 6zellikleri (n=20)
Table 5. Sensory properties of the cheeses (n=20)

Peynir Pis. PAS Kre. Sal. Ran. Tuzlu Eksi Umami Keskin
Chesee Cooked Whey Creamy Sulfur Salty Sour Bite

E1 3.33+0.40 3.33£0.81 4.83+0.40 - - 6.00£0.00 1.41+0.49 0.25%0.15 -

E2 3.08+£0.20 3.58%£0.49 4.00+0.00 - - 6.50+£0.54  2.00+£0.00 0.33%£0.25 -

E3 3.75£1.08 3.16£0.98 4.66+0.81 0.66£0.51 1.41+0,58 7.16£0.40 2.41£0.49 0.91+£0.20 0.25%0.15
E4 2.50£0.54 3.66£0.51 3.58%£0.91 1.25£0.88 3.41£0.66 9.50£0.83 2.16£0.40 1.75£0.41 1.33%£0.51
E5 2.50£0.54 2.00£0.00 4.83%£0.75 1.66x1.21 2.66£0.81 7.33%£0.51 1.75£0.41 2.16£0.25 2.00%0.00
E6 3.00£0.00 2.83£0.40 4.08+0.66 5.00£0.00 5.00£0.00 9.33+0.51 1.25%£0.41 1.91+0.58 3.33%£0.40
E7 4.00£0.00 3.83£0.40 4.33%£0.51 2.00£0.00 0.66£0.25 7.66%£0.51 0.26£0.02 1.08%0.66 -

ES8 3.66£1.03 2.66%£0.81 4.83+0.40 1.00£0.31 0.41£0.20 6.66+0.51 0.66%£0.25 0.46+0.25 -

E9 2.8310.75 2.16£0.40 3.00£0.63 2.33%£0.25 2.33%0.51 10.50£0.54 1.91£0.20 2.50+£0.31 0.16£0.08
E10 2.08£0.49 2.00£0.00 3.00£0.00 1.00£0.31 3.66£0.51 7.00£0.00 1.33£0.25 1.83+0.81 2.91%£0.20
E11 3.00+£0.00 3.16£0.40 3.83+0.40 2.75%£0.88 0.91+0.37 7.91£0.49 0.91£0.37 2.25+0.41 0.41£0.37
E12 3.16+£0.40 3.33£0.81 2.91+0.66 1.75£0.41 0.88+0.49 8.08*£1.11 1.00£0.31 1.25+0.41 0.66£0.25
E13 3.25£0.41 3.66%£0.51 3.08+0.49 0.91£0.20 1.08%£0.58 9.08+0.20 0.91£0.37 0.83+0.25 0.41%0.20
E14 3.25£0.61 2.75%£0.61 2.91+0.66 1.91£0.86 1.91£0.20 8.91+0.66 1.58%0.37 2.25+0.52 1.00+0.44
E15 2.5810.49 2.66£0.60 3.16£0.40 0.75+0.41 0.91£0,58 10.50£0.54 1.08%£0.66 1.08%£0.37 0.25+0.00
E16 2.8310.25 3.08£0.80 2.66%£1.21 1.16+0.75 1.33£0.60 6.75£0.88 1.91£0.20 1.83%£0.25 1.41+0.58
E17 316040 3.16£0.40 2.41+0.73 091£0.37 2.33+0.87 6.58%£0.66 1.83£0.25 1.55+£0.54 0.66%0.40
E18 2.8310.40 2.83£0.40 2.58%0.66 0.75£0.27 0.88%£0.20 6.83+0.75 2.16+0.68 2.16£0.40 2.50%+0.63
E19 3.91+£0.20 2.75%£0.41 2.08+0.66 1.08£0.49 1.00+£0.31 8.41£0.91 250£0.54 1.33+0.51 2.75%0.41
E20 3.33+0.81 2.58%£0.80 2.58+0.49 2.58%0.37 2.75+0.61 7.25%£0.41 1.83%£0.25 2.91+0.20 4.91£0.20
Min. 2.08+0.49 2.00£0.00 2.08%0.66 - - 6.00£0.00  0.26£0.02 0.25%£0.15 -
Mak./Max 4.00£0.00 3.83+0.40 4.831£0.75 5.00£0.00 5.00£0.00 10.50£0.54 2.50+0.54 2.91+0.20 4.91%0.20
Ort./Mean 3.10+0.45 258%0.52 3.47+0.57 1.47£0.40 1.68+0.41 7.90£0.54 1.54£0.34 1.53+0.38 1.25%0.24

E: Ezine eski kagar peyniri, Pis.: Pismis, PAS: Peyniralti suyu, Kre.: Kremamsi, Sil.: Silfiir, Ran.: Ransit, Min.:
Minimum, Mak.: Maksimum, Ort.: Ortalama. -: belirlenemedi.
E: Exzine aged kasar cheese, Pis.: Cooked, PAS: Whey, Kre.: Cream, Sil.: Sulfur, Ran: Rancid, Min.: Minimnm, Max.:

Mascimum, Ort.: Mean.-: not determined

Pismis 6zelligi bakimindan en yiiksek puan E7
numaralt peynirde, en diisik puan E10 numarali
peynirde, peynir altt suyu 6zelligi bakimindan en
yiksek puan 3.83 puan ile E7 numarali peynirde,
en disiik puant 2 ile E5 ve E10 numarali peynirde,
kremamsi 6zellik olarak en ytksek puan E5 ve E8
numaralt peynirlerde, tuzluluk 6zelligi bakimindan
en yiksek puan 10.5 ile E9 ve E15 numarali
peynirlerde, en disik puan ise El1 numarali
peynirde belirlenmistir. Yalman (2011), 90 gin
depoladigr kasar peynirlerinde duyusal analizler
sonucu pismis, peyniraltt suyu, kremamsi ve tuzlu
terimlerinin degerleri sirastyla; 2.40-3.21, 0.41-
3.31, 2.90-3.12 ve 1.28-1.56 olarak bulmustur.

SONUC
Ezine eski kagar peyniri tiretiminde kullanilan siit

tirleri ve st karsim miktarlar  farkldik
gosterebilmektedir. Bu faktérler  peynitlerin
bilesimi,  fiziksel,  kimyasal ve  duyusal
Ozelliklerinde de farkliliklara neden

olabilmektedir. Ezine eski kasar peyniri agirhkh
olarak koyun stitiinden tretilmesine ragmen gesitli
oranlarda siit karigimlarindan olusmast peynirin
kendine 6zgii karakteristik ugucu bilesen profiline
etki etmektedir. Elde edilen bulgular yoresel
olarak iretilen Ezine eski kagar peynirinin bazt

karakteristik  Ozelliklerinin ortaya konmast ve
tanitilmasi konusunda temel bilgiler
saglamaktadir.



Ezine eski kasar peyniri

TESEKKUR

Bu makale Muhammed Ali DOGAN’in “Ezine
Eski Kasar Peynirinin Karakteristik Bazt
Ozelliklerinin Belirlenmesi” basliklt yiiksek lisans
tezinden (Canakkale Onsekiz Mart Universitesi,
Fen Bilimleri Enstitiisii, YOK Tez No: 527733)
dretilmistir.  Calismanin  gerceklestitilmesinde
desteklerini esirgemeyen Ezine eski kasar peyniri
treticisi firmalara ve duyusal degerlendirmelerde
katki saglayan panelistlere tesekkiir ederiz.
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oz

Bal, gicekli bitkilerin nektarlarindan ya da bitki ézsuyu ile beslenen boceklerin salgilarindan koken alir. Igerigindeki
polen ve bal ¢igi elementlerinin tanimlanmast, balin botanik kdkeninin beliflenmesinde kullanilan en 6nemli
araglardir. Tirk Gida Kodeksi Bal Tebligine gore gida maddesi olarak tiiketime sunulacak ballarin botanik
kokeninin standartlar cercevesinde yapilan analizler ile tespit edilmesi ve paket tizerindeki etiket ile alicilarnn
bilgilendirilmesi gerekir. Bu c¢alismada Turkiye'de satisa sunulmus paketli ballarin mikroskobik analizleri
gergeklestirilerek elde edilen sonuglarin etiket bilgisi ile uyumlulugunun karsilastirilmast amaclanmistir. Bu
kapsamda ballarin polen kompozisyonlari, bal ¢igi elementleri (BCE), 10 gram baldaki toplam polen sayist (TPS-
10 g) ve bal ¢igi elementi sayilari, yiizde nem ve nisasta miktar incelenmistir. Sonug olarak tiim bal 6rneklerinin
nem degetlerinin tebligde verilen degerlerle uyumlu oldugu tespit edilmistir. Mikroskobik incelemeler sonucunda
10 balin etikette yer alan botanik ofijini ile uyum gdstermedigi, t¢ balda %10’dan fazla nisasta bulundugu
saptanmistir.

Anabhtar kelimeler: Piyasa ballari, botanik orijin, kalite

BOTANIC ORIGIN DETECTION AND MICROSCOPIC ANALYSIS OF PACKAGED
HONEYS: COMPARISON OF CONTENT WITH LABEL INFORMATION

ABSTRACT

Honey originates from the nectars of flowering plants or excretions of plant-sucking insects on
plants. The identification of pollen and honeydew elements is the most important tool used to determine
the botanical origin. According to the Turkish Food Codex Communiqué on Honey, it’s necessary to
determine the botanical origin of the honey to inform the buyers with the label on the package. Our aim
was to detect the botanic origin and comparison with their label information content compliance of
packaged honeys produced in Turkey. In this context, pollen compositions of honeys, the number of
honeydew elements, total number of pollen and honeydew elements in 10 grams of honey, percentage of
moisture and starch were examined. As a result, moisture values were found suitable. 10 honeys didn’t
match with the botanical origin declared in the label, and in three honey samples more than 10% starch
was found.

Key words: Packed honeys, botanical origin, quality
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GIRIS
Bal; bitkilerin ciceklerinde veya diger canli
kistmlarinda bulunan nektaryumlardan salgilanan
nektarlardan, ya da bitki 6zsuyu ile beslenen
béceklerin  salgilarindan  kdken alir  (Anklam,
1998). Karbonhidrat kaynagt olan bu tath
salgtlarin  bal arilarinca  toplanmasi,  arinin
viicudunda degisik enzimlerle metabolize olmasi
ve petek gobzlerine depolanmasi, suyunun
ucurulmast ve olgunlasmast ile arlarin  ve
insanoglunun da besin maddesi olarak kullandig
bal tretimi gergeklesir (Sorkun, 2008).

Balin siniflandirilmasi, arilarin balin  kokenini
olusturan maddeyi topladiklari kaynak gbz
6ntinde bulundurularak yapilir. Bu kapsamda bal,
cigek ve salgt bali olarak iki genel sinifta incelenir
(Moar, 1985). Cigek balinin kékeni nektar, salgt
balinin kokeni ise bitkilerin canli kisimlarinin
salgilart ve/veya bitkilerin canlt kisimlart tizerinde
yasayan bitki 6zsuyu emici béceklerin salgilaridir
(Anonim, 2012).

Balin kaynagint  belirlemek icin  kullanilan
geleneksel yontem, ballarin mikroskobik olarak
degerlendirilmesine  dayanir. Buradaki temel
prensip balin kokenini dolayll yoldan tespit
etmektir. Ballarin Giretimi sirasinda arilarin ziyaret
ettigi  bitkileri belirlemek igin bal icindeki
polenlerin tanimlanmast (Soares vd., 2015) ve
salgt kokenli ballarin mikroskobik analizlerinde
bal ¢igi elementi olarak nitelendirilen spor, hif ve
alglerin tespiti ve bu verilerin sayisal olarak
degerlendirilmesi s6z konusudur (Louveaux vd.,
1978). Polen taneleri, ¢ogunlukla nektarl
bitkilerden, bal arilarinin diyetinin amino asit, yag
asidi ve mineral ihtiyacint karsilamak icin
gerceklestirilen  yiyecek arama  davransglart
sirasinda taginir (Yang vd., 2013; Avni vd., 2014;
Belay vd., 2017).

Balda tespit edilen taksanin polenlerinin yiizdeleri
hesaplanarak dominat (%45 < x), sekonder (%16
< x = %44), mindr (%4 = x = %15) ve eser (%3
< x ) olmak tzere dort fakli kategoride ballarin
bitki kaynaklar kategorize edilir (Pérez-Arquillué
vd., 1995). Herhangi bir balin monofloral (tek bir
bitkisel = kaynaktan koken  almis) olarak
nitelendirilebilmesi i¢in bahsi gecen bitkiye ait

polenlerin, mikroskobik incelemeler sonucunda,
balda dominant halde bulundugunun tespit
edilmesi gerekir (Day vd., 1990). Balin polen
iceriginin belitlenmesi, sahteciligin tespiti icin
kullanilmakta olan 6nemli araclardandir (Bayram
ve Demir 2018).

Mikroskobik incelemeler sonucunda tespit edilen
10 gram baldaki bal ¢igi elementi (BCE) saysi ile
toplam polen sayist (TPS-10 g) oranlar da salgt
balini kendi icinde kategorize edebilmemize
yardimet olur. BCE/TPS-10 g oraninin 1.5-3.0
degerleri arasinda olmast balin salgi-cicek karisik
bal oldugunu, 3.0-4.5 deger araliinda olmast
yogun ¢am bali oldugunu gésterirken, bu oran
>4.5 seklinde ifade buluyorsa da ¢ok kaliteli cam
balt olarak nitelendirilir (Sorkun, 2008).

Balin paketlenmesi ve etiketlenmesi agamasinda
Tirk Gida Kodeksi Bal Tebligi cercevesinde
konulmus kurallar bulunur. Etikette balin orijini;
salgt veya cicek bali oldugu, bal ifadesinin yaninda
aynt punto ile belirtilir. Etiketinde botanik orijini
belirtilen ballarda bu 6zellikleri polen analizi ile
belitlenir. Nisasta/polen oraninin maksimum
10/100 olmast gerekir. Balin ihtiva ettigi nem

miktarinin  en fazla % 20 olmast beklenir
(Anonim, 2012).
Bu calismada hedefimiz paketlenmis ve

halihazirda marketlerde satilmakta olan ballardan
alinan 29 6rnegin mikroskobik analizleri, botanik
otijinlerinin tespit edilmesi ve etiket bilgisi ile
icerik uyumlugunun karsilastirilmasidir.

MATERYAL VE YONTEM

Bal Ornekleri

Arastirmada kullanilan materyal, 2017 yilinda
marketlerde satilmakta olan ballar arasindan
alinmustir. Etiketleri tzerinde yapilan
tanimlamalar dogrultusunda, 21 ¢icek bali ve 8
salgt bali olmak tzere 29 Ornek Uzerinde
incelemeler yapilmustir. Cicek ballarinin  dort
tanesi petekli baldir.

Balin Mikroskobik Analizi

Balin mikroskobik analizi icin iki farklt ydntem ile
preparasyon islemleri gerceklestirilmistir.
Bunlardan birincisi balda polen analizi, digeri ise
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baldaki toplam polen ya da bal ¢igi elementi
sayistt belitleme analizidir. Polen analizi icin
hazirlanan  preparatlarda nisasta saymmi da
yapimustir.

Balda polen analizi igin preparasyon islemleri
Sorkun (2008) metodu ile preparasyon yapilmistir.
Bu kapsamda cam baget yardimiyla stok baldan 10
g alinip deney tiiptine aktarilmis ve tzerine 20 mL
distile su ilave edilmistir. Balin su icerisinde
¢ozllmesini saglamak amactyla tiipler yaklasik
sicakligr 45° Clik su banyosunda 20-25 dakika
bekletilmis ve su banyosundan cikarilan tip
karistirict yardimi ile karistirdmistir. Cozeltt 3500
rpm’de 45 dk santrifiij edilmis ve santrifiij edilen
tiiplerin  siipernatant kismt dékilmistiir. 1gne
ucuna alinan bir miktar (1-2 mm?) bazik fuksinli
gliserin-jelatinin dipteki ¢6keltiye bulastirilmastyla
alinan materyal lam tlzerine aktarilmis, bu
materyalin 1sitma tablasinda 30-40° C’de 1sitilarak
erimesi saglanmustir. Eriyen kismin tizerine 18x18
mm’lik lamel kapatilarak ters gevrilip preparatin
kurumast  saglanmistir.  Hazirlanan  preparat
yaklastk 12 saat bu gekilde bekletildikten sonra
incelemeye hazir hale gelmistir. Polen sayimlar,
Nikon Eclipse E400 mikroskobu kullanilarak
yapilmustir.

Ballarin toplam polen sayisinin ve bal ¢igi
elementi  sayilarmin  belirlenmesi  igin
preparat hazirlanmasi

Toplanan bal 6rneklerinde TPS ve BCE, Moar
(1985) ve Sorkun (2008)’un bildirdigi metoda gore
hazitlamp 15tk mikroskobunda incelenmistir.
Homojen hale getirilmis stok baldan 10 g alinmis
ve deney tiipiine aktarilmistir. Ornegin iizerine 20
mL distile su ilave edilerek tiip igerisine sahit
olarak bir tanesine 9666 adet Lycopodinm spp.
sporu igeren tablet atilmustir. Tabletin erimesini
saglamak amaciyla tiipler 45 C”lik su banyosunda
bekletilmistir. Tablet eridikten sonra polenlerin ve
sporlarin boyanmasini saglayan iki damla bazik
fuksin ilave edilmigtir. Tupler 3500 rpm’de 45 dk
santriflyj edilmistir. Santriflij edilen tuplerin
stipernatant kismi dokilmustiir. TUpln icerisine
0.1 mL kadar %50’lik gliserin ilave edilerek dipteki
¢okeltinin gliserin ile homojen bir bicimde
karigmast saglanmistir. Bu karisimdan pipetle 0.01
ml alinarak, 0.09 mL %5071k gliserin konulmus

baska bir tipe aktardmistir. Bu tiipteki ¢6zeltiden
0.01 mL alinarak lam Gizerine konulmus ve tizerine
lamel kapatilarak mikroskopta incelenmeye hazir
hale getirilmistir.

Hazirlanan preparatlar, Nikon FEclipse E400
marka mikroskopta incelenmis olup 18x18 mm’lik
alan tamamen taranmistir. Bu alanda bulunan tim
polenler, bal ¢igi elementleri ve Lycopodinm spp.
sporlart sayisal olarak tespit edilmistir. Sayilan
spor ve polenlerden “sayian polen sayis: x 9666
/sayilan  Lycopodinm ~ sporu”  formili ile TPS
bulunmustur.

Refraktometre ile Nem Tayini
Baldaki nem miktari, Bogdanov vd. (1997) ve
Devillers vd. (2004)’nin uyguladigi metoda gore,

taginabilir  refraktometre araciligy ile tespit
edilmistir. Buna gére, cam baget ile alinan yaklasik
1 g bal, refraktometrenin cam bolmesine

konulmustur. Nemin miktart mercekli kisimdan
bakilarak % olarak ifade edilmistir.

BULGULAR VE TARTISMA

Balin polen analizi sonuglarina gore yapilan
sintflandirma, TPS-10 g, BCE/TPS-10 g, nem ve
nisasta basliklari altinda yapilan degerlendirmeler
sonucunda elde edilen bulgular Cizelge 1’de
verilmistir.

Tum bal 6rneklerinin nem degerlerinin %13.5 -
%18.3 araliginda degerler ile temsil edildigi
saptanmis olup, Turk Gida Kodeksi Bal Tebligi'ne
uygun olduklar tespit edilmistir. Mikroskobik
incelemeler sonucunda, BCE/TPS-10 g bulgulart
dogrultusunda, 19 balin etiket bilgisi ile uyumlu
oldugu, 10 balin ise etikette yer alan botanik orijini
le uyum gostermedigi bulunmustur. Dort adet
petekli ¢icek balt, polen icerigi bakimindan karigik
cicek bali olarak siniflandirilmistir. Ancak bu
ballardan bir tanesinin etiketinde yer alan “akasya”
ibaresi, balin monofloral bir bal oldugunun
bilgisini verirken, polen analizi sonuglari balin
multifloral kaynakli oldugunu gdstermistir. 7 adet
bal stizme ¢am bali, bir adet bal ise stizme salgt
bali olarak etiketlenmistir. Toplamda 8 adet olan
salgt balindan, yalnizca bir tanesinin cam bali
kriterlerine uygun oldugu, 5 tanesinin orta yogun
cam ve ¢icek bali, 2 tanesinin ise az yogun ¢icek
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bali oldugu bulunmustur. Etiket bilgileri ile ilgili
uyumsuzlugun ¢am ve ¢icek  ballarinin
karistirlarak sattlmasindan kaynaklandig1
dusuntlmektedit. 16 adet stizme cicek bali olarak
etiketlenmis balin 14’tnun karisik cicek bali, 1
tanesinin yogun ¢am bali ve bir digerinin ise eser
bal ¢igi elementi iceren karisik ¢icek bali oldugu

tespit edilmistir. Bir adet sizme kestane balt
etiketli tiriintin polen igeriginin %93’ iniin kestane
oldugu bulunmus ve etiket bilgisi ile uyumlulugu
onaylanmustir.  Ucg balda %10°dan fazla nisasta
bulundugu saptanmistir.

Cizelge 1. Bal 6rneklerinin etiket bilgisi, polen analiz sonuglari, TPS-10 g, BCE/TPS-10 g, nem ve

nisasta degerleri

Table 1. Label information of honeys, pollen compositions, total number of pollen in 10 grams of honey (NTP-10 g), the
number of honeydew element (NHE)/ NTP-10 g, percentage of moisture and percentage of starch in honey

Nem Nisasta

Etiket Bilgisi Polen Analizi Sonuglart ~ TPS-10g  BCE/TPS-10 ¢ (%) (%)
Label Information Pollen Analysis Results TPN-10¢  HDE/TPN-10g  Moisture ~ Starch
)

Petekli Cicek Balt Karisik Cicek Bali

Comb Flower Honey Mixc Flower Honey 20642 ) 15:9 0

Petekli Cicek Balt Kz{r@lk Cicek Bali 2612 ) 15.7 0

Comb Flower Honey Mixc Flower Honey

Petekli Cicek Bali Karsik Cicek Bali

Comb Flower Honey Mix Flower Honey 1247 ) 135 0

*Petekli Cicek Balt (Akasya)  Karsik Cigcek Balt 444 165 80

Comb Flower Honey (Acacia) Mixc Flower Honey ) )
Orta Yogun, Cam

*Stizme Cam Bali +Cicek Bali

Drained Pine Honey Medinm Dense, Pine 13367 28 174 >
+Flower Honey

*Stizme Cam Bali Az Yogun, Cigek Bali

Drained Pine Honey Less Intense, Flower Honey 37157 0-51 17 0

*Stizme Cam Balt Az Yogun, Cicek Balt

Drained Pine Honey Less Intense, Flower Honey 39113 063 168 0

Stizme Cam Bali Yogun Cam Bali

Drained Pine Honey Dense Pine Honey 08540 3 174 0
Orta Yogun, Cam

*Stizme Cam Balt +Cicek Balt

Drained Pine Honey Medinm Dense, Pine o1z 28 18.3 0
+Flower Honey
Orta Yogun, Cam

*Stizme Cam Bali +Cicek Bali

Drained Pine Honey Medjum Dense, Pine 45913 23 179 0
+Flower Honey
Orta Yogun, Cam

*Stizme Cam Bali +Cicek Bali

Drained Pine Honey Medium Dense, Pine 19332 156 171 0
+FElower Honey

*Stizme Cicek Bali Yogun Cam Bali

Drained Flower Honey Dense Pine Honey 9666 36 181 !

* Etiket bilgileri ile polen analizi sonuglart uyusmayan bal 6rnekleri
*Honeys which are not match with the botanical origin declared in the label
TPS-10 g: Toplam polen sayisi, TPN-10 g: Total Pollen Number
BCE: Bal cigi elementi, HDE: Honeydew Element
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Turkiye’nin altt farklt bélgesinde bulunan gesitli
illerdeki buytik ve kicik Oleekli marketlerden
toplanan 47 adet stizme bal Ornegi yapilan bir
calismada incelenmistit. Monofloral ballarda
yanlis etiketleme tespit edilen calismada, 47 adet
bal Orneginden, 7 &rnekte Nosema sp. sporlar
degisik yogunluklarda bulunmustur (Bolikbast,
2009).

Yapilan kisith sayida calisma, tlkemizde paketli
olarak satisa sunulan ballarda etiket bilgileri ve
genel igerik durumlar ile ilgili olarak tiiketicilerde
givensizlige yol acacak uygulamalarin oldugunu
gostermektedir. Nektar ya da salgidan kovana,
kovandan sofralara gelinceye kadar yasanan
sirecte gecirilen doniigim degerlendirildiginde,
her ne kadar pek ¢ok noktada gida olarak titketilen
bu triiniin kontrolii yapiliyor olsa da, vardigimiz
sonuglar belli diizeylerdeki sikintillarin géstergesi
olarak sunulmustur. Balin kaynagy ile ilgili olarak
dreticiden alinan sézli  bilgi yerine, polen
analizlerinin yapilarak etiketleme islemlerinin
gerceklestirilmesi gerekmektedir. Bu cergevede,
balin botanik orijinin belitflenmesi agamasinda
daha siki denetimlerinin yapilmasi gerektigi
diustnilmektedit.
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oz

Bu ¢alismada, mundtisin KS treticisi Enterococcns mmndsii YB06.30 susunun teknolojik 6zellikleri ve giivenlik
degerlendirmesinin fenotipik ve genotipik yontemler ile arastirilmast amaglanmustir. E. zundtii YB6.30 susunun de
Man, Rogosa and Sharpe broth ortaminda, yapilandirilmis yagsiz siit ortamina gére daha hizlt asit Giretim 6zelligi
gosterdigi belitlenmistir. E. mundtii YB6.30 susunun proteolitik aktivite gésterdigi ve nitratt rediikte ettigi fakat
lipolitik aktivite gostermedigi tespit edilmistir. YB6.30 susu denemelerde kullamilan antibiyotiklerin tamamina
duyarlt bulunmustur. Fenotipik testler sonucu YB6.30 susunun hemolitik aktivite ve jelatinaz aktivitesi
gostermedigi belitlenmistir. Polimeraz zincir reaksiyonu (PZR) ile YB6.30 susunun virtlens faktér icermedigi
tespit edilmistir. YB6.30 susu histidin, lisin ve ornitini dekarboksile edemez iken, tirozinden tiramin urettigi
belitlenmistir. PZR denemeleri sonucu YB6.30 susunda yalniz tirozin dekarboksilaz (#k) geni varligi tespit
edilmistir. Bu ¢alismanin sonuclart mundtisin KS treticisi E. mundtii YB6.30 susunun gida endustrisinde starter
kiiltlir olarak kullaniminin giivenli oldugunu gostermistir.

Anahtar kelimeler: Enterococcus mundtii, sucuk, mundtisin KS, teknolojik 6zellikler, gtivenlik degerlendirmesi

TECHNOLOGICAL PROPERTIES AND SAFETY EVALUATION OF MUNDTICIN
KS PRODUCER ENTEROCOCCUS MUNDTIIYB6.30 STRAIN ISOLATED FROM
FERMENTED SUCUK

ABSTRACT

In this study, investigation of technological properties and safety evaluation of mundticin KS producer
Enterococcus mundtii YB6.30 by phenotypic and genotypic methods were aimed. E. mundtii YB6.30 strain
has been determined to show a faster acid production properties in de Man, Rogosa and Sharpe broth
than reconstituted skim milk. E. mandtii YBG6.30 strain showed proteolytic activity and reduced nitrate but
not showed lipolytic activity. The YB6.30 strain was found to be sensitive to all antibiotics used in this
study. As a result of phenotypic tests, YB6.30 strain did not show hemolytic and gelatinase activities. The
YB6.30 strain was not found to contain virulence factor genes using polymerase chain reaction (PCR).
The YBG6.30 strain was found to produce tyramine from tyrosine while it did not decarboxylate histidine,
lysine and ornithine. As a result of PCR experiment, only tyrosine decarboxylase gene (7dr) was detected
in YBG6.30 strain. The results of this study showed that mundticin KS producer E. mundtii YB6.30 strain
was safe to use as a starter culture in the food industry.

Keywords: Enterococcus mundtii, sucuk, mundticin KS, technological properties, safety evaluation
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E. mundtii YB6.30 susunun teknolojik 6zellikleri ve glivenlik degerlendirmesi

GIRIS
Enterokoklar toprak, yiizey sulari, okyanus suyu,
kanalizasyon, bitkiler ve insan ve hayvan
gastrointestinal kanalinin yant sira geleneksel
yontemler ile Uretilen peynit, sosis vb. fermente
gidalardan siklikla izole edilebilen
homofermentatif laktik asit bakterileridir (Franz
vd., 1999; Giraffa, 2003; Ogier ve Serror, 2008).
Laktik asit Uretimi, proteolitik aktivite, lipolitik
aktivite, sitrat ytkimi ve nitrat rediiktaz aktivitesi
enterokoklarin  fermente gidalarin  Uretiminde
starter kultiir olarak kullanimlarini esas teskil eden
teknolojik  &zellikleridir  (Sarantinopoulos  vd.,
2001; Giraffa, 2003; Foulquié Moreno vd., 20006).
Ayrica enterokoklar enterosin olarak
isimlendirilen Ozellikle Iisteria tutlerine katrst
antimikrobiyal aktivite gésteren bakteriyosinler de
uretebilmektedir. GunlUmuze kadar E. mundtii
suslart  tarafindan  Gretilen  sinirl  sayida
bakteriyosin tanimlanmistir. Mundtisin (Bennik
vd., 1998), mundtisin KS (Kawamoto vd., 2002),
mundtisin CRL35 (Saavedra vd., 2004), mundtisin
QU2 (Zendo vd., 2005) ve mundtisin L (Feng vd.,
2009) E. mundtii suslari tarafindan  uretildigi
bildirilmis bakteriyosinlerdir. Mundtisin KS, 43
amino asitten olusan ve . mundtii, E. faecinm, E.
Saecalis ve L. monocytogenes’e karst etkili olan bir
peptiddir (Kawamoto vd., 2002).

Enterokoklar sahip oldugu teknolojik 6zelliklerin
yani sira endokardit, merkezi sinir sistemi, tiriner
sistem enfeksiyonlart, bakteriyemi, karin i¢i ve
pelvik enfeksiyonlarina sebep olan hastane
kaynakli (nozokomiyal) patojenler olarak da
tanimlanmaktadirlar (Foulquié Moreno vd., 2000;
Reyes vd., 2017). Bu nedenle starter veya
probiyotik kiltiir olarak kullanilacak enterokok
suslarinin  endistriyel 6zelliklerinin  yant  sira

givenlik  degetrlendirmelerinin  de  yapilmast
gerekmektedir  (Inoglu  ve Tuncer, 2013).
Enterokoklarin  patojenitesi, viriilens faktor

icermeleri ve ¢oklu antibiyotik direncine sahip
olmalarindan ileri gelmektedir. Enterokoklarda
tanimlanmus baslica virtilens faktorler agregasyon
maddesi, kollojen baglayan protein, endokarditis
spesifik antijeni, enterokokal ylizey proteini,
sitolizin, jelatinaz, hiyaliironidaz ve seks
feromonlanidir  (Chajecka-Wierzchowska — vd.,
2017). Enterokoklar antibiyotiklere karst hem

dogal (intrinsik) hem de kazamilmus (aktarilabilir)
direnc goOsterebilmektedir (Klare vd., 2001).
Enterokoklar sefalosporinler, aminoglikozidler,
klindamisin ve trimetoprim-siilfametoksozole
dogal direnc gosterirken, mutasyon veya direng
genlerinin yatay transferi yolu ile yliksek seviyede
aminoglikozid, yiksek seviyede ampisilin,
vankomisin veya diger antibiyotiklere direng
kazanabilmekteditler (Garcfa-Solache ve Rice,
2019). Coklu antibiyotik dirence sahip enterokok
suslart (iki veya daha fazla antibiyotik sinifina
direngli) diinya genelinde hastaliklarin tedavisinde
sayisiz sorunlara neden olmaktadir
(Shokoohizadeh vd., 2018). Enterokoklarin
tiiketici sagligt agisindan risk teskil eden diger bir
Ozellikleri biyojen amin tretmeleridir. Biyojen
aminlet, amino asitlerin mikrobiyal
dekarboksilasyonu  yolu ile olusan toksik
bilesiklerdir. Fermente gidalardan izole edilen
enterokoklarin genel olarak tirozini dekarboksile
ederek tiramin rettigi bilinmektedir (Inoglu ve
Tuncer, 2013; Barbieri vd., 2019).

Bu calismada fermente sucuktan izole edilmis
mundtisin KS Ureticisi Enterococcus mundtii YB6.30
susunun hem teknolojik 6zellikleri (laktik asit
tretimi, proteolitik aktivite, lipolitik aktivite ve
nitrat rediktaz aktivitesi) incelenmis hem de
givenlik degerlendirmesi (antibiyotik ~direng,
hemolitik aktivite, jelatinaz aktivitesi, virtlens
faktSr genlerinin tespiti, biyojen amin tretimi ve
amino asit dekarboksilaz genlerinin  tespiti)
yapilarak izolatin starter kiltir olarak kullanim
potansiyeli arastirilmistir.

MATERYAL VE YONTEM
Mikroorganizma

Calismada kullanilan mundtisin @ KS  dreticisi
Enterococcus  mundtii ' YB6.30  susu  Siilleyman
Demirel Universitesi Gida Mithendisligi Bolimii,
Bakteriyel =~ Genetik  Laboratuvart  kiltir
koleksiyonundan temin edilmistir. Bakteriyosin
ureticisi E. mundtii YB6.30 susu de Man, Rogosa
and Sharpe broth (MRS, LAB M, Lancashire, UK)
ortaminda % 20 (v/v) steril gliserol ilave edilerek
-20 °C’de muhafaza edilmigtir. Calisma kulttrt ise
gliserol ilave edilmemis MRS broth ortaminda +4
°C’de ve haftalhk pasajlama yapilarak muhafaza
edilmistir.
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Laktik asit tiretimi

E. mundtii YB6.30 susunun asit Gretim yetenegi,
yapilandirilmis yagsiz siit (RSM, LAB M) (% 11,
w/v) ve MRS broth ortamlarinda test edilmistir.
RSM ve MRS broth ortamlarina aktif YB6.30
kultirinden % 1 (v/v) oraninda ekim yapilmis ve
orekler 30 °C ve 37 °Clde inkubasyona
birakilmustir. Inkiibasyonun 0., 6. ve 24. saatleri
sonunda besiyeti ortamlarindan Srnek alinarak
kiltir pH’st pH metre (WTW 3110, Almanya)
yardimtyla Slctilmustir. Kaltirin asit Gretim
yetenegi baslangic pH degeri ile inkiibasyon
sonrast olusan pH degerleri arasindaki fark (ApH)
dikkate alinarak hesaplanmistir  (Ozkalp vd.,
2007).

Proteolitik aktivite

E. mundtii YB6.30 susunun proteolitik aktivitesi
calcium caseinate agar (Fluka 21065, Isvicre)
ortaminda belitlenmistit. MRS broth ortaminda
gelistirilen kiiltirden mikropipet yardimiyla 10 pL
calcium caseinate agar ortamina pipetlenmis ve
petri kutulart 37 °C’de 3 gilin inkiibasyona tabi
tutulmustur. Stre sonunda koloni etrafinda zon
olusumu incelenmis ve zon ¢apt Olgulmistir
(Martin vd., 2000).

Lipolitik aktivite

Lipolitik aktivitenin belirlenmesinde spirit blue
agar (BD Difco) (Landeta vd., 2013), % 1 tween
80 veya tween 20 ilave edilmis MRS agar (Essid
vd., 2007) ve tributyrin agar olmak tizere 4 farkh
besiyeri ortami kullanidmistir. Her bir besiyerine
aktif YB6.30 kiiltirinden mikropipet yardimiyla
10 uL kiltir inokile edilmis ve petri kutulart 37
°Cde 48 saat inkiibasyona  birakilmustir.
Inkiibasyon siiresi sonunda koloni etrafinda opak
zon olusumu incelenmistir.

Nitrat rediiktaz aktivitesi

Nitrat rediktaz aktivitesi % 0.1 (w/v) oraninda
KNOs; igeren YT agar ortaminda belitlenmistir
(Miralles vd., 1996). YT agar besiyeri ortamina
aktif YB6.30 kiltirinden mikropipet yardimiyla
10 pL kaltir pipetlenmis ve koloni olusumu icin
37 °Cde 24 saat inktbasyona birakilmustir.
Inkiibasyon siiresi sonunda nitrat reaktifi A (Fluka
38497) ve nitrat reaktifi B (Fluka 39441) esit
hacimde karistirilarak kolonilerin iistli kapanacak

sekilde petri kutularina aktardmistir.  Reaktif
ilavesini takiben koloni renginin kirmuziya
dénmesi pozitif sonug olarak degerlendirilmistir.
Denemelerde nitrat reditktaz pozitif Escherichia coli
ATCC 25922 ve Salmonella Typhimurium ATCC
14028 suslart pozitif kontrol olarak kullanilmistir.

Antibiyotik direng

E. mundtii YB6.30 susunun antibiyotik direnc
profili Oxoid Ltd. Sti. (Ingiltere)’den temin edilen
ampisilin (10 pg), penisilin G (10 U), vankomisin
(30 pg), teikoplanin (30 pg), eritromisin (15 pg),
tetrasiklin (30 pg), doksisiklin (30 pg), minosiklin
(30 png), siprofloksasin (5 pg), levofloksasin (5 ng),
norfloksasin (10 ng), nitrofurantoin (300 pg),
rifampin (5 pg), kloramfenikol (30 png),
quinopristin-dalfopristin (15 pg), linezolid (30 pg),
gentamisin (120 ug) ve streptomisin (300 ug) ticari
antibiyotik diskleri kullanilarak disk diftizyon
yontemi ile belirlenmistir (Yogurtcu ve Tuncer,
2013). Disk difiizyon testlerinde E. faecalis ATCC
29212 susu kontrol olarak kullanilmistir. Sonuclar
Klinik ve Laboratuvar Standartlar1 Enstitisi
(Clinical and Standards Institute, CLSI) 2016
kilavuzuna gére degerlendirilmistir.

Hemolitik aktivite

Hemolitik aktivite % 5 (v/v) koyun kani iceren
Columbia agar (Liofilchem, Roseto degli Abruzzi,
Italya) besiyeri ortaminda test edilmistir.
Inkiibasyon siiresi sonunda (37 °C’de 48 saat)
koloni ¢cevresinde berrak zon olusumu B-, bulanik
yesilimsi zon olusumu a- ve zon olusmamasi ise
y-hemolitik reaksiyon olarak degerlendirilmistir
(Cariolato vd., 2008). Denemelerde B-hemolitik
Staphylococens aurens ATCC 29213 susu kontrol
olarak kullanilmistir.

Jelatinaz aktivitesi

Jelatinaz aktivitesi % 3 (w/v) jelatin (Merck,
Darmstadt, Almanya) ilave edilmis Todd-Hewitt
agar  (Liofilchem) besiyeri ortaminda test
edilmistir. Inkiibasyon siiresi sonunda (37 °C’de
24 saat) petti kutusu +4 °C’de 5 saat buzdolabinda
tutulmustur. Stre sonunda koloni etrafinda
bulanik zon olusumu jelatinaz aktivitesinin pozitif
oldugunun gostergesi olarak degerlendirilmistir
(Eaton ve Gasson, 2001). Denemede jelatinaz
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pozitit E. faecalis NYE7 susu kontrol olarak
kullandmistir (Inoglu ve Tuncer, 2013).

Genomik DNA izolasyonu

Genomik DNA, MRS broth besiyerlerinde 37
°C’de 18 saat gelistitilen E. mundtii YB6.30
kiltirinden Cancilla vd. (1992) tarafindan
onerilen yonteme gore izole edilmistir. Genomik
DNA 6rnegi 50 uLL Tris-EDTA tampon (pH 8.0)
ile ¢6ztlmis ve kullanilincaya kadar -20 °C’de
muhafaza edilmigtir. DNA 6rneginin agaroz jel
elektroforezi % 0.7 (w/v) agaroz orani ile
hazirlanan jellerde 65 voltta 1.5 saat sireyle
yapmstir. Jel 0.2 pg/ml  etidyum bromit
(Amresco Inc., Solon, OH, ABD) iceren ¢6zeltide
boyanmis ve UV transilluminator (Vilber
Lourmat, ECX-F20.M, Fransa) tzerinde
incelenmistir. Jel fotografi ¢ekiminde Nikon
D5100 dijital fotograt makinesi (Nikon Corp.,
Japonya) kullanilmsstur.

Viriilens genlerin tespiti

E. mundtii YB6.30 susunda jelatinaz (ge/E), hiicre
duvart adhezinleri (¢faAs, efaAs), ckstraseltler
ylzey proteini (esps, espr), seks feromonlart (¢pd,
cob, cef; cad), kollojen baglayan protein (ace, acm),
agregasyon proteini (agg), sitolizin (¢y/M, ¢y/B, ¢yLA)
ve hiyaluronidaz (hy)) tretim 6zelliklerini kodlayan
virilens faktér genlerinin varhigt Cizelge 1°de
verilen primer ciftleri kullanilarak PZR ile
arastirdmustir. aew, agg, gelE, efaA, efaAs, cdp, espr,
espr, cob, cf, cad, ace, cyIM, ¢y/B ve ¢ylA genlerinin
varligi 95 °C’de 5 dakika baslangic denatiirasyonu
(1 dongt), 95 °C’de 30 saniye / 54 °C (acm geni
icin 52 °C, agg geni icin 56 °C)’de 30 saniye / 72
°C’de 60 saniye ¢ogaltma (35 déngii) ve 72 °C’de
10 dakika son uzama (1 déngi) asamalarindan
olusan protokol uygulanarak TurboCycler 2
gradient termal déngii cihazt (Blue-Ray Biotech
Corp. Tayvan) ile arastirilmistir. Hiyaluronidaz
geninin (hy) PZR ile varliginin tespitinde ise 95
°Cde 2 dakika baslangic denatiirasyonu (1
dongti), 95 °C’de 30 saniye / 56 °C’de 90 saniye /
72 °Cde 90 saniye ¢ogaltma (35 dongi) ve 72
°Cde 10 dakika son wuzama (1 dongi)
asamalarindan olusan protokol uygulanmustir.
PZR fragmentlerinin agaroz jel elektroforezi %
1.5 (w/v) agaroz orant ile hazirlanan jelde
yapilmustir. Jeller etidyum bromid iceren ¢6zeltide

boyanmis, UV 15tk tzerinde fotogratflanmustir.
Fragment buyiklikleri Genesta™ 100 bp DNA
marker (GeneAll Biotechnology Co. Ltd, Kore)
kullanilarak hesaplanmistir. PZR denemelerinde
E. faecalis ATCC 29212 susu (ge/E*, efaAs*, ¢pd",
cob*, oft, cadt, acet, acn, ¢ylB*, ¢ylAY) pozitif
kontrol olarak kullanilmistir.

Biyojen amin iiretimi
E. mundtii YB6.30 susunun biyojen amin tiretim

Ozelliklerinin ~ belitlenmesinde  Bover-Cid  ve
Holzapfel (1999) tarafindan Onerilen yontem
kullantlmigtir.  Besiyerinin ~ hazirlanmasinda

histidin, lisin, ornitin veya tirozin amino asitleri
kullanilmistir. Denemelerde tiraminojenik .
Jfaecalis NYE54 susu pozitif kontrol olarak
kullanilmistir (Inoglu ve Tuncer, 2013).

Aminoasit dekarboksilaz genlerinin PZR ile
aragtirilmasi

Histidin (bde), lizin (/dk), ornitin (odk) ve tirozin (#de)
dekarboksilaz genlerinin  varligr Cizelge 2’de
verilen primer ¢iftleri kullanilarak arastirilmustir
(de Las Rivas vd., 2006). PZR denemelerinde; 95
°Cde 10 dakika baslangic denatirasyonu (1
dongti), 95 °C’de 30 saniye / 53 °C’de 30 saniye /
72 °Cde 2 dakika ¢ogaltma (30 dongi) ve 72
°Cde 20 dakika son wuzama (1 dongl)
asamalarindan olusan protokol uygulanmustir.
Cogaltlan amino asit dekarboksilaz genlerinin
PZR fragmentlerinin agaroz jel elektroforezi %
1.5 (w/v) agaroz orant ile haztlanan jellerde
yapilmistir. Denemelerde tiraminojenik E. faecalis
NYE54 (zc*) susu pozitif kontrol olarak
kullantlmistir.

Istatistik Analiz

Laktik asit Gretim diizeyi bakimindan elde edilen
veriler faktoriyel dizende tekrarlanan Ol¢imld
varyans analiz teknigi ile analize edilmistir.
Uygulama faktériinin RSM ve MRS olmak tizere
2 seviyesi ve zaman faktérintin de 0., 6. ve 24. saat
olmak tzere 3 seviyesi mevcuttur. Tekrarlanan

Olgimler zaman  faktSriniin  seviyelerinde
gerceklestirilmistir. Calismada faktorlerin seviye
ortalamalart arasindaki farklliklarinin

belirlenmesinde Tukey testi kullanilmistur.
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Cizelge 1. Viriilens genlerin tespitinde kullanilan PZR primerleri ve tGriin biytiklikleri
Table 1. PCR primers for detection of virnlence genes and product sizes

Gen Primer sekanslari (5'- 3") Uriin biytikligi (bg)  Kaynak

Gene Primer sequences (5'-3') Product size (bp) Reference

gelE ACC CCG TAT CAT TGG TTT 419 Revitiego vd., 2005
ACG CAT TGC TTT TCC ATC

daA,  AAC AGA TCC GCA TGA ATA 735 Revitiego vd., 2005
CAT TTC ATC ATC TGA TAG TA

efaAs GAC AGA CCC'TCA CGA ATA 705 Revitiego vd., 2005
AGT TCATCATGC TGT AGT A

espi TTG CTA ATG CAA GTC ACG TCC 955 Revitiego vd., 2005
GCATCA ACA CTT GCA TTA CCG AA

esps TTG CTA ATG CTA GTC CAC GACC 933 Revitiego vd., 2005
GCG TCA ACA CTT GCATTG CCG AA

pd TGG TGG GTT ATT TTT CAATTC 782 Reviriego vd., 2005
TAC GGC TCT GGC TTA CTA

cob AAC ATT CAG CAA ACA AAG C 1405 Reviriego vd., 2005
GCG TCA TAA AGA GTGGTC AT

ef GGG AAT TGA GTA GTG AAG AAG 543 Reviriego vd., 2005
AGC CGC TAA AAT CGG TAA AAT

cad TGC TTT GTC ATT GAC AAT CCG 1299 Reviriego vd., 2005
ACT TTT TCC CAA CCC CTC AA

ace AAA GTA GAATTA GAT CCA CAC 350 Ben Belgacem vd., 2010
TCT ATC ACATTC GGTTGC G

acm GGC CAG AAA CGT AACCGATA 353 Camargo vd., 2006
CGC TGG GGA AAT CTT GTA AA

agg AAG AAA AAG AAG TAG ACC AAC 1553 Eaton ve Gasson, 2001
AAA CGG CAA GAC AAG TAA ATA

gIM CTG ATG GAA AGA AGA TAG TAT 742 Reviriego vd., 2005
TGA GTT GGT CTG ATT ACATTT

¢/B ATT CCT ACC TAT GTT CTG TTA 843 Revitiego vd., 2005
AAT AAA CTCTTC TTT TCC AAC

olA TGG ATG ATA GTG ATA GGA AGT 517 Reviriego vd., 2005
TCT ACA GTA AAT CTT TCG TCA

hyl ACA GAA GAG CTG CAG GAA ATG 276 Vankerckhoven vd., 2004

GAC TGA CGT CCA AGT TTC CAA

Cizelge 2. Amino asit dekarboksilaz genlerinin tespitinde kullanilan PZR primerleti ve trin biyiiklikleri
Table 2. PCR primers for detection of amino acid decarboxylase genes and product siges

Gen Primer dizisi (5-3') Urin biytikligi (be)

Gene Primer sequences (5'- 3') Product size (bp)

hde GGNATNGTNWSNTAYGAYMGNGCNGA 372
ATNGCDATNGCNSWCCANACNCCRTA

tde TGGYTNGTNCCNCARACNAARCAYTA 825
ACRTARTCNACCATRTTRAARTCNGG

ode TWYMAYGCNGAYAARACNTAYTTYGT 1440
ACRCANAGNACNCCNGGNGGRTANGG
ATHWGNTWYGGNAAYACNATHAARAA 624
GCNARNCCNCCRAAYTTINCCDATRTC

lde CAYRTNCCNGGNCAYAA 1185
GGDATNCCNGGNGGRTA

Y: Cveya T; R: A veya G; W: A veya T; S: C veya G; M: A veya C; D: A, G veya T; H: A, C veya T; B: C,G veya
T; N: A,C,G veya T.
Y:CorT; Re Aor G, W: Aor'T; S: Cor Gy M: Aor C; D: A, GorT; H: A, Cor T; B: C,G or T; N: A,C,G or T.
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SONUC VE TARTISMA

Laktik asit Gretim yeteneginin belirlenmesi icin E.
mundtii YB6.30 susu RSM ve MRS broth
ortamlarinda 30 ve 37 °C’de kiltire edilmis ve
inkiibasyonun 0., 6. ve 24. saatlerinde kalttir pH’st

Olctlmistir. YB6.30 susunun RSM ve MRS broth
ortamlarinda 30 ve 37 °C’de inkibasyonun 0., 6.
ve 24. saatlerinde Olclilen pH degerleri Cizelge
3’de verilmistir.

Cizelge 3. E. mundtii YB6.30 susunun RSM ve MRS broth ortamlarinda inkiibasyonun (30 ve 37 °C’de)
0., 6. ve 24. saatlerinde pH degerleri
Table 3. pH values of E. mundtii YB6.30 strain at 0., 6. and 24. hours of incubation (at 30 and 37 © C) in. RSM

and MRS broth
Kiltiar ortamr* Zaman (saat) pH degeri
Culture medinnr* Time (hour) PpH value
30 °C’de 37 °C’de
(at 30 °C) (at 37 °C)
0 a%¥%6.551(.014 Aa%r 26.51+0.014Ab
RSM 6 26.45+0.066Aa 26.22+0.066Bb
24 25.99+0.018Ba 25.65+0.018Cb
0 b6.50+0.014Aa b6.46+0.014Ab
MRS 6 26.43+0.066Aa b5.85+0.066Bb
24 b5.09+0.018Ba b4.75+0.018Cb

*RSM: yapilandirilmis yagsiz siit; MRS: de Man, Rogosa and Sharpe broth
*RSM: reconstituted skim milk; MRS': de Man, Rogosa and Sharpe broth
**QOrtalamanin solundaki kiciik harfler zaman x sicaklik kombinasyonunda kiltiir ortamlari arasindaki farkliligs

gOstermektedir.

*% The lower case letters to the left of the average indicate the difference between the cultural environments in the time x temperature

combination.

*#*Ortalamanin sagindaki biiyitk harfler kiltiir ortami x sicaklik kombinasyonunda zamanlar arast farkliligy, kiicik
hatfler kiltir ortamt x zaman kombinasyonunda sicakliklar arast farkliligi géstermektedir.

*x% Capital letters to the rightt of the average show the difference between times in the culture medinm x temperature combination, the
lower case letters indicate the difference between temperatures in the culture medinm x time combination.

Cogan vd. (1997), iyi bir mezofilik starter kiltiriin
sut ortaminda 30 °Cde 6 saat inkibasyon
sonunda pH’y1 6.6’dan 5.3’c diistirmesi gerektigini
belirtmistit. E. mundtii YB6.30 susunun yalniz
MRS broth ortaminda inkibasyonun 24. saati
sonunda pH’yt 5.3%n altina digtrdigi tespit
edilmistir. 30 °C’de inkiibe edilen 6rneklerde pH
5.09£0.018¢ ve 37 °Cde kiltire edilen
orneklerde pH 4.7540.018% dusmistir (Cizelge
3). Bu veriler i1ginda E. mundtii YB6.30 susunun
RSM ortaminda 30 ve 37 °Cde inkibasyon
sicakliginda yavas asit tretim Ozelligi gosterdigi
belirlenmistir. Diger taraftan, E. mundti YB6.30
susu MRS broth ortaminda 37 °C’de 24. saat
inkiibasyon sonunda hizli asit tretim Ozelligi
gostermistir.  Bradley vd. (1992)ne  gore
kiltirlerin  asit Gretim Ozelligi  besiyerlerinin
baslangic pH degeri ile inktbasyondan sonra

olusan pH degerleri arasindaki fark (ApH) dikkate
alinarak, hizli (ApH >1.5), orta (ApH 1.0 ile 1.5
arasinda) ve yavas (ApH <1.0) olarak
tanimlanmaktadir. Bu kritetler dikkate alinarak F.
nundtii YB6.30 susunun RSM ortaminda 30 ve 37
°C’de inkiibasyonun 6. ve 24. saatleti sonunda
ApH degeri 1'in altunda oldugu igin yavas asit
Uretim yetenedi gosterdigi belirlenmistir. MRS
broth ortaminda ise 30 ve 37 °C’de inkiibasyonun
6. saatinde yavag, 24. saati sonunda 30 °C’de orta
ve 37 °Cde ise hizli asit Uretim &zelligi
gostermistir. Enterokok tirlerinin = siitte asit
dretim yetenegi uzerine yapilan calismalar asit
tretiminin tiire, susa ve inktibasyon siiresine gore
farklilik ~ gOsterdigini  ortaya  koymustur.
Enterokoklar genel olarak yavas veya orta
diizeyde asit Gretim yetenegine sahiptirler (Durlu-
Ozkaya vd., 2001; Ambadoyiannis vd., 2004).
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Diger taraftan enterokok izolatlarinin 37 °C’de
16-24 saat inkiibasyon sonunda siit pH’sint 5.0-
5.2’nin altna disturdiging bildiren calismalarda
bulunmaktadir  (Sarantinopoulos vd., 2001,
Tuncer, 2009; Banwo vd., 2013; Oladipo vd.,
2015; Aspri vd., 2010).

Asit Uretim yetenegi starter kiltiir seciminde
onemli bir kriterdir. Starter kiltiirler tarafindan
tretilen organik asitler bozulma yapan veya
patojenik bakteriler gibi istenmeyen
mikroorganizmalarin gelismesini 6nlemekte hem
de son iriniin organoleptik  6zelliklerinin
olusmasinda ~ 6nemli  rol  oynamaktadir
(Anagnostopoulos vd., 2018). Hizl asit tretim
yetenegine sahip suslar cogunlukla starter kultiir
olarak kullanilirken, orta veya zayif asit lretim
yetenegine sahip suslar ise diger teknolojik
Ozelliklerine bagl olarak yardimeci starter kultir
olarak kullaniabilmektedir (Ayad vd., 2004; Lee,
2005). Calisma kapsamunda elde edilen sonuglar,
fermente sucuktan izole edilen mundtisin KS
Ureticisi E. mundtii YB6.30 susunun asit Uretim
yetenegi bakimindan degerlendirildiginde et
drdnlerinin yant sira fermente stt urinlerinin
tretiminde de yardimet starter kiiltlir olarak starter
kiltir kombinasyonlarinda yer alabilecegini
gostermektedir.

E. mundtii YB6.30 susunun calcium caseinate agar
kullanilarak yapilan proteolitik aktivite testi
sonucu proteolitik aktivite gdsterdigi tespit
edilmistir. Benzer olarak Serio vd. (2010), 70
enterokok susunun (34 E. faecium, 28 E. faecalis ve
8 E. durans) RSM agar ortaminda proteolitik
aktivite Ozelliklerini aragtirdiklart ¢aligmalarinda 9
E. faecalis, 2 E. faecium ve 1 E. durans izolatinin
proteolitik aktivite gésterdigini tespit etmislerdir.
Jaouani vd. (2015), 9 E. faecium, 8 E. faecalis, 3 E.
hirae ve 2 E. mundtii olmak tzere 22 bakteriyosin
ureticisi enterokok izolatindan 3 E. faecium (L5, 59
ve 97) ve 2 E. faecalis (K4 ve 98) susunun skim
milk agar ortaminda kazeini hidrolize ederek
proteolitik aktivite gOsterdigini belirlemislerdir.
Aspri vd. (2016), esek sutiinden izole edilen
enterokok izolatlarinin skim milk agar ortaminda
proteolitik aktivite Ozelliklerini test etmisler ve
izolatlatin % 78inin (56/72) besiyeti ortaminda
opak zon olusturarak proteolitik aktivite pozitif

ozellik gosterdigini  rapor etmislerdir. Diger
taraftan Ben Belgacem vd. (2010), Tunus
fermente et Uriini Gueddid’ten izole ettikleri
antibakteriyel aktiviteye sahip 24 enterokok
susunun proteolitik aktivite &zelligini % 1.5 skim
milk igeren triptik soy agar ortaminda test etmisler
ve suslarin  hicbirinin = kazeini  hidrolize
edemedigini  belirlemislerdir. Benzer olarak
Landeta vd. (2013), Ispanyol sosislerinden izole
edilen 19 E. faecinum izolattnin hicbirinin jelatin ve
calcium caseinate agar ortamlarinda proteolitik
aktivite  gOstermedigini  tespit  etmislerdir.
Proteoliz, fermente bir iriiniin organoleptik
Ozelliklerinin gelisimine katkida bulunan temel
endustriyel Ozelliklerden biridir
(Anagnostopoulos  vd., 2018). Bu nedenle
bakteriyosin Ureticisi . zundtii YB6.30 susunun
calcium caseinate agar ortaminda proteolitik
aktivite gOstermest starter kiltiir olarak kullanimi
i¢in bir avantajdir.

E. mundtii YB6.30 susunun lipolitik aktivite testleri
aktivite  gostermedigi  belirlenmistir.
Calismada elde edilen sonuca benzer olarak
Jaouani vd. (2015), bakteriyosin treticisi 9 E.
Saecium, 8 E. faecalis, 3 E. hirae ve 2 E. mundtii
susunun higbirinin  tributyrin agarda lipolitik
aktivite gOstermedigini tespit etmislerdir. Aspri
vd. (20106), enterokok izolatlarinin higbirinin
tributyrin - agar ortaminda zon vermedigini
bildirmislerdir. Diger taraftan farkli aragtirmacilar
tarafindan  yapilan  ¢alismalarda  enterokok
izolatlarinin lipolitik aktivite gosterdigini bildiren
calismalarda bulunmaktadir. Bu  c¢aligmalarda
genel olarak enterokoklarin disiik duzeyde
lipolittk  aktivite — gOsterdigi  belitlenmistir
(Sarantinopoulos vd., 2001; Tuncer, 2009; Ribeiro
vd., 2014; Oladipo vd., 2015; Canigové vd., 2016;
Anagnostopoulos vd., 2018). Lipolitik aktivite
starter kiltir olarak kullanilacak suslarda arzu
edilen bir 6zellik olmakla beraber yiiksek lipolitik
aktivite son Uriiniin organoleptik 6zelliklerini
olumsuz yonde etkileyebilmektedir (Morandi vd.,
2000). Bu nedenle bakteriyosin treticisi . mundtii
YB6.30 susunun lipolitik aktivite
gostermemesinin starter kiltir olarak kullanimi
icin bir dezavantaj olmadig disinilmektedir.

sonucu
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Nitrat rediiktaz testi sonucu E. mundtii YB6.30
susunun  nitrat  pozitif  Szellik  gOsterdigi
belitlenmistir. Benzer olarak Landeta vd. (2013),
kurutulmus Ispanyol sosislerinden izole ettikleri
enterokoklarin  nitrat  rediktaz  aktivitesi
gosterdigini rapor etmiglerdir. Et drilinlerinde
temel bir katki maddesi olarak kullandan nitrit
karakteristik kiirlenmis et renginin, lezzet ve doku
Ozelliklerinin gelistirilmesi ve &zellikle Clostridinm
botulinum ~ basta  olmak  lzere  patojen
mikroorganizmalarin inaktivasyonu ve oksidatif
acilagsma olusumunu engelledigi icin uzun yillardir
kullandlmaktadir (Ahn vd., 2004; Liu vd., 2010).
Kurutularak olgunlastirilan fermente sosislerde
temel renk olusumundan koagulaz-negatif
stafilokoklar sorumlu olsa da, tipik renk olusum
sirecinde nitratin nitrite indirgenmesinde laktik
asit bakterileri de rol oynamaktadir. Koagulaz-
negatif stafilokoklara nazaran laktik asit bakterileri
disiik dizeyde nitrat reditktaz aktivitesi gdsterse
de, nitrat reduktaz aktivitesinin
nitrozomiyoglobin  olusum  mekanizmasina
dogrudan dahil olmast nedeniyle bu bakterilerde
de nitrat reditktaz aktivitesinin arastirilmast
istenilmektedir (Ammor ve Mayo, 2007). Bu
nedenle E. mundtii YB6.30 susunun nitratt redikte
etmesi teknolojik acidan 6nemlidir. Bu 6zellik E.
mundtii YB6.30 susunun fermente et riinlerinde
starter kiltiir kombinasyonlarinda yer almasi igin
bir avantajdur.

Calisma kapsaminda bakteriyosinojenik E. mundtii
YB6.30 susunun antibiyotik direng profili 18 ticari
antibiyotik diski kullanilarak disk difiizyon
yontemi ile test edilmis ve YB6.30 susunun
denemelerde kullanilan antibiyotiklerin tamamina
duyarlt oldugu belitlenmistir. Banwo vd. (2013),
¢ig inek sttinden izole ettikleri bakteriyosin
ureticisi E. faecium CM4 ve 2CM1 suslarinin
antibiyotik  diren¢  profillerini  inceledikleri
calismalarinda, E. faeciumr CM4  susunun
vankomisine yiitksek duyarlilik gosterdigini ancak
streptomisin, kloramfenikol, gentamisin,
pefloksasin, siprofloksasin ve tetrasikline karst
orta derecede duyarli oldugunu belirlemislerdir.
Arasttrmactlar  E.  faeciwm 2CM1  susunun  ise
pefloksasine  karst  direngli,  streptomisin,
gentamisin, tetrasiklin ve vankomisinin de dahil
oldugu 7 antibiyotige karst ise orta seviyede

duyarli oldugunu tespit etmislerdir. Ozden Tuncer
vd. (2013), bakteriyosin Ureticisi FE. faecium
EYT17, EYT31 ve EYT39 suslarinin antibiyotik
direnc profillerinin belitlenmesinde disk difizyon
testi kullanmuslar ve suslarin tamaminin ampisilin,
kloramfenikol, gentamisin, norfloksasin, penisilin,
streptomisin, tetrasiklin, stilfametoksazol/
trimetoprim ve vankomisine duyarli oldugunu
tespit etmislerdir. E. faecium suslart yalnizca
eritromisine orta seviyede direncli bulunmustur.
Tuncer vd. (2014) disk difuzyon yontemi
kullanilarak yapilan antibiyotik direng testi sonucu
bakteriyosin Ureticisi E. faecalzs MYES8 susunun
denemelerde  kullandan 10 antibiyotikten
streptomisin (300 pg) ve tetrasikline (30 pg) haric
diger antibiyotiklere karst duyarlh oldugunu
belirlemislerdir. Antibiyotik direng testleri sonucu
E.  mundtii - YB6.30 susunun denemelerde
kullantlan  bitin antibiyotiklere karst duyarlt
bulunmasi susun giivenilirligi acistndan avantajdir.

E. mundtii YB6.30 susunun hemolitik aktivite
Ozelligi koyun kam iceren Columbia agar
ortaminda test edilmis ve YBG6.30 susunun
hemolitik aktivite gostermedigi (y- hemolitik)
tespit edilmigtir. Elde edilen bu bulguya benzer
olarak farkli arastirmaciar tarafindan yapilan
calismalarda da gida  kaynakli  enterokok
izolatlarinin hemolitik aktivite gbstermedigi tespit
edilmistit (Banwo vd., 2013; Tuncer vd., 2014;
Anagnostopoulos vd., 2018). Banwo vd. (2013),
¢ig sttten izole edilen bakteriyosin ireticisi E.
Sfaecium CM4 ve 2CM1 suslarinin hemolitik aktivite
gostermedigini bildirmistir. Tuncer vd. (2014), ¢ig
sttten izole ettikleri enterosin Ureticisi FE. faecalis
MYES58 susunun hemolitik aktivite
gostermedigini belirlemislerdir. Anagnostopoulos
vd. (2018), yesil zeytinden izole edilen enterokok
suslarinin hicbirinin hemolitik aktivite
gostermedigini rapor etmislerdir. Enterokoklarda
hemolizin/sitolizin vathgl son derece dikkatlice
kontrol edilmesi gereken bir 6zellik olup
hemolitik aktivitenin olmamast stt endustrisinde
kullanilacak  starter  kiltitlerin  secilmesinde
6nemli bir kriter olarak kabul edilmektedir
(Giraffa, 1995). Hemolizin tretimi enterokokal
enfeksiyonlarin  siddetini  artirabilmekte  ve
hemolizin tretimine katllan genlerin varligr risk
faktori olarak kabul edilmektedir (Valenzuela vd.,
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2009). Gida fermentasyonlarinda starter kiltir
olarak kullanilacak olan suslarin  B-hemolitik
aktivite gOstermesi istenilmeyen bir durumdur
(Gomes vd., 2008). Bu nedenle E. mundtii YB6.30
susunun hemolitik aktivite géstermemesi gida
tretim proseslerinde  kullanilmast  igin  bir
avantajdit.

Jelatinaz testi sonucu E. mundtii YB6.30 susunun
jelatinaz aktivitesi gOstermedigi tespit edilmistir.
Gomes vd. (2008), Brezilya’da tretilen peynir, et,
sebze ve st urtnlerinden izole edilen suslarin
jelatinaz aktivitesini incelemisler ve sadece E.
Saecalis izolatlarinin % 60’1min jelatinaz aktivitesi
gOsterdigini tespit etmislerdir. Arastirmacilar E.
Sfaecium, E. casseliflavus ve E. gallinarum izolatlarinin
ise jelatinaz aktivitesi gostermedigini
bildirmislerdir. Trivedi vd. (2011), et, stt ve
meyve/sebze urtnlerinden izole ettikleri 250
enterokok  izolattnin  jelatinaz  aktivitesini
incelemigler ve sadece etten izole edilen 1 E.
Jfaecalis  izolatinin  jelatinaz  aktivitesine sahip
oldugunu bildirmislerdir. Banwo vd. (2013), ¢ig
inek siitlinden izole ettikleri bakteriyosin treticisi
E. faecinm CM4 ve 2CM1 suslarinin her ikisinin de
jelatinaz aktivitesi gostermedigini belirlemislerdir.
Tuncer vd. (2014), ¢ig sitten izole edilen
bakteriyosin Ureticisi E. faecalis MYES8 susunun
jelatinaz  negatif 6zellik  g6sterdigini  rapor
etmiglerdir. Diger taraftan farkhi arastirmacilar
tarafindan yapilan calismalarda gida ve klinik
kaynakli  enterokok  izolatlarinda  jelatinaz
aktivitesinin tespit edildigini bildiren ¢alismalar da
bulunmaktadir (Eaton ve Gasson, 2001; Cariolato
vd., 2008; Manavalan vd., 2015). Jelatinaz ¢inko
igeren hiicre ds1 bir metalloproteinaz olup jelatin,
kollojen, fibrinojen, kazein, hemoglobin, instlin
ve bazt biyoaktif peptidlerin hidrolizine neden
olmaktadir. Diizensiz metallaproteinaz aktivitesi
kanser  hicrelerinin  invazyonu, artrit ve
periodontit gibi patolojik durumlarla
iliskilendirilmektedir (Singh vd., 1998; Kanematsu
vd.,1998; Dworniczek vd., 2003). E. mundtii
YB6.30 susunun jelatinaz aktivitesi gbstermemesi
starter kiltir olarak kullanimi i¢in bir avantajdir.

Mikroorganizmalarin  hastalik  yapict  etkisini
arttiran  efektér molekiller virtlens faktorler
olarak isimlendirilmektedir (Mundy vd., 2000).

Enterokoklar distik virilens 6zellikli baktetiler
olarak bilinmelerine ragmen son yillarda artan
nozokomiyal enfeksiyonlarin sorumlulart arasinda
yer almaktadirlar. Gida kaynakli enterokoklarin
virtlens o6zellikleri klinik Orneklere gére daha
distik oldugu bildirilmistir (Eaton ve Gasson,
2001; Foulquié Moreno vd., 2006; Inoglu ve
Tuncet, 2013; Ozden Tuncer vd., 2013). Jelatinaz
(¢e/lE), hiicre duvart adhezinleri (efaAds, efaAy),
ekstraseliiler ylizey proteini (espp, esps), seks
feromonlatt (¢pd, cob, cf, cad), kollojen baglayan
protein (ace, acm), agregasyon proteini (agg),
sitolizin (¢ylM, ¢y/B, ¢ylA) ve hiyaluronidaz (hy)
tretim 6zelliklerini kodlayan virtilens faktdtlerin
genetik  determinantlarinin  spesifik  primerler
kullanilarak arastirddign PZR calismasi sonucu E.
mundtii YB6.30 susunda viriillens faktér genlerinin
hi¢birinin bulunmadids tespit edilmistir (Sekil 1).
E. mundtii YB6.30 susunda ge/EE geni bulunmamasi
jelatinaz aktivitesinin fenotipik olarak test edildigi
deneme sonucunu desteklemektedir. Gegmis
yillarda farkli arastrmacilar tarafindan yapilan
calismalarda ise fenotipik olarak jelatinaz aktivitesi
gOstermeyen ancak sessiz ge/E geni varligt tespit
edilen enterokok izolatlari bildirilmistir (Eaton ve
Gasson, 2001; Franz vd., 2001; Cariolato vd.,
2008; Trivedi vd., 2011; Tuncer vd., 2014; Avci ve
Ozden-Tuncer, 2017). Benzer olarak kanli agar
ortaminda hemolitik aktivite géstermedigi tespit
edilen E. mundtii YB6.30 susunda ¢y/M, ¢y/B, ¢ylA
genlerinin de tespit edilmemesi fenotipik test
sonucunu desteklemektedir. PZR denemeleri
sonucu E. mundtii YB6.30 susunda virtilens faktor
geni varlig tespit edilmemis olmas: gida
endustrisinde kullanim igin glivenli oldugunu
gostermektedir.

Bakteriyosin ureticisi E. mundti YB6.30 susunun
amino asit dekarboksilaz besiyerinde doért farkh
amino asit 6nciisii kullanilarak yapilan biyojen
amin Uretim Ozelliginin fenotipik olarak test
edildigi denemeler sonucu, YB6.30 susunun
histidin, lisin ve ornitin amino asitlerini
dekarboksile etmedigi ancak tirozini dekarboksile
ederek tiramin Urettigi belirlenmistir.
Mikroorganizmalarin amino asit
dekarboksilasyonu tiir, sus ve cevresel kosullara
gore farklilik gostermektedir. Bununla birlikte
enterokoklarda tiramin Uretiminin yaygin olarak



E. mundtii YB6.30 susunun teknolojik 6zellikleri ve glivenlik degerlendirmesi

tespit edildigi farkli arastirmacilar tarafindan
bildirilmistir (Ambadoyiannis vd., 2004; Tuncer,
2009; Inoglu ve Tuncer, 2013; Yiiceer ve Ozden
Tuncer, 2015; Aspri vd., 2016; Avet ve Ozden
Tuncer, 2017, Zommiti vd., 2018). Yiksek
dizeyde biyojen amin tiiketiminin organizmada
cesitli farmakolojik, fizyolojik ve toksik etkiler

gostermesinden dolayr bakteriyosin Ureticisi .
mundtii YBG6.30 susunun tirozin disinda test edilen
diger amino asitleri dekarboksile etmemesi bir
avantajdir. Ancak s6z konusu susun tiramin
tretim miktarinin daha sonra yapilacak caligmalar
ile arastirdmasi gida sistemlerinde kullanim
glivenliginin belitlenmesi icin gerekmektedir.

123456 78 9M1011121314151617

18 19 20 21 22 23 24 25 26

27 28 29 30 313233

Sekil 1. E. mundtii YB6.30 ve E. faecalis ATCC 29212 suslarinda viriilens genlerin PZR ile tespiti (1-16:
E. mundtii YBG6.30, 18-33: E. faecalis ATCC 29212 (pozitif kontrol))
1: agg; 2: gelE; 3: efaAs,; 4: efads; 5: opd; 6: coby T: eof, 8: cady 9: ace; M: Genesta™ 100 b¢ DNA marker
(GeneAll, Kore); 10: acm, 11: ¢plM; 12: ¢p/B: 13: ¢ylA; 14: byl 15: espys; 16: espgs; 17: negatif kontrol (su);
18: agg; 19: gelE (419 bg); 20: efaAs; 211 efaAs (705 be); 22: epd (782 be); 23: cob (1405 be); 24: aof (543
be); 25: cad (1299 bg); 26: ace (350 bg); M: Genesta™ 100 bp DNA marker (GeneAll, Kore); 27: acn
(353 bg); 28: ¢yiM; 29: ¢y/B (843 be): 30: ¢ylA (517 be); 31: byl 32: espyn; 33: espy

Figure 1. PCR detection of virulence genes in E. mundtii YBG6.30 and E. faecalis ATCC 29212 strains (1-16: E.
mundtii YB6.30, 18-33: E. faecalis ATCC 29212 (positive control))

1: agg 2: gelE; 3: efaAp,y 4: efaAs; 5: cpdy 6: coby 7: cof; 8: cad; 9: ace; M: Genesta™ 100 bp DNA marker
(GeneAll, Korea); 10: acmy; 11: cpIM; 12: ¢yIB: 13: cpl Ay 14: hyly 152 esppay 16: espyy 17 negative control (water); 18:
agg; 19: gelE (419 bp); 20: efaAy,y 21: efads (705 bp); 22: cpd (782 bp); 23: cob (1405 bp); 24: eof (543 bp); 25:

cad (1299 bp); 26: ace (350 bp); M: Genesta™ 100 bp DNA marker (GeneAll, Korea); 27: acm (353 bp); 28:
/IM; 29: eyIB (843 bp): 30: eyl A (517 bp); 31: byl 32: espry 33: espys
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Histidin (bde), lisin (/d), ornitin (odk) ve tirozin (¢de)
dekarboksilaz  genlerinin  arastirildigt ~ PZR
denemesi sonucu E. mundtii YBG6.30 susunda
sadece #de geni varhigt tespit edilmistir. PZR
tranlerinin agaroz jel elektroforezi sonucu zde
genine 6zgu 825 kb buyikliglinde fragment elde
edilmistir (Sekil 2). PZR sonuglart amino asit
dekarboksilaz besiyerinde elde edilen fenotipik

tdc 825 bg

test  sonuclarint  desteklemektedir.  Farkh
arastirmacilar tarafindan yapilan calismalarda da
tiramin Uretimi ile # geni varligl arasinda uyum
oldugu bildirilmistir  (Kucerova vd., 2009;

Kalhotka vd., 2012; Inoglu ve Tuncer, 2013;
Yiiceer ve Ozden Tuncer, 2015; Avel ve Ozden
Tuncer, 2017).

2000 bg

1200 bg

tdc 825 bg

500 bg

100 bg

Sekil 2. E. mundtii YB6.30 susunda histidin (bdb), lisin (/d), tirozin (#dk) ve ornitin (ode) dekarboksilaz
genlerinin PZR amplifikasyonu
1: hde, 2: lde, 3: tde; 4: ode; M: Genesta™ 100 bp DNA marker (GeneAll, Kore); 5: #de (E. faecalis NYE54
pozitif kontrol); 6: negatif kontrol (su)

Figure 2. PCR amplification of bistidine (bdk), lysine (ldc), tyrosine (tdc) and ornithine (odc) decarboxylase genes in I.
mundtii YB6.30 strain
1: bde; 2: ldey 3: tde; 4: ode; M: Genesta™ 100 bp DNA marker (GeneAll, Korea); 5: tde (E. faecalis NYE54
positive control); G: negative control (water)

SONUC

Mundtisin KS treticisi E. zundtii YB6.30 susunun
teknolojik ozellikleri ve giivenlik
degerlendirmesinin aragtirilmast sonucu bu susun
gida  endustrisinde  starter  kiltir  olarak
kullantminin giivenli oldugu tespit edilmistir. E.
mundfii  YB06.30  susunun ileride yapilacak
calismalar ile gida Uretim siireclerinde starter
kiltir  olarak  kullantmmin  test  edilmesi
gerekmektedir.
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Lavandula cinsi (Lamiaceae) ekonomik ve tibbi agidan biiylik 6nem tagtyan ugucu yag bitkilerinin yer aldig
Onemli bir taksondur. Bu cinsin Tirkiye’de dogal yayilis gosteren Lavandula stoechas L. subsp. stoechas ve L.
pedunculata subsp. cariensis (Boiss.) Upson & S.Andrews olmak tizere iki tlirii mevcuttur. Bunlar “karabasotu,
karan, yalanci lavanta, karahan” gibi isimletle bilinmekte ve halk arasinda genellikle birbirinin yerine tibbi
amaglarla yUzyillardir kullamlmaktadr. 1nfiizyonu ve distilasyonla elde edilen ugucu yagy, analjezik, antiseptik,
yara iyi edici, balgam soktiriicli, sinir ve kalp kuvvetlendirici gibi etkileri nedeniyle halk arasinda
kullanilmaktadir. Calismamizda, tilkemizin farkli bolgelerinden temin edilen karabagotu cigeklerinin ugucu
yag bilesimleri ile hazirlanan ¢aylarinda Avrupa Gida Guvenligi Otoritesi (EFSA) tarafindan toksisite dozlart
yayimlanan kafurun, kantitatif miktar1 ortaya konmustur. Gaz kromatografisi/kiitle spektometresi ve gaz
kromatografisi/alev iyonlasma dedektort kullanilarak yapilan analizlerde, tiim 6rneklerden elde edilen ucucu
yaglarin ana bilesenleri olarak kafur (%7-53) ve fenkon (%027-58) saptanirken, hazirlanan %5 infiizyonlarda
ise 4,6-243 pg/mlL aralifinda kafur tespit edilmistir.

Anahtar kelimeler: Karabasotu, [avandula stoechas, Lavandula pedunculata, kafur, bitkisel inflizyon

CAMPHOR QUANTIFICATION IN TOPPED LAVENDER HERBAL TEAS
ABSTRACT

Lavandula genus (Lamiacea) is an important taxon, which contains essential oil plants that have a great
economic and medical importance. The genus has two species that are naturally growing in Turkey,
Lavandula stoechas subsp. stoechas (karabas) and L. pedunculata subsp. cariensis (Karan). These species,
locally known as karabasotu, karan, yalanct lavanta, karahan and they are generally used
interchangeably in folk medicine for medical purposes. Their infusions and essential oils are widely
used for their analgesic, antiseptic, wound healing, expectorant, nerve and heart tonic properties. In
our study, the essential oil composition of the flowers and camphor quantity in prepared infusions,
European Food Safety Authority (EFSA) announced the toxic doses, were determined by using gas
chromatography/mass spectrometry and gas chromatography/flame ionization detector. Camphor
(7-53%) and fenchone (27-58%) were found as the main components of the oils, whereas the
amounts of camphor in %5 infusions were found between the range of 4,6-243 ug/mlL.

Keywords: Topped lavendert, Lavandula stoechas, Lavandnla peduncnlata, camphor, herbal infusion.
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GIRIS
Lavandula stoechas L. ve L. pedunculata (Mill.) Cav.,
(Lamiaceae) tlkemizde halk ttbbinda bagsta cay
formunda olmak tzere yaygin sekilde tiketilen
Lavandula cinsinin tlkemizde dogal olarak yetisen
iki tarddir (Baytop, 1999; Ertug, 2002; Goren vd.,
2002; Inan vd., 2013).

Davis’in “Ttrkiye ve Dogu Ege Adalar1 Florast”
isimli eserinde, Lavandula stoechas L’ subsp.
stoechas ve subsp. cariensis isimli iki alt tdrd
kayithyken (Mill, 1982), son calismalarla bu iki
alttiir, Lavandula pedunculata subsp. cariensis (Boiss.)
Upson & S. Andrews ve Lavandula stoechas L.
subsp. stechas olarak iki ayri tir seklinde kayit
altina alinmustir (Upson vd.; 2004).

Turkiye bitki Srtiisti zenginligi ile orantili olarak,
her yi binlerce ton tbbi bitki dogadan
toplanmakta veya kiltiire alinmakta, bu triinler
bélgesel olarak geleneksel sekilde kullanidmakta
veya yurt disina ihra¢ edilmektedir (Balaban, 1999;
Acibuca ve Budak, 2018).

Ulkemizde dogal olarak yetisen ve halk arasinda
karabas otu, gargan otu ya da kesis otu olarak
bilinen karabasotu yizydlardir Anadolu halk
hekimliginde tst solunum yollar1 problemlerinde,
antiseptik ve yara iyi edici etkileri i¢in tedavide
kullanilmaktadir (Ayral, 1997; Oztiirk vd., 2005).
Tasidigr flavonoitler, saponin ve ugucu yagin bu
etkilerden sorumlu olduklart dustnilmektedir
(Baytop, 1999). L. stoechas (karabasotu) Akdeniz
tlkelerinde ve memleketimizde alcak makide sik
rastlanilan, cicek durumunun tepesinde mor renkli
verimsiz brakteler tasiyan bir calidir (Baytop,
1996). Halk arasinda “Karan” ismiyle bilinen L.
pedunculata subsp. cariensis ise daha ziyade Giiney
Batt Anadolu’nun kurak tepelerinde yetisen bir
tardur. L. stoechas’a cok benzer, ancak cicek
durumunun uzun saplt olmas: diger tiirden
kolayca ayrilmasini saglar. Bu iki tlrin ¢icek
durumlart 6zellikle ¢ay formunda, aynt amagclarla
birbirinin yerine kullanilmaktadir (Baytop, 1996).

Yapilan ugucu yag analiz caligmalarinda ¢igek
durumlarindan  elde edilen yaglarda ana
bilesenlerin genellikle kafur ve fenkon oldugu
belirlenmistir. (Tanker vd., 1977; Akgin vd.,

2001; Oztiirk vd., 2005; Angioni vd., 2006). Bitki
haricen antiseptik 6zellikleri ile genellikle yara iyi
edici olarak One ¢ikmaktadir (Baytop, 1999).
Yapilan bir c¢alisgmada bitkinin ¢igeklerinden
hazirlanan inflizyon ve vyaglt ekstresinin sag
dokiilmesi ve aknede kullanildigr bildirilmistir
(Koketi vd., 2015). Melikoglu ve ark. (2015)
yaptiklart calismada ise ¢igekli toprak st
kistmlarindan hazirlanan inflizyon ve
dekoksiyonlarmnin halk arasinda dahilen astim
tedavisinde kullanildigt rapor edilmistir. Yine
benzer bir etnobotanik arastirmada yaprak ve
cigeklerinden hazirlanan inflizyonun halk arasinda
mide tlseri tedavisinde kullanildigi belirtilmistir
(Kultir, 2018).

Lavandula stoechas'in yaprak ve cigeklerinden elde
edilen ugucu yagin kokusu linalol ve linalil asetatca
zengin Lavanta (Lavanta angustifolia Mill.) esanst
gibi hos olmadigindan, parfiimeri sanayiinden
ziyade agr kesici, antiseptik, yara iyi edici,
yatistirict,  balgam  sOktiirticti, idrar  yollan
iltthaplarini giderici, egzama yaralarini iyi edici,
sinir ve kalp kuvvetlendirici gibi etkileri icin

kullantlmugtir.  Bazi  kayitlara  gére  Osmanlt
Imparatorlugu ~ doneminde, Kesis Daginda
bulunan  karabasotunun,  kolera  hastalif
tedavisinde  kullanilmast  ve  eczanelerde

sattirtlmast ile ilgili, 1848 tarihli bir padisah
fermani bulunmaktadir (Baytop, 1999).

Bu bitkilerin de ugucu yaglarinin ana bilesenleri
olan kafur ve kafur iceren preparatlar gida ve ilag
sanayiinde yillardir  yaygin  sekilde
kullanilmaktadir. En ¢ok soguk alginliginin evde
tedavisi icin, inhaletrlerin icinde, kafur iceren
ucucu yaglar, tastyict yagda %19-20 kafur iceren
preparatlar ve topikal analjezik olarak kullanilan
liniment ve balzamlarda 6énemli bir etkin madde
olarak kullanilmaktadir (Zuccarini, 2009).

uzun

Feslegen, kisnis, kekik, biberiye ve adagayt gibi sik
kullantlan ~ aromatik  bitkilerde de  belirli
miktarlarda yer alan kafur, gida ve kozmetik
alanlarinda  kullanimi  siurlandirilmis — olup,
gastrointestinal kanalda kolayca emilen toksisite
riski yiiksek bir maddedir (EFSA, 2008).



Karabasotu gaylarinda kafur miktar

Akut toksisite belirtileri, merkezi sinir sistemi
uyarimi, oral ve gastrik tahris, bulanti ve kusma,
heyecan, haliisinasyonlar, deliryum, titreme,
konviilsiyonlar ve idrar retansiyonudur. Lokal
olarak, solunum yollarinda, deri, géz ve mukoza
zarinda tahrise neden olabilir (Tisserand ve
Young, 2013). EFSA’nin raporunda akut toksisite
dozu 5 g/kg (viicut agithigy) olarak belirtilitken,
yeterince klinik ¢alisma olmadigindan kronik
toksisiteye yol agabilecek dozun 60 kg’lik bir birey
icin en fazla 15 mg olabilecegi ve bu dozun
tizerine ctkilmamast yoniinde tavsiye verilmistir
(Anonymous, 2008).

Calismamizda, Ulkemiz yerel marketlerinden ve

baz1 freticilerden temin edilen 10 farklt
karabasotu  6rneginin  botanik  incelemeleri
yapilarak, tur teshisi gerceklestirilmis,

hidrodistilasyonla elde edilen ucucu yaglarinin ana
bilesenleri gaz kromatografisi/kitle
spektrometresi ve gaz kromatografisi/alev
iyonlasma  dedektdrii  sistemleri  kullanilarak
belirlenmistir. Ayrica, bu 6rneklerden hazirlanan
caylarda, gaz kromatografisi/alev iyonlasma
dedektorti  kullamilarak kafur kantitatif tayini
gerceklestirilmistir.

MATERYAL VE YONTEM

Bitkisel Materyal

Calismada kullanilan bitkisel materyal kaynaklar,
Cizelge 1’de g0sterilmistir. Morfolojik yapisina
gbre teshisi yapian (Sekil 1) 6rneklerden taze
olanlar goélgede kurutulmus, yaprak ve gévde
parcalari  uzaklastirdarak  ¢igek  durumlar
analizlerde kullanilmistir.

§ek11 1. L. stoechas subsp. stoechas (xo/dzz) ve L. pm’mm/aia subsp cariensis
Figure 1. L. stoechas subsp. stoechas (left) and L. pedunculata subsp.cariensis

883



884

Z. Oraloglu, G. iscan

Cizelge 1. Deneylerde kullanilan bitkisel materyaller.
Table 1. Plant materials nsed in the excperiments.

Ornek/ Turi/ Kaynag1/

Sample  Species Source

NO1 L. stoechas subsp. stoechas Yerel market/Local market, Datca, Emecik, 2017

NO2 L. stoechas subsp. stoechas Uretim tesisi/ Production facilty, Aydin, Nazilli, 2017

NO3 L. stoechas subsp. stoechas Web aligveris sitesi/ Web shopping, 2017

NO4 L. pedunculata sabsp.cariensis Uretim tesisi/ Production facilty, Mersin, 2016

NO05 L. pedunculata subsp. cariensis Yerel market/Local market, Eskisehir, 2017

NO6 L. pedunculata subsp. cariensis  Yerel market/Local market, Antalya 2016

NO7 L. pedunculata subsp. cariensis ~ Uretim tesisi/ Production facilty, Antalya, 2017

NO8 L. pedunculata subsp. cariensis ~ Dogadan toplandi/ Collected Kii¢ik Kumla, Gemlik, 2017

NO09 L. stoechas subsp. stoechas Yerel matket/ Local market, 1zmir, Alacati, 2017

N10 L. pedunculata subsp. cariensis Yerel market/ocal market, Eskisehir, 2017
Ugucu Yag Eldesi GK/KS analiz kosullari:

Bitkisel materyalden ugucu yag elde edilmesi
amact ile Avrupa Farmakopesi’nde tarif edilen
laboratuvar Olcekli Clevenger apareyi
kullandmustir. 50 g kaba toz haline getirilmis drog
2 L'lik balona doldurulduktan sonra tizerine 1000
ml distile su ilave edilmistir. 3 saat silire ile
distilasyon islemi sonunda miktari belirlenen yag,
susuz sodyum sulfattan gecirilerek +4°C’de
amber siselerde muhafaza edilmistir (Anonymous,
2013).

Ugucu Yag Analizi

Ucucu yag 6rneklerinde 40 pL alinarak, 1 mL #-
hekzanda ¢ozilmis Gaz Kromatografisi/Kutle
Spektrometresi (GK/KS) ve Gaz
Kromatografisi/Alev  Iyonlagma  dedektérii
(GK/AID) sistemleri ile es zamanli olarak
analizleri gerceklestirilmistir. GIK sisteminde AID
dedektori ile tespit edilen bilesiklerin  bagil

yizdeleri belitlenmistir. GK/KS  sistemi ile
bilesenlerin ~ kitle  spektrumlart  alinmustir.
Degerlendirme islemleri Wiley ve MassFinder
kittiphane  tarama  yazihmlart  kullaniarak
yapilmistir.

GK-AID analiz kosullart:

Shimadzu 2010 sistemleri kullanilarak yapilmustir.
AID stcakhgr 250°C dir. GK/KS sistemi ile
uyumlu tutunma zamanlari elde edilebilmesi icin
25m x 0,25mm O, 0,25 mm film kalinliginda
CPSil-5CB kolon kullanilmis ve asagida verilen
sicaklik programi uygulanmistir.

GK/KS analizletinde Shimadzu QP2010 Plus
sistemleri kullanilmistir. GK sisteminde kullanilan
kolonun aynisi ile tagtyict gaz akis hizt 1 ml./dak.
olarak ayarlanmistir. Kolon sicaklik programi,
60°C'de 10 dakika, 4°C/dak artisla 260°C’ye,
260°C'de 5 dak’dir. Split orant 50:1°dir.
Enjeksiyon  portu  sicaklignt  260°C  olarak
ayarlanmistir. Kitle spektrumlart (MS) 70 eV
elektron enetjisi uygulanarak ve 72/ 35 - 450 kitle
araliginda alinmustir.

Infiizyon Hazirlanmast ve Kafur Miktar
Tayini

Tung havanda kaba toz edilmis, 5’er g 6rnek 100
mlL 80°C distile su ilave edilerek, saat cami ile
kapatilmis beherlerde 15-20 dakika demlenmeye
birakidmustir. Cozeltiler stire sonunda adi stizgeg
kagidindan siizilip hacimleri kadar #-hekzan ile
ayirma hunisinde stvi/stvi ekstraksiyonuna tabi
tutulmustur.  Ayrilan  #-hekzanlh  kisimlar
GK/AID sisteminde analiz edilmistir. Miktar
tayini icin AID dedektorlii GK kullanilarak bir
kalibrasyon egrisi hazirlanmustir (Sekil 2.). Bunun
icin  10-1500 ppm arasindaki derisimlerde
hazitlanan saf kafur (Sigma-Aldrich)
kullandmistir. Her bir numune icin elde edilen
kafur derisimi (ppm) ile 1 kupa (yaklagik 200 mL)
caydan viicuda alinabilecek kafur miktari da ayrica
hesaplanmustir.

Geri kazanim ¢alismasi:
Bu amagla aynt giin icinde cift paralel olarak
tekrarlamak suretiyle, 5’er gram NO5 nolu 6rnek
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tzerine 20, 40 ve 60 mg olmak tizere 3 farkh
dozda kafur eklenmis, tizerine 80°C’de 100 mlL
distile su eklenerek ara sira calkalamak suretiyle 20
dk beklenmistir. Ornek siiziildiikten sonra hacmi
100 mL’ye tamamlanmis, ayirma hunisine alinip
tzerine 100 mL #-hekzan ilave edilerek ekstre
edilmistir. Ayrilan hekzanlt kisimdan 1 ml. alinip

Alan/drea

100000
50000 =
0 &~

0 200 400

600

GK-AID’de analiz edilmistir. U ayrt dozda elde
edilen geri kazanim oranlar, Sekil 2’deki
kalibrasyon egrisine gére hesaplanarak %75 olarak
tespit edilmistir. Tabloda verilen sonuclar bu
orana gore hesaplanmustir.

e

Y= 347,565 +959.43
R:=0.9992

800 1000 1200

Derisim/Concentration

Sekil 2. Kafur miktar tayini i¢in hazirlanan kalibrasyon egrisi.
Figure 2. Calibration curve for the camphor quantification

BULGULAR

Ugucu Yag Analizi

Clevenger apareyi kullandarak 3 saatlik su
distilasyonu ile kuru drog tizerinden hesaplanmis
ucucu yag verimleri % 0,5-2,5 araliginda tespit
edilmistir. Ucucu yag verimleri basta bitkinin tiiri
ile degismekle birlikte genellikle toplanan bitkinin
kurutma sartlart ve depolama siiresi ile ilgili kalite
standartlarini da ortaya koymaktadur.

L. stoechas subsp. stoechas ve L. pedunculata subsp.
cariensis Orneklerinden elde edilen ugucu yaglarin
bilesimleri GK-AID ve GK/KS sistemleri ile
belirlenmis, ana bilesenler (bagil %) fenkon (%
26,4-57,5), kafur (%7,4-43,8), kadinol (%1,0-8,5),
mirtenil asetat (%1,0-7,5), bornil asetat (%1,0-
5,1), verbenol (%1,0-3,8) ve 1,8-sincol (%1,0-3,1)
olarak tespit edilmistir.

L. stoechas subsp. stoechas ugucu yaglarinda kafur
orant %7 4 ile 43,8 arasinda iken, fenkon oraninin

%26,5 ile 57,5 arasinda degismekte oldugu
gorilmustir. L. pedunculata yaglarinda ise fenkon
miktarlart %26,7 ile %31,7 arasinda iken, kafur
miktarlart nispeten daha yiksek olmak tzere
%33,7 ile %41 araliginda tespit edilmistir (Cizelge
2.). Bir 6rnek haric olmak tzere L. stoechas subsp.
stoechas turl ugucu yaglarinda ana bilesenin fenkon
oldugu gérillmektedir.

Karabagotundan Hazirlanan Infiizyonlarda
Kafur Miktar Tayini

Ugucu yaglarinin ana bilesenlerinden olan kafurun
bilinen kronik toksisitesi ile ilgili EFSA’nin
raporlart dikkate alinarak iki tire ait ¢icek
durumlarindan hazirlanan infiizyonlarda kronik
toksisiteye sebep olabilecek kafur miktar1 ortaya
konmast amaglanmistir. Hazirlanan =~ %571k
inflizyon O6rneklerinde kafur miktarlari, yapilan
geri kazanim deneyi sonuglarina (%75) gore
hesaplanarak, Cizelge 3’de verilmigtir. EFSA
rapotlarinda 60 kg’lik bir birey icin ginlik “15
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2

mg tzerindeki dozlara ¢tkilmamast
Onerilmektedir. Analiz edilen 10 farkli c¢ay
orneginde kafur miktarlart 4,6 ile 243,6 pug/mL
araliginda tespit edilmistir. Gunlik alim dozu 1
kupa ¢ay (200 mL) tzerinden hesaplandiginda 5,

7, 8 ve 10 kodlu L. pedunculata subsp. cariensis’e ait
cay orneklerinde kronik toksisite limitinin asildigt
gorilmiustir.

Cizelge 2. Ugucu yag numunelerinde belitlenen kafur ve fenkon bagil ylizde degerleri.
Table 2. The relative percentages of camphor and fenchone determined in essential il samples.

Ana N1*  N2*¥  N3* N4 N5 N6 N7 N8 N9*  N10
bilesenler/Main

compounds

Fenkon 54,26 57,51 4587 26,74 28,67 27,65 2798 2741 2647 31,69
Kafur 1224 745 3486 3953 40,86 374 33,65 5232 4384 3796

*L. stoechas subsp. stoechas

Cizelge 3. Inflizyonlardaki kafur miktarlar
Table 3. Camphor quanitiy in infusions

Ornek/Sample  'Tiir/ Species Kafur @ Kafur ®
(ng/mL) (mg/200 mL)

NO1 L. stoechas subsp. stoechas 18,3 3.6
NO02 L. stoechas subsp. stoechas 4,6 0,9
NO03 L. stoechas subsp. stoechas 61,0 12,2
NO4 L. pedunculata subsp. cariensis 19,0 3,8
NO05 L. pedunculata sabsp. cariensis 98,1 19,6%*
NO6 L. pedunculata sabsp. cariensis 29,9 5,9
NO7 L. peduncnlata subsp. cariensis 135,2 27,0%
NO08 L. pedunculata subsp. cariensis 2436 48,7*
NO09 L. stoechas subsp. stoechas 63,3 12,6
N10 L. pedunculata subsp. cariensis 80,4 16,0%*

@)%5’lik inflizyon derigimi, ®1 kupa (yaklasik 200 mL) caydan alinabilecek toplam miktar, *: EFSA raporuna gore
60 kg’lik bir birey icin 6nerilen st limit degerin (15 mg) tzerinde
@) Concentration in 5% infusion, " Total quantity in 1 cup of tea (approximately 200 mL.) * Over the maximum suggested limits

(15 mg) for a body weight 60kg according to EFSA report

TARTISMA VE SONUC

Calismamiz kapsaminda halk arasinda karabas otu
olarak bilinen ve genelde ayni amaglarla birbiri
yerine kullanilan, I.. stoechas subsp. stoechas ve L.
pedunculata subsp. cariensis titlerinin  dogal ve
kiltiir formlari gesitli kaynaklardan temin edilerek
ucucu yaglarindaki ana bilesenler belirlenmistir. 10
numunenin ugucu yag bilesiminde ortak olan ve
ana bilesenlerden biri olarak belitlenen kafurun
bilinen kronik toksisitesi ile ilgili EFSA’nin
rapotlart dikkate almnarak iki tirden hazirlanan
inflizyonlarda kronik toksisiteye sebep olabilecek
kafur miktarinin  belirlenmesi  amaclanmistir.
Kafurun suda ¢6zunurliigu disiik olmasina karsin
(1,25 gt/litre), sicak sudaki ¢oztinurlugt yuksektir
ve  karabasotundan  hazirlanan  caylarda

miktarlarinin belirlenmesi Oonem

tasimaktadir.

buytk

Bu amagcla 6ncelikle hidrodistilasyon ile ugucu
yaglar elde edilerek verimleri kaydedilmistir. Yag
verimleri incelenen benzer ugucu yag calismalart
kiyaslandiginda  benzer araliklarda  (%0,5-2)
oldugu gorilmustir (Hafez Ghoran vd., 2015;
Dob vd., 2006; Oztirk vd., 2005, Géren vd.,
2002, Tanker 1977).

L. stoechas subsp. stoechas ve L. pedunculata subsp.
cariensis Orneklerinde elde edilen ugucu yaglarin
GK-AID ve GK/KS sistemleri ile her tiirde ortak
bilesenler olarak bu alanda Onceden yapilmis
calismalarla benzer sckilde kafur ve fenkon
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belirlenmistir. L. stoechas ugucu yaglarinda fenkon
miktarinin  genel olarak  yiksekken, kafur
miktarinin daha disik oldugu gorilmektedir.
Ancak N9 no’lu érnekte bu genellemenin aksine,
kafur oran1 (%043,8) fenkon (%26,47) oranina gére
daha yiiksek bulunmustur. L. pedunculata
yaglarinda ise fenkon miktarinin kafur miktarina
gore daha diisiik oldugu tespit edilmistir.

CGalismamizla bu iki tir icin yapilan farkh
calismalar kiyaslandiginda calismamizla benzer
sonuglar elde edildigi gorilmistir.  Farkl
tlkelerde L. stoechas subsp. stoechas ve L. pedunculata
subsp. cariensis bitkileri i¢in yapilan ugucu yag
calismalarinda GK/KS ve GK/AID analizi
sonuglarina bakiddiginda, genel olarak L. stoechas
subsp. stoechas bitkisinde fenkon orant kafurdan
yiksek iken (Kirmizibekmez vd., 2009; Tnan vd.,
2013; Angioni vd., 2006; Ghica vd., 2016), L.
pedunculata subsp. cariensis bitkisinde kafur orani
fenkon oranina gbre daha yiiksek oldugu tespit
edilmistir (Tzakou vd., 2009; Akgiin vd., 2001).
Ulkemizde L. stoechas subsp. stoechas tirii igin
yapilan iki calismada kafur orant fenkondan
yiiksek bulunmustur (Oztiirk vd., 2005; Karaca
vd., 2018).

Kafurun bilinen kronik toksisitesi ile ilgili olarak
Avrupa Gida Guvenligi Dairesi raporunda 60
kg’lik bir birey icin glnliik kronik toksisite ist
dozunun 15 mg oldugunu duyurmustur.
Yaptigimiz calisgma sonuglarina  gére ugucu
yaglarda ana bilesen olarak gérilen bu ugucu
bilesenin, sicak su ile hazirlanan ekstrelere belirli
oranlarda gectigini gOstermistir. Ayrica analiz
sonuglarina gore, Karan olarak isimlendirilen L.
pedunculata subsp. cariensis tirinin dogal olarak
kafuru yiksek oranda tasidigi, bu bitkiden
hazirlanan gaylarin da yiiksek oranda kifur icerdigi
anlasilmistir.  Ozellikle  dogadan  toplanan
NO8’nolu 6rnegin ¢icek durumlarindan hazirlanan
cayda 243,6 ng/ml kafur tespit edilmistir. Bu
bitkiden hazirlanarak  tiiketilecek ¢ayin 1
kupasinda 49 mg kafur oldugu ve bu bilesigin
duiizenli olarak viicuda alinabilecedi gbrilmektedir.
Bu degerin kafur giivenli kullanitm dozu limit
degerinin yaklastk 3 katina karsihk geldigi
gorilmustir.  Bitkilerdeki  kafur orami  ve
calismamizda test ettigimiz Ornekler arasindaki

kalite farkliliklart ve tlkemizdeki kontrolsiiz
satislar dustntldiginde, bu bitkilerin mutlaka
standardize edilerek istenen igerige sahip dogru
bitki tirtnin kdltirinin yapilmast ve kafur
iceriginin  belirli araliklarla kontrol edilme
gerekliligini ortaya koymaktadir.
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ABSTRACT

The content of Fe, Cu, and Zn present in black pepper, cumin and red pepper available at herb stores and
local markets in Van were determined using ICP-MS. The Fe content was 557.5 mg/kg, 467 mg/kg, 122.5
mg/kg, the Cu content was 19.4 mg/kg, 12.3 mg/kg, 11.9 mg/kg, and the Zn content was 17.6 mg/kg, 36.5
mg/kg, 11.9 mg/kg in black pepper, cumin, and red peppet, respectively. The highest Fe, Cu and Zn content
were found in black pepper and the lowest Fe, Cu and Zn content in red pepper. The results showed that
the Cu and Zn content determined in black pepper, cumin, and red pepper was below the WHO standards
and the Fe content determined in black pepper and cumin was found to exceed the WHO standards.
Therefore, continuous heavy metal analysis in terms of Fe, especially in black pepper and cumin, is essential
for human health.

Keywords: Spice, iron, zinc, copper

VAN ILINDE AMBALAJSIZ OLARAK SATISA SUNULAN BAZI BAHARAT
CESITLERINDE FE, CU VE ZN DUZEYLERININ BELIRLENMESI

oz

Van ilinde baharatci ve yerel marketlerden temin edilen karabiber, kimyon ve kirmizibiberdeki Fe, Cu
ve Zn diizeyleri ICP-MS cihazinda tespit edildi. Karabiber, kimyon ve kirmizibiberde Fe dizeyi
strastyla 557.5 mg/kg, 467 mg/kg, 122.5 mg/kg, Cu dizeyi sirastyla 19.4 mg/kg, 12.3mg/kg,11.9
mg/kg, Zn duzeyi sirastyla 17.6 mg/kg, 36.5mg/kg, 11.9 mg/kg’di. Analiz sonucunda en yiiksek Fe,
Cu ve Zn duzeyinin karabiberde, en disik Fe, Cu ve Zn dizeyinin ise kirmizibiberde oldugu
belirlendi. Karabiber, kimyon ve kirmizibiberde tespit edilen Cu ve Zn diizeyleri WHO nun bildirdigi
limitlerin altinda, karabiber ve kimyonda tespit edilen Fe diizeyi ise WHO nun bildirdigi limitlerin
istiindeydi. Bu nedenle, 6zellikle karabiber ve kimyonda Fe yontinden agir metal analizlerinin devaml
yapilmasi insan sagligt acisindan gereklidir.

Anahtar kelimeler: Baharat, demir, ¢inko, bakir
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INTRODUCTION

Spices are the dried bits of plants and are added
to meals in small amounts. They are widely used
for both home and industrial purposes to enhance
the color, flavour, and palatability of foods. Black
pepper is derived from fruits of the trees in the
Piperaceae family (Pijper nigrum), which are
collected before they are not fully ripe. Black
pepper is added in meat dishes, salads and sauces
to increase pungency of the food. Red pepper
(Capsicum annunm) is used in a variety of dishes,
such as salads, soups, meat dishes, and some
sauces. Cumin (Cuminum cyminum) is indigenous to
Egypt and India. It is also grown in Konya and
Ankara in our country. It is used to add a unique
flavor to dishes, such as soups, meat dishes,
sauces and fish (Izer, 1997).

The Codex Alimentarius Commission (CAC)
identified food contaminants as chemicals that are

contaminated as a result of production,
processing, preparation, storage, packaging,
transportation or environmental pollution,

although they are not intentionally added to food
(Codex Alimentarius Commission, 2011). In
recent years, heavy metals are among the most
dangerous food contaminants that threaten
human health (Jarup, 2003). In the list of heavy
metals, there are more than 60 metals including
Pb, Cd, Fe, Co, Cu, Ni, Hg, and Zn. Some of
these metals (Fe, Mg, Zn, Cu, Mn) are also
essential for the proper functioning of
biochemical processes in the human body. These
trace metals are taken up the body from potable
water, food, and inspiration. However, high levels
of these essential heavy metals accumulate in the
body and may cause acute or chronic toxicity
(Kahvecioglu et al., 2003).

Heavy metals are one of the global contaminating
factors that pose danger and risk to humans and
all living organisms. Environmental pollution
problems have started to arise due to factors such
as rapid industrialization, transition to modern
agriculture, urbanization, domestic and industrial
wastes, close proximity of the cultivation areas to
the city, heavy metals emitted from the chimney
smoke or the exhausts of motor vehicles and
distorted urbanization due to the rapidly

increasing population in the world (Stresty and
Madhava, 1999). Increasing environmental
contamination has also caused soil contamination
to increase to a level where it poses risks for living
organisms. The major soil pollutants heavy metals
are Cd, Cr, Hg, Pb, Cu, and Zn. These heavy
metals accumulate in plant tissues and enter foods
by the food chain (Caglarirmak and Hep¢imeni,
2010). Nutrition sources are contaminated
through food-chain as a result of environmental
and soil contamination, which may cause serious
health conditions (Vural, 1993). In particular,
heavy metal accumulation changes the
physiological and genetic structure in the
organisms (Oktiiren and Sénmez, 2006; Okeu et
al., 2009).

The aim of this study is to determine the levels of
Fe, Cu, and Zn in the spices widely used in Van
for flavoring such as red pepper, black pepper and
cumin, and to evaluate the potential risks to public
health. Spices are added in foods and consumed
daily, so to be aware of the heavy mebal content
of spices is essential for human health.

MATERIAL AND METHOD

Reagents

Analytical grade nitric acid, perhydrochloric acid
(Merck, Germany ) and deionised water (Milli-Q
System, Millipore, Billerica, USA) were used for
the preparation of all solutions. All plastic and
glassware were soaked in 10% (v/v) HNOj;
overnight and rinsed with deionised water prior to
use. Multielement ICP-MS calibration standard
(Inorganic Ventures, USA) was used as standard
solution for Fe, Cu, and Zn.

Sample collection

A total of 75 samples of red pepper, black pepper
and cumin were obtained from herb stores and
local markets in Van. These samples were taken
from each sack with a probe to correspond to 1
sample per 300 kg. The samples were put into
sterile bags and delivered to the laboratory in a
short time in order to prevent air and high
temperature.

The samples were preserved in the packages at
room temperature until they were analyzed.
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Sample preparation

For determination of heavy metal concentrations,
a wet digestion of the dried samples was done
according to the method desctibed by Allen
(1986) using % 65 HNOj; and HCIO4 mixture.
Each sample was weighed about 0.5 g and then
combined with a 10 ml of 3:1 acid mixture (HNOj3
and HCIOy). After waiting for a while, the
mixture was heated up to 70°C until a transparent
solution was obtained. The clear solution was
transferred into 25 ml volumetric flask, and
completed to the mark with double distilled
deionized water. Blanks were also prepared
according to the same digestion procedure for
comparison.

Measurement of heavy metals

The metal content analysis of the samples was
performed with an ICP-MS device (Thermo
Scientific UK, X Series 2). For each of 75 spice
samples, three paralel samples were analyzed and
the final results were expressed by taking the
average of the results of three measurements.
Calibrations were carried out using a multi
clement ICP-MS Standard provided from
Inorganic Ventures (Christiansburg, VA, USA)
with Fe, Cu and Zn concentrations of 98 ug/L,
23 pg/L and 79 pug/L, respectively. The limits of
detection (LODs), defined as the concentration
of each element corresponding to three times the
Standard deviation of 10 reagent blanks, were
0.021, 0.003 and 1,77 pg/g for Fe, Cu, and Zn
respectively. The limits of quantification (LOQs),
defined as the concentration of each element
corresponding to 10 times the standard deviation
of 10 reagent blanks, were 0.069, 0.010, and
5.84ug g for Fe, Cu, and Zn respectively. The
accuracy and precision of the digestion procedure
was carried out in cumin samples by spiking the
analyzed samples with aliquots of metal standard

and then reanalyzing the samples. All the spiked
samples were digested following the procedure
described earlier in triplicates. Percentage of
recoveries obtained was 95.4, 93.8, 91.5 % for Fe,
Cu, and Zn respectively and the relative Standard
deviations (RSDs) of replicates were less than
10%.

Statistical analysis

Data was analyzed with IBM SPSS V23. The Fe,
Cu and Zn parameter was assessed by one-way
analysis of variance. Tukey HSD, a multiple
comparison test, was used. The results were
shown as average T standard deviation. P<0.001
was chosen as the significance level.

Human Health Risk Assessment:

Human health risk assessment was carried out
with the estimation of the daily consumption of
an individual, in order to determine the "safe"
daily intake, which is the amount considered
tolerable. The exposure rate to heavy metals was
calculated by the below formula according to the
average metal concentration detected in the
samples, assumed 20 g daily intake consumed by
50 kg body weight (ATSDR, 2016).

Calculation of the daily heavy metal intake:

EDI = HMC X TDI/1000/ABW

EDI: Estimated daily intake (mg/kg/day)

HMC: Heavy metal concentration,

TDI: The daily intake (20 g)

ABW: Average body weight (50 kg)

RESULTS

The contents of Fe, Cu and Zn in black pepper,
cumin, and red pepper were presented in Table 1.
The values of metal concentrations wete
compared with the maximum permissible
concentration as recommended by WHO (1984).

Table 1.The Fe, Cu and Zn content found in black pepper, cumin and red pepper

Spices n Fe (mg/kg) Cu (mg/kg) | Zn (mg/kg) | p
Black pepper 25 | 557.5%+315.83 1944720 | 17.6£7.56: | <0.001
Cumin 25 4674225 50 123+3.9> | 36.5+14.1> | <0.001
Red pepper 25 122.5448.1b 1194520 | 11.9£2.02c | <0.001
WHO limit (mg/kg) (1984) 50 100

a, b, c: There is no difference between the groups with the same letter on the same line for each parameter.
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Fe contents of spice samples are given in Table 1
and Figure 1. The mean values of Fe analysis
showed differences among the groups (P<0.001).
The mean value was found 557.5 mg/kg in black
peppet, 467 mg/kg in cumin and 122.5 mg/kg in
red pepper. While there was no difference
statistically between the mean values of black

pepper and cumin, red pepper apeared to be
significantly lower than the others (Figure 1). As
comparing with standard limit, the blackpepper
and cumin sample had the highest content of Fe
that far exceeds the permissible level
recommended by WHO (1984) (Table 1).
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Figure 1. Levels of Fe in spice samples

As shown in Table 1, the mean values of Cu
analysis showed differences among the groups
(P<0.001). The mean value was 19.4 mg/kg in
black pepper, 12.3 mg/kg in cumin and 11.9
mg/kg in red peppet. The mean value in cumin
and red pepper showed no statistical difference

(P> 0.001) while the mean value in black pepper
appeared significantly higher than the others
(Figure 2). The concentrations of Cu of all the
samples were lower than the maximum
permissible concentration (50mg/kg) of Cu
(WHO, 1984).
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Figure 2. Levels of Cu in spice samples
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The mean values of the Zn analysis differ among
the groups (P< 0.001) in Table 1. The mean value
was found 17.6 mg/kg in black pepper, 36.5
mg/kg in cumin and 11.9 mg/kg in red peppert.
There were differences between the mean values
of black pepper, cumin, and red pepper. The

lowest mean value was found in red pepper, while
the highest value was found in cumin (Figure 3).
The concentrations of Zn of all the samples were
lower than the maximum  permissible

concentration (100mg/kg) of Zn (WHO, 1984).
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Figure 3. Levels of Zn in spice samples

The results of comparison of the daily intake
(1mg/kg/day) calculated according to the average
amount of heavy metals detected in spices with

the minimum risk level (MRL) determined for
heavy metals are given in Table 2.

Table 2. Compatison of the daily intake (1mg/kg/day) calculated according to the average amount of
heavy metals detected in spices with the minimum risk level (MRL) determined for heavy metals.

Spices Fe (mg/kg/day) Cu (mg/kg/day) Zn (mg/kg/day)
Black pepper 223x10-2 7.8x103 7x10°
Cumin 187x102 4.9x10° 14.6x10°3
Red pepper 49x10-2 4.8 x10° 4.8x10
WHO MRL (1993) 70x102 10x10°3 300x10°3

It was calculated assuming that a 50 kg weighing person consumed 20 g of spices daily.

DISCUSSION

Metals are not present in the natural structure of
food, but can be transmitted to food in various
ways. Due to the wear and tear of the machine
parts during the grinding of spices in mills,

contamination with heavy metals may occur. In
addition, heavy metals can be transported from
these machines, tools and materials, packaging
materials, which are in contact with foodstuffs
such as spices. Spices are continuously consumed
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in small amounts together with foods, so metals
can accumulate in the human body and cause
various health problems by consuming spices
contaminated with heavy metals (Janitha et al.,
1988). Therefore, routine checks and analysis of

spices should be performed regularly. There are
many studies analyzing heavy metal content in
spices. Comparison of Fe, Cu and Zn values in
this study with other studies presented in Table 3.

Table3. Comparison heavy metal concentration in this study with previous studies.

Literature and sample | .
location Spices Fe (mg/kg) | Cu (mg/kg) | Zn (mg/kg)
Black pepper 557.5 19.4 17.6
This study, Turkey (Van) | Cumin 467 12.3 36.5
Red pepper 122.5 11.9 11.9
A ] ! 2004 Black pepper 155 14.3 5
msarl et al. - (2004), Fer e 482 17 43
Pakistan (Multan)
Red peppet 3708 141 22.8
Keeing L (2007 Black pepper - 5.44 7.15
ejpcio et al. (2007), Py i i 511 17.88
Poland
Red pepper - 7.07 14.20
Ibeahi L2012). T Black pepper 390 19.2 29.4
rahim et al.(2012), Traq e oy 222.3 9.3 44
(Exbil)
Red pepper - - -
U 4 Zubair (2014 Black pepper 275 8.9 40
mar and Zubair (2014), rer o 2401 32.6 5
Nigeria (Abuja)
Red pepper 191 10.4 42.5
Seddie L (2016). Saudi Black pepper 144 10.5 7.5
cddigi et al. (2016), Saudi ey oo 84.8 6 19.4
Arabia
Red pepper 192 8.7 10.2
Bazargani-Gilani and | Black pepper 222.33 9.92 11.40
Pajohi-Alamoti (2017), | Cumin 98.3 3.31 5.46
Iranian (Hamedan) Red pepper 56.79 8.38 9.53

Fe is an essential element for vital functions. But
excess iron accumulation causes damage to the
organisms. The balance of Fe-blood levels in the
body is principally controlled by modulation of
the absorption of dietary Fe in the proximal
intestine (Ozsiirekci, 2009). On average, 2-6
grams of Fe are stored in the body. 65% of the
body Fe is found in hemoglobin, 25% contained
in an Fe store, 10% in the myoglobin and the
remaining in a variety of enzymes (Diri, 2007). Fe
causes toxicity in the body as the human body has
no mechanisms for the excretion of Fe.
Therefore, the balance of Fe is mediated through
a balancing mechanism that regulates the Fe
absorption and excretion (Ozsiirekci, 2009). In

this study, the level of Fe found in black pepper
and cumin exceeds the maximum permissible
limit recommended by WHO (Table 1). The high
levels of Fe might be the result of the
contamination during the grinding process. In
previous studies, it was pointed out that spices are
3 to 5 times more contaminated with heavy metals
in commercial grinders due to wear and tear of the
machine parts of the mills (Janitha et al., 1988).
Ibrahim et al. (2012) found higher Fe values in
black pepper; Ansari et al. (2004), Singh et al.
(2006) and Nkansah and Amoako (2010) found
higher Fe values in cumin which were exceeding
the maximum permissible limit. These results are
in correlation with our study. In addition, Mubeen
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et al. (2009) found that the level of Fe (144.5-1260
mg/kg) in the spices of two of the most popular
Pakistani brands were higher compared to the
other metals. The daily intake of Fe determined in
this study exceeds the MRL standards
recommended by WHO for black pepper and
cumin (Table 2). Therefore, consuming these
spices may pose a risk to health.

Cu is both an essential and toxic element for many
living creatures. Cu has the greatest catalytic
activity among all other elements. It reacts with
proteins and accelerates the chemical reactions. It
is also necessary for carbohydrate/lipid
metabolisms. Though only a trace amount is
sufficient for functioning: Cu intake in excess of
the nutrient needs can be toxic (Aksoy, 2000;
Sahan, 2003). Cu is found in various foods such
as oilseeds, whole grains, liver and other organs,
seafood (Temurci and Giiner, 2006). However,
the Cu levels in foods are gradually increasing as
a result of the contamination due to various
factors such as industrial operations or toxic
pesticides (Vincevica-Gaile and Klavins, 2012).
Intake of Cu at excess level is toxic and inhibits
the functions of some enzymes in the body. This
inhibition of vital activities of enzymes by Cu may
cause liver dysfunction. It can cause liver necrosis
and eventually result in death. In addition,
symptoms such as epigastric pain, nausea,
vomiting, and diarrhea are observed due to an
excessive Cu intake. Excessive Cu levels may
damage the brain, kidney, and cornea and also
causes dementia by affecting the nervous system
(Aksoy, 2000; Sahan, 2003; Temurci and Giuner,
20006). Our study reveals that all values of Cu
found in the spices fall short of the MRL
standards recommended by WHO (Table 2). In
other studies (Ansari et al., 2004; Krejpciove et al.,
2007; Ibrahim et al., 2012; Umar and Zubair,
2014; Bazargani-Gilani and Pajohi-Alamoti,
2017); the Cu content in black pepper, cumin, and
red pepper are similar to the values obtained in
this study. However, the level of Cu reported by
Ansari et al. (2004) is much higher than the value
in this study and all other Cu values found in other
studies (Table 3). It also exceeds the maximum
permissible limit recommended by WHO.

Zn exists in every cell of the body and plays an
important role in growth and development. Zn is
an essential cofactor for more than 300 enzymes
and has a regulatory role for their activities.
However, high levels of Zn in the body affect the
metabolism and interfere with activities of other
metals (Nwoko and Mgbeahuruike, 2011). In this
study, the Zn content found in the spices is below
the maximum permissible limit recommended by
WHO (Table 1). In carlier studies (Ansari et al.,
2004; Krejpciove et al., 2007; Ibrahim et al., 2012;
Umar and Zubair, 2014; Seddigi et al., 2016;
Bazargani-Gilani and Pajohi-Alamoti, 2017), the
levels of Zn found in black pepper, cumin and red
pepper show correlation with the levels found in
this study. Zn level in the spices may vary
depending on the soil conditions, geographical
location and cultural methods (Khan et al., 2014).
Zn levels of spices determined in this study was
below the MRL standards recommended by
WHO (Table 2). So, it does not pose a risk to
health.

When a comparison is generally made according
to the location of the samples in Table 3, Fe, Cu,
and Zn levels in the samples sold without
packaging in herb stores and local shops in Van
appear to be higher than the Fe, Cu and Zn levels
in the samples obtained from Saudi Arabia and
Iran.

The results in Table 2 showed that no risk from
daily intake of this spices for Cu, and Zn if the
human intake is about 20 g of spices per day.

CONCLUSION

As a result, while the levels of Cu and Zn
determined in black pepper, cumin and red
pepper atre below the limits recommended by the
WHO, they do not pose a health risk, whereas Fe
levels in pepper and cumin that are determined
above the WHO recommended limits may
constitute a health risk. Therefore, routine
analyzes of Fe, especially in pepper and cumin, are
important for human health. On the other hand,
since the levels of Cu and Zn determined in black
peppet, cumin and red pepper are below the limits
recommended by WHO, these spices can be
considered as an alternative source of Cu and Zn.
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Bu calismada farklt partikiill boyutuna sahip unlar ile tretilen ekmeklerin depolanmast sirasinda meydana
gelen fiziksel degisimlerin belitlenmesi ve bayatlamanin kinetik olarak modellenmesi amaglanmustir.
Farinograf ve ekstensograf testleri sonucunda ekmek hamurlarmin un partikiil boyutunun azaltidmasinin,
hamurun reolojik dzelliklerini gelistirdigi tespit edilmistir. Ekmek kabugunun L* patlaklik, 39.83 ile 53.28
degeri arasinda degismekle birlikte partikiil boyutunun azaltilmas: ekmek parlaklik degerini distrmiistiir.
Tekstiir profil analizi sonucunda depolanan ekmeklerin sertlik degerlerinin yaklasik olarak 2.7 kat arttigt ve
en yiksek artistn ise 150 p altt un partikiillerinden tretilen ekmek 6rneklerinde gergeklestigi belirlenmistir.
Depolama stiresince ekmeklerde nem kaybt degerleri kontrol, 150-250 w arast ve 150 p alt1 6rnekler icin
strastyla %014.92, 0.53 ve 6.72 olarak tespit edilmistir. Ekmek bayatlamastmn Avrami kinetik modele
uygunlugunun degerlendirildigi hesaplamalarda ise 1.85 ile en yiksek n degerini ve 0.13 ile en distk k
degerini dustk partikiil boyutlu unlar kullamularak tretilen ekmek Srneklerinin aldigt belirlenmistir.

Anahtar kelimeler: Ekmek bayatlamasi, bayatlama kinetigi, Avrami, partikil boyutu, tekstiir

EFFECT OF FLOUR PARTICLE SIZE ON PHYSICAL PROPERTIES
AND SHELF LIFE OF BREAD

ABSTRACT

In this study, it is aimed to determine the physical changes, occurring during the storage of the breads
produced with different particle size of flours and kinetic modelling of staling. The farinograph and
extensograph tests of the doughs indicated that reducing the particle size of flours improved the
rheological properties of the dough. According to color results, the L* brightness of the bread crust
ranged from 39.83 to 53.28 and the lowest value was determined in the bread produced by fine milled
wheat flour. As a result of the texture profile analysis, the hardness values of the breads increased
approximately 2.7 times and the highest increase was detected in the bread samples produced from
fine milled wheat flour. Moisture loss during storage were 14.92, 0.53 and 6.72% for the control
sample, breads produced with flour particle size of 150-250 p and <150 p, respectively. Avrami
kinetic model suggested that the highest n value with 1.85 and the lowest k value with 0.13 were
obtained from the bread samples produced with low particle size flours.

Keywords: Bread staling, Staling kinetic, Avrami, particle size, texture
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Un partikil boyutunun bayatlama lzerine etkisi

GIRIS
Ekmek, ulkemiz basta olmak lizere bircok
toplumda ucuz ve kolay ulagilabilir olmast ve
besin Ggelerini dengeli bir sekilde icermesi
nedenleriyle temel besin kaynagi olarak kabul
edilmektedir. Ancak taze ekmegin ¢ok kisa olan
raf Oomri (1-2 gin), ekmegin tiketilebilirligini
dogrudan etkilemektedir.

Giuntmizde ekmek bayatlama mekanizmast tam
olarak aydimnlatilamamus olmakla birlikte basta
nisasta granilinin kristalizasyonu olmak Uzere
nisasta-gluten interaksiyonlar1 ve ekmek igerigi
nem go¢ii gibi birgok faktdriin rol aldigi kompleks
bir olay olarak tanimlanmaktadir (Fadda,
Sanguinetti vd., 2014). Bayatlama fiziksel bir
bozulma olup irinin raf 6mrini dogrudan
ctkilemekte ve ekmegin yenme kalitesini ciddi
oranda  azaltmaktadir.  Bayatlama
tiketilemeyen ekmek, yiksek miktarda ekonomik
kayiplara neden olmaktadir (Limanond vd., 2002;
Smith ve Johansson, 2004). Toprak Mahsulleri
Ofisi’nin verilerine gére giinde yaklasik 5 milyon
ekmek ¢6pe atilmaktadir. 2010 yilinda yapilan bir
aragtirmaya gore Ingiltere’de yillik olarak tretilen
39 milyon ekmegin yaklastk 10 milyonunun,
bayatlama temelli fiziksel bozulmalar sonucu
titketilemeyerek israf edildigi bildirilmistir (Amigo
vd., 20106). Baska bir calismada ise Amerika
Birlesik Devletleri, Meksika ve Latin Amerika
tlkelerinde yillik 450 milyon ton tortilla ekmegi
uretilmekte ve bunun yaklasik olarak %4t (18
milyon ton) bayatlama nedeniyle
tiketilmemektedir ~ (Limanond  vd.,  2002).
Ginimiizde gida endistrisi ve bilimi, ekmek
bayatlamasint  geciktirici  katki maddelerinin
gelistirilmesi, proses basamaklarinin iyilestirilmesi
ve bu sayede israf kaynakli para, enetji ve gida
kaybinin azaltlmast konulart iizerine yogun
calismalar ylriitmektedir (Amigo vd., 2016).

sonucu

Ekmek bayatlamast dogrudan nisasta
retrogradasyonu  ile iligkili olup ilerleyen
agamalarda ise ortamda bulunan gluten ile
interaksiyonun ~ artmast geri
déntistimstiz bir hal almaktadir. Nisasta, sulu
ortamda 1sitildigt zaman su alarak sismekte ve
belirli bir sicaklik noktasindan sonra jelatinize
olmaktadir. Jelatinize olmus nisasta erime

sonucunda

sticakliginin  altinda  bir  dereceye  kadar
sogutuldugunda fiziksel yapist bozulan amiloz ve
amilopektin  fraksiyonlart yogun bir sekilde
kiimeleserek gida matrisinin  viskozitesinin
artmasina ve jelin sikilasmasina neden olmaktadir.
Bu olgunun tamamina birden retrogradasyon ad:
verilmekte olup gida endistrisi icin biyik 6nem
tastmaktadir (Atwell vd., 1988; Amigo vd., 2016).

Bayatlama ekmek ici ve disinda ayn ayn
gerceklesmektedir. Bayatlama boyunca ekmek
icerisi sertlik kazanirken ekmek kabugu ise tam
tersine  yumugamaktadir.  Ekmek  kabugu
higroskopik 6zellikte bircok madde igerdiginden
hizli nem ¢ekme 6zelligine sahiptir. Dolayist ile
bayatlama sirasinda ekmek igerisinde bulunan su,
strekli ekmek kabuguna diflize olmaktadir.
Ekmek icerisinden kabuga su gecisi, depolamanin
son zamanlarinda artmakta ve biyopolimer ag
icerisindeki su miktarinin azalmastyla
hizlanmaktadir (Ercan ve Ozkaya, 1985). Nisasta
grantlinin  amiloz  fraksiyonunda  gelisen
retrogradasyon ¢ok hizli olup, neredeyse firin
ctkisindan sonra bir kac saatte tamamlanirken, bu
sire amilopektin icin haftalart bulabilmektedir
(Leon vd., 2000).

Gintimiizde, fazla miktarda dretimi yapilan
ekmek gibi firincilik Grtinleri ekonomiye 6nemli
bir gelir katkist ve is glici saglamaktadir. Ekmegin
satin alinma tercihini etkileyen en temel 6zellik
tazeligi  oldugundan, yenilebilir  kalitesinin
kaybedilmeden uzun bir raf 6mrii saglanmast gida
bilimi ve endistrisi agisindan 6nemli bir konudut.
Ekmek bayatlamasi ile ilgili ¢alismalar ¢ok uzun
yillardir  stregelmekle birlikte unun partikiil
boyutunun  bayatlama  tzerine  etkisinin
aragtirldigt  ¢ok  sirlt sayida  calisma
bulunmaktadir. Bu c¢alismalarda genellikle jet
degirmenlerde ¢ok kic¢ik mikron boyutuna
ogutilen un Orneklerinin ekmek kalitesi tzerine
etkileri incelenmistir (Protonotatiou vd., 2015;
Vouris vd., 2018). Bu calismada 250-150 p arast ve
150 p ustl partikil boyutuna sahip unlar ile
uretilen ekmeklerin  depolanmasi  sirasinda
meydana gelen fiziksel degisimlerin belirlenmesi
ve bayatlamanin kinetik olarak modellenmesi
amaclanmistir.
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MATERYAL ve YONTEM

Materyal

Arastirmada  kullanllan ekmeklik un (protein
%12.2, yag %15, kil %0.8) Soéke Un
Fabrikasr’'ndan (Aydin, Tirkiye) temin edilmistir.
Ekmeklik un 250 ve 150 p boyutundaki eleklerden
(Retsch, Haan, Almanya) elenerek partikiil boyutu
ayarlanmistir. Ekmek tretiminde kullanilan diger
hammaddeler (tuz, maya ve su) yerel marketlerden
temin edilmistir.

Yoéntem

Ekmek Uretimi

Ekmek tiretimi i¢in 1000 g un, 40 g maya, 15 g tuz
ve farinograf cihazinda her bir un partikil boyutu
icin belitlenen miktarda su (kontrol 540 mL, 150-
250 p arast 530 mL ve 150 p altt 550 mL) hamur
yogurma makinesine (Major, Kenwood, Ingiltere)
aktarilarak 5 dak yogrulmustur. Yogrulduktan
sonra makineden alinan hamur 30 dak kitle
fermantasyonuna  birakilmistir.  Fermantasyon
sonunda rol ekmek dretmek dUzere 100 g
agirhginda  hamurlar  kesilerek, kiiresel —sekil
verilmis ve 15 dak ara fermantasyon
uygulanmistir. Siire sonunda tekrar elle sekil
verilerek havalandirilan hamurlar tavaya alinmis
ve 30°C’de %80 nem altinda 1 saat stire ile son
fermantasyona  birakilmistir.  Fermantasyon
sonunda tavalar 250°C’de doner ekmek pisirme
firminda  (Fimak, Konya, Tirkiye) 20 dak
pisirilerek ekmek Uretimi gerceklestirilmistir.
Pisirme sonunda 150 p alt, 150-250 p arast ve
eleme yapmamis un pasajt olarak (kontrol)
toplamda tg¢ farklt boyutta un kullanilarak ekmek
uretimi gerceklestirilmistir (Elgin ve Ertugay,
2002).

Hamurun reolojik 6zelliklerinin belirlenmesi
Farkli boyutlarda un kullanilarak hazirlanan
ekmek hamurtlarinin su absorpsiyonu, gelisme
stresi, stabilitesi ve yumusama derecesi farinograf
cihazi ile (Brabender OHG, Duisburg, Almanya);
uzamaya karst gosterdigi direng, uzama kabiliyeti
ve enerji degeri gibi diger reolojik 6zellikleri ise
ekstensograf cihazi (Brabender OHG, Duisburg,
Almanya) ile belirlenmistir (AACC, 2000).

Spesifik hacim analizi
Pisirilen ekmeklerin spesifik hacim degerleri,
kolza tohumu ile yer degistirme prensibine gére

Olclilen hacmin, ekmegin agirligina oranlanmast
sonucu c¢m?/g olarak hesaplanmistir (Ho vd.,
2013).

Renk analizi
Ekmeklerin rengi, renk 6lcer (Chroma meter CR-
400, Konica Minolta, Japonya) kullanilarak,
ekmek kabugu ve icinde ayri1 ayr1 3 farklt noktadan
L* a* ve b* degerlerinin Olclilmesi ile
belitlenmistir.

Nem kaybi1

Ekmek Orneklerin nem kaybt degeri depolama
baslangicinda (0. giin) ve sonunda (6. giin) alinan
orneklerin kurumadde miktarlarinin oranlanmast

ile % olarak hesaplanmistir (Correa ve Ferrero,
2015).

Tekstiir analizi

Ekmeklerin tekstiir profil analizi (TPA), tekstir
analiz  cihazt (TA, Stable Microsystems,
Godalming, Surrey, Ingiltere) kullanilarak

gerceklestirilmistir. Pisirme sonrasinda ve 6 giin
oda sicakliginda depolanan ekmek 6rnekleri, 2.5
mm genisliginde dilimlenmis ve ekmek igerisinin
sertlik, kohezif  yapiskanlik, elastikiyet,
sakizimsilik,  ¢ignenebilitlik  ve  esneklik
Ozelliklerinde meydana gelen degisimler takip
edilmistir. Analiz sirasinda 12.5 mm c¢apinda
silindirik  prob  ve 5 kg'lik yik hucresi
kullanilmistir. TPA test 6ncesi prob hizt 2 mm/s,
test hizt 3 mm/s, test sonrast hizi 3 mm/s,
bekleme stiresi 5 s, tetik kuvveti 10 g ve
deformasyon oramt ise %50 olacak sekilde
ayarlanmistir (Gambaro vd., 2002).

Bayatlama kinetigi

Ekmek 6rneklerinin bayatlama kinetigi, Avrami
matematik modeli kullanilarak Esitlik 1’de vetilen
formile gére belitlenmistir. Pisirilen ekmek
ornekleri 6 glinliik siire boyunca oda sicakliginda
depolanmis ve her depolama glintinde TPA cihazt
kullanilarak ekmek i¢i sikilik degerleri tespit
edilmistir. Analiz sirasinda 12.5 mm silindirik
prob ve 5 kg yiik hicresi kullanilmistir. TPA test
hizi 1,7 mm/s ve deformasyon orant %40 olacak
sekilde ayarlanmistir (AACC, 2000). Model
sonunda hesaplanan k ve n degerlerinin disiik
olmasi, ekmeklerin daha gec bayatladigi anlamina
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gelmektedir (Armero ve Collar, 1998; Russell,

1983).
To-T
6 = TW—_TE =e*"  Esitlik (1)

O: Kristalizasyon derecesi

To: Pisirme sonunda ekmeklerin sikilik derecesi
T Ekmeklerin t zamanindaki sikilik derecesi
Tw: Depolama sonundaki sikilik degeri

k: Reaksiyon sabiti

n: Avrami katsayist

Istatistiksel analizler

Ekmek tretimi iki tekerrurli ve analizler ise iki
paralel halinde yapilmistir. Analiz sonucunda elde
edilen verilere varyans analizi ve énemli bulunan
faktotlere ise Duncan Coklu Karstlastirma Testi
uygulanmistir. Ttm istatistik hesaplamalar SAS
istatistik programi ile gerceklestirilmis olup
degerler ortalama T standart sapma seklinde
dizenlenmistir.

TARTISMA ve BULGULAR

Farkli un partikiil boyutunun ekmek hamur
reolojisi tizerine etkisi

Kontrol, 150-250 p arast ve 150 p altt un 6rnekleri
ile hazirlanan ekmek hamurlarinin farinograf ve

ekstensograf  cihazinda  belirlenen  reolojik
Ozellikleri Cizelge 1’de verilmistir. Farinograf
degerleri incelendiginde 150-250 p arast partikiil
boyutuna sahip unlar ile hazitlanan hamur
formiilasyonunun, su absorbsiyon degerinin daha
distik oldugu goérilmektedir. Buna karsin hi¢
eleme yapilmamis kontrol unu ve daha kiclk
boyuttaki un formilasyonlarinin su absorbsiyon
degerleri benzer sekilde Slcilmustiir. Bu durumun
nedeni ise partikiil boyutunun kiigiilmesi sirasinda
nisasta granilinin daha fazla zedelenmesi ve
artan yizey alani ile birlikte su tutma kapasitesinin
de artmasidir. Yapilan bir ¢alisgmada tam bugday
unu jet degirmenlerde Ggiitillerek farkll partikiil
boyutlarina sahip tam bugday unlari elde edilmis
ve bu unlarin reolojik 6zellikleri arastirilmistir.
Arastirma  sonucunda  partikil  boyutunun
kicllmesiyle birlikte yiizey alaninin arttgl ve
bunun érneklerin su tutma kapasitesini arttirict bir
rol oynadigi bildirilmistir (Protonotariou vd.,
2015). Farkh ogiitme teknikleri ile elde edilen
ekmeklik unlarin  partikiill boyutu; unun su
absorbsiyon yetenegi, zedelenmis nisasta miktari,
jellesme 6zellikleri ve hamurun reolojik 6zellikleri
tzerine dogrudan etkili olmaktadir (Vouris vd.,
2018).

Cizelge 1. Farklt un partikiil boyutunun ekmek hamurunun reolojik ézellikleri tizerine etkisi
Table 1. The effect of flour particle size on reological properties of bread dough

Farinograf degerleri Ekstensograf degerleri
Uzamaya
. karst
Su Gelisme - . S
Un boyutu  absorbsiyonu  siiresi (dk) Stabilite Enerji direng Uzayabilirlik
. (dk) BU) (mm)
Flour particle (%) Doungh s (cm?) . S
. Stability Registance  Excstensibility
Size Water depelopment . Area ()
bsorption (o) time (min) (min) o (mm)
“ extension
(BY)
Kontrol 54.1£0.05% 2.240.052  4.2+0.15> 130£0.00  1062+41» 9940.00P
ifaos—lzso H 53.2%0.10b 1.7+£0.00>  11.1£0.052 111£1.5>  832+37° 105£1.500
150 . alts 54.81+0.40¢ 1.740.00° 3.5%0.25¢ 129%0.252  758%16P 125%2.522

» Ayni stitundaki farkli hatfler istatistiksel olarak farklidir. (P <0.05)
2 Values in the same column followed by different letters are significantly different (P <0.05)
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Partikiil  boyutu hamur formilasyonlarinin
gelisme strelerini  etkilememis olup bu siire,
formiulasyonunda 150-250 p arast ve 150 p altt un
kullanilan hamurlar icin 1.7 dk ve kontrol 6rnegi
icin ise 2.2 dak olarak belirlenmistir. Ayrica 150-
250 p arast un kullanilarak hazirlanan ekmek
hamurlarinin yumusama derecesinin daha disik
(54 BU) buna karsin stabilitesinin daha ytksek
(11.1 dak) oldugu tespit edilmistit. Diger
formiilasyonlarda oransal olarak daha fazla su
kullandmasi  hamurlarin  stabilitesi  tzerine
olumsuz bir etkide bulunmustur. Tim sonuglar
birlikte degerlendirildiginde, buylik un partikil
boyutunun daha disiik su absorbsiyon degerine
sahip oldugu buna karsin hamur stabilitesini
arttirdigy tespit edilmistir. Benzer sonuglar baska
arastirmacilar tarafindan da tespit edilmis olup
Protonotariou vd. (2015), ileri derecede 6giitilen
tam bugday unlarinin stabilite degerinin, kontrol
orneklerine gore daha digik oldugunu rapor
etmistit. Bu durumun ise ileri 6gltme sonucu
ortaya ¢ikan 1siun gluten ag yapisina zarar
vermesinden ve protein yapisint zayiflatmasindan
kaynaklanabilecegi ortaya konulmustur. Moreira

vd. (2010) kestane unu igeren hamur

formulasyonlarinda  hamur  stabilitesinin =~ un
partikil boyutundaki artis ile dogru orantili olarak
azaldigint rapor etmistir.

Ekstensograf verileri degerlendirildiginde 150-250
p arast boyuttaki unlar ile hazirlanan hamurlarin
enetji degerinin, diger 6rneklere gére daha disik
oldugu tespit edilmistir. Un partikiil boyutunun
azalmast hamurlarin uzamaya karst gOsterdigi
direnci azaltrken uzayabilme kapasitesini ise
arturmustir.  Boylece un  partikiil  boyutunun
azalmast hamurun islenebilirligini ve elastikiyetini
arturmustir. Maksimum direng ise uzamaya karsi
direnc ile benzer sekilde en yiksek kontrol
orneginde tespit edilmistir.

Farkli un partikiil boyutunun ekmegin renk
degerleri tizerine etkisi

Ekmek oOrneklerinin  L*, a* ve b* renk
degerlerindeki degisim Cizelge 2’de verilmistir.
Farkli un partikill boyutunun ekmek kabugunun
L* ve b* renk degerleri tizerine istatistiksel olarak
o6nemli (P <0.05) bir etkisinin oldugu ancak a
degeri tzerine 6nemli (P >0.05) bir etkisinin
olmadig: tespit edilmistir.

Cizelge 2. Farkli un partikill boyutunun ekmegin fiziksel 6zellikleri Gizerine etkisi
Table 2. The effect of flour particle size on the physical properties of bread

U Spesifik Ekmek kabugunun renk degerleri Ekmek i¢i renk degerleri

bc?Vutu hacim Colonr values of bread crust Colonr values of bread crumb

F/o}w (cm*/g)

ticle i Specific volume L* a* b* L* a* b*

particle size (m/ /4)

Kontrol ~ 3.59+0.08> 53.28+0.27* 11.76 £ 0.392 28224027  71.84+0.43* -0.77£0.01> 16.50 £ 0.33*
ifaos'1250}l 4.04£0.30*  46.90£0.69* 12.89 + 0.64* 25.16x0.16>*  70.04£0.72* -1.07£0.07* 16.33 £ 0.622
150 palt 3.2520.24c 39.83+2.48b 12,42 + 1.41» 18.64£2.89>  (9.18£1.99* -1.09£0.11* 15.81 + 0.522

» Ayni stitundaki farkli harfler istatistiksel olarak farklidir. (P <0.05)
2 Values in the same column followed by different letters are significantly different (P <0.05)

L* renk degeri 0 ile 100 arasinda degismekte ve
gidanin  parlakligt hakkinda fikir vermektedir.
Calismada uretilen ckmek Orneklerinin kabuk
rengi 39.83 ile 53.28 degeri arasinda degismekte
olup en disitk L* degeri, 150 p altinda un partikil
boyutuna sahip ekmeklerde tespit edilmistir.
Partikil boyutunun kiigtilmest ile birlikte nisasta
zedelenmesi artmakta ve dekstrin gibi Maillard
reaksiyonu aktivitesi yiksek seketrler ortamda
birikmektedir. Firin sicakliginda ekmek ortaminda

bulunan serbest amino asitler ve sekerler Maillard
reaksiyonlarina girerek esmer renkli melanoidin
bilesiklerini olusturmaktadir. Bu nedenle kiicik
partikiil boyutuna sahip unlar ile dretilen
ekmeklerin kabuklari daha koyu bir renge sahip
olmaktadir. Yapilan bir calismada da benzer
sonugclar elde edilmis olup formiilasyonda disiik
partikiil boyutlu un oramt artttka pisirilen
ekmeklerin L* degerinde bir dusis tespit
edilmistir (Vouris vd., 2018).
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b* renk degeri gidalarin sart (+) ve mavi (-) renk
yogunlugu hakkinda bilgi vermektedir. Calismada
tretilen ekmek Srneklerinin b* renk degeri 18.64
ile 28.22 arasinda degismekte olup en disik
deger, 150 p altnda un partikill boyutuna sahip
ekmeklerde tespit edilmistir. Bu durumun ise yine
parlaklik  degerini  etkileyen  nedenlerden
kaynaklanmis  olabilecegi  dustntilmektedir.
Ekmeklerin a* renk degeri ise ortalama 12.36
olarak tespit edilmistir. Protonotariou vd. (2015)
partikil boyutu azalmasiyla bitlikte ekmeklerin L*
degerinin azaldigini, buna karsin kirmizilik ve
sarilik degerlerinin arttigini tespit etmistir.

Yapilan renk analizi sonucunda ekmek ici L¥*, a*
ve b* degerlerinin, farkli un partikil boyutundan
istatistiksel olarak 6nemli (P >0.05) duzeyde
etkilenmedigi ve bu degerlerin ise strastyla 70.35, -
0.98 ve 16.21 oldugu tespit edilmistir.

Farkli un partikiil boyutunun ekmegin
spesifik hacim degerleri iizerine etkisi
Ekmek 6rneklerinin spesifik hacim degerlerindeki
degisim Cizelge 2’de verilmistit. Un partikil
boyutunun, ekmeklerin spesifik hacim degerleri
lzerinde istatistiksel olarak 6énemli (P <0.01) bir
etkisinin bulundugu tespit edilmistir.

150 p altinda partikiil boyutuna sahip un Srnekleri
ile tretilen ekmeklerin spesifik hacim degeri 3.25
cm’/g ile en digik degeri alirken, daha buyik
partikil boyutuna sahip un Ornekleri ile Uretilen
ekmeklerin spesifik hacim degeri 4.04 cm3/g

ogutilerek partikiil boyutu kictltilen unlarin
formilasyonda kullanilmasi ile ekmek spesifik
hacim degerinin azaldigini rapor eden benzer
calismalar mevcuttur (Protonotariou vd., 2015;
Vouris vd., 2018). Bu durumun nedeni ise un
partikiil boyutunun kii¢iilmesi ile birlikte su
absorbsiyon degerinin artmasi ve sonug olarak
daha yiiksek viskoziteye sahip ekmek hamurunun
elde edilmesi olarak gosterilmektedir (Voutis vd.,
2018). Tam  bugday unu  kullanilarak
gerceklestirilen calismalarda bunun nedeninin
kepek fraksiyonunun partikiil boyutunun ileri
dizeyde kiiciilmesi ve bu parcaciklarin gluten
arabinoksilan  interaksiyonunu  arttirmasindan
kaynaklandig1 rapor edilmigtir (Noort vd., 2010).
Ayrica glutensiz ekmek Gretiminin amaclandigi bir
baska calismada da daha kiiciik partikiil boyutuna
sahip piring ve musir unu ile iretilen ekmeklerin
gaz tutma kapasitesinin olduk¢a az oldugu
bilditilmigtir (De la Hera vd., 2013; Hera vd.,
2013).

Farkli un partikiill boyutunun ekmegin
tekstiirel 6zellikleri tizerine etkisi

Ekmek  6rneklerinin = sertlik,  esneklik, ic
yapiskanlik,  sakizimsilik,  ¢ignenebilitlik  ve
elastikiyet gibi tekstirel Ozelliklerine ait veriler
Cizelge 3’te verilmistir. Istatistiksel ~analiz
sonuclarina gore farkhi un partikil boyutu ve
depolama siiresi ekmek Orneklerinin = sertlik,
cignenebilirlik degerleri tizerine 6nemli (P <0.01)
bir etkide bulunurken elastikiyet, i¢ yapiskanlik ve
esneklik degerlerini etkilememistir (P >0.05).

olarak tespit edilmigtir. Jet degirmenlerde

Cizelge 3. Farkli un partikiil boyutunun depolama siiresince ekmegin tekstiirel 6zellikleri tizerine etkisi
Table 3. The effect of flour particle size on the texcture of bread during storage

Un boyutu Depolama Sertlik (g) Elastikiyet I yapiskanlik  Cignenebilirlik Esneklik
Flour particle size Storage Hardness (g) Springiness Cobesiveness Cheweness Resilience
Kontrol 0. giin 8221+44.86P8 1.02%0.02:4 0.82£0.002A 793+56PAB 0.32£0.0224
6.gin 2999496.34*A  0.96%0.0024 0.78£0.00bA 22631584 0.33£0.0124
150-250 u arast 0. giin 759%11.80P8 1.11£0.1424  0.7520.042AB 65418408 0.27+0.002A
6.glin 2335£85.26°8  0.96£0.012A 0.74+0.02:A 1669£7.1+8 0.30+0.0122
150  alts 0. giin 1467£1264 0.98+0.0027 0.64£0.0628 919£1.0v4 0.23+0.0422
6.glin 3080£185 0.88+0.022 0.78+0.002A 2118£38 0.36+0.04

» Aynt stitundaki farkls hatfler istatistiksel olarak farklidir. (P <0.05). a-b, ayni un partikiil boyutuna sahip unlar ile
tretilen ekmek Orneklerinin farkli giinlerdeki tekstiir parametresi ortalamalarina aittir. A-B, farkli un partikil
boyutuna sahip unlar ile iiretilen ekmek 6rneklerinin ayni giinlerdeki testlir parametresi ortalamalarina aittir.

2 Values in the same column followed by different letters are significantly different (P <0.05). a-b, within each
column shows statistical differences between average of breads produced by same particle size with different
sampling days. A-B, within each column shows statistical differences between average of breads produced by same
sampling days with different particle size.
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Duncan Coklu Karsilastirma Testi sonuglarina
gore 6 ginlik depolama sonunda, 150-250 p arast
un partikiillerinden tretilen ekmek Orneklerinin
sertlik degeri, kontrol ve 150 w altt un kullanilarak
tretilen ekmeklere gére daha dusiik olarak tespit
edilmigtir. Buradan anlasilacagi tizere un partikil
boyutunun artmast depolama stiresince ekmegin
sertlesme oranini  azaltmaktadir. Ayrica, tim
ekmek cesitlerinin - sertlik degeri 6 gunlik
depolama stiresince yaklasik 2.7 katina ¢ikmustir.
Jet 6giitme teknigi ile partikil boyutlart 21-75 p
arasina kugiltilen ekmeklik unlar ile yapilan bir
calismada ekmek formiilasyonunda diisiik partikil
boyutlu un oraninin artmastyla birlikte ekmek ici
ve kabugunun sertlik degeri artmis ¢ignenebilirlik
ve elastikiyet Ozellikleri ise kotilesmistir (Vouris
vd.,, 2018). Yine jet Ogitme ile farkli partikiil
boyutlarina sahip tam bugday eckmeklerinin
tekstiir 6l¢timleri sonucunda daha diisitk boyuta
sahip unlar ile elde edilen ekmeklerin sertlik
degerinin kontrol 6rneklere gére daha yuksek
oldugu belirlenmistir (Protonotariou vd., 2015).
Depolama  sirasinda meydana gelen nisasta
retrogradasyonu sonucu iiriiniin daha sert ve katt
bir gériintim kazandigi bilinmektedir (Limanond
vd., 2002).

Sertlik parametresi gibi depolama sonunda en
disiik ¢ignenebilirlik degerleri de 150-250  arast
un partikiillerinden tretilen ekmek &rneklerinde
elde edilmis olup bu deger 1669 g olarak tespit
edilmigtir. Depolama stresince ¢ignenebilirlik
degerleri sirastyla yaklastk olarak 2.5 kat artis
gostermistir. Benzer sonuglar baska arastirmacilar
tarafindan da tespit edilmis olup Vouris vd. (2018)
5 glnlitk depolama boyunca ekmek 6rneklerinin
sertlik ve c¢ignenebilitlik degerlerinin stre ile
dogru orantilt olarak depolama sonuna kadar artis
gosterdigini bildirmistir. Taze ekmekte bulunan

amorf formdaki nisasta kristal formuna gbre daha
fazla su tutma kapasitesine sahip olup bu 6zellik
ekmege yumusaklik ve elastikiyet saglamaktadir.
Ancak bayatlama sirasinda  retrogradasyonla
birlikte nisasta polimerinin su tutma kapasitesi
azalmakta ve kristalleserek yeniden
diizenlenmektedir. Nisastanin kaybettigi bu su ise
gluten ag1 tarafindan hapsedilmekte ve sonug
olarak ekmek ici sert elastik olmayan bir yapi
kazanmaktadir (Ercan ve Ozkaya, 1985).

Ekmek o6rneklerinin - ortalama  elastikiyet, i¢
yapiskanlik ve esneklik degerleri ise sirastyla, 0.99,
0.75 ve 0.30 olarak tespit edilmis olup depolama
stiresince de o6nemli bir degisim
gostermemislerdir.

Farkli un partikiil boyutunun ekmegin nem
kaybz1 tizerine etkisi

Cizelge 4’de verilmistit. Un partikil boyutu,
ekmeklerin nem kaybint istatistiksel olarak 6nemli
(P <0.01) duzeyde etkilemistir (Cizelge 4).
Depolama  siiresince ckmeklerde nem  kaybt
degerleri kontrol, 150-250 p arast ve 150 p altt
ornekler icin sirastyla %14.92, 0.53 ve 6.72 olarak
gerceklesmistir. Gorildigh tzere en disik nem
kayb1 150-250 p arast boyuta sahip un ile tretilen
ckmeklerde gerceklesmis olup bitlincil yapisint
koruyan nisasta polimeri, formiilasyonda bulunan
suyu hidrate ederek eckmek disina salinimin
stntrlamistir.  Jet degirmende farkll partikiil
boyutlarinda 6giitilen unlar ile yapilan ekmek
denemelerinde, daha dustik boyuta sahip
ckmeklerin su saliniminin daha fazla oldugu tespit
edilmigtir (Protonotariou vd., 2015). Yapilan bir
baska calismada ekmek su iceriginin, nisastanin
diizenli yapisinin bozulmasinda 6nemli bir rol
oynadig1 ortaya konulmustur (Guo vd., 2018).

Cizelge 4. Farkli un partikiill boyutunun depolama siiresince ekmegin nem kaybi ve bayatlama kinetigi
lizerine etkisi
Table 4. The effect of flour particle sige on the moisture loss and staling kinetics of bread during storage

Un boyutu Nem kaybi (%)

Avrami model parametreleri

Avrami model parameters

Flour particle size Moisture loss (%)

To n k R2
Kontrol 14.914+2.032 3377.36 453.35 1.60P 0.32a 0.98
150-250 p arast ~ 0.53%0.04¢ 2568.77 263.99 1.60P 0.242 0.94
150 p alt1 6.7210.66P 4352.53 441.59 1.862 0.13b 0.93

@ Ayni1 stitundaki farkls harfler istatistiksel olarak farklidir. (P <0.05)
2 Values in the same column followed by different letters are significantly different (P <0.05).



Un partikiil boyutunun bayatlama lzerine etkisi

Farkli un partikiil boyutunun ekmegin
bayatlama kinetigi tizerine etkisi

Depolama  siiresince  ekmek  i¢i  sikiik
degerlerindeki  degisimler genellikle Avrami
matematiksel modeli kullanilarak
degerlendirilmektedir. Bu esitlik belirli kat1 bir
matrisde meydana gelen nisasta kristalizasyon
derecesinin degerlendirilmesinde kullanilmakta
olup devam eden kristalizasyon, zamanin Ustel
ters fonksiyonu olarak ifade edilmektedir (Armero
ve Collar, 1998). To degeri pisitme sonundaki
ekmek O6rneklerinin sikilik degerini, Te degeri
depolama sonundaki ekmek 6rneklerinin stkilik
degerini, k kristalizasyon oran sabitini, n Avrami
model katsayisini ve R2ise modelin uyumlulugunu
ifade etmektedir. Sonuglarin modele uygulanmasi
sonucunda elde edilen k degeri ekmek icinin
stkilik oranint géstermekte olup bu degerin diisiik
olmast  sertlesme  siirecinin = dolayist  ile
bayatlamanin daha yavas ilerledigini ifade
etmektedir (Amigo vd., 2016; Russell, 1983).

Non-lineer regresyon analiz sonucunda elde
edilen Avrami model parametreleri Cizelge 4’de
verilmistir. Depolama basinda ve sonunda 150-
250 p arast un partiktillerinden iretilen ekmek
orneklerinin - sikilik  degerlerinin  daha  digik
oldugu gorilmektedir. Bu bulgu tekstlr analiz
sonugclart ve nem kaybi degerleri ile uyumlu olarak
degerlendirilmistir.

Avrami katsayilari incelendiginde 150 p altt un
partikiillerinden tretilen ekmek 6rnekleri 1.85
degeri ile en yitksek n degerini alirken 0.13 ile en
dustik k degerini almistir. Diger bir taraftan ise
kontrol érneklerinin hem n hem de k degerlerinin
yuksek olmast hizli bir nisasta kristalizasyonunun
gerceklestigini gostermektedir. k degerinin 1’e
yaklasmast bayatlamanin ¢ok hizli oldugunu ve
hatta depolamanin ilk giiniinde gerceklestigini
gostermektedir (Amigo vd., 2016).

Genellikle k ve n degerlerinin her ikisinin birden
yuksek oldugu gézlenmez. Bu durum ekmek ici
bayatlamasinin  ¢ok hizli  oldugu anlamina
gelmektedir (Armero ve Collar, 1998). Kinetik
hesaplama sonucunda ylksek n degeri saglayan
ornegin k degeri genellikle disiktiir. Bunun tam
tersi durumlarda ise o ekmek Ornegi yavas
bayatlama 6zelligine sahip olmaktadir (Armero ve

Collar, 1998). Bu durumda 150 p alt1 un 6rnekleri
ile uretilen ekmekler hizli bir kristalizasyon
kinetigine sahip iken 150-250 p arast unlar ile
dretilen ekmeklerin nisasta kristalizasyon oramnt
daha yavas olarak tespit edilmistir. o-amilaz
ilavesinin, ekmegin bayatlama stiresini geciktirici
etkilerinin arastirlldigt  bir calismada  Avrami
model sabitleri olan k degerinin 0.26 ila 1.25
arasinda degistigi bildirilmistir (Amigo vd., 2016).
SONUCLAR

Temel bir besin maddesi olarak kabul edilen
ckmegin fiziksel raf 6mrinin oldukca kisith
olmast tiketimini olumsuz yénde etkilemektedir.
Her yil milyonlarca adet ekmek herhangi bir
mikrobiyal bozulma olmaksizin bayatlama sonucu
tazeligini kaybettiginden ¢6pe atdarak israf
edilmektedir. Bu nedenle fazla miktarda tretilen
ve tliketilen ekmegin raf dmrinin uzatilmast tlke
ekonomisi acisindan da 6nemli bir konudur.

Tum analiz verileri birlikte degerlendirildiginde un
partikil  boyutunun  azalmasimin  ckmek
hamurunun su tutma kapasitesinin yaninda diger
bazi reolojik 6zelliklerini gelistirdigi ancak hamur
stabilitesini  azalttugl  belirlenmistir.  Ekmek
bayatlamasinin Avrami kinetik model sonuclarina
gore ise 150 p alt un Ornekleri ile dUretilen
ckmeklerde nigasta kristalizasyon hizinin 150-250
 arast un Ornekleri ile tretilen ekmeklere kiyasla
daha ytiksek oldugu dolayisiyla bayatlamanin daha
hizli gerceklestigi belirlenmistir. Elde edilen bu
verilerin ekmeklerin nem kaybt ve tekstiir
sonuglari ile de uyumlu oldugu degetlendirilmistir.

Sonug olarak ekmek tretiminde kullanilacak olan
unlarin  asirt dizeyde  6gitilerek  partikil
boyutunun kiictiltiilmesi ekmek bayatlama oranint
arttrmaktadir. Bu nedenle bir taraftan bayatlama
orantnt azaltacak diger bir taraftan ise ekmegin
alisilagelmis renk ve hacim gibi kalite 6zelliklerini
artiracak ~ optimum  un  partikil  boyutu
seviyelerinin belirlenmesini gerektiren ileri dizey
calismalar yapilmalidir.
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ABSTRACT

The aim of this study is to investigate the production of functional cakes with enriched nutritional value and
flavor with the addition of spinach powder (SP) to the formulation as a replacement for the wheat flour at
different ratios. The addition of SP resulted in a significant decrease in the moisture content (26.63 - 28.96%
for the batters and 12.75 - 22.33% for the cakes) and water activity (0.902 - 0.880 for the batters and 0.722 -
0.822 for the cakes) values (P<0.05). The addition of SP caused a significant change in the color of the
batters and cakes. The vitamin C content of the batters and cakes increased depending on the amount of SP
(P<0.05). The highest weight loss (14.83%) and cooking yield (89.40%) values were observed for the plain
cake and cake with 10% SP, respectively, where this cake had the highest sensorial acceptability by the
panelists.

Keywords: Cake, spinach powder, microwave, vitamin C, sensory analysis

ISPANAK TOZU ILE ZENGINLESTIRILMIS KEKLERIN KALITE
PARAMETRELERI ILE DUYUSAL OZELLIKLERININ BELIRLENMESI

oz

Bu c¢alismanin amaci, kek formilasyonuna ispanak tozu ilavesi ile zenginlestirilmis besin degeri ve
lezzetiyle yeni fonksiyonel bir kekin dretilmesidir. Mikrodalga kurutucuda kurutulmus 1spanak tozu
kek formilasyonuna bugday unuyla yer degistirme prensibiyle farkli oranlarda eklenmistir. Kek
formiilasyonuna ilave edilen 1spanak tozu miktart arttik¢a nem igerigi (kek hamurlarinda % 26.63-
28.96 ve keklerde % 12.75-22.33) ve su aktivitesi (kek hamurlarinda 0.902-0.880 ve keklerde 0.722-
0.822) degerlerinde azalma meydana geldigi gézlenmistir (P <0.05). Ispanak tozu ilavesi kek hamuru
ve keklerin renk degerlerinde 6nemli bir degisime neden olmustur. Ispanak tozu miktarina bagli olarak
C vitamini iceriginde artts meydana geldigi gorilmistir (P <0.05). En yiksek agirlik kayb: (%14.83)
ve pisme verimi (%89.40) sirasiyla sade kek ve %10 1spanak tozu igeren keklerde gbzlenmistir.
Duyusal degerlendirme sonuglarina gére, %10 1spanak tozu iceren keklerin panelistler tarafindan en
ylksek kabul edilebilitlige sahip oldugu gézlenmistir.

Anahtar kelimeler: Kek, 1spanak tozu, mikrodalga, C vitamini, duyusal analiz
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INTRODUCTION

Cereal products arte consumed daily by the
majority of the world population. The tendency
of consumers for functional products has resulted
in an increase in the development of different and
healthier cereal products (Ayadi et al., 2009). The
health-enhancing characteristics of plants such as
green leafy vegetables, herbs, edible flowers, etc.
in providing important components has lead to
their use in food products (Lebesi and Tzia, 2011).
Spinach contains phenolic compounds (like
chlorophylls and carotenoids), fiber, vitamins
(vitamin A, B complex, C, and K), and minerals
(calctum, magnesium, potassium, iron,
phosphorus, sodium, copper, sulfide, manganese,
and zinc) (Toledo et al., 2003 and Citak S6nmez,
2009). For this reason, the use of spinach as a
natural coloring agent and as a functional food
ingredient, has a high potential for developing
biologically active foods such as cakes. In
addition, the consumption of leafy vegetables
(spinach, cabbage, purslane, celery, etc) has been
increasing especially as a result of changes in the
consumer lifestyle. Spinach (Spinacia oleracea 1.),
which can be consumed as raw, boiled, canned,
frozen, in bakery products, soups, etc. is a cool
season annual vegetable (Ozkan et al., 2007, Citak
and Sonmez 2009, and Caliskan Koc¢ and Dirim,
2017).

According to the Food and Agriculture
Organization of the United Nations (FAO) and
Turkish =~ Statistical Institution (TUIK), the
production of spinach is around 225.174, 222.177,
211.000, and 208.403 tons in Turkey from 2018
to 2015 respectively. Turkey rates fourth for
spinach production in the World (FAOSTAT
data: 2007 (Last accessed by Top 5 of anything:
March 2015)).

Caliskan Kog¢ and Dirim (2017) reported that
dried spinach in the form of powder is more
feasible due to a long shelf life, mixing and dosing
properties, and it can also be used as a food
colorant and additive in different food
formulations. Spinach powder can be obtained
using several drying techniques such as: spray
drying (Caliskan Kog and Dirim, 2017 and 2018),
microwave drying (Ozkan et al., 2007 and Dadali

etal.,, 2007), hot air drying (Watanabe et al., 2010),
freeze drying (King et al., 2001), and combined
microwave—fan-assisted ~ convection  drying
(Karaaslan and Tuncer, 2008). Nowadays,
practical and ready to easy cooking systems such
as microwave drying is generally preferred by
both producers and customers. At the same time,
microwave drying has many unique features such
as low energy consumption and a short
processing time related to its selective and
volumetric heating compated to the traditional
drying techniques (Song et al., 2010).

The improvement of the functional properties of
cakes can be accomplished using several agents,
however, the addition of food materials to
improve the properties of cakes is a more
interesting and promising application. For the
improvement of cake quality in some studies,
replacement of undesirable constituents like sugar
and fats has been tried or in other studies
improvements in the nutritional composition and
functional properties have been tried with the
addition of food components either from the
waste of the food processing industry or the
unused parts of food materials. In recent years,
the addition of dietary fiber, fat replacer, and by-
products to the bakery product formulation have
received increasing attention from researchers
and the food industry due to their beneficial
effects on human health and functionality in
production. Therefore, the enrichment of bakery
products such as cakes with fiber and plant-based
ingredients may be one of the efficient ways
utilized to improve the nutritional value and
sensorial properties. There are many studies
related to the addition of fiber for example carob
fiber, rice bran, potato fiber, pear cactus fiber etc.
to bakery product formulations such as bread
(Wang et al, 2002, Kaack et al, 2006, and
Guevara-Arauza et al., 2014). The aim of this
study was to improve the taste and nutritional
value of cake using microwave dried spinach
powder, that includes valuable compounds, and
to check the consumer acceptance of this
product.



Cakes supplemented with spinach powder

MATERIAL AND METHODS

Raw Materials

The following raw materials: Spinach, wheat flour
(0.98 ¢/100 g fat, 76.31 g/100 g carbohydrate,
10.33 g/100 g protein, Ova Un San. ve Tic. A.S.),
sugar (Keskinkilic Gida San. ve Tic. AS.),
sunflower oil (Ki¢tikbay Gida San. ve Tic. A.S.),
eggs (Keskinoglu Gida San. ve Tic. A.S.), baking
powder (Dr. Octker Gida Sanayi ve Ticaret A.S.),
and milk (3.1 g/100 g fat, 47 g/100 ¢
carbohydrate 3.1 g/100 g protein, Yorsan Gida
Mam. San. ve tic. A.S.) were obtained from a local
supermarket in Izmir, Turkey.

Methods

Microwave Drying of the Spinach Pulp

The spinach (on the day of purchase) was washed,
stalks were removed, and the spinach juice
removed using a juice extractor (Premier PRJ-607,
Turkey). The remaining spinach pulp (50 g
corresponding to a 5Smm thickness in the petri
dish) were dried in a domestic microwave oven
(Arcelik MD500, Turkey) at 540 W microwave
power for 750s. The spinach powder was
obtained by grinding the dried material obtained
in a blender (Tefal Smart, MB450141, Turkey),
and then the particle size was further reduced by
sieving the powder through a 350 micron screen.
The spinach powder was then stored in glass jars
in the fridge at 4+1°C until further tests were
carried out.

Preparation and Baking of Cakes

For the preparation of the cake batter, the sugar
(78.97¢g, weight/weight (w/w)) and eggs (51.53g,
w/w) wete mixed using a mixer (Kitchen Aid,
5K45S8S, USA) set at the medium speed of the
mixer for three minutes. Then, the flour (49.20g,
w/w), baking powder (3.33g, w/w), and the other
ingredients (23.45g oil and 24.88g milk, w/w)
were added to the mixture, and again mixed at
medium speed for five minutes. The obtained
spinach powder was added to the cake
formulations by replacing the wheat flour at
different ratios 0% (control, plain cake), 4%, 6%,
8%, and 10% of the total weight of cake batter
(wet basis). In the last stage, 200 g o f cake batter
was weighed in a greased glass baking pan (22cm
in diameter). Conventional baking was performed

in an electrical oven (Beko, OIM22301X, Turkey)
at 180°C for 14 min (Ergtn, 2012). The oven was
preheated for 5 minutes before placing the cake
samples in it.

Analysis Applied to the Spinach Powder,
Cake Batters, and Cakes

The moisture content of the spinach powder,
cake batters, and cakes were determined
according to AOAC (Method no: 930.15, 2000).
Water activity and color (CIE LAB, L* a*, and
b*) values were measured using a Testo-AG 400,
German water activity measurement device
(25+2°C) and a Minolta CR-400 Colorimeter,
Japan (calibrated with a white standard plate),
respectively. The percent weight loss (WL %) of
the cakes during baking was calculated by using
Equation (1):

Wbatter

x 100 )

W, _
WL (%) = C“I’;
batter

where w denotes weight (g).
Percent cooking yield (CY%) of the cakes during
baking was calculated using Equation (2):

Wcake

CY (%) = x100 2

Wbatte'r

In order to measure symmetry, uniformity, and
the volume index values, the cakes wetre cooled
for 1h and then cut in half from the center and an
analysis was performed using the cake measuring
template method as described in the American
Association of Cereal Chemists (AACCI Method
1n0:10-91.01, 2000). This method takes the size of
pans used for the cake production into account
and determines these wvalues in terms of
millimeters. The vitamin C content values of the
cake samples were determined according to Higil
(2007). The indication principle of the vitamin C
value is based on extraction with 10% oxalic acid
and afterwards the addition of 2, 6-
dichlorophenolindophenol solution. The
absorbance was measured at 518 nm by a Varian
cary 50 uV/Vis spectrophotometet.

Sensory Evaluation of Cakes
In this study, the sensory evaluation, aimed to
determine the effect of intensity and the
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acceptability of spinach powder in the cake
formulation in terms of color, aroma, flavor,
texture (spongy and elastic structure), porosity
(spongy structure), odor, hardness (mouth feel
and toughness), and general acceptability ratings.
The scoring sensory tests were conducted by 10
panelists among the staff and students of the
Department of Food Engineering (Ege
University, Izmir, Turkey). Cakes were evaluated
on the basis of overall acceptance. A five-point
scale ranging from 1 (dislike extremely) to 5 (like
extremely) was used for the evaluation of the
quality parameters.

Statistical Analysis

All experiments were performed in duplicate and
measurements were performed in triplicate. All
data points shown in graphs represent the mean
of the triplicate analysis. Statistically significant
differences between samples were determined
using ANOVA (analysis of variance, F-test for

multiple samples or two samples with « = 0.05,
SPSS 20.0, SPSS Inc., Chicago, IL, US.A.).
Significant differences are indicated by different
letters when the p-value was below 0.05.

RESULTS and DISCUSSION

The moisture content and water activity values of
the microwave dried spinach powder were found
to be: 3.2810.01% (wet basis) and 0.102%0.01,
respectively. The values of water activity between
0.20 and 0.40 ensures the stability of the product
while in storage against browning and hydrolitical
reactions, oxidation, and enzymatic activity (Quek
et al., 2007). For this reason, the microwave-dried
spinach powder along with the low water activity
values can be acceptably stable for long-term
storage. The results of the analysis of moisture
content and water activity for cake batters and
cakes with different amounts of spinach powder
are given in Table 1, respectively.

Table 1. The moisture content (%, wet basis) and water activity values of the cake batters and cakes

(n=3)

Cake Batter

Cake

Amount of Spinach

Powder Addition (as Moisture

Content (%)

Water Activity

Moisture Water Activity

¢/100 g of Total (@) Content (%) (@)
Weight)
Control 28.24+1.10b 0.90210.004¢ 22.3310.504 0.82210.0224
4 28.96£0.12b 0.894£0.009> 16.40+1.15¢ 0.768£0.004¢
6 28.70£0.33b 0.90210.014¢ 13.24+1.19b 0.731+0.031b
8 27.80£0.062 0.890£0.005> 13.72+1.50P 0.735£0.007>
10 26.63%0.352 0.880£0.0062 12.75+3.432 0.722%0.0712

d different lettets in the same column indicate significant differences between average values (P <0.05).

The moisture content of cakes is important for
the sensory properties of cake (sometimes
crumby cakes are not well accepted by the
consumer) and microbial safety (high moisture
can increase the microbial activity and leave the
cake sticky, Oliveira et al., 2016). Significantly
higher moisture content and water activity values
were obtained from the plain cake batters and
cakes when compared to the cake batters and
cakes with spinach powder (P <0.05, Table 1.).
The moisture content values of the cake batters
and cakes decreased according to the increasing
amount of spinach powder, however, this

decrease was not found to be significant for the
cake batters with 0%, 4%, and 6% spinach
powder (P >0.05). A further increase in the
amount of spinach powder (beyond 6%) resulted
in a significant decrease in the moisture content
of the cake batter (P <0.05). Since the wheat flour
has a higher moisture content (10.88£0.05% (wet
basis)) when compared to the spinach powder
(3.28£0.01%), the replacement of the wheat flour
with the spinach powder caused a significant
decrease in the moisture content of both the
batter and cake (P <0.05). The moisture contents
of cakes with spinach powder (12.75%3.43% -
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16.40£1.15%) were found to be lower when
compared to cake with orange flour (wheat flour
+ 12.5% orange flour, 25.55%), cake with passion
fruit flour (wheat flour + 20% passion fruit flour,
27.50%) and cake with an orange flour and
passion flour blend (wheat flour + 10% passion
fruit flour associated to 6.25% orange flour,
31.49%, Oliveira et al., 2016). In addition, Oliveira
et al. (2016) reported that cake with orange flour
has a lower moisture content compared to plain
cake (27.91%), whereas, the higher moisture
content values were obtained for cake with
passion flour and cake with the orange flour and
passion flour blend. Different cake formultions,
additives, the water holding capacity of the
additives, baking conditions, etc. may be the
reason for the differences.

Similar to the moisture content values, the water
activity values of cake batters and cakes generally
and significantly decreased depending on the
increasing replacement ratio (P <0.05) and the
lowest water activity values were observed from
the cake with 10% spinach powder. The baking
process caused around a 20.93% (plain cake),
43.37% (4% spinach powder addition), 53.87%
(6% spinach powder addition), 50.65% (8%
spinach powder addition), and 52.12% (10%
spinach powder addition) moisture loss for the
cake batter.

The color values of spinach powder were
measured to be as L*=51.78%+0.66, a*=-
6.59£0.08, and b*=22.16£0.32. The color values
of the cake batters, crust, and crumb (L*, a*, and
b*) of the cake samples are shown in Figure 1.
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Figure 1. Color Values of Cake Batters (a), Crust

(b), and Crumb (c) that containing different amount

of spinach powder

911



912

G. Caliskan Kog, T. Erbakan, E. Arici, S.N. Dirim

The baking process alters the surface properties
of the food and subsequently changes light
reflection and product color. In addition,
chemical reactions such as oxidation take place
during baking due to heat effect. These reactions
cause changes in the colour parameters from
lighter yellow to darker yellow (Croguennec, 2016
and Soleimanifard et al., 2018). Besides, the effect
of the baking process, the addition of spinach
powders to the cake formulation also caused a
significant difference in the color values of the
batters and cakes (P <0.05). In addition,
significant differences were observed between the
crust and crumb of the plain cake and cakes with
spinach powder (P <0.05). The brightness values
of the cake batters and crumb significantly
decreased depending on the increasing amount of
spinach powder (P <0.05). It may be due to the
darker color (lower L* wvalue) of the spinach
powder compared to the wheat flour. The a*
values of the cake batters were generally found to
be in the negative scale which indicates the green
color except for the batter with 4% spinach
powder. While the green color (negative a* values)
of spinach was not found to be effective on the
crust color, the a* values of the cake crumb
attained negative values beyond the addition of
6% spinach powder. Generally, similar to the L*
values, the addition of spinach powder to the cake
formulation resulted in a significant decrease in
the a* values of the cake batters, crust, and crumb.
Galla et al., (2017) reported that the color values
of biscuits decreased depending on the increasing
amount of hot air-dried ((55% 2 °C for 8 h.))
spinach powder (L*=55.36, a*=-3.35, b*=13.91).
The color values of the control biscuit, biscuit
with 5%, 10%, and 15% spinach powder are L* =
66.15, a* = 11.806, and b* = 33.95, L* = 47.96, a*
=1.52, and b* = 14.26, L* = 42.07, 2* = 0.40, and
b* = 5.58, and L* = 40.74, a* = 0.61, and b* =
4.42, respectively. In addition, the biscuits have a
dark color instead of green color which may be
due to the browning of the spinach carbohydrates
during baking. Similarly, in this study, the lower
L* values of the spinach cakes may be due to the
browning of the spinach powder during baking.
The b* values of the cake batters significantly
increased according to the increasing amount of
spinach powder (P <0.05), while the b* values of

the cake crust and crumb generally were not
significantly affected with the additional spinach
amount (P >0.05). Kim et al., (2001) studied the
dextrin addition to the yellow cake formulation
and they reported that the L* value of the cake
with octenyl succinylated amylodextrin (OSAD)
was significantly higher than the control cake,
whereas, all cake with Maltodextrin (MD, MD+
amylodextrin (AD), and MD+OSAD) exhibited
significantly lower values (P <0.05). The AE
of the cake containing MD were
significantly higher than the control and the cake
with AD or OSAD (P <0.05). Moteover, a
greater darkness and yellowness were observed in
the cake with MD and it was possibly caused by
the browning reactions during baking.

values

Vitamin C is the least stable vitamin and easily
oxidized to form a free radical. The most harmful
factors affecting vitamin C are the availability of
oxygen, prolonged heating in the presence of
oxygen, and exposure to light (Klein and Kurilich,
2000). Thermal processes can be used in food
processing techniques to prolong the shelf life of
the food products or to prepare the final food
product for consumption, but directly reduced
the vitamin C content in the food products. Food
processing techniques such as soaking, drying,
cooking, etc. have a mainly negative affect on the
vitamin C content in food products such as bread,
cake, biscuit, etc. (Leskova et al., 2006 and
Rakcejeva et al,, 2011). Thus, the determination
of the vitamin C content in food can be crucial to
optimize the desired process time to minimize the
vitamin content losses. The vitamin C results for
the cake batters and cakes with spinach powder
are given in Figure 2. According to the results, the
vitamin C content of the cake batters and the
cakes with spinach powder were found in the
range between 0.018%0.003 and 0.033%0.001
(mg/100g). The vitamin C contents of the cakes
were significantly increased proportionally to the
amount of the spinach powder addition (P <0.05),
whereas, in the cake batter, the vitamin C content
was not significantly affected (P >0.05). Nursal
and Yicecan, (2000) stated that the vitamin C loss
for spinach after the cooking process (cooking for
5 minutes) decreased to 58% compared to the
fresh or uncooked spinach. In another study, llow
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et al., (1995) determined vitamin C losses as
53.3% for the conventional cooking process.
According to the vitamin C results, the maximum
vitamin loss was found in the plain cake as
38.05% and the vitamin C loss for cakes with
spinach powder were lower than the plain cake
and in the range between 15.84 - 21.57%. It can

0,4 -
0,35
0,3 -

0,25 -

0,15

Vitamin C Content {(mg/100g)

0,05 -

Plain Cake 49 6%

be said that the spinach powder and the cake
formulation matrix were adjusted positively and
the addition of spinach powder to the cake
formulation provides the vitamin C retention for
better quality cakes and more valuable cereal
products.

W Cake Batter

W Cake

8% 10%

Spinach Powder Addition (as % of Total Weight)

Figure 2. Vitamin C content of cakes (mg/100g)

Weight loss, cooking vyield, symmetry,
uniformity, and the volume index values of
cakes

Weight loss is one of the main parameters which
indicates the cake quality (Kahraman et al., 2008).
The weight loss of cakes ranged between 10.51%
and 14.83% (Table2). The weight loss of the
control cake was found to be higher than the
other cakes. It might be due to the higher
moisture content of the plain cake batter or water
holding capacity of the spinach powder. Because
the addition of spinach powder increased the total
solid content of the cake batter. In addition, the
high fiber content of spinach which is related to a
higher water holding capacity may be the reason
for the lower amount of weight loss. Similarly,
Gomez et al., (2007) reported that the yellow layer
cakes containing hydrocolloids had lower
moisture losses compared to the control cakes.
Aydogdu et al., (2018) also reported that a higher
amount of lemon fiber prevented the moisture

loss of cakes when compared to the control cake
due to the high water holding capacity of the
lemon fiber. In addition, the weight loss of the
cakes with spinach was found to be higher than
pea, oat, apple, and lemon fiber-enriched cake
(4.50 - 5.35%, Aydogdu et al., 2018), white layer
cake (5.6 - 7.7%, Kahraman et al., 2008), and rice
cakes (7.70 -10.7%, Turabi et al, 2008).
According to the findings of this study, it can also
be stated that spinach powder is an important
additive in order to prevent moisture loss from
the cake during baking. For this reason, it may be
used in the cake formulation in order to reduce
weight loss instead of gums. The cooking yield
(%) of cakes ranged between 85.17% and 89.40%
and generally increased depending on the
increased amount of spinach powder. It may be
due to binding a significantly greater amount of
water using spinach compared to wheat flour. As
a result, higher water retention resulted in higher
cooking yield which is desired for cakes.
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The symmetry, uniformity, and volume index
values of the cakes ate given in Table 2. The effect
of replacing spinach powder with wheat flour in
cake formulations on symmetry and uniformity
(except for cake with 4% spinach powder) index
values of the cakes were found to be statistically
insignificant (P >0.05). All symmetry index values
were found to be in the positive scale which
implies that cakes principally rise in their central
part. In addition, the symmetry index gives an idea
about gas retention in the final baking phase
(Gomez et al., 2008). In this study, the higher
symmetry index values which are the expected
behavior of the cakes is the rise in the central part
and was observed from the cake with 10%
spinach powder. The volume index values of
samples ranged between 82.00 - 95.00mm,
however, the addition of spinach to the cake
formulation did not show a clear trend on the
volume index values. The volume index value of
plain cake was generally found to be higher than
cakes with spinach except for the cake with 10%
spinach powder. Hera et al., (2012) reported that
cakes with a low volume show a low symmetry

index. Similarly, in this study, the cake with 10%
spinach powder has both higher symmetry and
volume index values compared to other powders.
Hera et al.,, (2012) also reported that there are
some factors which are effective on the final
volume of the cakes such as starch gelatinization,
gas loss during processing, and possible structure
collapse after baking. In this study, the
replacement of wheat flour with spinach powder
may have resulted in a lower starch gelatinization
due to the low starch content of the spinach
compared to wheat flour. Similarly, Seyhun et al.,
(2005) reported that the volume index of cake
with pre-gelatinized starch added was found to be
higher when compared to other cakes (control
cake and cake with corn, potato, waxy corn or
amylomaize starch), because the development of
the structure and volume of the cakes can easily
be completed during baking due to its already
gelatinized structure. Among the spinach cakes,
the highest volume index was observed as 95.00
mm in the cake with %10 spinach powder. It
means that the cake had a desired convex shape.

Table 2. Weight loss, cooking yield, symmetry, uniformity, and volume index values of cakes (n=3)

Amount of Spinach Weight Cooking Symmetry  Uniformity Volume
Powder Addition (as % of Loss (%) Yield (%) Index Index Index (mm)
Total Weight) (mm) (mm)

Control 14.83+0.914  85.17£0.94+  2.50+0.35*  0.50+0.01=  87.50%3.54>

4 12.4520.36>  87.55+0.36> 2.50£0.70=  0.2520.07*  80.50£3.54~

6 12.47+0.67>  87.53+0.67> 2.50+0.35*  0.50+0.01=  87.50%3.54>

8 13.19£0.20  86.81+0.20=  2.50%0.21*  0.50£0.07¢  82.00%0.00¢

10 10.51£0.44*  89.40+0.44c  3.50%0.712  0.50£0.07¢  95.00%+1.41¢

a-d different letters in the same row indicate significant differences between average values P <0.05.

Sensory Analysis

Consumer research is one of the key applications
for goods companies in order to make product
decisions, such as the development and marketing
of new products, the reformulation of existing
products, the acceptance of suppliers and
processes, and the establishment of quality
control specifications. According to Mercier et al.,
(2016), the sensory evaluations showed that
enrichment levels below 10% generally do not

affect consumer acceptance, but higher
enrichment levels significantly decrease it. For
this reason, in this study, the spinach

concentration was kept under 10%. Sensory
evaluation data of the cakes are shown in Figure

3.

The sensory evaluation was used for the
determination of the main sensory attributes of
the spinach cake. The sensory evaluation based on
the determination of the cake quality and general
consumer acceptability showed that the cake with
10% spinach powder had greater acceptance by
panelists and the sensory properties of the cake
such as color, flavor, aroma, and overall
acceptability were found to be greater than the



Cakes supplemented with spinach powder

other cakes. Although the flavor and aroma of the
cake with 10% spinach powder had the highest
scores, the odor of this cake was not desired by
the panelists. According to the higher aroma
scores of cakes with 10% spinach powder, it can
also be stated that cake preserved the pleasant and
characteristic aroma of spinach. The differences
between the color, flavor, porosity, and texture
scores were not found to be statistically significant
(P >0.05), however, the aroma score of the cake
with 10% spinach powder and the aroma score of
plain cake and cake with 6% spinach powder were
found to be significantly lower compared to the
other cakes (P <0.05). In addition, the hardness
scores of cakes with spinach powder were found
to be significantly higher compared to the plain
cake (P <0.05). The desired structure and texture
of the cake is provided by starch gelatinization.
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The reason for higher hardness scores of cakes
with spinach may be due to the low starch content
of spinach compared to wheat flour. It may also
be stated that after baking, and thus after starch
gelatinization, the cake with spinach was not
sufficiently formed to the desired cake structure
by the panelists. In addition, the lower moisture
content of the cake with spinach powder
compared to the plain cake may also be the reason
for higher hardness scores. Galla et al.,, (2017)
reported that the biscuits with 5% hot air dried
spinach powder (55 2 °C for 8 h., 8.60%
moisture content) was more acceptable compared
to the biscuits with 10% and 15% spinach powder
and the flavor scores decreased as the spinach
powder increased and bitterness was noticed as an
aftertaste in the biscuits with 15% spinach
powder.

-« @+ Plain Cake

4% Spinach
.. ) Flavor Powrder
.
6% Spinach
Powrder
:
HY 8% Spinach
O j Odor Powder
b +++ @+ 10% Spinach
Powrder
. 3 : ‘
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Figure 3. Results of sensory evaluations

Conclusion

In this study, the cakes with an alternative and
improved formulation with the addition of
microwave dried spinach powder were produced.
The addition of spinach powder to the cake
formulation resulted in a significant decrease in
the moisture content and water activity values of
both cake batters and cakes. The L* and a* values

of cake batters and crumb generally decreased
depending on the increasing amount of spinach
powder. The addition of the spinach powder to
the cake formulation resulted in a decrease in
weight loss (10.51 - 14.83%), whereas, there was
an increase in the cooking yield (85.17 - 89.40%)
which is also desired for cakes. This may be due
to the water binding properties of spinach. The

915



916

G. Caliskan Kog, T. Erbakan, E. Arici, S.N. Dirim

cake with 10% spinach powder has both higher
symmetry and volume index values compared to
other powders which show the development of
desired structure and volume. The results showed
that there is a significant enhancement in the
vitamin C content of cake made with spinach
powder (P <0.05). The cake with 10% spinach
powder had the highest rating (4.25 for color, 4.20
for flavor, 4.25 for aroma, and 4.20 for overall
acceptability) compared to the other samples. As
a result of this study, it can be stated that the
addition of spinach powder to the cake
formulation will be a solution to increase the
vitamin C content, cooking yield, symmetry and
uniformity index values, colot, flavor, aroma, and
overall acceptability scores of the cakes.
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ABSTRACT

The aim of the study was to investigate the foaming and emulsifying properties of lyophilized whole quail
egg, egg yolk and egg white. The microstructural properties of oil-in-water emulsions of egg powders were
determined and rheological properties of mayonnaise-like product produced using egg yolk powder were
investigated. The highest foaming capacity was recorded for egg white powder at all pH levels. Egg yolk
powder at 1% dispersion level had the highest emulsion activity index value (P<0.05). Micrographs of
scanning electron microscope (SEM) proved that the finest emulsion was prepared using egg yolk powder.
Mayonnaise-like product produced using egg yolk powder exhibited gel-like structure (G’>G”) with shear
thinning behavior. Quail egg yolk powder was successfully used in production of a product having acceptable
theological properties. Consequently, it was shown that lyophilized quail egg powders had potential to be
used as alternative foaming and/or emulsifying agents in food products.

Keywords: Quail egg, lyophilization, emulsion, scanning electron microscopy, theology

LIYOFILIZE BILDIRCIN YUMURTASI, YUMURTA BEYAZI VE YUMURTA
SARISININ KOPUK OLUSTURMA VE EMULSIFIKASYON OZELLIKLERININ
BELIRLENMES]

0z

Bu ¢alismanin amaci liyofilize edilmis bildircin yumurtasi, yumurta beyazt ve yumurta sarisinin képik
olusturma ve emilsifikasyon 6zelliklerini arastirmaktir. Liyofilize bildircin yumurtast tozlarinin suda
yag emilsiyonlarinin mikroyapisal 6zellikleri belirlenmis, yumurta beyazi tozu kullanilarak tretilen
mayonez benzeri Grtine ait reolojik 6zellikler arastirlmistir. En yiksek kopiik olusturma kapasitesi,
tim pH degerlerinde yumurta beyazi ile elde edilmistir. En yitksek emiilsiyon aktivite endeksi degeri,
%1 dispersiyon diizeyinde yumurta sarisi tozu ile elde edilmistir (P<0.05). Taramali elektron
mikroskobu (SEM) ile elde edilen gériintiiler, en iyi emillsiyonun yumurta sarisi tozu ile elde edildigini
kanitlamustir. Liyofilize bildircin yumurtasi sarisi ile iiretilen mayonez benzeri tiriiniin kayma incelmesi
davranist sergiledigi ve jel benzeri yapt (G’>G”) olusturdugu belirlenmistir. Liyofilize bildircin
yumurtast sarisi, kabul edilebilir reolojik 6zelliklere sahip mayonez benzeri tiriin Gretiminde basarili
bir sekilde kullanilmistir. Sonu¢ olarak, liyofilize bildircin yumurtast tozlarinin, gida triinlerinde
koptk olusturucu ve/veya emilsiyon olusturucu alternatif bilesen olarak kullanilabilme potansiyelinin
mevcut oldugu gbsterilmistir.

Anahtar kelimeler: Bildircin yumurtasi, liyofilizasyon, emiilsiyon, taramali elektron mikroskobu,
reoloji
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INTRODUCTION

Japanese quail (Coturnix coturnix japonica) is a
domesticated small bird and commercially used
for egg and meat production due to its fast growth
and laying rate, rapid sexual maturity, and low
feed requirements compared to other raised birds
such as chicken, turkey and duck (Panda and
Singh 1990; Rahman et al. 2016). The quail
products are not accepted as a food source
wortldwide, but they are becoming more popular
as conventional food in Europe and Asia. Having
high content of protein with low fat and
cholesterol along with the high mineral and
vitamin content makes quail egg not only a good
source of nutrients but also a potential ingredient
for industrial food applications (Segura-Campos
et al. 2013). The high protein content of quail egg
proves that it can serve as an emulsifier or a
binder in various food processing applications
(Tokusoglu, 2006; Durakli Velioglu et al. 2018;
Segura-Campos et al. 2013). In the literature, there
are studies investigating the functional properties
of chicken and quail egg components (Segura-
Campos et al, 2013; Oztitk et al. 2016;
Orishagbemi et al. 2017) and quail egg was
reported to exhibit superior functional properties
than chicken egg (Kudre et al., 2018). There are
also studies about the effect of processing on the
functionality of egg components (Huang et al.,
2010), since the processes such as heat treatment,
drying, freezing and thawing applied to egg could
alter the functional properties such as foaming,
gelling and emulsifying by means of structural
unfolding of the proteins and also lipoproteins
(Thierau et al. 2014). However, the studies about
the functionality of quail egg is still limited and to
the best of our knowledge, microstructure and
rheological properties of oil-in-water emulsions
produced using lyophilized quail egg were not
studied. Therefore, the aim of the present study
was to investigate the foaming and emulsifying
properties of lyophilized whole quail egg, egg
white and egg yolk. For this aim determination of
the aforementioned functional properties along
with the microstructural properties of oil-in-water
emulsions of lyophilized quail egg powders and
rheological properties of mayonnaise-like product
produced using egg yolk powder was

accomplished. Additionally, proximate
composition of the samples was determined.

MATERIALS AND METHODS
Preparation of egg powders

A total of 240 eggs from Japanese quail were
obtained from quail coops of Department of
Animal Science, Namik Kemal University,
Tekirdag, Turkey. All eggs were stored at 4°C
until the analysis. Eggs were deshelled manually
and egg white, egg yolk and whole egg were
obtained in liquid form and collected in
polyethylene sample containers. The vitelline
membrane was removed at the separation step of
the egg yolk. Then, as a pretreatment, all the liquid
samples were stored at -80°C in freezer (TSU700,
Thermo Fisher Scientific, OH, USA) for 24 h.
The samples were lyophilized using a laboratory
freeze dryer (Alpha 2-4 LDPlus, Christ GmbH,
Germany) at a temperature of -76°C and pressure
of 0.001 mbar. The samples were used without
defatting. Dried and powdered samples were
stored at -20°C for further analysis.

Proximate composition

Total protein, ash, moisture and fat analysis of the
samples were done according to the AOAC
official methods 954.01, 923.03, 925.09 and
920.39, respectively (Horwitz, 1997).

Water and fat absorption capacities

Both water absorption capacity (WAC) and fat
absorption capacity (FAC) analyses were done
according to the methods described by Segura-
Campos (2013) and Lili et al. (2015) with slight
modifications. One gram () sample and 10 ml
distilled water or corn oil were mixed in pre-
weighed 15 ml centrifuge tube using a vortex for
1 min at room temperature. Sample was left to
stand for 30 min at 30°C in an incubator. The
initial volume of the mixture (I77) was recorded.
Tubes were centrifuged at a speed of 2500 g for
20 min. The supernatant volume (172 was
recorded. Equation 1 was used for calculation of
water and fat absorption capacities. The results
were given as ml of water per gram of sample and
ml of oil per gram of sample for water and fat
absorption capacity, respectively.



Some functional properties of quail egg powders

v, -V
WAC/FAC = 1W 2 1)

Emulsifying properties

The method described by Kudre et al. (2018) was
used for determination of emulsion activity index
(EAI) and emulsion stability index (ESI) of
samples with slight modifications. Corn oil (6 ml)
and egg powder suspensions (1%, 2% and 3%, 18
ml) were homogenized with homogenizer (T25
Ultra-Turrax, IKA-Werke GmbH, Staufen,
Germany) at 10000 rpm for 2 min. One ml
emulsion was diluted with 99 ml 0.1% SDS
solution. After mixing with vortex for 20 s, initial
absorbance of the mixture (Ag and the
absorbance at 10% min (A4;9) were read at 500 nm
using a spectrophotometer (Optizen POP UV-
Vis, Mecasys Co. Ltd., Daejeon, Korea). Equation
2 and 3 were used for calculation of EAI and ESI:

(2%x2.303xAXDF)
(Ux@px0C)

EAI (m?/g) = @

Ao

ESI (min) = —— X
(min) (4o — A1o)

At 3)

where DF is the dilution factor of the emulsion
(100), 1 is the path length of spectrophotometer
cuvette (m), @ is the oil volume fraction, C is the
protein concentration in aqueous phase (g/m?)
and At is 10 min.

Foaming properties

Foaming capacity (FC) and foam stability (FS)
were investigated according to the methods
described by Segura-Campos et al. (2013) and
Kudre et al. (2018) with slight modifications. A 50
ml solution prepared with 3% sample and distilled
water was blended at 5000 rpm for 5 min using
homogenizer. The pH value of the solution was
adjusted to 2, 3,4, 4.5,5,6,7,8,9, 10, 11 and 12
and the analysis was repeated for every single pH
value. FC was calculated using the foam volume
at the 30 second. IS values were calculated using
the foam volumes recorded at the 30 and 60t
min after homogenization. Equation 4 and 5 were
used for calculation:

FC(%) = (V;/Vp) x 100 “

where, I;is the final volume of the foam at the
30t second after homogenization, 17y is the
volume of protein dispetsion at the beginning of
the analysis (50 ml) and 1/ is the volume of the
foam recorded at the 30t and 60 min after
homogenization.

Color analysis

Color measurements (L* 4% b* values) of the
powdered samples and the emulsions were
performed using a colorimeter (Chroma meter
CR-5, Konica Minolta, Japan). The sample was
filled in a Petri dish avoiding any gap. Three
replicate measurements were performed and the
average of the results was used. In the Lab color
space, L*, a* and b* values indicate the lightness,
red/green and  yellow/blue  coordinates,
respectively.

Microscopic analysis of emulsions

Emulsions of egg yolk, egg white and whole egg
powders with corn oil were prepared. Total
emulsion was composed of 1.3% egg powder,
23.7% distilled water and 75% corn oil for every
single emulsion. Powdered sample was rehydrated
using distilled water and during homogenization
process at 7000 rpm with homogenizer, corn oil
was added at a speed of 0.2 ml/sec. Fine
emulsions were stored at +4°C until microscopic
analysis. Micrographs of the emulsions were
obtained using scanning electron microscopy
(FEI-SEM QUANTA FEG 250, Thermo Fisher
Scientific, Oregon, USA). Environmental
Scanning Electron Microscopy (ESEM™) mode
with gaseous secondary electron detector
(GSED) was used in order to avoid breakage of
emulsion. Emulsions were cooled down to 5°C
on peltier cooling stage and the images were
captured at this temperature. The chamber had a
pressure of 100-150 Pa and the micrographs with
maximum resolution were saved.
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Rheological measurements of the
mayonnaise-like products

The quail egg yolk powder was utilized in the
production of mayonnaise-like product. Fresh egg
yolk was used in order to produce a control
sample. The mayonnaise-like products were
prepared according to the formulation of Huang
et al. (2016) with slight modifications. 0.67 g salt,
1.3 g sugar, 5 g egg yolk powder and 10 ml water
was mixed at low speed (3000 rpm) for 1 min.,
and then the oil was added drop-wise during the
blending at high speed (10000 rpm) using
homogenizer. Vinegar was added at the last step
and blended again for 1 min. The mayonnaise-like
products produced using egg yolk powder and
fresh quail egg yolk were coded as A and B,
respectively. The rheological properties of the
mayonnaise-like products were determined using
Discovery Hybrid Rheometer-2 (T'A Instruments,
DE, USA). 40 mm standard peltier parallel-plate
configuration was used as the geometry. The
measurements were conducted at a 1100 pm gap
distance at 25 °C. Flow curves were obtained at a
controlled shear rate which increased linearly in
the 0.1-100 1/s shear range, then decreased
lineatly to 0 1/s in a total duration of 100 s
(Huang et al. 2016). Herschel-Bulkley rheological
model was used to determine the flow behavior
characteristics as shown in Equation 6:

T=10+ k-y" (6)

where, 1, 10, £, ¥ and 7 represent shear stress (Pa),
yield stress (Pa), consistency index (Pa.s"), shear
rate (s!) and flow index, respectively (Stokes and
Telford  2004).  Herschel-Bulkley — model
parameters and R? values were determined by the
TA instrument software (T'A Instruments, DE,
USA).

Oscillation  tests were performed for the
measurement of structure without deformation
(Kurt and Genccelep 2018). Firstly, the linear
viscoelastic range was determined using strain
sweep (0.001-100%) at a frequency of 1.0 Hz.
Within the linear viscoelastic range, the frequency
sweep test was performed within a frequency
range of 0 and 400 rad/s at 25°C. The storage
modulus (G’) and loss modulus (G”) values were
recorded and plotted as a function of angular

frequency. Temperature sweep test was
conducted by using a constant strain of 0.1%
within the linear viscoelastic range at a frequency
of 10 rad/s. The test was petformed over a
temperature range between 30 to 80°C with
increments of 2°C/min. The storage modulus
(G’) and loss modulus (G”) values were recorded
and plotted as a function of temperature.

Statistical analysis

All analyses were done in duplicate. The data
obtained from the analysis were subjected to
ANOVA and Duncan multiple test was used to
show differences between the mean values using
the software PASW Statistics 18.0.0 (IBM, New
York City, New York, USA).

RESULTS AND DISCUSSION

Proximate composition

The proximate composition of lyophilized egg
yolk, egg white and whole egg is reported in Table
1. As expected, the highest protein content was
found in egg white powder as 92.8% and this
finding was compatible with the findings reported
by Segura-Campos et al. (2013) and Kudre et al.
(2018) for dried egg white. The protein content of
whole egg powder was found as 41.0% which was
lower than the finding reported for whole quail
egg (50.8%) by Tokusoglu (2006). The lipid
content of egg white powder (0.7%) found in this
study was in general agreement with the values
present in literature. The egg yolk and whole egg
powders used in the present study included 52%
and 39% lipids, because in the present study these
powders were not subjected to additional
defatting step. However, in their study, Kudre et
al (2018) defatted the egg yolk and whole egg
samples using hexane after the lyophilization step.
The other slight differences in proximate
composition may be due to the different feeding
practices and welfare conditions of the birds used
as material in different researches.

Water and fat absorption capacities of egg
powders

Egg white powder showed significantly high
water absorption capacity (7.21 ml/g) compared
with yolk (2.84 ml/g) and whole egg powder (4.50
ml/g) (P<0.05). The result could be explained by
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the previous finding of this study as the more the
protein content in egg white powder, the higher
the water absorption ability of the sample.
Additionally, the high water absorption capacity
can be related with the exposure of polar groups
in egg white protein which have significant effect
on the amount of absorbed water (Lili et al. 2015).
The samples of the present study showed better
water absorption capability than that of reported
by Segura-Campos et al. (2013). The reason of this

difference may be the dehydration technique they
used over 65°C which caused more damage on
egg proteins in the meaning of water absorption
ability. On the other hand, there was no
significant difference between oil absorption
capacities of the powdered samples which were
measured as 2.21, 2.70 and 2.22 ml/g for egg yolk,
egg white and whole egg powder, respectively
(P>0.05).

Table 1. Proximate composition of lyophilized quail egg white, egg yolk and whole egg and color
values of these powdered samples and emulsions prepared using these samples

Protein Lipid Moisture Ash
Sample L ar b (Yo, w/w]  [%, EJ/W] Yo, w/w] [, w/w]
Sample  in
powder form
Egg white  91.67£0.26*  -1.50£0.08c  16.90£0.22¢  92.8+0.4*  0.7£0.0c  2.8%0.1*  3.1%0.1¢
Eggyolk  87.3040.19>  9.35+0.17>  34.6240.33* 37.9+6.4> 52.0%+2.0°  1.0+0.0c  5.1+0.3
Whole egg ~ 79.95+0.33¢  12.88+0.14*  3233%£0.33> 41.04£27° 39.0%32>  2.0+0.1>  4.2%0.0b
Emulsions
Egg white  80.73£0.24c  -1.86£0.02¢  14.14%0.12¢
Egg yolk 88.96+0.16*  -0.14£0.00>  15.10£0.02°
Whole egg ~ 84.52+0.02>  0.26+0.000  15.86%0.02 _ ‘ ‘ _

The results are given as mean values & standard errors (SE). Different letters in the column indicate significant

differences (P<0.05).

Emulsifying properties

Different proteins and protein sources have been
investigated for their functional properties and
behaviors in model foods and emulsions, and the
functionality of proteins is mostly evaluated in oil-
in-water emulsions (Mao and Hua 2012; Kurt and
Genccelep 2018). In these type emulsions, the
coating of oil droplets and minimal remaining in
the dispersed phase are the indicator properties of
successful emulsifiers (Foegeding 2015).

Fig. 1a presents the EAI and ESI values of the
quail egg powder samples at different dispersion
levels (1, 2 and 3%). It can be seen from the figure
that the EAI values differ with the dispersion
levels used. The results showed that at 1%
dispersion level, egg yolk powder had the highest
EAI value (P<0.05). At 2% dispersion level, there
were no significant difference between EAI
values of egg yolk and whole egg powders
(P>0.05). The EAI of egg yolk and egg white
powders decreased as the level increased from 1%

to 3%. On the contrary, EAI value of whole egg
powder increased with an increase in powder level
in emulsion. It is reported that at low protein
concentrations, protein migration takes place in a
diffusion controlled manner, and this enables the
proteins to unfold and localize at the oil-water
interface in the emulsions. Conversely, at high
protein concentrations, the proteins accumulate
in aqueous phase causing a decrease in EAI This
is explained by the activation energy barrier at
higher protein concentrations which blocks the
protein migration to take place in diffusion
controlled manner (Kudte et al. 2018). The result
of the present study for EAI of egg white powder
at 1% level (24.04 m?g") was compatible with the
finding of Kudre et al. (2018) which was reported
as 22.51 m?g! for lyophilized quail egg white
sample. However, the EAI values for egg yolk
(26.30 m?g") and whole egg (20.49 m?g!) samples
of the present study were lower than their findings
which were reported as 33.03 m?gand 26.64 m?g-
! for egg yolk and whole egg powders, respectively
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(Kudre et al. 2018). These differences in egg yolk
and whole egg powder samples may be because of
the additional defatting step they used. Using the
defatting step, they obtained products having
higher protein content affecting the emulsifying
properties. Moreover, the structural unfolding of
lipoproteins as well as proteins in the egg yolk
samples used in the present study may cause the
differences in emulsifying properties of the

samples. Also the freezing and thawing conditions
could affect the emulsifying properties (Huang et
al., 20106). In addition, EAI is a function of oil
volume, amount of protein and the procedure and
equipment used in emulsion production, hence
the differences between the results found in
literature are explicable (Pearce and Kinsella
1978).
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Fig 1(a) Emulsifying properties of the lyophilized egg yolk (EY), egg white (EW) and whole egg (WE)
samples: Emulsion activity index (EAI) and emulsion stability index (ESI) values (Different lowercase
letters indicate the significant differences in EAIL values. Different uppercase letters indicate the significant differences in
EST values (P<0.05). (b) Foaming properties at different pH levels
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As known, an emulsion is not stable evermore
and, oil and water phases show affinity for
separation. That is why the results for ESI value
is time depending. In the present study, 10 min
time interval was used for ESI measurement and
the results are given in Fig. 1a. The ESI values
reported by Lili et al. (2015) and Kudre et al
(2018) were higher than the results of the present
study. However, it was found that ESI increased
with the increase in dispersion level for egg white
powder as also reported by Kudre et al. (2018).
The same tendency was not observed for egg yolk
and whole egg powders. The ESI value decreased
slightly at 3% level of egg yolk powder. The ESI
values for whole egg powder also decreased with
the increase in dispersion level, and these can be
because of the differences in the protein content
of the products used in this study. Kudre et al.
(2018) reported partial protein denaturation
through drying as a factor which had a positive
effect on the emulsifying properties by means of
increasing the molecular flexibility and superficial
hydrophobicity. The differences in the process
conditions used and the differences in the
composition could be effective on the emulsifying
properties of the samples.

Foaming capacity and foam stability

Foaming properties were investigated at different
pH values for all samples. Foaming ability of the
egg proteins depends on their localization at the
air-water interface and homogenous distribution
in the dispersion. While the solubility of egg
powders is a pH dependent manner due to the
isoelectric point of individual proteins existing in
the sample, it is expected that the solubility is the
lowest or not at or near the isoelectric point (Lili
et al. 2015). As expected, the highest foaming
capacity was recorded for egg white powder as
shown in Fig. 1b. There are several proteins in egg
with different isoelectric points. The major
protein in egg white is ovalbumin and it has low
solubility at its isoelectric point, pH 4.5. The
decrease in FC at pH 4.5 could be explained by
the isoelectric point of ovalbumin. While the
results of the present study were compatible with
the results expressed by Kudre et al. (2018), sharp
decreases were not recognized in foaming
capacity with the increase in pH levels as reported

by Segura-Campos et al. (2013). FC values
measured in the present study verified that foam
formation occurs in an isoelectric point
dependent manner and decreases at pH 4.5 and
9.0 which are the isoelectric points of ovalbumin
and lysozyme, respectively (Rao et al. 2013).

Foam stability values for egg white, egg yolk and
whole egg powders at 30 and 60 min and
different pH levels are seen in Fig 2. The IS
values of egg white powder were generally higher
than that of egg yolk and whole egg. The highest
FS value was measured as 200% at pH 11. Hoppe
(2010) reported that ovomucin, one of the major
proteins in egg white, has long carbohydrate
chains which may increase the foam stability with
high water retention ability. In the same study, it
was found that the foam stability at pH 9.11 was
higher than that of pH 6. On the contrary, Segura-
Campos (2013) reported a decrease in FS value
with the increase of pH. The results of the present
study for FS were significantly higher than the
results found by Lili et al. (2015). In their study,
ES values for egg white protein produced by both
spray drying and freeze drying methods were
approximately 30%. The difference between the
findings could be explained by the denaturation
effect of spray drying on egg proteins and/or the
measurement of I'S value.

Color values of the samples

The color parameters (L* 4% 6% of powdered
samples and emulsions are given in Table 1. As
expected, L* value of egg white powder was the
highest such as the /* value of egg yolk powder.
The differences were significant for every color
parameter in sole sample group (P<0.05). L*
value of the emulsion containing egg yolk powder
was higher than that of other samples. This was
probably because of the high fat content of the
egg yolk. It was reported that higher fat content
and smaller fat droplets in the emulsion result in
high I.* values because of the good refraction of
light (Thaiudom and Khantarat 2011).

Microscopic structure of emulsions

The most critical point in microscopic analysis of
emulsion is the use of cooling stage at 5°C that
avoids the coalescing of oil droplets. SEM
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micrographs showed that the emulsification
ability of egg yolk (Fig. 3a) was better than whole
egg (Fig. 3b) and egg white (Fig. 3c). As reported
by Buxmann et al. (2010), if the role of every
single egg yolk component is considered
separately, egg yolk proteins determine the
emulsifying activity. As can be seen from Fig 3a,
the distribution of oil droplets in the emulsion
prepared with egg yolk powder was homogenous
and there was a smooth structure. On the other

hand, the emulsion prepared with egg white
powder had many oversized and deformed oil
droplets which were expected to be unstable in
shelf life of such an emulsion. There was a
moderate surrounding effect of proteins in the
emulsion prepared with whole egg powder and
this finding proved that the whole egg powder
could also be preferred in the preparation of an
emulsion.
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Fig 2 Foam stability of lyophilized egg yolk, egg white, and whole egg samples
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Rheological properties of the mayonnaise-
like products produced using egg yolk
powder

Typical flow curves for mayonnaise-like samples
were obtained as seen in Fig. 4a and 4b. The
experimental data fitted the Herschel-Bulkley
model well having high R? values (0.998 for
sample A and 0.995 for sample B). For Sample A
and B, n values were 0.57 and 0.52, respectively.
When the consistency index values (4.76 and 8.71
Pa.s» for A and B) were compared, control sample
could be seen as the emulsion with higher
viscosity. The change of viscosity of the
mayonnaise samples with the increase in shear
rate is seen in Fig. 4a. The higher the shear rate,
the lower the viscosity value indicating a non-
Newtonian flow behavior. As expected, flow
behavior of products like mayonnaise display
shear-thinning response, probably because of the
breaking up of oil droplet clusters with applied
shear (Liu et al. 2018).

In case of emulsions like mayonnaise, there is a

product (Stokes and Telfor, 2004). It is also a
useful parameter for the prediction of sensory
values of products like mayonnaise (Stern et al.
2001). Yield stress values for the upward flow
curves were 85.22 and 113.39 Pa for sample A and
B, respectively. The yield stress value of sample A
was lower than that of control sample (B)
showing that the control sample could stand more
stress than sample A. This is probably because of
the freeze drying process of the egg yolk. Freezing
and thawing processes were reported to be
effective on the emulsifying properties of egg yolk
by Huang et al. (20106). In the literature, there is
no study about the rheological properties of the
emulsions of the quail eggs. Nevertheless, the
yvield point of 85.22 Pa is comparable with the
values reported in the literature for mayonnaise-
like products produced using frozen chicken egg
yolk (15-32.4 Pa) (Huang et al. 2016), fresh
chicken egg yolk (42.2- 62.9 Pa) and lyophilized
chicken egg yolk granules (45.4 Pa) (Laca et al.
2010a). Stern et al. (2001) also reported yield
stress values of 43-190 Pa and 94-116 Pa for

critical level of stress that must be reached to flow. traditional and light mayonnaise samples
This value is called as yield stress and is of great containing 2% egg yolk.
importance in processing and stability of the
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Fig 4 Change of viscosity (a) and stress (b) values of the mayonnaise-like samples with shear rate
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Within the linear viscoelastic range, the strain
value of 0.1% was selected to be used in frequency
sweep test. According to the results of the
frequency tests (Fig. 4c) both of the samples
showed a viscoelastic behavior. G' always was
higher than G" throughout the frequency range
studied. Fig. 4c also shows the frequency
dependency of G’ and G” values. Hence, the
mayonnaise-like products produced using quail
egg yolk samples showed gel-like behavior
(Thaiudoma and Khantara, 2011). Such behavior
was also reported for mayonnaise samples studied
in the literature (Laca et al, 2010a). It is known
that G’ of an emulsion is a good indicator of the
emulsion’s solid-like character originating from
the network structure of the emulsion. Hence, it
can be concluded that the viscoelastic property of
sample A is lower than that of control sample
indicating a less solid-like mayonnaise sample
showing a weaker structure which can be easily
broken under shear stress (Huang et al. 2016).
This difference could be attributed to the effect
of freezing conditions. The lyophilization process
of the quail egg yolk used in the production of the
mayonnaise-like product could be effective on the
viscoelastic behavior of the product.

The temperature dependence of G’ and G” values
of the mayonnaise-like products produced using

quail egg yolks were presented in Fig. 4d. All the
values started to decrease around 40°C until
around 70°C, and then increased. It is obvious
that at high temperatures the denaturation of egg
yolk proteins occurred. G’ value of sample A
started to increase after 70°C, and that of the
sample B started to increase after 73°C. This point
was reported to be the indication of the transition
from a liquid-like state to a solid-like state (Laca
et al. 2010b). Huang et al. (2016), reported this
point between 57.5 - 67°C for the mayonnaise-
like products produced using stored frozen
chicken egg yolks. The difference could be
because of the different raw materials and process
conditions used.

CONCLUSION

Foaming and emulsifying properties of
lyophilized whole quail egg, egg white and egg
yolk were investigated in this study. Lyophilized
quail egg white, egg yolk and whole egg had
different properties in the meaning of
emulsification, foaming and water binding. The
highest protein content was found in egg white
powder and this resulted to the highest water
absorption ability. While the egg white powder
was superior in foaming capacity, egg yolk and
whole egg powder was good in emulsion
formation. SEM analysis of the emulsions
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prepared with the samples showed that the
microscopic structure of the emulsion produced
using egg yolk powder was the most homogenous
one. Quail egg yolk powder was successfully used
in the production of mayonnaise-like product
having acceptable rheological properties. As a
result, quail egg powders obtained by
lyophilization technique could serve as alternative
components in food industry. Further research
could be conducted about the usage of lyophilized
quail egg powders in different food products.
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ABSTRACT

Wheat flour used in traditional Turkish noodle formulation was replaced with einkorn wheat flour (EWF)
at 0, 20, 40, 60, 80 and 100% levels. The effects of EWE on some properties of noodle samples were
evaluated. The use of EWF resulted in significant increases in the ash, protein, total phenolic content and
antioxidant activity of noodle (P<0.05). Volume and weight increase values increased as EWF ratio
increased. The lowest cooking loss value (5.85%) was obtained in noodle containing 100 EWF%. Ca, Fe,
Cu and Mg contents of noodle samples increased 1.41, 3.27, 1.45 and 2.66 times at 100% EWF compared
to control sample. The use of 100% EWE decreased the taste and chewiness scores of cooked noodle.
Considering the physicochemical, sensory properties and cooking quality of the samples, it can be concluded
that the EWF can be used successfully up to 60% level in the Turkish noodle formulation.

Keywords: Turkish noodle, einkorn, antioxidant, total phenolic, mineral

GELENEKSEL TURK ERISTESI URETIMINDE SIYEZ UNUNUN
(Triticum monococcum L.) PERFORMANSI

(074

Gelencksel Tirk eristesi formiilasyonunda kullanilan bugday unu, % 0, 20, 40, 60, 80 ve 100 oraninda
einkorn bugday unu (EBU) ile yer degistirmistir. EBU’nun eriste 6rneklerinin bazi 6zellikleri tizerine
etkileri degerlendirilmistir. EBU kullanimi, eristenin kill, protein, toplam fenolik madde iceriginde ve
antioksidan aktivitede 6nemli (P<0.05) artislara neden olmustur. EBU orani arttik¢a hacim ve agirlik
artist degerleri de artis géstermistir. En distik pisirme kayb: degeri (%5.85), %100 EBU iceren
eristede elde edilmistir. Eriste 6rneklerinin Ca, Fe, Cu ve Mg icerigi kontrol érnegine gére %100
EBU'da 1.41, 3.27, 1.45 ve 2.66 kat artmigtir. %100 EBU kullanim1, pismis etistenin tat ve ¢igneme
puanlarint azaltmistir. Orneklerin fizikokimyasal, duyusal 6zellikleri ve pisme kaliteleri dikkate
alindiginda, Tirk eristesi formiilasyonunda EBU'nun %060 seviyesine kadar basartyla kullanilabilecegi
sonucuna varimistir.

Anahtar kelimeler: Turk eristesi, einkorn, antioksidan, toplam fenolik, mineral
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Use of einkorn flour in Turkish noodle formulation

INTRODUCTION

Many types of noodles are produced in the world.
In its simplest form, wheat noodles are a type of
pasta prepared from dough containing flour,
water and salt. Noodle raw materials, especially
flour, have a great impact on the quality of the
final product. Both protein content and protein
quality of wheat flours affect the properties of
noodle (Park and Baik, 2004). Color, cooking
properties, texture and taste are quality
parameters that influence consumer acceptance.
Dry pasta must have an attractive appearance
while cooked pasta must meet consumer criteria
for good yellow color retention, smooth surface,
pleasant flavor, firmness and stickiness with
minimal cooking losses (Sisson et al., 2005;
Brandolini et al., 2018).

Traditional Turkish noodles are produced mainly
from wheat flour, egg and salt. Milk, whey powder
and other additives can be added into noodle
formulation in some regions of Turkey. The
production stages of Turkish noodles include
mixing, sheeting of dough, pre-drying, cutting and
drying (Ozkaya et al., 2001; Bilgicli, 2009). Turkish
noodles can be enriched with various protein
sources, dietary fiber and micronutrients to
improve their nutritional properties. In the
literature, some cereal flours (Aydin and Gocmen,
2011), pseudo cereals (Bilgicli, 2009; Bilgicli,
2014), legume flours (Demir et al., 2010; Bilgicli
et al,, 2011; Bilgicli, 2013), cereal and legume
brans (Ertas, 2014; Yilmaz Tuncel et al., 2017,
Kaya et al., 2018), wheat germ and {3 glucan (Aktas
et al., 2015), some fruit seed flour (Koca et al.,
2018), chia flour (Levent, 2017), dairy by products
(Aktas and Turker, 2015), flaxseed (Yiksel et al.,
2018), apple fiber (Yuksel and Gurbuz, 2019)
have been used for enrichment of the Turkish
noodles.

Einkorn (Triticum monococcum 1..) is one of the
ancient wheat cultivated in Turkey, Balkan
countries, southern Italy, Germany, Switzerland,
southern France, Spain and Morocco (Hidalgo
and Brandolini, 2014). The hulled wheat einkorn
was domesticated approximately 10000 years ago
in the Karacadag region of Turkey (Heun et al,,
1997; Loje et al., 2003; Hidalgo and Brandolini,

2014).  Einkorn kernels are rich source of
proteins, lipids (generally unsaturated fatty acids),
fructans, minerals especially zinc and iron
compared to durum bread and bread wheat. It
also contains carotenoids, tocols, conjugated
phenolics, alkylresorcinols and phytosterols with
high antioxidant content (Hidalgo and Brandolini,
2014; Fogarasi et al., 2015). Einkorn is generally
more resistant to drought, diseases and suitable to
be grown in environmentally friendly organic
farming (Loje et al., 2003; Fogarasi et al., 2015). It
is important for developing new or special foods
such as bakery products, baby foods or enriched
foods with high contents of protein, dietary fibre,
carotenoids and tocols (Hidalgo and Brandolini,
2008; Hidalgo and Brandolini, 2014; Nakov et al.,
2016). In general, it is believed that einkorn wheat
is not suitable for bakery products due to its poor
rheological properties and difficulties of dough
handling (Corbellini et al, 1999). The high
protein, carotenoid and tocol content has led to
increased interest in einkorn wheat and its perfect
flour composition plays a key role in the
prevention of pathologies such as cancer, diabetes
and chronic inflammatory diseases (Hidalgo et al.,
20006; Nakov et al., 2016; Brandolini et al., 2018).
Einkorn is reported to be not only a promising
special food source, but also an ideal species for
genetic research on wheat quality (Corbellini et al.,

1999).

In the literature, einkorn wheat flour was used in
some cereal products. In a study, the bread-
making quality of einkorn wheats were evaluted
by Borghi et al. (1996). Most of the einkorn flours
were reported to produce sticky dough; but about
one-third gave an acceptable dough and produced
bright yellow colored breads with volumes similar
to, ot better than bread wheat.

Abdel-Aal et al. (1997), evaluated the einkorn in
terms of kernel, milling and baking properties and
reported that einkorn flour had low
sedimentation values, weak Mixograph curves
and low loaf volumes with no bromate response.
In a study evaluating 24 einkorn lines, cookies
made with einkorn flour had higher diameter and
lower thickness than those made with soft wheat
flour. In the same study, it was reported that all
samples analyzed for breadmaking ability showed
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some stickiness, but it was possible to handle the
dough at different  bread making stages
(Cotbellini et al., 1999).

In another research, einkorn wheat flour was used
in pasta production. They reported that dry
einkorn pasta differs in most of the properties
including dimensions, carotenoid content, color
and image analysis parameters from durum wheat
pasta. In general, einkorn pasta had similar
technological properties but was reported to have
a better nutritional value compared to durum
wheat pasta (Brandolini et al., 2018).

Nakov et al. (2018) investigated the effect of
enrichment on wheat cookies at 0, 30, 50, 70 and
100% levels with whole meal ecinkorn flour.
Einkorn-enriched cookies were reported to have
better physico-chemical properties than control
cookies. In the same study, ash, protein,
polyphenols, carotenoids, antioxidant activity and
B-glucan content of biscuits were reported to be
increased.

There is not much information about the use of
einkorn flour in Turkish noodle production. For
that reason, the aim of this study was to evaluate
the possibility of using EWF in Turkish noodle
production and its effect on physicochemical,
sensory and cooking quality of end product.

MATERIALS AND METHODS

Materials

The ingredients refined wheat flour (0.56% ash,
13.8% moisture and 10.4% protein), egg, salt were

purchased from local markets in Karaman,
Turkey. EWF (1.67 ash%, 17.74% moisture and
11.12% protein) obtained by grinding the grain
after separation of the grain husk was purchased
from Stimerbank Gida, Kastamonu, Turkey. Vital
wheat gluten (Amygluten) was provided by Sinerji
Food Chemical, Istanbul, Turkey.
Transglutaminase enzyme (Probind TX, 90-125
U/g) was obtained from FMI Food and
Chemical, Izmir, Turkey.

Methods

Noodle production

The formulations used in the preparation of
noodles are given in Table 1. Refined wheat flour
was replaced with EWF at levels of 0, 20, 40, 60,
80 and 100% in noodle formulation. Vital wheat
gluten and transglutaminase enzyme were used to
improve dough properties. Control samples were
made only with refined wheat flour without any
replacement. Noodle samples were prepared
according to the method given by Ozkaya et al.
(2001) with some modification. Noodle
ingredients were kneaded in the Kitchen-aid
mixer (Artisan Series, Greenville, OH, USA) for 6
min and the dough was allowed to rest at room
conditions for 30 min. The dough pieces were
thinned and cut into a noodle strip with noodle
machine (Shule Pasta Machine, China) and dried
in drying cabinet (Nive KID-200, Ankara, Turkey)
at 50 °C for 18 h. After drying, the final moisture
content of the product was maximum 10%.

Table 1. Experimental design of Turkish noodle prepared with Einkorn wheat flour (EWF)

Ratio (%)

0 20 40 60 80 100
Refined wheat flour 100 80 60 40 20 0
EWF 0 20 40 60 80 100
Whole-egg 20 20 20 20 20 20
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Vital wheat gluten 0 2 4 6 8 10
Transglutaminase 0 0.5 0.5 0.5 0.5 0.5

Chemical analysis

The AACC methods were used to determine ash
(method 08-01), protein (method 46-12) and fat
(method 30-25) (AACC, 1990). To determine the

mineral content, the dried sample (0.3 g) was
placed in the burning vessel and 5 mL HNO3 + 5
ml H>SO, added. The samples were incinerated
microwave oven (MARS 5, CEM

in a
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Corporation, USA). The solution was diluted with
distilled water to 100 mL. Mineral analysis (Ca, Fe,
Cu and Mg) was determined with an inductively
coupled plasma atomic emission spectrometer
(ICP-AES, Varian Vista Model, Australia) (Bubert
and Hagenah, 1987).

Total phenolic content (TPC) was determined
spectrophotometrically using Folin-Ciocalteu
reagent. Powdered samples (2 g) were extracted
for 2 h with 10 mL  solvent
(methanol/HCl/water, 8:1:1, v/v/v) at room
temperature (25 °C). After extraction, the samples
were centrifuged for 10 min at 3000 rpm with a
NF 800R Centrifuge (Nuve, Turkey). The
methanolic extract (0.1 mL) was mixed in a test
tube with 1.5 mL of saturated sodium carbonate
solution and 0.5 mlL of diluted Folin-Ciocalteu
reagent and filled with water up to 10 mL. The
mixture was allowed to stand at room
temperature for 2 h and then the absorbance was
measured at 760 nm by using spectrophotometer
(Shimadzu UV-1800, Kyoto, Japan). Gallic acid
was used as the reference standard and TPC was
expressed in milligrams of gallic acid equivalent
(GAE) per kg dry weight (Gao et al., 2002; Beta
et al., 2005).

Antioxidant activity (AA) was determined
according to the modified method of
Wronkowska et al. (2010), using a 2,2 diphenyl-1-
pictylhydrazyl (DPPH) as the free radical.
Ground samples (1g) were extracted with 10 mL
80% aqueous methanol (10 mL) and centrifuged
at 3000 rpm for 10 min. The DPPH solution was
prepared freshly by mixing 10 mg of DPPH with
25 mL of 80% methanol. Exactly 100 uL of the
supernatant was reacted with DPPH solution (250
uL) and 80% methanol (2 mL). After 20 minutes
incubation of the mixture at room temperature in
the dark, the absorbance was measured at 517 nm
against the blank. The blank consisted of 80%
methanol and the reagent solution without 80%
methanolic extract added. AA was calculated as
percentage of discoloration:

AA% = [1 - (Abs sample=20/Abs controli=n)] *
100 (Eq.1)

Cooking properties

Noodles were evaluated in terms of volume
increase (VI), weight increase (WI) and cooking
loss (CL) values. For determination of the
changes in volume, weight and cooking losses,
10g of noodle was cooked for 18 min in 300 mL
of distilled water. After draining and waiting for 2
min for the remaining water was removed,
uncooked and cooked samples were put into a
graduated cylinder with specific amount of water,
the increase in volume was determined. VI was
calculated as the percentage difference in
uncooked and cooked noodles volume divided by
the volume of uncooked noodles. The WI was
determined as the percentage difference in weight
of uncooked and cooked noodle divided by the
weight of uncooked noodle. To determine the
CL, cooking water was evaporated and dried to
dryness in an oven at 105 °C for 12 h in pre-
weighted erlenmeyer flask.

Color measurement

The color of noodle samples was assessed in
terms of L*  (brightness/darkness), a*
(redness/greenness) and b*(yellowness/blueness)
values by using chromometer (Model CR 400,
Minolta Camera, Osaka, Japan). Chroma (C*) and
hue angle (hue) values were calculated according
to the following equations (Francis, 1998).

Chroma (C*)=[a*2 + 5*2]1/2, (Eq. 2
Hue angle (hue) = arctan [6*/a*] (If 2> 0 and b
> 0) (Eq. 3)

Hue angle (hue) = (arctan [5*/a*] + 180°) (If 2 <
0and 4> 0) (Eq. 4)

Sensory analysis

Sensory analyses were performed in raw and
cooked noodles. For cooked noodle preparation,
100 g noodle samples were simmered in 500 ml
unsalted water for 18 min and drained for
removing excess water. Noodle samples were
served to 14 panelists (male and female) at to
evaluate the surface smoothness, speck, crack,
appearance and overall acceptability of uncooked
noodle and taste, odor stickiness, chewiness and
overall acceptability of cooked noodle on five-
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point scale where 1-dislike extremely, 3-
acceptable and 5-like extremely. The samples
were coded with letters and served to the panelists
at random to guard against any bias.

Statistical analysis

The data were reported as mean Tstandard
deviation and analysed by using statistical
software JMP 8.0 (SAS Institute, Cary, NC, USA).
Tukey’s Honestly Significant Difference was used
to differentiate between the mean values.
Significant differences were based on a P<0.05.

RESULTS AND DISCUSSION

Chemical properties of noodle samples
Chemical compositions of noodle samples are
given in Table 2. The use of EWF increased the
ash and protein content of noodle samples from

1.15% to 1.69% and from 13.04% to 16.47%,
respectively. The fat content of noodle samples
varied between 2.34% and 2.72% but with the use
of EWEF, the increase in fat content of noodle
samples was not significantly different from each
other (P>0.05). Increased amount of EWF in the
noodle formulation increased the total phenolic
content values and antioxidant activity of noodle
samples significantly (P <0.05). The higher ash
and protein content of EWF than refined wheat
flour affected the ash and protein content of end
product. Similarly, the high ash and protein
content of einkorn flour was reported by Abdel-
Aal et al. (1995), Brandolini et al. (2008), Ertop
and Atasoy (2019). The ash, protein and fat
content of noodle samples were found to be
1.69%, 16.47% and 2.72% at 100% EWEF,
respectively.

Table 2. Chemical compositions of noodle samples prepared with EWF

EWF Ratio Ash Protein Fat Torj(l) Eiii"hc Afﬁ‘t’iﬁdam
(%) o) o)t o) (mg GAE /ko)* (Inhibirjo;y%)*
0 1.1520.03¢  13.04£0.14c 23410.11s 641361458 18.39%0.38¢
20 12740014 13.88+0.174 24310172 764.45+4.06¢ 25.4840.17¢
40 1.41£0.04c  14.57+0.10c  2.54+0.142  873.82+3.484 30.84:+0.284
60 1.50+0.01b  15.12+0.18  2.60+0.18@  998.55%4.12¢ 38.6240.37¢
80 1.58+0.04 15.84+0.13> 2.68+0.10:  1108.93+5.83b 46.74+0.45b
100 1.69+0.030 164740112 2724016 1209.72+4.45 55.81+0.16°

*Results are dry-weight basis; Th

Nakov et al. (2018) reported that ash, protein,
total polyphenols, antioxidant activity, total
carotenoids and B-glucans increased when whole
wheat ecinkorn flour was used in biscuit
production. The total phenolic content and
antioxidant activity of the noodle samples
increased from 641.36 mg GAE/kg (control) to
1209.72 mg GAE/kg (100% EWF) and from
18.39% (control) to 55.81% (100% EWLE),
respectively. Brandolini and Hidalgo (2011)
reported that einkorn kernels have higher protein
and antioxidant (carotenoids and tocols) content
than other wheats. Whole grain einkorn products
are considered to be good sources of phenolic
antioxidants (Abdel-Aal and Hucl, 2014). The
antioxidant activity of einkorn wheat is due to the
presence of antioxidants belonging to the group
of hydrophilic and lipophilic compounds, such as

polyphenols, carotenoids, phytosterols (Lachman
et al., 2012; Nakov et al, 2016). Antioxidant
activity values of noodle samples increased with
the increasing EWF levels and showed the same
tendency as total phenolic content. Similatly, the
antioxidant activity of cereal products was
reported to correlate with the content of phenols
occurring in these cereals (Zielidski and
Koztowska, 2000; Lachman et al., 2012).

Mineral contents of noodle samples are given in
Table 3. Ca, Fe and Mg contents of noodle
samples increased significantly with the increasing
level of EWF (P<0.05). The usage of 100% of
EWF increased Ca, Fe and Mg contents of noodle
samples from 31.57 mg/100g, 1.21 mg/100g and
51.92 mg/100g to 44.58 mg/100g, 3.96 mg/100g
and 138.47 mg/100g, respectively. The higher
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mineral content of the EWF may have increased
the mineral content of the noodle samples. Erba
et al. (2011) studied the trace elements and
minerals of whole meal flours of einkorn and
bread wheats and reported that einkorn varieties
exhibited higher Zn (7.18 mg/100g), Fe (5.23
mg/100g), Mn (4.65 mg/100g), Cu (0.90
mg/100g), Mg (151.2 mg/100g) and P (541.1

mg/100g) concentration than bread wheat.
Megyeri et al. (2014), reported that the most of
the einkorn  genotypes examined have
significantly higher trace element and antioxidant
contents than the control wheat variety. Also
einkorn has more than three times more (-
carotene than wheat variety.

Table 3. Mineral contents (mg/100g) of noodle samples prepared with EWEF*

EWF Ratio

%) Ca Fe Cu Mg

0 31.57%0.58¢ 1.21£0.04¢ 0.35£0.062 51.92+0.38¢
20 34.1240.40¢ 1.80%0.13¢ 0.37£0.072 68.84%0.89¢
40 36.24%0.654 2.35%0.094 0.41£0.032 88.671£0.414
60 39.05%+0.54¢ 2.77£0.03¢ 0.441£0.042 105.71£0.71¢
80 41.94%0.48p 3.41+0.04b 0.48+0.102 119.35+0.42b
100 44.58+0.372 3.961+0.072 0.51£0.072 138.47%+0.542

*Results are dry-weight basis; The means with the different letter in column are significantly different (P <0.05);

EWEF: Einkorn wheat flour

Cooking properties of noodle samples

The cooking properties of the dried pasta depend
on both the raw material properties and the
processing conditions (De Noni and Pagani,
2010). The amount and quality of protein is the
most  important  factor influencing the
characteristics of cooked pasta (Brandolini et al.,
2018).

Cooking properties of noodles as VI, WI and CL
are given in Table 4. Increased EWF levels caused
a significant increase in VI values (P<0.05) and
the highest value (282.2%) was obtained at 100%

EWEF. WI values also increased with the use of
EWF in the noodle formulation and ranged
between 154.2% and 191.2%. In a study, einkorn
flours were used by Brandolini et al. (2018) in
short-cut pasta production and it was reported
that all samples recorded a sharp weight increase
after 10 min of cooking, indicating intense water
uptake in the early stages of cooking. In the same
study, dimensional changes of pasta during
cooking were observed by image analysis and it
was determined that all parameters showed
significant increases over time.

Table 4. Cooking properties of noodle samples prepared with EWF

EWF Ratio VI WI CL

% (%) (%) (%)

0 175.4+2.33f 154.2+1.564 9.04+0.24»
20 200.7£2.21¢ 176.1£1.10¢ 8.71 £0.352
40 222.1+1.364 179.2+2.47¢ 7.3610.400
60 250.3+1.78¢ 182.9£1.78bc 7.19%0.16>
80 271.4£2.16> 187.5+2.162 6.4210.24be
100 282.2+1.561 191.2+1.642 5.85+0.20¢

The means with the different letter in column are significantly different (P <0.05); EWF: Einkorn wheat flour; VI:
Volume increase; WI: Weight increase; CL: Cooking loss

The CL values ranged from 5.85% to 9.04%,
while the 100% EWF revealed the lowest value
compared to the control. Noodles should

maintain its integrity during cooking, with a
minimum loss of solid into the cooking water
during boiling (Wu and Corke, 2005). The starch
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granules and protein behave in a completely
different way during cooking of pasta. The starch
granules swell rapidly and tend to disperse and
become partially soluble. On the contrary,
proteins become completely insoluble and
coagulate, forming a net-like structure. The starch
components will remain trapped in the protein
network. If the netlike structure is not strong or
its formation delayed the starch granules are not
trapped and will swell up easily. In this case, a
portion of the gelatinized and soluble material will
pass into cooking water. As a result, the product
is considered sticky (Pagani et al., 2007). In this
study, decreasing tendency of cooking loss values
with increasing EWF level may be due to a higher
degree of cross-linking of protein which is capable
of holding starch components in the noodle
strtucture  with  the combined effect of
transglutaminase and vital gluten. An optimally
cross-linked protein network encapsulates starch
particles in the network, limiting starch swelling
and subsequent leaching (Delcour et al., 2012).
Brandolini et al. (2018) reported that pasta
samples prepared with einkorn wheat exhibited
lower cooking losses than control due to their
high protein content, that which leads to the
formation of a well-structured and compact

protein network which prevent solid losses into
cooking water.

Color values of noodle samples

Noodle color is the most important feature
affecting consumer perception. The color values
of the noodle samples are given in Table 5.
Compared to control noodle, the use of EWF in
the noodle formulation decreased the brightness
(L*) values of noodle samples. In general, the
redness values of the samples containing EWF
were higher than the control. The use of EWF
increased b * and C * except for noodles
containing 20% EWF compared to the control. In
the study of Nakov et. al. (2018), einkorn flour
was used in cookie production at 0%, 30%, 50%,
70% and 100% levels and L* values were reduced
by increasing the amount of einkorn flour in the
cookie formulation. In the same study, it was
reported that einkorn addition led to reddish and
yellow tinges in cookie samples. Similatly,
Brandolini et al. (2018) used einkorn flours in
pasta formulations and observed significant
differences (P<0.05) for the parameters L* and
a*: the einkorn spaghetti was less bright (50.9 *
1.79) and with a higher red index (8.5 = 0.16) than
samples prepared with the durum wheat semolina.

Table 5. Color values of noodle samples prepared with EWEF

EO\WF Ratio L* a* b* C* hue

0 83.52+0.562 1.13%£0.11b 18.88+0.224 18.91£0.214 86.56%0.362
20 79.981+0.42b 1.85+0.192 19.17£0.16<d 19.26%0.14<d 84.4710.60b
40 78.27%0.28p 1.75%£0.152 21.48%0.282 21.55%0.262 85.3510.462
60 77.94%0.46b¢ 1.66%£0.102 20.59%0.31ab 20.66%0.32ab 85.38+0.22ab
80 76.141+0.57< 1.921+0.142 20.60%£0.192b 20.6910.212b 84.691+0.33b
100 75.32%0.734 1.65%0.072b 20.05%0.26b¢ 20.12%0.26b¢ 85.30%0.25

The means with the different letter in column are significantly different (P <0.05); EWF: Einkorn wheat flour

Sensory analysis

Sensory analyses results of raw and cooked
noodle samples are presented in Figure 1 and
Figure 2. Raw (uncooked) noodle samples
containing 20%, 40% and 60% EWF had similar
sensory scores in terms of surface smoothness,
speck, crack and appearance with the control
sample. In comparison with control, surface
smoothness, speck, appearance and overall
acceptability scores decreased in 80% and 100%
EWF samples. Taste, odor, stickiness, chewiness

and overall acceptability scores of cooked
noodles up to 100% EWLE level were not
statistically different from each other (P>0.05,
Figure 2). Noodle samples containing 100% EWF
had the lowest taste and chewiness scores among
cooked noodle samples. The taste and chewiness
score may have decreased due to the use of EWF
in whole flour form. Emeksizoglu (2016) used
different EWF in noodle production and reported
that the samples had low scores in terms of taste
and aroma.
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Figure 2. Sensory properties of cooked noodle samples (EWF:Einkorn wheat flour)

CONCLUSIONS

In the present study, physicochemical, sensory
properties and cooking quality of Turkish noodle
prepared with different levels of EWEF were
investigated. EWIE usage improved the ash,
protein, total phenolic content and antioxidant
activity of noodle samples prepared with refined
wheat flour. VI, WI values increased and CL
values decreased with the usage of EWF in
Turkish noodle formulation. The highest increase

in the mineral content of noodle was determined
in the Fe and Mg compared to control. The
addition of EWF (100%) decreased the brightness
and increased yellowness and chroma values of
noodle samples. The use of EWF in noodle
formulation did not cause any negative effect on
cooked noodles up to 100%, but the use of EWEF
in raw noodles after 60% reduced surface
smoothness, speck, appearance and overall
acceptability scores. From the results of this
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study, it can be concluded that 60% EWF can be
used without any negative effect on sensory
quality in Turkish noodle formulation with the aid
of wvital wheat gluten and transglutaminase
enzyme.
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