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o0z

Galismada, 31 Lactobacillus delbrueckii sabsp. bulgaricus ve 34 Streptococcus thermophilus bakteri kiltiirlerinde, o-
nitrofenil-beta-D-galaktosit (0-NPG) substrat olarak kullanilarak, B-galaktosidaz enzim ve spesifik aktiviteleri
taranmustir. L. delbrueckii subsp. bulgaricus suglart 0.186-6.500 U/mg arasinda spesifik aktivite gosterirken, .
thermophilus suslart 0.172-5.064 U/mg arasinda spesifik aktivite gostermistir. L. delbrueckii subsp. bulgaricus
ZN541 (6.500 U/mg) ve S. thermophilus 21052 (5.064 U/mg) suslarinin yiksek spesifik aktivite yetenegine
sahip olduklari tespit edilmistir. Yiiksek spesifik 3-galaktozidaz aktivitesi gbsteren ZN541 ve Z1052 suslart
secilerek, farklt kosullarin (pH, sicaklik, laktoz konsantrasyonu ve fermantasyon siiresi) bu suglara ait §-
galaktozidaz enzimlerin aktivitelerine etkileri belitlenmistir. ZN541 susunda optimum enzim aktivitesi i¢in
gereken pH’in 6.2, sicakligin 42°C, laktoz konsantrasyonunun %2 ve fermantasyon stiresinin 24 saat oldugu
tespit edilmistir. Z1052 susunda ise optimum enzim aktivitesi igin gereken pH’tn 6.8, sicakligin 42°C, laktoz
konsantrasyonun %4 ve fermantasyon stiresinin 24 saat oldugu belirlenmistir.

Anahtar kelimeler: L. delbrueckii subsp. bulgaricus, S. thermophilus, B-galaktosidaz, optimizasyon

BETA GALACTOSIDASE ACTIVITY IN LACTOBACILLUS DELBRUECKIT
SUBSP. BULGARICUS ZN541 AND STREPTOCOCCUS THERMOPHILUS 721052
STRAINS AND OPTIMIZATION

ABSTRACT

In this study, thirty-one Lactobacillus delbrueckii subsp. bulgaricns and thirty-four Streptococcus thermophilus
were screened for B-galactosidase enzyme activities and specific activities. The [B-galactosidase
enzyme activities were determined by using o-nitrophenyl-beta-D-galactopyranoside (0-NPG) as a
substrate. L. delbrueckii bulgaricus strains showed specific activity between 0.186-6.500 U/mg, while S.
thermophilus strains exhibited specific activity between 0.172-5.064 U/mg. The highest specific enzyme
activities among bacteria cultures were determined at L. delbrueckii subsp. bulgaricus ZN541 (6.500
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U/mg) and S. thermophilus 71052 (5.064 U/mg) strains. The ZN541 and Z1052 strains that showed
high specific -galactosidase activity were selected and the effects of different conditions (pH,
temperature, lactose concentration, and fermentation time) on the activities of (-galactosidase
enzymes of these strains were determined. It was determined that the pH required for optimum
enzyme activity in ZN541 strain was 6.2, the temperature was 42°C, the lactose concentration was
2% and the fermentation time was 24 hours. In the Z1052 strain, the pH required for optimum
enzyme activity was 6.8, the temperature was 42°C, the lactose concentration was 4%, and the

fermentation time was 24 hours.

Keywords: L. de/brueckii subsp. bulgaricus, Streptococcus thermophiles, B-galactosidase, optimization.

GIRIS

Yaygin olarak laktaz olarak bilinen -
galaktosidazlar (B-D-galaktozid
galaktohidrolazlar, EC 3.2.1.23), laktozun

galaktoz ve glikoz monomertlerine hidrolizini
katalize eden glikozit hidrolazlardir ve gida
endustrisindeki ¢esitli biyoteknolojik stirecler icin
o6nemli bir enzimdir. Stit ve peynir altt suyunda
laktoz hidrolizi icin yaygin olarak kullanildigindan

ticari actdan Onemlidir (Carevi¢ vd., 2015;
Delgado-Fernandez  vd., 2020). Hidrolitik
aktivitelerine ek  olarak, B-galaktosidazlar,

laktozdan galakto-oligosakkaritler (GOS)
olusturmak icin transgalaktozilasyon aktivitesine
sahiptirler. Ayrica, laktoz intoleransi olan bireyler
icin dustk laktozlu ve laktozsuz siit triinlerinin
gelistirilmesi, laktoz iceren gidalarin teknolojik ve
duyusal Ozelliklerinin iyilestirilmesi ve peynir
dretim proseslerindeki peynir altt suyu yan
triinlerindeki laktoz seviyelerini azaltmak gibi

uygulamalart mevcuttur  (Kittibunchakul vd.,
2020; Deng vd., 2020).

B-galaktosidaz enzimi kaynaklart arasinda bitkiler,
hayvanlar ve maya, kif ve bakteri gibi
mikroorganizmalar yer almaktadir (Deng vd.,

2020). Biyoteknolojik uygulamalarda enzim
kaynagt olarak Kiuyveromyces marxians, K. lactis ve K.
[fragilis yaygin olarak kullamilmaktadir

(Inchaurrondo vd., 1998). Yiksek aktiviteleri
nedeniyle Bifidobacterinm (B. adolescentis, B. infantis
ve B. longum) (Venkateswarulu vd., 2017) ve laktik
asit  bakterileri  (Lactiplantibacillus — plantarum,
Lactobacillus crispatus, L. acidophilus, L. delbrueckii
subsp.  bulgaricus, Streptococcus  thermophilus  vb.)
bakterileri de kullanilmaktadir (Gobinath ve
Prapulla, 2015; Kim ve Rajagopal, 2000; Yu vd.,
2020). Sit  endustrisi  uygulamalarinda,
fermantasyon kolayligi, yiksek enzim aktiviteleri
ve iyl stabilite olmalart nedeniyle bakteriler ve

Ozellikle laktik asit bakterileri daha c¢ok tercih
edilmektedir (Ibrahim, 2018).

Bu calismada yogurt kaynaklt 31 Lactobacillus
delbrueckii  subsp.  bulgaricus ve 34  Streptococcus
thermophilus suglarimin - 6ncelikle B-galaktozidaz
aktivitelerinin taranmast amaclanmistir. Daha
sonra yiksek spesifik B-galaktozidaz aktiviteye
sahip L. delbrueckii subsp. bulgariens ZN541 ve S.
thermophilus 71052 suslart secilerek, bu suslardan
elde edilen B-galaktozidaz enzimine farkh
kosullarin (pH, sicaklik, laktoz konsantrasyonu ve
fermantasyon siiresi) etkisinin belitlenerek enzim
aktivitesinin yitksek oldugu optimum kosullar
tespit edilmesi hedeflenmistir.

MATERYAL VE YONTEM

Materyal

Calismada geleneksel yogurt kaynakli 31 L.
delbrueckii subsp. bulgaricus ve 34 S. thermophilus
bakteri kiiltiirlerine ait toplam 65 sus, Gazi
Universitesi Fen Fakiiltesi Biyoloji Bélimi
Biyoteknoloji Laboratuvari kiltir
koleksiyonundan temin edilmistir. L. delbrueckii
subsp. bulgaricus suglarinin gelistirilmesinde MRS
besiyeri, enzim aktivitelerinin belitflenmesinde ise
MRS igeriginde bulunan glikoz yerine %2
oraninda laktozun ilave edildigi Lac-MRS besiyeri

kullanilmistir. S. thermophilus suslarinin
gelistirilmesinde ~ Elliker  besiyeri,  enzim
aktivitelerinin ~ belitlenmesinde  ise  Elliker

iceriginde bulunan dekstroz yerine %2 oraninda

laktozun  ilavesi edildigi Lac-EL  besiyeri
kullanilmistir.

Enzim Aktivitesi

Bakteriler uygun besiortamlarinda iki  kez

aktiflestirildikten sonra 5000 rpm’de 20 dk
+4°C'de  santriftij edilerek Mc  Farland 6
bulanikliligina ayarlanan kiltiitlerden elde edilen



L. delbrueckii subsp. bulgaricus ve S. thermophilus suslarinda beta galaktozidaz aktivitesi

pellet 0.03 M potasyum fosfat tamponuyla (pH
6.8) yikanmustir. 1 ml tamponda ¢Ozilen
bakterilerin  hiicre duvart ultrasonikasyon (50
MHz, Vibra-Cell, Sonics&Materials  Inc.
Danbury, CT marka) ile parcalanmistir. 1000
rpm’de 10 dk +4°C'de santrifiijlenen 6rneklerden
hiicre atiklart uzaklastiridmis ve stipernatant ham
enzim ekstrakti olarak kullanilmustir (Zhang vd.,
2012).

Bradford Reagent Kit (Amresco) kullanilarak
kiltirlerin - protein  miktarlar1  beliflenmistir.
Standart olarak 0.0025-0.05 mg/mL arasinda
degisen konsantrasyonlarda Bovine serum
albumin (BSA) kullanilmustir.

B-galaktozidaz aktivitesi soguk sartlarda o-
nitrofenil-B-D-galaktopiranozit (o-NPG, Sigma)
substrat olarak kullanilarak tespit edilmistir. 1 mL
enzim ekstraktina 0.2 mL 15 mM o-NPG iceren
0.03 M potasyum fosfat tamponu (pH 06.8)
eklenmis ve 37°C’da 15 dk inkibe edilmistir.
Reaksiyonu durdurmak icin 1 M 0.5 mL sodyum
karbonat (Merck) soliisyonu ilave edilerek 1000
rpm’de +4°C'de 10 dk santrifijden sonra
spektrofotometre cihazi ile (Hitachi UV-1800)
420 nm dalga boyunda absorbans degeri
okunmustur. Kér olarak, ham ekstrakt yerine 1
mlL 0.03 M potasyum fosfat tamponu (pH 6.8)
kullandmustir. 1 Unite B-galaktozidaz aktivitesi
dakikada 1 pmol o-nitrofenoli serbest birakan
enzim miktar1 olarak tanmmlanmustir. Spesifik
aktivite, bir miligram proteinde bulunan enzim
Unite sayist olarak kabul edilmistir. 3-galaktozidaz
aktivitesi  asagida  verilen  formile  gdre
hesaplanmistir (Shah ve Otieno, 2007).

Enﬂmame%KU/mL):Eﬁ?ﬁx%xNJvaD

Enzim aktivitesi(U /mL)
Protein miktar: (mg/mL)

Spesifik aktivite (U / mg) :{

Vt = Tipte hazirlanan toplam reaksiyon hacmi

Ve = Kiivette okutulan reaksiyon karisimindaki enzim
hacmi

k = Standart egrinin egimi

t = Reaksiyon zamani

D = Dilusyon faktéri

Optimizasyon

Enzim aktivitesi tespit edilen 65 sus arasinda
yiksek spesifik B-galaktozidaz aktivite gosteren L.
delbrueckii  subsp.  bulgaricus  ZN541 ve S.
thermophilus 71052 suslari, farkli kogullarin (pH,
sicaklik, laktoz konsantrasyonu ve fermantasyon
stresi) enzim aktivitesine etkisinin belirlenmesi
amactyla sec¢ilmistir.

ZN541 ve 71052 suslarindan elde edilen
enzimlerin optimum aktivite gosterdigi pH
degerini belitlemek icin, L. delbrueckii subsp.
bulgaricus ZN541 susunda, pH’s1 5.0, 6.2, 7.0 ve 8.0
degerlerine ayatlanan 0.03 M potasyum fosfat
tamponu kullanilmig  ve reaksiyon 42°C’de
gerceklestirilitken, S. thermophilus 21052 susunda
tamponun pH’st 5.5, 6.8, 7.5 ve 8.5 degerlerine
ayarlanarak reaksiyon gerceklestirilmistir (Kara,
2004). Suslarindan elde edilen enzimlerin
optimum aktivite gosterdigi sicakligr belirlemek
i¢in, 1 mL hiicre stispansiyonuna 15 mM 0.2 mL
o-NPG eklenmis ve her iki 6rnekte de reaksiyon
30°C, 37°C, 42°C wve 50°C sicakliklarda
gerceklestirilmistir  (Ismail vd., 2010). Laktoz
(substrat) konsantrasyonunun enzim aktivitesine
etkisini belitflenmek icin, ZN541 susunda Lac-
MRS besiyerine, %2, %4, %06 ve %8 oranlarinda
laktoz (Merck), 21052 susunda ise Lac-EL
besiyerine %2, %4, %06 ve %8 oranlarinda laktoz
(Merck) kullanilarak enzim aktivitesi belirlenmistir
(Hsu vd., 2005). Fermantasyon stresinin enzim
aktivitesine etkisini belirlenmek icin ZN541 ve
71052 suslarindan, 18, 24, 48 ve 72 saat
inkiibasyondan sonra elde edilen enzimlerin
aktiviteleri yukarida verilen enzim aktivitesi
yontemine gore belirlenmistir. Enzim aktiviteleri
relatif aktivite olarak asagidaki formiile gore
hesaplanmustir.

Relatif aktivite (%) = Incelenen parametredeki
enzim aktivitesi/Optimum kosullardaki enzim
aktivitesi x100

Istatistiksel Analiz

Tum calismalar 3 paralelli ve 3 tekerriitlii olarak
yapilmis ve c¢alismalarin  ortalama sonuglar
verilmistir. Istatistiksel analizlerde SPSS (IBM
SPSS  Statistics Data Editor, version 22)
kullantlmigtir.  Suslarin  enzim  ve  spesifik
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aktiviteleri arasinda korelasyon olup olmadig:
arastirtlmasinda Parametrik testlerden Peatson
korelasyonu kullanilmustir.

SONUC ve TARTISMA

B-Galaktosidaz, gida  endustrisinde;  stitiin
sindirilebilirligini iyilestirmede, sit urinlerinin
tatlihigin, ¢6ziiniirligiind ve lezzetini gelistirmede
ve dondurulmus konsantre tatlilarda laktoz
kristalizasyonunun 6nlenmesinde yaygin olarak
kullanilmaktadir. Stt endistrisinden sonra elde
edilen hidrolize siit, laktoz intoleranst olan kisiler
icin yogurt, peynir ve dondurma (konsantre
tatllar) yapiminda da kullanidabilmektedir (Xin
vd., 2019). B-Galaktosidaz, gida endustrisi disinda,

flag  endistrisinde  laktozdan  kaynaklanan
problemlerin  hafifletilmesinde ve prebiyotik
Ozellikleriyle  bilinen  galaktooligosakkaritlerin

sentezi gibi bircok uygulamalar olan énemli ticari
enzimlerden biridir (Gomaa, 2018). Ticari olarak
cok farkli kullanim potansiyeline sahip [-
Galaktosidaz enziminin en Onemli kaynaklari
probiyotik  6zelliklerinden dolayr  laktik  asit
bakterileridir. Bu nedenden dolayi, bu ¢alismada
yuksek enzim aktivitesine sahip glivenilir ve yeni
laktik asit bakterileri (LAB)nin arastirilmast
amaclanmistir.

LAB’nde, B-Galaktosidaz enzimi intraselliler bir
enzim oldugundan (Carevi¢ vd., 2015; Son vd.,
2017; Deng vd., 2020, Ozkan vd., 2021;
Mahadevaiah vd., 2020), calismamizda enzim
ekstraksiyonunda bakterilerin  hiicre duvarint
parcalamak icin mekanik yoéntemlerden yaygin
olarak  kullanilan  (Carevi¢c  vd.,  2015)
ultrasonikasyon kullanilmustie. 31 L. delbrueckii
subsp. bulgaricns ve 34 S. thermophilus bakteri
kiltirlerine ait toplam 65 susun [-galaktozidaz
enziminin intraselliler oldugunu desteklenmek
amactyla kultir supernatantlarinda da enzim
aktivitesine bakilmis ve sonikasyon uygulanmayan
kiltir stpernatantinda aktiviteye
rastlandmamustir. I delbrueckii subsp.  bulgaricus
suslar, 0.011 U/mL (ZN142)-0.247 U/mL
(ZN541) arasindaki degisen degerlerde j-
galaktozidaz aktivitesi, 0.186 U/mg (ZN142)-
6.500 U/mg (ZN541) arasinda B-galaktozidaz
spesifik aktivite gostermislerdir. S. hermophilus
suslar, 0.007 U/mL (Z14)-0.238 U/mL (£1052)
arasindaki degisen degerlerde B-galaktozidaz

aktivitesi, 0.172 U/mg (Z1152)-5.064 U/mg
(21052) arasinda B-galaktozidaz spesifik aktivite
gostermislerdir. L. delbrueckii subsp. bulgaricus
suglart arasinda, ZN541 (0.247 U/mL), ZN661
(0.149 U/mL) ve ZN641 (0.121 U/mL) suslari
yiksek enzim aktivitesi gosteritken, S. thermophilus
suslart arasinda, 71052 (0.238 U/mlL), Z752
(0.221 U/mL) ve ZN641 (0.217 U/mL) suslari
yitksek enzim aktivitesi géstermistir (Cizelge 1).
Bakterilerin spesifik aktiviteleri
degerlendirildiginde, her iki tirde de suslar
arasinda aktivitede onemli farkliliklar
gozlemlenmis ancak L. delbrueckii ssp. bulgaricus
suslarinin daha yuksek spesifik aktiviteye sahip
oldugu gorilmistir. Yiksek enzim aktivitesine
sahip suslarin yliksek spesifik aktiviteye sahip olup
olmadigy istatistiksel olarak degerlendirilmis ve L.
delbrueckii subsp. bulgaricns suslarinin enzim ve
spesifik enzim aktivitesi arasinda 0.01 diizeyinde
bir korelasyon tespit edilitken ve S. hermophilus
suslarinin  enzim ve spesifik enzim aktivitesi
arasindaki anlamlilik diizeyi ise 0.05 olarak
belitlenmistir. Carevi¢ vd., (2015) L. delbrueckii
subsp. bulgaricus ATCC 11842 susunda 0.011
IU/mL enzim aktivitesi oldugunu; Deng vd.,
(2020) ise S. thermophilus ST61 susunda 78.85
U/mg spesifik aktivitenin  oldugunu rapor
etmislerdir. ~ Calisgmamizda  elde  ettigimiz
sonugclarin, diger arastirmacilarin sonuclarindan
diisiik olmasinun nedeni, bakterilerin izolasyon
kaynagi, karbon kaynagi, kullandan enzim
ekstraksiyon metotlarinin farklihgr (sicaklik, pH,
tampon, ekstraksiyon yoéntemi, enzim ve substrat
konsantrasyonu)  ve  aktivite  hesaplanma
yontemlerindeki farkliliklar olabilir.

Genis bir kullanim potansiyeline sahip B-
galaktozidaz enziminin endustriyel uygulamalarda
kullanilabilmesi i¢in yliksek enzim aktivitesinin
yaninda enzimin aktivite gosterdigi en uygun
kosullarinin da belirlenmesi gerekmektedir (Ismail
vd., 2010; Kilig vd., 2014; Carevi¢ vdk., 2015;
Deng vd., 2020). Bu amagla ¢alismamizda spesifik
B-galaktozidaz enzim aktivitesi belirlenen suslar
arasindan ylksek spesifik aktiviteye sahip iki sus
secilmis (L. delbrueckii subsp. bulgaricus ZN541 ve
S. thermophilus 21052) ve farkli pH, sicaklik, laktoz
konsantrasyonlart ve fermantasyon siirelerinde
enzim aktiviteleri belirlenmistir.
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Gizelge 1. L. delbrueckii subsp. bulgaricus ve S. thermophilus suslarinin 3-galaktozidaz enzim ve spesifik

aktiviteleri
Table 1. The B-galactosidase engyme and specific activity in L. delbrueckii subsp. bulgaricus ve S. thermophilus
. Enzim . . Enzim .
Protein Aktivitesi Spesifik Protein Aktivitesi Spesifik
. Miktart Aktivite . Miktart Aktivite
Bakteriler (U/mlL) Bakteriler (U/mL)
Bacteria (mg/ml) Engyme (U/mg) Bacteria (mg/ml) Engyme U/mg)
oo O 3 . - o2 2 : -
Protein content . Specific activity Protein content . Specific activity
(mg/mL) actwity (U/mg) (mg/mL) actwity (U/mg)
. (U/mL) & 8 (U/mL) g
L. delbrueckii subsp. bulgaricus (n=31)* S. thermophilus (n= 34)**
ZN171 0.023+0.002  0.020£0.001  1.150£0.002 715 0.024£0.001  0.032£0.000  0.750£0.001
ZN19 0.019£0.003  0.059£0.001  0.322%0.002 714 0.007£0.000  0.009£0.000  0.778£0.000
ZN141 0.017£0.001  0.029£0.003  0.586%0.002 7151 0.217£0.000  0.096£0.000  2.260£0.000
ZN172 0.042£0.000  0.025£0.000  1.680%0.000 718 0.009£0.000  0.025£0.000  0.360%0.000
ZN18 0.036£0.003  0.059%+0.002  0.610£0.003 Z173 0.063£0.002  0.074%+0.002  0.851£0.002
ZN142 0.011£0.000  0.059%+0.001  0.186%0.001 Z171 0.034£0.000  0.059%£0.001  0.576%0.001
ZN252 0.033£0.000  0.024%+0.002  1.375£0.001 2272 0.088£0.000  0.074%+0.000  1.189£0.000
ZN272 0.021£0.000  0.041+0.000  0.512%0.000 7261 0.014£0.000  0.041£0.000  0.341£0.000
ZN251 0.048£0.000  0.068%£0.000  0.706%0.000 7271 0.018£0.000  0.041£0.000  0.439£0.000
ZN281 0.054£0.000  0.041£0.000  1.317£0.000 7372 0.112£0.000  0.089£0.000  1.317£0.000
ZN362 0.030£0.003  0.034£0.003  0.883%0.003 7361 0.030£0.003  0.034£0.000  1.258£0.002
ZN382 0.029£0.000  0.054%£0.001  0.537£0.001 7351 0.092£0.000  0.045£0.000  2.044£0.000
ZN341 0.039£0.004  0.043+0.002  0.907£0.003 ZAT2 0.096£0.000  0.067£0.002  1.433+0.001
ZN342 0.018%£0.000  0.032+0.000  0.563%0.000 7482 0.104£0.000  0.082%+0.000  1.268£0.000
ZN361 0.015£0.000  0.026+0.003  0.577£0.002 2662 0.052£0.000  0.062%+0.000  1.339£0.000
ZN461 0.095£0.000  0.041+0.001  2.302£0.001 7651 0.083£0.000  0.062%+0.000  0.839£0.000
ZN442 0.082£0.000  0.062%£0.003  1.323%0.002 7672 0.105£0.000  0.091£0.000  1.150£0.000
ZN471 0.021£0.005  0.031£0.002  0.677£0.003 7682 0.069£0.000  0.080£0.000  0.862%0.000
ZN552 0.015£0.001  0.027£0.000  0.556%0.001 2752 0.221£0.000  0.071£0.000  3.113£0.000
ZN572 0.061£0.000  0.042£0.000  1.452%0.000 7743 0.052£0.000  0.073£0.000  0.712£0.000
ZN551 0.018£0.001  0.026+0.001  0.692£0.001 7861 0.014£0.000  0.034+0.000  0.412£0.000
ZN543 0.021£0.004  0.043+0.000  0.553%0.002 7862 0.088£0.001  0.080£0.001  1.100£0.001
ZN541 0.247£0.000  0.038+0.001  6.500£0.000 71062 0.009£0.001  0.043£0.001  0.209£0.001
ZNG662 0.022£0.001  0.059%+0.001  0.373£0.001 21083 0.120£0.000  0.098%+0.000  1.224£0.000
ZNG661 0.149£0.000  0.071£0.001  2.099£0.001 71061 0.098+0.001  0.095£0.001  1.032%0.001
ZNG52 0.073£0.000  0.058%£0.001  1.259%0.001 71081 0.049£0.000  0.091£0.000  0.538£0.000
ZNG641 0.121£0.000  0.043£0.004  2.814%0.002 71051 0.039£0.000  0.081£0.001  0.481£0.001
ZNGT2 0.096£0.000  0.034£0.001  2.823%0.001 71052 0.238£0.000  0.047£0.000  5.064£0.000
ZN82 0.061£0.001  0.038+0.001  1.605£0.001 Z11061 0.072£0.000  0.056+0.001  1.288+0.001
ZN942 0.097+0.000  0.067£0.002  1.448%0.001 71152 0.010£0.001  0.058%£0.001  0.172%0.001
ZN951 0.124£0.000  0.071+0.000  1.746£0.001 71171 0.107+0.000  0.067£0.000  1.597£0.000
71151 0.054£0.000  0.081£0.000  0.667£0.000
71153 0.084£0.000  0.081£0.000  1.037£0.000
71162 0.100£0.000  0.064£0.000  1.563£0.000

* P<0.01 diizeyinde anlamli (Korelasyon)
*k P<0.05 dizeyinde anlamlt (Korelasyon)
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B-Galaktosidazlarin  optimum ¢alisma pH’lar,
kaynaklarina  baglt olarak  buytk 6lciide
degisebilmektedir. Genel olarak, pH profillerine
gore asidik B-galaktosidazlar (mantarlarda) ve nétr
B-galaktosidazlar (bakterilerde ve mayalarda)
olarak iki gruba ayrilabilirler (Panesar ve ark.,
2010). pH, enzimle katalize edilen bir reaksiyonun
hizin etkiledigi icin, bir enzimin aktivitesi ve
stabilitesi tzerindeki etkisini bilmek
gerekmektedir. L. delbrueckii  subsp.  bulgaricus
ZN541 susunda, farkli pH’lardaki (pH 5.0, 6.2,
7.0, 8.0) enzim aktivitesinin strastyla, 0.148 U/mL
(relatif aktivite: %060), 0.247 U/mL (5100), 0.218
U/mL (%88) ve 0. 119 (%48) U/mL oldugu
belirlenmistir. ZN541 susundan elde edilen (-
galaktozidaz  enziminin  optimum  aktivite
gosterdigi pH degeri 6.2 olarak bulunmustur
(Sekil 1). S. thermophilus 21052 susunda, pH 5.5,
6.8, 7.5 ve 8.5°de B-galaktozidaz enzim aktivitesi
strastyla, 0.145 U/mL (relatif aktivite: %61), 0.238

U/mL (%100), 0.189 U/mL (%79) ve 0.086
U/mL (%36) olarak tespit edilmistir. Z1052
susundan elde edilen (-galaktozidaz enziminin
optimum aktivite gésterdigi pH degeri 6.8 olarak
bulunmustur (Sekil 2). Optimum pH degerinden
asidik ve alkali ortamlarda relatif aktivitede diisis
gozlenmistir.  Calisgmamizda elde  ettigimiz
sonugclara benzer sekilde, enzimin en aktif oldugu
pH degerinin, L. acidophilus icin 6.8 (Carevié vd.,
2015), S. thermophilus 95/2 susu icin pH 7.0, L.
bulgaricus 77 susu icin pH 7.0-7.5 arasinda (Ustok
vd., 2010) ve Lactococcns lactis i¢in pH 6.0
(Mozumder vd., 2012) oldugu rapor edilmistir. L.
delbrueckii subsp. bulgaricus ZN541 (pH 6.2) ve S.
thermophilus 21052 (pH 6.8) suslarindan elde
edilen B-galaktozidaz enzimi nétr pH’a yakin
degerlerde yiksek relatif aktivite
gosterdiklerinden, stitte (pH 6.6) ve peynir altt
suyunda (pH 6.2) laktozun hidrolizinde kullanim
potansiyeline sahip olabilecekleri diisiintilmistiir.
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Sekil 1. L. delbrueckii subsp. bulgaricus ZN541den elde edilen 3-galaktozidaz enzimine pH’in etkisi
Figure 1. Effect of pH on f-galactosidase enzyme activity in L. delbrueckii subsp. bulgaricus ZIN541
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Sekil 2. 8. thermophilus 21052’ den elde edilen B-galaktozidaz enzimine pH’in etkisi
Figure 2. Effect of pH on f-galactosidase enzyme activity in S. thermophilus Z7052

Bakterilerden  elde edilen B-galaktosidazin
kullanim  kaynagini  belirlemedeki  se¢im
kriterlerinden biri de reaksiyon sicakligidir

(Mahadevaiah vd., 2020). Reaksiyon stresi, pH,
enzimin elde edildigi kaynak, substrat gibi bircok
faktor enzimin optimum sicakligini etkilemektedir
(Ustok vd., 2010). L. delbrueckii subsp. bulgaricus
ZN541 susunda enzim aktivitesi, 30°C’de 0.055
U/mL (relatf aktivite: %22), 37°C’de 0.184
U/mL (%74), 42°C’de 0.247 U/mL (%100) ve
50°C°de 0.097 U/mL (%75) oldugu belitlenmistir
(Sekil 3). S. thermophilus 21052 susunda enzim
aktivitesi, 30°C’de 0.120 U/ml. (relatif aktivite:
%50), 37°C’de 0.144 U/mL (%061), 42°C’de 0.238
U/mL (%100) ve 50°C’de 0.178 U/mL (%39)
tespit edilmistir. Her iki susdan elde edilen
enzimin optimum sicaklik degeri 42°C olarak
belirlenmistir. Enzimlerin relatif aktivitesinin
30°C’de en dustk degerde oldugu gorilmistir
(Sekil 3). Benzer sekilde, farklt laktik asit
bakterileri  ile  yapilan  ¢alismalarda, (-
galaktozidazin en aktif oldugu sicakligin, L.
crispatus ATCC 33820 icin 45°C (Kim ve
Rajagopal, 2000), yogurttan izole edilen .
thermophilus susu igin 40°C (Princely vd., 2013), L.
plantarum 70810 susu icin 60°C (Zhang vd., 2013)
ve S. thermophilus 95/2 susu icin 50°C, L. bulgaricus
77 susu i¢in 45°C (Ustok vd., 2010) oldugu rapor
edilmistir. Stt endustrisinde laktozun hidrolizinde

yiksek sicakliklarda istenmeyen mikroorganiz-
malar  ¢ogalmadan  B-galaktozidaz  elde
edilebileceginden ¢alismamizda belitlenen yiiksek
sicakliklarda enzim aktivitelerinin fazla olmast bir
avantaj olarak degerlendirilmistir.

LAB’de B-galaktosidaz tretimi icin substrat
konsantrasyonu, enzimin reaksiyon hizint arttiran
en 6nemli faktétlerden birisidir (Deng vd., 2020).
Lac baskilayict proteinine baglanarak lacZ geninin
ckspresyonunu destekleyen ve bu proteinin lac
operonun operatdr bolgesine  baglanmasint
engelleyen laktoz, 3-galaktosidaz sentezini uyaran
optimum karbon kaynagidir (Wheatley vd., 2013).
Bu nedenle bu calismada substrat kaynagi olarak
laktoz kullanilmis ve farkhi konsantrasyonlardaki
laktozun (%2, 4, 6 ve 8) enzim aktivitesine etkisi
rapor edilmistir. L. delbrueckii ssp. bulgaricus
ZN541 susunda, farkll laktoz konsantrasyon-
larindaki enzim aktivitesinin = sirasiyla, 0.247
U/mL (relatif aktivite: %7100), 0.155 U/mL
(%62),0.134 U/mL (%54) ve 0.121 U/mL (%49);
71052 susunda ise strastyla, 0.136 U/mL (relatif
aktivite: %57), 0.238 U/mL (%100), 0.142 U/mL
(%60) ve 0.137 U/mL (%58) olarak belirlenmistir.
ZN541 susundan elde edilen enzimin optimum
laktoz konsantrasyonu %2, 21052 susundan elde
edilen enziminin optimum laktoz konsantrasyonu
ise %4 olarak tespit edilmistir. ZN541 susundan

1337



1338

H. Yiksekdag, Z. Yiuksekdag

elde edilen enzimde, laktoz konsantrasyonu
arttikca relatif aktivitenin digtigi gbrulmustir
(Sekil 4). Kilig (2013), L. fermentum ZYN17 ve L.
acidophilnus BAZ.36 suslart icin %4, L. casei LB65 ve
L. rbhammosus GD11 suslart icin %2 oraninda
laktozun enzim aktivitesinin en uygun, Akolkar
vd., (2005) L. acidophilus susundan elde ettikleri 3-
Sekil 4
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galaktozidaz enziminin maksimum 3-galaktozidaz
aktivitesini %1,5 laktoz konsantrasyonunda ve
Zhang vd., (2013), L. plantarun 70810 susunun ise
%4 laktoz konsantrasyonunda aktivitenin yitksek
oldugunu rapor etmislerdir. Yapilan caligmalarda,
B-galaktozidaz enzim aktivitesi farkhi laktoz
konsantrasyonlarinda farklilik g6stermistir.
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Sekil 3. L. delbrueckii subsp. bulgaricus ZN541 ve S. thermophilus 21052 suslarindan elde edilen 3-
galaktozidaz enzimine sicakligin etkisi
Figure 3. Effect of temperature on [-galactosidase engyme in L. delbrueckii subsp. bulgaricus ZN541 and S.
thermophilus Z7052
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Sekil 4. L. delbrueckii subsp. bulgaricns ZN541 ve S. thermophilus 21052 suslarindan elde edilen B-
galaktozidaz enzimine laktoz konsantrasyonunun etkisi
Figure 4. Effect of lactose concentration on f-galactosidase engyme in L. delbrueckii subsp. bulgaricus ZIN5471 and
S. thermophilus Z7052
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Mikroorganizmalarin =~ metabolik  aktiviteleri
tzerinde, fermantasyon siiresi 6onemli bir etkiye
sahiptir. Bakterilerin fermantasyon stiresinin kisa
olmast enzim Uretim maliyetini azaltan bir fakt6r
olarak degetlendirilmektedir (Serin ve Akcan,
2019). L. delbrueckii subsp. bulgaricus ZN541
susunda, enzim aktivitesi 18. saatte 0.074 U/mL
(relatif aktivite: %30), 24. saatte 0.247 U/mlL
(%100), 42. saatte 0.201 U/mL (%81) ve 72.
saatte 0.084 U/mL (%34) oldugu belitlenirken, .
thermophilus 71052 susunda enzim aktivitesi 18.
saatte 0.095 U/mlL (%40), 24. saatte 0.238 U/mL.
(%100), 42. saatte 0.154 U/mL (%065) ve 72.
saatte 0.157 U/mL (%066) olarak tespit edilmistir.
ZN541 ve 71052 suslarindan elde edilen
enzimlerin optimum enzim aktivitesi i¢in gereken
fermantasyon  siresinin 24  saat  oldugu

belitlenmistir. Her iki sustan elde edilen

sekilde, Makwana vd., (2017) 10 Lactobacillus
kiltiriinde B-galaktozidaz aktivitenin 24. saatte
48. ve 72. saate gore daha yuksek oldugunu,
Carevié vd., (2015) L. acidophilus susunda 48. saatte
enzim aktivitesinin maksimum diizeyde oldugunu
ve soya igeceginden (Das vd., 2020) izole edilen 8
Lactobacillus susunun, optimum enzim aktivitesini
24. saatte gosterdiklerini bildirmislerdir. Bir¢ok
bakterinin maksimum [-galaktozidaz enzim
tretimini  durgunluk  fazinin  baslangicinda
gosterdigi rapor edilmektedir (Carevié vd., 2015;
Alves vd., 2010). Bu durum, durgunluk fazinda,
ortamda bulunan laktoz hidrolizinin sonucu
olarak dustik laktoz konsantrasyonu ve daha
biiyitk ~ miktarlarda  serbest  glikozun,  §-
galaktozidaz dretiminin baskilanmasina neden
oldugu seklinde yorumlanmigtir (Murad vd.,
2011). Calismamuzdaki her iki bakterilerinin de

enzimlerin relatif aktivitenin 18. saatte en dustk enzim aktivitesinin durgunluk fazinin
degerde oldugu gorilmistir (Sekil 5). Benzer baslangicinda yiiksek ciktigr géralmistiir.
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Sekil 5. L. delbrueckii subsp. bulgaricns ZN541 ve S. thermophilus 21052 suslarindan elde edilen B-

Figure 5. Effect of fermentation time on f-galactosidase engyme in L. delbrueckii subsp. bulgaricus ZIN541 and S.

galaktozidaz enzimine fermantasyon siiresinin etkisi

thermophilus Z7052

1339



1340

H. Yiksekdag, Z. Yiuksekdag

Bu calismada, 3-galaktozidaza duyulan endiistriyel
ilgiden dolay1, yogurt kaynaklt L. delbrueckii ssp.
bulgaricus  ~ve S.  thermophilus  suslarinin - -
galaktozidaz Uretimi icin potansiyel kaynak
olabilirligi arastirilmistir. Optimizasyon
calismalarindan elde edilen sonuclar
dogrultusunda, bakterilerimizden elde edilen
enzimlerin biyoteknolojik uygulamalar icin umut
verici adaylar olabilecegi diisinilmustir.

CIKAR CATISMASI
Yazarlarin makale ile ilgili bagska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI

ZY ve HY, aragtirmanin  planlanmasi,
yuritilmesi, degerlendirilmesi ve yaziminda gorev
almustir.
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oz

Bu ¢alismada 3-4 kV/cm araligindaki vurgulu elektrik alan uygulamasinin dereotu dokusunu bozma diizeyleti
elektriksel iletkenlik bazh bir parcalanma indeksi ile tahmin edilip, en yiksek bozunumu saglayan sartlarda
fenoliklerin ekstrakte edilebilirligi kati-stvi ekstraksiyon sisteminde incelenmistir. Ekstraksiyon sonunda,
toplam fenolik icerik (TFI), antioksidan kapasite (AK) ve antiradikal aktivite (AA) degerleri Slciiliip, diger 6n
islemlerinki (dondurma-¢6zme, mikrodalga, solvent islemi ve 1sil islem) ile karslastirilmistir. En yitksek
indeks (61.43 *+ 5.17) 4 kV/cm’de 99x10us lik uygulama sartlarinda gbzlenmis olup, buda deteotunun
parcalanma direncinin ¢alismada kiyaslanan parankim dokularindan ve yenilebilir yapraklardan yiiksek
olduguna isaret etmistir. Vurgulu elektrik alan destekli ekstraksiyonun TFI ve AK degerleri dondurup-
¢oziindiirme 6n isleminden yaklastk %35 oraninda distk bulunurken, 1s1l islem iceren (mikrodalga, solvent
islemi ve 1s1l islem) yontemlerden ortalamada %068 oraninda distk tespit edilmistir. Vurgulu elektrik alan
Onisleminde ekstraksiyon veriminin, doku parcalanma dizeyinden ve fenoliklerin polifenol oksidaz (PPO)
tarafindan bozulmasindan etkilendigi seklinde yorumlanmustir.

Anahtar kelimeler: vurgulu elektrik alan, fenolik bilesikler, kati-stv1 ekstraksiyon, dereotu

EXTRACTION OF PHENOLICS FROM DILL LEAF WITH PULSED ELECTRIC
FIELD PRETREATMENT: COMPARISON WITH FREEZE THAW, HEAT
TREATMENT, MICROWAVE PRETREATMENTS AND SOLVENT
EXTRACTION

ABSTRACT

In this study, disintegration of dill leaf in response to pulsed electric field pretreatment of 3-4 kV/cm
was estimated using an electrical conductivity based-index, and extractability of phenolics at the
highest index was studied in a solid-liquid extraction. Total phenolic content (TPC), antioxidant
capacity (AC), and antiradical activity (AA) of the extraction were compared with other pretreatments
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(freeze-thaw, microwave, heat and solvent extraction). The highest index (61.43 £ 5.17) was obtained
at 99x10us of 4 kV/cm, implying a higher disintegration resistance than the parenchyma tissues and
edible leaves compared in the study. TPC and AC of the extraction were found around 35 % less
than those of the freeze-thaw while about 68 % lower than the microwave, heat treatment and solvent
extraction. The yield of pulsed electric field extraction has been interpreted as affected by the degtee
of disintegration and degradation of phenolics by polyphenol oxidase (PPO).

Keywords: Pulsed electric field, phenolic compounds, solid-liquid extraction, dill

GIRIS

Taze bitkilerden fenolikler gibi hiicre ici
maddelerin ekstrakte edilmesinde hiicre zarlarinin
saglamlig, ekstraksiyon verimini etkileyen 6nemli
faktorlerden biridir. Fenolik maddeler bitkisel
hiicrede koful igerisinde zatlarla (tonoplast ve
plasmalemma) cevrelenmis olarak
bulundugundan, dig bir ortama ge¢isi saglam
hiicre zarlari tarafindan engellenmektedir. Fenolik
maddelerin etkin bir sekilde ekstraksiyonunun
saglanmasi icin Oncelikle hiicre zart direncinin
astlmast veya bozundurulmast gerekmektedir
(Handa vd., 2008). Hiicre zar1 bozundurma islemi,
ekstraksiyon c¢esidine bagli olarak ekstraksiyon
Oncesi veya esnasinda 1s1 uygulamast, kurutma ve
ogutme gibi cesitli yontemler uygulamak suretiyle
gerceklestirilmektedir.  Kati-sivi  ekstraksiyon
sisteminde hiicre zarlarinin saglamligi, kullanidan
solvent (¢Oziicl) cesidinin polaritesinden de
etkilenmektedir. Bir kistm yag ¢6ziicl aseton gibi
apolar solventler, hiicre zarmna ulastiginda lipid
acisindan zengin olan hicre zarmi ¢ozerek
bozundurma etkisine sahipken, su bazli
ekstraksiyonda bu etki sinirlt olup, hiicre zarlart
6nemli oranda saglam kalmaktadir (Xu vd., 2017).
Bu nedenle 6n islemler ile hiicre zarlarinin
bozundurulmast 6zellikle su bazli ekstraksiyonda
daha kritik bir 6neme sahip olmaktadir (Dai ve
Mumper, 2010). Gerek su bazh gerek solvent bazlt
olsun  kati-sivi  ekstrasiyonda, ekstraksiyon
verimini artirmaya yonelik bircok geleneksel ve
yeni gelisen yontemlerin etkisi yaygin aragtirma
konularindandir. Bu yontemlerin  her birinin
avantaj ve dezavantajlart vardir. Ornegin, fenolik
maddelerin apolar solventlerde ¢6zintrligt daha
fazla oldugu icin solvent bazl ekstraksiyonda
verim genellikle daha yitksek olurken, solvent
maliyeti ve kalintist bir dezavantaj olarak
gorilmektedir. Ayrica, 1sil 6n islemin bazt
bitkilerde 1stya duyarll fenolik maddelerin
bozunumuna yol acti§1, buna karsin diger bazt
bitkilerde ise fenolik madde veya antioksidan

aktivite degerlerinin artirict etkisi gOsterilmistir
(Fanasca vd., 2009; Chipurura vd., 2010;
Chumyam vd., 2013; Maghsoudlou vd., 2019).

Son yillarda ortaya c¢ikan, vurgulu elektrik alan
(PEF) uygulamasi, 6énemli bir 1st artisina neden
olmadan hiicre zarlarinda gézenek olusumuna yol
acan, disiik enerji maliyetli bir doku pargalama
teknigi olarak kabul edilmistir. Bitki dokusu
tzerine yapilan 6nceki bir¢ok calismada PEI’in
hticre ici bilesiklerin kiitle transferini ekstraksiyon
ve kurutma gibi proseslerde kolaylastirdigt ve
verimi artirdigt rapor edilmistir (Fanasca vd.,
2009; Barba vd., 2012; Vallverdu-Queralt vd.,
2012). Bu ¢alismalarin bircogunda incelenen bitki
doku cesidi, meyve et dokusu veya parankima
dokulardir. Bununla bitlikte, literatirde PEF’in
yaprakst (ttbbi, aromotik, yenilebilir) bitkilerde
etkilerini inceleyen ¢alismalar sinirl sayidadir. Cay
yapraklarinda yapilan bir ¢calismada, PEF 6n islemi
uygulanan yapraklardan fenolik maddelerin kati-
stvi ekstraksiyon sistemi ile elde edilmesinde, en
yiksek ekstraksiyon verimi i¢cin PEF sartlart 1.25
kV/cm elektrik alan kuvveti 99 vurgu olarak rapor
edilmistir (Liu vd., 2019). Benzer bir ¢alismada,
taze nane yapraklarindan fenolik maddelerin
ekstrakte edilebilitligi PEF 6n islemi ile artmis,
optimum hucre patcalanmast icin 3 kV/cm
elektrik alan kuvvetinde 99 vurgu kullanilmas:
onerilmistir (Fincan, 2015). Bagka bir calismada,
Stevia rebandiana yapraklarindan fenolik madde
ekstraksiyonu mikrodalga, ultrason, vurgulu
elektrik alan ve yiiksek voltajlt elektrik desarj 6n
islemleri arasinda en yiksek verim PEF ile
muamele edilmis 6rneklerde (20 kV/cm, 200
vurgu) rapor edilmistir (Carbonell-Capella vd.,
2017).

Dereotu (Anethum graveolens 1..) fenolik, flavonoid
ve tanen bakimindan zengin ve morfolojik olarak
yaprakst bitkilerden farkli diger aromatik,
yenilebilir bitkilerden biridir (Fanasca vd., 2009;



Dereotundan fenolik madde ekstraksiyonunda vurgulu elektrik alan 6n islemi

Niya vd., 2016). Dereotu, fenolik asitler
(klorojenik asit, vanilik asit, siringik asit, kumarik
asit, ferulik asit, benzoik asit), flavonol (kamferol,
kuersetin ve rutin), flavon (apigenin, lutealin)
flavanon (naringenin) gibi fenolik bilesikler
icermektedir (Swieca ve Gawlik-Dyziki, 2008; Shyu
vd., 2009). Yapilan bir c¢alismada, dereotu
bitkisinin  polifenol, flavonoid igerigi ve
antioksidan aktivitesini belitlemek icin, solvent
ckstraksiyon metodu kullandmig, hazirlanan
etanol ve sulu yaprak ekstrelerinin toplam fenolik
madde icerikleri strastyla 69.76 = 1.57 ve 47.71 £
1.44 mg GAE/g kuru eckstrakt olarak tespit
edilmistir. Su ve etanol ekstraktlar kiyaslandiginda
ise etanol ekstraktinin daha iyi antioksidan ve
antiradikal  aktivite sergiledigi ~ gOrilmustir
(Nguyen vd., 2020). Dereotundan fenolik
maddelerin ekstraksiyonu icin solvent, ultrason ve
mikrodalga  metotlarinin  kullanildigi  rapor
edilmigtir (Shyu vd., 2009; Isbilir ve Sagiroglu,
2011; Pandey vd., 2013; Vallverda-Queralt vd.,
2015; Niya vd., 2016; Paven vd., 2018).

Bu calismada dereotu dokusunu PEF 6n islemi ile
parcalamanin  fenolik  ekstraksiyonunu nasil
etkiledigi, su bazli ve solvent bazli kati-sivi
ekstraksiyon sisteminde arastirilmustir. Oncesinde,
farklt siddetteki PEF uygulamalarinin ortaya
cikardigt doku parcalanma dizeyi elektriksel
iletkenlik bazli bir doku parcalama indeksi ile
tahmin edilip, sonrasinda dokulart PEF ile en
yiksek oranda parcalanan OSrnekler kati-sivi
ekstraksiyon islemine maruz birakilmistir. PEF’in
etkisi ekstraktlarda toplam fenolik icerik (TFI),
antioksidan kapasite (AK) ve antiradikal aktivite
(AA) analizleri ile degerlendirilip, kontrol ve diger
6n islem gruplant  (dondurup-¢6ziindiirme,
mikrodalga, solvent islemi ve 1sil islem) ile
karsdastirdmistir.

MATERYAL ve YONTEM

Ornek hazirlama

Taze dereotu (Anethum graveolens, Apiaceae), tirden
kaynaklanan  degisimleri Onlemek amaciyla
Kayseri’de stirekli ayni marketlerden temin
edilerek calismalarda kullanilmistir. Temin sonrast
materyaller, ¢ogunlukla hemen deneye alinmis,
istisnai hallerde buzdolabinda +4 °C ’de plastik
torbalar icerisinde en fazla 4 giin muhafaza

edilmistir. 200 mg Ornek yaprak kismindan
kesildikten sonra, distile su ile yikanip kalan su
pecete kagit ile uzaklastirlmistir. Daha sonra
ornek, uygulama odacigina yerlestirilip ve Gzerine
800 pl izotonik mannitol (0.33 M) ¢6zeltisi (D(-)
Mannitol, Merck) ilave edilerek, uygulamalar icin
hazir hale getirilmistir. Mannitol, metabolik olarak
inert ve suda ¢6ziindigliinde ortamin elektriksel
iletkenliginde 6nemli bir artisa yol agmadigindan,
deneylerde ozmotik etkileri en aza indirmek
amacina yonelik izotonik olarak hazirlanip
kullandmistir (Gaidamauskas vd., 2005).

Deneysel diizenek

PEF 6n islemi ve empedans Slcimi Sekil 1a’da
verilen entegre sistem kullantarak
gerceklestirilmistir.  Uygulama odacigt iki ¢ift
paslanmaz celikten olusan paralel plakalardan imal
edilmis (Sekil 1b), bir ¢ifti PEF uygulamasi, diger
cifti ise empedans Ol¢imi i¢in kullandmustir.
Uygulama odacigimin mutlak empedans: 100
kHz’de ve 20 mV (rms)’lik sabit test voltajinda bir
LCR metre (Hioki 3532-50, Japan) ve probu
(Hioki 4-terminal probe 9140) kullanilarak
Slgiilmustir. Veriler LCR metreye bagl bir arayiiz
(Hioki RS-233C, 9593-01, Japan) kullanarak
bilgisayara aktartlip, bilgisayar yazilum (Hioki
LCR version 4.03.E, Japan) ile kaydedilmistir.
Olciimlerden 6nce kablo ve elektrotlardan
kaynaklanan empedans degerleri, LCR metredeki
program yardimiyla Ol¢imlerden ¢ikarilmistir
(acik ve kisa kompanzasyon).

PEF uygulamasi ve empedans 6lgiimii

Uygulama odacigina  6rnekler  yerlestirilip,
empedans Ol¢im elektrotlart arasindan LCR
metreye baglanti saglandiktan sonra, empedans
verileri yaklasik 10 dakika boyunca Olciilerek
bilgisayara kaydedilmistir. Sonrasinda, LCR metre
baglantis1  kesilip, PEF uygulama elektrotlart
baglantisindan PEF jeneratérine (ECM 830,
Harvard apparatus, USA) baglanip PEF
uygulanmustir. PEF protokoliinde, 3 ve 4 kV/cm
elektrik alan siddetinde 100 ms aralikli 10 us’lik
karesel monopolar vurgulardan 99  adet
uygulanmustir. PEF sonrasi uygulama odacigt
tekrar  LCR  metreye baglandiktan  sonra,
empedans verileri 50 dakika boyunca her dakika
Olctltp, bilgisayara kaydedilmistir. Higbir islem
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gérmemis ve dondurulup-¢ézindirilmis
Orneklerin empedans Slciimleri de benzer sekilde
yapilmustir. Dondurup-¢ézindiirme islemi bitkisel
dokular1 %100’¢ yakin parcalamayr saglayan
yaygin yontemlerden biridir (Angersbach vd.,
2002). Dondurulup-¢oziindurilmis — Ornekler,
once izotonik mannitol ¢ozeltisi icinde -20 °C’de

(@) G T

>

Arayiiz (RS-233)
Interface (RS-233)

2 hafta bekletildikten

boyunca sonra,
cozindirilerek  oda  sicakligina  getirilip
hazirlanarak Olctimlerde kullandmusgtir.
Dondutrup-¢éziindiirme  isleminde  mannitol

cozeltisi diger 6rneklerden farklilik olusturmamast
icin kullantlmistir.

Bilgisayar
Computer

Veri edinimi
Data acquisition

LCR metre
LCR meter

PEF jeneratorii

PEF generator

Anahtar kutusu
Switch box

Uygulama odacig1
Treatment chamber

(b) _.J

1.3cm

y u¥

3

2cm

" 0.26cm

1 :Empedans ol¢iim elektrotlar Impedance measurement electrodes

I PEF uygulama elektrotlar1 PEF application electrodes

[ :Yahtim Isolation

Sekil 1. (a) PEF uygulamast ve empedans 6l¢iimii i¢in deneysel kurulum (b) Uygulama odaciginin
sematik resmi
Figure 1. (@) Experimental set-up for PEF application and impedance measurment (b)
Schematic picture of treatment chamber

Doku pargalanma indeksinin (DPI) tahmini
Olgiilen empedans ~degerlerinden, doku +
mannitol ¢Ozeltisinin elektriksel iletkenligi (o,
Simens/m), asagidaki formilden hesap edilmigtir
(Barsotti vd., 1999):

o=4/(ZxA) (Denklem 1)

£ = olctim elektrotlari arasindaki mesafe (m),
Z= doku + mannitol ¢Ozeltisinin empedanst

(ohm, Q), A= ¢élcum elektrotunun ylizey alant
(m?)
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PEF islemine maruz birakilan Grneklerin
parcalanma diizeyini belitflemek amactyla, doku
parcalanma indeksi (DPI) asagidaki formiilden
hesap edilmistir (Bazhal, 2003).

DPIi = [(6 — 65)/(04c — 05)] X 100 (Denklem 2)

o = Farkli PEF islemlerine maruz birakilan
dokunun 50 dakika sonundaki elektriksel
iletkenligi (Simens/m), o,= saglam (hicbir islem
gormemis) dokunun 50 dakika sonundaki
elektriksel  iletkenligi  (Simens/m),
dondurulup-¢ézindirilmis dokunun elektriksel
iletkenligi (Simens/m)

Odc =

Buna gore yukaridaki formial hicbir islem
gdérmemis (saglam) doku icin DPI = 0 degerini
veritken, dondurulup-¢éziindirilmis doku icin
DPI = 100 degerini vermektedir (De Vito vd.,
2008).

Kati-s1vi faz ekstraksiyonu

Bitiine yakin doku pargalanmasini saglayacak
siddette, asagida belirtilen 6n islemler ile muamele
edilen Ornekler, kati-stvi ekstraksiyon islemine
maruz birakidmistir (Zhang ve Willison, 1992;
Ade-Omowaye vd., 2000; Pan vd., 2003; Roy vd.,
2007). Ekstraksiyon icin, 1 g 6n islem gérmiis
doku 6rnegi tzerine 20 ml. 0.33 M mannitol
cozeltisi ilave edildikten sonra, erlenmeyer
icerisine aktartlarak dakikada 180 devirde calisan
rotasyon ¢alkalayicida (Shel Lab SI6 Floor model
incubator, Amerika) 90 dakika boyunca
karistirdmistir.  Ekstraksiyon  sicaklign  solvent
islemi icin 70 °C°de iken diger 6n islemler icin 20
°C’de gerceklestirilmistir. Ekstraksiyon sonunda
elde edilen ckstraktlar, filtre (Qualitative filter
paper, 101 fast, Xinxing, Cin) edilerek, posa kismit
ayrilip, stvi kismu (ekstrakt) fenolik maddelerin
analizinde kullandmustir (Fincan, 2015).

Oniglemler

PEF 6n islemi: Ade-Omowaye vd. (2000)
tarafindan rapor edilen prosediirlere uygun olarak
gerceklestirilmistir. Empedans ve dondurulup-
¢6ziindirme deneyleri referans alinarak en yitksek
patcalanma oranin saglandigi 4.5 kV/cm alan
siddeti 99 wvurgu sartlart uygulanmistir. Vurgu
genisligi 10 pus ve vurgular arast mesafe 100 ms
olarak uygulamalarda sabit tutulmustur.

Mikrodalga 6n islemi: Pan vd. (2003)’e ait
yonteme gore gerceklestirilmistir. Doku Ornegi
800 W giicteki mikrodalgada (Kenwood MW796,
Japonya) 4 kez 30 saniye boyunca isleme maruz
birakilmistir. Her bir 30 saniye sonrasinda
ornekler 20 saniye cesme suyu altinda sogutularak,
isinmadan kaynaklanan buharlasma olmamasina
6zen gosterilmistir.

Isd 6n islemi: Roy vd. (2007) tarafindan rapor
edilen prosediirlere uygun olarak
gerceklestirilmistir. Doku 6rnegi 80 °C’de 150
dakika boyunca tutulmus, sonrasinda ¢esme suyu
altinda sogutulmustur.

Dondurup-¢éziindirme yéntemi: Zhang ve
Willison  (1992)a  ait  yonteme — gbre
gerceklestirilmistir. Yaklasik 1/8 (g/mL) katt sivt
oranindaki 6rnekler -20 °C’deki dondurucuda en
az 1-2 hafta tutulmus, daha sonra Ornekler
cozundirilerek  katt st orami  1/20’ye
ayarlanmustir.

Solvent ekstraksiyonu: Kaufmann ve Christen
(2002) tarafindan rapor edilen prosediitlere uygun
olarak gerceklestirilmistir. Etanol ¢ozeltisi (20:80,
su / etanol) hazirlanarak 70 °Clye 1sitllmig, bu
cozeltinin 20 ml’sine 1 g Ornek ilave edilerek
ekstraksiyon icin hazir hale getirilmistir.

Kontrol: Orneklere hichir doku parcalama islemi
uygulanmadan ckstraksiyon i¢in hazir hale
getirilmistir.

Toplam fenolik madde tayini

Ekstrakt  vortekslenerek ~ (Vortex = MX-S,
Dragonlab, Cin) 100 pl supernatant alinmus,
ardindan 100 pl etanol (%95) ilave edilerek,
tzerine 3 mL Folin ayiract (%10 mL/mL)
eklenmistir. Cozelti vortekslenerek 5 dakika
bekletme sonrasinda tzerine 3 ml sodyum
karbonat (%7 g/mL) ¢Ozeltisi ilave edilmis, tekrar
vortekslenerek oda sicakliginda 1 saat beklemeye
birakilmistir. Olusan mavi renkli ¢6zeltinin
absorbansi, supernatant yerine 100 pl mannitol
(033 M) c¢Ozeltisi kullanllan  kontrole karsi
spektrofotometrede (Shimadzu UV-1700
spectrophotometer,  Japonya) 760 nm’de
Ol¢tilmistir. Toplam fenolik madde miktari, gallik
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asit cinsinden mg/mL olarak ifade edilmistir.
Gallik asit standart egrisi (Sekil 2), 50-250 mg/L.
konstantrasyon araliginda hazirlanan gallik asit
standart cozeltilerinin her birinden 100 pl alinarak,

supernatant yerine kullanilmis ve okunan
absorbans degerleri ile y = 2.2233x + 0.0022 (R?

0,6 -

o
n

R?=10,9999

(O T
0 0,05 0,1

o o
w +

Absorbance
_O
N

Absorbans

o
i

y=2,2233x+0,0022

= 0.9999) olusturulmustur. 1 g taze Ornekten
ekstrakte edilen toplam fenolik madde, grafikten
bulunan konsantrasyonun toplam ekstrakt hacmi
ile carpimindan hesap edilmis ve mg gallik asit
esdegeri/g taze doku olarak ifade edilmistir (Nagy
vd., 2014).

0,15 0,2 0,25 0,3

Kontsantrasyon (gallik asit) mg/ml
Concentration (gallic acid) mg/ml

Sekil 2. Gallik asit ¢ozeltisinin standart egrisi
Figure 2. Standard curve of gallic acid solution

Antioksidan kapasite tayini

Ekstrakt = vortekslenerek  (Vortex = MX-S,
Dragonlab, Cin) 0.25 mL supernatant alinmus,
tzerine 1 mL metanol (%99) ve 2 mL karisim
¢ozeltisi (0.6 M sulfirik asit, 28 mM trisodyum
fosfat, 4 mM amonyum molybdat) ilave edilerek
vortekslenmistir. Cozelt 95 °C’de 90 dakika
boyunca su banyosunda tutulmustur. Daha sonra
oda sicakligina getirilen Orneklerin absorbansi,
supernatant yerine mannitol (0.33 M) ¢Ozeltisi
kullanilan kontrole karst spektrofotometrede 695
nm’de Sl¢tlmustiir. Toplam antioksidan kapasite,
askorbik asit cinsinden mg/mL olarak ifade
edilmistir. Askorbik asit standart egrisi (Sekil 3),
55-250 mg/L konsantrasyon araliginda hazirlanan
askorbik asit standart ¢ozeltilerinin her bitinden
0.25 mL alinarak supernatant yerine kullanilmis ve
okunan absorbans degerleri ile y = 2.6125x —
0.0572 (R = 0.9998) olusturulmustur. 1 g taze
Ornekten ekstrakte olan toplam antioksidan
kapasite, grafikten bulunan konsantrasyonun
toplam ekstrakt hacmi ile carpimindan hesap
edilmis ve mg askorbik asit esdegeri/g taze doku
olarak ifade edilmistir (Cao vd., 2011)

Antiradikal aktivite tayini

Ekstrakt  vortekslenerek  (Vortex — MX-S,
Dragonlab, Cin) 40 pl supernatant alinmis,
tzerine 3 ml metanol ile hazitlanmis DPPH
cozeltisi (4 mg/ 100 mL) ilave edilerek
vortekslenmistir.  Karistm  karanlikta  oda
sicakhiginda 60 dakika boyunca bekletilmis ve
¢ozeltinin absorbansi 517 nm’de
spektrofotometrede  Sl¢llmistir.  Absorbans
Olgimlerinde metanol kullanilarak absorbans
stfirlanmig, kontrol 6l¢iimiinde supernatant yerine
mannitol (0.33 M) kullandmustir  (Sanchez-
Moreno vd, 1998; Kunyanga vd., 2012).
Antiradikal aktivite % inhibisyon olarak asagidaki
formiilden hesap edilmistir:

%inhibisyon = [(K — 0)/K] X 100 (Denklem 3)

K = Kontrol, kullanildigindaki
absorbans degeri,

O = Ornek, 6rnek kullanildigindaki absorbans
degeri

mannitol
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Verilerin istatistiksel analizi

Calismada her bir deney icin bes tekerriirlii
empedans sonugclari ve bes tekerriirlii ve t¢ paralel
fenolik madde sonuglart Minitab (Minitab inc.,

0,7
0,6
019 =1
0,4

0,3 +

Absorbans
Absorbance

0,2

0.1 = L 2

y=2,6125x-0,0572
R2=-0,9998

Minitab for Windows, release 12.2, Amerika)
istatistiksel ~ programi  kullanilarak,  varyans
(ANOVA) analizi ile degerlendirilmistir.

0
0 0,05 0,1

0,15 0,2 0,25 0,3

Kontsantrasyon (askorbik asit) mg/ml
Concentration (ascorbic acid) mg/ml

Sekil 3. Askorbik asit ¢6zeltisinin standart egrisi
Figure 3. Standard curve of ascorbic acid solution

BULGULAR ve TARTISMA

PEF’in hiicre ici iyonlarn salinimi iizerine
etkisi

Sekil 4de, PEF uygulanmis, dondurulup-
¢oziindurilmus ve islem gérmemis 6rneklerden
hiicre ici iyonlarin salinma kinetigi verilmistir.
Islem gérmemis 6rneklerin elektriksel iletkenligi
60 dakika boyunca sabite yakin seyrederken (Sekil
4a), 10. dakikada uygulanan PEF sonrasi,
elektriksel iletkenlikte gézlenen artis hiicre zarinin
parcalanmis olduguna, bu sebepten iyonlarin dis
ortama salinmaya basladigina isaret etmektedir
(Sekil 4b ve ¢). %100’ yakin doku pargalamay:
saglayan dondurup-¢éziindirme isleminde ise,
baslangicta bitin iyonlar ortama salindigt icin
sonraki zamanlarda artis gbzlenmemektedir (Sekil
42). Bundan baska, PEF uygulanmis 6rneklerden
iyon salimm hizinin nispeten distk bir hizda
gerceklesmesi dikkat cekici olmustur. Zira, dnceki
bir c¢alismada sogan epidermisi PEF yollu
pargalandiginda iyon salinim hizinin daha yiiksek
oldugu gozlenmistir (Fincan ve Dejmek, 2002).
PEF uygulanmis 6rneklerde gézlenen bu distik
iyon saltnim hizinin, hiicre zarindaki gézeneklerin
kiictikliigii ve mumsu kiitikula tabakasinin direnci
ile iliskili olabilecegi diisiiniilmektedir. Ozellikle
hiicre zart tzerinde ¢ok kiiciik go6zenekler

olustugunda iyon salinimi hizt yavaslamakta ve
saliim uzun sirmektedir (Sekil 4a ve b’de 60
dakika sonunda bile devam etmektedir). Nitekim
onceki calismalarda vurgu genisligi ile gézenek
capt ve sayisi arasinda iliski oldugu, 6rnegin, vurgu
genisliginin mikrosaniyeden milisaniyeye
ctkarilldiginda  gbzenek capinin da  buyiiyecegi
belirtilmistir (Saulis, 2010).

Ayrica, PEF siddetinin 3 kV/cm’den 4 kV/cm’ye
ctkarllmast da, iyon salimim kinetigi acisindan
belirgin bir fark olusturmamistir.

PEF’in doku pargalanma seviyesi iizerine
etkisi

Sekil 5’te dereotuna iki farkli siddete PEF
uygulamast (3 kV/cm’de 99x10us ve 4 kV/cm’de
99x10ps) sonrasinda gelisen doku parcalanma
indeksi (DPI) gosterilmistir. Bu sartlarda DPI
degerleri sirastyla 53.73 £ 15.64 ve 61.43 + 5.17
olarak hesaplanmustir. Uygulanan PEF siddetine
karst gelisen DPI degerinin, cogu parankim ve
genis yizeye sahip yaprakst dokulardan daha
dustik oldugu tespit edilmistir (Donsi vd., 2010).
Diger bir deyisle, sonuclar dereotu dokusunun
PEF ile pargalanmaya direngli oldugunu
gostermektedir. Cinkd, meyve ve sebzelerin et
kismint olusturan parankima hicrelerine sahip
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dokularda biitline yakin par¢alamay1 saglayan PEF
uygulamast 1-1.5 kV/cm siddetindedir (Soliva-
Fortuny vd., 2009). Bu nedenle dereotu
dokusunda bitiine yakin parcalanma saglamak
icin 4 kV/cm’den daha yiksek PEF siddetleri
uygulanmasi gerekmektedir. Ayrica, benzer bir
calismada, taze nane yapragl dokularna 3
kV/cm’de 99x10us’lik PEF uygulamasinda DPI
degeri %90’a yakin bulunmustur (Fincan, 2015).
Dereotunun  PEF ile parcalanmaya  karst
direncinin ylksek olmasi, hilicre capinin kiicik
olmasindan kaynaklanabilir. Ciinkii denklem 4’te
verilen formil dikkate alindiginda, hiicre capt
Sekil 5

N
o

kiictildikge, elektroporasyon icin gereken elektrik
alanin siddeti artmaktadir (Barsotti ve Cheftel,
1999; Wilson, 2016; Dhiman vd., 2017).

Vg = 1.5 X Ex X1 X cos(8) (Denklem 4)

Vr= Hiicre zarinda gbzenek olusumu icin gereken
kritik transmembran potansiyeli (V, Volt), Er=
Hicre zarinda gbzenek olusumu icin gereken
kritik elektrik alan (V/m),

r = Hucre ¢apt (m),

0= Hicre zarn ilgili kisminda elektrik alan
vektort ve hiicre capi arasindaki agl.

N
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Sekil 4. Tslem g6rmemis ve dondurulup ¢6ziilmiis (a) ve PEF uygulanmis dereotu 6rneklerinde
elektriksel iletkenligin zamana karst degisimi (b, c)
Figure 4. Change in electrical conductivity versus time in untreated and frozen-thawed (a) and PEF-treated (b,c) dill
sanmples
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Sekil 5. Dereotu dokusuna 3 ve 4 kV/cm’lik elektrik alan siddetinde 99x10us vurgu uygulanmast
sonrasinda doku parcalanma indeksleri
Figure 5. Disintegration indices developed in dill leaf after application of 99x10us pulses at electric field strength of 3
and 4 £V [ cm
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Fenolik maddelerin kati-s1v1
ekstraksiyonunda PEF’in etkileri

Sekil 6’de, PEF ve diger 6n islemlere maruz
birakilarak  hilicre  parcalanmast  saglanan
Orneklerin  kati-sivi ekstraksiyon islemi sonrast
6lgiilen toplam fenolik madde (TFI), antioksidan
kapasite (AK) ve antiradikal aktivite (AA) analiz
sonugclari gosterilmistir. PEF uygulamasi, yukarida
bahsedilen hiicte i¢i iyonlarin salinimina sebebiyet
verdigi gibi, hiicrelerde bulunan fenolik
maddelerin  ekstraksiyonunda da aynt yolu
izleyerek maddelerin ekstrakte edilebilirligini
saglamistir. PEF’in fenolik maddeleri ekstrakte
etme etkinligi, dondurulup-¢éziindirme islemi ile
mukayese edilebilir bulunmustur. Cizelge 1’de
PEF ve dondurup-¢ézindirme islemleri sonrast
kati-sivi ekstraksiyonunda, AK degerleri arasinda
istatiksel olarak 6nemli bir fark gézlenmezken (P
>0.05), PEF’in TFI ve AK degerleri, sirastyla
dondurup-¢éziindurilmis érneklerin ortalamada
%060 ve %78ini vermistir. Doku parcalanma orant
dondurulup-¢ézindiirme 6n isleminde %100’e
yakin ve PEF 6n isleminde bu oranin daha digiik

o
~

(DPi= 61.43+ 5.17) oldugu goz Oniine
alindiginda, doku pargalanma orani ile fenolik
maddelerin ekstraksiyon orani arasinda dogrusal
bir iliski g6rilmektedir. Bundan  baska,
ekstraksiyonda 1sil islem iceren 6n islemlerin
(mikrodalga, 1s1 islem ve solvent ekstraksiyonu)
fenolik madde degerleri, 1sisal olmayan (PEF ve
dondurup-¢6ziindiirme) islemlerden genelde daha
yiiksek oldugu tespit edilmistir. On islemler
arasinda TPl degerleri  kiyaslandiginda,
mikrodalga 6n islemi en yiksek degeri
gosterirken, 1s1l islem ve solvent ekstraksiyon 6n
islemi birbirine yakin (P >0.05) sonuglar
sergilemistir. AK  degerleri karsilastirildiginda,
solvent ekstraksiyon islemi en ylksek degeri
gosteritken, PEF isleminin 1sil isleme yakin (P
>0.05) ve mikrodalga 6n isleminden daha disiik
(P <0.05) degerler gosterdigi tespit edilmistir. AA
degerleri kiyaslandiginda, 1sil islem ve solvent
ckstraksiyonu arasinda istatistiksel olarak belirgin
bir fark gbzlenmezken (P >0.05) solvent
ekstraksiyon islemi mikrodalga 6n isleminden
6nemli derecede diigitk bulunmustur (P <0.05).
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Sekil 6. Taze dereotu dokusunun farkli yéntemlere parcalanip kati-stvi ekstraksiyona maruz birakilmast
sonrasinda ekstraktlarin toplam fenolik madde, antioksidan kapasite ve antiradikal aktivitesi. Her bir
analiz kategorisinde ayni bir harfi paylasmayan kolon simgeleri 6nislemler arasinda istatistiksel fark
oldugunu ifade etmektedir (P <0.05)

Figure 6. Total phenolic content, antioxidant capacity and antioxidant activity values of dill leaf disintegrated with
different pretreatment methods, followed by solid-liguid extraction. In each category of analysis, column superscripts not
sharing a letter means statistical difference between pretreatments (P <0.05)
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Cizelge 1. Her bir 6n isleme ait toplam fenolik madde (TF), antioksidan kapasite (AK) ve antiradikal
aktivite (AA) degerleri
Table 1. Total phenolic content, antioxidant capacity and antioxidant activity values of dill leaf disintegrated with
different pretreatment methods, followed by solid-liguid extraction.

TOPl&m diemhk Antioksidan Kapasite

o ll?k eit d (mg askorbik asit esd.  Antiradikal Aktivite
On islemler ( ;g gft z gs K e)§ ' /g taze doku) (% Inhibisyon)
Pre-treatments Toz‘% Ze;jo /z'foml:ﬁmt Antioxidant capacity (mg — Antioxidant activity (Yo

(mgag 5/&[ wid eqn /s ascorbic acid eqv./ g fresh Inhibition)

fresh weight) weigh)

Kontrol (Islem grmemis) 0.48+0.175 0054001+ 20441614
Control (Untreated) T T R
PEF 1.8310.41¢ 0.11+0.01 be 2.06%0.64
?;:;‘ig_;i;;;undurme 3.03£0.06¢ 0.1420.06 9.09£0.21¢
%ﬁjﬁga 4.98+0.79" 0.20+0.02 58.11+11.82
Eﬂ;ﬁj;‘mm 3.86+0.52¢ 0.09+0.04bc 44,442,010
Solvent ekstraksiyonu 3.65+0.65¢ 0.34£0.20¢ 37.90+8.79b

Solvent extraction

Her bir siitunda ayni bir harfi paylasmayan degerler, birbirinden istatiksel olarak farkli oldugunu ifade etmektedir
(P <0.05). (In each category of analysis, column superscripts not sharing a letter means statistical difference between pretreatments (P

<0.05))

Isil olmayan 6n islemler ile ekstrakte edilen
fenolik madde degerlerinin 1s1l islem iceren 6n
islemlerden daha dusiik olmasinin enzim aktivitesi
ile iligkili oldugu dustnilmektedir. Gerek PEF
uygulamast ve ¢6ziindiirme esnasinda gerekse 20
°C’deki ekstraksiyon boyunca, aktif polifenol

oksidaz enzimleri (PPO), fenolik maddeler
tzerinde bozucu etki gOstermesi mimkiin
olmaktadir. Tsil 6n islem iceren

ckstraksiyonlardaki fenolik madde degerlerinin
yuksekligi de bunu destekler niteliktedir. Zira
PPO enzimlerinin 1s1 direnci diisiik olup, inaktif
olduklarinda fenolik maddeler tzerinde bozucu
etki gosteremezler (Pekyardimci, 1992). Enzimler
disinda, 1sil islem de fenolik maddeler tzerinde
etkide bulunmaktadir. Isinin fenolik maddeler
tzerinde etkisi, islemin siddeti (sicaklik ve stire),
fenolik madde ¢esidi ve iginde bulundugu ortamin
Ozellikleri  gibi  unsurlara  baglt  olarak
degisebilmektedir. Bircok meyve ve sebzede 1sinin
bozucu etkisi belirtilitken, bunun tam aksi yani

1sinin fenolik madde degerlerini yukseltici etkisini
rapor eden c¢aligmalar da vardir (Chipurura vd.,
2010; Romero vd., 2014; Maghsoudlou vd., 2019;
Radziejewska-Kubzdela vd., 2020). Isil islemin
fenolik madde degerlerini yiikseltici etkisi tam
olarak acikliga kavusturulmamasina ragmen, 1sil
islemin antioksidan 6zellige sahip yeni Maillard
reaksiyon yan uriinlerinin olusumuna ve htcre
duvarint ileri derecede bozarak ekstraksiyonu
artirabilecegi 6ne strilmustir (Kaufmann ve
Christen, 2002; Juaniz vd., 2016; Kim vd., 2019)

Sekil 6’daki ekstraksiyon sonuclart bu acgidan
degerlendirildiginde, dereotundaki fenolik madde
icerigi belirtilen 1si islemlerde 1sisal olmayan
islemlere kiyasla daha fazla oldugu gérilmektedir.

Bundan  baska, Sekil 6’daki  degerlerin
ekstraksiyondaki ¢6ziinen ve ¢bzgen (solvent)
arasindaki  polarite  iliskisinden  etkilendigi
dustnilmektedir. On islemler sonrast
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gerceklestirilen kati-sivi ekstraksiyon
deneylerinde, Ornekler bircok acidan benzer
sartlara maruz birakilmistir ancak bununla birlikte
ekstraksiyon  sistemlerinde  farkliliklar  da
mevcuttur. Isil  islem, mikrodalga, PEF,
dondurup-¢ézindiirme  6n  islemi  iceren
ekstraksiyonlarda, c¢bzgen madde polar ve
izotoniktir (0.33 M mannitol ¢ozeltisi) ve
ekstraksiyon 20 °C’de gerceklestirilmistir. Solvent
ckstraksiyon sisteminde ise fenolik maddelerin
daha fazla ¢Oziinmesine elverecek polar protik
cozgen (20: 80, su / etanol) kullanilmig, 6nemli bir
fark olarak ekstraksiyon 70 °C’de
gerceklestirilmistir. Sekil 6c’de en yiksek AK
degeri, solvent ekstraksiyon 6n isleminde
bulunmustur.

Ekstraksiyon verimini etkileyen diger bir unsur,
6n islemlerin dokuyu hangi oranda parcaladigt
veya hiicre zarint hangi oranda bozdugudur. Bu
anlamda, O6zellikle taze dokular1 parcalama
yontemlerinde uygulanan sicaklik derecesi 6nemli
olmaktadir. Isil yéntem ile gerceklesen parcalama
metotlarinda, par¢alanma mekanizmast
cogunlukla hiicre zarlarinin erimesi ile olmaktadir.
Buna 6rnek olarak Eshtiaghi ve Knorr (2002)
yaptifl calisma incelendiginde, belirli bir sicaklik
derecesi tizerinde seker pancari dokusunun hiicre
zarinin 1s1 etkisiyle bozundugu gbzlenmistir. PEF
islemi hari¢ deneylerde kullanilan diger 6n
islemlerde, islemler %100 hiicre parcalanmasina
yakin olacak sekilde tasarlanmistir. Ancak PEF 6n
isleminde en fazla %61.43 + 5.17 oraninda hticre
pargalanmasi gerceklesmistir. Solvent
ekstraksiyon isleminde hiicre parcalanmast ve
ckstraksiyon ayni esnada gerceklesirken, diger
bitin  ckstraksiyon  sistemlerinde  hicre
parcalanmasi ekstraksiyon 6ncesinde saglanmistir.

SONUC

Yapilan bu ¢alisma, yapraks: dokularn PEF ile
parcalanabilecegini, ayrica PEF ile parcalanmis
dokularin kati-sivi ekstraksiyon islemine maruz
birakiddiginda, fenolik maddelerin  ekstrakte
edilebilecegini géstermistir. Uygulanan elektriksel
parametrelere ve dokularin muamele edildigi
ortamin Ozelliklerine gbre kismi degisiklikler
gosterebilmesine ragmen, bircok meyve dokusu
genellikle 1- 2 kV/cm’de butine yakin

parcalanmaktadir. Bu ¢alismada dereotu dokusun
PEF ile parcalanmaya karst gOsterdigi direncin
nane gibi diger benzer bir bitki dokusundan daha
yiksek olduguna ve biitline yakin par¢alanmasinin
saglanmast icin 4 kV/cm tzerinde bir elektrik alan
kuvveti kullanimi gerektigine isaret edilmistir
(Fincan, 2015). Ayrica PEF’in fenolik maddeleri
ekstrakte  etme  davranisinin,  dondurup-
¢cozindirme islemine benzedigi belirtilmistir.

Bu calismada, fenolik maddelere dair ekstraksiyon
verimini belitlemede Folin-Ciocalteu,
phosphomolybdenum ve DPPH metotlarindan
elde edilen sonuglar arasinda her zaman paralellik
bulunmamustir. PEF’in  fenolik  madde
ckstraksiyonundaki etkinligi, genellikle dondurup-
¢cozindiirme isleminin etkinligine benzemektedir.
Ancak toplam fenolik icerik degerinde, dondurup
¢ozindiirme isleminin etkinligi, PEF isleminden
daha disiiktir. Dondurup-¢dziinmils 6rneklerde,
¢bziindiirme sirasinda bekleme stiresi gbz ntine
alindiginda, fenolik maddelerin  enzimlerce
parcalanmast s6z konusu olmaktadir. Isid islem
iceren Orneklerde fenolik madde analizlerinin
genellikle yuksek ctkmast, enzimlerin
ekstraksiyondaki etkisini destekler niteliktedir.
Cunki 1s1] islemde enzimlerin inaktivasyonu séz
konusu olmaktadir. Bundan baska, 1si islemin
fenolik maddeler tzerinde etkisi, bitkiye 6zgi
fenolik madde cesidine gére degistigi ve baz
calismalarda artis, bazilarinda ise azalmaya yol
actift bildirilmektedir. Yapilan bu ¢aligmada,
dereotu Orneklerinin PEF ile fenolik madde
ckstraksiyonunun diger islemlere kiyasla daha az
miktarda sonuglandigi denemelerde gésterilmis ve
bunun PEF ile muamele edilmis 6rneklerde doku
bozunum oraninin %100’ e yakin olmamasi ve
ekstraksiyon stresince aktif kalan PPO gibi
enzimlerin fenolik maddeleri bozma etkilerinden
kaynaklanabilecegine isaret edilmistir.

CIKAR CATISMASI BEYANI
Yazarlar arasinda cikar
bulunmamaktadir.

catismast

YAZAR KATKILARI
Tum vyazarlar makalenin olusumundaki farkl
siireglerde 6nemli derecede katki saglamislardir.
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ABSTRACT

The effects of different levels of black pepper (5, 10 or 15 g/kg) and the use of ascorbate (without ascorbate
and with ascorbate) on the volatile compounds of sucuk were examined in the study. The volatile
compounds of the samples belonging to each group were extracted by solid phase micro-extraction (SPME)
and analyzed by gas chromatography-mass spectrometry (GC-MS). Ascorbate was not effective on
aldehydes, aromatic hydrocarbons, esters, acids and terpenes. While high black pepper level (15 g/kg)
decreased the abundance of hexanal, it increased the ethanol abundance. « -pinene and 3-carene increased
as black pepper levels increased. Among the terpenes, D-limonene and caryophyllene were the most
abundant compounds and were significantly affected by the black pepper level of 15 g/kg. D-limonene and
caryophyllene were the most related compounds for PC1; while allyl mercaptane, y-terpinene, D-limonene,
hexane for PC2.

Keywords: Volatile compound, black pepper, ascorbate, fermented sausage, sucuk, principal component
analysis (PCA)

KARABIBER VE SODYUM ASKORBATIN SUCUGUN UCUCU BILESIKLERI
UZERINE ETKILERI

oz

Arastirmada, farkli seviyelerde karabiber (5, 10 veya 15 g/kg) ve askorbat (askorbatsiz ve askorbatli)
kullaniminin sucugun ucucu bilesikleri tizerindeki etkileri incelenmistir. Her gruba ait numunelerin
ucucu bilesikleri katt faz mikro ekstraksiyon (SPME) ile ekstrakte edilmis ve gaz kromatografi-kiitle
spektrometrisi (GC-MS) ile analiz edilmistir. Askorbat, aldehitler, aromatik hidrokarbonlar, esterler,
asitler ve terpenler tzerinde etkili olmamistir. Yitksek karabiber diizeyi (15 g/kg) hekzanal seviyesini
azaltirken, etanol seviyesini artirmistir. Karabiber seviyesi artttk¢a a-pinen ve 3-caren artmigtir.
Terpenler icerisinde D-limonen ve karyofillen en fazla bulunan bilesikler olup 15 g/kg karabiber
seviyesinden 6nemli 6l¢lide etkilenmistir. D-limonen ve karyofillen PC1, allil merkaptan, y-terpinen,
D-limonen ve hekzan ise PC2 igin en ilgili bilesiklerdir.

Anahtar Kelimeler: Ucucu bilesik, karabiber, askorbat, fermente sosis, sucuk, temel bilesen analizi
(PCA)
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Ascorbate and black pepper on the volatile profile of sucuk

INTRODUCTION

Flavor is one of the most important quality
attributes for meat products and contributes the
acceptability of the product by consumer. The
biochemical changes during ripening of
fermented sausages determine the taste and
aroma of the final product. Carbohydrate
fermentation, lipolysis, proteolysis, lipid oxidation
and amino acid catabolism are important
phenomena with regard to the characteristic
flavor of dry and semi-dry fermented sausages
such as sucuk, salami, Rohwurst, Chorizo,
pepperoni (Ordonez et al., 1999; Kaban, 2010,
Kaya and Kaban, 2019). In these reactions,
external factors such as the initial fermentation
temperature, as well as internal factors such as
salt, curing agent, sugar and spices, which are
involved in the formulation, have become
effective. The abundance and balance of volatile
and non-volatile compounds formed as a result of
the reactions vary depending on the type of
product, and thus different products can be
obtained in terms of flavor (Kaya and Kaban,
2019). Volatile compounds contribute to the
aroma of the product, while non-volatile
compounds such as peptides and free amino acids
directly affect the flavor of the product (Toldra,
1998).

The spices used in fermented sausages also
contribute to the characteristic flavor and aroma
of the product. In the formulation, spices are used
in proportions varying between  0.5-2%
depending on the type of product, and even some
products are characterized by the specific spices
they contain (Ordonez et al., 1999). Black pepper
takes place an important position among the
spices and it is called "the king of the spices"”
(Stinivasan, 2007; Zhang et al, 2021). Black
peppet is widely used in fresh meat and processed
meat products because of its pungent and
characteristic taste (Vignolo et al., 2010). Black
peppet is also an important spice for sucuk, a type
of dry fermented sausage. However, there is no
study of the effect of black pepper on sucuk's
volatile profile.

The additives also play an important role on
flavor of fermented sausages. Salt and nitrite are

essential additives for these products. Besides,
ascorbate can be also added to the formulation.
However, the number of studies on the effect of
this reducing compound on the volatile
compound profile of fermented sausages is rather
limited (Stahnke, 1999). The relationship between
the volatile compound profile and ascorbate in
sucuk has not yet been investigated (KKaban and
Kaya, 2009; Ekici et al., 2015; Yalinkilic et al.,
2015). Therefore, it is aimed to determine the
effects of different levels of black pepper (5 g/kg,
10 g/kg or 15 g/kg) and the use of ascorbate (with
or without sodium ascorbate) on the volatile
compound profile of sucuk, a type of dry
fermented sausage.

MATERIAL AND METHOD

Material

Beef meat (round) and beef fat were used as a raw
material obtained from two carcasses (24 h post-
mortem). After raw meat was trimmed of visible
fat and connective tissue, it was cut into small
pieces. Similarly, beef fat was also cut into small
pieces. Then, after vacuum packaging, they were
separately stored at -18 °C for a week.

Autochthonous  strains  (Lactobacillus ~ plantarnm
GM77 + Staphylococens xylosns GM92) were used as
starter culture (Kaban and Kaya, 2009). L.
Plantarum GMTT and S. xylosus GM92 were grown
in MRS (Merck, Darmstadt, Germany) and TSB
(Merck, Darmstadt, Germany) broth at 30 °C for
24 h. L. plantarnm GMT7 was inoculated with 107
cfu/g, while S. xylosus GM92 was inoculated with
106 cfu/g into sucuk batters.

Sucuk Production

For the sucuk production, 20 g salt, 10 g gatrlic, 4
g sucrose, 7 g red peppet, 9 g cumin, 2.5 g allspice,
0.15 g sodium nitrite per 1 kg beef meat and beef
fat were used. Considering this basic formulation,
6 sucuk batters (with starter culture) were made
using different levels of black pepper (5, 10 or 15
g/kg) and sodium ascorbate (0 or 568 mg/kg).
Five kg of sucuk batter per each treatment was
prepared in laboratory-type bowl cutter (MADO
Typ MTK 662, Dornhan / Schwarzwald). For
each treatment, two batches were prepared, thus
a total of 12 sucuk batches was obtained.
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The sucuk batters were stuffed into collagen
casings (Naturin Darm, 38 mm) at 200 = 10 g
using a laboratory-type filling machine (MADO
Typ MTK 591, Dornhan / Schwatzwald). The
sausages were ripened in an automatic climate
unit (Reich, Germany), where temperature,
relative humidity and air flow can be controlled
automatically. The ripening program was carried
out in the automatic climate unit for 2 days with a
temperature of 22 £ 1 °C, relative humidity of 90
T 2%, and on days 3t and 4* with a temperature
of 20 + 1 °C, relative humidity of 88 + 2%. On
the following days (5%, 6% and 7% days), the
temperature was kept constant at 18 = 1 °C, and
the relative humidity was gradually reduced to 80
+ 2%. Air flow was kept at 0.5 m/s in the first 3
days of ripening, and gradually decreased to 0.1
m/s in the following days (Kaban and Kaya,
2009).

Method

After sucuk production, two random samples
were taken from each treatment in each
production and they were subjected to pH, awand
volatile compounds analyzes.

Determination of pH and ay

To determinate to pH value of samples, 10 g of
sucuk sample was homogenised with 100 mL
distilled water using Ultra-Turrax (T25; IKA-
Werke GmbH, Staufen, Germany), then it was
measured using a pH meter (Orion 420, Thermo,
Waltham, MA).

The water acitivity (a.) value of samples was
determined at 25 °C using an a4, sprint device
(Model TH-500; Novasina AG, Lachen,
Switzerland). Before the analysis, the instrument
was calibrated with 6 different salt solutions.

Analysis of Volatile Compounds

Five g each of the homogenized samples were
weighed into 40 mL vials (Supelco, Bellefonte PA,
USA). The vials were kept in a thermal block
(Supelco, Bellefonte PA, USA) for one hour at 30
°C for the extraction of volatile compounds and
it was ensured that volatile compounds were
accumulated in  the  headspace.  Then,
CAR/PDMS fiber (Supelco, 75 um, USA) was

placed in vials for adsorption of the compounds
and kept for 2 hours. After this step, the fiber was
injected into the gas chromatography (GC,
Agilent Technologies 6890N) device and the
compounds were identified by mass spectrometry
(MS, Agilent Technologies 5973). Carrier gas used
in the system was helium and DB-624 (60 m x
0.250 mm x 1.40 um, Agilent Tech, USA) was
used as column. The oven temperature of the gas
chromatography was initially set at 40 °C for 5
min, and then gradually increased to 110 °C with
3 °C/min, 150 °C with 4 °C/min and 210 °C with
10 °C/min, then kept at 210 °C for 12 min. The
library of mass spectrometry (NIST, WILEY and
FLAVOR) and standard mix (Supelco 44585-U,
Bellefonte PA USA) were used for identification
(Kaban, 2009).

Statistical Analysis

The use of sodium ascorbate (without or with
sodium ascorbate) and black pepper level (5, 10,
15 g/kg) were evaluated as factors. For each
treatment, two Dbatters were prepared. The
experiments were performed according to the
randomised complete block design with two
blocks (two replicates). The data was analyzed
with two-way ANOVA using the general linear
model. The factors were evaluated as fixed effects
and replicates as random effect. The means of
significant sources of variation were compared
using Duncan’s multiple comparison test at the P
<0.05 level. All statistical analyzes were carried
out using the SPSS version 24 statistical program
(SPSS  Inc., Chicago, IL, USA). Principal
component analysis (PCA) was performed with
the aid of The Unscrambler software (CAMO
software version 10.1).

RESULTS AND DISCUSSION

pH and a,,

The overall effect of sodium ascorbate addition
and black pepper level on the pH and a of sucuk
samples is given Table 1. According to the results,
the black pepper level and sodium ascorbate
addition did not significantly affect the pH and ay,
values of the samples (P >0.05). In this study,
starter culture was used in all treatments. Both ay
and pH are hurdle effects for fermented sausages.
In sucuk samples, pH and a, values were below
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5.0 and 0.90, respectively (Table 1). Similar results
have been reported in previous studies on sucuk
made with starter culture (Kaban and Kaya, 2009;
Sallan et al., 2019).

Table 1: Mean pH and a, values for sucuk
samples (Mean + SD)

Treatment n pH A
Sodinm  Ascorbate

(A

without Asc 12 4.86+0.06 0.87£0.04
with Asc 12 4.89%£0.05 0.89%0.02
Significance ns ns
Black  Pepper 1evel

(BP)

5¢g/kg 8  4.90%0.03 0.88%0.01
10 g/kg 8  4.86X£0.06 0.89%0.02
15 g/kg 8  4.86%0.08 0.87%£0.05
Significance ns ns
Asc x BP ns ns

ns: not significant, P > 0.05; SD: standard deviation.

Volatile Compounds

The overall effects of black pepper level and
sodium ascorbate addition on the volatile
compound profile of sucuk are given in Table 2.
A total of 47 compounds, including 5 aldehydes,
4 aliphatic hydrocarbons, 1 alcohol, 2 aromatic
hydrocarbons, 1 acid, 2 ester, 8 sulfur compounds
and 24 terpene compounds, were identified in the
sucuk samples (Table 2).

Aroma is one of the most important quality
attributes in fermented sausages such as sucuk.
Compounds formed by biochemical reactions
such as lipolysis, proteolysis, lipid oxidation,
amino acid catabolism, strecker degradation
during fermentation and drying contribute to the
aroma (Kaban, 2010; Xiao et al., 2020). The spices
in the formulation can also contribute more or
less effectively to the aroma (Ordonez et al,
1999).

The use of sodium ascorbate showed no
significant effect on aldehydes (P > 0.05), while
the black pepper reduced the abundance of
hexanal and 2-methyl-3 phenyl propanal in sucuk
(P < 0.05). In fermented sausages, aldehydes can
be formed through strecker degradation,
carbohydrate metabolism or lipid oxidation
(Otdonez et al.,, 1999). The fact that high black

peppet levels (15 g/kg) dectease both hexanal and
2-methyl-3 phenyl propanal levels in sucuk
samples in the study may be due to black pepper
being a good source of flavonoid and phenolic
antioxidants (Zarai et al., 2013). Hexanal is an
indicator of lipid oxidation. This compound
possesses the typical smell of green grass (Sidira
et al,, 2015). 2-methyl-3 phenyl propanal is the
characteristic aldehyde for sucuk (Kaban, 2010).
As in the present study, Stahnke (1999) reported
that ascorbate had no effect on aldehydes.

Black pepper had no effect on aliphatic
hydrocarbons (P >0.05). Sodium ascorbate, on
the other hand, was effective only on hexane (P
<0.05). Due to the high threshold values of
aliphatic hydrocarbons, their effects on the aroma
of fermented sausages are very limited (Ruiz et al.,
1999; Ramirez and Cava, 2007). Hexane also had
the highest abundance among aliphatic
hydrocarbons (Table 2).

Black pepper level did not significantly affect the
aromatic hydrocarbons (P >0.05). Similarly,
sodium ascorbate had no significant effect on
these compounds (P >0.05) (Table 2). In
addition, 2 aromatic hydrocarbons were
determined in sucuk samples. These compounds
were previously determined in a study on sucuk
conducted by Kaban (2010).

Ethyl alcohol was the only alcohol that was
determined in sucuk samples. The use of
ascorbate decreased the level of this compound,
while 15 g/kg black pepper level increased
ethanol formation (P <0.05). However, there was
no statistically significant difference between
addition of 5 g/kg and 10 g/kg (P >0.05) (Table
2). Alcohols are generated as reaction products of
lipid oxidation, carbohydrate metabolism and
amino acid catabolism in dry fermented sausages
(Mateo and Zumalacarregui, 1996; Ordonez et al.,
1999). Ethyl alcohol determined in sucuk samples
was found to be lower in the presence of
ascotrbate (Table 2). On the other hand, Sallan et
al. (2022) reported that the use of ascorbate in a
semi-dry fermented sausage has no effect on ethyl
alcohol. In a study carried out by Stahnke (1999),
it was reported that the addition of ascorbate
significantly increases ethanol level. On the other
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hand, increasing the black pepper level to 15 g/kg
increased the ethanol level (Table 2). It is thought
that these results are related to the redox potential
of the meat fermentation (Huynh et al., 2020).
Ordonez et al. (1999) also emphasized that
alcohol formation is favored by a greater NADH
compared to NAD* concentration.

Only acetic acid was determined as acid in sucuk
samples (Table 2). Acetic acid is formed through

amino acid catabolism and lipid oxidation as well
as activities of homofermantative lactic acid
bacteria and staphylococci (Montel et al., 1998).
This compound, which gives sour note to the
product (Montel et al., 1998), was also identified
in previous studies on sucuk (Kaban 2010,
Demirok Soncu et al., 2020). However, in our
study, neither the black pepper content nor the
addition of sodium ascorbate significantly
affected the acids (P >0.05) (Table 2).

Table 2. Overall effects of ascorbate addition and black pepper levels on the volatile profile of sucuk
(means £ SD) (AU x 106)

Ascorbate Addition (Asc) Black Pepper Level (BP) P
Compounds KI RT VPO wihase  Sg/ke Mgk 15g/ky  Asc BP
Aldehydes
Pentanal 742 A 0.38£0.26a  0.37£0.34a  0.52+0.32a  0.24+0.29a  0.35%0.23a ns ns
Hexanal 849 A 1.38£0.86a  0.9410.84a 1.79£0.91a 1.04£0.89ab 0.65£0.25b ns *
Octanal 1051 A 0.49£0.25a  1.01£1.36a 1.34%1.58a 0.47+0.27a 0.43%0.15a ns ns
Nonanal 1143 A 2.52+1.69a 4.30%£6.06a 5.7717.14a 2.18+1.41a 227%1.53a ns ns
2-methyl-3-phenyl- propanal 1344 B 97642492 105+3.16a 11.9%3.152 10.3+2.44ab 823%156b ns *
Aliphatic Hydrocarbons
Hexane 600 A 18.24£8.67a 11.3+3.75b  16.6%9.26a 13.70£7.09a 13.93+6.26a  * ns
Undecane 1100 A 0.56£0.38a  0.62+£0.452  0.72£0.49a  0.58%£0.50a  0.47+0.08a ns ns
Dodecane 1200 A 2.33+1.44a  1.75%£0.79a  1.94£0.90a 2.27£1.22a 1.92*144a ns ns
Tetradecane 1400 A 21942332 1.58%1.57a 1.93%£1.87a 2.06£1.61a 1.66%x2.27a ns ns
Alcohol
Ethanol 505 A 0.821£0.65a  0.3910.31b  0.46%£0.23b  0.39£0.34b  0.96%0.76a * *
Aromatic Hydrocarbons
Styrene 935 B 0.16£0.22a  0.15%£0.13a  0.22+£0.22a  0.15+0.18a  0.0910.092 ns ns
;’r?; Séﬁhiiﬁife 1434 C  494%14la  565t151a 4794145 5.65+1.65a 545t1.37a ns ns
Acid
Acetic acid 710 A 6.4612.30a  6.81+3.73a  7.6713.55a  5.5612.532  6.68£2.94a ns ns
Esters
Methyl acetate 890 C 1.01£0.432  0.6910.44a  1.09£0.51a 0.72£0.43a  0.74£0.39a ns ns
Hexyl butyrate 1215 B 1.43+1.03a  1.00£0.50a  1.55£0.96a 1.41£0.85ab 0.68+0.28b  ns *
Sulfur Compounds
Allyl mercaptan 574 B 18.618.60a  13.7£6.99a  19.4319.3a 12.26+5.47a 16.6218.18a ns ns
Allyl methyl sulfide 730 B 42142452  2.3311.56b 4.39+2.89a 2.54+1.74a 2.87%1.64a * ns
1-(methylthio)- 1-propene 832 C 0.36£0.20a  0.36%£0.26a  0.52+0.21a  0.19£0.18b 0.36+0.18ab ns *
Dimethyl disulfide 834 B 0.981£0.43a  0.71£0.37a  1.15+0.45a 0.71£0.38b  0.671£0.23b  ns *
3,3'-thiobis-1-propene 888 B 3.01+1.88a 1.25£0.77b  2.96+2.05a 1.78+1.72a  1.63£0.87a ** ng
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Table 2. continue

Ascorbate Addition (Asc) Black Pepper Level (BP) p
Compounds KI RT Wf;zut With Asc 5¢g/kg 10 g/kg 15g/kg  Asc BP

Methyl 2-propenyl disulfide 969 C 3.46£1.74a 2.30£1.15b  3.98+2.00a 2.25+1.03b 2.43+0.92b  * *

Methyl trans-propenyl-

977 B 0.4610.24a  0.48%0.23a  0.63£0.22a  0.36£0.26b 0.4310.11ab ns ns

disulfide

Di-2-propenyl- disulfide 1135 B 10.28+4.1a  7.224229b 11.31+4.8a 7.23%£1.96b 7.69%£2.11b  * *
Terpenes

a-Thujene 944 B 3.15£1.282  3.35+1.42a 2.51£0.40b 2.50+1.14b 4.73+0.71a ns  **¥
o -Pinene 951 C 4.61+1.79a  4.86%£2.19a 2.94%£0.52c¢ 4.18%£1.01b 7.08+1.04a ns  **
Camphene 970 C 0.38£0.21a  0.48%£0.23a  0.49%0.29a  0.41£0.23a 0.38%0.12a ns ns
B-Pinene 996 C 25.615.99a  26.417.26a 27.2317.8a 24.13£6.38a 27.84£7.89a ns ns
o -Phellandtrene 1019 C 5.48%£2.95a  5.59+3.25a 3.53£0.33b  4.08+2.56b 9.00£1.70a ns  **
3-Carene 1026 C 5.6312.13a  5.14+2.04a  3.0610.45¢ 5.91+1.64b 7.182091a ns  **
a-Terpinene 1042 C 2.3310.65a  2.50%£0.71a  2.1610.48b  2.11£0.70b 2.97+0.46a ns *
D-Limonene 1054 A 21.76x7.4a  19.5£10.8a 14.3913.6b 16.92+5.35b 30.59+7.6a ns  **
8-Phellandrene 1060 C 439+1.61a  4.30%£1.96a 3.38+0.70b  3.43£1.34b 6.23+1.32a ns  **
Cis-Ocimene 1097 C 2.421+0.74a  2.5410.59a  2.75%£0.89a  2.24+0.39a 24710.56a ns ns
y-Terpinene 1099 C 30.20£8.5a  28.16+5.2a  33.217.59a  26.36%£6.14a 27.95£598a ns ns
Terpinolene 1104 C 1.77£0.432  1.1720.42a  1.11+0.55a  1.02£0.34a 1.38£0.25a ns ns
Linalool 1161 A 6.94£2.86a  6.06+1.50a 7.25%2.64a  6.4712.52a 57711582 ns ns
4-Terpinenol 1235 B 3.25£1.09a 2.87+0.91a 2.82%£1.19a  2.8310.58a 3.53*1.11a ns ns
o -Terpineol 1258 C 2.44+1.51a 2.48%0.81a 2.54%0.65a 2.68+1.95a 2.16+0.46a ns ns
Delta elemene 1391 C 2.36£0.78a  2.29%0.76a  1.83%0.50a 2.46%0.63ab 2.6910.88b ns ns
2-caren-10-al 1393 C 188+1.00a 1.55+0.952 2.06%£0.56a 1.86%1.29a 1.23+0.82a 10s 0s
o -Cubebene 1396 C 0.87£0.57a  0.88%£0.28a  0.80%0.18a  0.76£0.56a 1.05%0.482 ns ns
Copaene 1433  C 5.76+2.73a  6.19%2.11a  4.4410.30b 5.27£2.85b 8.22+1.28a ns  ¥*¥
Eugenol 1456 B 3.67t1.27a  3.79+1.37a 3.30£0.71a  4.15+1.45a 3.74£1.56a ns ns
Trans-Caryophyllene 1468 B 2.021£0.73a  1.64£0.64a 1.56£0.39b  1.49F£0.66b 2.43+0.64a ns  **¥
o -trans- Bergamotene 1472 C 2.8711.53a  3.06t£1.67a 1.81£0.60b  2.77£1.75b 4.32£0.99a ns  *%*
Caryophyllene 1490 B 222+129a  24.71£13.6a 14.2+3.89b 20.7+14.84b 35.44+7.2a ns  **
o -Caryophyllene 1504 B 1.97£1.092  2.26%1.19a 1.301£0.41b  1.99+1.30b 3.04£0.74a ns  **

P statistical significance; ns: not significant P > 0.05; *: P < 0.05; **: P < 0.01. Results are expressed in Arbitrary
Area Units (X 109; RI: Reliability of identification; A: mass spectrum and retention time identical with an authentic
sample; B: mass spectrum and Kovats index from literature in accordance; C: tentative identification by mass
spectrum; KI: Kovats index calculated for DB-624 capillary column (60 m X 0.25 mm X 1.4 um) installed on a gas
chromatograph equipped with a mass selective detector. Different letters (a-c) indicate significant differences

between the levels in the groups.

Another volatile chemical group identified in
sucuk is esters. The esters determined were hexyl
butyrate and methyl acetate. None of the
compounds were affected by the use of ascorbate.
The black pepper level of 15 g/kg showed lower
abundance for hexyl butyrate than for 5g/kg (P

>(.05) (Table 2). Esters have low threshold values
and give a fruity note to dry fermented sausages.
The presence of alcohols and acids, as well as the
esterification activity of staphylococci play an

important role in ester formation (Xiao et al.,
2020).
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Among the sulfur compounds, allyl mercaptan
showed a higher abundance in sucuk samples.
However, this compound was not influenced by
the addition of ascorbate (P >0.05). The use of
ascorbate affected the levels of 3,3-thiobis-1-
propene, allyl methyl sulfide, methyl-2-propenyl-
disulfide, di-2-propenyl-disulfide significantly (P
<0.05). The use of ascorbate in sucuk production
reduced the abundance of some sulfur
compounds (Table 2). Sulfur compounds can be
formed by enzymatic reactions (allium types such
as onion and garlic or vegetables such as broccoli,
cabbage and cauliflower) or by heat treatment
applications. Due to their low aroma and taste
thresholds, volatile sulfur compounds can exhibit
sensory potential at low concentrations
(McGortrin, 2011). The black pepper level was
also significantly effective on 1- (methylthio)-
propene, dimethyl disulfide, methyl 2-propenyl-
disulfide and di-2-propenyl-disulfide compounds
(P <0.05). Increasing the level of black pepper in
sucuk production from 5 g/kg to 10 g/kg led to a
decrease in the abundance of 1- (methylthio) - 1-
propene, dimethyl disulfide, methyl 2-propenyl-
disulfide and di-2-propenyl-disulfide compounds.
However, increasing the black pepper level to 15
g/kg caused no significant difference (P >0.05).

The use of ascorbate had no significant effect on
terpenes in sucuk samples (P >0.05). On the other
hand, the black pepper level was effective on 12
of 24 terpenes at the level of P <0.05 or P <0.01
(Table 2). Terpenes play an important role in the
volatile profile of sucuk. In addition to black
peppet, many spices such as gatlic, red pepper,
allspice and cumin are used in the sucuk (Kaban,
2010). The main source of terpenes are spices
(Flores, 2018). It is reported that the main volatile
compounds of black pepper are caryophyllene, D-
limonene, 3-carene (Li et al., 2020). In addition,
volatile compounds such as alpha-pinene,
sabinene, 1-alpha-pellandrene are included in the
volatile profile of black pepper (Chi and Wu,
2007; Lilie et al., 2007; Munekata et al., 2020).
However, volatile profile of black pepper vaties
depending on the many factors such as chemo-
types, geographic origin, seasonality, and use of

oil extraction methods (Li et al., 2020). In the
present study, caryophyllene, D-limonene, and y-
terpinene were the most volatile compounds with
the highest abundance among the terpenes in
sucuk samples. Of these compounds, y-Terpinene
was not affected by the black pepper level (P
>0.05). On the other hand, caryophyllene and D-
limonene, which are of the main volatile
compounds of black pepper, showed higher
abundance at 15 g/kg black pepper level (Table
2). 3-Carene, a bicyclic monoterpene, increased
with increasing black pepper level. When the
black pepper level was increased from 5 g/kg to
15 g/kg, the abundance of this compound
increased approximately 2.5 times (Table 2). o-
pinene also increased significantly as black pepper
levels increased. In sucuk samples with 5 g/kg
black pepper and sucuk samples with 10 g/kg
black pepper, it was found that there were no
significant differences in terms of o-thujene,
alpha-phellandrene, a-terpinene, D-limonene,
beta-phellandrene, copaene, trans-caryophyllene,
alpha-trans-bergamotene, caryophyllene, alpha-
caryophyllene (Table 2). The black pepper
content of 15 g/kg showed a higher abundance
for these compounds than for 5 and 10 g/kg.

Principal Component Analysis (PCA)

PCA was performed to evaluate the relationships
between factors (ascorbate addition and black
pepper level) and volatile compounds. The

eigenvalues, variances and their cumulative
proportions are shown in Table 3. The
eigenvectors of the first three principal

components (PC) are given in Table 4. The first
three principal components (PC1, PC2 and PC3)
were analyzed having eigenvalues greater than 1.0;
explaining 78.40, 17.90 and 3.70% of the variance,
respectively. The first two principal components
explained 96.30% of the total variance (Table 3).
It was found that D-limonene and caryophyllene
were the most related variable for PC1; allyl
mercaptane, y-terpinene, D-limonene, hexane for

PC2 (Table 4).
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Table 3. Eigenvalue scores, variances and their cumulative proportions of first three components

Principal component Eigenvalue Explained variance
For PC Cumulative For PC Cumulative

PC1 119.00 119.00 78.40 78.40

PC2 27.23 146.23 17.90 96.30

PC3 5.57 151.80 3.70 100.00

Table 4. Eigenvectors of the variance—covariance matrix used for PCA

Variable PC1 PC2 PC3
Pentanal -0.004 0.014 0.023
Hexanal -0.036 0.039 -0.003
Octanal -0.025 0.011 0.129
Nonanal -0.093 0.066 0.491
2-methyl-3-phenyl-propanal -0.116 -0.020 0.159
Hexane -0.087 0.406 -0.578
Undecane -0.007 0.001 0.014
Dodecane -0.004 0.003 -0.101
Tetradecane -0.012 0.011 -0.093
Ethanol 0.018 0.033 -0.029
Styrene 0.004 0.002 0.003
1,2-dimethoxy-4-(2-propenyl)-benzene 0.018 -0.067 0.010
Acetic acid -0.018 0.092 0.233
Methyl acetate -0.010 0.028 -0.008
Hexyl butyrate -0.030 0.007 -0.058
Allyl mercaptan -0.056 0.578 0.096
Allyl methyl sulfide -0.044 0.157 -0.068
1-(methylthio) -1-propene -0.004 0.016 0.030
Dimethyl disulfide -0.015 0.028 0.002
3,3-thiobis-1-Propene -0.042 0.116 -0.117
Methyl 2-propenyl-disulfide -0.044 0.120 0.002
Methyl trans-propenyl-disulfide -0.005 0.011 0.025
Di-2-propenyl-disulfide -0.104 0.295 -0.029
o -thujene 0.079 0.042 0.080
a-pinene 0.138 0.006 0.005
Camphene -0.003 -0.002 0.017
B-pinene 0.042 0.269 0.149
a-phellandrene 0.190 0.084 0.093
3-Carene 0.123 -0.060 -0.247
o-Terpinene 0.029 0.014 0.046
D-Limonene 0.551 0.302 -0.116
B-phellandrene 0.100 0.064 0.057
Cis-ocimene -0.006 0.020 0.058
y-Terpinene -0.139 0.385 0.336
Terpinolene 0.010 0.012 0.016
Linalool -0.048 0.052 -0.060
4-Terpinenol 0.025 0.032 -0.029
o -Terpineol -0.015 -0.019 -0.020
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Table 2. continue

Variable PC1 PC2 PC3

Delta elemene 0.026 -0.016 -0.050
2-caren-10-al -0.028 0.008 -0.040
o - cubebene 0.009 0.008 0.013
Copaene 0.129 0.015 0.060
Eugenol 0.009 -0.048 -0.062
Trans-caryophyllene 0.030 0.040 -0.017
o -Trans-bergamotene 0.082 -0.011 -0.012
Caryophyllene 0.709 -0.026 0.153
o caryophyllene 0.057 -0.016 0.006

PC1 was positively related with sucuk containing
15 g/kg black pepper and with ascorbate. In
addition, PC1 was inversely related with the levels
of 5 g/kg black pepper and 10 g/kg black pepper
as well as without ascorbate (Fig. 1). At the same
time, PC1 separated the groups with ascorbate
and without ascorbate well. On the other hand,

sucuk samples with 5 g/kg black pepper, 15 g/kg
black pepper and sucuk samples without
ascorbate placed on positive side of PC2. PC2
showed that 10 g/kg black pepper correlated
more strongly with ascorbate than other black
pepper levels, and placed on negative side for PC2

(Fig. 1).
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Figure 1: Principal component analysis biplot of the relationships between factors (sodium ascorbate
addition and black pepper level) and volatile compounds

CONCLUSION

It is a notable finding from the study that
ascorbate has no effect on aldehydes, which are
mainly formed by lipid oxidation. Increasing the
level of black pepper also resulted a decrease in
the abundance of sulfur compounds. While the
black pepper levels reduced hexanal levels, which

is an indicator of lipid oxidation, it raised ethanol
levels. Terpenes were the main group, in which
black pepper is effective. An increase in the
abundance of many terpene compounds has been
observed with increasing black pepper level. The
group with 15 g/kg black pepper placed on the
positive side of PC1, while the groups with 5 and
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10 g/kg black peppet placed on the negative side
of PC1. The sucuk samples containing 15 g/kg
black pepper had a high relationship with D-
limonene and caryophyllene. In addition, some
volatile compounds were affected by black
pepper levels and showed different dimensions.
Moreover, the use of ascorbate also affected the
dimensions of some volatile compounds.
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ABSTRACT

In this wotk, sugar beet pulp (SBP) as a lignin poor biomass and corn cob (CC) as a lignin rich biomass were
subjected to enzymatic hydrolysis to see the effects of various vatiables on reducing sugar yield. In SBP
hydrolysis, response surface methodology (RSM) and ANOVA were used to fit sugar yield and to determine
significance of the parameters (substrate, pectinase, cellulase and hydrolysis time). The proposed quadratic
model gave an adequate approximation indicating the significance of all main effects and some of the
interaction effects (p < 0.05). The maximum yields within the design space were found approximately as 87
g/L after 18 h of hydrolysis, using 300 pl Cellic Ctec3 and 300 ul Pectinex Ultra SP-L at %20 substrate
loading. In CC hydrolysis, the use of nonionic surfactants (Tween 20 and Tween 80) under unpretreated
conditions did not necessarily increase the yield of reducing sugar from untreated CC.

Keywords: Enzymatic hydrolysis, sugar beet, corn cob, statistical modeling, sugar yield

SEKER PANCARI KUSPESI VE MISIR KOCANININ ENZIMATIK
HIDROLIZINDE FARKLI FAKTORLERIN ETKISININ INCELENMESI:
DENEY SONUCLARININ ISTATISTIKSEL ANALIZLERI

oz

Bu calismada, lignince disiik bir biyokiitle olarak seker pancari kispesinin (SBP) ve lignince yiiksek
bir biyokitle olarak misir kocaninin (CC) enzimatik hidrolizinden elde edilecek indirgen seker
veriminde, c¢esitli degiskenlerin g&sterecegi etkiler arastirlmistir.  SBP  hidrolizinde, ¢esitli
parametrelerin (substrat, pektinaz, selilaz ve hidroliz siresi) seker verimi modeline 6nemini
belirlemek igin tepki yiizeyi metodolojisi (RSM) ve ANOVA kullanilmistir. Onerilen ikinci dereceden
model, tim ana etkilerin ve baz1 etkilesim etkilerinin 6nemini gdsteren yeterli bir yaklasiklik vermistir
(P < 0.05). Tasarim alani icindeki maksimum verimler, %20 substrat yiiklemesinde 300 ul Cellic Ctec3
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ve 300 ul Pectinex Ultra SP-L enzimleri kullanilarak 18 saatlik hidrolizden sonra yaklagik 87 g/L
olarak bulunmustur. On isleme tabi tutulmamis CC hidrolizinde ise, iyonik olmayan surfektanlarin
(Tween 20 ve Tween 80) indirgeyici seker verimine fark yaratacak sekilde bir artirma etkisi

gbrilmemistir.

Anahtar kelimeler: Enzimatik hidroliz, seker pancari, misir kogani, istatiksel model, seker verimi

GIRIS

Over the last decades, there has been an
increasing demand to biofuels produced from
lignocellulosic biomass because they act as
ecofriendly,  renewable and  sustainable
alternatives to fossil fuels (Sharma et al., 2019).
Conversion of lignocellulosic biomass into such
kind of valuable products such as bioethanol plays
a significant role in reducing cost of energy as well
as in decreasing the bad effects of fossil fuels on
natural environment. Although it differs
according to types of biomass, lignocellulosic
biomass is mainly composed of cellulose,
hemicellulose and lignin (Adaganti et al., 2014).
The production of ethanol from lignocellulosic
biomass involves several steps: pretreatment, acid
or enzymatic hydrolysis, fermentation of
monomeric sugars obtained from the enzymatic
treatment of cellulosic and hemi cellulosic
polymeric chains and finally the separation step
(Adaganti et al., 2014). Especially, lignin covers
the cellulose / hemicellulose and prevents
enzymes to access them for the biochemical
conversion. Thus, pretreatment methods could be
required as the first step to break down the lignin
structure and disrupt the crystalline structure of
cellulose for enhancing enzymes accessibility to
the cellulose (Zhang, 2008; Manisha and Yadav,
2017).

Sugar beet pulp (SBP) is one of the lignocellulosic
biomasses that is an appropriate substrate for
enzymatic hydrolysis to obtain reducing sugar
which can be used for fermentation purposes
afterwards. It is obtained as a by-product during
beet processing in sugar factories (Cieciura-
Wiloch et al., 2020). Its major constituents are
composed of 30 wt.% hemicelluloses, 2224
wt.% cellulose, and 15-25 wt.% pectin, around
5.9 wt.% lignin with small amounts of fat, protein
and ash (Berlowska et al., 2018). Since SBP could
be classified as a lignin poor biomass, any
pretreatment to SBP is not be needed prior to
enzymatic hydrolysis. The studies are carried on

keeping maximum polysaccharide fraction within
the lignocellulosic biomass to obtain higher
amount of total sugars (Van Dyk and Pletschke,
2012). Type and amount of hydrolytic enzymes
(cellulases, hemicellulases, pectinases, ligninases,
etc.), biological pretreatments methods, type of
lignocellulosic feedstock, amount of substrate
could be given among the factors affecting
reducing sugar yields from such biomass (Paulova
etal., 2015; Sharma et al., 2019). There are various
studies related to use of commercial cellulases,
pectinases and their combinations in different
concentrations for beet fermentation (Nahar and
Pryor, 2012, 2013; Zieminski and Kowalska-
Wentel, 2015; Berlowska et al., 2018) and other
pretreatment strategies for high efficiency with
low cost (Arenas-Cardenas et al., 2017; Li et al.,
2018; Arumugam et al., 2020). But still, our
knowledge is limited regarding the complete use
of hydrolases and hereby, appropriate enzyme
combinations to maximize the saccharification
has not been achieved, yet. At this point,
Response surface methodology (RSM) could be
proposed as a statistical approach for design of
experiments, model building, evaluation of factor
effects, optimization of responses and for the
reduction of the required number of experiments
(Yicel and Géyeinctk, 2015; Astray et al., 2010).

Corn cob (CC) is another lignocellulosic biomass
and it could be considered as a lignin rich biomass
due to its high lignin content. Average
composition of dried corn cob consists of 306.3 -
41.3 % cellulose, 39.2 — 49.6 % hemicellulose, 9.6
- 14.2 % lignin and others (Pointner et al., 2014),
hence pretreatment plays an important role on the
reducing sugar yield from CC. It was shown in the
past researches that surfactants caused to decrease
the adsorption of enzymes to cellulose, to
increase the available surface area of cellulose or
to remove the lignin part during the hydrolysis.
While non-ionic surfactants (Tween 80 and
Tween 20) caused an increase in reducing sugar
concentration during the hydrolysis of steam-
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exploded wood, the effect of anionic surfactants
on hydrolysis rate was not as high as non-ionic
ones, and cationic surfactant had no effect on the
hydrolysis rate (Helle et al., 1993). According to
the findings of Qing et al. (Qing et al., 2010),
when Tween 80 was added before the
pretreatment of corn stover, it was observed that
pretreatment efficiency increased; lignin removal
became higher, as the time was prolonged.
However, there is a lack of studies to investigate
the surfactant effect on hydrolysis rate of biomass
without pretreatment.

The first objective of this study was to examine
the effects of different factors (substrate loading,
pectinase and cellulase loading, hydrolysis time)
on the optimization of SBP hydrolysis for high
sugar yield. Secondly, it was aimed to analyze
enzymatic hydrolysis of CC by using different
nonionic surfactants (Tween 20 and Tween 80)
without need for any pretreatment method and to
see their effects on the sugar yields. For these
purposes, response surface methodology (RSM)
as statistical analysis was evaluated in the first part
of the study to optimize parameters of SBP
hydrolysis. In the second part of the work, “t” test
was conducted to verify the statistical significance
of the mean differences between the control
group and samples in which surfactants were
used.

MATERIALS AND METHODS

Materials

SBP having a composition of 20-24 % cellulose,
26-36 % hemicellulose, 20-25 % pectin and 1-2 %
lignin was obtained from Kayseri Sugar Plant in
Kayseri, Turkey. Prior to experiments, fresh SBP
was dried at 105 °C and milled (Kitchen type food
processor) to 10 um-2mm particle size to reduce
crystallinity of lignocellulosic biomass. CC having
a composition of 44.4 % hemicellulose, 38.8 %
cellulose and 11.9 % lignin were obtained from
local markets in Ankara, Turkey, dried at 100 °C
and ground to particle sizes between 10 um and 2
mm using a laboratory type mill (Laboratory Mill,
Philadelphia, USA). Surfactants Tween 20 and
Tween 80 were purchased from Merck
(Germany).

Tri-sodium citrate dihydrate and citric acid
monohydrate were purchased from Merck
(Darmstadt, Germany). 3-5 Dinitrosalicylic acid,
sodium sulfate and phenol were obtained from
Sigma-Aldrich (St. Lois, MO, USA). Enzymes
Pectinex Ultra SP-L (pectinase obtained from
Aspergillus aculeatus) and Cellic Ctec3 (cellulase and
hemicellulase complex) for SBP hydrolysis and
Celluclast 1.5L and Novozyme 188 for CC
hydrolysis were kindly provided by Novozymes
(Bagsvaerd, Denmark). Pextinex activity is
defined as 3,800 units/ml in its specification sheet
(Sigma Aldrich, USA). Activity of Novozyme 188,
Celluclast 1.5 L were found as 450 CBU/ml and
82 FPU/ml, respectively using the method stated
by (Ghose, 1987). They were stored at 4°C when
not in use. Activity of the enzymes were
confirmed by AVICEL hydrolysis before each
hydrolysis set.

Enzymatic Hydrolysis

Enzymatic Hydrolysis of SBP

No pretreatment was applied prior to enzymatic
hydrolysis due to the low lignin content of SBP.
Before enzymatic hydrolysis, reducing sugar
content of the SBP was found to be around 1.2
g/L. In design of the experiment, four
parameters; substrate loading, two different
enzyme loadings and time were determined as
independent variables. Regarding to preliminary
trials and optimum working conditions, the
feasible substrate content for an appropriate
experimental setup was chosen as 4, 8, 12, 16 and
20 % solid/liquid ratio on dry basis. Considering
previous studies and production cost, the selected
enzymes, Pectinex Ultra SP-L and Cellic Ctec3
were combined at varying volumes of 100, 200,
300, 400 and 500 pl. Moteover, considering
feasible hydrolysis rate and process conditions,
hydrolysis time was particularly chosen as 6, 12,
18, 24 and 30 h.

Enzymatic hydrolysis was conducted in a shaking
incubator (Daihan Instruments, Germany) at 50
°C, 150 tpm for 6 to 30 h using 0.05 M sodium
citrate buffer solution at pH 4.8. Samples were
immersed into boiling water for 5 minutes to
terminate the hydrolysis. Following this, samples
were centrifuged at 13,000 rpm for 3 minutes.
Following the centrifugation, DNS method
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(Miller, 1959) was used to determine the reducing
sugar content of the supernatant of the samples.
Enzymatic  hydrolysis was conducted in
triplicates.

Enzymatic Hydrolysis of CC

Due to its high lignin content, CC needs
pretreatment to obtain high yields of reducing
sugar. In this study, costly pretreatment methods
were not applied, instead, Tween 20 and Tween
80 were used to see the effect of surfactants when
pretreatment step was eliminated. In order to see
the effects of surfactants on the structure of
cellulose, Avicel — pure cellulose - was used and
selected as a control sample. Preliminary
experiments  were conducted both by
simultaneous addition of surfactant and enzyme
to the mixture and by sequential addition of
surfactant and enzyme. Sequential addition
comprised stirring of the solution for 24 hours at
450 rpm before incubation. Working conditions
of the shaking incubator were set at 50°C, 150
rpm and hydrolysis lasted for 24 hours. Similar to
the previous part, 0.05 M sodium citrate buffer
solution with a pH of 4.8 was used. Celluclast 1.5L
(cellulase enzyme) and Novozyme 188 (mainly
composed of cellobiase) were the enzymes used.
The volume of each enzyme was kept constant as
150 pl, since this was the optimum volume found
in the study of Pocan et al. (2018) for the same
substrate and the enzymes. Four different
samples were prepared as follows: a mixture of
40% CC & 60 % _Awicel, a mixture of 20% CC &
80% _Avicel, only Avicel sample and only CC
sample. Enzyme volumes of 75 pl and 300 pl for
each enzyme were tested. Experiments were
conducted with the surfactant volumes of 135 pl,
250 pl, 400 ul, 500 pl, 600 ul, 1000 pl, 3000 ul and
5000 ul. After 24 h of hydrolysis time, samples
were immersed in boiling water for 5 minutes to
terminate the hydrolysis process. Finally, samples
were centrifuged at 13,000 rpm for 3 minutes.
And then reducing sugar content of the
supernatant samples were determined by DNS
method. The experiments were conducted in
triplicates.

Determination of Reducing Sugar Content
The DNS method was applied to determine
reducing sugar content of the samples as given in

the study of Miller (Miller, 1959). D - glucose was
used as a standard for the DNS analysis. Before
the addition of the DNS reagent, supernatant part
of the medium from the enzymatic hydrolysis was
diluted with distilled water. Ratio of the DNS
agent was set as 1:1.5 on a volume basis. After the
addition of the DNS reagent, obtained solution
was maintained in a 100°C water bath for 5
minutes; then the color change in the solution was
observed. A Hitachi U-1800 Optizen Pop Nano
Bio spectrophotometer was used to measure
absorbance of the samples at 540 nm. Calibration
curves were prepared to calculate the
concentrations of reducing sugar in the samples.

Experimental Design and Analysis

Response Surface Methodology (RSM)
Analysis for Enzymatic Hydrolysis of SBP
Screening design was firstly carried out to
determine which of the several experimental
variables and their interactions presented more
significant effects. Since it is economical and
effective, full fractional two-level factorial design
was preferred for screening analysis at first. Then,
fold — over mirror image of the original design
was also used for screening analysis. Independent
variables were selected as % substrate (w/v) (X1),
amount of Pectinex Ultra SP-L (ul) (X2), amount
of Cellic Ctec3 (ul) (X3) and hydrolysis time
(hours) (Xy). Response (Y) was determined as the
difference between the initial and final amount
(g/L) of reducing sugar in SBP. The results of
fractional factorial design pointed out that the
main effects were significant on sugar yield
response. Hereby, as a further study, a response
surface model (RSM) was built up with a second-
order (quadratic) model, with a 5-point central
composite design (CCD). This enabled to study
the effects the aforementioned factors.

By using RSM, the experimental responses were
analyzed with the following second-order
polynomial, Eq. (1):

Y= B0+ I B X + 2§€<jﬁij XiX; +
i1 Bu X7 M
where Y was the response (reducing sugars yield,

g L), Xi and Xj were the coded independent
variables. Bo, Bi Bi and Bj represented intercept,
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linear, quadratic and interaction constant
coefficients, respectively. The contour plots were
constructed using the fitted quadratic polynomial
equations obtained from regression analysis.

The four factors were analyzed at 5 levels as given
in Table 1a. CCD having 30 experimental runs
with different combination of factors was
developed using Minitab (ver.16.2.0.0, Minitab
Inc., United Kingdom) in order to study the main
effects and interactions. In order to provide
uniform variance at any given radius from the
center of the design mainly, rotatability and

orthogonality, the axial distance, «, was chosen to
be 2. The number of cube points, axial points, and
center points in the design are 16, 8 and 0,
respectively. To make each run in the design
independent of each other, randomization tool of
the software was used. The assigned run order
was considered during the experiments. Finally, a
half-factorial 24 design using 5 point central
composite design (CCD) leading to 3 sets of
experiments was used to determine the most

significant factors influencing reducing sugar yield
of SBP.

Table 1a The coded and actual values of the levels of the independent factors

Independent Symbols Coded
variables levels
-2 -1 0 1 2

Actual

levels
Substrate loading (w/v %) Xi 4 8 12 16 20
Pectinex Ultra SP-L () X 100 200 300 400 500
Cellic Ctec3 () X3 100 200 300 400 500
Hydrolysis time (h) X4 6 12 18 24 30
Dependent
variables
Sugar yield (g/L) Y

For the SBP data, classification and regression
tree (CART) method, which is one of the
important techniques of data mining was also
used. A regression tree model was formed to
investigate the effects of substrate content,
enzyme amount and hydrolysis time on the
reducing sugar amount of sugar beet pulp. ‘rpart’,
a recursive partitioning tool developed by
Therneau and Atkinson (2000) for R! statistical
package, was used for the classification tree
analysis. Moreover, reduced sugar amount was
divided into quartiles and a classification tree
model was estimated to predict the quartile class
based on independent variables described above.

Statistical Analysis

Statistical analysis was evaluated in the first part
of the study to optimize parameters of SBP
hydrolysis. Analysis of variance (ANOVA) was

conducted by using Minitab (ver.16.2.0.0, Minitab
Inc., United Kingdom) in order to evaluate
statistical significance of the models obtained by
RSM and parameters in them. The results
reported were the averages of three replicates. In
RSM  model, the second-order regression
coefficients and equations were determined from
the analysis of response surface design by using
Minitab. According to the results of ANOVA and
lack of fit test, only the factors affecting responses
significantly were selected. No lack of fit was
detected in the model for SBP hydrolysis. For
statistical analysis of Avice/ and CC hydrolysis,
student ‘t’ test was conducted to verify the
statistical significance of the mean differences
between the control group and samples in which
surfactants were used.
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RESULTS AND DISCUSSION
Determination of independent factors
affecting the enzymatic hydrolysis of SBP
The effect of process variables such as
temperature, pH, enzyme type, reaction time, etc.
on the product yield for biofuel production is a
major issue to investigate. Substrate loading and
reaction time are among the important factors
that have the potential to maximize the reducing
sugars but need to be optimized. Donkoh et al.
(2012) obtained that pretreated SBP - with dilute
sulfuric acid - loadings ranging from 0.66% and
2.34% did not have any significant effect on
hydrolysis yield. However, SBP solid loadings,
ranging from 2% to 10%, led to the increase in
the concentration of reducing sugars as expected.
In another study, hydrolysis yield decreased from
45% (at a solid loading of 2%) to 41.5% (at a solid
loading of 10%) after 72 hours of incubation
(Zheng et al.,, 2012). The work conducted by
Nahar et al. (2014) also revealed that SBP solid
loadings from 10% to 16% increased the
hydrolysate sugar concentrations, on the other
hand, yields decreased at solid loadings above
10%. To obtain high fermentable sugars, it is
obvious that high solid loadings are necessary,
whereas high solid content may adversely affect
the process; mainly end-product inhibition in
addition to mixing (Zheng et al., 2012). In that
regard, five different substrate amounts (from 4
g/L to 20 g/L) were determined to see the
optimum range in this study. In the conversion of
biomass to biofuels, the process time is another
key factor influencing yield and chemical structure
of the product (Siddiqui et al, 2019).
Experimental researches show that it changes
according to time of pretreated and untreated
biomass. Adaganti et al. (2014) found an increase
in glucose yield for untreated biomass up to 50 h
of hydrolysis time but then a stabilization was
observed at 70 h of hydrolysis. On the other
hand, the yield showed an increasing trend for
pretreated samples even after 50 h. Pryor and
Nahar (2015), Pocan et al. (2018) stated that 24 h
of hydrolysis time was more representative time
for hydrolysis rate and the need for high reactor
productivity would discourage longer reaction
times. In the light of all findings, hydrolysis time

to be used in optimization was selected from 6 h
to 30 h in SBP hydrolysis.

It was found that both cellulases and pectinases
were important enzymes for the hydrolysis of
sugar beet pulp. Although B-glucosidase can be
used additionally, it was shown that hemicellulase
was not needed to improve the effectiveness of
hydrolysis (Zheng et al., 2012). The required
enzyme dosage and synergistic effect between
enzymes are valuable parameters in terms of
process efficiency and economy. Arabinose,
galacturonic acid, and galactose are the sugars
obtained after the hemicellulose and pectin
hydrolysis. In addition, glucose is produced at the
end of cellulose hydrolysis. Kinnarinen and
Hikkinen (2014) reported that doubling enzyme
dosage did not led to duplication of glucose
concentration. Multiple interactions
between enzymes on complex substrates and this
still  requires investigation (Van Dyk and
Pletschke, 2012). As a result, pectinase and
cellulase as individual and mutual usage were
studied in this design at five levels (from 100 ul to
500 pl).

occur

Fitting of The Models and The Results of
Experimental Plans in Enzymatic Hydrolysis
of SBP

CCD model was mainly performed to optimize
the enzymatic hydrolysis factors. As given in Eq.
(1), the second order polynomial equations wete
used to fit the responses after realizing that a first-
order approximation was not capable to express
the relation (explained in the method section). A
full quadratic model, i.e. a model consisting of
first and second order polynomials of the
predictors in addition to their interaction terms,
was estimated.

To include unobserved variance into the model,
five blocks were used in which each block
represented a different day of the experiment.

To check whether models were adequate to fit,
necessary assumptions were checked at each step.
The residuals were assumed to be normally
distributed with a constant variance and so
normal probability curves of standardized
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residuals were drawn. An iterative approach was
adopted to confirm normality. Observations with
absolute standardized residual greater than 2 were
removed from the data set and the full quadratic
model was estimated again. This process was

continued until the residuals were normally
distributed with constant variance. Final
experimental setup and responses were assigned
based on CCD for the Response Surface
Methodology (RSM) analysis (Supp. A.1).

Table 1b Response surface model estimation results

Variable Coefficient Standard Error t p
piot B
Constant, By 66.329 0.619 107.027 0.000
Xi 16.026 0.341 47.047 0.000
Xo 1.843 0.347 5.309 0.000
X3 1.369 0.354 3.866 0.001
X4 4.945 0.357 13.837 0.000
Xi * X -1.658 0.383 -4.335 0.000
X5*X; -1.047 0.383 -2.737 0.013
Xi * X 0.869 0.384 2.265 0.035
Xi *X; 2.317 0.406 5.709 0.000
Xi ¥ Xy 1.475 0.432 3.416 0.003
Xo*X; 2.201 0.396 5.309 0.000
Xo* Xy 1.063 0.443 2.400 0.026
X3 * Xy -1.512 0.443 -.3411 0.003
R2 99.41%
Adjusted R2 (R2.q) 98.95%

Following this step, statistical significance of the
regression coefficients was scrutinized. Similar to
the previous phase, predictors with the lowest
absolute 7 statistics were discarded from the
model one by one. The results based on analysis
of variance (ANOVA) for the reduced quadratic
model were displayed in Table 1b with adjusted
coefficient of determination (RZ4). All factors
presented in the model were significant (p < 0.05)
among which interaction of factors marked as X
* Xz had the highest p value and thus the lowest
impact on the response variable (yield).

Y= Bo+ BiXi+ B2Xo+ Ba3Xs+ BuaXy +
B11XT + B33X5 + P12X1 Xy + P13X1 X3 +
B14X1X4 + B23X2X3 + P24 X2 Xy + B34X3X,

@

Y = 66.329 + 16.026X; + 1.843X, +
1.369X; + 4.945X, — 1.658X7 —

1.047X2+ 0.869X, X, + 2.317X, X5 +
1.475X, X, + 2.201X,X; + 1.063X,X, —
1.512X3X, ?3)

It can be seen from the model equation (3) that
sugar yield changed with substrate loading,
enzyme loading and hydrolysis time, significantly
(p< 0.05). As expected, increasing enzyme
concentration with more concentrated substrate
over a longer period increased the yield. On the
other hand, second order effect coefficients for
substrate amount (X;2) and for Ctec 3 (X3?)
content were negative, suggesting optimal
operation points might have existed for these
variables. Moreover, the interaction term between
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Ctec 3 and time also had a negative coefficient.
Therefore, it was hypothesized that the optimal
values of the substrate amount, Ctec3
concentration and hydrolysis time could be found
to optimize the process yield. The interaction
term for Ctec3 and Pectinex Ultra SP-L had a
positive coefficient, indicating that these enzymes

displayed a synergetic response. Analysis of
variance for the final model was given in Supp.
A.2. Findings of Nahar and Pryor (Nahar and
Pryor, 2013) were consistent with our results by
giving positive interaction between cellulase and
pectinase addition in statistical model for ethanol
production from sugar beets.

Contour Plot of yield (g/L) vs Pectinex Ultra SP-L (pl); substrate (%)

Contour Plot of yield (g/L) vs Cellic Ctec3 (pl); substrate (%)
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Fig. 1 Contour plot of a) yield vs Pectinex Ultra SP-L; substrate b) yield vs Cellic Ctec3; substrate c)
yvield vs time, substrate d) yield vs Cellic Ctec3, Pectinex Ultra SP-L e) yield vs time, Pectinex Ultra SP-
L f) yield vs time, Cellic Ctec3.

In order to better understand the relationship
between the sugar yield and the independent
variables, contour plots of predictor variable

couples were formed in Figs. 1a-f. In overall, yield
increased with higher amounts of substrate and
enzyme concentration. Negative second order
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regression coefficient (antagonistic effect) for
substrate amount suggested that yield should
decline after a certain point, ie. an optimal
substrate should exist. However,
estimation results also indicated that such an
optimal substrate amount was well beyond the
experimental range used in this study. Moreover,
feasibility of the optimality of a higher substrate
amount was equivocal. Difficulties were
encountered during the trials while taking 1 ml of
supernatant from the samples containing 20%
substrate in order to conduct DNS assay.
Therefore, it was almost impossible to find any
supernatant in the sample above this percentage
of substrate.

amount

The plot corresponding to reducing sugars yield
versus solids load and Pectinex Ultra SP-L
concentration were shown in Fig. 1a. Pectinex
Ultra SP-L was used to degrade pectin which is a
complex organic polymer found in lignocellulosic
biomass. It was seen from Fig. la that as the
percent of substrate and enzyme volume
increased, yield increased. When 20% substrate
was used, as the volume of Pectinex Ultra SP-L
was increased above 250 pl, the yield reached its
maximum - above 90 g/L. It was inferred that the
variation in substrate was relatively important
than the variation in amount of Pectinex Ultra SP-
L, since former affected the yield more. In
addition, yield was almost constant at constant
substrates as increasing enzyme volumes. As
another finding given in Fig. 1b, the yield reached
its maximum as the percent of substrate
increased, even while using lower volumes of
Cellic Ctec3 -around 150 pl. When Fig. 1b was
compared with Fig. 1a, it could be referred that
the lower substrate loading and Cellic Ctec3
volume led to slightly higher yields in Fig. 1b than
the other. This result was expected since cellulose
content was higher in SBP with respect to pectin.

Fig. 1c illustrated the contour plot of the
interactive effects between substrate load and
reaction time for the yield response. The amount
of reducing sugar (g / L) increased with both
higher substrate amount and longer reaction time
as expected. During the hydrolysis of sugar beet
pulp, it was shown in the previous studies that

50% of hydrolysate was composed of
galacturonic acid and arabinose after 48 h of
incubation period. Sampling was done at the end
of 12 h and 24 h incubation and it was observed
that 50% and 80% of these monomers have been
released at the end of 12 h and 24 h, respectively
(Leijdekkers et al., 2013). Another study indicated
that 53% arabinose, 57% galactose and 44%
rhamnose were released after 8 h of hydrolysis of
SBP which were half of the monomers observed
48 h after hydrolysis (Micard et al., 1996).

Analysis results showed that combining Pectinex
Ultra SP-L with Cellic Ctec3 created a synergetic
response similar to previous studies (Pocan et al.,
2018). In the same study (Pocan et al., 2018), total
reducing sugar in orange peel hydrolysis did not
vary significantly with increase of pectinase
loading as cellulase kept constant at 56 FPU/g.
However, the increase of cellulase from 56 to 112
FPU/g created significant change in glucose
conversion. They also observed in pomegranate
peels that if 67 TU/g pectinase was used with
other enzyme loading of cellulase, the glucose
concentration significantly changed in every
significant change. These results also pointed out
that the efficiency of enzyme combination could
differ regarding to certain amount of enzyme and
substrate type (with different cellulose and pectin
content). In our study, as presented in Fig. 1d,
[1,1] combination (i.e. 400 pl Pectinex Ultra SP-L
and 400 pul Ctec 3) gave a higher yield than [2,0]
ot [0,2] combinations. Similarly [0,0] combination
produced a higher yield than [1, -1], [-1,1], [2, -2]
and [-2,2] combinations. As shown in Fig. le,
obtained findings for the interaction of Pectinex
Ultra SP-L and time were conformed with the
expected outcome. Time had more effect on the
extent of saccharification.

Negative interaction between reaction time and
Cellic Ctec3 content was finally presented in Fig.
1f. At longer hours, inhibition was observed at
higher volumes of Cellic Ctec3. It could be
expected because cellobiose or glucose formation
could slow down the rate of hydrolysis by end-
product inhibition. At higher substrate loadings,
end-product inhibition can similatly be observed,
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so it was also estimated that yield would drop
beyond the experimental range.

Classification and Regression Tree Analysis
in Enzymatic Hydrolysis of SBP

Regression tree, which was used to model the
effects of substrate content, enzyme amount and
hydrolysis time on the reducing sugar amount of
SBP was shown in Fig. 2. Regression trees are
used in graphically displaying the relationship

yos

x1<10

x1<6

® ® ® ©

x1<14

x3 <300

between the dependent and independent
variables. A heat-map format was evaluated to
construct the regression tree, in which red
represented the lower values of yield whereas
higher values were designated with green. The
resulting decision tree displayed the interaction of
substrate amount and reaction time and the two
different types of enzymes used in the
experiments.

(=]

x1<18

-

x2 < 300

> e o e

Fig. 2. Regression tree model for reducing sugar yield

Table 2a Rules derived from the regression tree

Rule Reducing Sugar Yield
%substrate is smaller than 6% 24 ¢/L
% substrate is between 6% and 10% 47 ¢/L
% substrate is between 10% and 14% 58 g/L
% substrate is between 14% and 18% and reaction time is 70 g/L
smaller than 15 hours and Cellic CTec3 is larger than 300 pl and

Pectinex Ultra SP-L is smaller than 300 pl

% substrate is between 14% and 18% and reaction time is 70 g/L
smaller than 15 hours and Cellic CTec3 is smaller than 300 ul

% substrate is between 14% and 18% and reaction time is larger 83 g/L
than 15 hours

% substrate is between 14% and 18% and reaction time is 94 g/L
smaller than 15 hours and Cellic CTec3 is larger than 300 pl and

Pectinex Ultra SP-L is larger than 300 pl

%osubstrate is greater than 18% 107 g/L
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Regression trees can be used to deduce rules from
the resulting decision tree. In this sense, rules
regarding the reduced sugar yield were
summarized in Table 2a. On the other hand,
classification tree, formed to predict the quartiles

2
3

yes

4

—

x3 < 350

x1 <10

o

x4<12

| ]

X2 >= 300

x3 < 400

x4 <24

x2 < 400

@@@@@@@@@@@

of reducing sugar yield, was also presented in Fig.
3. Substrate amount and reaction time dominated
the classification results, hence obtained results
confirmed the findings from other models.

x4 <15

—

x3 < 300

o]

x2 < 250

x2 < 300 x3 < 300

Fig. 3. Classification tree for reducing sugar yield quartiles

Quartile predictions from the classification tree
were listed in Table 2b. The diagonal in Table 2b
showed the correct predictions by the
classification tree. The classification tree model
had an accuracy of 80%, which indicated that 44
of the 55 cases were correctly classified. Based on
all obtained results and models, it appeared that

our reducing sugar yield was applicable and
promising among the literature studies conducted
to rapeseed straw (yield: 19 g/L) (Karagoz et al.,
2012), palm spent tea waste (yield: 29 g/L) (Yiicel
and Goycncik, 2015), reed (yield: 8 g/L) (Li et al.,
2009) under varying pretreated conditions with
varying enzymes.

Table 2b Classification tree predictions

Predicted
. >25t Percentile | >50t Percentile .
h h
<25% Percentile | _ 50 pescentile | < 750 Percentile |~ Lereentlle
- -

<25t Percentile 12 5 0 0
>25t% Percentile

< 50th Percentile 3 10 0 0
Actual >50t Percentile

< 75% Percentile 2 ! 1 0
>75t Percentile

0 0 3 11
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Effects of Surfactants on
Hydrolysis of CC

Pretreatment is a necessary strategy to make
cellulose more accessible to  enzymatic
conversion, to  suppress lignocellulosic
recalcitrance and to improve hydrolysis rates.
Various physical (grinding, milling, etc.), chemical
(acid hydrolysis, alkali pretreatment, inorganic salt

Enzymatic

addition, ammonia steeping, etc.),
thermochemical (steam explosion, etc.) and
biological  pretreatments  (the use  of

microorganisms) are commonly used in biomass
conversion (Arumugam et al., 2020). There are
several studies about the use of surfactants and
increasing the yield of cellulose conversion but
most of them did not eliminate the pretreatment
steps. A pretreatment strategy for the steam-
exploded corncobs was conducted by Zheng et al.
(2014) using a modified twin-screw extruder with
the addition of Tween 80 during enzymatic
hydrolysis. They found out that for the extruded
corncobs with 7% xylose removal, Tween 80 did
not have a significant impact on the conversion of
glucose. On the other hand, for corncobs with
80% xylose removal, an increase in the Tween 80
concentration led to the increase in the glucose
conversion when the hydrolysis time was
prolonged to 72 h (Zheng et al., 2014). Another
old study of Kaar and Holtzapple (1998) observed

an increase from 50 to 80 mg equivalent
glucose/g dry corn stover, on sugar yield when
they used Tween 80 on pretreated samples. They
also found that Tween 20 was more effective
when compared with Tween 80, during the
hydrolysis of pretreated corn stover. In addition,
at high substrate concentrations, it was seen that
the presence of surfactant was effective during the
saccharification of pretreated corn stover (Kaar
and Holtzapple, 1998). In another study although,
the adsorption of cellulase decreased with the
addition of Tween 20 in steam-pretreated spruce
(SPS) hydrolysis medium, there was no significant
decrease in enzyme adsorption when delignified
SPS and Awice/ used (Eriksson et al., 2002).

In this study, to see the effects of surfactant use
under unpretreated conditions (just milling of the
samples) on reducing sugar yield of _Awice/
(cellulose as control sample) and CC, two
different types of nonionic surfactants, namely
Tween 20 and Tween 80 were incorporated into
the hydrolysis reaction. Enzyme amount, pulp
content, and hydrolysis time were kept constant
at 300 ML (Cellulast 150 pL, Novozyme 150 L),
3% (w/v) solution and 24 hours, respectively.
Obtained results are presented in Table 2c.

Table 2c Reducing sugar yield of Avice/ treated with Tween 20 and Tween 80

Group Observations  Minimum Maximum  Mean (g/L) Standard  Coefficient of
(e/L) (e/L) Deviation Variation
Control 22 11.36 26.68 21.19 4.36 20.57%
Tween 20 15 17.49 32.06 22.55 3.01 16.00%
Tween 80 15 16.43 28.56 23.32 3.00 12.86%

The mean yield of samples containing surfactants
was found to be higher than that of the control
group. 7 test (95 % confidence level) was
conducted to verify the statistical significance of
the mean differences between the control group
and samples in which surfactants were used (Supp
B). Although the previous studies showed that the
inclusion of surfactants Tween 20 and Tween 80
could increase the reducing sugar yield, t-test
results in this study did not give significant mean
difference between treated and control groups (p

< 0.05). Even trials with lower and higher
amounts of surfactants (T20, 135 pl through 500
ul), higher and lower amounts of enzymes (300 ul
+300 ul, 75 p + 75 pl), various substrate
compositions (40% CC + 60% Avicel, 20% CC +
80% Avice,, 100% CC) did not give statistically
different results (p < 0.05). The reason could be
related to the lack of any pretreatment application
to the samples. Therefore, it was concluded that
surfactant use without any other pretreatment
while keeping the other parameters constant (i.e.
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enzyme content, substrate amount and hydrolysis
time) did not necessarily increase the reducing
sugar yield from CC.

Another reason could be related to the impact of
surfactants on crystalline structure that is among
the factors influencing yield efficiency. During the
pretreatment process, the structure of lignin
surfaces changes so enzymes are easily adsorbed
by the lignin surfaces (Eriksson et al, 2002).
When substrates with various lignin composition
were hydrolyzed, it was observed that presence of
lignin highly affected the adsorption capacity of
Tween 20 giving higher value than pure cellulose.
On the other hand, since there was no linear
relationship between the lignin amount and the
adsorption capacity, it was concluded that acidic
groups within the substrate or pH of the medium
might be effective on adsorption behavior of
Tween 20. Structural changes in Apice/ and the
substrate with highest amounts of lignin were not
observed. Although structural changes were
observed within the other samples having various
amount of lighin composition, it was inferred that
Tween 20 effect on crystalline structure was not
substantial (Seo et al., 2011). Thus, it could be
another reason not to obtain a significant
difference between control and treated samples.

CONCLUSION

The present study was carried out to see the
effects of different factors on hydrolysis
efficiency of lignin rich and lignin poor biomass,
separately. SBP as a lignin poor biomass was
studied to optimize several enzymatic hydrolysis
parameters (substrate amount, enzyme type and
amount, hydrolysis  time). The  results
demonstrated that the equation of a second-
otrder-polynomial model fitted well with the
experimental data of reducing sugar yield. The
maximum yields within the design space were
approximately 87 g/L after 18 h of hydrolysis,
using 300 pl Cellic Ctec3 and 300 pl Pectinex
Ultra SP-L at %20 substrate loading. In
correspondence with the regression models, an
increase in cellulase and pectinase loadings results
resulted in an increase in sugar release. The results
proposed the potential of RSM for determination
of optimum hydrolysis conditions of SBP. A

larger range of enzyme concentrations might be
needed to be further investigated to observe
optimum concentration.

CC as a lignin rich biomass was also analyzed to
examine the effect of non-ionic surfactants
(Tween 20 and Tween 80) on the reducing sugar
yield. The results revealed that surfactants Tween
20 and Tween 80 did not necessarily increase the
reducing sugar yield.

Considering the models implemented and the
results obtained, it can be concluded that both
lignin poor and rich wastes have the potential to
obtain high sugar yields by manipulating process
conditions.
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Supplementary Materials
Supp. A.1 Final experimental setup for five-level, four-factor response surface design and the
experimental data with coded and actual values of variables

% Substrate  Pectinex Cellic Ctec3 Time (h)
(W/¥)  Ultra SP-L (1))
(ul
Observation X1 X2 X3 X4 Block Yield (g/L)
1 -1 1 1 -1 1 53.56
2 1 1 -1 -1 1 70.78
3 1 -1 1 -1 1 72.52
4 -1 -1 -1 -1 1 50.08
5 1 1 1 1 1 86.87
6 1 -1 -1 1 1 89.64
7 -1 -1 1 1 1 50.83
8 -1 1 -1 1 1 58.42
9 -1 1 -1 -1 2 53.63
10 -1 -1 1 -1 2 56.59
11 1 -1 -1 -1 2 82.29
12 1 1 1 -1 2 94.41
13 -1 1 1 1 2 64.26
14 1 -1 1 1 2 95.41
15 -1 -1 -1 1 2 45.71
16 1 1 -1 1 2 99.77
17 0 0 0 0 3 56.98
18 1 1 1 0 3 85.70
19 -1 1 -1 0 3 45.73
20 0 0 2 0 3 61.45
21 2 0 0 0 3 87.39
22 0 2 0 0 3 66.98
23 0 0 -2 0 3 54.82
24 0 -2 0 0 3 56.82
25 -2 0 0 0 3 23.98
26 0 0 0 0 3 61.68
27 0 0 0 0 4 56.22
28 1 1 1 0 4 84.91
29 0 0 0 0 4 53.17
30 0 0 0 0 4 56.73
31 0 0 0 0 4 57.06
32 0 0 0 -2 4 46.91
33 0 0 0 2 4 67.74
34 -1 1 1 1 4 35.93
35 1 -1 1 1 4 71.68
36 1 -1 -1 1 4 71.24
37 -1 1 1 -1 5 40.33
38 1 1 -1 -1 5 65.34
39 -1 -1 1 1 5 39.77
40 1 -1 1 -1 5 70.30
41 -1 -1 -1 -1 5 42.40
42 -1 1 -1 -1 5 44.13
43 -1 -1 -1 1 5 39.69
44 1 1 -1 1 5 78.80
45 -1 -1 1 -1 5 48.66
46 1 -1 -1 -1 5 64.51
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Supp. A.2. ANOVA Results for ‘yield’

Source DF Seq SS Adj SS Adj MS F P
Blocks 4 1929.8 2089.56 522.39 168.72 0.000
Regression 12 8575.4 8575.41 714.62 230.81 0.000
Linear 4 8155.3 7980.17 1995.04 644.37 0.000
X1 1 7540.5 6853.04 6853.04 2213.42 0.000
X2 1 76.2 87.27 87.27 28.19 0.000
X3 1 65.7 46.29 46.29 14.95 0.001
X4 1 472.9 592.77 592.77 191.45 0.000
Square 2 65.7 63.80 31.90 10.30 0.001
X1*¥X1 1 42.0 58.17 58.17 18.79 0.000
X3*X3 1 23.7 23.19 23.19 7.49 0.013
Interaction 6 354.3 354.33 59.06 19.07 0.000
X1*X2 1 0.7 15.89 15.89 5.13 0.035
X1*¥X3 1 81.5 100.90 100.90 32.59 0.000
X1*X4 1 89.9 36.13 36.13 11.67 0.003
X2*¥X3 1 108.5 87.26 87.26 28.18 0.000
X2*¥X4 1 37.8 17.83 17.83 5.76 0.026
X3*X4 1 36.0 36.03 36.03 11.64 0.003
Residual Error20 61.9 61.92 3.10

Lack-of-Fit 17 52.4 52.36 3.08 0.97 0.598
Pure Error 3 9.6 9.56 3.19

Total 36 10567.1

Supp. B.1. Group mean comparison between Tween 20 and Control

Group Mean Difference  95%  Confidencet value Degrees of Freedom
Interval
Control vs Tween 20 1.35 -1.42 4.12 0.99
Ho:Difference=0 P(|T|>]|t])=0.33 Difference in means is not statistically
significantly different from zero
H.: Difference>0  P(T>t)=0.16 Difference in means is not statistically

significantly different from zero

Supp. B.2. Group mean comparison between Tween 80 and Control

Group Mean Difference  95%  Confidencet value Degrees of Freedom
Interval
Control vs Tween 80 2.12 -0.51 4.76 1.64
Ho:Difference=0 P(|T|>]|t])=0.11 Difference in means is not statistically
significantly different from zero
H.: Difference>0  P(T>t)=0.06 Difference in means is not statistically

significantly different from zero
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ABSTRACT

Reducing the salt content of foods often impairs the taste, consumer acceptability and the shelf life. Impact
of mineral salt replacers on chemical, microbiological and sensory properties of Ayran samples during 20
days of storage were investigated. Ayran samples having 0.5% salt/salt replacers were produced as follows;
A (control): 100% NaCl, B: 100% KCI, C: 70%KCl + 30% NacCl, D: 50% NaCl + 50% KCl, E: 30%KCI +
70% NaCl, F: Pansalt® (57% NaCI+ 28% KCI + 12% MgSO4 + 2% L-lysine+ 1% Silicon Dioxide). Except
for sample F, Ayran samples had similar pH values on day 1 and their pH decreased by day 10. Use of
Pansalt® and NaCl:KCl at the ratios of 7:3 and 1:1 resulted in acceptable yogurt drinks. Lactobacillus bulgaricns
counts of A, D and F decreased on day 10, while Streptococcus thermophilus counts of A, C, E and F increased
on day 20.

Keywords: sodium reduction, ayran, salt replacers

MINERAL TUZ iIKAME MADDELERININ AYRANIN FiZIKOKIMYASAL,
MIKROBIYAL VE DUYUSAL OZELLIKLERI UZERINE ETKISi

oz
Gidalarda tuzun azaltilmasi genellikle, tat, titketici kabul edilebilirligi ve raf émriini olumsuz
etkilemektedir. Bu calismada, mineral tuz ikame maddelerinin Ayran 6rneklerinin 20 ginlik depolama
stiresince kimyasal, mikrobiyolojik ve duyusal 6zellikleri tizerine etkileri arastirilmistir. Calismada
%0.5 tuz/tuz ikamesi iceren ayran 6rnekleti su sekildedir: A (kontrol): %100 NaCl, B: %100 KCl, C:
%70KCl + %30 NaCl, D: %50 NaCl + %50 KCI, E: %30 KCl + %70 NaCl, F: Pansalt® (57%
NaCI+ 28% KCI + 12% MgSO4 + 2% L-lisin+ 1% Silicon Dioxide). Ayran 6rnekleri, F 6rnegi
disinda 1. ginde benzer pH degetlerine sahipti ve pH'lart 10. glinde azaldi. Sonuglar, Pansalt® ve 7:3
ve 1:1 oraninda NaCl:KCI karisimi kullanimt ile kabul edilebilir Ayran tretilebildigini gdstermistir.
Depolamanin 10. gintinde A, D ve F 6rneklerinde Lactobacillus bulgaricns sayilarinda azalma meydana
gelirken, A, C, E ve F 6rneklerinde 20. gtinde Streptococcus thermophilus sayilari artis gbstermistir.
Anahtar kelimeler: sodyumun azaltilmasi, ayran, tuz ikame maddeleri
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INTRODUCTION

The term “salt” refers to the table salt “NaCl” in
common use and provides about 90% of the
sodium in the diet (Kloss et al., 2015). In recent
years, reducing the salt consumption has gained
much interest and many efforts have been made
to limit the use of salt in processed foods. High
sodium intake from consuming salt is linked with
high blood pressure and related health problems
such as cardiovascular diseases and hypertension
(Cook et al., 2007). There is also evidence that
overconsumption of the salt can damage the
kidneys, heart and aorta and may cause
osteoporosis (He and McGregor, 2009).
Processed foods comprise around 75 to 80% of
the dietary salt intake while 10 to 15% of the salt
is added during cooking or at the table, and only
5 to 10% is naturally occurring in the foods (Kloss
etal., 2015). Growing concerns on the health risks
of excessive salt intake led World Health
Organization (WHO) and food legislators around
the world to take action for reducing the salt in
food products (WHO, 2007). Daily salt intake
should be less than 5 grams (<2 g/day sodium)
for reducing the high blood pressure according to
the WHO. The WHO HEARTS program was
established in 2016 to reduce cardiovascular
diseases, and one of the targets of the program
was a 30% relative reduction in mean population
intake of salt/sodium by 2025 (WHO, 2016a).
The “SHAKE Technical Package for Salt
Reduction” was published by WHO as a guidance
for the development, implementation and
monitoring of salt reduction strategies in order to
achieve a reduction in population salt intake

(WHO, 2016b).

Reducing the salt content of foods is a challenge
and often impairs the taste and consumer
acceptability. Apart from the taste, for many food
products salt has vital role in many technological
aspects such as structure, preservation and shelf
life (Doyle and Glass, 2010). Extensive amount of
research has been conducted regarding salt
reduction and several approaches developed such
as use of salt replacers, salt enhancers, modulation
of salt spatial distribution and particle size
(Wilson et al., 2012).

Ayran is among the dairy foods that contain salt
and is a type of fermented milk drink widely
consumed in Turkey. Previous studies showed
that certain mineral salt compounds such as KClI
and MgSOy4 have a potential to mimic salty taste
of NaCl (Cepanec et al., 2017; Cruz et al., 2011).
Use of salt replacers containing potassium,
magnesium, and calcium have been investigated
in various cheeses (Grummer et al., 2012; Akan
and Kinik, 2018; Dugat-Bony et al., 2019;
Mozuraitye et al., 2019) and butter (de Souza et
al., 2013). Potassium chloride is one of the most
common mineral salt replacers (Cepanec et al.,
2017), and potassium intake may also have a
positive effect on health (He and MacGregor,
2001). It was reported that replacement of NaCl
with KCI can cause bitter and metallic flavor and
soft and pasty body defects in cheese (Cruz et al.,
2011). However, several studies have claimed that
partial replacement of NaCl with KCl in soft and
semi-hard cheeses had no influence on the
physicochemical and organoleptic properties of
cheese if the substitution was less than 30%
(Costa et al., 2019; Grummer et al., 2012; Soares
et al., 2016). The unpleasant bitter and metallic
aftertaste of mineral salt replacers could be more
pronounced at high concentrations and when
used solely; however, moderate concentrations
could prevent that (Sinopoli and Lawless, 2012).
It is necessary to carry out initial studies for food
formulations to determine the right concentration
of sodium replacers to successfully replace
sodium chloride without impairing the sensory
properties. No previous study was done to the
author’s knowledge on the use of salt replacers in
Ayran. This study investigated the impact of
mineral salt replacers at different replacement
ratios on the physicochemical, microbial and
sensory properties of Ayran.

MATERIAL AND METHODS

Production of Ayran Samples

Ayran samples were produced at Harran
University Pilot Dairy Plant. Milk for Ayran
production was prepared by mixing the skim milk
powder (Pinar A.S.), cream (35% milk fat) (Pinar
A.S.) and water at room temperature to have 6.1%
NFDM and 1.8% fat. Milk was then homogenized
at 144 bar (Hommak F-HM20, Izmir, Turkey)
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after heating to 60°C and pasteurized at 90°C for
5 min using heating tank. After cooling down to
45°C, inoculated with direct vat starter culture

(YF-L903 50U, Chr Hansen) containing
Lactobacillus  delbruckii -~ subsp.  Bulgariens (L.
bulgaricus) and  Streptococcus  thermophilus (5.

thermophilus) (1:1) at the prescribed amount (1/5
of the 50U package was used for 100 kg milk) .
Incubation was ended at pH 4.6, containers were
taken out of the incubation room, and 0.5%
salt/salt replacers were added directly while they
were still at around 45°C, stirred well and cooled
down to room temperature in cold water bath.
After that, they were filled in 250 ml cups, sealed
with foil using Ayran filling machine (Sezmak,
Istanbul, Turkey) and cooled down to 4°C at cold
store. Ayran samples differed in their salt type as:
A (control): 100% NaCl, B: 100% KCI, C:
70%KCl + 30% NaCl, D: 50% NaCl + 50% KCI,
E: 30%KCl + 70% NaCl, F: Pansalt (%57 NaCI+
%28 KCI + %12MgSO4 + %2 L-lysine+ %1
silicon dioxide. Samples were then cold stored at
4°C. Trial was replicated for twice.

Composition and pH

Total solids (IDF, 1982), titratable acidity and ash
(Oysun, 1996) were determined by gravimetric
method. Fat was analyzed by Gerber method
(IDF, 1991). Mineral contents (Ca, P, Mg, Na and
K) were measured according to method used by
Peng et al.  (2009) by VARIAN-CCD
Simultaneous ICP-AES (Optima 5300 DV
PerkinElmer Inc., USA) with 3 repetitions for
each replicate. pH was measured at room
temperature directly by inserting the probe of the
pHmeter (Thermo Scientific Orion, Fort Collins,
USA) into samples and measurements were taken
on day 1, 10 and 20 with two repetitions. All other
composition analyses were done in the first week
of the production.

Viscosity

Viscosity was measured at day 1, 10 and 20 using
Brookfield Viscometer (Brookfield Model
RVDV-II+, Brookfield engineering Laboratories.
Inc., Middlesbrough, UK.) with spindle no 3 at
100 rpm and 15s (Ozer et al., 1997). Sample
temperature was 4°C during measurement.

Whey Separation

Whey separation was measured at day 1, 10 and
20. 100 ml sample was placed in graduated
cylinder and kept at 4°C for 1 day. Whey
separation was measured as a percentage of
released water to the total volume of the sample

(Oziinlii, 2005).

Sensory Evaluation

Sensory evaluation was done on day 1 and day 20.
A total of 18 panelists conducted the sensory
panel. Ayran samples were evaluated for overall
liking, flavor and consistency using a 9-point
hedonic scale (with 1 = extremely dislike, 5 =
neither like nor dislike, and 9 = extremely like),
and for saltiness, a just-about-right (JAR) 5-point
intensity scale was used with 3 being just about
right, 1= not enough salt and 5 = too much salt.
Panelists were also asked to rank the samples in
order from the most preferred to the least.
Samples were evaluated using ranking test model
according to Drake (2008).

Microbiological analysis

S. thermophilus and L. bulgaricus counts were
determined on day 1, 10 and 20. Ayran samples
were diluted using 0.1% sterile peptone water and
1 mL aliquot dilutions were poured onto plates of
the selective agars in triplicate. M17 agar was used
for the enumeration of S. thermophilus and L.
bulgaricus was incubated at MRS agar anaerobically
(Rybka and Kailasaphaty 1996). All plates were
incubated at 37 °C for 48 h. Anaerobic conditions
were obtained using Anaerocult A sachets
(Merck). Enumeration of the yeast and mould was
done after incubating sample aliquots (1mL)
dispersed on Potato Dextrose Agar at 25 °C for
4-5 days (Taniwaki et al. 2001).

Statistical analysis

Statistical analysis was performed by SPSS version
16 (SPSS Inc., Chicago, IL) using One-way
ANOVA. Differences between means were
evaluated by Tukey multiple comparisons test
with 95% confidence level.
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RESULTS AND DISCUSSION

Chemical Properties

Chemical properties of the Ayran milk is given in
Table 1. Ayran milk used for the production of
the Ayran samples contained 6.1% NFDM, 1.8%
fat, 0.68% ash. Its acidity was 0.18% (lactic acid)
and pH was 6.64, and both were in normal range
for milk (Metin, 2012). All ayran samples had
1.75£0.03% fat and 7.58%0.25% NFDM. We did
not see any significant difference between NFDM
and fat content between Ayran samples (P<0.05).
Except for sample F, Ayran samples had similar
pH values on day 1 and their pH decreased by day
10 (Fig. 1). No further significant decrease in pH
was observed at day 20 (P>0.05). The lower pH
value of sample F could be due to the
composition of Pansalt®. Akan and Kinik (2018)
also reported a lower pH with the use of Pansalt®
in white cheese as compared to control white
cheese samples. Fitzgerald and Buckley (1985)
observed a lower pH in Cheddar cheeses salted
with MgClo. There was no significant difference
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between the pH of the Ayran samples at day 10,
while at day 20 sample B, C and D exhibited
slightly lower pH than others. A decrease in pH
with storage has also been reported by other
studies (Giilmez and Giiven, 2003; Oziinli,
2005), and it was attributed to the growth of the
starter bacteria during storage. Mineral content
(Na, K, Mg, Ca and P) and total ash of Ayran
samples are given in Table 2. Total ash content of
the Ayran samples did not differ (P<0.05). No
difference was observed between Ca and P
contents of the Ayran samples (P>0.05). The
difference between Na, K and Mg contents of
Ayran samples were proportional to the added
mineral salt amounts. The achieved reduction in
the Na content of the Ayran samples with the use
of salt replacers was 51, 34, 26, 16 and 21%
respectively for sample B, C, D, E and F. Mg
content of the sample I was significantly higher
than the others due to the Mg content of the
added Pansalt (P<0.05).
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Figure 1. Mean pH values of the Ayran samples during storage
A (control): 100% NaCl, B: 100% KCI, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KCI, E: 30%
KCI + 70% NaCl, F: Pansalt® (%57 NaCl + %28 KCI + %12 MgSO4 + %2 L-lysine + %1 silicon
dioxide
Values with different superscript letters ate significantly different (P<0.05)
a-b Denote for the differences between treatment groups while A-B denote for the differences between storage

for each sample.
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Table 1. Mean pH, titratable acidity and composition of Ayran milk used for Ayran production

Parameter Milk

pH 6.64 £ 0.03
Titratable acidity (% lactic acid) 0.178 = 0.020
NFDM (%) 61103
Fat (%) 1.8+0.2
Ash (%) 0.68 + 0.05

Table 2. Mean total ash, Na, K, Mg, Ca and P content of the Ayran samples

Control Reduced sodium
Parameter
A B C D E F

Ash, % 1.02%0.022 1.02%0.002 1.06+0.04 = 1.03+0.024a 1.04£0.01a 0.98%0.032
Na, 345.82115.32a  169.06£8.304  229.44+17.30c  257.16+ 2.13b  288.66%£5.35>  271.65%15.40b
mg/100 ml

Ei mg/100 129.78+9.15¢ 348.021+9.562 276.841+9.28b 232.29+2.77¢ 192.54%8.564 183.54+10.874
Mg, 11.45+0.50 2 11.47+0.70 2 11.2910.74 2 10.821+0.122 10.9610.48 2 18.04%0.89>
mg/100 ml

ggll’ mg/100 93.16+4.132 92.86%3.734 90.59%1.84a 90.58+0.92a 89.65+3.414 93.241+4.944
I;;Img/lOO 68.411£2.872 69.60£2.462 68.70£3.01 2 68.56+3.551 66.25+3.21 2 67.3414.844

¢ Values with different superscript letter in the same row are significantly different (P<0.05)
A (control): 100% NaCl, B: 100% KCl, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KClI, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %] silicon dioxide

Physical Properties

Whey separation occurs in Ayran as a phase
separation by time due to the sedimentation of
destabilized proteins. Occurrence of the whey
separation in Ayran is unavoidable at some point
during storage; however, a fast whey separation is
unwanted, and the length of the time required for
the phase separation to occur is a quality criterion
of Ayran. Whey separation and viscosity results of
the samples are given in Table 3. Use of mineral
salt replacers did not influence the whey
separation significantly (P>0.05). The average
whey separation was 10% at day 1. A significant
increase was observed at day 10 for all samples,
and then stayed stable showing no significant
difference at day 20. Increase in serum separation
during storage has also been observed by other
researchers (Atamer et al., 1999; Oziinlii, 2005). It
was shown that, higher acidity reduces the whey
separation in Ayran (Akbulut and Bozkurt, 2020;
Oziinlii, 2005; Ozdemir and Kilig, 2004). The
stability of Ayran samples in terms of serum
separation between day 10 and 20 could be due to
the lower pH levels as compared to the initial pH.
Use of salt replacers did not influence the

viscosity of the Ayran samples on day 1 (P>0.05).
There was an increase in the viscosity of the
sample A, B, C and E. The increase in the
viscosity of those samples during the storage
could be due to the decrease in pH as reported in
previous studies (Ozdemir and Kilic 2004,
Tamucay-Oziinlii and Kogak 2010). Viscosity of
the sample I was stable during the storage just like
its stable pH. Vicosity of the sample F was lower
than the other samples at day 10 and 20. The
lowest viscosity was observed at sample D at day
20.

Sensory Properties

Mean 9-point hedonic liking scores for overall
liking, flavor and consistency are given in Table 4.
Highest overall liking scores belonged to control
(A), and sample E and F had the closest scores to
sample A (P<0.05). Replacing the NaCl
completely with KCI resulted in an unfavorable
effect on all sensory parameters. Overall liking,
flavor, consistency and saltiness scores changed
proportional to KCI replacement, and samples
having the least amount of KCl replacement (E)
received higher scores. Previous studies reported
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that replacement of salt with KCl can cause bitter
and metallic flavor; however, if the substitution is
less than 30% there was no influence on the
physicochemical and organoleptic properties of
cheese (Cruz et al., 2011; Costa et al., 2018, Costa
et al., 2019; Grummer et al., 2012; Soares et al.,
2016). Flavor scores of the sample D, E and F
were higher, and found to be similar with control
(P<0.05). Consistency scores were similar for all

samples except for B. It was interesting to see that
the least acceptable sample B in terms of saltiness
and flavor received low consistency scores as well,
even though it wasn’t any less viscous than the
other samples (Table 3). Storage didn’t influence
the overall liking and flavor scores, while there
was an increase in consistency scores by storage
time in general which is in accordance with our
viscosity results.

Table 3. Mean whey seperation and viscosity of Ayran samples

Whey separation (%o) Viscosity (cP)
Storage time (days)
1 10 20 ! 10 20
A 112324 27%08 30£0~8 1294228 14121028 160£224A
B 11124 24£548  20%548B 1391324 151628 16611428
C 8134 23%2+8 284248 1361234 1441224 15528
D 114224 25%248  28+%1aB 13684 1367204 123134
E 8424 21£548  27£1a8B 113£728 154184 152£7abA
F 91£34 24£4,8 284248 1341924 1121454 1344 5beA

< Values with different superscript letter in the same row are significantly different (P<0.05)

ABValues with different superscript letter in the same column are significantly different (P<0.05)
A (control): 100% NaCl, B: 100% KCl, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KCl, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %1 silicon dioxide

Table 4. Mean 9-point hedonic liking scores for sensory attributes and ranking for preference results of
Ayran samples

Attribute
Sample Overall liking Flavor Consistency
Day 1 Day 20 Day 1 Day 20 Day 1 Day 20

A 6.0£0.324  6.9£0.124 5920.004  6.610.422 6.0£0.3:8 7.240.124
B 2.7£0.8¢A  3.4%0.6cdA 2.9%0.9A  4.41£0.747 4.7x0.68 6.2£0.1<A
C 3.940.9bcA 471044 43%1.2v4  53%0.644 5.3+0.58 6.5£0.2bcA
D 5.1£0.8>A  6.0£0.2b4 5.4£0.8®A  5710.0bcA 6.0£0.0:8 7.0£0.12A
E 5.8+0.62A  6.3£0.2:bA 58%1.1a4  6.4+0.62PA 6.0£0.1:8 7.0£0.124
F 5.6£1.2pA  6.320.8bA 5.5£0.8A  6.410.12bA 6.1£0.22A 6.7£0.62>A

2 Values with different superscript letter in the same column are significantly different (P<0.05)

A-BValues with different superscript letter in the same row are significantly different (P<0.05)

A (control): 100% NaCl, B: 100% KCl, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KCI, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %1 silicon dioxide

Saltiness scores of the Ayran samples are given in
Table 5. Mean JAR scores showed that, samples
that do not contain added NaCl (B) were found
not enough salty, even though KCI was used as
replacement. However, 70% replacement of NaCl
with KCl found to be ideal (JAR) by the panelists.

Sample D, E, F and A received higher mean JAR
scores. Some of the panelists scored the samples
“too much salty” despite the fact that the highest
salt (NaCl) concentration was 0.5%. This could be
due to different saltiness preferences of people.
We could have a better picture of saltiness
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evaluation results in Fig. 2, where we can see what
percentage of the panelists found the samples
JAR, having too much or too low salt. Here we
could see that, number of the panelists who found
the samples too much salty is low. More than 85%
of the panelists found sample B not enough salty
(89% on day 1, and 94% on day 20). Saltiness of
the control (A) was found ideal (JAR) by 56% of
the panelists; around 30% of them found it not
enough while 6 to 17% found too salty. The
closest sample to control in terms of having ideal
saltiness scores (with 39% on day 1 and 44% on
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day 20) was sample F, a commercial salt replacer
Pansalt having a mixture of KCI, MgSOy4 and L-
lysine for 43% NaCl replacement. KCl and
MgSOy have been applied to replace NaCl in
several cheeses and while they cause undesirable
after tastes such as bitterness, metallic and sharp
taste, at low concentrations no significant
differences were observed (Sheibani et al., 2013).
In previous studies L-lysine was used as bitter
blocking agent (Khetra et al., 2016) and it has
been reported that it can also contribute to the
salty taste (Zhang et al., 2014).
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Figure 2. Saltiness intensity responses of Ayran samples
A (control): 100% NaCl, B: 100% KClI, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KClI, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %] silicon dioxide

Table 5. Mean JAR scores for saltiness of Ayran samples

Sample
Attribute Day A B C D E F
Sl 1 4510.12pA  2.440.9¢A4  2.94+0.9A  4140.68>4  4.91+0.424  4.31(0.2abA
altiness
20 4740122 2.3£0.5PA4  3.75%0.5:4  4.1£0.1s4 4.840.1a8  4.24(0.22A

»b Values with different superscript letter in the same row are significantly different (P<0.05)
A (control): 100% NaCl, B: 100% KCl, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KCI, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %] silicon dioxide

It is interesting to note that, sample E was found
too salty by around 30% of the panelists, which is
even higher than the control. Replacing the NaCl
with KCl at 50% and below resulted in higher
saltiness scotres, however there was also a
proportional increase in “too much salt”
sensation. Storage didn’t influence the JAR scores

significantly (P>0.05).

Microbiological Properties

We did not find any yeast and mould growth in
samples during 20d. Starter bacteria counts (§.
thermophilus and L. bulgaricus) are given in Table 6.
Use of salt replacers didn’t influence .
thermophilus counts at any storage point and counts
were stable in first 10 days. At day 20, there was
an increase in S. thermophilus counts for all samples
except for sample B and D. As for the L.
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bulgaricus, we did not observe differences between
samples at day 1, however statistically significant
differences were observed at day 10 and day 20
(P<0.05). Changes in the yogurt bacteria counts
during storage show differences in different
studies. Tamugay-Oziinlii and Kogak (2010)

didn’t see any change in yogurt bacteria counts
during 14 days of storage while Avsar et al. (2001)
observed an increase after 7 days of storage
contrary to Kurultay et al. (1998) and Simsek et al.
(2007), who reported a decrease in the counts
after 15 days.

Table 6. Change in the mean S. thermophilus and L. bulgaricus counts of Ayran samples

S. thermophilus comnt (log cfu/g)

L. bulgaricus connt (log cf/ g)

Storage time (days)

1 10 20 1 10 20
A 8.53+0.01sA  8.41+0.03%A 9.02+0.18+B  4.85+0.00+5 4.27+0.005A  4.60+0.11sB
B 8.39+0.1484  8.5140.06%0 8.75+0.025A  4.35+0.492A  4.51+0.01bA  4.5640.075A
C 8.5140.084  8.58+0.03%A 8.86+0.035B  5.02+0.233A 4.42+0.10A  4.5840.020A
D 8.3540.1784  8.5440.115A 8.90+0.155A  5.0440.0655 4.51+0.04bA  4.4640.055A
E 8.44+0.18A  8.49+0.0050 9.06+0.0258  4.78+0.253A  4.45+0.04bA  4.4940.075A
P 8.38+0.015A  8.5940.00+A 8.974+0.13F  4.9940.13+B  4.43+0.098A 4.57+0.11aAB

¢ Values with different superscript letter in the same row are significantly different (P<0.05)

A-BValues with different superscript letter in the same column are significantly different (P<0.05)

A (control): 100% NaCl, B: 100% KCl, C: 70% KCI + 30% NaCl, D: 50% NaCl + 50% KClI, E: 30% KCI + 70%
NaCl, F: Pansalt® (%57 NaCI + %28 KCI + %12 MgSO4 + %2 L-lysine + %] silicon dioxide

CONCLUSION

In this study our results showed that replacement
of salt (NaCl) with mineral salt replacers to
produce Ayran with acceptable levels of saltiness
sensation is possible. According to our results we
suggest that, replacement of NaCl with KCI
should not exceed 30% and to be able to go above
a 30% NaCl replacement, other salt replacers such
as MgSOy and bitter blocking agents as used in
Pansalt® in our study should be considered.
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oz

Bu ¢alismada, yumurta beyazi ikamesi olarak ¢iya ve keten tohumu jeli ilavesinin pankek hamurunun reolojik
ozellikleri ve pankek 6rneklerinin bazi kalite 6zellikleri tGizerine etkileri incelenmistir. Ciya ve keten tohumu
jeli yumurta beyazi ikamesi olarak iki farklt oranda (%50, %100) kullandmistir. Pankek hamurlarinin akis
davranglarinin dissel model ile agtklanabildigi (R2=0.987-0.998) ve 6rneklerin kayma ile incelen davranis
gosterdigi saptanmistir.  Ciya ve keten tohumu jelinin kullanimiyla elastik (G') ve viskoz modil (G")
degerlerinin arttdt gorilmistiir. Ciya ve keten tohumu jeli orantnin artmastyla 6rneklerin protein igeriginin
azaldigr (P <0.05) belirlenmistir. Taramali elektron mikroskobu goriintiilerinden formilasyondaki ciya ve
keten tohumu jeli oranlarmin artmastyla 6rneklerdeki g6zenekliligin azaldigi ve ¢iya tohumu jelinin artmastyla
orneklerin daha katmanlt ve kirilgan bir yapt gésterdigi gézlemlenmistir.

Anahtar kelimeler: Yumurta ikameleri, bitkisel yumurta ikameleri, ¢iya tohumu, keten tohumu, reoloji

INVESTIGATION OF THE EFFECTS OF CHIA AND FLAXSEED GEL USED
EGG REPLACERS ON PANCAKE BATTER RHEOLOGY AND PRODUCT
PROPERTIES

ABSTRACT

In this study, the effects of the addition of chia and flaxseed gel as egg white replacers on the
rheological properties of pancake batter and some quality properties of pancake samples were
investigated. Chia and flaxseed gel were used in two different proportions (50%, 100%) as egg white
replacers. It has been revealed that the flow behavior properties of pancake batters can be explained
by the power law model (R?2=0.987-0.998) and the samples exhibited shear-thinning behavior. The
use of chia and flaxseed gel increased the elastic (G') and viscous modulus (G") values. It was
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determined that the protein content decreased with increased ratio of chia and flaxseed gel (P <0.05).
By examining the scanning electron microscope images, porosity of the samples decreased with the
increase of chia and flaxseed gel, and the samples showed a more layered and fragile structure with

the increase of chia seed gel.

Keywords: Egg replacers, plant based egg replacers, chia seed, flaxseed, rheology

GIRIS

Yumurta, yiiksek protein igerigine sahip olmasinin
yanu sira, jel olusturma, képik olusturma, kivam
arttirma, emilsifiye etme, renklendirme gibi cesitli
fonksiyonel — Ozellikleri nedeniyle de gida
uygulamalarinda  stkca  kullanilan  temel
bilesenlerden biridir (Uysal vd., 2019). Ancak,
yumurta tiketimi ile iliskili cesitli saglk riskleri
(kalp-damar hastaliklar, yumurta alerjisi) veya
tiketicilerin vegan beslenmeye yonelik tercihleri
yumurta  yerine  kullanilabilecek  alternatif
kaynaklarin  arastirilmasina neden olmaktadir
(Agrahar-Murugkar vd., 2016; Shi vd., 2011). Bu
nedenle cesitli bitkisel proteinler (bezelye proteini,
soya proteini), hayvansal proteinler (kolajen,
hidrolizatlar, jelatin, peynir altt suyu konsantresi
vb.), bugday nisastasi, hidrokolloidler ve
emilgatorlerin yumurta yerine kullanimiyla ilgili
calismalar gerceklestirilmistir (Kohrs vd., 2010;
Tan vd., 2015).

Bitkisel proteinler, nispeten ucuz bir alternatif
olmakla  birlikte =~ hayvansal  proteinlerle
karsilastirilabilir derecede besleyici ve fonksiyonel
Ozelliklere sahip olmalarindan  dolayt  gida
endistrisinin ilgisini ¢ekmektedir (Sharif vd,,
2018). Aynt zamanda bu ilgi, modern tiiketicilerin
surdurilebilirlik ve saglik konusunda
farkindaliginin artmast ile de desteklenmektedir
(Boye vd., 2010; McClements vd., 2017; Sharif
vd.,, 2018). Genellikle ticari olarak kullanilan
bitkisel protein kaynaklari yagli tohumlar, tahillar
ve baklagillerdir (Cetiner ve Ersus Bilek, 2018).
Zengin besin igerigi dolayisiyla 6nemli bitkisel
protein kaynaklarindan olan keten ve ¢iya
tohumlart da su ile kansurildiklarinda el
olusturma yetenegine sahiptir. Bu Ozelligiyle,
keten ve c¢iya tohumlarindan elde edilen jeller
yumurta ikamesi olarak kullanima uygun gidalar
arasinda yer almaktadir (Chen vd., 20006).

Ciya; zengin besin 6gesi icerigi ve su tutma 6zelligi
nedeniyle gida endstrisinde bitin halde,
ogutilerek, su icinde jel halinde veya kuru halde

kivam arttirict, emilgatér ve stabilizator olarak
kullanilmaktadir (Zettel ve Hitzman, 2018; Hrncic
vd., 2020). Ciya tohumu kendi agitligindan daha
fazla su tutma ve su ile kargtirldiginda hizlica jel
olusturma 6zelligine sahiptir (Ozbek vd., 2018;
Yurt ve Gezer, 2018). Ciya jeli, sagladigr reolojik
ve duyusal Ozelliklerle beraber mikemmel
stabilite ve emilsifiye edici etki gOstermesi
nedeniyle potansiyel bir yumurta ikamesi olarak
gorilmektedir (Agrahar-Murugkar vd., 2016;
Gallo vd., 2020).

Keten (Linum wusitatissimum 1..) 6nemli bir yaglt
tohum mahsulidir ve lignanlar, fenolikler,
tokoferoller, karotenoidler, yitksek kaliteli ¢oklu
doymamis yag asitleri (omega-3), diyet lifleri ve
antioksidanlar agisindan zengindir (Mannucci vd.,
2019).  Keten  tohumunun  fonksiyonel
6zelliklerinde en buyiik rolii igerdigi proteinler
Ustlenmektedir. Keten tohumu proteinleri
emiilsifiye etme, jel olusturma, k&piik olusturma
ve stabil etme gibi fonksiyonel 6zelliklerinden
dolayt gida endustrisinde etkili bir kivam arttirici,
stabilizator ve emtlgator olarak
kullanilabilmektedir (Rabetafika vd., 2011; Safdar
vd., 2019). Gunlik diyette keten tohumu direkt
tohum halinde tiiketilebildigi gibi gida sektérinde
tohumu veya vyagi cesitli driinlerin  iginde
fonksiyonel =~ bir  gida  bilegeni olarak
kullamlmaktadir. Mikemmel bir Omega-3 ve
diyet lifi kaynagt olan keten tohumu,
kaynatildiginda viskoz bir jel olusturmaktadir
(Rabetafika vd., 2011; Kajla vd., 2015). Gida
sektoriinde yumurta ikamesi olarak
kullandmasinin en 6nemli nedenlerinden birisi
nétral polisakkaritlerden olusan misilaj icerigidir
(Tirgar vd., 2017). Keten tohumunun kuru
agithginin %8’ini misilaj olusturmakta ve suda
cozlnerek  dustik  konsantrasyonlarda  jel
olugturabilmektedir (Isleroglu ve Yildirim, 2005).

Yumurta ikamesi olarak keklerde ¢iya tohumu
kullanimt (Borneo vd., 2010; Gallo vd., 2020;
Agrahar-Murugkar vd., 2016) ve keten tohumu
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kullantm1 ~ (Nugraheni vd., 2019) tzerine
gerceklestirilen cesitli calismalar bulunmaktadir.
Borneo vd. (2010) tarafindan kek Grneklerinde
yumurta ikamesi olarak farkli oranlarda ¢iya jeli
kullaniminin keklerin fonksiyonel, besinsel ve
duyusal 6zelliklerine olan etkisi incelenmistir. Ciya
jelinin ¢ikolatali kekte yumurta ikamesi olarak
kullanildigr ~ diger bir ¢aligmada ise ikame
kullaniminin duyusal 6zelliklerde olumsuz etki
yaratmadigr tespit edilmistir (Gallo vd., 2018).
Nugraheni vd. (2019) calismasinda, glutensiz ve
yumurta icermeyen kurabiye gelistirilmesinde
yumurta ikamesi olarak keten tohumu jeli
kullaniminin fiziksel, besinsel ve duyusal 6zellikler
lzerine etkisini incelemistir. Ancak, pankek
orneklerinde yumurta ikamesi olarak ¢iya ve keten
tohumu jellerinin kullanimina daha az dikkat
cekilmistir.

Pankek, un, yumurta, tuz, yag, seker kullanilarak
hazirlanan kahvaltiik veya tatll olarak tiketilen,
genellikle ince, yuvatlak, yassi bir kektir (Finnie
vd., 2006; Incoronato vd., 2020). Farkl tlkelerde
farkli tariflerle bilinmekle birlikte, Fransa ve
Japonya’da krep, Kore'de gbzleme, tilkemizde ise
akitma, kastk dokmesi ve tava keki olarak
tiiketilmektedir. Sulu bir hamur yapisina sahip
olan pankekte pisirilitken hafif ve kabarik bir
doku gézlenmektedir (Cho vd., 2019). Yumurta
ikamesi olarak ¢iya ve keten tohumu jeli kullanimi
hamur yapisinda degisikliklere neden olarak son
uriinde etkili olmaktadir. Gida sistemlerinde
unlarin ve tohumlarin suyu absorplama ve sisme
Ozelliklerini tanimlayan, triinlerin kivamu ile yapist
hakkinda bilgi veren su absorplama indeksi
(WAI), yapida meydana gelen degisimlerin
belitlenmesinde degerlendirilmektedir (Choi vd.,
2012). Hamurlarin  viskoelastik  6zelliklerinin
tamimlanmasinda, elastik modil (G') degetleri ve
viskoz modil (G") degetleri incelenerek yapida
baskin karakterin belirlenmesi saglanmaktadir.
Akis davrants 6zellikleri ise akis davrants indeksi
(1) ve kivam indeksi (K) degerleri incelenerek
belirlenmektedir. 7 degeri akis davranist hakkinda
bilgi vermekte ve #=1, #n<1, n>1 olacak sekilde
sirastyla Newton tipi akis, kayma ile incelme ve
kayma ile kalinlagsma 6zelliklerini tanimlamaktadir
(Singh ve Heldman, 2014). K ise gidalarda viskoz

davranisin bir gdstergesi olmaktadir (Koocheki et
al. 2009).

Calisma kapsaminda yumurta beyazt ikamesi
olarak ¢iya ve keten tohumu jeli kullantlarak gesitli
nedenlerle  yumurta tiiketmeyen  bireylerin
tiketimine uygun pankek gelistirilmesi, ¢iya ve
keten tohumu jelinin yumurta ikamesi olarak
kullaniminin hamur reolojisi ve pankek kalitesi

uzerine olan etkilerinin incelenmesi
amaclanmistir.

MATERYAL ve YONTEM

Materyal

Ciya ve keten tohumu jellerinin iiretiminde giya ve
keten tohumu (Yayla Agro Gida San. ve Nak. A.S,
Ankara) kullanilmistir.  Pankek  6rneklerinin
tretiminde bugday unu (S6ke, Aydin), yumurta
beyazi, seker, tuz, su, vanilya, kabartma tozu (Dr-
Oetker Gida San. ve Tic. A.S., zmir) ve farkls
oranlarda ¢iya tohumu ve keten tohumu jelleri
kullanilmistir.

YONTEM

Ciya ve Keten Tohumu Jelinin Hazirlanmasi
Ciya jeli, Borneo vd. (2010) tarafindan belirtilen
yontem kullanilarak hazirlanmustir. Buna gore ¢iya
tohumlart, ¢iya tohumu:su orant 1:9 (g/g) olacak
sekilde 30 dakika suda bekletiimistir. Keten
tohumu jeli El-Sayed vd. (2014) tarafindan
belirtilen yéntem modifiye edilerek hazirlanmistir.
Keten tohumu, keten tohumusu orant 1:20
(g/ml) olacak sekilde 100 C’de 30 dakika boyunca
suyla karistirlarak 8 saat oda sicakhiginda
bekletilmis, daha sonra keten tohumlari ayrilarak
jel elde edilmistir.

Pankek Orneklerinin Uretimi

Pankek Orneklerinin hazirlanmasinda Shih vd.
(2006) tarafindan kullanilan yontem modifiye
edilmistir. Ciya (%50, 100) ve keten tohumu
(%50, 100) jelleri formiilasyona ayrt ayrt olacak
sekilde yumurta beyazi ile yer degistirilerek ilave
edilmistir. Sadece yumurta beyazt iceren Ornek

kontrol (K) olarak adlandiridmustir. Pankek
orneklerinin -~ formiilasyonlart  Cizelge 1’de
belirtilmistir.
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Pankek hamurunun hazirlanmast amactyla kuru
malzemelerin timu karistinlmustir. Ciya tohumu
jeli/keten tohumu jeli ve su ayri bir kapta
karistirildiktan  sonra  kutu  malzemeler  sivt
malzemelere eklenerek, 45 saniye boyunca spatula

yardimiyla karistirlmistir. Karistirma isleminden
sonra 40 g hamur 6nceden yaglanmis ve 1sitilmig
bir tavada 3 dakika pisirildikten sonra diger yiizi
cevrilip 3 dakika pisirilmistir.

Cizelge 1. Farkli oranlarda yumurta ikamesi olarak ¢iya tohumu jeli ve keten tohumu jeli ile olusturulan
pankek 6rneklerinin formiilasyonu (g)
Table 1. Pancake Formulation (g)

Malzemeler K %50 C %100 C %50 KT %100 KT
(Ingredients) © (50% C) (100% C) (50% FS) (100% ES)
Bugday unu (wheat flour) 100 100 100 100 100
Yumurta beyazt (egg 40 20 0 20 0
white)

Keten tohumu jeli/Ciya 0 20 40 20 40
tohumu jeli (Flaxseed

gel/ Chia seed gel)

Seker (Sugar) 20 20 20 20 20
Tuz (Salt) 2 2 2 2 2
Kabartma tozu (Baking 4.5 4.5 4.5 4.5 4.5
powder)

Su (Water) 108.5 108.5 108.5 108.5 108.5

K: Kontrol 6rnegi (K: Control sample)

%50 C: %50 ¢iya tohumu jeli iceren pankek 6rnegi (50% C: Pancake sample containing 50% chia seed gel)

%100 C: %100 ¢iya tohumu jeli iceren pankek 6rnegi (100% C: Pancake sample containing 100% chia seed gel)
%50 KT: %50 keten tohumu jeli igeren pankek 6rnegi (50% FS: Pancake sample containing 50% flaxseed gel)
%100 KT: %100 keten tohumu jeli iceren pankek 6rnegi (100% FS: Pancake sample containing 100% flaxseed gel)

Ciya ve Keten Tohumunda Gergeklestitilen
Analizler

Ciya ve Keten Tobumunun Su Absorplama Indeksinin
Belirlenmesi

Ciya ve keten tohumlarinin su absorplama indeksi
(WAI) degetleri, Choi vd. (2012)’de verilen
yontem modifiye edilerek belirlenmistir. 3 g keten
tohumu veya c¢iya tohumu 30 ml distile su ile
karistriip  su  banyosunda 60°C’de 1  saat
bekletilmistir. Daha sonra 6rnek Universal 320R
santrifty  kullanilarak  (Hettich Zentrifugen,
Tuttlingen, Almanya) 4000 rpm’de 15 dakika
santrifilj edilmis ve elde edilen ¢6kelti tartilmustir.
Orneklerin su absoplama indeksi Esitlik (1) ile
hesaplanmistr.

WAI (g/9) =

Ciya ve Keten Tobumn Jelinin  Protein Miktarmmn
Belirlenmesi

Yumurta aki, ¢iya tohumu jeli ve keten tohumu
jelinin protein igerigi FP-528 Nitrogen/Protein
Analizérii (Leco, St. Joseph, ABD) kullanilarak

Kati faz agirligt (1)
Ornek agirligt

belirlenmistir. Analiz 6ncesinde 6rnekler Alpha 1-
2 LD plus liyofilizatér (Martin Christ, Gottingen,
Almanya) ile -56°C’de 48 saat kurutulmustur.

Fourier Dontigtimlii Kizi1lotesi Spektroskopisi
(FTIR) Analizi

Ciya tohumu jeli ve keten tohumu jelinin
yaptlarinin  analiz  edilmesi amactyla Fourier
Déniisiimlit Kzl Otesi  Spektrometresi
kullantlmustir. Ciya tohumu jeli ve keten tohumu
jeli 6rneklerinin kizilétesi spektrumlari, Spectrum
Two Zayiflatilmis Toplam Yansima (ATR)- FTIR

cihazi  (Perkin  Elmer, Waltham, ABD)
kullantlarak  4000-600 cm™ dalga boyunda
Olctilmistir (Rosas-Mendoza vd., 2017).
Pankek Hamurunda Gergeklestirilen
Analizler

Yogunink

Pankek hamurlarinda yogunluk 6l¢iimii 100 ml
hacme sahip Elcometer 1800 piknometre
(Elcometer, Manchester, Ingiltere) kullanilarak
gerceklestirilmistir. Piknometre analiz 6ncesinde
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bos olarak tartilmis ve daha sonrasinda hamur
Ornekleri piknometreye doldurulmustur. Fazla
ornek temizlendikten sonra tartim alinip elde
edilen deger kaydedilmistir. Yogunluk degetleri
Orneklerin kiitlelerinin hacimlerine bolinmesiyle
elde edilmistir (Gularte vd., 2012).

Reolojik Ozellikler
Kek  hamutlarinda  reolojik  &zelliklerin
belirlenmesi amactyla DHR-3 reometre (TA

Insttuments  Inc., New  Castle, ABD)
kullanilmistir.  Hazirlanan  hamur  6rnekleri
bekletilmeden analiz  edilmislerdir. Analizler

25%0.1°C’de, plakalar arasi bosluk 1 mm olacak
sekilde 40 mm capl paralel plaka kullanilarak
gerceklestirilmistir. Orneklerin dogrusal
viskoleastik Ozellik gosterdigi boélgenin  tespit
edilmesi amactyla, 10 rad/s sabit frekansta ve 102
-100 gerinim araliginda gerinim tarama testi
gerceklestirilmistir. Analiz sonucunda belirlenen
sabit gerinim degerinde 0.01-10 Hz araliginda
frekans tarama testi gerceklestirilmistir. Frekans
tarama testi ile hamurun elastik modil (G), viskoz
modil (G"), tand degetlerinin frekans ile degisimi
incelenmistir. Orneklerin  akis  davranislarint
belirlemek amactyla, kayma hiz1 0.01-100 s
araliginda lineer olarak arttirilarak gerceklestirilen
analiz sonucunda, kayma gerilimi ve gorintr
viskozitenin ~ kayma  hizi  ile  degisimi
degerlendirilmistir. Elde edilen verilere Ussel
(Power Law) model (2) uygulanarak akis davranist
belitlenmistir (Ronda vd., 2011).

o = Kep J™ ©)

Esitliklerde verilen ¢; kayma gerilimini (Pa), )/,
kayma hizini (1/s), Ky; kivam indeksini (Pa.s") ve
n akis davranist indeksini  gbstermektedir.
Analizler 2 paralel, 3 tekrar olacak sekilde

gerceklestirilmis  ve  sonuglarin  ortalamast
verilmisgtir.

Pankek Orneklerinde Gergeklestirilen
Analizler

Bilesim

Orneklerin bilesimlerini belirlemek amaciyla nem,
kil, ham yag ve protein  analizleri

gerceklestirilmistir. Buna gére analizler, nem
degerleri metot AACC (2000) 44-15A, kil miktar
AACC (2000) metot 08-01, ham yag miktari

AACC (2000) metot 30-25 ve protein degerleri

AACC (2000) metot  46-30'a  gobre
gerceklestirilmistir.
Doku Profil Analizi
Orneklerin ~ doku  profili  analizi, pisirme

isleminden 24 saat sonra TA-XT2i Tekstur
analizérii (StableMicrosystems, Surrey, Ingiltere)
cihazt ile Fajardo ve Ross (2015) tarafindan
belirtilen yontem modifiye edilerek
gerceklestirilmistir.  Analiz, 25 mm  ¢aplt
aliminyum silindirik prob ile 2 mm /s test hizinda,
trigger kuvveti 50 g ve %50 gerilim ile
gerceklestirilmistir.

Rentk

CM-400d Minolta Colour Reader (Konica
Minolta, Osaka, Japonya) kullanilarak 6rneklerin
ylzey ve i¢ rengi belirlenmistir. Farkli rneklerde,
farkli oranlarda c¢iya tohumu jeli veya keten
tohumu jeli kullaniminin etkisi L* (parlaklik), a*
(+ kirmuzi, - yesil), b* (+ sar, - mavi) renk
degerleri Slgiilerek belirlenmistir (Bozdogan vd.,
2019).

Duyusal degerlendirme

Farkli oranlarda yumurta beyazt ikamesi olarak
¢iya tohumu jeli ve keten tohumu jeli ile
olusturulan  pankek  Grneklerinin = duyusal
degerlendirmesi ~ Ege  Universitesi ~ Gida
Mihendisligi Boliimiindeki ogretim elemant ve
lisansiistli  6grencilerinden  yart  egitilmis 10
panelistin katilimiyla gerceklestirilmistir.
Orneklerin duyusal degerlendirmesinde hedonik
skala testi kullanilarak panelistlerin 5 farkli pankek
orneklerini gériinds, renk, doku, lezzet ve genel
begeni kategorilerinde puanlamalart istenmistir.
Duyusal degetlendirme i¢in kullanilan hedonik
skala “Cok Koéti™: 1, “Koti”: 2, “Orta”: 3, “Iyi”:4
ve “Cok Iyi”: 5 olmak {izere puanlandirilmistir
(Altug Onogur ve Elmact, 2015).

Taramal1 Elektron Mikroskopisi (SEM)

Uretilen 6rneklerin mikro-yapisinin belirlenmesi
amaciyla  taramali  elektron  mikroskopisi
kullandmustir. Pisirilen 6rnekler, i¢ kistmlarindan 1
cm3 hacminde kiipler kesilerek Alpha 1-2 LD
plus liyofilizatér (Martin Christ, Gottingen,
Almanya) ile -56°C’de 24 saat kurutulmus ve altin
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le kaplanmustir. SEM analizi, Apreo S taramals
elektron  mikroskobu  (Thermo  Scientific,
Waltham, ABD) ile  gerceklestirilmistir.
Gorunttler 1000x biyltme oraninda alinmistir.

Istatistiksel analiz
Deneysel veriler farkli formiilasyonlar arasinda
o6nemli fark (P <0.05) bulunup bulunmadigini

belirlemek icin tek yonli varyans analizi
(ANOVA)  kullanidarak  istatistiksel — olarak
degerlendirilmisti. ~ Onemli  diizeyde  fark

bulundugunda karsilastirma icin Duncan ¢oklu
karsilastirma testi kullanilmistir.

SONUC ve TARTISMA

Ciya ve Keten Tohumu Ozellikleri

Ciya ve Keten Tobumunun Su Absorplama Indeksi
Keten tohumu ve ¢iya tohumunun o6gutilmus
halinde belirlenen WAI degerlerinin sirasiyla, 3.55
ve 5.83 g/g oldugu saptanmistir (Cizelge 2).
Literatiirde ¢iya tohumu ve keten tohumunun su
absorplama indeksleri (WALI) sirastyla 5.1 ve 3.77
g/g olarak tespit edilmistir (Hatamian vd., 2020;
Kumar vd., 2019). Pankek formiilasyonunda
keten ¢iya tohumu jellerinin
kullantminin ~ 6rneklerin =~ su absorplama
indekslerini etkileyerek yapida degisiklige neden
oldugu disintlmektedir. Yapilan bir calismada da
¢iya tohumu jelinin protein iceriginden dolayi iyi
bir su absorplama kapasitesine sahip oldugu
ortaya konmustur (Olivos-Lugo vd., 2010).

tohumu ve

Cizelge 2. Ciya ve keten tohumlarinin su
absorplama indeksleri
Table 2. Water absorption indexes of chia and flaxseed

Ornek (Sample) WAI (¢g/g)
Ciya Tohumu (chia seed) 5.83%0.12b
Keten Tohumu (flaxseed) 3.55£0.08~

Ayni sttundaki farkli harfler istatistiksel acidan fark
oldugunu gostermektedir (P <0.05).

Different letters in the same column (a, b) indicate a statistically
significant difference (P <0.05)

Ciya ve Keten Tohumu Jelletinin Protein
Miktarinin Belirlenmesi

Yumurta aki, ¢iya tohumu jeli ve keten tohumu
jelinin protein igerigi Cizelge 3’te verilmistir.
%72.75 ile en yiiksek protein icerigine sahip
Ornegin yumurta beyazi oldugu saptanmistir (P
<0.05). Ciya tohumu jeli ve keten tohumu jelinin

protein igerigi swrastyla %4.50 ve %4.9 olarak
tespit edilmistir. Keten tohumu jelinin protein
icerigi ¢iya tohumu jelinden biraz daha yiiksek olsa
da aralarinda istatistiksel acidan anlamli bir fark
bulunamamistir (P >0.05). Yumurta beyazt yas
temelde yaklastk %09.7-%10.6 proteine sahipken
¢iya tohumu jelinin ise kuru temelde 9%3.5
proteine sahip oldugu bildirmistir (Mine, 1995;
Coorey vd., 2014). Bu calisgmada da literatiir ile
uyumlu sekilde, yumurta beyazinin protein igerigi
keten ve ciya tohumu jelinden daha yuksek
bulunmustur.

Cizelge 3. Yumurta aki, ¢iya tohumu jeli ve keten
tohumu jelinin protein miktari degerleri
Table 3. Protein content of egg white, chia seeed gel and

flaxcseed gel
Ornek (Sample) Protein  miktarr*
(Protein content)
Yumurta beyazi (Egg white) 72.7510.27>
Ciya tohumu jeli (chia seed gel)  4.50£0.182

Keten tohumu jeli (flaxseed gel)  4.902£0.96

Ayni stitundaki farkli harfler istatistiksel acidan fark
oldugunu gostermektedir (P <0.05).

Different letters in the same column (a, b) indicate a statistically
significant difference (P <0.05)

*Kutu temelde * Dry basis

FTIR analizi

Ciya tohumu jeli ve keten tohumu jeli 6rneklerinin
kimyasal bilesimlerini karakterize etmek amactyla
FTIR spektroskopisinden yararlanilmistir. Ciya
tohumu jeli ve keten tohumu jelinin FTIR
spektrumu Sekil 1’de verilmistir. Ciya tohumu jeli
ornekleri icin 3100-3700 cm araligindaki bantlar,
protein igeriginin (N-H) gerilmesini temsil
etmektedir. Ayrica 1700-1550 cm! ve 1600-1980
cm! bélgesi, proteini karakterize eden Amid 1
gruplarinin varligini géstermektedir. Ciya tohumu
jeli durumunda 1500-1900 cm-, 1550 cm-!, 1400
cm bantlar, saptanan ironik asit varligina
katilmis olan tronik asitlerin karboksil grubunun
(-COO-) gostergesidir. Ciya tohumu ve jeli icin
1654 cm? ve 1618 cm? 'deki iletim bantlar
mannoz halkasini temsil etmektedir. Ek olarak,
¢iya tohumu icin 1750 cm ! ve 1200 cm, piranoz
halkasinda bulunan C = O ve C-O-C'yi temsil
etmektedir. 1080 cm? 'de bant, 1 — 4 glikosidik
bag halkasi titresimi ve C-OH biikiilmesinin C-O-
C'sini gostermekte ve polisakkaritlerin 6zelligi
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olarak kabul edilmektedir (Darwish vd., 2018).
Keten tohumu jeli i¢cin 1600 cm! C = O asimetrik
germe titresimi, keten tohumu jelindeki bagl
suyun varhigini  gOsteren karboksil grubuna
baglidir. Karboksil grubu iyonlar icin bir
baglanma yeri gérevi gbrmesi nedeniyle jellesme
ve reolojik Ozellikler Gzerinde buytk bir etkiye
sahiptir. 1400 cm'deki emilim, C — O germe
titresimi olarak adlandirilmakla bitlikte Gronik
asitlerin varligint gostermektedir. 800-1200 cm!
arasindaki alan karbonhidratlar icin parmak izi
bolgesi olarak kabul edilmektedir. 1100 cm™ de
gozlenen pik glikozidik baglarinin YC-O-C ve C—

OH varligint géstermektedir. Ayrica, 1020 cm!
‘deki emilim, glukan birimlerinin varligr hakkinda
bilgi vermektedir. 3100 cm''de gézlemlenen genis
ve gicli bir tepe, hidroksil grubunun (OH)
gerilme titresiminin  varligini  gOstermektedir
(Fang vd., 2020). Ciya tohumu ve keten
tohumundan elde edilen jellerin literatiirdeki diger
¢iya ve keten tohumu jel 6rnekleri ile benzer FTIR
spektrumlart sergiledigi gbrilmustir (Deng vd.,
2020; Mufioz-Gonzalez vd., 2019; Safdar vd.,
2020; Safdar vd., 2019; Darwish vd., 2018; Fang
vd., 2020).
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Sekil 1. Ciya tohumu ve keten tohumu jelinin FTIR spektrumu. a) ¢iya tohumu jeli; b) keten tohumu

jeli

Figure 1. FTIR spectrum of chia seed gel and flaxcseed gel. a) chia seed gel; b) flaxseed gel

Pankek Hamur Ozellikleri

Yogdunink

Farkli oranlarda yumurta ikamesi kullanilarak elde
edilen hamurlarin yogunluk degerleri 1.086-1.132
(g/ml) arasinda degisiklik gostermekte olup, ciya

keten tohumu kullaniminin  Srneklerin
yogunluk degerlerinde artisa neden oldugu
saptanmustir (P <0.05) (Cizelge 4). Hamurlarin
yogunluk degeri, hamur icerisinde tutulan hava
miktarinin  bir  gOstergesi  olarak  kabul

ve
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edilmektedir. Hamur icerisinde bulunan hava
miktat1 arttikca, yogunluk degeri diserek yitksek
hacimli drin elde edilmektedir (Gémez et al,
2007).

Cizelge 4. Farkli oranlarda ciya ve keten tohumu
jeli iceren 6rneklere ait yogunluk degerleri
Table 4. Density of samples containing different

proportions of chia and flaxseed gel.

Otnek (Sample) Y%?Z;;Z;%;jb

1.086%0.012

1.115%0.009°

1.268%0.002¢

Kontrol (Control)
%50 KT (50% FS)
%100 KT (100% FS)
%50 C (50% C) 1.16%0.0074
%100 C (7100% C) 1.13520.008¢

Aynt sttunda bulunan degetler arasinda farkhi harf
iceren ornekler arasinda istatistiksel olarak anlamli fark
bulunmaktadir (P <0.05).

Different letters in the same column (a, b, ¢, d, e) indicate
significant differences between means (P <0.05).

Reolojik Ozellikler

Akts davranist

Yumurta ikamesi olarak ¢iya ve keten tohumu jeli
kullaniminin hamurlarin akis davranis
Ozelliklerine olan etkisi 0.01-100 s kayma hizt
araliginda incelenmistir (Sekil 2). Kayma hizt
artttkca keten tohumu jeli iceren Orneklerde
kayma gerilimi degetleri artig gosterirken, ciya
tohumu jeli iceren 6rneklerde, %50 ¢iya tohumu
jeli iceren 6rneklerde azalma, %100 ¢iya tohumu
jeli iceren Orneklerde ise artis  oldugu
belitlenmistir. Kayma hizina karsihk kayma
gerilimi grafiginden elde edilen deneysel verilere
en iyi uyumun ssel model ile elde edildigi
gozlemlenmistir (R2=0.987-0.998). Ussel model
uygulanarak belirlenen kivam katsayist (K) ve akis
davranis indeksi (#) Cizelge 5te belirtilmektedir.
Elde edilen # degerleri 0.352-0.490 araliginda
degismekte ve kayma ile incelen Ozellik
gostermektedir (P <0.05). K degerleri, 18.332-
33.997 Pas” araliginda degismekte ve keten
tohumu icerigi arttitkca kivam indeksi degerleri
artis gostermekte; en yiiksek K degeri ise %100
¢iya tohumu jeli iceren 6rnek olarak bulunmustur

(P <0.05).

Yumurta ikamesi olarak farkli tohum jeli kullanimi
sonucunda rneklerin viskozite degetlerinde, %50
¢iya tohumu jeli iceren 6rnek disinda viskozite
degerlerinde artis oldugu belirlenmistir. Hamur
Orneklerinde ylksek su absorplama kapasitesine
sahip bilesenlerin kullanimi, partikiillerin serbest
su icerisindeki hatreketliligini azaltarak, goriinir
viskozite degerlerini arttirmaktadir (Ronda vd.,
2011). Ciya ve keten tohumu jeli ile hazirlanan
orneklerin de yitksek su absorplama kapasitelerine
baglt olarak hamutlarin  gérintr  viskozite
degerlerini  arturdigr  goérilmektedir.  Tim
orneklerde kayma hizi arttik¢a goriiniir viskozite
degerlerinde azalma gdzlemlenerek, kayma ile
incelen  (psédoplastik)  yapt  gorilmektedir.
Yumurta ikamesi olarak ¢iya tohumu kullanilan
bir calismada 6rneklerin akis davranisinin, Casson
model ve Herschel Bulkley modele uyumlulugu
incelenmistir. Buna gbre c¢iya tohumu ile
hazirlanan 6rneklerde Casson ve Herschel Bulkley
modellere uyumun oldukea diisitk oldugu ve elde
edilen r? degerlerinin strasiyla 0.46 ve 0.52 oldugu
belirtilmistir ~ (Agrahar-Murugkar vd., 2010).
Benzer sekilde kek 6rneklerinde yumurta ikamesi
olarak peynir altt suyu proteinin kullanddigi bir
calismada hamurlarin akis davranis 6zelliklerinin
Power Law modele uyumlulugu incelenmis ve
peynir altt suyu proteini kullanimi ile 7
degerlerinin yumurta iceren Srneklere kiyasla artis
gosterdigi (0.2-0.5); kivam indeksi degerlerinde (£)
ise azalma oldugu (0-160 Pa.s”) belitlenmistir (Tan
vd.,, 2015).

Reolojik 6zellikler dogrusal bélgede gerilim ve
gerinime baglt olmamakta ve belli bir gerinim
degerinden sonra modil degerleri azalarak
dogrusal olmayan bolgeye gegis yapilmaktadir. Bu
nedenle frekans tarama testlerinden Once
orneklerin - dogrusal bélgede oldugu arahk
belirlenmektedir (Steffe, 1996). Tim pankek
hamur 6rneklerinin elastik modil (G') degetleri,
viskoz modil (G") degetlerinden daha yuksektir
ve hamurun yapisinda elastik karakter baskin
olmaktadir (Sekil 3). %50 giya tohumu jeli iceren
ornek haric pankek hamur formilasyonunda
tohum jeli kullanim orani arttik¢a elde edilen
elastik ve viskoz modil degetleri de artis
gostermektedir. Su absorplama kapasitesi yiiksek
ciya ve keten tohumu jeli kullanimi ile partikiillerin
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hareketliliginin azalmasi sonucu viskoelastikligin
de artis gOsterdigi disintlmektedir. Benzer
sekilde, glutensiz muffin hamurlarinda farkli su
absorplama  kapasitesine sahip  protein
kaynaklarinin - kullamminda, WAI  degerinin
artmasina bagl olarak elastik ve viskoz modil
degerlerinin de arttigi belirtilmistir (Shevkani vd.
2015).

Orneklerin  viskoelastik ~ davranglart  gerilim
tarama testi sonucunda belitlenen sabit gerinim
degerinde, gerinim oranmin uygulanmasiyla
hamurlarin viskoz ve elastik davraniglarindaki
degisim kaydedilerek belitlenmektedir (Steffe,
1996). Frekans tarama testi ile elde edilen
sonugclara gore jel igerigi arttikca 6rneklerin elastik
modiil degerlerinin arts gOsterdigi
gozlemlenmistir.  Viskoz ~ modil  degerleri
incelendiginde ise tohum jeli ile hazirlanan
6rneklerde kontrol grubuna karsilik artis oldugu
gorilmektedir (Sekil 4). Elastik modil degerleri,
tim Ornek gruplart  icin  viskoz modul
degerlerinden  daha  yiksek  bulunmustur.
Dolayistyla kayip tanjant degetleti (tand) degetleri
1’den kiicik olmakta ve Ornekler katt elastik
benzeri yapi géstermektedir (Weipert, 1990). Ciya
tohumu jelinin yiiksek su absorplama kapasitesine
sahip olmast hamurlarin elastikiyetini arttirmast ile
iliskilendirilebilmektedir (Moreira vd., 2013). Lee
vd. (2004), calismalarinda yulaf kepegi ve keten
tohumunu pastacilik yagr ikamesi olarak kek
orneklerinde kullanmis ve hamur 6rneklerinin G
ve G" degetlerinin  frekansla  degisimini
incelemiglerdir. Buna gbre 102 ve 102 Hz
araliginda, 6rneklerde yag ikamesi olarak keten
tohumu iceriginin arttirilmastyla G' ve G" modil
degerlerinin  102-10* araliginda frekansa baglt
olarak artis gosterdigi belirtilmistir.

Pankek Orneklerinin Ozellikleri

Bilesim

Cizelge 6’da yumurta beyazi ikamesi olarak ¢iya
tohumu jeli ve keten tohumu jeli kullaniminin
pankek Orneklerinin nem, kil, yag ve protein
degerleri tzerine olan etkisi verilmektedir.
Orneklerin nem iceriginin %45.94 ve %49.85
araliginda degistigi, ¢ciya tohumu jeli kullanilarak
hazirlanan 6rneklerin en yiksek nem igerigine
sahip oldugu belirlenmistir (P <0.05). Hargreaves

ve Zandonadi (2018) tarafindan yapilan calismada
da glutensiz kek Orneklerinde formilasyona ciya
tohumu jeli eklenmesi ile nem iceriginin arttif
gbzlemlenmistir. Ciya tohumu jeli ve keten
tohumu jeli iceren Orneklerin daha yiiksek nem
icerigine sahip olmasi, ¢iya ve keten tohumunun
su absorplama, jel olusturma ve protein agiyla
interaksiyona girebilme Ozellikleri ile
aciklanabilmektedir (Hargreaves ve Zandonadi,
2018; Zettel ve Hitzman, 2018; Rabetafika vd.,
2011). Orneklerin protein iceriginin %7.48 ile
%4.4 arasinda degistigi goézlemlenmistir. En
yiksek protein icerigine sahip Ornegin kontrol
ornegi, en dusiik protein igerigine sahip 6rnegin
ise %100 ¢iya tohumu jeli iceren S6rnek oldugu
tespit edilmistir (P <0.05). Jel 6rneklerinin protein
icerigi incelendiginde (Cizelge 3), keten tohumu
jeli ile ¢ciya tohumu jeli arasinda istatistiksel acidan
fark tespit edilmese de degerler arasinda az bir
farkla keten tohumu jelinin protein iceriginin daha
yitksek oldugu goriilmektedir. Bu dogrultuda, ayn
oranda ¢iya tohumu jeli ve keten tohumu jeli
iceren pankek Orneklerine bakildiginda keten
tohumu jeli igeren 6rneklerin daha yiiksek protein
igerigine sahip oldugu tespit edilmistir (P <0.05).
Bu calisgmada elde eldilen bulgulara benzer sekilde,
Hargreaves ve Zandonadi (2018), ¢iya tohumu jeli
ve keten tohumu jeli kullanarak hazirladigs
keklerin protein iceriginin %5.92 ile 5.69 arasinda
degistigini bildirmistir. Orneklerin kiil ve yag
degerlerinde ¢iya tohumu jeli ve keten tohumu
jelinin ~ kullanimi  ile  anlamli  bir  fark
gbzlemlenmemistir (P >0.05).

Doku Profil Analizi

Farkli formilasyonlar kullanilarak hazirlanan
pankek Ornekleri; sertlik, esneklik, yapiskanlik,
sakizimsilik, ¢ignenebilitlik ve elastiklik acisindan
incelenmis; sonuglar Cizelge 7’de verilmistir.
Kullanilan  yumurta ikamesi tipi ve orani
orneklerin sertlik degerlerinde anlamli bir fark
olusturmustur (P <0.05). %100 keten tohumu jeli
iceren pankek en sert 6rnek olurken %100 ciya
tohumu jeli iceren pankek 6rnegi ise en yumusak
ornek olmustur. En ylksek yogunluga sahip
hamurun %100 keten tohumu jeli iceren hamur
oldugu tespit edilmistir. Hamur yogunlugunun
artmast sonucunda hamurda tutulan hava
kabarciklart azalmakta ve daha sert yapida trln
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olusmaktadir. Levent vd. (2020) tarafindan ise ¢iya tohumu iceren Orneklerin  kontrol
yapilan ¢alismada keten tohumu iceren keklerin orneginden daha yumugsak oldugu tespit
kontrol 6rneginden daha sert oldugu, Agrahar- edilmistir.

Murugkar vd. (2016) tarafindan yapilan ¢alismada
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Sekil 2. Farkli oranlarda yumurta ikamesi iceren 6rneklere ait akis davranis egrileri. a) Kayma gerilimi
(Pa), b) Goruniir viskozite (Pa.s)
Figure 2. Flow ramp analysis curves of pancake samples prepared in different formulations. a) Shear stress (Pa); b)
Apparent viscosity (Pa.s)
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Sekil 3. Farklt oranlarda yumurta ikamesi iceren 6rneklere ait salinim genligi analizi sonucunda elde
edilen viskoelastik modil degerleri. a) G, b) G" (10 rad/s)
Figure 3. Oscillation amplitnde analysis results of pancake batters for different seed gels concentraions at 10 rad/s. a)
G, bG"
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Cizelge 5. Hamurlarin reolojik karakterizasyonu, tissel model ile elde edilen akis 6zellikleri
Table 5. Rheological characterization of batters, results of power law model

Ornek Kivam indeksi Akis davranis indeki
(Sa ”; /e) (Consistency index) (Flow bebavior index) R2
(Pa.s") O

Kontrol

+ ab + ab
(Control) 22.410.22 0.41x0.002 0.996
%50 KT

+ be + be
(50% FS) 28.7710.22 0.36£0.002 0.998
%100 KT

£0.23b¢ + c
(100% FS) 29.25+0.23 0.35£0.002 0.997
%50 C

£0.31» + a
(50% C) 18.3310.31 0.44%0.004 0.990
%100 C

+ c + c
(100% C) 33.1£1.29 0.49%0.002 0.987

Aynt situndaki ortalamalar arasinda farkl harfli degerler arasinda istatistiksel olarak anlamli fark bulunmaktadir (P <0.05).
Different letters in the same column (a, b, ¢) indicate significant differences between means (P <0.05).

Cizelge 6. Keten tohumu ve ¢iya tohumu jelinin yumurta ikamesi olarak kullaniminin 6rneklerin
bilesimi tizerine etkisi
Table 6. The effect of nsing flaxseed and chia seed gel as egg replacers on the composition of the samples

- Nem (%) Kil (%) Protein (%o)* Ham Yag (%)*
Ornck (Sanple) (Moisture %) (Ash %) (Protein %) (Crude Fat %)
Kontrol 45.9520.444 1.88:£0.08 7.4820.46¢ 9.8410.22>
(Control)
%50 KT
+0.03b +0.062 +0.07b +2.()22b
(50% F) 47.63%£0.03 1.94%0.06 6.110.07 9.11£2.02
%100 KT
+ c + a —+ ab —+ b
(100% F) 48.15+0.13 1.96%0.05 5.41£0.82 9.37£1.01
%50 C
+ d + a + ab + ab
(50% C) 49.54%0.09 1.99£0.03 5.47£0.18 8.31+1.62
%100 C
+ d + a + a + a
(100% C) 49.85%0.24 1.98%0.02 4.4%0.26 6.85%0.31
Ayt stitunda bulunan degerler arasinda farkls harf iceren 6rnekler arasinda istatistiksel olarak anlamli fark bulunmaktadir (P
<0.05).

Different letters in the same column (a, b, ¢, d) indicate significant differences between means (P <0.05).
*Kuru temelde * Dry basis

Gizelge 7. Pankek 6rneklerinin doku profili sonuglar
Table 7. Texture profile results of pancake samples

Ornek Sertlik (g) Esneklik Yapiskanlk Sakizimstlik Cignenebilirlik (g)  Elastiklik
(Sample) (Hardness) (Springiness) (Cobesiveness) (Gupminess) (Chewiness) (Resilience)
Ié‘;z;flj 276694294 0.99+0.05 0731005 1786.55£283.66%  1768.68:+277.46%  0.39+0.06°
%50 KT i b n i b i b + b i
(50% F'S) 1917.31220,64>  1.04£0.11» 0.71£0.054 1372.761224.58>  1441.45£373.032>  0.36+0.04
%100 KT n . 0 Oda 10 01c i N n b 002
(100% F) 3028.69+223.46¢  1.02%0.04 0.7310.01 1929.831£384.90 1972.641408.81 0.3520.03
0,
(/5032 CC) 2128.01+£94.52>  0.95+0.02- 0.7+0.04® 1451.431£518.85%  1386.91£516.812>  0.34+0.022
0
0,
(/70;82 CC) 1495.08£208.932  0.92%0.042 0.6310.052 1188.05£258.372  1095.396£202.97+  0.30+0.052
0
Ayni stitunda bulunan degerler arasinda farklt harf iceren Srnekler arasinda istatistiksel olarak anlamli fark bulunmaktadir (P
<0.05).

Different letters in the same column (a, b, c) indicate significant differences between means (P <0.05).
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Renk

Pankek  Orneklerinin @+ i¢  ve dis  renk
karakteristiklerini ifade eden L*, a” ve b* degerleri
Cizelge 8de verilmistir. Orneklerin parlakligini
ifade eden L* degetleri, i¢c ve dig kisim icin en
yuksek %50 ¢iya tohumu jeli iceren Ornege ait
oldugu tespit edilmistir (P <0.05). Orneklerin
kirmiziligini ifade eden a* degetleri incelendiginde
i¢c kistmda en ¢ok %100 ¢iya tohumu jeli iceren
ornege ait oldugu belirlenmis olup; bu durumun
formiilasyon icerisinde birakilan ciya
tohumlarindan kaynaklandigr distintilmektedir.
Benzer sckilde Fernandes ve Salas-Mellado

(2017), kek 6rneklerinde yag ikamesi olarak ¢iya
jeli kullanimi sonucunda 6rneklerde ¢iya jeli orant
arttikca kabuk L* ve a* degerlerinde artis egilimi,
b* degerinde ise anlamli bir fark olmadig
belirtilmistir. Kek 6rneklerinin i¢ rengi ise ¢iya jeli
orant artttkca L* degerinde artis, a* ve b*
degerlerinde azalma oldugu tespit edilmistir.
Kabuk renk degerlerinde ise c¢alismalarda, keten
tohumu iceren keklerin kontrol 6rnegi ile
kiyaslandiginda L* degerinde azalma
gozlemlendigi, a* ve b* degetlerinde ise artis
gozlemlendigi belirtilmektedir (Korus vd., 2015;
Levent vd., 2020).

Cizelge 8. Farkli formiilasyonlarda hazirlanan pankek 6rneklerinin i¢ ve dis renk degerleri
Table 8. Pancake crumb and crust color values of pancake samples prepared in different formulations

ic DIS
Ornek (Sample) (Crumb) (Crust)
L* a* b* L* 2 b*

Kontrol (Control)
%50 KT (50% FS)

%50 C (50% C)
%100 C (100% C)

72.74%+1.96¢
58.18%4.08¢

68.69£1.52bc -0.85£0.19+> 16.1910.942> 44.06+3.01»
66.78£0.93> -0.91£0.712> 17.01+1.83¢
%100 KT (700% FS) 68.16+2.45b¢ -1.71+0.292 15.33+1.41bc 61.8713.33¢
-1.46£0.042 14.23+0.432> 62.32+0. 82¢ 6.05+1.002> 29.64+2.252
-0.26+0.59> 13.05+0.23 48.61+3.46%

10.85%1.14¢ 28.34£3.17~
8.2010.36bc 29.01+2.592
4.45%2.612 27.2615.242

51.42+£1.96>

9.72%1.86¢ 30.1910.822

Ayni sutunda bulunan degerler arasinda farkli harf iceren Ornekler arasinda istatistiksel olarak anlamli fark

bulunmaktadir (P <0.05).

Different letters in the same column (a, b, c) indicate significant differences between means (P <0.05).

Duyusal Ozellikler

Pankek 6rneklerinin duyusal karakteristikleri olan,
renk, doku, gorinis, lezzet ve genel begeni
sonuglart Cizelge 9°da verilmektedir. Sonuglar,
¢iya tohumu jeli ve keten tohumu jeli kullaniminin
Orneklerin renk ve doku 6zellikleri tizerine anlamlt
bir etkisi olmadigint ortaya koymustur (P >0.05).
%100 C Ornegi lezzet acisindan panelistler
tarafindan en az puan alan 6rnek olmustur (P
<0.05). Pankek formilasyonuna ¢iya ve keten
tohumu jellerinin artan oranlarda ilavesi ile genel
begeninin azaldigr saptanmistir (P <0.05). Genel
begeni skalasinda en begenilen 6rnek kontrol
Ornegi olmakla birlikte, %50 keten tohumu jeli
iceren Ornekle arasinda anlaml  bir fark
bulunmamistir (P >0.05). Benzer sckilde kek
orneklerinde yumurta ikamesi olarak ¢iya tohumu
(Borneo vd., 2010) ve keten tohumunun

(Nugraheni vd., 2019) kullanilmasiyla genel
begeni degerlerinin azaldig1 tespit edilmistir.

SEM

Yumurta igeren ve icermeyen pankek 6rneklerinin
makro ve mikro yapisiun belirlenmesi amaciyla
taramali  elektron mikroskobu kullantlmustir.
Farkli oranlarda kullamilan ¢iya tohumu jeli ve
keten tohumu jeli ile Gretilen pankek Srneklerinin
x1000 buyttme orani ile mikrograflart Sekil 5’te
verilmigtir. Pankek 6rneklerinin  mikrograflar
incelendiginde, ¢iya tohumu jeli ve keten tohumu
jeli oraninin artmastyla, gézenekliligin azaldigt
gorilmektedir. Formiilasyondaki ¢iya tohumu
jelinin artmasi ile Ornegin daha katmanli ve
kirilgan bir yap1 gésterdigi gbzlemlenmistir. %100
¢iya tohumu jeli iceren 6rnegin diger 6rneklere
gore daha kirilgan oldugu gorilmektedir. %100
keten tohumu jeli ile hazirlanan 6rnek ile %100
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ciya tohumu ile hazirlanan ornek
karsilastirildiginda, %100 keten tohumu jeli igeren
Ornegin kontrol Ornegine daha benzer oldugu
gozlemlenmistir. Paraskevopoulou vd. (2015)

tarafindan yapilan calismada kek Orneklerinde
peynir altt suyu izolati kullanilarak yumurta
oraninin azaltmast ile 6rneklerde gbzenekliligin
azaldig1 belirtilmistir.

Sekil 5. Taramali elektron mikroskobu gériintiileri a) K, b) %50 KT, ¢) %50 C, d) %100 KT, €) %100
C

Figure 5. Scanning electron microscope images a) K, b) %50 FS, ¢) %50 C, d) %100 ES, ¢) %100 C
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Cizelge 9. Farkli oranlarda ¢iya tohumu jeli ve keten tohumu jeli iceren pankeklere ait duyusal analiz
sonugclari
Table 9. Sensory properties of pancakes containing different proportions of chia seed gel and flaxseed gel

Ornek Gériiniis Renk Dok Lezzet Genel Begeni
(Sample) (Apperance) (Color) (Lexture) (Taste) (Overall acceptance)
Kontrol (Control) 4.5610.43¢  4.224+0.28* 4.18+0.28  4.6X0.21> 4.6310.21>
%50 KT (50% FS) 4.09£0.19+  4.2820.29* 4.25+0.26* 4.54+0.16> 4.60£0.20>
%100 KT (1700% FS) 4.2520.26">  4.31£0.26* 4.18+0.28* 4.43+0.33b 4.0210.30-
%50 C (50% C) 4.410.21>  4.26+0.270 4.30£0.25* 4.39%0.20P 3.98%0.06
%100 C (100% C) 4.1210.25+  4.2310.26 4.27£0.28 3.97%0.09: 3.86%0.222

Ayni situnda bulunan degerler arasinda farkli harf iceren Ornekler arasinda istatistiksel olarak anlamli fark

bulunmaktadir (P <0.05).

Different letters in the same column (a, b, c) indicate significant differences between means (P <0.05).

SONUC

Hayvansal protein kullanimina alternatif olarak
bitkisel proteinlerden ¢iya tohumu jeli ve keten
tohumu jelinin pankek 6rneklerinde yumurta
beyazina  alternatif  olarak  kullamilabilirligi
arastirtlmustir. Sonuclar, Ussel model kullanilarak
orneklerin akis davranis 6zelliklerinin bagarili bir
sckilde tamimlandigini ve 6rneklerin kayma ile
incelen yapt gosterdigini ortaya koymustur.
Tohum jellerinin yliksek su absorplama indeksine
sahip olmasindan dolayt pankek hamurlarinin
viskozite  degerlerinde  genel  bir  artis
gozlemlenmistir. Ayni zamanda tohum jellerinin
yiksek su absorplama kapasitesine baglt olarak
pankek Orneklerinin nem igeriklerinde kontrol
grubu ile kiyaslandiginda artis gorillmektedir (P
<0.05). Duyusal degerlendirme sonucunda
orneklerin  genel kabul edilebilitliginin  yiksek
oldugu belirlenmis ve panelistler tarafindan
Ornekler arasinda renk ve doku agisindan fark
bulunamamistir (P >0.05). Yumurta ikamesi
olarak ciya ve keten tohumu jeli kullanimi hamur
orneklerinin reolojik 6zelliklerini gelistirmekte ve
yumurta alerjisi, vegan diyet tercihleri gibi
nedenlerle yumurta tiketmeyen  bireylerin
tiketimine uygun, tamamen bitkisel kaynaklt
yumurta ikamesi iceren pankek  iretimi
gerceklestirilmistir. Sonug olarak ¢alisma, yumurta
beyazt ikamesi olarak ¢iya tohumu jeli ve keten
tohumu jeli kullanmminin yumurta ile benzer
fonksiyonel 6zellikler gosterebilecegini ve pankek
orneklerinde kullanimi icin uygun ve ucuz bir
alternatif oldugunu ortaya koymustur. Son yillarda
fonksiyonel Ozellikleriyle ilgi ¢ekmeye baslayan

bitkisel proteinlerden ¢iya ve keten tohumu ile
yapilan calismalara yenilik¢i bir ¢alismayla katk:
saglanmustr.

CIKAR CATISMASI
Yazarlarin makale ile ilgili baska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI

Sebnem TAVMAN ve Seher KUMCUOGLU
calisma konusu belirleme, yontem, makalenin
yazimi  ve danismanlk kisimlarinda  katks
saglamislardir. Selen ERKOC, Ipek OZCAN ve
Esra OZYIGIT analizlerin gerceklestirilmesi,
sonuglarin istatistiksel degerlendirilmesi,
yorumlanmast ve makalenin yazim agamalarinda
gorev  almuslardir. Tim yazarlar tarafindan
makalenin son hali okunmus ve onaylanmugtir.
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ABSTRACT

This study aimed to investigate the effect of different cooking materials on some physical, nutritional, and
sensory characteristics of black scorpionfish (Swrpaena poreuns) meat. To achieve this aim, scorpion fish fillets
were divided into four groups as open-roasted (control), oven bag cooked (Group A), baking paper wrapped
(Group B) and aluminum foil wrapped (Group C). All fillets were cooked in an electrical oven. The
nutritional and amino acid composition, water activity and color measurements were carried out in all
samples including raw fish. Sensorial properties of all cooked samples were also evaluated. On comparing
the raw and cooked groups it was found that cooking materials had a considerable effect on the nutritional
and amino acid composition. The protein and total amino acid contents of the Control group were higher
than that of the other groups due to water loss. It was also determined that the aromatic amino acid content
of the control group was higher than the other groups. The cooking losses varied according to the type of
cooking material. The method of cooking in the baking paper can be said to be the most preferable method
for this fish according to the sensory analysis results.

Keywords: Scorpionfish, amino acids, aluminum foil, baking paper, oven bag

FARKLI PISIRME MATERYALLERI ICINDE PiSIRILEN ISKORPIT BALIGI
(Scorpaena porcus, Linnaeus 1758) ETININ KALITESI

oz

Bu ¢alismanin amact farkl pisirme materyallerinin iskorpit baligs eti tizerindeki bazt fiziksel, besinsel
ve duyusal 6zelliklerine etkisini arastirmaktir. Bu amacla iskorpit baligt filetolar1 tizeri agtk pisirme
(kontrol), firin posetinde pisirme (A), yagh kagitta pisirme (B), aliminyum folyoda pisirme (C)
seklinde dort gruba ayrilmistir. Butiin filetolar elektrikli firinda pisirilmistir. Besin ve aminoasit
kompozisyonu, su aktivitesi ve renk 6l¢imleri ¢ig baligt da iceren tim Srneklerde gergeklestirilmistir.
Pisirilen tim O6rneklerde duyusal Ozellikler de degerlendirilmistir. Cig ve pismis gruplar
karsilastirildiginda pisirme materyallerinin besin kompozisyonu ve aminoasit kompozisyonunu
o6nemli 6l¢tide etkiledigi bulunmustur. Kontrol grubunun protein ve toplam aminoasit igerigi su kaybt
nedeniyle diger gruplardan yitksek bulunmustur. Bununla birlikte, kontrol grubunun amino asit icerigi
incelendiginde aromatik amino asitlerin diger gruplardan yiiksek oldugu belirlenmistir. Pisirme kaybi1
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pisirme materyalinin ¢esidine gore degisiklik gOstermistir. Duyusal analiz sonuglarina gbre yagh
kagitta pisirme metodunun bu balik i¢in en ¢ok tercih edilen yontem oldugu soylenebilir.
Anahtar kelimeler: Iskorpit baligt, amino asit, aliiminyum folyo, yaglt kagit, firin poseti

INTRODUCTION

Scorpionfish  (Scorpaena porcus L. 1758) is a
demersal fish species belonging to the Scorpaenidae
family. It is generally observed at rocky habitats
and also seen at muddy and sandy sea bottoms,
spending most of its time waiting for prey (Love
et al., 1987). It is economically important for its
delicious meat (Turk Culha, et al, 2016).
According to TUIK, an average of 250.1 tons per
annum of scorpionfish was reported to be caught
on between 2008 and 2017 (TUIK, 2019). The
blackscorpion fish is caught in the Black Sea in

almost every fishing season (Kaya and Kocatepe,
2014).

Foods such as red meat and fish become more
catable and more digestible when they are
subjected to cooking. However, cooking can lead
to unacceptable changes, such as the loss of the
nutritional value of foods, mainly due to lipid
deterioration, and changes in some constituents
of the protein (Uran ve Gokoglu, 2014). The basic
function of protein in nutrition is to provide
sufficient amounts of required amino acids. The
protein quality is associated with amino acids
components, the ratios of essential amino acids,
and the physiological utilization of amino acids
after digestion, assimilation, and oxidization
(Friedman, 1996). The E/NE ratio is an indicator
of high-quality protein. The essential amino acids
of raw scorpionfish constitute approximately 52%
of the total amino acids. The ratio of
essential/non-essential amino acids (E/NE) has
been reported as 1.08 (Kaya and Kocatepe, 2014).

Usually, cooking methods are divided into three
sections. These methods can be listed as dry-heat,
moist-heat, and combination-heat. Dry-heat
methods cook the foods using hot air or fat.
Examples of these methods are frying (pan or
deep), grilling, roasting, and baking. The moist-
heat cooking methods cook the food with a liquid,
usually water. For example, poaching, boiling and
steaming, etc. The combination cooking methods
use a combination of dry- and moist-heat
methods (Moradi et al., 2011). When the studies

on fish cooking methods are examined, it is
usually seen that grilling, baking, frying (Tokur,
2007; Cheung et al, 2016) were used. The
objective of this study was to investigate the effect
of different cooking materials on some of the
physicochemical, nutritional, and sensory
properties of black scorpionfish meat.

MATERIALS AND METHODS

Raw material

Black scorpionfish  (Scorpaena  porcus)  were
purchased (as fish fillet) from a fisherman in the
region of Sinop-Middle Black Sea. In total, 2.5kg
of scorpionfish fillets (skinless) were used in this
study. They were transferred to the laboratory and
were washed in iced water a few times.

Methods

Grouping and Cooking Methods

The scorpionfish fillets were split into four groups
(413.20£5.19 g weight). Raw fish analyzes were
carried out on fresh fish meat without cooking.
The procedure for the four experimental groups
were desctribed below:

Open roasting (control): The fillets are
randomly arranged on the baking tray. No
packaging material was used at this stage. The fish
was cooked without any material.

Oven bag (Group A): The fillets were first
placed in an oven bag (Koroplast, 25x38 cm) and
the bag was closed. The bag was then placed on
the baking tray, and several holes were drilled in
the oven bag with the help of a toothpick.

Baking paper (Group B): The fillets were first
placed on an approximately 37x50 cm sheet of
baking paper. The opposite ends of the baking
paper are then brought together, and the ends are
bent (like a boat). In the meantime, the upper part
of the baking paper was pulled together so that
the fish were completely covered.

Aluminum foil (Group C): The fillets were
packed in the same manner as the baking paper
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group using an approximately 30X50 cm sheet of
aluminum foil. The top of the aluminum foil was
closed to cover the fish completely.

All the groups were then cooked in an electrical
oven at 180 °C for 20 min.

Nutritional composition analysis

After cooking, samples of each group were
homogenized in a blender. The crude protein was
determined using the Kjeldahl method (AOAC,
1961). Lipids were extracted using the method
employed by Bligh and Dyer (1959). The moisture
content and crude ash content were determined
according to the methods used by Ludorf and
Meyer (1973) and AOAC (1984) respectively.
Energy value was estimated by the Atwater
method (Falch et al., 2010). All measurements
were carried out in triplicate.

Amino acid analyses

The fish sample was weighed (0.1-1 g), placed in
50 ml flask and 20 ml of HCI was added. The
samples were hydrolyzed at 110 °C for 24 h
(Blackburn, 1968). Following hydrolysis, the
hydrolysate was filtered through a filter paper. 0.2
ml filtrate was evaporated with nitrogen gas at 50
°C. 0.5 ml filtrate and ACN: MeOH:TEA mixture
were derivatization by derivatization solution at
40 °C for 30 min. The filtrate was evaporated with
nitrogen gas at 40 °C and 5 ml ammonium acetate
(0.02 M) was added. The sample was filtered
through a filter paper (0.45n) and then injected
into the UFLC. Amino acids were separated by
SPD-20A, UFLC (Shimadzu, Japan) using a
4x6x150 mm, Agilent, Eclipse X08-C18 column.
The detection wavelength was set at UV 254 nm.
The amino acids were measured by using available
standard amino acid data.

Physical parameters

Water activity and color analyses were conducted
according to AOAC (1980) and Schubring (2003),
respectively. The Novasina Lab Swift water
activity measurement device and Konica
Minolta/CR-A 33a color measuring device was
used for water activity and color measurements.
Cooking loss was determined according to
Barbanti and Pasquini (2005). All measurements
were carried out in triplicate.

Sensory Analysis

Sensory analyzes were performed by 5
experienced academic staff working at the Faculty
of Fisheries of Sinop University. Panelists were
informed about the subject before sensory
analysis. Scorpionfish is a species of fish that can
be obtained during the fishing season in Sinop,
Turkey. There are no restrictions on fishing.

The scorpionfish samples were cooked in an
electrical oven at 180 °C for 20 min. The sensory
attributes of the control group, the oven bag
group, the baking paper group, and the aluminum
foil group were evaluated following the cooking
process. Fish samples from the different
treatments were individually served (20 g) in
dishes to each panelist. A hedonic scale was used
for evaluation of the appearance, odor, flavor,
texture, color, and overall acceptability (Altug and
Elmaci, 2005). Sensory analyses were carried out
as 2 replications and 2 parallel.

Statistical analysis

Using the Minitab 17 program experimental data
were analyzed using a one-way analysis of
variance (ANOVA). For data analysis, mean and
standard error were used. The significance level
was defined at P < 0.05. Statistical calculations for
the sensory analyses were carried out using a non-
parametric Friedman’s test.

RESULTS AND DISCUSSION

Nutritional and amino acid compositions of
scorpionfish meats

The results of the nutritional composition analysis
of the groups are shown in Table 1.

The contents of the scorpionfish used in this
study showed 16.61 % crude protein, 0.20% crude
fat, 80.62% moisture, 1.92% crude ash, and 70.84
Kcal energy. The nutritional composition of the
raw fillets is similar to eatlier reports on
scorpionfish (Ozden and Erkan, 2011; Kaya and
Kocatepe, 2014). Significantly higher protein
content (26.18 + 0.12) was recorded in the control
group, followed by (25.67 & 0.06) the fish cooked
in baking paper, compared with the fish prepared
with the other cooking methods (P < 0.05). The
oven bag group had the lowest protein content,
possibly due to its high moisture content (P <
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0.05). It was found that the moisture content of
cooked scorpionfish (except for the control
group) was not significantly affected by the
cooking methods (P > 0.05). Tokur (2007)
reported that the aluminum foil that was used to
cover the rainbow trout (Oncorhynchus mykiss)
during baking prevented moisture loss. In
contrast, the moisture contents in present study
were as follows: oven bag group>baking paper
group>aluminum foil group>open roasting

(control) group, respectively. Open roasting
(control group) may have led to rapid drying of
the inner and external layers of the fish meat,
resulting in much of the water leaving the fish
meat as cooking progressed. This might have
been the case because the fish fillets were not too
thick. Scorpionfish is known as a lean fish. The fat
content of the scorpionfish was increased in all
cooking methods in the present study.

(P < 0.05).

Table 1. Nutritional composition of the scorpionfish that cooked with different cooking materials

Raw Control A B C
Crude protein (%)  16.61+0.034  26.18%0.122 23.44£0.15¢ 25.67£0.062 24.40%0.29»
Crude fat (%) 0.20%0.014 1.57+0.00> 1.31£0.08bc 1.17+0.12¢ 2.20%0.01a
Moisture (%o) 80.6210.00:  68.431+0.10¢ 71.59£0.53b 70.79£0.41> 70.41£0.14>
Crude ash (%) 1.92+0.01> 247%0.12a 2.13%0.01ab 1.1910.11¢ 1.7410.04>
Carbohydrate (%) 0.66%0.01a 1.351£0.102 1.5410.472 1.2010.242 1.2710.452
Energy (kcal/100g)  70.84£0.00¢  124.25+0.08*  111.65+1.79> 117.97£1.80%>  122.40£0.722

n=3
Values are shown as mean T standard error.

Different letters between groups are statistically significant in the same row (p < 0.05) (=)
(Control: open roasting, Group A: oven bag, Group B: baking paper, Group C: aluminum foil)

In addition, the amount of crude ash was found
to be higher in the control and oven bag groups
than in the baking paper and aluminum foil
groups. It can be said that the proportional
increase was due to water loss. Hoffman and
Tlhong (2012) investigated the nutritional
composition of guinea fowl (Numida wmeleagris)
meat cooked according to three different
methods (baking bag, foil wrap, open roasting).
They also found that the open roasting method
(control) resulted in a higher protein and ash
content compared with the other cooking
methods. A total of nineteen kinds of amino acids
were identified in the groups. The amino acid
compositions of scorpionfish meat that was
cooked using different cooking methods are
shown in Table 2.

The results show that the main amino acids of raw
scorpionfish were glutamic acid, aspartic acid and
lysine. The essential amino acids (Arginine,
histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, valine) of raw
scorpionfish constituted approximately 53.15%

of the total amino acids. In this study, the ratio of
essential/non-essential amino acids (E/NE) was
observed to be 1.20 in raw scorpionfish meat, and
there was no statistical change according to the
cooking process. The aspartic acid content
decreased with cooking in all groups. On the
other hand, the glutamic acid, leucine, lysine, and
phenylalanine contents of raw meat increased
with cooking, and they were statistically different
from the raw meat content. The total amino acid
and essential amino acid contents of the control
group were the highest. In present study, it is
clear that cooking in different packaging changes
the essential amino acid content. The World
Health Organization (2007) reported the adult
daily intake of essential amino acids, leucine,
isoleucine, threonine, and methionine should be
0.83g/kg, 5.9¢/100g, 4.5 g/100g, 3 ¢/100g, 2.3
g/100g, and 1.6 g/100g, respectively. In present
study, it was determined that about 40-49% of
leucine, 76-96% of lysine, 40-51 % of isoleucine,
64-72% of threonine, and 61-79% of methionine
content which should be taken daily was provided
in 100g of different cooked scorpionfish meat.
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Table 2. Amino acid composition of the scorpionfish that cooked with different cooking materials

(g/100g)
Raw Control A B C
Alanine 1.18£0.004 2.20+0.002 1.81£0.02¢ 1.75£0.01¢ 1.97£0.02b
Arginine 1.35£0.064 2.4410.01» 1.98+0.01¢ 2.01£0.01¢ 2.2310.01b
Aspartic Acid 2.731+2.45¢ 0.58+0.02> 0.47£0.00> 0.4710.01> 0.5740.02>
Cysteine 0.2340.01~ 0.27140.002 0.29140.01» 0.1940.062 0.31+0.032
Glutamic Acid 2.661+0.02¢ 4.15+0.02» 3.63%0.00P 3.75%+0.03> 4.02+0.06*
Glycine 0.9610.12> 1.59£0.092 1.48%0.03# 1.50£0.05# 1.60£0.092
Histidine 0.4510.04¢ 0.9610.022 0.7520.02> 0.7610.01> 0.9140.022
Isoleucine 0.87£0.03¢ 1.531+0.002 1.2240.02b 1.21£0.03b 1.421+0.03#
Leucine 1.62£0.004 2.9140.032 2.4410.05b¢ 2.3710.08¢ 2.6610.00°
Lysine 2.3410.064 4.34%0.072 3.40£0.05¢ 3.4810.04¢ 3.9140.04>
Methionine 0.661+0.01¢ 1.26£0.02# 1.04£0.06> 0.9740.02> 1.13£0.02¢b
Ornithine 0.04£0.00~ 0.05£0.012 0.05£0.012 0.06£0.012 0.05£0.002
Phenylalanine 0.93+0.014 1.5910.03# 1.29£0.02¢ 1.2740.02¢ 1.45%0.01>
Proline 0.7810.004 1.35£0.00# 1.13£0.01¢ 1.15£0.01¢ 1.27£0.01b
Serine 0.90£0.00¢ 1.5910.03# 1.3410.01b 1.29£0.04> 1.58+0.022
Threonine 0.9910.03> 1.63£0.03# 1.58£0.03# 1.48+0.02# 1.65£0.06*
Tyrosine 0.79%0.00> 1.231+0.052 1.20+0.03# 1.0810.022 1.2410.06*
Valine 1.05£0.01¢ 1.91£0.03# 1.59£0.02¢ 1.47£0.014 1.76£0.01>
Taurine 0.2410.01> 0.53+0.04» 0.2940.02> 0.3140.02> 0.3240.03>
Total amino acids 20.7512.38>  32.12+0.05  26.99+0.13*  26.55+0.032>  30.04%0.322
Total essential amino acids 11.03£0.04¢  19.79+0.06*  16.50£0.03¢  16.08%£0.05¢  18.36%0.08>
Total non-essential amino acids ~ 9.73+2.34*  12.32+0.000  10.49£0.100  10.47£0.022  11.68+0.242
E/NE 1.20£0.29* 1.61£0.01» 1.57£0.01» 1.54£0.01» 1.57£0.03#
Sweet amino acids 5.70+0.10¢ 9.5310.052 8.26+0.07° 8.29+0.07° 9.1610.162
Bitter amino acids 5.7240.06¢  10.59£0.042 8.4710.04¢ 8.4910.05¢ 9.63+0.01>

Values are shown as mean * standard error.

Different letters between groups are statistically significant in the same row (p < 0.05) (—) (Control: open roasting,
Group A: oven bag, Group B: baking paper, Group C: aluminum foil)

Seafood is one of the most aromatic foods. It has
a particularly delicious and different aroma from
other foods, especially because it contains a high
proportion of glutamic acid. The glutamic acid
content of the groups cooked in an oven and
cooked in aluminum foil was statistically similar
and high. Yamaguchi and Ninomiya (2000) and
Zhang et al., (2013) reported that glutamic acid
and aspartic acid sodium salts are the reason that
umami and other amino acids are reported to have

sweet, bitter, or neutral flavor characteristics
(Beluhan and Ranogajec, 2011; Mau et al., 1998).
Glutamate, an element of protein, is the most
plenteous amino acid in the universe. Meat, milk,
fish, and many vegetables can naturally contain
glutamate. It has an influential umami taste. It is
essential for human nutrition (Ninomiya, 2002).
In particular, glutamic acid including di-tri
peptides has been of specific significance because
they are related to the alone flavor of umami
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(Dang et al., 2015). For example, Ninomiya (2002)
reported that the unique flavor of some crabs and
scallops is due to a combination of organic amino
acids in which alanine, glycine, glutamate, and
aspartate are essential elements. In present study,
the total aspartic acid and glutamic acid contents
of the groups were Control> Group C> Group
B> Group A, respectively. In general, there is an
inverse relationship between cooking in different
packaging materials and the umami flavor.

The bitter and sweet amino acid profiles of each
of the groups are listed in Table 2. These amino
acids are total sweet amino acids (2 Sweet AA)
including Glutamic acid (Glu), Serine (Ser),
Glycine (Gly), and Alanine (Ala); total bitter

amino acids (X Bitter AA) including Histidine
(His), Atginine (Arg), Methionine (Met),
Phenylalanine (Phe), Lysine (Lys) according to
Schiffman (1975). The maximum bitter amino
acids were found in the control group and the
packaging materials affected the bitter amino acid
contents. The sweet amino acids contents of the
control and the aluminum foil groups were
statistically similar and higher than that of the
others.

Physical parameters

The physical analyses result of the scorpionfish
that was cooked using different cooking materials
is presented in Table 3.

Table 3. Physical analyses result of the scorpionfish that cooked with different cooking materials

Raw Control A B C
Water activity (aw) 0.96%0.002 0.96%0.002 0.96%0.002 0.96%0.002 0.96%0.002
L 56.80£0.35¢  78.91%£1.39ab  72.61%£0.79>¢  69.11£0.04¢ 83.7912.37a
a -0.54%0.03b¢  -0.83%0.06¢ -1.10%£0.10¢ 0.24%0.092 -0.12£0.233b
b 4.39+0.37¢ 13.18+0.52a»  11.82%0.03>  12.83%+0.06>  14.341+0.482
Cooking loss (%) - 44.78+0.002 37.82%0.23b 37.96x0.00>  38.07+0.05b
n=3

Values are shown as mean * standard error.

Different letters between groups are statistically significant in the same row (p < 0.05) (—) (Control: open roasting,
Group A: oven bag, Group B: baking paper, Group C: aluminum foil)

There was no statistically significant difference
between the water activity values of raw and
cooked scorpionfish samples. Bainy et al., (2015)
reported similar results for raw, baked, and grilled
fish burgers.

Consumers frequently evaluate the original quality
of a product by its color and visual aspect, with
color serving as a clue as to how well the food is
cooked. The color changes during cooking, have
critical importance, not only on the product
quality but also on the safety (Matsuda et al.,
2013). In the Commission Internationale de
I’Eclairage, (CIE) Lab color system, L* indicates
lightness on a 0 to 100 scale from black to white;
ax indicates (+) red or (=) green; and b* indicates
(1) yellow or (—) blue (CIE, 1995).

In the present study, the L and b values of the raw
scorpionfish sample were increased after cooking
using all methods (P < 0.05). Cardinal et al,
(2011) reported similar results for raw and cooked
sea bream. The a* values were found to be highest
in the baking paper group.

The yellowness (b*) value increased after the
cooking of raw scorpionfish. Similar results have
been reported by Bainy et al., (2015). In general, a
browning reaction was not observed in samples
involving the oven bag, the baking paper, and the
aluminum foil in that the samples were wrapped
in packaging material. Although visual browning
is observed in the control group, it is thought that
in particular a* values may be affected because
color analyzes are made from homogenized
samples. The purpose of using homogenized
samples is to increase visual stability. Studies in
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which color measurement with homogenized
samples are available in the literature (Corapci et

al. 2020).

The percentage weight losses in terms of the
cooking processes varied with the cooking
materials. The least percentage loss was found in
the case of oven bag cooking. The scorpionfish
cooked using the oven bag, the baking paper and
the aluminum foil had similar weight losses of
37.82, 37.96, and 38.07%. The weight loss of the
open roasting (control) scorpionfish samples was
significantly higher compared with the other
cooking methods (44.78%).

Salmon et al., (2006) reported the cooking weight
loss for pan-fried whole red snapper with skin as

20.9%. In another study, Semedo Tavares et al.,
(2018) reported that the cooking weight loss for
baked hairtail (Thichinrus lepturus) fillets were
49.6%. (220°C- 20 min). These values were
different from the values in present study. Of
course, cooking time, cooking method, and type
of fish are important parameters in terms of this
difference. It was also revealed that the use of
materials such as baking paper, aluminum foil,
and oven bags during cooking may reduce the
cooking weight loss.

Sensory Analysis
The sensory scores of cooked scorpionfish meats
were as shown in Figure 1.

Appearance

10
8

Overall Acceptability

o N

Color

> @3

Odour

Taste

Texture

—<o— Control Oven bag

—a— Baking paper

—B— Aluminum foil

Figure 1. Sensory analysis results of the scorpionfish that cooked with different cooking materials
Hedonic scale on a 1- to 9-point scale: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 =

dislike slightly,
extremely.

The volatile components play an important role
in the flavor of cooked fish products. Therefore,
the quantity and quality of these compounds are
important criteria (Kawai, 1990).

In the present study, the highest appearance,
flavor, texture, and overall acceptability scores

= neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, and 9 = like

were determined to exist in scorpionfish that was
cooked using baking paper. These values were
found to be 8.00 + 0.08, 8.40 £ 0.10, 8.50 £ 0.10
and 8.60 = 0.10 respectively. The highest odor
scores were found in the fish cooked in the oven
bag (7.95£0.24), while the highest color scores
were found in the open roasting (control) group
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(8.2510.10). According to Friedman’s test, the
appearance, flavor, and texture values of the
scorpionfish that was cooked with different
cooking materials were found to be significantly
different from each other. In addition, the odor,
color, and overall acceptability scores were found
to be statistically non-significant.

The effect of cooking materials on the product
can directly affect consumer preferences.
Therefore, the cooking materials that used in this
study are important for future studies. According
to the results of the sensory analysis, the method
of cooking using baking paper can be said to be
the most preferable method for this fish.
However, the fact that the oven bag did not give
out any odor had a positive effect on the odor
scores. In addition, it is not surprising that the
color values in the open roasting group are high.
It can be said that this situation is related to the
browning reaction that occurs on the product’s
surface during cooking. The flavor values in terms
of groups were group B>group A>control
group>group C. However, the sum of glutamic
acid and aspartic acids used in the evaluation of
the umami flavor of the groups was as follows:
Control> group C> group B> group A. In
particular, the glutamic acid and aspartic acid
contents of the control group were higher than in
Group B (oven bag). This result suggests that
sensory evaluation should be supported in further
studies by umami flavor analysis and the use of an
electronic nose.

CONCLUSIONS

As a result, it has been observed that cooking
materials such as oven bag, baking paper and
aluminum foil have a significant effect on nutrient
and amino acid compositions. The aromatic
amino acid content of the control group was
higher than the other groups. Water activity
values did not show any difference in raw fish and
between groups. It was observed that the L*, a*
and b* values were affected by the cooking
materials. However, there was no statistical
difference between the cooking loss values.

It can be said that the scorpionfish is a delicious
fish with high glutamic acid and aspartic acid

content important in umami flavor. Although the
fish is cooked using many different cooking
materials, it is obvious that cooking by open
roasting (control) is the most nutritious.
However, the best group in terms of the sensory
evaluation was determined to be the group
cooking using baking paper.
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oz

Bu calismada kitosan film formiilasyonuna iki farkli (%1 ve %3) konsantrasyonda etil pirtivat ilave edilerek,
cevre dostu bir ambalaj materyali gelistirilmesi amaglanmustir. Bu kapsamda hazitlanan film 6rneklerinin
nem, suda ¢Ozinirlik, goériinir yogunluk, renk, biyobozunurluk, kimyasallara karsi direng 6zellikleri
belirlenerek, filmlerin yiizey morfolojisi SEM, fonksiyonel gruplari ise FTIR ile karakterize edilmistir. Ayrica
film 6rneklerinin antimikrobiyal ve anti-quorum sensing aktivitesi disk difiizyon yontemi ile belirlenmistir.
Sonu¢ olarak formulasyona etil piriivat eklenmesiyle kitosan filmin nem icerigi, goriiniir yogunlugu,
biyobozunurlugu ve antioksidan aktivitesi artmstir. SEM g6rintileri incelendiginde ise etil pirtivatin, kitosan
filmlerde gbzenekli yap1 olusumuna neden oldugu gézlemlenmistir. Film 6rnekleri Escherichia coli O157:H7,
Bacillus cereus, Staphyloccocus anreus, Alternaria arborescens, Aspergillus flavus, Penicillinm digitatum, Penicilliunm citrinum
ve Penicillum expansum suslarina karst antimikrobiyal etki gbstermistir. Buna ek olarak tim film 6rneklerinin
anti-quorum sensing aktivite gosterdigi tespit edilmistir. Elde edilen verilere gére 6zellikle CS-EP1 filminin,
doga dostu alternatif gida ambalaji olarak kullanilabilecegi belirlenmistir.

Anahtar kelimeler: Kitosan, etil pirtivat, SEM, FTIR, antimikrobiyal, anti-quorum sensing

DETERMINATION OF PHYSICOCHEMICAL, ANTIOXIDANT,
ANTIMICROBIAL AND ANTIQUORUM SENSING PROPERTIES OF
CHITOSAN FILMS INCORPORATED WITH ETHYL PYRUVATE FILMS

ABSTRACT

The aim of this study is to develop an environmentally friendly packaging material by adding ethyl
pyruvate (EP) to the chitosan film (CS) formulation in two different concentrations (1% and 3%).
Thus, the moisture, water solubility, apparent density, color, biodegradability, and chemical resistance
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of the films were determined, and the surface morphology was characterized by SEM and functional
groups were characterized by FTIR. Additionally, the antimicrobial and anti-qs activities of the films
were determined by the disk diffusion method. The moisture, apparent density, biodegradability, and
antioxidant activity of chitosan film were increased by adding EP. It was observed that EP caused
porous structure in CS. Films showed antimicrobial effect against Escherichia coli O157:H7, Bacillus
cerens, Staphylococcus aurens, Alternaria arborescens, Aspergillus flavus, Penicillium digitatum, Penicillium citrinum
and Penicillum expansum. 1t was determined that all films showed anti-gs activity. Results showed that
CS-EP1 film can be used as an alternative food packaging

Keywords: Chitosan, ethyl pyruvate, SEM, FTIR, antimicrobial, anti-quorum sensing

GIRIS

Giunimiizde strdarilebilirlik ve ¢evre glivenligini
saglamak amactyla artan talep, gida ambalajlamada
doga dostu ambalaj materyali gelistirmeye yonelik
calismalarin  hizla artmasina neden olmustur
(Avella vd., 2005; Othman, 2014). Kitosan
yenge¢, karides gibi deniz kabuklularindan
ckstrakte edilen bir polisakkarittir (Nataraj vd.,
2018). 2001 yihnda ABD Gida ve Ila¢ Idaresi
(FDA) tarafindan GRAS (Generally Recognized
As Safe-genel olarak giivenli kabul edilir) olarak
bildirilmistir (Perinelli vd., 2018). Kitosanin toksik
olmamast gida, biyomedikal, kozmetik ve tarim
gibi bircok farkli alanda kullanimimna olanak
saglamistir (Al-Naamani vd., 2017; Singh vd,,
2019). Gida endistrisinde et ve meyve
yuzeyindeki bozulmalarin énlenmesi, su kaybinin
azaltilmast ve meyve olgunlasmasinin
geciktirilmesi amactyla yaygin olarak
kullandmaktadir (Shankar ve Rhim, 2018). Ancak
son donemde vyapilan calismalar, kitosanin
polimer olarak gida ambalajlamada kullanimina
dikkat cekmektedir. Ozellikle tek basina
antimikrobiyal aktiviteye sahip olmast, onu diger
polimerlerden 6ne ctkarmaktadir (Perdones vd.,
2016; Zhang vd., 2017; Lee vd., 2018). Kitosanin
antimikrobiyal etki mekanizmasi, yuzeyinde
bulunan pozitif yikler ile mikroorganizmanin
htcre zarinda bulunan negatif yikler arasindaki
etkilesim ile agiklanmaktadir. (Zhang vd., 2021; da
Silva vd., 2017). Bu etkilesim, mikroorganizma
hiicre membraninda hasara yol agarak, hucre
sitoplazmasinda yer alan iyon ve proteinlerin
ekstraselliler ~ bosluga  ge¢mesine  neden
olmaktadir. Ardindan olusan ozmotik basing ile
hiicre 6lumi  gerceklesmektedir (Perinelli vd.,
2018). Buna ragmen, ylksek suda ¢6ziinirlik ve

disik UV  engelleme Ozelligi gibi  cesitli
dezavantajlar, gida ambalajlamada kullanimint
sintrlandirmaktadir (Zhang vd., 2021). Bu nedenle
arastirmacilar,  kitosan ~ bazli  polimerlerin,
dezavantajlarint  gelistirmeye yonelik calismalar
yapmaktadir. Ornegin kitosan filmlere ilave edilen
2-fenil etanol, gallik asit, glimis nanopartikil, mor
musir ekstraktt gibi cesitli maddelerin, kitosan
filmlerin ~ termal, su buhart  gecirgenligi,
antioksidan ve antimikrobiyal 6zelligini gelistirdigi
bildirilmistir (Jakubowska vd., 2020; Zarandona
vd., 2020a; Zarandona vd., 2020b; Qin vd., 2019).

Etl piriivat, pirtivatin stabil bir lipofilik ester
tirevidir ve ginimiizde terapétik ajan olarak
bilinmektedir (Ulloa vd., 2002; Tornuk ve Durak,
2015). Gida endistrisinde buhar fazinda gida
kaynakli patojenlere karsi taze ve islenmis
yuzeylerdeki mikrobiyal yiiki azaltmak amaciyla
kullamlmaktadir (Bozkurt vd., 2016). ABD, Gida
ve Ila¢ Dairesi tarafindan belirli kosullar altinda
GRAS sinifinda kabul edilmektedir (Cetin vd.,
2019a). Etil  pirtivattn  mikroorganizmalar
Uzerindeki etki mekanizmasi tam  olarak
actklanmamistir. Ancak ucucu Ozellikte olmast
nedeniyle,  bitki  dokularinda  maskelenen
patojenlere kolaylikla ulagabilecegi
bildirilmektedir (Wang vd., 2019).

Literatiirdeki c¢alismalar ucucu yag veya fenolik
bilesikler gibi gesitli dogal bilesenlerin, elde edilen
kitosan bazli filmlerin antimikrobiyal, antioksidan
ve fizikokimyasal — &zelliklerini  gelistirdigini
bildirmistir (Yadav vd., 2020). Ancak etil pirtivat
iceren filmler Uzerine yapilan bir calismaya
rastlanmamistir. Bundan dolay1 yapilan ¢alismanin
amaci, etil pirtivat iceren kitosan bazli filmlerin
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fizikokimyasal, antioksidan, antimikrobiyal ve
anti-quorum sensing aktivitesi belirlenerek, petrol
tiirevi ambalaj materyallerine alternatif bir gida
ambalaj materyali gelistirmektir.

MATERYAL VE YONTEM

Materyal

Filmler %90 deasetilasyon derecesine ve 1.8x105
g/mol  molekil agithgina  sahip  kitosan
(Dungeness Enviromental, ABD), asetik asit
(Sigma-Aldrich, ABD), gliserol (Sigma-Aldrich,
ABD), Tween 80 (Merck, Almanya) ve etil pirtivat
(Alfa aesar, ABD) kullanilarak hazirlanmistir.

Filmlerin tiretimi

Aday ve Caner (2010), tarafindan uygulanan
yontem esas alinarak etil pirtvat filmleri %1.5
(w/v) kitosan c¢ozeltisinde hazitlanmistir. Edil
pirtivat, kitosan film formilasyonuna iki farklt
konsantrasyonda (%1 ve %3 w/w) eklenmistir.
Ayrica ucuculugu engellemek amactyla  etil
pirtivatin, film formiilasyonuna Tween 80 ile ilave
edilerek hazirlanmistir.

Filmlerin Fiziksel Ozellikleri
Film kalinlig:
0.001 mm hassasiyete sahip elektronik dijital

mikrometre (Dasqua, Italya) kullanilarak filmlerin
kalinliklar belirlenmistir.

Nem ve suda ¢oziiniirlitk

5 mm ¢apinda kesilen filmler tartilarak, 105 °C 'de
24 saat kurutulduktan sonra ikinci bir tartim
alinmistir. Denkleme gére film nem igerigi %
olarak hesaplanmistir (De Elguea-Culebras vd.,
2019).

% Nem icerigi = MOM—; )

*Mo ve M strastyla kurutma 6ncesi ve sonrasi agirliktir.

Suda ¢oézunurlik, filmlerin 1 saat damitik suda
tutulduktan  sonra, ¢6zinen filmin
maddesinin yiizdesi olarak belirlenmistir. Rastgele
secilen 5 mm c¢apindaki film 6rnegi, 24 saat
boyunca 105 °C'de etiivde kurutulduktan sonra ilk
agirligt belirlenmistir. Tlk agirligt belirlenen film
ornekleri, damitik su iceren beherde 25 °C’de 1

kuru

saat boyunca muhafaza edilmistir. Beherden
ctkarlan  film 6rnegi damuitik su ile hafifce
durulanmis ve ardindan ettivde tekrar kurutularak
(105 °C, 24 saat) suda ¢ézunmeyen kuru madde,
asagida verilen formile gbre hesaplanmustir (De
Elguea-Culebras vd., 2019).
So—-S§

S0 @
*So filmin baslangictaki agithig, S filmin ¢6ziinmeyen
kuru agithgidir.

% Cozintrlik =

Goriiniir yogunluk

Film gérinir yogunlugu, Lozano-Navarro vd.
(2018) tarafindan uygulanan yontem referans
alinarak belitlenmistir. Dairesel olarak kesilen
filmlerin agirliklar1 belirlendikten sonra cap ve
kalinlik Ol¢imu yapilarak verilen formule gore
gorinir yogunluk hesaplanmustir.

p=— ©)

*D = Ornek capt, H = Ornek kalinligt, W = Ornek
agirhign

Renk o6zellikleri

Filmlerin renk degerleri (L*, a*, b*), Minolta CR-
400 kalorimetresi (Minolta, Japonya) kullanilarak
belirlenmistit. Buna ek olarak belitlenen L*, a*, b*
degerlerine gore filmlere ait Hue®, TCD, W1 ve Y1
degerleri verilen formillere gére hesaplanmistir
(Ortiz-Duarte vd., 2019).

Hue® = tan‘lz—: “
AE = \/(AL)? + (Aa*)? + (Ab*)? (5)

WI = 100 — /(100 — L)% + (@*)2 + (b*)2  (6)
Yl = 142.86° ™

Taramali elektron mikroskobu (SEM)

Filmlerin yiizey morfolojileri Canakkale Onsekiz
Mart Universitesi Bilim ve Teknoloji Uygulama ve
Arastirma Merkezi (COBILTUM) ’nde bulunan
JEOL marka taramali elektron mikroskobu (JSM-
7100F, Japan) ile belitlenmistir. 8x10! mbar/Pa
vakum ve 10 mA voltaj alunda film Srneklerine
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altn-paladyum kaplama yapilmustir. Kaplama
yapilan o6rneklerin 5 kV voltajda gorintileri
kaydedilmistir.

Fourier doniigiimlii kizil 6tesi spektrometresi
(FTIR)

FTIR spektrumlart Nicolet IS50 (Thermo Fisher
Scientific, Madison, WI, ABD) ile belirlenmistir.
16 cm?! ¢ézunurlik ve 650-4000 cm-! arasindaki
spektra araliginda calisilmustir.

Filmlerin biyobozunurluk ve kimyasala kars1
direng 6zellikleri

5 mm c¢apinda kesilen film  Srnekleri
biyobozunurluk icin aktif ¢camur ve distile su,
kimyasal direng i¢in 2 N hidroklorik asit (HCI), 2
N sodyum hidroksit (NaOH) ve %1 sodyum
klortiir (NaCl) igerisinde 2 ay boyunca muhafaza
edilmistir. Film 6rneklerinin biyobozunurluk ve
kimyasal diren¢ Ozellikleri, muhafaza stiresi
boyunca her 10 giinde bir tartim yapilarak %
agirlik kaybi olarak hesaplanmistir (Swain vd.,
2013).

Antioksidan aktivite

Filmlerin antioksidan oOzellikleri 2, 2-difenil-1-
pikrilhidrazil (DPPH) yéntemi ile belirlenmistir.
Karanlik bir ortamda 10 mg film 6rnegi, 1.0 mL
DPPH (6X105 M) cozeltisi igerisinde 3 saat
tutulmugtur.  Stre sonunda 517 nam’de
spektroskobik 6l¢tim yapilmistir. Denkleme gére
% inhibisyon hesaplanmistir (Akyuz vd., 2018).

% Inhibisyon = (M) x100 (8

Axkontrol

* Akontrol DPPH . ¢6zeltisinin absorbanst Asmek ise

film+DPPH  ¢Ozeltisinin - absorbansint  ifade
etmektedir.
Antimikrobiyal aktivite

Test mikroorganizimalar:

Filmlerin antimikrobiyal etkisini belirlemek icin
Canakkale Onsekiz Mart Universitesi Gida
Mihendisligi bolimi Mikrobiyoloji
Laboratuvarinda bulunan  Staphylococcus — aurens
ATCC-25923, Salmonella Typhimurium ATCC-
14028, Escherichia coli 0157:H7 EDL-937, Bacillus

cerens NCTC-7464 ve Candida albicans ATCC-
10231 suslart  kullandmustir.  _Aspergillus — flavus
NRRL-21882, Penicillinm expansum CECT-2280,
Penicillinm — citrinum — CECT-20822,  Penicillinm
digitatum ~ CECT-20795,  _Alternaria  arborescens
kiiltiirleri ise Trakya Universitesi Fen Fakiiltesi
Biyoloji boélimii 6gretim tiyesi Dog. Dr. Burhan
Sen’den temin edilmistir. Bakteri kiltiitleri
Tryptic Soy Broth (Oxoid, Ingiltere), kif
kiltiirleri Potato Dextrose Agar (Difco, Fransa)
ve maya kiltiirleri Sabouraud Dextrose Broth
(Biolife, Ttalya) besiyerinde gelistirildikten sonra 4
°C’de stoga alinmustir.

Antibakteriyel etkinin disk difiizyon testi ile
belirlenmesi

Bakteri kiltiirleri Tryptic Soy Broth besiyerinde
37 °C’de 24 saat inkibe edilerek 0.5 McFarland
(1x108 kob/ml) bulanikligina ayarlanmistir. 0.5
McFarland  bulanikligina ayarlanan  kilttrler,
Muller Hinton Agar (MHA) besiyerine 100 pL
inokiile edilmigtir. 5 mm c¢apinda kesilen disk
seklindeki film Ornekleri, besiyeri Uzerine
yetlestirilerek 37 °C'de 24 saat inkiibe edilmistir.
Inkiibasyon sonunda olusan inhibisyon zonlari
Olciilerek degerlendirilmistir (Seydim ve Sartkus,
2006; Rhim vd., 2000).

Antifungal etkinin disk difiizyon testi ile
belirlenmesi

Kuf kdltirleri Potato Dextrose Agar (PDA)
besiyerinde 25 °C’de 14 giin inkiibe edilerek %0.1
Tween 80 iceren %0.1 pepton icinde siispanse
edilmistir. Maya kiltiitleri ise Sabouraud Dextrose
agar besiyerinde 30 °C’de 5 glin inkiibe edilmistir.
Ardindan kifler spektrofotometre kullanilarak
530 nm'de 9%068-82 T’ye karsilik gelen 100
spot/mL konsantrasyona ayarlanmustir (Pfaller ve
Messel, 2000). Mayalar ise 2 MacFarland (106
kob/mL) konsantrasyona ayatlanarak hazirlanan
stspansiyonlardan, PDA besiyerine 100 pL
inokile edilmistir. Ardindan 5 mm capindaki disk
seklindeki filmler, besiyeri tizerine yerlestirilerek
ve 25 °C’de 7 giin inkiibe edilmistir (Ignatova vd.,
2006). Inkiibasyon sonunda olusan inhibisyon
zonlari degerlendirilmistir.
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Anti-quorum sensing aktivite

Test Mikroorganizmasi

Chromobacterium violacennn CV026 ve Pseudomonas
aernginosa (PAO-1) kanamisin i¢eren Luria-Bertani
(LB) besiyerinde 30 °Cde 24 saat inklbe
edilmistit.

Disk difiizyon testi

Filmlerin anti-quorum sensing aktivitesi disk
difiizyon testi ile belitlenmistir. 0.5 McFarland
konsantrasyona ayarlanan test kiiltiirleri %0.8 agar
ve 20 uL. C6-HSL iceren LB besiyerine inokdle
edilmistit. 5 mm disk seklinde kesilen film
Ornekleri besiyeri tzerine yerlestirilmis ve 30
°C’de 24 saat inkubasyon sonunda olusan
inhibisyon zonlart Slcilmustir (Akyuz et al,
2018).

Istatistiksel analiz

Istatistiksel analizler SPSS 23.0 (SPSS Inc.,
Chiago, IL, USA) programi ile gerceklestirilmistir.
Filmler arasindaki istatistiksel farkliliklar ANOVA
varyans analizi ile belirlenerek karsilastirmalar
Duncan testi kullanilarak yapilmistir. P <0.05
istatistiksel actdan anlamli kabul edilmistir.

ARASTIRMA BULGULARI VE TARTISMA
Filmlerin fiziksel 6zellikleri

Hazirlanan  filmlerin  goriintileri  Sekil 1’de
verilmigtir. %1 etil pirtivat/kitosan (CS-EP1) ve
%3 etil pirtvat/kitosan (CS-EP2) iceren filmlerin
kalinhik degerinin, kontrol (CS) filmin kalinlik
degeri ile farklilik gésterdigi saptanmistir (Cizelge
1). Ancak bu farkliliklarin istatistiksel acidan
anlamlt bulunmamugtir (P >0.05). Film kalinliginin
farklt olmasi, polisakkarit matriks ile etil piriivat

arasindaki interaksiyondan kaynaklanmis
olabilecegi distniilmustir (Lian vd., 2020).

Sekil 1. Film goriintiileri
Figure 1. Images of films
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Cizelge 1. Filmlere ait kalinlik, nem, suda ¢6ziiniirlik ve gbrintr yogunluk degerleri,
Table 1. Film thickness, huminity, water solubility and visible density of filwms.

Bl Iiilr‘;l;k 1\(5;1 Suda Goziiniirliik (%) Gériniir Yogunluk (g/cm?)
Thickness Humiditiy Water solubility Apparent density

CS 0.233£0.069  22.79%0.61b 23.2140.00a 0.5088%0.0330

CS-EP1 0.191£0.059 24.9810.80a 21.25+0.35a 0.5885%0.0220

CS-EP2 0.31240.063 14.85+0.71c 18.38+0.74b 0.6448%0.0894

*CS: Kitosan, CS-EP1: %1 Etil pirtivat, CS-EP2: %3 Etil piriivat
*Aynt siitun tzerinde belirtilen farkls harfler istatistiksel agidan ortalamalar arasindaki farklihigs ifade etmektedir (P

<0.05).

%1 etil pirtivat, kitosan filmin nem igerigini
o6nemli dizeyde arttirmistur (P <0.05). Ancak
kitosan ve CS-EP1 filmlerinin suda ¢6ziinurlik
degerleri incelendiginde, anlaml bir farklilik tespit
edilmemistir (P >0.05). Buna ek olarak %3 etil
pirtivat, kitosan filmin nem icerigi ve suda
¢Oziinirliginde 6nemli dizeyde azalmaya neden
olmustur (P <0.05) (Cizelge 1). Filmlerin suda
¢Ozunirligld, su varhginda filmin suya karsi
gosterdigi direncin gostergesidir ve gida ambalajt
icin  O6nemli bir parametre olarak kabul
edilmektedir (Ghaderi vd., 2019). Buna gére film
formilasyonuna eklenen %3 etil piriivatin,
kitosan filmin suda ¢Ozinurliging gelistirdigi
belirlenmistir.

Gorintr  yogunluk filmlerin  gbzeneklilik  ve
filtrasyon kapasitesi hakkinda bilgi vermektedir
(Lozano-Novarro vd., 2018). Istatistiksel agidan
anlamlt bir fark olmamasina ragmen etil pirtivat

filmlerin, her iki konsantrasyonu gdriinir
yogunlugu arttirmustir (P >0.05) (Cizelge 1).
Renk, gidanin gérunimiind ve tiketici tercihini
dogrudan etkileyen Onemli bir parametredir
(Ghaderi vd., 2019). Kitosan film 6rneklerine etil
pirtivat eklenmesi, filmlerin L* (parlaklik)
degerinde 6nemli diizeyde artisa yol agmustir (P
<0.05) (Cizelge 2). Benzer sekilde parlaklik ve
sari-mavilik degerlerinin matematiksel olarak bir
arada veren WI ve ton acisini ifade eden Hue®
degerlerinde 6nemli diizeyde artis saptanmistir (P
<0.05). Renk farkhiliklarini veren TCD degeri ve
Urtin bozulmasint ifade eden sarilik indeksi (Y1)
degeri ise %1 etil piriivat eklenmesiyle 6nemli
diizeyde azalmistir (P <0.05). Kitosanin sart rengi,
tekrarlayan ~ 2-amino-2-deoxy-D-glucopyranose
birimlerinden kaynaklanmaktadir (Salari  vd.,
2021). YI degerindeki azalma, etil pirtivat ve
kitosan arasindaki interaksiyonun glukopronaz
halkalarint etkilendigini géstermektedir.

Cizelge 2. Filmlere ait renk degerleri
Table 2. Color value of films

Film L a* b*

Hue®

TCD (AE) WI Y1

CS 79.22+1.64b  0.56%0.06a

26.1910.90a 88.48+0.27b 37.81£0.26b 58.36+0.45b 64.83£0.96a

CS-EP1 81.42%0.43a -0.03+0.01ab 23.08+0.53b 89.77+0.20a 36.24£0.36a 70.74+0.82a 40.2720.90c

CS-EP2 81.324+0.00a

-0.36+0.01b  28.32+0.71a 89.09£0.29a 37.49%0.45b 64.19£3.98a 50.93%0.29b

*Ayni siitun tGzerinde belirtilen farklt harfler istatistiksel acidan ortalamalar arasindaki farkliligi ifade etmektedir (P

<0.05).

*CS: Kitosan, CS-EP1: %1 Etl pirtivat, CS-EP2: %3 Etil piriivat
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SEM

CS, CS-EP1 ve CS-EP2 filmlerinin yiizey
morfolojileri SEM ile incelenmistir (Sekil 2). CS
film 6rneginde, homojen ve piirtizsiiz bir yap1
olusmustur. Ancak etil piriivat konsantrasyonu
artttk¢a bazi noktalarda kitosan agregasyonunun
meydana geldigi ve CS-EP1 ve CS-EP2 film
orneklerinde  0.15-0.53 pum  boyutlarinda

gozeneklerin varligr gézlemlenmistir. Buna ek
olarak CS-EP1 yiizeyinde catlamalarin oldugu,
CS-EP2 yuzeyinde ise catlamalarin olmadigt
saptanmustir. Saricaoglu vd. (2018), gézenekli yap1
olusumunun filmlerin su buhart gecirgenligi ile
iliskili oldugunu ve gézenekli yapinin gecirgenligi
artturdigini bildirmistir.

Sekil 2. Filmlere ait SEM gorintiileri a, d) CS (2000X, 10000X); b,e) CS-EP1 (2000X, 20000X); c, f)
CS-EP2 (2000X, 20000X)
Figure 2. SEM images of films

FTIR

FTIR ile CS, CS-EP1 ve CS-EP2 filmlerin
fonksiyonel gruplari belirlenmistir (Sekil 3). Tum
film 6rneklerinde benzer pik deseni belirlenmistir.
Calismada kitosana ait amid pikleri 1642.68 cm!
(C=0 gerilme, amid I), 1549.29 cm' (N-H
biukme, amid II) ve 1251.61 cm'! (C-N gerilme,
amid 1II) tespit edilmistir (Menazea ve Ahmed,
2020; Yadav vd., 2020; Chang vd., 2019). Buna ek
olarak 1027.63 cm™ (C-O gerilmesi) ve 2933.33
cm ! (C-H simetrik gerilme) pikleri belirlenmigtir
(Wang vd., 2016; Fernandes Queiroz vd., 2015).
Chang vd. (2019), 3421.28-3418.60 cm! piklerinin
hidroksil grubuna ait oldugunu bildirmistir.
Bundan dolay1 3007.75-3597.99 cm! arasindaki
genis pikin  hidroksil grubuna ait oldugu

belirlenmistir. ~ Ayrica  kitosan  matriksinin
glukopiranoz halkasina 6zgti absorbsiyon pikleri
1054.88 ve 890.96 cm'! (C-O-C, anti-simetrik
gerilme) tespit edilmistir (Oh vd., 2019; Shankar
ve Rhim, 2018; Fernandes Queiroz, 2015).
1054.88 cm! (C-O-C, anti-simetrik gerilme)
absotbsiyon piki CS-EP1 ve CS-EP2 filmlerinde
saptanamamustir. Bu durum, kitosan ve etil
pirtvat arasindaki interaksiyonun gostergesidir.
Ayrica CS-EP1 ve CS-EP2 filmlerinde, kontrol
gruptan farkli olarak 917.96 ve 919.89 cm-! dalga
boyunda, etil piriivatin yapisinda yer alan oxo-
propiyonik asit etil ester koprisiinin dizlem ici
deformasyonundan kaynaklanan pikler olabilecegi
belirlenmistir (Beaula and James, 2014).
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Absorbans (a.u.)
Absorbance

890,96

104,88

Dalga Sayisi (cm™)
Wavenumber

Sekil 3. Filmlere ait FTIR spektrumlari
Figure 3. FTIR spectra of the films

Filmlerin biyobozunurluk ve kimyasallara
kars1 direng 6zellikleri

Filmlerin biyolojik pargalanabilme 6zelligi, termal
direng ve gaz gecirgenligi ile iliskili oldugu ifade
edilmigtir ~ (Swain  vd., 2013).  Biyolojik
parcalanabilirligin zayif olmasi, filmlerin belirtilen
Ozelliklerinin zayif oldugunun gostergesi kabul
edilebilir. CS-EP1 filmi ilk 10 gin icinde aktif
camur ve distile suda tamamen kaybolmustur. CS-

EP2 ise, CS filme gore aktif ¢camurda daha az,
distile suda daha yiksek parcalanma OSzelligi
gostermistir (Sekil 4). Buna gore kitosan film
icerisine ilave edilen etil pirtivatin, kitosan filmin
termal diren¢ ve gaz gecirgenligini arttirdigt
sOylenebilir. CS-EP1 ve CS-EP2 filmlerinin SEM
goruntilerinde tespit edilen gézenekler bunu
desteklemektedir.
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Sekil 4. (a) damutilmus su ve (b) aktif camurdaki filmlerin zamana bagl agirlik kaybr (%)
Figure 4. The weight loss (%6) of films due to treatment of (a) distilled water and (b) activated sludge at different
interval of time.
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Filmlerin etil pirtivat icerigi arttikca hidroklorik
asit ¢Ozeltisindeki ¢ozintrligh artmistir (Sekil 5).
Buna karsin filmlerin, etil pirtivat konsantrasyonu
artttkca NaOH  cozeltisi  icerisindeki  film
¢cozinlrligl azalmstir. %1 NaCl ¢ozeltisinde ise
CS-EP1 filmi ik 10 gin, CS filmi 40 ginde
tamamen yok olmustur. Ancak CS-EP2 filmi, 60
ginde %51.6 agithk kaybina ugramistir. Tuzlar

polimer yapt icerindeki hidrofobik olarak ikame
edilmis  bolgelerin = kiimelenmesine  neden
olmaktadir (Zhang vd., 2013). Bu neden ile
tuzlarin, polimer hidrasyon kilifindaki su
molekilleri ile rekabet ederek, polimer-su
etkilesimlerini moddle ettigi ve CS-EP2 filminin
¢Ozunirligini azaltmig olabilecegi
dusuntlmustit.
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Sekil 5. Filmlerin (a) 2 N HCI, (b) 2 N NaOH ve (c) 1% NaCl igerisinde zaman baglt agirlik kayb1 (%0)
Figure 5. The weight loss (%) of films dne to treatment of (@) 2 N HCY, () 2 N NaOH and (c) 1% NaCl at
different interval of time.

Antioksidan aktivite

Antioksidan  aktivite, lipit  oksidasyonunu
geciktirerek  gidanin  muhafaza  siiresinin
uzamasina yardimct olan 6nemli bir parametredir
(Coban ve Patir, 2010). Calismada CS, CS-EP1 ve
CS-EP2 filmlerinin inhibisyon degerleri sirastyla
9%20.81£0.82, %35.69%0.39, %22.151+0.55 olarak
tespit edilmistir. Kitosan film formilasyonuna
eklenen etil pirtivat, antioksidan aktiviteyi
artmustir. Bu artisin CS-EP1 filmi icin istatistiksel
acidan 6nemli (P <0.05) oldugu, CS-EP2 filmi i¢in
ise 6nemli olmadigt belitlenmistit (P >0.05).
Benzer sekilde Akyuz vd. (2018) tarafindan
yapilan bir ¢alismada, kitosan filmin antioksidan
Ozellige sahip oldugu bildirilmistir. Fink (2007)
tarafindan yapilan bagka bir ¢alismada ise,
pirtivatin serbest radikal stipiiriicii aktivitesine
sahip oldugunu bildirilmistir. Bu durum CS-EP1
ve CS-EP2 filmlerin antioksidan 6zelligini neden
artturdigini - aciklamaktadir.  Ayrica  CS-EP1
filminin antioksidan aktivitesinin, CS-EP2’den
daha ytksek olmasinin nedeni, CS-EP1 filminin

analiz  ¢Ozeltisi icerisindeki  ¢6zinirliginin
yiksek olmasindan kaynakli oldugu
distintlmistur.

Antimikrobiyal aktivite

CS, CS-EP1 ve CS-EP2 filmleri, test edilen tim
mikroorganizmalara karsi antimikrobiyal etki
gostermistir (Cizelge 3). Film formilasyonuna
eklenen %! etil pirtivat, filmlerin E. co/i O157:H7,
B. cereus ve S. awrens suglarina karsi gosterdigi
antibakteriyel etkiyi 6nemli diizeyde arttirmustir (P
<0.05). En yiiksek antibakteriyel etkiyi CS-EP1
filmi g6stermistir. Etil pirtivat konsantrasyonu
arttikca antibakteriyel etki azalmistir. Benzer
sekilde %1 etil pirtivatin, CS filmin .A. arborescens,
A. flavus, P. digitatum, P. citrinum ve P. expansum
suslarina karst gosterdigi antifungal etkiyi 6nemli
diizeyde arttirdigt belirlenmistir (P <0.05). Ayrica
film formiilasyonunda, etil pirtivat
konsantrasyonu arttikca antimikrobiyal etkinin
onemli dizeyde azaldigr belirlenmistir (P <0.05).
Bu durum Goy ve Assis (2014) tarafindan yapilan
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calismada da belitlenmis, arastirmacilar bunu film
¢ozeltisinin  konsantrasyonunun  artmasinin,
¢Oziicintin ortamdan uzaklastirilmast sirasinda
polimer zincirindeki fonksiyonel gruplar arasinda
¢apraz baglanmaya, hidrojen ve kovalent baglarin
olusmasina neden olmasina ve aktif yapidaki

kisitlanmasina  baglamuslardir.  Sonu¢  olarak,
kitosanin yiizeyinde bulunan pozitif yiikli alanlar
azalmakta yani bakteri hiicre duvarina baglanmasi
icin ortamda daha az yukli alanlar kalmakta ve bu
da antibakteriyel etkinin azalmasina neden
olmaktadir (da Silva vd., 2017, Perinelli vd., 2018,

islevsel  gruplarin gevre  ile  etkilesimi Zhang vd., 2021).
Cizelge 3. Filmlerin antimikrobiyal aktivitesi
Table 3. Antimicrobial activity of films
. ) Inhibisyon ¢apt (mm)
Ml_k foorganizma Inhibition diameter
Microorganism
CS CS-EP1 CS-EP2

E. /i O157:H7 EDL 937 6.5510.17b 8.531+0.20a 6.8610.14b
S. Typhimurium ATCC 14028 7.5110.06 7.3110.56 7.7510.15
B. cerens NCTC 7464 6.5610.47b 9.2310.02a 6.6510.25b
S. anreus ATCC 25923 7.1810.08b 7.8810.21a 7.2010.02ab
A. arborescens 10.37+0.10b 12.1740.06a 5.361+0.36¢
A. flavus NRRL 21882 7.3610.25b 13.8110.35a 6.97+0.41b
P. digitatum CECT 20795 10.56£0.48a 13.76£0.58a 8.2610.23b
P. citrinum CECT 20822 11.70£0.50b 14.0940.38a 10.71£0.16b
P. expansum CECT 2280 9.4610.37b 14.9911.08a 10.0910.31b
C. albicans ATCC 10231 6.91£0.00b 11.6240.62a 9.5610.64a

*Aynit satir Uzerinde belirtilen farkli harfler istatistiksel acidan ortalamalar arasindaki farkliligs ifade etmektedir (P

<0.05).

Antimikrobiyal test sonuglarina gore, filmlerin
maya ve kiiflere karst bakterilere oranla daha etkili
oldugu saptanmustir. Literatiirde etil piriivat ve
kitosanin birlikte kullanimi ile ortaya ¢ikan
antimikrobiyal aktivite hakkinda bir calisma
yoktur. Ancak yapian c¢aligmalarda kitosan
filminin E. cofz, S. anreus, S. Typhimurium, B. cereus,
Aspergillus - flavus, A. alternata  Alternaria  solani
suslarina  karst antimikrobiyal etki g&sterdigi
bildirilmistir (Zhang vd., 2009; Kaur vd., 2012;
Younes vd., 2014; Peng ve Li, 2014; Youssef vd.
2015; Hu vd., 2016; Akyuz vd., 2018). Ayrica etil
pitivatin 8. awrens, E. coli, Listeria monocytogenes
suslarina karst antimikrobiyal etki gosterdigi ve
cesitli gida gruplarinda fungal yiikl azalttigina dair
bir¢ok calisma bulunmaktadir (Cetin vd., 2019a;
Cetin vd., 2019b; Wang vd., 2019; Bozkurt vd.,
2016; Tornuk ve Durak, 2015). Literattirde verilen

sonuclar bu calismadaki sonuglart

desteklemektedir.

Anti-quorum sensing aktivite

Quorum sensing, bir¢ok bakteri tiiriinde biyofilm
olusumunun ana kaynagi olarak bilinmektedir.
Anti-quorum sensing bilesikleri ise, quorum
sensing sistemine midahale ederek bakteriyel
patojeniteyi  zayiflatan  bilesikler  olarak
tanimlanmaktadir (Ilk vd., 2017). Filmlerin anti-
quorum  sensing aktivitesi,  Chromobacterinm
violacenm CN 026 ve Psendomonas aeruginosa (PAO-1)
suslarina  karst pigment inhibisyon bolgesi
olusumuna gére degerlendirilmistir. Buna gore
Chromobacterinm violacenns CV026 susuna karst CS
(8.66£0.03 mm) ve CS-EP1 (8.65£0.79 mm)
benzer inhibisyonu gosteritken, CS-EP2 daha
distik inhibisyon  gostermistir.  Pseudomonas



Kitosan bazli etil pirtivat filmleri

aeruginosa  PAO-1  susuna karst en yiksek
inhibisyon ise CS-EP1 (6.70£0.01 mm) filminde
tespit edilmistir. Chromobacterium  violaceum ve
Psendomonas  aernginosa suglarinin - Gram  negatif
olmast, lipofilik ester  olan  yuksek
konsantrasyondaki etil pirtivatn hiicre zarina
girisini  zorlagtirdigt  (Wang vd., 2021) ve
konsantrasyon artisina bagli olarak anti-quorum
sensing  etkinin  azalmasina  yol  acugl
dastntlmistir. Koc vd. (2020) tarafindan kitosan
filmin, Chromobacterinm violacennn CV026 susunun
violasein iretimine karst inhibisyonu 9.10£1.00
mm olarak saptanmistir. Badawy vd. (2020),
Namasivayam  vd.  (2020) ise, kitosanin,
Psendomonas aeruginosa PAO-1 susunun pyocyanin
Uretimini azalttu@ini  bildirmistir. Etil pirtivat
lavesinin anti-qs aktiviteye katkist olmadigi,
kitosan filminin anti-qs etkisinin literatiir ile
benzerlik gbsterdigi saptanmustir.

SONUC
Bu caligmada iki farkli konsantrasyonda etil
pirtivat iceren kitosan bazli film hazirlanmistir.

Hazitlanan  film  6rneklerinin @ nem, suda
¢cozuntrlik, gbrintr yogunluk, renk,
biyobozunurluk, kimyasallara karst  direng
Ozellikleri  gibi  fizikokimyasal — 6zellikleri
belirlenmistir. SEM, FTIR ile film yapist
incelenmistir. ~ Ayrica  film  Grneklerinin
antioksidan, antimikrobiyal ve anti-quorum

sensing aktivitesi tespit edilmistir. Biyolojik olarak
en etkili filmin CS-EP1 oldugu saptanmistir.
Sonug olarak, Ozellikle antimikrobiyal
aktivitesinden dolayt CS-EP1 filminin &zellikle
antifungal etkisinden dolayt kif ve maya
bozulmalarina hassas gidalarda aktif ambalaj
olarak kullanimi1 yani sira petrol tiirevi materyaller
yerine alternatif ambalaj malzemesi tUretmek icin
kullanilabilecegi belirlenmistir.
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ABSTRACT

The growth kinetics of Lactobacillus acidophilus in black rice milk, white rice milk and MRS Broth were
calculated by applying the experimental data to the Gompertz equation using DataFit software. The survival
of L. acidophilus in black rice and white rice milk was monitored during storage (4°C, 20 days). The shortest
lag phase duration (1.45 h) and the highest maximum population density (7.48 log CFU/mL) were in black
rice milk (P <0.05). The generation time in black rice milk (1.31 h) was longer than in white rice milk (0.58
h) but shotter than in MRS Broth (2.22 h, P <0.05). L. acidophilus population declined in both milk at 4°C,
but higher in black rice than white rice at the end of the storage period. It was concluded that black rice
supports the growth of L. acidgphilus compared to white rice and MRS Broth while contributing to its survival
during cold storage.

Keywords: probiotic, prebiotic, black rice, lag phase duration, generation time, Gompertz equation, DataFit

LACTOBACILLUS ACIDOPHILUSUN SIYAH PiRINC SUTUNDE GELISME
KINETIGI VE CANLILIGI

oz
Lactobacillus acidophilusun siyah piring sttd, beyaz piring stitd ve MRS Broth besiyerindeki gelisme
kinetigi deneysel verilerin DataFit yazilimi kullanilarak Gompertz esitligine uygulanmasiyla
hesaplanmustir. Ayrica, L. acidophilus'un siyah ve beyaz piring sttiindeki canliligs depolama (4°C, 20
giin) siiresince izlenmistir. En kisa lag faz1 stiresi (1.45 h) ve en ylksek popiilasyon yogunlugu (7.48
log CFU/mL)) siyah piting stitiinde belirlenmistir (P <0.05). Jenerasyon siitesinin siyah piting stitiinde
(1.31 h) beyaz piring sttindekinden (0.58 h) daha uzun, ancak MRS Broth besiyerindekinden (2.22
h) daha kisa oldugu tespit edilmistir (P <0.05). L. acidophilus poputlasyonu her iki siitte de 4°C’de
azalmis, ancak depolama sonunda siyah pirin¢ siitinde beyaz piring siitindekinden daha yiksek
oldugu gézlenmistir. Siyah pirin¢ siitiiniin beyaz piring siiti ve MRS Broth besiyerine gbre L.
acidophilus'un gelisimi destekledigi ve sogukta depolama stresince canliligina katkida bulundugu
sonucuna varilmistir.
Anahtar kelimeler: probiyotik, prebiyotik, siyah piring, lag faz siiresi, jenerasyon siiresi, Gompertz
esitligi, DataFit
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INTRODUCTION

Probiotics are live microorganisms that provide
health benefits to the host when given sufficient
quantides  (FAO/WHO,  2001).  These
microorganisms, mainly belonging to the
Lactobacillus and  Bifidobacterium genera, are live
microbial food supplements that can improve
consumer health by maintaining or improving the
balance of the gut microbiota. Probiotics can help
cure some health problems such as
gastrointestinal infections, lactose intolerance,
genitourinary infections, food allergies, and some
bowel disorders (Figueroa-Gonzalez et al., 2011).
Probiotics make an excellent environment for the
smooth working of different metabolic activities
within the digestive system generating proteins,
carbohydrates, vitamins, and chemicals. Organic
acids and proteolytic enzymes produced by lactic
acid bacteria have suppressive effects on
pathogenic intestinal bacteria (Indira et al., 2019).
The clinical trials on the health benefits of
probiotics  have  recently  focused on
gastrointestinal, skin, urinary tract, oral, and
respiratory diseases (Aleixandre-Tudo et al,
2020). While probiotics are live microorganisms
providing health benefits to the host, prebiotics
are specific food components that support the
growth or desired activities of beneficial microbes
(Cremon et al, 2018). The prebiotic food
components include non-digestible carbohydrates
such as polysaccharides, oligosaccharides, etc. (de
Paulo Farias et al., 2019).

The dairy products, such as yogurt, milk, cheese,
kefir, etc., are common carrier foods for probiotic
cultures; however, cereal, fruit, or vegetable-based
products are considered potential carriers for
these beneficial microorganisms (Figueroa-
Gonzalez et al,, 2011). People may avoid milk-
based probiotic products due to high cholesterol
content, lactose intolerance, diet style, milk
protein allergy, or other reasons (Panghal et al.,
2018). Hence, there is a trend to consume plant-
based milk alternatives obtained from nuts, seeds,
beans, and grains (Pimentel et al., 2021). The
global market share for non-dairy milk
alternatives is estimated to be almost 26 million
U.S. Dollars in the next two years (Tangyu et al.,
2019). The non-dairy probiotic products can be

used as a therapeutic agent for lactose intolerance
(Deng et al., 2015).

Rice, a major cereal crop worldwide, is a
genetically diverse plant with thousands of
varieties (Ito and Lacerda, 2019). Black rice is a
pigmented rice variety rich in nutrients, including
fiber, proteins, iron, vitamins, minerals, and
essential  trace  elements  (Sangma  and
Parameshwari, 2021). Paella, rice cakes, pancakes,
fried rice, tisotto, etc., are examples of foods that
contain black rice in their recipes. Additionally,
thanks to its high nutritional value, black rice can
be included in the formula of different kinds of
foods such as beverages, desserts, bread, and
pasta (Ito and Lacerda, 2019).

Black rice is attractive for researchers due to its
high nutritional and antioxidant characteristics.
Anthocyanins, primary bioactive compounds in
pigmented rice varieties, are one of the subclasses
of plant phenolic compounds responsible for the
purple, red and blue colors in plants (Khoo et al.,
2017). Red cabbage, grapes, sweet potato, blood
orange, black chokeberry, currants, some tropical
fruits, etc., have anthocyanin contents. Recent
clinical trials have demonstrated that regular
consumption of anthocyanin-containing fruit
extracts could positively modify the intestinal
microbiota (Hester et al., 2018). It has been
suggested that anthocyanins can be degraded by
intestine  microflora, resulting in  other
degradation products with beneficial effects on
gut health (Hidalgo et al., 2012). Recent studies
have shown that anthocyanins (Sun et al., 2018)
and the fruit extracts rich in anthocyanin (Coman
et al., 2018; Pallah et al., 2019) have a promotive
impact on the growth of beneficial bacteria such
as  Bifidobacterinm spp., Lactobacillus spp., etc.
Furthermore, in an 7 vitro study (Zhu et al., 2018),
anthocyanins and anthocyanin monomers derived
from black rice displayed prebiotic activity and
supported the growth of L. acdophilus and
Bifidobacterium spp. Hence, black rice milk has the
potential to be used in probiotic products due to
its high nutritional value and the beneficial effects
of black rice anthocyanins on probiotic bacteria.
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Therefore, the primary purpose of this study was
to understand how black rice milk affects the
growth  kinetics of  Lactobacillus  acidophilus
compared to white rice milk and MRS Broth.
Besides, the survival of L. acidophilus in black rice
milk and white rice milk during storage at 4°C was
investigated.

MATERIALS AND METHODS

Materials

Black rice and white rice were purchased from a
local market in Sakarya, Turkey. Lactobacillus
acidophilus strain LA5 was obtained from Chr.
Hansen (Istanbul, Turkey).

Rice milk preparation

Rice milk was prepared according to the method
described by Belewu et al. (2013). Black rice was
soaked with tap water in a 1:3 ratio (rice to water)
for two hours at ambient temperature. Then the
rice slurry was cooked until the water was utterly
absorbed and rice grains were softened. After
waiting at ambient temperature for 15 min, the
cooked rice mash was diluted by adding water in
a rato of 1:2 (cooked rice: water) and
homogenized for one min using a kitchen-type
blender. Afterward, the rice slurry was drained
using a clean cheesecloth. The same procedure
was applied for the preparation of white rice milk.
The rice milk samples were prepared freshly
before each experiment.

Preparation of Lactobacillus acidophilus
inoculum and inoculation of rice milk

L. acidophilus LA5 culture was activated twice in
De Man Ragosa Sharpe (MRS) broth (Merck,

Darmstadt, Germany) at 37°C for 24 h. The active
culture in MRS Broth was diluted using
physiological saline (0.85% NaCl). Five ml
portions of black and white rice milk were
transferred into two sets of sterile test tubes, and
the third set of tubes were contained MRS Broth.
Each tube was inoculated with L. acidophilus by
pipetting 100 pL of diluted inoculum to achieve
104 CFU/mL final inoculation level. Then the
tubes wete incubated at 37°C for up to 40 hours.
During incubation, at each predetermined
sampling time (0, 2, 4 6, 8, 10, 14, 16, 18, 20, 22,
24, 30, and 40 h), one tube was removed from

each sample group to determine L. acidophilus
count and pH measurement.

Determination of cell viability during cold
storage

One hundred ml portions of black rice milk and
white rice milk were transferred into sterile jars.
The freshly prepared milk samples were
inoculated with L. acidophilus at 104 CFU/mL level
and incubated at 37°C for 24 h. Following
incubation, jars were stored at 4°C for 20 days.
Sampling was done on days 0, 7, 14, and 20 to
determine viable cell counts in black and white
rice milk samples.

Microbial enumeration and pH measurement
Samples were serially diluted using sterile saline
solution (0.85% NaCl) and spread plated onto
MRS Agar. The plates were anaerobically
incubated (Anaerocult C; Merck, Darmstadt,
Germany) at 37°C for 72 h (Schillinger and
Holzapfel, 2012). At each sampling time, pH
values of samples were measured using a pH
meter (Mettler-Toledo Seven Compact S210).

Data analysis

Two independent experiments were performed to
calculate growth kinetics and to estimate cell
viability during cold storage. The experimental
data was applied to the Gompertz equation
(Gibson et al,, 1987) using DataFit software
(DataFit for Windows version 9.1.32, Oakdale
Engineering, Oakdale, PA, USA) to produce
growth curves. The Gompertz equation was as
follows:

L#)=A+ C X exp {—exp[—BX(1—M)]}

where L(t), Log count of bacteria at time (h) t [log
(CFU/mL)]; A, asymptotic log count of bactetia
as time decreases indefinitely [log (CFU/mL)]; C,
asymptotic amount of growth that occurs as t
increases indefinitely [log (CFU/mL)]; M, time at
which the absolute growth rate is maximal (h); B,
relative growth rate at M [log (CFU/mL)/M].

Lag Phase Duration (LPD), Generation Time
(GT), Exponential Growth Rate (EGR), and
Maximum Population Density (MPD) were
calculated using Gompertz parameter values as
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described by Gibson et al. (1987) with the
following equations:

LPD =M — (1/B)

GT=[log (2) ] e/ BXC

EGR=(BxC)/ ¢

MPD=A+C

Statistical analysis

Analysis of variance (ANOVA) was performed
using SPSS software (IBM SPSS Statistics for
Windows, version 20.0). Duncan’s multiple range
test was applied to determine the differences (P
<0.05).

RESULTS AND DISCUSSION

Figure 1 depicts the growth curves of L. acidophilus
in black rice milk, white rice milk, and MRS Broth
at 37°C. The highest number (7.97 log CFU/mL)
was reached after 24-h incubation in black rice
milk. In contrast, those were detected after 22
hours in white rice milk (6.77 log CFU/mL) and
MRS Broth (7.11 log CFU/mL). The population
of the bacterium reduced slightly in all media
starting the 24% hour of incubation.
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Figure 1. Growth of L. acidophilus in black rice milk, white rice milk, and MRS Broth incubated at 37°C

The initial pH values of black rice milk, white rice
milk, and MRS Broth were 6.60, 7.62, and 5.70,
respectively (Figure 2). No significant reduction
was observed in the pH value of white rice milk
(P >0.05) during the first 6 h of incubation. The
pH value of white rice milk decreased to 4.86 after
an 18-h incubation period when the L. acidophilus
population exceeded 6 log CFU/mL. The final
pH value was 4.27 after 40 h incubation (P <0.05).
On the other hand, a milder reduction in the pH
value of black rice milk was observed compared
to white rice milk. Slight reductions in pH values

of black rice milk were observed during the first
10 h (P >0.05) and then reduced gradually to 4.66
at the end of incubation (P <0.05). The pH value
of black rice milk was 4.95 after 22-h incubation.
Fewer changes were detected in pH values of
MRS Broth than black rice milk and white rice
milk (P <0.05). The decrease was smaller than one
unite after a 24-h incubation period, and the final
pH value of MRS Broth was 4.39. After 40-h
incubation, the ApH values of black rice milk,
white rice milk, and MRS Broth were calculated
as 1.94, 3.36, and 1.31, respectively.
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Figure 2. pH values of black rice milk, white rice milk, and MRS Broth fermented with L. acidophilus at
37°C

Although the initial pH value of white rice milk
was approximately one unit higher than black rice
milk (P <0.05), it reduced fast with a higher ApH
value at the end of incubation. The difference in
pH changes may stem from the different chemical
compositions of the two rice varieties. White rice
varieties have higher carbohydrate and lower
protein contents than black rice varieties (Ito and
Lacerda, 2019; Sangma and Parameshwari, 2021).
Therefore it may be speculated that the high
fermentable carbohydrate content of white rice
milk provided faster pH reduction. On the other
hand, fewer pH reductions in MRS Broth than in
black and white milk were not surprising because
MRS Broth is a buffered culture medium
(Anonymous, 2021).

The experimental data was applied to the
Gompertz equation to calculate the growth
kinetics of L. acidophilus. Figure 3 shows the model
plots obtained by DataFit software. The
coefficients of multiple determination (%) were
0.93, 0.96 and 0.92 for black rice milk, white rice
milk and MRS Broth, respectively. The growth
kinetics calculated of L. acdophilus using

Gompertz parameter values are displayed in Table
1.

The lag phase duration (LPD) in white rice milk
is more extended than in MRS Broth (twofold)
and black rice milk (7.5 fold). The LPD was the
shortest in black rice milk (P <0.05). L. acidophilus
started to multiply in black rice milk following a
1.45-h LPD, while longer times were needed in
MRS Broth (4.23 h) or white rice milk (10.94 h).
The lag phase is defined as the adaptation period
of bacterial cells to the new environment before
initiating logarithmic growth (Swinnen et al,
2004). Since L. acidophilus cells grown in MRS
Broth were used for inoculation, immediate
initiation of exponential growth was expected.
However, the LPD in MRS Broth calculated in
this study was longer than in the previous studies.
Harockova et al. (2020) reported 2.5 h LPD of L.
acidophilus in MRS Broth. Considering the optimal
pH range for the growth of L. acidophilus is 5.5-6.0
(Gomes and Malcata, 1999), the long LPD in
white rice milk may be attributed to the high initial
pH (7.62 +0.07). The count of L. acidophilus
started to increase after 10 h incubation when the
pH value reduced to 6.32 (Figure 1 and 2).
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Table 1. Growth kinetics of L. acidophilus in black rice milk, white rice milk, and MRS Broth incubated
at 37°C calculated using Gompertz parameter values.

Exponential Maximum Coefficient of
Growth Lag Phase Generation Growth Rate Population Multiple
medium Duration (h) Time (h) (og Density Determination

[CFU/mL]/h)  (log CFU/mL) G
iﬁf{k ACC 14540174 131400056 023 +0.00 7.48 +0.06 4 0.93 + 0.01
X}l’ﬁm ¢ 109441776 05840164  0.54 +0.15 b 6.64 0.12 b 0.96 + 0.04
MRS
Broih 42340744  222+4018¢  0.14+0.01 4 6.46 +0.08 b 0.92 + 0.02

a-c Means followed by different letters in each column are significantly different (P <0.05).

Generation time (GT) and Exponential Growth
Rate (EGR) in MRS Broth were 2.22 h and 0.14
log (CFU/mL)/h, respectively (Table 1). These
results were consistent with the previous reports.
Gupta et al. (1996) reported that the GTs of seven
L. acidophilus strains in MRS Broth ranged from
1.97 to 3 h. The EGR of L. acidophilus LA5 strain
in MRS Broth was recently calculated as 0.138 by
Horackova et al. (2020). The GT in white rice
milk was 0.58 h, shorter than in black rice milk or
MRS Broth (P <0.05), which yielded higher EGR.
As one may speculate, the higher carbohydrate
content of white rice milk may have allowed a
more rapid proliferation of L. acidophilus than
black rice milk or MRS Broth. The highest
Maximum Population Density (MPD) calculated
using Gompertz equation parameters was reached
in black rice milk (P <0.05), which is
approximately 1 log higher than in white rice milk
and MRS Broth that yielded similar MPD.

The growth kinetics of L. acidophilus in black rice
milk, white rice milk and MRS Broth revealed that
black rice supports the growth of this probiotic
strain by shortening LPD and increasing MPD.
This stimulative effect may stem from the
chemical composition of black rice rich in
phenolic compounds, mainly anthocyanins. Black
rice bran has a higher content of protein, iron,
fiber, phenolics, flavonoids, and anthocyanins
and, therefore, higher antioxidant activity when
compared to white rice bran (Zhang et al., 2010;
Sangma and Parameshwari, 2021). Nurliani et al.
(2015) used black rice extract and goat milk
mixture for kefir production. They mentioned

that the microorganisms in kefir grains could use
the nutritional elements of black rice extract. The
anthocyanins and anthocyanin  monomers
obtained from black rice showed prebiotic activity
being metabolized into small molecules by
bifidobacteria and lactobacilli (Zhu et al., 2010).
Sun et al. (2018) reported that anthocyanins
obtained from purple potatoes could increase the
proliferation of probiotic cultures, including L.
acidophilus. The enhanced biomass of L. acidophilus
in liquid media added with grape pomace extract
was reported by Hevert-Hernandez et al. (2009).
According to the authors, some bacterial strains,
such as Lactobacillus spp., could utilize phenolic
compounds; namely, polyphenols contribute
energy production of the cells.

The vitality and number of probiotic bacteria are
critical factors for their beneficial functions in the
host. The recommended level for probiotic
bacteria is approximately 106-108 CFU per g-mL
of the probiotic product (Shah, 2001). Figure 4
shows the survival of L. acidophilus in black rice
milk and white tice milk during storage at 4°C for
20 days following incubation at 37°C for 24 h.
First 7 days of the storage petiod, L. acidophilus
count decreased by 1.84 log units (p<0.05) but
showed small reductions during the rest of the
storage (P >0.05). The total reduction in black rice
milk was 2.11 log units with a final count of 5.62
log CFU/mL. On the other hand, the L.
acidophilus population in white rice milk reduced
by 2.51 log units in 14 days (P <0.05) and then
reached 4.32 log CFU/mL with a small increase
(P >0.05) at the end of the storage period.
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Figure 4. Survival of L. acidophilus in black rice and white rice milk during storage at 4°C

Ozcan et al. (2010) reported approximately 1 log
reduction in L. acidophilus LLA5 count in rice
pudding stored at 4°C for 21 days. In a study by
Hasani et al. (20106), the L. acidophilus population
inoculated into yogurt decreased by 0.84 log
CFU/g duting refrigerated storage for 28 days. In
contrast, rice bran addition (% 0.3 — 1.2) increased
the viability of this probiotic strain. The current
study results show that black rice milk is slightly
more effective than white rice milk to support the
survival of L. acidophilus during refrigerated
storage.

CONCLUSION

If the food matrix supports the growth and
survival of probiotic bacteria, the efficacy of these
beneficial microorganisms may be enhanced.
Therefore the current study provides comparative
knowledge on the growth kinetics of L. acidophilus
in black rice milk, white rice milk and MRS Broth.
The main conclusion is that black rice milk
shortens lag phase duration and increases the
maximum population density of L. acidophilus.
Furthermore, black rice milk provides a better
environment for the growth of L. acidophilus with
its lower pH value than white rice milk, which is

close to optimum pH for the growth of this
probiotic bacterium. On the other hand, black
rice milk slightly supports the survival of L.
acidophilus during cold storage compared to white
rice milk. Therefore, black rice milk can be a good
alternative to cow milk to produce probiotic
products for people with cow’s milk allergies and
vegans.

ACKNOWLEDGEMENT

This study was supported by the Commission of
Scientific Research Projects of Sakarya University
(Project Number: 2020-7-25-98).

CONFLICT OF INTEREST

The authors certify that they have no affiliations
with or involvement in any organization or entity
with any financial or non-financial interest in the
subject matter or materials discussed in this
manuscript.

AUTHORS CONTRIBUTIONS

S.Cosansu:  Conceptualization, —methodology,
planning, data analysis, writing and editing;
S.Toupal: Experimental analysis, data analysis and
writing; O.Aslan: Experimental analysis.

1447



1448

S. Cosansu, S. Toupal, O. Aslan

REFERENCES

Aleixandre-Tudé, J.L., Castell6-Cogollos, L.,
Aleixandre, J.L., Aleixandre-Benavent, R. (2020).
Tendencies and challenges in worldwide scientific

research on probiotics. Probiotics  Antimicrob
Proteins, 12(3): 785-797.

Anonymous (2021). MRS Broth.
https://www.sigmaaldrich.com/TR/en/product
/sial/69966# (Accessed October 4, 2021).

Belewu, M.A., Abdulsalam, K.O., Belewu, K,
Belewu, N. (2013). Rice-Coconut Yoghurt:
preparation, nutritional and sensory qualities.
Asian | Agric Rural Dev, 3(393-2016-23802): 924-
928.

Coman, M.M., Oancea, A.M., Verdenelli, M.C.,
Cecchini, C., Bahrim, G.E., Orpianesi, C., Cresci,
A., Silvi, S. (2018). Polyphenol content and in
vitro evaluation of antioxidant, antimicrobial and

prebiotic properties of red fruit extracts. Eur Food
Res Technol, 244(4):735-745.

Cremon, C., Barbaro, M.R., Ventura, M., Barbara,
G. (2018). Pre-and probiotic overview. Curr Opin
Pharmacol, 43: 87-92.

De Paulo Farias, D., de Araujo, F.F., Neri-Numa,
LA, Pastore, G.M. (2019). Prebiotics: Trends in

food, health and technological applications. Trends
Food Sci Technol, 93: 23-35.

Deng, Y., Misselwitz, B., Dai, N., Fox, M. (2015).
Lactose intolerance in adults: biological
mechanism and dietary management. Nutrients,
7(9): 8020-8035.

FAO/WHO (2001). Evaluation of health and
nutritional properties of probiotics in food
including powder milk with live lactic acid
bacteria. Report of a Joint FAO/WHO Expert
Consultation. [Online]. Available:
ftp:/ /ftp.fao.org/es/esn/food/probio report
en.pdf

Figueroa-Gonzalez, 1., Cruz-Guerrero, A.,
Quijano, G. (2011). The benefits of probiotics on
human health. | Microbial Biochem: Techno! S, 1:
1948-5948.

Gibson, A.M., Bratchell, N., Roberts, T.A. (1987).
The effect of sodium chloride and temperature on
the rate and extent of growth of Clostridium

botulinum type A in pasteurized pork slurry. [ App/
Bacteriol, 62: 479-490.

Gomes, A.M., Malcata, F.X. (1999). Bifidobacterinm
spp. and  Lactobacillus — acidophilus:  biological,
biochemical, technological and therapeutical

properties relevant for use as probiotics. Trends
Food Sci Technol, 10(4-5): 139-157.

Gupta, P.K,, Mital, BK., Garg, SK. (1996).
Characterization of Lactobacillus acidophilus strains
for use as dietary adjunct. Int | Food Microbiol,
29(1): 105-109.

Hasani, S., Khodadadi, 1., Heshmati, A. (2016).
Viability of Lactobacillus acidophilus in rice bran
enriched stirred yoghurt and the physicochemical
and sensory characteristics of product during
refrigerated storage. Int | Food S¢i Technol, 51(11):
2485-2492.

Hester, S.N., Mastaloudis, A., Gray, R., Antony,
J.M., Evans, M., Wood, S.M. (2018). Efficacy of
an anthocyanin and prebiotic blend on intestinal
environment in obese male and female subjects. |
Nutr Metab, 2018: 1-11. https:/ /doi.org/10.1155/
2018/7497260

Hervert-Hernandez, D., Pintado, C., Rotger, R.,
& Gofi, 1. (2009). Stimulatory role of grape
pomace polyphenols on Lactobacillus acidophilus
growth. Int | Food Microbiol, 136(1): 119-122.

Hidalgo, M., Oruna-Concha, M.J., Kolida, S.,
Walton, G.E., Kallithraka, S., Spencer, J.P., de
Pascual-Teresa, S. (2012). Metabolism of
anthocyanins by human gut microflora and their

influence on gut bacterial growth. | Agric Food
Chem, 60(15): 3882-3890.

Horackova, S., Vesela, K., Klojdova, I,
Bercikova, M., Plockova, M. (2020). Bile salt
hydrolase activity, growth characteristics and

surface properties in Lactobacillus acidophilus. Enr
Food Res Technol, 246: 1627-1636.

Indira, M., Venkateswarulu, T.C., Peele, K.A.,
Bobby, M.N., Krupanidhi, S. (2019). Bioactive
molecules of probiotic bacteria and their
mechanism of action: a review. 3 Biotech, 9(8): 1-
11.

Ito, V.C., Lacerda, L.G. (2019). Black rice (Oryza
sativa L.): A review of its historical aspects,


https://www.sigmaaldrich.com/TR/en/product/sial/69966
https://www.sigmaaldrich.com/TR/en/product/sial/69966

Prebiotic effect of black rice

chemical composition, nutritional and functional
properties, and applications and processing
technologies. Food Chen, 301: 125304.

Khoo, H.E., Azlan, A., Tang, S.T., Lim, S.M.
(2017).  Anthocyanidins and  anthocyanins:
colored pigments as food, pharmaceutical

ingredients, and the potential health benefits. Food
Nutr Res, 61(1): 1361779.

Ozcan, T., Yilmaz-Ersan, L., Akpinar-Bayizit, A.,
Sahin, O.., Aydinol, P. (2010). Viability of
Lactobacillus  acidophilns LA-5 and  Bifidobacterinm
bifidum BB-12 in Rice Pudding. M/jekarstvo/ Dairy,
60(2): 135-144

Pallah, O.V., Meleshko, T.V., Bati, V.V., Boyko,
N.V. (2019). Extracts of edible plants stimulators
for beneficial microorganisms. Biotechno! Acta,
12(3): 67-74.

Panghal, A., Janghu, S., Virkar, K., Gat, Y.,
Kumar, V., Chhikara, N. (2018). Potential non-
dairy probiotic products—A healthy approach.
Food Biosci, 21: 80-89.

Pimentel, T.C., da Costa, W.K.A., Bario, C.E.,
Rosset, M., Magnani, M. (2021). Vegan probiotic
products: A modern tendency or the newest
challenge in functional foods. Food Res Int, 140:
110033.

Sangma, H.C.R., Parameshwari, S. (2021). Health
benefits of black rice (Zizania aqatica)-a review.
Mater  Today:  Proc, https://doi.org/10.1016/
j.matpr.2021.07.257

Schillinger, U., Holzapfel, W.H. (2012). Culture
media for lactic acid bacteria. In: Handbook of
Culture Media for Food and Water Microbiology, Cuttis,

G.D.W., Baird, RM., Corry, J.E. (Eds.), 3
edition, Royal Society of Chemistry, pp. 174-192.

Shah, N.P. (2001). Functional foods from
probiotics and prebiotics: Functional Foods from
Probiotics and Prebiotics. Food Technol (Chicago),
55(11): 46-53.

Sun, H., Zhang, P., Zhu, Y., Lou, Q., He, S.
(2018). Antioxidant and prebiotic activity of five
peonidin-based anthocyanins extracted from

purple sweet potato (Ipomoea batatas (L.) Lam.). Sci
Rep, 8(1): 1-12.

Swinnen, I.A.M., Bernaerts, K., Dens, E.J.,
Geeraerd, A.H., Van Impe, J.F. (2004). Predictive
modelling of the microbial lag phase: a review. Inz
] Food Microbiol, 94(2): 137-159.

Tangyu, M., Muller, J., Bolten, C.J., Wittmann, C.
(2019). Fermentation of plant-based milk
alternatives for improved flavour and nutritional
value. Appl Microbiol Biotechnol, 103(23): 9263-
9275.

Zhang, M.W., Zhang, R.F., Zhang, F.X., Liu, R. H.
(2010). Phenolic profiles and antioxidant activity
of black rice bran of different commercially
available varieties. | Agric Food Chen, 58(13): 7580-
7587.

Zhu, Y., Sun, H., He, S., Lou, Q., Yu, M., Tang,
M., Tu, L. (2018). Metabolism and prebiotics
activity of anthocyanins from black rice (Oryza
sativa 1..) in vitro. PLoS One, 13(4): e0195754.

1449


https://doi.org/10.1016/j.matpr.2021.07.257
https://doi.org/10.1016/j.matpr.2021.07.257

1450

Aragtirma/ Research
GIDA (2021) 46 (6) 1450-1466
doi: 10.15237/¢gida.GD21083

TURKIYE'DE NUFUSUN YETERLI VE DENGELI BESLENMESI ACISINDAN
HAYVANSAL GIDA ARZ VE TALEBININ DEGERLENDIRILMESI

Betiil Giirer”
Nigde Omer Halisdemir Universitesi, Tarim Bilimleri ve Teknolojileri Fakiltesi, Nigde, Tturkiye

Gelis / Received: 06.05.2021; Kabul / Accepted- 26.11.2021; Online baskt / Published online: 15.12.2021

Girer, B. (2021). Tiurkiye’de ntfusun yeterli ve dengeli beslenmesi agisindan hayvansal gida arz ve
talebinin degerlendirilmesi. GID.A (2021) 46 (6) 1450-1466 doi: 10.15237/¢gida.GD21083

Giirer, B. (2021). Evalnation of the supply and demand for animal products in terms of sufficient and balanced nutrition
in Turkey. GIDA (2021) 46 (6) 1450-1466 doi: 10.15237/gida. GD21083

oz

Calismada, bireylerin yeterli ve dengeli beslenebilmesi i¢in uzmanlar tarafindan yas ve cinsiyete gore 6nerilen
gunliik besin tiiketim referans miktarlarini titkettikleri varsayildiginda, Tirkiye’de niifusun hayvansal tiriinler
arz ihtiyact ve yeterliliginin degerlendirilmesi amaglanmustir. Calisma sonucunda, Tirkiye’de hayvancilik
sektoriine yonelik destekleme kalemleri ve miktarindaki artis tiretime olumlu yansimis, ancak tretimdeki
artisin toplumun yeterli ve dengeli beslenmesini temin edecek boyutta olmadigt gorilmistir. 2019 yilinda,
Thrkiye’de niifusun yeterli ve dengeli beslenebilmesi icin hayvansal gida arz ihtiyact kisi bast yillik kirmizi et-
tavuk eti icin 31.39 kg, balik icin 27.22 kg, yumurta icin 13.54 kg ve st ve siit irinlerinde 252.99 kg olarak
hesaplanmuistir. Ancak niiffusun meveut beslenme kompozisyonu dikkate alindiginda siit ve siit tiriinleri hari¢
diger hayvansal triinler arzinin ihtiyacin altinda oldugu goriilmistir. Bu nedenle, niifusun gereksinimine
uygun hayvansal irtinler arzinin ve erisilebilitliginin saglanmast, toplumun beslenme sorunlarint dikkate alan
tretim planlamasi ile hayvansal triinler arz zincirine yonelik biitincil uzun vadeli tedbitlerin birlikte ele
alinmast ile miimkinddir.

Anahtar kelimeler: Hayvansal triinler, gidanin bulunabilirligi, hayvansal triin tiiketimi, tarim politikalari,
beslenme yapist

EVALUATION OF THE SUPPLY AND DEMAND FOR ANIMAL PRODUCTS IN
TERMS OF SUFFICIENT AND BALANCED NUTRITION IN TURKEY

ABSTRACT

This study was aimed to evaluate the supply and adequacy of animal products in Turkey supposing
that individuals consume recommended dietary reference values by age and gender. As a result, the
increase in livestock supports in Turkey had a positive effect on the production, but this increase was
not sufficient to ensure for nutritionally adequate diet of the society. In 2019, the animal products
supply requirement in Turkey was calculated as 31.39 kg for red meat-chicken meat, 27.22 kg for fish,
13.54 kg for eggs and 252.99 kg for milk and dairy products per capita. However, considering the
current dietary composition of the population, the supplies of animal products, excluding milk and
dairy products, were below the requirement. Ensuring sufficient supply and accessibility of animal
products is possible with the production planning considering the nutritional problems of the society
and holistic and long-term measures for supply chain of animal products.

Key words: Animal products, food availability, animal products consumption, agricultural policies,
nutritional structure
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Nifus yapisina gore hayvansal gida arzi ihtiyaci

GIRIS
Gida talebinin hem miktar hem de besin degeri
actsindan  yeterli sekilde karsilanmast durumu
Ozellikle Turkiye gibi gelismekte olan bircok tilke
icin tarim ve gida politikalarinin 6ncelikli hedefleri
arasinda yer almaktadir (SBB, 2019). Uluslarin ve
onu olugturan bireylerin fiziksel, zihinsel ve ruhsal
yonden saghkli ve glcli olarak yasamasinda,
ekonomik ve sosyal yonden gelismesinde, refah
duiizeyinin ylkselmesinde beslenme insanin temel
gereksinimlerinden birisi belki de en 6nemlisidir
(Yagmur ve Giines, 2010).

Diinya ntfusunun giderek artmasi ile artan gida
talebine karsilik dretimin tlkeler ve bolgeler
arasinda dengesiz dagilimi sonucu dinyanin gesitli
bolgelerinde insanlar aglik tehlikesi ile karst
karsiyadir. Bugiin diinyada 820 milyondan fazla
insan kronik aclik cekmektedir (FAO, 2020a). Bir
diger rahatsiz edici gercek ise diinyada yaklagik 2
milyar insanin orta veya siddetli seviyede gida
giivencesizligi icerisinde oldugudur (FAO, 2020a).
Besleyici ve yeterli gidaya diizenli erigimi
saglayamayan  kisilerin = kotli  beslenme  ve
sagliklarinin bozulmast riski artmaktadir.

Bu kapsamda, sorunun ¢Oziiminde hem
ekonomik kalkinmanin hem de tlke niifusuna
yiksek besin  degeri saglamast  agisindan
hayvancilik sektdriintin kilit bir role sahip oldugu
soylenebilir. Diinya Saghk Orgiiti  (WHO)
verilerine gore saglikli bir insanin viicut agirhiginin
her kilogrami igin giinde 1 gram protein tiketmesi
ve bunun da %42’sinin hayvansal kokenli olmasi
gerekmektedir (TIGEM, 2020). Diger yandan
protein tiketiminde hayvansal kaynakl gidalarin
katkisi diinya genelinde %39.89, AB’de %58.30 ve
ABD’de ise %64.60 oldugu tahmin edilmektedir
(FAO, 2020b). Gelismekte olan tilkelerin niifus ve
gelir artist ile birlikte kisi bast hayvansal protein
titketimleri artis egilimindedir.

Tirkiye’de 2000l yillardan itibaren hayvansal
tretime yoOnelik uygulanan politikalarin etkisiyle
son vyilarda hayvansal iretimdeki azalis
durdurulabilmis olsa da Tirkiye’deki hayvansal
gida Uretim seviyesinin niifusun yeterli ve dengeli
beslenme acisindan arzu edilen diizeyde olup
olmadigt incelenmesi gerekmektedir.

Bu acidan literatiirde Tirkiye’de farkli hayvansal
urinlerin arz ve talebine yonelik c¢alismalar
bulunmaktadir. Bu ¢aligmalar arasinda Turkiye’de
kirmizt et arzi, strdarilebilitligi ve sorunlarina
yonelik (Oztornact, 2013; Tosun, 2016; Saygin ve
Demirbas, 2017) wulusal duzeyde c¢alismalar
bulunmaktadir. Bununla birlikte Gurer (2013)
Tirkiye’de hayvansal trtinlerde gida glivencesinin
durumunu bulunabilirlik, erisilebilitlik, istikrar ve
gida  glvenilirligi  unsurlart  bakimindan
incelemistir Ayrica il veya bolge diizeyinde ise
kirmizi et, tavuk eti, balik, siit ve yumurta gibi
hayvansal triinlerde bireylerin veya hanelerin
tiketim yapisinin arastrilmasina  yonelik ok
sayida c¢alisma mevcuttur (Hatirlt ve ark., 2007;
Saygr ve ark., 2014; Alev, 2015; Terin ve ark.,
2016; Turkmen ve ark., 2016; Gling6r ve Ceyhun,
2017; Karakaya ve Kizioglu, 2018; Saygin ve
Demirbas, 2018; Can, 2019 ; Dogan, 2019;
Ozyiirek ve ark., 2019; Aytop ve Isik, 2020;).

Ancak literatiirde Tirkiye’de niifusun yas ve
cinsiyet dagilimt dikkate alinarak yeterli ve dengeli
beslenebilme icin hayvansal tiriin arzi ihtiyacinin
degerlendirilmesine yonelik calismaya
rastlantlmamustir.  Bu  kapsamda  caligmada
oncelikli olarak, hayvansal driin arzinin mevcut
durumunun ve gelisiminin kisi bagt gidanin
bulunabilirlifine gére incelenmesi amaclanmistir.
Calismanin bir diger amact ise Ttrkiye’de nifusun
beslenme yapist ve hayvansal triin tiketim
durumlarinin ortaya koyularak hayvansal trin
talebini etkileyen baslica unsurlarin
incelenmesidir. Son olarak ise niifusun yas ve
cinsiyet dagihimi dikkate alinarak yeterli ve dengeli
beslenme igin Onerilen giinlik besin  tiketim
referans miktarlarini tiikettikleri varsayildiginda,
2019 yili ve 2025 yili icin hayvansal trtnler arz
ihtiyacinin = ve  yeterliliginin ~ degerlendirilmesi
amaclanmistir.

MATERYAL VE YONTEM

Calismanin ana materyalini hayvansal tGriinler ve
makroekonomik degiskenlere  ait
uluslararasi veri tabanlarindan elde edilen zaman
serisi verileri olusturmaktadir. Bu amacla calisma
icin gerekli veriler Tiirkiye Istatistik Kurumu
(TUIK), Bitlesmis Milletler Gida ve Tarim

ulusal ve
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Orgiitii (FAO), Tarim ve Ormancilik Bakanligy,
Uluslararast  Ticaret Merkezi (ITC)  veri
tabanlarindan elde edilmistir.

Hayvansal trtnlerde kisi bast bulunabilirlik FAO
(2002)  tarafindan  benimsenen, gida arz
yaklasimina gbre hesaplanmistir. Buna gore
gidanin  bulunabilirligi  kavrami, bir ilkede
tiketilmeye hazir bulunan gida miktart ile
Olctilmekte olup esitlik (2.1)’de formiile edilmistir.

Elde edilen sonuglar, ilgili yilin nifusuna
bolinerek  hayvansal irinlerde  kisi  bast
bulunabilirlik diizeyleri elde edilmistir.
Gidanin Bulunabilirligi = ( }iﬁ‘ij};’i ) -
Baslangig stoklart,
Gida dist kullanmim
< ihracat ) (21)
Y1l sonu stoklart

Turkiye’de hayvansal triin kisi bast gida arzinin
yillik ortalama artis hizinin hesaplanmasinda ise
FAO (2020b) veri tabanindan elde edilen kalori
(kcal) cinsinden ntfusun ginlik gda arz
miktarlar1 tger yilik ortalamalarina gore iki

dénem arasindaki ortalama yillikk artis hizlar
hesaplanmustir (Giirer, 2013). Aynt yontem niifus
artts hizi hesaplanmasi icin de kullandmistir. Artis
hizinin hesaplanmasinda izlenen yontem (2.2)’de
gosterilmektedir.

P,=Pyx(A+n)" (2.2

Formiilde P, son yil degerini, P, ilk yil degerini, #
dénem siresini ve r yillik artis hizint ifade
etmektedir.

Tiurkiye’de hayvansal Griin ihtiyacinin tahmin
edilmesinde Saglik Bakanligi (2019) tarafindan
yayinlanan ~ Turkiye Beslenme  Rehberi
(2015)’nden faydalaniarak yas ve cinsiyete gore
besin tliketim referans miktarlart cikarilmistir
(Cizelge 1). Daha sonra yas ve cinsiyete gore
nifusun hayvansal iriin gereksinim miktarlart ise
TUIK (20202) tarafindan hesaplanan 2019 yili ve
2025 yili nifus projeksiyonlarina dayanarak ayri
ayrt hesaplanmustir.

Cizelge 1. Hayvansal Griinler yas ve cinsiyete gére 6nerilen kisi bast giinlitk porsiyon miktarlart!
Table 1. Recommended daily portion amonnts of animal products by age and gender!

Yags gruplar: Kirmizi et ve tavuk Yumurta Balik Sit ve st tranleri

Age groups Red meat and chicken meat Eggs Fish Milk and dairy products
E2 M2:2,500;

0-4 0,330 0,500 0,119 K2 F2:2.000

5-9 0,750 0,500 0,214 2,750

10-14 0,750 0,500 0,286 3,000

E? M?:1,250;

15-19 K2 F21.000 0,500 0,286 3,000

20-49 0,750 0,357 0,286 3,000

50-69 0,750 0,357 0,286 3,000

70 yas ve tzeri

70 and above 0,750 0,357 0,286 3,000

11 standart porsiyon kirmizi et ve tavuk eti icin 100 gr kemiksiz ¢ig ete, yamurta icin 100 gr (2 yumurta), balik icin
250-300 gr ayiklanmamis ¢ig baliga ve stt ve siit trinleri icin 240 ml siite esdeger kabul edilmistir.
"1 standard portion was equivalent to 100 g of boneless raw meat for red meat and chicken, 100 g (2 eggs) for eggs, 250-300 g of

unsorted raw fish for fish, and 240 ml of milk _for dairy products.
’E: Erkek; K: Kadin

’M: Male; F:Female

Kaynak: Saglk Bakanlg: (2019)’dan derlenmistir.
Source: Derived from Ministry of Health (2019)



Nifus yapisina gore hayvansal gida arzi ihtiyaci

BULGULAR VE TARTISMA

Tiirkiye’”de Hayvansal Gida Uretim ve Dig
Ticareti

Hayvansal gida arzi, hayvansal gida Uretimi,
stoklar ve dis ticareti tarafindan belitlenmektedit.
Bu kapsamda hayvansal gida tretimi kapsaminda
koyun eti, dana eti, tavuk eti, su trinleri, siit ve
yumurta Gretiminin son 20 yillik gelisimi Sekil 1°de
verilmektedir. Turkiye’de toplam et uretimi
icerisinde kirmizi et Uretiminin payt %36 olup,
geri kalanini tavuk eti olusturmaktadir. Turkiye’de
toplam kirmizi et dretimi icerisinde dana etinin
payt 2010 yilinda %82.0°den 2019 yilinda %090.8’¢
ulasmistir. 2010 yilinda 135.7 bin ton olan koyun
eti Uretimi 2019 yilinda %19 azalarak 109.4 bin

ton olarak gerceklesmistir. Aynt dénemde dana eti
tretimi ise %73.9 oraninda artarak 618.6 bin
tondan 1 milyon 75.5 bin tona yiikselmistir. 2000-
2019 yillar1 arasinda Tirkiye’de tavuk eti retimi
3.3 kat artmistir. Ayni donemde slt uretimi
%134.4 ve yumurta Uretimi ise %47.3 oraninda
artmistir. Su Uriinleri Gretimi ise ilgili dénemde
%43.6 oraninda artmistir. Ttlrkiye’de son yillarda
yetistiricilik (kalttr balik¢iligy) ile elde edilen balik
tretiminde ciddi bir artisin oldugu gbz Oniinde
bulundurulmalidir. Nitekim 2000 yiinda toplam
su urinleri icerisindeki yetistiricilik ile elde edilen
balik tiretiminin payt %13.5°den (79 bin ton) 2019
yiinda %44.6’ya (373 bin ton) yikselmistir
(TUIK, 2020b).
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Sekil 1. Tiirkiye’de Hayvansal Uriinler Uretimi ( Bin Ton)
Figure 1. Livestock products in Turkey ( Thonsand Tons)
Kaynak Sonrce: TUIK (2020b).

Sekil 2’de Tturkiye’de hayvansal trinler dis
ticaretinin  gelisimi  verilmektedir. Turkiye’de
hayvansal trtinler icerisinde en ¢ok dis ticarete
konu olan trlnler arasinda kiimes hayvanlari eti
ve sakatati ihracatt ile su Urlnleri ihracati yer
almaktadir. Kimes hayvanlari ithalati ise et ve
yumurta  tavukculugunda  damizlk  temini
nedeniyle yapilmaktadir. Bununla birlikte 2010
yilindan itibaren sigir eti ithalatina izin verilmesi

ile birlikte bu yildan itibaren yurtici talebe gore
distik miktarda sigir eti ithalati yapilmaktadir.

Kisi Bagt Hayvansal Uriin Arz1 Bulunabilirligi
Hayvansal gidalarin = bulunabilirligi  konusu
hayvansal gida arz ile ilgilidir. Bununla birlikte,
hayvansal urtnler arzinin  talebi karsilama
diizeyinin daha net anlasilabilmesi icin kisi bast
hayvansal Urlinler arzi gelisiminin incelenmesi
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onemlidir.  Turkiye’de nifus artisina karsilik
yeterli ve dengeli beslenmeyi saglayacak miktarda
gida arzinin temin edilmesi gereklidir. Bu nedenle
beser yillik dénemler halinde kisi bast hayvansal
drin arztnin  ortalama  ydhik artis  hizlan
hesaplanarak Sekil 3’te verilmistir. Gida arzi,
kalori cinsinden hesaplanmis glnlitk kisi bast
hayvansal tiriin arzindaki artis hizini ifade etmekte
olup toplam hayvansal triinler, biiyiikbas kirmizt
et, kiiciikbas kirmizt et, tavuk eti, balik, yumurta
ve st i¢in hesaplanmistir. Buna gére, 2001-2003
ile 2006-2008 yullart arasinda kisi bast hayvansal
trtinler gida arzt yillik ortalama %2.69 oraninda

artmustir. 2000711 yullarin  ortalarindan  itibaren
gerek hayvanciliga yonelik yeni destekleme
politikalarinin uygulamaya konulmasi gerekse sigir
eti ithalati ile birlikte hayvansal trtinlerde kisi bast
gida arzi artist %4.13 oraninda gerceklesmistir.
2011-2013 ile 2016-2018 yillart arast dénemde ise
kisi bagt yillik hayvansal gida arzindaki artis hizt bir
onceki déneme gore yavaglayarak yillik ortalama
%1.90 olarak gerceklesmistit. Bu  azalista
buytikbas kirmizt et, tavuk eti ve siit arzt artis
hizinin bir 6nceki déneme gére diismesinin etkisi
oldugu soylenebilir.
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Sekil 2. Ttrkiye hayvansal trtinler dis ticaret miktart (Bin ton)
Figure 2. Foreign trade of livestock products in Turkey (quantity: Thousand tons)
Kaynak Source: ITC (2020).
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Sekil 3. Tiirkiye’de Kisi Bast Hayvansal Uriinler Arzindaki Gelismeler (Ort.Yillik Degisim %)
Figure 3. Development in Per Capita Animal Products Supply in Turkey (Average Annnal Change %)
Kaynak: FAO (2020b)’den hesaplanmustir.

Sonrce: Calenlated from FAO (2020b)

Uriin bazinda incelendiginde ise, 2000’]i yillardan
itibaren  hayvancilik  politikalarindaki  kokli
degisikliklerinde etkisiyle tretimdeki bir miktar
artisla birlikte ithalattan kaynaklanan gida arzt
artistnin  etkisi  buytkbas kirmizi et arzina
yansimaktadir. Kiiciikbas kirmizt et arzinda ise
2011-2013 yullar1 aras: déneme kadar yillik kisi bast
gida arzinda azalig gérilmekte iken 2011 yiindan
itibaren 6zellikle hayvan sayisindaki artisa baglt
olarak yillik kisi bast gida arzinda %3.83 oraninda
artts yasanmustir. Tavuk eti gida arzinda ise
ozellikle 2006-2008 ile 2011-2013 yillart arast
dénemde kisi bast yillik ortalama %6.07 oraninda
artis goriliirken, 2011-2013 ile 2016-2018 yillart
arast dénemde bu artis hiz1 %2.10°a gerilemistir.
Balik arz1 ise incelenen beser yillik ddnemlere gére
istikrar gostermemekle birlikte 2011-2013 ile
2016-2018 yillart arast dénemde kisi bast yillik
ortalama gida arzt %4.51 oraninda azalarak niifus
artisina karst yeterli gida artisinin saglanamadigt
gorilmektedir.

Sit arzinda ise 2001 ile 2013 yillar1 arasi dénemde
kisi bast gida arzi artis hizi %3.85’den %4.94%¢
ulasirken, 2011-2013 yillari arast ile 2016-2018
yillart arast dénemde yillik kisi bast stit gida arz

artts hiz1 yavaslayarak %1.62’ye dismistir. Diger
yandan, 2001-2003 yillart arasi ile 2011-2013 yillart
arast donemde kisi bagt yumurta arzi azalig
gOstermistir. Bu dénemden itibaren ise bu distis
durdurularak ortalama yillik %02.74 oraninda kisi
bast gida arz1 artist saglanabilmistir (Sekil 3).

Tirkiye’de Hayvancilik Politikalar:
Turkiye’de 2000°li yillara kadar olan dénemde
hayvancilik sektoriine yonelik saglanan destekler
bitkisel tretim ile kiyaslandiginda olduke¢a sinirls
diizeylerde kalmistir. Bu dénemde canlt hayvan ve
hayvansal tretime yonelik uygulanan politikalar
belitli dénemlerde ve kisa siireli olarak
uygulanmustir. Bu politika 6nlemleri arasinda daha
cok, damizlik hayvan disalimi, karma yem
satisinda siibvansiyon 6demest, siitte tesvik primi
Odemesi, kirmizi ve beyaz ette destekleme
Odemeleri, 6zel sektére yapay tohumlama
faaliyetlerini  desteklemek icin tesvik pirimi
6demeleri ve hayvan sagliginda kullanilan ilaglarda
ilag bedeli tizerinden belirli oranda yapilan iadeler
bulunmaktadir (Gtrer, 2013).

Tiurkiye’de 2000°L yillardan itibaren ise igcsel
nedenler kadar dissal nedenlerin de etkisiyle

1455



1456

B. Gurer

uygulamaya konulan “Tarim Reformu Uygulama
Projesi” ile tarimsal tretimde girdi ve drin

destekleri  buytk 6lcide kaldirlarak — tarim
politikalarinda kokli  degisikliklere gidilmigtir
(Oren ve Bahadir, 2005). Bu dénemde

“Hayvancihigin Desteklenmesi ve Gelistirilmesi
Projesi” baslatilmistir. 2006 yilinda ¢ikarilan
Tarim Kanunu ile tarimsal desteklemelerin yasal
cercevesi olusturulmustur. Bu kanun ile kalkinma
plant  ve stratejileri  dogrultusunda  tarim
sektorinin ve kirsal alanin gelistirilmesi ve
desteklenmesi igin gerekli politikalart belirlemek
ve duzenlemeler yapmak amaclanmistir. Bu
kapsamda, hayvanciliga yonelik  destekleme
araclarinin temel amaclart arasinda hayvancilik
faaliyetlerinde 1k 1slahi, kaba yem dretiminin
artirtlmast, verimliligin artirtlmasi, isletmelerin
ihtisaslasmasi, isletmelerde hijyen sartlarimin
saglanmasi, hayvan sagligi ve refahi, hayvan kimlik
sisteminin tegviki, hayvansal trinlerin islenmesi
ve pazarlanmasi ile bunlarla ilgili kontrol, takip ve
standartlarin  iyilestirilmesi ve su drinlerinin
desteklenmesi gelmektedir (Anonim, 2000).

Bu amaglarla son yillarda Tirkiye’de hayvansal
destekleme modeli icerisinde yem  bitkileri,
buzagi-malak destegi, sit primi, ¢ig sitin
degerlendirilmesi, besili erkek sigir, koyun ve keci
destegi, coban (strl yoneticisi) istthdam destegi,
hayvan gen kaynaklarinin korunmasi, su triinleri,
aricilik,  tiftik, ipekbOcegi, hastaliktan  ari
isletmeler, hayvan hastaliklari tazminatlari, as1 ve
atik destegi gibi 6nemli destekleme araglart dikkati
¢ekmektedir. Ayrica bu desteklemelere ek olarak,
tarimsal Griin ve hayvan hayat sigortalari, organik
tartm  ve hayvanciik destekleri, iyi tarim
uygulamalari, tarimsal yayim ve damigmanlik gibi
destekler de destekleme modeli igerisinde giderek
agirhigim artirmaktadar.

Ozetle 2000’li yillarin  ortalarindan  itibaren
Turkiye’de hayvancilik politikalarinda  6nemli
degisimler  gerceklesmistir.  Bu  dénemde
destekleme kalem ve miktarlarinda yapilan yeni
dizenlemelerle hayvancilik  desteklemelerinde
yeni uygulamalar giindeme gelmis ve toplam
tarimsal  destekler  icerisinde  hayvancilik
desteklerinin payr artmustir (Demir ve Yavuz,
2010). 1990 yilinda toplam destekler icerisinde

hayvanciligin pay1 %0.02 iken, 2000 yilinda %00.5,
2005 yilinda %9.6, 2010 yilinda %20.3 ve 2020
yilinda ise %35.79’a ulasmustir (TOB, 2021).

Tiurkiye’de Nifusun Beslenme Yapisi ve
Hayvansal Uriin Tiiketimi

Minimum besin enetji gereksinim miktart, iyi
beslenemeyen niifusun belirlenmesinde esik deger
gorevi gérmektedir. Bir tlkedeki minimum besin
enerji gereksinimi degeri, o tlkedeki farkli yas ve
cinsiyetteki ~ bireylerin ~ minimum enetji
gereksinimlerinin  agirliklt ortalamalart  alinarak
hesaplanmakta olup kisi bast kalori (kcal)
cinsinden ifade edilmektedir (FAO, 2020b).

FAO (2020b) verilerine goére Turkiye’de
minimum besin enetji gereksinimi artis egiliminde
olup 2017-2019 yullar1 ortalamasina gbre kisi bast
gunlik 1828 kcal’dir. Benzer sekilde bireylerin
ortalama besin gereksinimi ise kisi bagt gtinlitk
2372 kcal olup bu deger dinya (2369 kcal)
ortalamasina yakin olup yiksek gelirli tlkeler
ortalamasinin (2511 kcal) altindadur.

Turkiye'de 2016-2018 yillart arast doénemde
gunlik gida tiketimi kisi bagt 3713 kcal olup, bu
degerin sadece %15.6’st (579 kcal) hayvansal
kaynakli gidalar olusturmakta geri kalanini ise
bitkisel kaynakli gidalar olusturmaktadir (FAO,
2020b). Ancak, 1995-2018 yillar1 arasi dénemde
bireylerin giinlik gida tiketim degeri hemen
hemen aym diizeyde gergeklesirken hayvansal
kaynakli gidalarin payt %11.55den %16.30’a
yikselmistir. Hayvansal gida gruplarina gére
bireylerin kalori cinsinden hesaplanan giinliik gida
tiketimleri incelendiginde, 1995-2018 yillar1 arast
dénemde balik tiketiminin %57.14 oraninda
azaldigi, bununla birlikte ayn1 dénemde et ve et
uriinleri tiketiminin %67.39, hayvansal yaglar
tuketiminin = %52.27, sut ve sut Uranleri
tiketiminin  ise  %44.02 oraninda  arttugt
gorilmektedir (Sekil 4).

FAO (2020b) verilerine gore, Tiirkiye’de kisi bast
gunlik protein alim miktar1 bakimindan son 30
yilda 6nemli bir degisim gorilmemis ve 2016-
2018 ydlar1 arast ortalama 110 gr olarak
gerceklesmistir. Bu deger diinya ortalamasinin
(82.73 gr) diizerinde ve gelismis ilkelerin
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ortalamasi ile ayni dizeydedir. Ancak gelismis
tlkelerden farkli olarak Turkiye’de tiiketilen
proteinin buyik bir orant (%65.29) bitkisel
kaynaklidir. Oysaki gelismis Ulkelerde kisi bast
ginlik tiketilen proteinin yaridan fazlasint
hayvansal kaynakli protein olusturmaktadr.

Ornegin aynt dénemde AB’de toplam tiiketilen
proteinin  %58.30’unu, ABD’de ise %064.6’siu
hayvansal kaynaklt proteinler olusturmaktadir
(FAO, 2020b).

Bitkisel yaglar Vegetable oils

Meyve ve sebze Fruits and vegetables

Yagh bitkiler Oilcrops 3793
Seker ve Tatlandiricilar Sugar and sweeteners :
Yumru bitkiler Starchy roots 91125
Baklagiller Pulses 112‘26

01995 m2018

Tahilllar Cereals

Hayvansal Yaglar Animal fats
Yumurta Eggs

Balik Fish

Sat Milk

Et Meat

500 1500 2000

Sekil 4. Ttrkiye’de bireylerin kisi bagt giinlik gida tiketim diizeyleri (kcal)
Figure 4. Per capita daily food consumption levels of individnals in Turkey (kcal)
Kaynak Source: FAO (2020).

Bununla birlikte Turkiye’de tiiketilen hayvansal
protein miktar1 gelisimi incelendiginde, 1995-97
yillart ortalamasina gore giinliik kisi bast hayvansal
protein tiketimi 27.45 gr’dan 2018 yilinda 39.5
gr’a ylkselmistir. Hayvansal protein titketiminin
artmasindaki en buyiik pay ise et ve stt Grtinleri

tiketimindeki  artistan  kaynaklanmaktadur.
Turkiye’de tiketilen hayvansal proteinin yartya
yakiint - (%49.85) st  ve sit  Urinleri

olusturmaktadir. Gunlik protein aliminda et
uriinlerinin katkist en fazla tavuk etinden (7.04 gr)
kaynaklanmaktadir. Incelenen dénemde giinliik
protein aliminda baligin katkist %10.02den (2.75
gr) %3.32%e (1.31 gr) dismistir (Sekil 5).

Ayrica, Turkiye’de hayvansal gidalarin kisi bast
tiketim miktarlar1 incelendiginde stit ve siit

rtinleri tiiketimi disindaki et, yumurta ve deniz
triinleri tiketiminin diinya ortalamasinin  da
alinda oldugu gorilmektedir (Sekil 6). FAO
(2020b) verilerine gére 2018 yilinda Turkiye’nin
kisi bagt yillik toplam et tiiketimi ise 38.97 kg olup,
diinya kisi basi toplam et tikketimi degerinin (42.55
kg) altinda gerceklesmistir. Tiirkiye kisi bast yilik
ortalama et tikketiminin 14.31 kg’tn1 (%36.72’sini)
dana eti, 1.88 kg’tn1 (%4.82’sini) koyun ve keci eti
olusturmakta olup, geri kalanint (%58.46’s1n1) ise
kirmizi et aqigi kapatan  tavuk et
olusturmaktadir. Bu bakimindan incelendiginde
gelismis tlkelere gore Turkiye’de tiiketilen etin
bilesimi acisindan da farkliliklar bulunmaktadir.
Ornegin toplam et tiiketimi igerisinde tavuk etinin
payt ABD’de %45.99 ve AB’de ise %28.74’tur
(FAO, 2020). Benzer sckilde 2018 yilinda siit ve
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sut drtnleri titketimi bakimmdan Trkiye kisi bast
165.37 kg ile dunya ortalamasi (78.01 kg) ve
gelismekte olan tlkeler ortalamasinin (135.29 kg)
tzerinde, ancak gelismis tlkeler ortalamasinin
(188.68 kg) altindadir. Turkiye’de sit ve sit
trtinleri  tiketim aliskanligr  yaygin  degildir.
Turkiye’de kisi bagt yumurta tiketimi 8.63 kg
olup, bu deger diinya ortalamasinin (9.59 kg/kisi)

altindadir. Hayvansal drtin tiketimi bakimindan
bir diger 6nemli husus ise Turkiye su urtnleri
tiketiminde kisi bagt 4.89 kg ile az gelismis
tlkelerin ortalamasinin (13.59 kg/kisi) da altunda
yer almaktadir. Diinyada su Urlnleri titketimi ise
kisi bast 20.25 kg olup, gelismis iilkeler ortalamast
26 kg ve gelismekte olan ilkeler ortalamast ise

13.86 k’dir (Sekil 6).
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Sekil 5. Turkiye’de hayvansal protein aliminda besin gruplarinin dagilimi (gr/kisi/gun)
Figure 5. Distribution of food groups in animal protein intake in Turkey (gr/ person/ day)
Kaynak Source: FAO (2020Db).
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Sekil 6. Hayvansal tiriin titketimine gore tlkelerin karsilastirilmast (2018 yili)
Figure 6.Comparison of countries according to animal product consumption (2018)
Kaynak Source: FAO (2020b).
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Turkiye’de hayvansal drin talebini etkileyen en
onemli unsur ise fiyatlar ve gelirdir. Bu
bakimindan incelendiginde 2005 yilindan itibaren
gida fiyatlarindaki  artig  tiiketici  fiyatlar
enflasyonun tizerinde seyretmektedir (TUIK,
2021). Ayrica 2005-2019 yillart arast dénemde
gida fiyatlar1 endeksi 3.73 kat artarken, kisi bast
reel gelir 1.66 kat artmustir (TUIK, 2021). Bununla
birlikte, 2005-2020 yillar1 arast dénemde reel
fiyatlarla dana eti fiyatlart %712.9, koyun eti

%42.74, balik %7.29, yumurta %15.38 oraninda
artarken, siit %17.42 ve tavuk eti fiyatlart ise
%1.60 oraninda reel olarak azalmistir (Sekil 7).
Hayvansal Urin fiyatlarinin artmasinin  baglica
nedenleri arasinda, 6zellikle 6nemli  girdi
kalemlerini olusturan yem ve damuzlik materyali
gibi girdilerin disa bagli olmast nedeniyle tretim
maliyetlerinin  yiiksekligi, hayvansal triinlerde
verim disikligi ve etkin bir pazatlama zincirinin
olmamast gelmektedir (Girer, 2020).
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Sekil 7. Hayvansal urtin reel fiyatlar: gelisimi (TL/Kg) (2005=100)
Figure 7. The developments in animal products real prices (TL/ g) (2005=100)
Kaynak Source: TUIK (2021).

Diger  yandan  hanelerin  toplam  gida
harcamalarinin gelir gruplarina gore dagilimlart
incelendiginde, en dustik gelir grubunda yer alan
hanelerin gida harcamalart icerisinde daha cok
ekmek ve tahil (%19.7), sebze (%18.9), sekerli
gidalar (%9.4) ve yag (%4.9) gibi triinlere daha
fazla pay ayuirken, et, balik, meyve ve alkolsiiz
icecekler tiketiminin toplam gida harcamast
igerisindeki  paymun azaldigi  gérilmektedir.
Hayvansal trtn tiketimi bakimindan, gelir artist
ile birlikte toplam gida harcamast igerisinde et ve
balik titketim harcamalarinin pay1 artarken, s,
peynir ve yumurta harcamalarinin payt oransal
olarak azalmaktadir (Sekil 8).

Tiurkiye’de hayvansal tGrlnlerin talebini etkileyen
fiyat ve gelir gibi ckonomik unsurlarin disinda
tiiketicilerin sagliklt beslenme, ¢evre bilinci, gida
guvenilirligi gibi unsurlarin da etkili oldugu
sOylenebilir. Son yillarda hayvansal urtinlerde
gorilen deli dana hastaligl, kus gribi ve diger
zoonoz hastaliklar ile birlikte bu triinlerde tagsis,
hijyen ve kalite kontroliine yonelik tiiketicilerin
saglik kaygisi, giintimiizde hayvansal gida talebinin
en Onemli belitleyicilerinden  biri  haline
gelmektedir (Mutlu, 2007; Yilmaz ve Yilmaz,
2012; Saygin ve Demirbas, 2018). Ayrica son
yillarda tiiketici tercihleri arasinda, geleneksel
beslenme aliskanliklarinin, ¢evre ve saglik kaygilar
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nedeniyle bitkisel kaynakli protein kaynaklarini
temel alan beslenme modelleri (Akdeniz tipi,
vejetaryen ve vegan beslenme modelleri gibi) ile

degistirilmesi de s6z konusudur (Can ve ark.,
2021).

Alkolsliz igecekler Soft drinks

Kahve, ¢ay ve kakao Coffee, tea and cocoa
Diger gida urtnleri Other foods

Sekerli gidalar Sweet foods

Sebzeler Vegetables

Meyveler Fruits
Sivi ve kati yaglar Oils and fats

Sit, peynir ve yumurta Milk, cheese and eggs

Et, balik ve deniz Grinl Meat, fish and seafoods

Ekmek ve tahillar Bread and cereals

O Besinci %20 Fifth 20%

5 10 15 20 25 30

M Birinci %20 First 20%

Sekil 8. Turkiye’de en disiik ve en yiiksek gelir grubunda gida harcamalarinin pay1 (%)
Figure 8. Share of food expenditures in the lowest and the highest income groups in Turkey (7o)
Kaynak Sonrce: TUIK (2020c)

Niifusun Yetetli ve Dengeli Beslenmesi I¢in
Hayvansal Uriin Arz1 Thtiyact

Gizelge 2., 3. Ve 4’de Saglk Bakanhg (2019)
tarafindan hazirlanan Tirkiye Beslenme Rehberi
(2015)’ne dayanarak her bir yas grubunda cinsiyet
faktorii de goz alinarak uzmanlar
tarafindan  Onerilen glnlik hayvansal {rin
titketim miktarlart hesaplanmistir. Daha sonra bu
referans degerler dikkate alinarak 2019 ve 2025 yilt
yas ve cinsiyete gore niifus tahminleri kullanilarak
toplam niifusun yillik hayvansal gida alm
gereksinimleri  hesaplanmustir.  Bu  gereksinim
icerisinde bireylerin haftada iki defa balik diger bir
ifade ile 11 yas ve Ustd bireyler i¢in haftada 550
gram (1 porsiyon 275 gr) balik tikettikleri
varsayllmistir.

onune

Buna goére uzmanlarin yas ve cinsiyete gore
onerdigi ginlik beslenme kompozisyonu dikkate
alindiginda Thirkiye’de niifusun sagliklt ve dengeli
beslenebilmesi icin 2019 yilt i¢in hayvansal gida
arzt ihtiyact kirmizi et ve tavuk eti icin 2 milyon
610 bin ton, balik icin 2 milyon 263 bin ton,
yumurta gida arzi ihtiyact 1 milyon 126 bin ton ve
stt ve siit trtinleri gida arzi ihtiyact ise 21 milyon
037 bin ton olarak hesaplanmistir (Cizelge 2).
Diger bir ifade ile toplumun yeterli ve dengeli

beslenebilmesi igin kisi bagt yillik 31.39 kg kirmuz1
et ve tavuk, 27.22 kg balik, 13.54 kg yumurta ve
25299 kg stut ve sit Urtnleri arzina ihtiyag
bulunmaktadir.

Bu acidan 2019 yilinda bu gidalarda gergeklesen
arz miktari incelendiginde kirmizi et ve tavuk eti
icin 2 milyon 759 bin ton, balik i¢in 737 bin ton,
yumurta icin 724 bin ton ve siit ve stt Grtinlerinde
ise 22 milyon 477 bin ton olarak gerceklesmistir
(Sekil 9).

Gelismekte olan ve az gelismis bir¢ok tlke igin
alternatif ve ucuz protein kaynag olarak ise balik
tiketimi gorilmektedir. Bu nedenle, beslenme
sorunlarinin  ¢6ziiminde deniz ve i¢ sular
kaynaklarindan Gzellikle baliktan daha fazla
oranda yararlanmak diinya beslenme politikasinin
temel ve 6nde gelen unsurlarindan biri haline
gelmistir.  Ancak Tirkiye’de bireylerin = balik
tiketim miktart dinya ortalamasinin da oldukca
alundadir. Sen ve Sahin (2017) tarafindan Mersin
ilinde yurtttigl calismada tiketicilerin %43’ intn
haftada bir defa balik eti, %42’si ise ayda bir defa
balik eti tikettigini belirlemistir. Terin ve ark.
(2016) Van ili kentsel alanda yaptiklari arastirmada
hanelerin  %30.6’st on bes ginde bir balik
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tuketitken, %30.2’si haftada bir ve %25.4’0 ise
ayda bir balik tikettiklerini bulmuglardir. Bu
bulgular g6z 6niine alinarak Turkiye’de bireylerin
et, tavuk ve balik arz1 gereksinimi 2019 yili nifus
verilerine  gbre  Cizelge 3’de  tekrardan
degerlendirilmistit.  Buna  gbre  Turkiye’de
bireylerin haftada bir balik titketmesi durumunda
toplam et ve tavuk arzt ihtiyact 3 milyon 21 bin
tona yukselirken, balik arzi ihtiyact ise 1 milyon
132 bin ton olarak hesaplanmistir. Bununla

birlikte bireylerin on bes giinde bir balik tiiketmesi
halinde kirmizt et ve tavuk eti arzi ihtiyacinin 3
milyon 241 bin tona yikseldigi ve balik arz
ihtiyacinin ise 566 bin ton oldugu hesaplanmustir.
Diger bir senaryo ise Turkiye’de bireylerin ayda
bir defa balik titketmesi durumunda ise kirmuzi et
ve tavuk eti ihtiyactnin 3 milyon 337 bin tona
yikselirken balik arzi ihtiyacinin ise 283 bin tona
distigi gorulmistir.

Cizelge 2. Turkiye’de 2019 yili niifusunun besin gereksinimine uygun hayvansal tiriin gida arzi ihtiyact
(1000 ton/yil)
Table 2. Animal product food supply requirement in accordance with the nutritional needs of the population of 2019 in
Turkey (1000 tons | year)

Sut ve stit
Kirmizi et driinleri
Urtinler Products ve tavuk et thk Yumurta Milk and
Red meat and Fish* Eggs dairy
chicken meat products
0-4 52.39 60.66 99.26 1111.67
5-9 202.14 185.29 84.22 1560.24
10-14 200.42 183.72 83.51 1683.54
Yas gruplart 15-19 249.00 181.58 91.02 1663.94
Age groups 20-49 1275.10 1073.73 505.35 9839.28
50-69 480.01 440.01 200.00 4032.09
70 ve yukarist
70 and above 151.05 138.46 62.94 1146.52
Toplam niifusun yillik gereksinimi 2610.11 2263.45 1126.31 21037.28
Reguired amount of the total population
Kisi bagt gereksinim miktari (kg/yil)
Requtired amount per capita (kg/ year) 31.39 27.22 13.54 25299
Gergeklesen toplam arz miktart 2759.39 736.77 724.42 22476.68
Total actual supply amount
Kisi bast gerceklesen arz miktari (kg/yil) 3318 3.86 371 970,30

Actual supply amonnt per capita (kg/ year)

Kaynak: TUTK (2020a), TUIK (2020b) ve Saglik Bakanligi (2019)’dan faydalanilarak hesaplanmistir.
Sonrce: Calenlated from TUIK (2020a), TUIK (2020b) and the Ministry of Health (2019).

* Uzmanlarin 6nerdigi haftada iki defa balik titketilmesi halinde ele alinan senaryo

* Scenario addressed if fish is consumed twice a week recommended by experts

** stit esdegerini ifade eder.
** refers fo the milk equivalent.

Ayrica, 2025 yili yas ve cinsiyete goére niifus
tahmini baz almnarak hayvansal triinlerde arz
ihtiyacina  yo6nelik  6ngéride  bulunulmustur
(Cizelge 4). Buna goére 2025 yili icin toplam
nifusun yeterli ve dengeli beslenebilmesi icin
kirmizi et ve tavuk eti arzi ihtiyacinin 2 milyon 782

bin ton, balik ihtiyactnin 2 milyon 421 bin ton,
yumurta arzi ihtiyactnin 1 milyon 201 bin ton ve
stt ve sit Uriinleri arzt ihtiyactun ise 22 milyon
470 bin ton olacag 6ngdrilmustir.
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Sekil 9. 2019 yili hayvansal triinler gerceklesen arz miktart (Bin ton)
Figure 9. Total actual supply for animal products in 2019
Kaynak Sonrce: TTC (2020); TUIK (2020b)

Cizelge 3. Turkiye’de 2019 yili niifusunun besin gereksinimlerine uygun et ve balik arzi ihtiyact
Table 3. Reguired meat and fish amonnt in accordance with the nutritional needs of the population of 2019 in Turkey

(1000 tons | year)
Yas gruplan Age groups TYG!  KBG2 KBB’
0-4 59 10414 1519 2049 5060 70+  ARAT - RAPCZ O APC
Haftada bir defa balik tiketildiginde In case of fish consumption once a week
Et, tavuk
Meat and 6341 23583  233.83 28202 1470.33  560.01 176.22  3021.65 36.34 -3.16
chicken
Balik
Fish 30.33 92.65 91.86 90.79 536.87  220.00  69.23 1131.73 13.61 -4.75
Balik 15 gtinde bir defa tiketildiginde In case of fish consumption once in 15 days
Et, tavuk
Meat and 6930  253.80  251.64  299.63 157445 602.68 189.65 = 3241.14 38.98 -5.8
chicken
??:Zk 15.16 46.32 45.93 45.40 26843  110.00  34.62 565.86 6.80 2.06
Balik ayda bir defa tiketildiginde 1n case of fish consumption once a month
Et, tavuk
Meat and 7187  261.66 25943  307.33  1620.00 621.35 19552  3337.16 40.13 -6.95
chicken
??j;k 7.58 23.16 22.96 22.70 134.22 55.00 17.31 282.93 3.40 5.46

VTYG: Toplam Yillik Gereksinim, ARA: Annual required amonut

2 KBG: Kisi Bast Gereksinim (kg/yil), RAPC: Reguired amonnt per capita (kg/ year)

3 KBB: Kisi Bagt Bulunabilitlik (kg/vyil), APC: Availability per capita (kg/ year)

Kaynak: TUTK (2020a), TUIK (2020b) ve Saglik Bakanligi (2019)’dan faydalanilarak hesaplanmustir.
Source: Calenlated from TUIK (2020a), TUIK (2020b) and the Ministry of Health (2019).
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Cizelge 4. Tirkiye’de 2025 yil ntifusunun besin gereksinimine uygun hayvansal triinler gida arz1
ihtiyact (1000 ton/yil)
Table 4. Required animal products amonnt in accordance with the nutritional needs of the population of 2025 in Turkey

(1000 fons | year)
Uriinler Product Kirmizi et ve tavuk eti Balik*  Yumurta St ve Grlnleri
umet Hroanes Red meat and chicken meat Fish Hen eggs Milk and dairy
0-4 54.60 63.22 103.45 1158.60
5-9 206.08 188.91 85.87 1590.55
10-14 205.14 188.05 85.48 1723.18
Yas gruplart 15-19 253.27 184.75 92.60 1692.96
Age gronps 20-49 1304.99 1101.46 517.90 10093.36
50-69 560.05 513.38 233.35 4704.38
70 ve yukartst 198.23 18171 82.59 1506.98
70 and above
Toplam niifusun yillik gereksinimi 278235 242146 120123 2247001
Reguired amount of the total population
Kisi bast yillik gereksinim 33.46 29.12 14.45 270.22

Required amount per capita (kg/ year)

Kaynak: TUIK (2020a), TUIK (2020b) ve Saglik Bakanligi (2019)’dan faydalanilarak hesaplanmistir.
Sonrce: Calentated from TUIK (2020a), TUIK (2020b) and the Ministry of Health (2019).

* Uzmanlarin 6nerdigi haftada iki defa (1 porsiyon 250-300 gr) balik tiiketilmesi halinde ele alinan senaryo
* Scenario addressed if fish is consumed twice a week recommended by excperts

SONUC

Calisma kapsaminda, bireylerin yeterli ve dengeli
beslenebilmesi icin uzmanlar tarafindan yag ve
cinsiyete gére 6nerilen giinliik besin alimi referans
degerleri kullanilarak, Tirkiye nifusunun 2019 yili
ve 2025 yili i¢in hayvansal rlnler arz ihtiyacinin
ve yeterliliginin degerlendirilmesi amaclanmugtir.
Bu kapsamda Tirkiye’de hayvansal Grin arzinin
gelisimi, niifusun beslenme yapist ve hayvansal
trin tiketim durumlart da incelenmistir.

CGalisma  sonucunda, Turkiye’de son yillarda
hayvancilik  sektériine  yonelik  uygulanan
politikalardaki degisikliklerin, hayvan varligina ve
dolayisiyla  tiretime  olumlu  yénde  yansidigt
gorilmistir. Ancak artan ntfus karsisinda
hayvansal trtnler Gretimindeki bu artig, ne yazik
ki toplumun yeterli ve dengeli beslenmesini temin
edecek  boyutta olmamistir. Bu  durumun
sonucunda Tirkiye’de niifus, agirliklt olarak tahila
dayalt ve yetersiz hayvansal tirtin titketen dengesiz
bir beslenme yapisina sahip olmustur. Bu agidan
degerlendirildiginde ~ Turkiye'de gizli aghgin
varligindan s6z edilebilir.

Calisma kapsaminda, nifusun mevcut beslenme
kompozisyonu dikkate alindiginda kirmiz1 et ve
tavuk eti gereksiniminin gerceklesen arz ile
karstlanamadigr  gorilmistir.  Kirmuzi  ete
alternatif olarak tiiketilen tavuk eti arzinda ise son
yillarda kisi bagt triin arzi artis hizi yavaslamistir.
Diger taraftan, hayvansal trin Gretimindeki
girdilerin disa bagli olmast nedeniyle tretim
maliyetlerinin yitksek olusu, hayvansal triinlerde
verim dustkligi ve orglitlenme ve pazarlama
yapisindan kaynakli sorunlar nedeniyle olusan
trin fiyatlarindaki artislar, titketicilerin satin alma
guictindeki artisin tizerinde gerceklesmektedir. Bu
durum ise, tiketicilerin gida maddeleri satin
aliminda nispeten pahali olan hayvansal tiriinlere
erigilebilitligini  gliclestirmektedir.  Dolayistyla,
nifusun gereksinimine uygun hayvansal Grtinler
arzinin ve erigilebilirliginin  saglanmasi sadece
tretim boyutu ile degil, hayvansal drinler arz
zincirine y6nelik bitincil tedbirlerin  birlikte
alinmast ile mumkin gozikmektedir. Aksi
takdirde, gelecek yillarda ntfusun bu triinlere
erisilebilirliginin daha da hassas bir durumda
olacagt muhtemeldir.
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Bununla bitlikte Ttirkiye’de son yirmi yilda balik
arzindaki 6zellikle kiltir (yetistiricilik) ile elde
edilen balik Giretimindeki 6nemli artislara ragmen,
kisi bag1 gerceklesen arz miktari niifusun yeterli ve
dengeli beslenebilmesini temin edecek miktarin
oldukea altindadir. Buna ek olarak, son yirmi yilda
balik etinin kisi bagt glinlitk hayvansal protein
almma  katkist  azalmaktadir.  Dolayistyla,
Turkiye’'nin sahip oldugu dogal kaynaklarina
ragmen gereck denizlerde gerekse i¢ sularda su
uriinleri kaynaklarini daha rasyonel kullanmaya
ihtiyact  vardir.  Ayrica, kiltir  balikeiliginin
(vetistiricilik) yayginlastirilmasina yonelik
uygulanan tegvik ve desteklerin artirilarak devam
ettirilmesi 6nemlidir. Balik tiretimi ve titketiminin
artirtlmasina yonelik tesvik ve destekler gelecek
yillarda gittikce artan et arzt agiginin kapatilmasina
da katk: saglayacaktur.

Sonug olarak, Tirkiye hayvansal gida tGretimi ve
tiketiminde bitin kaynaklarint etkin bir sekilde

kullanmak durumundadir. Bununla birlikte,
hayvansal triinler atzindaki temel sorunlar
¢ozilemeden  toplumun  hayvansal  drlin

tiketiminde arzu edilen seviyeye ulasilamayacagi
da aciktir. Bu nedenle Ttirkiye’de hayvansal gida
uretimine katkist olan butin titlerin 6nemli
oldugu gercegi g6z Oniine alinarak politikalar
uzun vadeli ve dayanaklari saglam 6ngorilere gbre
yapimalidir. Gida, beslenme, saglk birbirinden
ayrilmaz kavramlar olduklart icin saghk ve tarim
scktorlerinin - bu konularda is bitligi icinde
calismalart  O6nemlidir. Tarim  politikalarinin
belitlenmesinde toplumun beslenme sorunlart
dikkate alinarak dretim planlanmalidir. Ayrica
hayvansal trtnler tiketimine yonelik, toplumda
yeteti ve dengeli beslenme  aligkanligs
kazandiracak ilkesel boyutta tesvik ve destek
kampanyalarinin yayginlastirilmast ve
strekliliginin saglanmast 6nerilmektedir.

CIKAR CATISMASI BEYANI

Yazar, bu ¢alismanin yapilmast ve yayinlanmast ile
ilgili olarak herhangi bir ¢ikar catismast olmadigint
beyan etmektedir.
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Sunulan bu ¢alismada bugday kepegi, misir kogant ve ay¢icegi tablasindan mikro-akigkan teknigi kullanidarak
nanolifler elde edildikten sonra farkh zincir uzunluklarina sahip yag asitleri (C6, C12, C18, C18:1) ile farkls
derecelerde esterlestirilmesinin optimizasyonu yapilmustir. Tlk olarak, selillozik materyal NaOH ile muamele
edildi ve daha sonra nano-seliiloz lifi elde etmek icin kolloid degirmen ve mikro akiskanlastiricida 6gtitildi.
Bu liflerde seliiloz, lignin ve su tutma kapasitesi analizleri yapilmistir. Orneklerin seliiloz icerigi arttikea su
tutma kapasitelerinin artti1 belirlendi. Bu lifler, farkl estetlesme derecelerinde nanoselilloz-yag asidi estetleri
elde etmek icin farklt yag asitleri ile estetlestirildi. Bu sayede, farkli hidrofilik ve lipofilik gruplara sahip nano-
seliiloz yag asidi estetleri elde edildi (esterlesme dereceleri 0,41-2,99). Reaksiyon siiresinin ve kullanilan yag
asidi miktarinin arttirlmasi, esterlesme reaksiyonunun yitksek oranda gerceklesmesini sagladi. Maksimum
esterlesme derecesine sahip triinler, 90°C'de 300 dakika sonunda anhidroglitkoz birimi bagina ortalama 2.45
asetil grubu ve 0.55 yag asidi olarak elde edildi. Sonug olarak, seliilozun farkli yag asitleri ve asetik anhidrit ile
DMACc/LiCl ortaminda farkli derecelerde estetlestirilmesi saglandi.

Anahtar kelimeler: Nanoselilloz, esterifikasyon, yag asitleri, asetik anhidrit

OPTIMIZATION OF NANOCELLULOSE ESTERIFICATION WITH
DIFFERENT FATTY ACIDS AND ACETIC ANHYDRIDE IN LITHIUM
CHLORIDE/DIMETHYLACETAMIDE MEDIUM

ABSTRACT

In this study, nano fibers were obtained from wheat bran, corn cob and sunflower receptacle by using
micro-fluidization and then esterified with fatty acids (C6, C12, C18, C18:1) in different degrees of
substitution. Firstly, cellulosic material was treated with NaOH and then milled through the colloid
mill and micro-fluidizer to obtain nano-cellulose fiber. Cellulose, lignin and water holding capacity
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analyzes were made in these fiber. It was determined that as the cellulose content of the samples
increased, their water holding capacity increased. These fibers were esterified with different fatty
acids in different degrees of substitution to obtain nanocellulose-fatty acid esters. In this way,
nanocellulose-fatty acid esters with different hydrophilic and lipophilic groups were obtained
(degrees of substitution 0,41-2,99). Increasing the reaction time and increasing the amount of fatty
acid used ensured that the esterification reaction took place at a high rate. Products with the
maximum degree of esterification were obtained after 300 minute at 90°C with an average of 2.45
acetyl groups and 0.55 fatty substituents per anhydroglucose unit. As a result, cellulose was esterified
with different fatty acids and acetic anhydride in DMAc/LiCl medium at different degtees.
Keywords: Nanocellulose, esterification, fatty acids, acetic anhydride

GIRIS
Seliloz  dogadaki en ¢ok bulunan, D-
anhidroglukopiranoz  birimi (AGU) igeren

dogrusal ve olduk¢a sert bir homopolimerdir.
Selilozun yapisal Ozelliklerinin iyi bir sekilde
anlagilmasi, farkli ikame edicilerin seliloz ve
tirevlerinin  fiziksel ve kimyasal Ozellikleri
tzerindeki etkisini incelemeyi gerektirir. Anselme
Payen, selilozun kimyasal bilesimini (CsH10Os)q
ilk belitleyen kisidir (Wisniak, 2004). Tekrar
birimi, B-1 — 4 glikosidik bag ile birbirine
baglanmis iki AGU halkasindan ((CcH10Os5)n; n =
10000 ile 15000, n, seliloz kaynagina bagl)
olusmaktadir. Intramolekiiler hidrojen baglart
seliloz  molekiilinin  yiksek  sertlik  ve
saglamliginin baslica nedeni olup ¢dzeltide yitksek
viskozite, yiksek kristallesme egilimi ve lifimsi
seritler olusturma kabiliyetini saglar (Kondo,
1997).

Seliloz  yaygin  olarak  kullandlan  organik
¢oziiciilerde ve su igerisinde ¢oziinmez (Krissig,
1992). Bunun nedeni hem genis molekdiller arast
ve molekiil i¢i hidrojen baglarinin bulunmasi hem
de hidrofobik etkilesimlerdir. Hidrojen baglarinin
kirlmasi, polar ve polar olmayan ¢oziiciilerdeki
selilozun ¢6zinirliginid artturir (Medronho vd,,
2012).

Selilloz morfolojik olarak iyi diizenlenmis lifli bir
yapiya sahiptir. Seliiloz morfolojisi tizerine bilgi
cogunlukla elektron mikroskobisi teknikleriyle
(tarama ve transmisyon elektron mikroskobu)
elde edilir. Selillozun kaynagina bagh olarak
degisken boyutlu en kiicik morfolojik birimi
lifleridir. Uniform ve diizgiin olmayan bir lifin
capt 3-20 nm arahgindadir. Mikrolif, dizgin
olmayan alt birimlerden olugsmasina ragmen, en iyi
tantmlanmis  en  kiicik morfolojik  seliloz

yapisidir. Mikrolifler, ¢aplart 10-50 nm arasinda
olan ve 6nemli 6lctide seliloz kokenli olan daha
buylik morfolojik yapilar seklinde biraraya gelir
(Khanjani, 2015).

Seliloz  kaynakli hammaddelerden  seliiloz
izolasyon islemi iki asamadan olusur. Birinci
asama, hammaddenin saflastirmast ve
homojenizasyonu 6n islemleridir. Bu uygulama,
selilloz kaynagina (ahsap, bitkiler, tunikat, algal ve
bakteri seliloz kaynagt gibi) bagli olarak
degismektedir (Moon vd., 2011). Tkinci asama, bu
"saflagtirilmis” seltiloz maddesinin mikrolifler ve
/ veya kristal bilesenlere ayrilmasint olusturur. Bu
asamada mekanik islem, asit hidrolizi ve enzimatik
hidroliz gibi farkls islemler kullanilmaktadir (Sité
ve Plackett, 2010).

En bol seltloz igeren hammadde odun ve daha az
oranda yillik bitkilerdir. Bu ahgsap veya bitki
htcreleri 10 mikron c¢apinda ve milimetre
uzunlugundadir. Bunlar yiiksek selilloz miktarina
ve nispeten digsik kristal oranina (%43-65)
sahiptirler. ~ Mikrokristal  seliloz ~ (MKS),
hemiseliilloz icerikli hamurun asit hidroliziyle ve
alkali ile notralize edilmesi ile hazirlanir. Nihai
parcaciklar  yaklagitk 10-50 pm  ¢apindadir.
Genellikle, MKS  agregalari, kompozitlerde
kullanim i¢in 1-10 um uzunlugunda daha kiiciik
parcactklara ayrilir. Seliloz parcaciklarinin  bir
baska tiirii, ahgap ve bitki lifi pulplarinin mekanik
olarak islenmesiyle tretilen mikrolif selilozdur
(MLS). Genislik ve uzunluklart sirasiyla 10-100
nm ve 0,5-10 pm olup yiksek en/boy oranina
sahiptirler ve hem amorf hem de kristal bolgeler
icerirler. Nanolif selilozun (NLS) boyutlar ise
strastyla 4-20 nm ve 500-2000 nm’dir. NLS'nin
MLS'den farkhilagmasi, daha ince patcacik capi
treten lifli yapt saglama islemine dayanir (Moon
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vd., 2011). Mert vd. (2011) musir yapraklarindan
elde edilen liflerin daha biyik yapili lifler
olmasindan dolays, nispeten daha kisa liflere sahip
olan misir kocanindan elde edilen liflerden daha

az su tuttugunu bildirmislerdir. Dolayisiyla aynt
bitkiden ancak farkli kisimlarindan elde edilen

liflerinde  farkli  6zelliklere  sahip  oldugu
anlasilmaktadir.
Nanoseliiloz kristalleri kagrt sanayii

uygulamalarinda temel olarak 2 dezavantaja
sahiptir. Bunlardan birincisi, iki nanokristal
arasinda gticli hidrojen etkilesimlerine yol acan ve
jel benzeri yapit olusturan hidroksil gruplarinin
sayisidir. Tkinci dezavantaj ise, kagit kaplama veya
kompozit dretimi gibi ¢esitli uygulamalarda
kullanimini sinirlayan, bu malzemenin yiksek
hidrofillikligidir (Khanjani, 2015). Nitekim Mert
vd. (2011) tretmis olduklart nano liflerin ¢cok fazla
su tuttugunu ve gida uygulamalarinda bu
durumun sorun olusturdugunu belirlemislerdir.
Bu nedenle seliilozun modifikasyonu tercih edilen
bir islem olarak ortaya ¢tkmaktadir.

Seliilloz nanoparcaciklarinin yiizey yapist (kimyasi)

oncelikle, dogal  selilozik  hammaddeden
nanopartikiller  hazirlamak  icin  kullanilan
ekstraksiyon islemi ile belirlenir. Seltlozun

ckstraksiyonu sirasinda siilfrik asit muamelesiyle
seliiloz nanopargaciklarinin ylizeyinde siilfat esteri
olusturulabilir (seliloz stlfatasyonu). Selilozun
stlfatasyonu ile nanoselilloz dispersiyonunun
stabil olmast saglanir. Bu yontem, kristal yiizey
tzerinde stilfat gruplarinin zenginlestirilmesine
neden olur. Fosforik asit ve hidrobromik asit gibi
daha az kullandan  diger yontemler de
bulunmaktadir. Bir diger yontem ise 2,2,6,6-
tetrametilpiperidin  1-oksil kullanilarak yapilan
oksidasyon islemidir. Bu yontemde, selillozdaki
birincil alkol gruplarint secici olarak oksitlemek
icin hipoklorit gibi bir oksidan ve 2,2,6,6-
Tetrametilpiperidin  1-oksil radikali (kataliz6r)
kullanilir. Bu yontemle, nanolif haline getirilmis
seliilozun birincil alkol grubu karboksilik aside
oksitlenir (Khanjani, 2015).

Bir diger modifikasyon yontemi ise molekiillerin
bir gaz, sivi veya ¢Oziinmuis katidan seliloz
yluzeyine adsorbe edilmesi yoluyla saglanir.
Surfaktanlarin adsorpsiyonu ile nanopargaciklarin

kovalent olmayan yizey modifikasyonlart
saglanarak stabilite artis1 gerceklesir. Bu yaklagim,
alkilfenol yapis1 bulunduran fosforik asitin mono-
ve di-estetlerinden olusan surfaktanlart kullanan
Heux vd. (2000) tarafindan ortaya atilmustir. Kim
vd. (2009) ve Rojas vd. (2009) seliloz
nanopar¢aciklarint polistiren esash kompozitlerde
dagitmak icin noniyonik siirfaktan kullaniminin
uygun oldugunu belirlemislerdir. Seliiloz yuzey
modifikasyonunun tglincii yontemi, molekiillerin
turetilmesi ve/veya kovalent baglanmast yoluyla
saglanir.  Seliiloz hidroksil gruplarina  sahip
olmasindan dolayt alkollerle veya anhidritlerle
kimyasal modifikasyonu gerceklestirilebilmek-
tedir. Bu sayede farkli kimyasallar kullanilarak
farkli Szelliklerde son driinler dretilebilmektedir.
Selilozik OH gruplarinin = stlfirik  asit  ile
reaksiyonu yoluyla stlfat esterlerin olusmast
yizeyin  negatif  yikli  olmasint  saglar.
Koagiilasyon — onlemek amaciyla  selilozun
homojen stlfasyonu, seliiloz sillfatlar elde etmek
icin bir iyonik stvi 1-biitil-3-metilimidazolyum
klorit kullanilarak gerceklestirilmistir (Wang vd.,
2009). Heterojen sistemin en biiyitk problemi,
amorf bolgelerdeki OH  gruplan ile kristal
bolgelerdeki OH gruplari arasindaki erisilebilir-
liktir ve homojen olmayan modifikasyon ile
sonuclanir. Bir baska modifikasyon Ornegi,
polimer ekleme olup, cesitli 6zelliklere sahip bir
dizi farkli polimer seliloz yizeyine ecklenir.

Yiizeyler ayrica kloro ve alkoksi silanlar
kullanilarak = silillestirilebilir. ~ Silanlar  seliloz
yuzeyine  kovalent olarak  baglanmaktadir

(Andresen vd., 2007).

Seliloz zincir molekiillerinin her bir glukoz
birimindeki ¢ hidroksil grubu seliiloz esterleri
olusturmak tizere inorganik ve organik asitler veya
asit klortirler ve anhidritler ile reaksiyona girebilir.
Polisakkaritlerin en yaygin acilasyonu, heterojen
kosullar altinda karboksilik asit anhidritler ile
saglanir. Seliloz asetat, katalizor olarak silftrik
asidin  kullanimi  ile (agithkea% 15'e  kadar)
selilozun asetik asit ve asetik anhidrit karisimi ile
modifikasyonu yoluyla tretilmektedir. Seliloz
esterlerinin reaktifligi yapiya baglanan karboksilik
asidin zincir uzunlugu artttkca azalmaktadir
(asetik> propiyonik> bitirik asit) (Liu ve Zhang,
2008).
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Sunulan bu ¢alismada delignifikasyon islemi
sonrasinda mikro-akigkanlastirma yontemi ile 3
farkli kaynaktan (Bugday kepegi, misir kogant ve
aycicegi tablast) nanoseliloz lifleri elde edilmis
olup, elde edilen liflerin hidroksil gruplar farkls
zincir uzunluklarina sahip yag asitleri ve asetik
anhidrit ile farkli oranlarda estetlestirilmesinin
optimizasyonu ¢alismalari yapilmustir.

MATERYAL-METOT

Nanoseliiloz liflerinin eldesi

Ligninin uzaklastiriimasi

Bugday kepegi, misir kogani ve aycicegi tablast
80°C sicakliktaki NaOH iceren alkali su (pH 12)
icine konulmus ve yapida bulunan ligninin
ayrilmasini saglamak icin 48 saat bekletildikten
sonra, saf su ile suyun koyu rengi giderilene kadar
yitkanmustir.

Kolloit degirmen ile boyut kiiciiltme islemi
Lignini uzaklagtirilmis lifler kolloit degirmende
(IKA Magic Lab, Almanya) boyut kiciltme
islemine tabi tutulmustur. Bu amacla lifler 10000—
11000 dev/dakika donts hizina sahip koloit
degirmenden 3 defa gegirilerek, boyutlari kolloit
¢ozelti olusturacak diizeylere kictltilmistir.

Mikroakiskan cihazi ile boyut kiiciiltme
Islemi

Kolloit degirmen ile boyutu kictltilen lLfler,
yuksek basinglt bir mikroakiskan cihazindan
gecirilmistir. Bu agsamada 14000—15000 psi basing
ile mikro kanallardan gecirilerek mikroakigkan
Ozellik kazanmis ve béylece boyut indirgeme
gerceklestirilmistir. Elde edilen lifler birimimizde
bulunan dondurarak kurutma cihazi ile (-)90°C’de
vakum altinda kurutulmus ve (-)85°C’de
saklanmustir.

Nanoseliiloz 6rneklerinde analizler

Lignin, protein ve seliiloz tayini

Bitkisel liflerde lignin tayini TAPPI T 13 m-54
standardina gére (Anonim, 1998) protein icerigi
AOAC Official Method 920.87 (AOAC, 1998)’a
gore seliiloz icerigi ise Kiirschner-Hoffner (1969)
yontemine gore belirlenmistir.

Su tutma kapasitesi tayini

Bitkisel liflerin su tutma kapasitesi analizi
McConnell vd. (1974) tarafindan belitlenen
santriflj metodu kullanilarak belirlenmigtir. Bu
amacla, dondurarak kurutma cihazi ile -80°C ve
0,001 mmHg basing¢ altunda kurutulan 6rneklerin
1,0 grami 15 ml distile su ile santrifdyj tiipi i¢inde
karistirldiktan sonra tiipler yaklastk 10 dakika
calkalanmistir. Daha sonra, 30 dakika bekletilmis
ve 3500 devir/dakika hizla 10 dakika santrifije
tabi tutulmuslardir. Son olarak, Ustte kalan sivi faz
ayrildiktan sonra kalan pellet tartilmistir. Su tutma
kapasitesi ¢ HxO/g kuru seliloz olarak
tanimlanmustir.

Taramali elektron mikroskobu gériintiileri
Elde edilen bitkisel liflerin morfolojik yapilari
Zeiss/Evo 40 model taramali  elektron
mikroskobu yardimiyla belirlenmistir.

Nanoselilloz yag asidi esterleri sentezinin
optimizasyonu ve analizler

Nanoseliiloz yag asidi esterleri sentezinin
optimizasyonu

Bu agamada Vaca-Garcia ve Borredon (1999)
tarafindan belirtilen yontem modifiye edilerek
kullamlmis olup bu asamada kaproik asit
(hekzanoik asit, 6:0, erime noktast -3°C), laurik
asit (dodekanoik asit, 12:0, erime noktast 44°C),
stearik asit (oktadekanoik asit, 18:0, erime noktast
70°C) ve oleik asit (oktadesenoik asit, 18:1, erime
noktast 13°C) kullanilarak farkli Szelliklerde
driinlerin eldesi saglanmistur.

Bu amagcla 2 g nanoseliiloz 6rnegi 6nce 200 mL
saf su ile daha sonra 80 mL etanol (2 defa) ile
yikandiktan sonra oda sicakliginda kurutulmus ve
daha Once hazirlanmis olan yag asidi, asetik
anhidrit ve HoSOy karisimi icerisine eklenmis ve
75°C’de belitli strelerde reaksiyonun
gerceklesmesi saglanmustir (glikoz : asetik anhidrit
: HoSO4 mol oranlart sirasiyla 1 @ 6 @ 0.06).
Reaksiyon sonrasinda filtrasyon islemi yapilmus ve
elde edilen 6rnekler 250 mL metanol ile ytkanarak
reaksiyona girmeyen yag asitleri uzaklagtirildiktan
sonra Ornekler vakumlu etivde 60°C’de
kurutularak saklanmistir.
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Bu asamada
konsantrasyonda

her bir yag asidi 6 farkh
(1-10 mol) kullanilmig ve
reaksiyon 6 farklt sirede (30-360 dk)
gerceklestirilmis  olup nanoselilloz-yag — asidi
esterlerinin optimizasyonu Design Expert 8.0.7.1
paket programi (Stat-Ease Inc., Minneapolis, MN,
ABD) ile olusturulan deneme deseni (D-Optimal
Cubic Design) kullanilarak gerceklestirilmistir.

Esterlesme derecesinin belirlenmesi

Uretilen her bir &rnegin esterlesme derecesi
volumetrik  yontem  (Gourson vd., 1999)
kullanilarak  gerceklestirilmistir. Bu  amagla,
tretimi yapilan esterler, 40 °C'de 16 saat 0,25M
NaOH alkollii ¢6zelti ile sabunlastirildiktan sonra
N/10’luk hidroklorik asit ile titre edilmis ve
reaksiyona giren/girmeyen NaOH lzerinden
asagidaki formiil kullanilarak esterlesme derecesi
belitlenmistir.

. M
Esterlesme Derecesi= - =
: (}Viumak n:ﬁ.:] - (Mya _Msj

Mg = glukoz tinitesinin molekiler agirlig (162,14
g )

Msmek = Ornek miktari (g)
Ny, = yag asidinin mol
hesaplanmis)

M, = yag asidinin molekiiler agithg1 (g)

M; = Su molekiiliiniin molekiiler agirlig1 ()

sayist  (titrasyonla

Yag asitleri kompozisyonu analizi

Elde edilen iriinlerde baglanan yag asitlerinin
belitlenmesi amactyla Christie (1989) tarafindan
bildirilen ve Kim ve Liu (1999) tarafindan
degistirilen  yag asitlerinin = asidik  ortamda
transesterifikasyonu metodu kullanilarak
nanoseliiloz-yag asidi esterlerinden yag asidi metil
esterleri olusturulmustur. Bu amacla 2 g 6rnek

tzerine 1,2 mL %71’lik HoSO4 (metanolde) ilave
edilmis ve 80°C’de 2 saat bekletilmistir. Daha
sonra uzerine %5’lik NaCl ¢6zeltisinden 1,4 mL
ilave edilmis ve ayirma hunisinde 15 mL hekzan
ile 2 kez ekstraksiyon yapilmistir. Hekzan fazi
tizerine %4’lik 1,2 mL potasyum bikarbonat ilave
edilip sodyum silfat varliginda vakum altinda
filtre edilmistir. Elde edilen estetler daha sonra,
DB 23 kapiler kolon (60 m x 0,25 mm ve 0,25 u
film kalnlgl) kullanilarak gaz kromatografisi
cihazinda  (Shimadzu GC-2010plus) analiz
edilmistir. Analiz kapsaminda miktar analizi
yapabilmek icin i¢ standart olarak margarik asit
(17:0) ve tastyict gaz olarak helyum (ImlL./dk)
kullanilmistir.

Istatistik analiz

Calisma  kapsaminda elde edilen verilerin
istatistiksel degerlendirilmesinde SPSS (SPSS Inc.,
Chicago, 1L) paket programi kullanilmis olup
ANOVA analizi uygulanmugtir.

BULGULAR ve TARTISMA

e Lignin, protein, seliloz ve su tutma
kapasitesi tayini

Bitkisel liflerde lignin tayini, protein igerigi ve
seltiloz igerigi belirlenmis olup sonuglar Cizelge
1’de verilmistir. Cizelgeden gorildigi tizere
bugday kepeginden elde edilen lifin seliloz icerigi
%50.878%0.713, lignin icerigi %0.343+0.113 ve
protein  igerigi = %0.0163%£0,080,  aycicek
tablasindan elde edilen lifin seliloz igerigi
%060.9731£0.919, lignin icerigi %0.350+0.119 ve
protein igerigi %0.1681+0.080, misir koganindan
elde edilen lifin ise seliiloz igerigi %78.683%0.521,
lignin igerigi %0.42910.121 ve protein icerigi
%0.0818%0.004 olarak belirlenmistir.

Cizelge 1. Nanoliflerin lignin. protein ve seliiloz icerigi
Table 1. Lignin. protein and cellulose contents of nanofibers

Ornek Seliiloz Lignin Protein Su tutma kapasitesi
Sample Cellulose Lignin Protein Water holding capacity
%) %) %) (3 H:0/g)
BN 50.878£0.713# 0.343%0.1137 0.0163%0.0807 6.76+0.033¢
AN 60.973£0.919> 0.350%£0.119~ 0.0168%0.008~ 7.19£0.066>
MN 78.683%0.521¢ 0.429£0.12b 0.0818+0.004> 7.67£0.057¢

BN: Bugday kepeginden elde edilen nanolif, Wheat bran nanofiber
AN: Aycicek tablasindan elde edilen nanolif, Sunflower tray nanofiber

MN: Misir kocanindan elde edilen nanolif, Corncob nanofiber
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Cizelge 1'den gorildigi  tizere  Aygicek
tablasindan elde edilen liflerin 7.19+0.066 ¢
H>O/g su, musit koganindan elde edilen liflerin
7.6710,057 ¢ H2O/g su ve bugday kepeginden
elde edilen liflerin 6.761+0.033 ¢ H2O/g su tutma
kapasitesine sahip oldugu belirlenmistir. Bu
sonuglardan anlagildigr tizere farklt kaynaklardan
elde edilen nanolifler yap1 olarak farkh ézelliklere
sahiptir. Nitekim selilloz icerigi en ytksek olan
mistr kogant lifi en yiiksek, seliiloz icerigi en diisiik
olan bugday kepegi en disik su tutma
kapasitesine sahiptir.

Jia vd., (2016) tarafindan yapilan bir calismada
mistr kocanindan NaOH kullanilarak elde edilen
seliloz miktart bizim calismamizin sonucuna
benzer sekilde %79.08 olarak belirlenmistir.
Ancak Bardak vd. (2020) delignifikasyon
yapilmamis Aycicek tablasmnin %39.02 seliloz
icerdigini tespit etmislerdir (lignin icerigi %17,01).
Yine literatirde bulunan  bir  calismada
delignifikasyon sonrast bugday kepeginden bizim
belirledigimiz sonuglardan daha az miktarda

(%35.2+0.82) scliloz iceren Ttriinlerin elde
edildigi bildirilmistir (Behi¢ vd. 2011). Benzer
sekilde Ering vd. (2018) yapmis olduklari bir
calismada bugday kepeginden elde edilen
nanoliflerin seliloz igerigini %35.6+0.85 olarak
belitlemislerdir. Sunulan bu calismada elde edilen
bugday kepegi nanoliflerinin Erin¢ vd. (2018)
tarafindan elde edilen nanoliflerden (su tutma
kapasitesi 5.95+0.25 ¢ HO/g) daha yuksek
oranda seliilloz icermesi nedeniyle daha yiiksek su

tutma kapasitesine sahip oldugunu
gostermektedir.

Taramali elektron mikroskobu go6runtii
analizi

Elde edilen bitkisel liflerin taramali elektron
mikroskobu gériintiilerinden de anlasildign tizere
her bir lif kaynagindan elde edilen nano lifler
benzer sekilde ipliksi yapilardan olusmaktadir
(Sekil 1-3). Bu ipliksi yapilar sayesinde nano
liflerin yitksek su tutma kapasitesine sahip oldugu
disuntlmektedir.

100 ym

EHT =15.00 kV
WD =11.5mm

Signal A = SE1
Mag= 150X

Sekil 1. Aycicegi tablasindan elde edilen nanoliflerin taramalt elektron mikroskobu gériintiist
Figure 1. Scanning electron microscope image of nanofibers from sunflower tray
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100 pm EHT = 15.00 KV Signal A = SE1
— WD = 115 mm Mag= 150X
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Sekil 2. Bugday kepeginden elde edilen nanoliflerin taramali elektron mikroskobu gériintiisi
Figure 2. Scanning electron microscopy image of nanofibers from wheat bran

il
100 pm EHT = 15.00 kV Signal A = SE1
WD =11.0 mm Mag= 150X

NS T T e T e T

Sekil 3. Misir kocanindan elde edilen nanoliflerin taramali elektron mikroskobu gorintiisii
Figure 3. Scanning electron microscopy image of nanofibers from corncob
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Esterlesme Derecesi

Sekil 4’de gorildigi tzere asetik anhidrit ve yag
asitleri ile seltiloz estetlerinin olusumu iki farkls yol
izlemekte olup reaksiyon sonunda seliilozun yag
asitleri esterleri ve selilozun asetik asit esterleri
olusmaktadir. Literatirde bulunan benzer
modifikasyon yéntemi ile gerceklestirilen bir¢ok
calismada (Vaca-Garcia ve Borredon, 1999;
Zhang vd., 2018) asetik asidin yag asitlerinden
daha fazla oranda ester olusturdugu ve bu oranin
yaklastk 1.5-2 asetik asit estetlerine karsilik 1-1.2
yag asidi esteri olacak sekilde gerceklestigi,
kullanilan yag asitleri, selilloz tiirevi ve reaksiyon
sartlarina bagh olarak bu oranlarin  degistigi
bildirilmistir. Sunulan bu c¢alisma kapsaminda

O

i’ - CH;—

tretilen  nanoseliiloz-yag  asidi  esterlerinin
esterlesme dereceleri 0.41-2.99 arasinda degismis
olup uretilen nanoseliiloz-yag asidi esterlerinden
uygun yontemle yag asidi metil esterleri elde
edildikten gaz kromatografisi cihazi ile analiz
edilmis ve literatirden farkli olarak biyik
oranlarda asetik asit (0.34-2.47) ve c¢ok dusik
oranlarda yag asidi (0.07-0.55) icerdigi tespit
edilmistir. Bu calisma sonuclarinin literatirden
farklt olmasmin temel sebebinin nanolifler
icermesinden kaynakli oldugu distntlmektedir.
Bu nedenle ayni reaksiyon sartlarinda farkl
boyutlarda liflerin kullanimt ile farkli esterlesme
derecesine  sahip drinlerin  elde  edilecegi
anlasilmaktadir.

0
R—( (9]

O ——» O + CH 3 —{

OH CH; —< CHj —< OH
0] 0
HO)|
Jatty acylation acetylation
Y
0 @ () 0
R-C C-CH

CH; —{ + I no o+ R—(

OH O 0 OH
+ Cell-OH
— :[-Ie

0
Cell—0—<&
R

R= “'(CHQ)H _2—CH3

0
Cell—0—<&
CH;

n=28§,10,12,14,16,18

Sekil 4. Yag asitleri ve asetik anhidrit ile seliilozun esterlesme mekanizmasi (Liu ve Zhang, 2008).
Figure 4. Esterification mechanism of cellulose with fatty acids and acetic anhydride (Lin and Zhang, 2008).
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Cizelge 2. Elde edilen tiriinlerin esterlesme dereceleri (D-Optimal Cubic Design)
Table 2. Esterification degrees of the obtained products (D-Optimal Cubic Design)

Yag asidi konsantrasyonu

Estetlesme derecesi

(mol) Siire (dakika) | Yag asidi | Lif kaynag1 Esterification degree
Fatty acid concentration (mole) Time (minutes) | Fatty acid | Fiber sonrce | Asetik asit | Yag Asidi | Toplam
4 Acedic acid | Fatty acid | Total
2 30 C12:0 AT 0.43 0.09 0.52
2 30 C12:0 AT 0.44 0.09 0.52
10 30 C12:0 BK 1.11 0.24 1.35
2 30 C12:0 MK 1.59 0.32 1.90
6 30 C12:0 MK 1.43 0.29 1.72
10 30 C12:0 MK 1.29 0.27 1.56
1 120 C12:0 BK 2.06 0.42 2.48
6 120 C12:0 BK 1.63 0.33 1.95
10 180 C12:0 AT 0.54 0.11 0.65
2 240 C12:0 MK 1.92 0.40 2.32
1 300 C12:0 AT 0.74 0.15 0.89
8 300 C12:0 AT 0.58 0.12 0.70
1 300 C12:0 BK 2.25 0.46 2.71
6 300 C12:0 BK 2.42 0.50 2.92
10 300 C12:0 BK 2.29 0.47 2.76
1 300 C12:0 MK 2.41 0.49 2.90
10 300 C12:0 MK 2.42 0.50 291
1 30 C6:0 BK 1.30 0.25 1.55
6 30 C6:0 BK 1.16 0.22 1.38
10 30 C6:0 BK 1.37 0.26 1.63
1 30 Co6:0 MK 1.51 0.30 1.82
8 30 C6:0 MK 1.39 0.27 1.66
8 60 Co6:0 AT 0.59 0.11 0.71
2 120 C6:0 AT 0.65 0.13 0.77
1 180 Co6:0 BK 0.37 0.07 0.44
6 180 C6:0 MK 0.39 0.08 0.47
10 240 Co6:0 AT 1.06 0.21 1.27
1 300 Co6:0 AT 1.20 0.23 1.43
6 300 Co6:0 AT 1.94 0.38 2.31
4 300 Co6:0 BK 1.80 0.35 2.14
10 300 Co6:0 BK 1.92 0.37 2.29
2 300 C6:0 MK 1.22 0.24 1.45
10 300 Co6:0 MK 1.97 0.38 2.35
2 30 C18:1 AT 0.40 0.09 0.49
6 30 C18:1 AT 1.00 0.21 1.21
10 30 C18:1 AT 1.16 0.25 1.40
1 30 C18:1 BK 0.35 0.07 0.42
1 30 C18:1 BK 0.34 0.07 0.41
4 30 C18:1 MK 0.83 0.17 1.00
4 30 C18:1 MK 0.80 0.17 0.97
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Cizelge 2. devam
Table 2. continue

Yag asidi konsantrasyonu . N Esterlf.:§me. derccesi
(mol) Si%re (dgklka) Yag as@l Llf kaynagi Esterification degree
Fatty acid concentration (mol) Time (minutes) | Fatty acid | Fiber source | Asetik asit | Yag Asidi | Toplam
Acedic acid | Fatty acid | Total
1 120 C18:1 AT 0.48 0.10 0.58
120 C18:1 BK 0.75 0.16 0.91
10 120 C18:1 BK 0.86 0.18 1.04
8 180 C18:1 AT 0.87 0.18 1.05
10 240 C18:1 MK 1.20 0.25 1.45
1 300 C18:1 AT 1.81 0.39 2.20
10 300 C18:1 AT 2.47 0.52 2.99
1 300 C18:1 BK 1.52 0.32 1.83
8 300 C18:1 BK 2.46 0.52 2.98
1 300 C18:1 MK 1.36 0.29 1.65
6 300 C18:1 MK 2.47 0.52 2.99
1 30 C18:0 AT 0.44 0.10 0.54
10 30 C18:0 AT 1.32 0.30 1.62
1 30 C18:0 BK 0.43 0.10 0.52
10 30 C18:0 BK 1.03 0.23 1.25
8 30 C18:0 MK 1.05 0.24 1.30
4 120 C18:0 AT 0.82 0.18 1.00
10 120 C18:0 MK 0.90 0.20 1.10
4 180 C18:0 BK 0.81 0.18 0.99
1 240 C18:0 MK 0.82 0.19 1.01
1 300 C18:0 AT 1.89 0.42 2.32
10 300 C18:0 AT 2.45 0.54 2.99
10 300 C18:0 AT 2.44 0.55 2.99
1 300 C18:0 BK 1.90 0.43 2.32
10 300 C18:0 BK 2.44 0.55 2.99
10 300 C18:0 BK 2.44 0.55 2.99
4 300 C18:0 MK 241 0.54 2.95
10 300 C18:0 MK 2.44 0.55 2.99
BK: Bugday kepegi
AT: Aycicek tablast
MK: Misir kogant
BN: Wheat bran
AN: Sunflower tray
MN: Corncob
Cizelge 2’deki veriler Design Expert programu ile estetlesme  reaksiyonunun  yiksek  oranda
islenerek elde edilen Sekil 5°de gorildigi tzere gerceklesmesini - saglamaktadir.  Sonug¢  olarak

tahmin edilen ve gercek degerler bir birine
olduk¢a yakin bulunmus olup denemenin R2
degerli 0.9966 olarak belirlenmistir. Yine Sekil
6’da gorildigi reaksiyon stresinin artmast ve
kullantlan ~ yag asidinin miktarinin  artmast

asetik asit, yag asitleri ve toplam esterlesme
dereceleri acisindan maksimum sonuclar 10 mol
yag asidi konsantrasyonunda ve 300 dk reaksiyon
stresinde elde edilmistir.
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Sekil 5. Tahmin edilen ve gercek degerler arasindaki korelasyon
Figure 5. Correlation between predicted and actual values
A: Asetik asit ile estetlesme derecesi, esterification degree with acetic acid
B: Yag asitleri ile esterlesme derecesi, esterification degree with fatty acids
C: Toplam estetlesme derecesi, zofal esterification degree
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Sekil 6. Reaksiyon siiresi ve yag asidi konsantrasyonu ile esterlesme dereceleri arasindaki iligki
Figure 6. Relationship between reaction time and fatty acid concentration with degrees of esterification
A: Asetik asit ile esterlesme derecesi, esterification degree with acetic acid
B: Yag asitleri ile esterlesme derecesi, esterification degree with fatty acids
C: Toplam esterlesme derecesi, Zoal esterification degree
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SONUC

Literatiir bilgilerinden anlasildigt tizere seltloz
icerigi  yluksek materyal ile yag asitleri
esterlestirilerek elde edilen farkli esterlesme
derecesine sahip urtnler farkhi Gzelliklere sahip
biyo-bozunur  ambalaj  maddeleri  olarak
kullanilabilmektedir. Ancak burada kullanidan Lif
kaynagt ve yag asidi ¢esidi son triintin 6zelliklerini
onemli dl¢tde degistirmektedit.

Sunulan bu calisma sonucunda da farkli bitki
kaynaklarindan elde edilen seliiloz igerigi yiiksek
nanoliflerin farkll 6zelliklere (6zellikle su tutma
kapasitesi) sahip oldugu belitlenmistir. Calismanin
devaminda nanoliflerin farklt yag asitleri ve asetik
anhidrit ile DMAc/LiCl ortaminda farkli
derecelerde esterlestirilmesi saglanmis olup son
triinlerin farkhi oranlarda hidrofilik ve lipofilik
gruplara sahip oldugu (esterlesme dereceleri 0.41-
2.99) tespit edilmistir.

Calismalar kapsaminda reaksiyon siiresinin ve

kullanilan ~ yag asidi miktarinin  arttirilmasi,
esterlesme  reaksiyonunun  yiksek  oranda
gerceklesmesini  saglamus  olup  maksimum

esterlesme derecesi olan 3 degerine (ortalama 2.45
asetil grubu ve 0.55 yag asidi) ulasilmistir.
Maksimum esterlesme derecesi 10 mol yag asidi
varliginda 90°C'de gerceklestirilen 300 dakikalik
reaksiyon sonrasinda gerceklesmistir. Calisma
sonuclarindan  anlagildim  tzere  reaksiyon
stresinin ve kullanilan yag asidi miktarinin artmasi
esterlesme reaksiyonlarinin olusumunu arttirmis
ancak yag asitlerinin nanoseliloz lifleri ile
esterlesme derecesi oldukc¢a disitk bulunmustur.

CIKAR CATISMASI
Yazarlarin makale ile ilgili bagska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI

BM farkli kaynaklardan nanoliflerin iiretimini, HE
ve OF nanoliflerin esterlestirme reaksiyonlarini ve
analizlerini gerceklestirmistir. AO ve tiim yazarlar
sonuglarin yorumlanmasinda katkida
bulunmustur. Tim yazarlar tarafindan makalenin
son hali okunmus ve onaylanmistir.
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oz

Tibbi-aromatik bitkiler, koruyucu ve tedavi edici 6zelliklerinden dolayt yiizyillardir kullanilmaktadir. Bunlarin
fitokimyasal profillerinin belirlenmesi, kullanim alanlarinin ve endistriyel potansiyellerinin gelistirilmesi
tizerine yapilan calismalara ilgi gittikce artmaktadir. Bu bitkilerden biri de zeytin yapragidir. Zeytin yapragt,
Avrupa ve Akdeniz tlkelerinde (Ttrkiye, Yunanistan, 1spanya, italya, Fransa, Israil, Fas ve Tunus) halk
hekimliginde yaygin olarak kullaniimaktadir. Insan beslenmesinde ekstrakt, bitki ¢ayt ve toz olarak
kullanilabilen zeytin yapragy; antioksidan bilesikler, fenolikler, flavonoitler, sekoiridoitler (oleuropein),
triterpenler ve karatenoitler gibi biyoaktif bilesenler agisindan zengindir. Zeytin yapragi, bilesimindeki
oleuropein ve fenolik bilesiklerden dolayt antioksidan, antimikrobiyel, anti-inflamatuar, antiaterojenik,
antikarsinojenik, antiviral, hipoglisemik ve néroprotektif gibi farmakolojik etkiler gbstermektedir. Biyoaktif
bilesikler agisindan potansiyel olan ve fitokimyasal profilleri belirlenmis bitkisel kaynaklar ve tarimsal gida ve
yan Urtnleri sagligi korumak icin nutrasotiklerin ve fonksiyonel gidalarin gelistirilmesinde timit verici
gorinmektedir. Bu detlemede, zeytin yapraginin fitokimyasal profiline dikkat ¢ekerek, saghk faydalari ve gida
sanayiinde kullanim potansiyeli ele alinmistr.

Anahtar kelimeler: Zeytin yapragi, terapotik etki, gida, saghk

FUNCTIONAL PROPERTIES AND USAGE POTENTIALS IN FOOD OF OLIVE
(Olea europaea L..) LEAF

ABSTRACT

Medicinal-aromatic plants have been used for centuries due to their protective and therapeutic
properties. There is an increasing interest in studies on the determination of their phytochemical
profiles, the development of their usage areas, and industrial potential. One of these plants is the
olive leaf. Olive leaf is widely used in folk medicine in European and Mediterranean countries
(Turkey, Greece, Spain, Italy, France, Israel, Morocco, and Tunisia). Olive leaf, which can be used as
an extract, herbal tea, and powder in human nutrition; is rich in bioactive components such as
antioxidant compounds, phenolics, flavonoids, secoiridoids (oleuropein), triterpenes, and
carotenoids. Olive leaf has pharmacological effects such as antioxidant, antimicrobial, anti-
inflammatory, antiatherogenic, anticarcinogenic, antiviral, hypoglycemic, and neuroprotective due to
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the oleuropein and phenolic compounds in its composition. Plant sources and agri-food wastes and
by-products with potential for bioactive compounds and proven phytochemical profiles are
promising in the development of nutraceuticals and functional foods to protect health. In this review,
the health benefits and use in the food industry are discussed by drawing attention to the

phytochemical profile of olive leaf.

Keywords: Olive leaf, therapeutic effect, food, health

GIRIS
Tibbi ve aromatik bitkilerin ham bitki 6zlerinin
gida, ila¢ ve parfimeri gibi alanlarda Antik
caglardan beri kullanildigt (Ekren vd., 2013),
ginimiizde de 6nemli potansiyel uygulamalara
sahip bu bitkilere olan talebin yilda %15-25 arttig1
belirtilmektedir (Thakur ve Kumar, 2021). Diinya
Saglik Orgiitii (WHO) tarafindan, tibbi bitkilerin
tedavi edici ve besleyici 6zellikleri nedeniyle
tiketiciler tarafindan yaygin olarak kullanildigy,
dolayisiyla  tibbi  bitki  driinlerine  yapilan
harcamalarin gittikce arttigi belirtilmektedir (Kiani
vd., 2016; Thakur ve Kumar, 2021). Tibbi ve
aromatik bitki pazarinin yilda yaklasik 14 milyar
ABD Dolart oldugu ve 2050 yilina kadar 5 trilyon
ABD  Dolanindan  fazla  olacagt  tahmin
edilmektedir. Diinya ¢apinda yaklasik 3000 tibbi
ve aromatik bitki tiriinin ticareti yapimakta,
bunlarin 2000 tiirii Isvigre, Almanya ve Fransa
gibi Avrupa tlkelerine ait olup (Thakur ve Kumar,
2021), Hindistan da 7000 tibbi ve aromatik bitki
tird ile 6nemli bir konumdadir (Prasathkumar
vd.,, 2021).

Gelismis ilkelerin %060'1ndan fazlasi, gelismekte
olan ilkelerin ise %80' sifali bitkilere; kilturel
olarak daha kolay kabul edilmeleri, insan vicudu
ile uyumlu olmalart ve olumsuz etkilerinin disitk
olmast nedeniyle, birinci basamak saghk
hizmetlerinde givenmektedir (Prasathkumar vd.,
2021; Thakur ve Kumar, 2021). WHO'ya gore,
cesitli tibbi uygulamalar icin 21 bin tibbi bitki
kullanilmaktadir. Hindistan'da, temel hastaliklart
tedavi etmek icin yaklastk 2500 bitki tirtnin
kullanildigi, Diinyanin farkli bélgelerinde tibbi
uygulamalarda kullamlan 100'den fazla bitki
tirtinin Hindistan'a ait oldugu bildirilmektedir
(Prasathkumar vd., 2021). Turkiye’de ise
11700'den fazla bitki tird (yaklastk %30'a
endemik) olup (Gtler vd., 2021), bunlarin 500
kadart tibbi amagclt kullanddmaktadir (Polat, 2019).

Tibbi ve aromatik bitkiler genellikle orman
agaclari, sus bitkileri, baharatlar ve ¢esniler icinde
yer almaktadir (Gahukar, 2018). Bitkilerin yaprak
ve cicek gibi kisimlart fitokimyasallarin ana
kaynagint olustururken; meyve, tohum, govde,
kok ve sap gibi kisimlart yardimet kaynak olarak
kabul edilir. Bitki metabolitleri primer ve
sekonder olmak lzere iki sekilde
siniflandirilmaktadir. Her canli hiicrede bulunan
ve blytiime/gelismede rol alan primer metabolitler
icerisinde  aminoasitler, proteinler, sckerler,
ntkleik asitler ve polisakkaritler yer almaktadir.
Sekonder metabolitler ise primer metabolitlerden
tiretilmekte olup, gesitli biyolojik etkilere sahip
buyime ve  gelismede  etkii  olmayan
molekillerden olusmaktadir. Sekonder bitki
metabolitleri terpenoitler, alkaloitler ve fenolikler
olmak tizere ti¢ tipte siniflandirihir. Terpenoitler
40000'den fazla bilesik iceren en buyik bitki
metabolitleri sinifi olup fenolikler yaklagik 8000
bilesik icermektedir (Prasathkumar vd., 2021).
Biyoaktif bilesikler bakimindan zengin bitkiler,
cesitli farmakolojik Gzelliklerinden dolayr bazt
saglik sorunlarina (tiberkiloz, kanser, seker
hastalig1, kalp hastaliklari, yara iyilesmesi, astim,
farenjit ve hipertansiyon gibi) care olarak siklikla
kullamlmaktadir (Lubbe ve Verpoorte, 2011;
Prasathkumar vd., 2021). Ginimiuzde 6nemli bir
kiiresel sorun olan Korona virlis salginiyla
miicadelede de insanlarin geleneksel tibba ve
bitkisel tedaviye yonelimlerinin arttg
gorilmektedir (Kadioglu ve Kadioglu, 2021).

Tibbi ve aromatik bitkilerden elde edilen
ekstraklar, ucucu yaglar, renk maddeleri vb.
uriinler cesitli endustriyel tGrinlerin (bitkisel saglik
urlnleri, ilag, kozmetik, kisisel bakim uranleri,
bitki koruma urtnleri, gida takviye trtnleri vb.)
tretiminde hammadde olarak kullanilmaktadir
(Lubbe ve Verpoorte, 2011). Bu nedenle,
nutrasétikler ve fonksiyonel gida triinlerine ilgi
giin gectikce artmakta ve bu ilgi yapilan aragtirma
konularina da yansimaktadir. Fonksiyonel gidalar,
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aragtirmacilar ve gida endustrisi i¢in 6nemli bir
odak noktast haline gelmistir. Tuketiciler,
genellikle dogal kaynaklardan elde edilen
bilesenlerin kullanildigi fonksiyonel gidalart tercih
etme egilimindedir (Gahukar, 2018). Bu durum,
biyoaktif bilesikler acisindan potansiyel olan ve
fitokimyasal  profilleri  kamtlanmus  bitkisel
kaynaklar (tibbi ve aromatik bitkiler, baharatlar,
otlar vb.) ve tarimsal gida yan uriinleri (yaprak,
tohum, sap, kabuk, posa vb.) sagligi korumak icin
nutrasGtiklerin -~ ve  fonksiyonel — gidalarin
gelistirilmesinde Umit verici gériinmektedir. Bu
derlemede, tarimsal attk durumunda olan zeytin
yapraginin fitokimyasal profiline dikkat ¢ekilerek,
saglik faydalari ve gida sanayiinde
kullanim/kullanilabilme potansiyelleri hakkinda
genel bilgiler verilmistir.

ZEYTIN YAPRAGININ OZELLIKLERI
Biyoaktif Ozellikler

Zeytin agact (Olea enropaea 1..), 25 cins ve 600
tirden olusan Oleaceae familyasina ait yaprak
dékmeyen bir bitki olup (Arslan vd., 2021), bircok
Akdeniz ulkesinde dspanya, 1talya, Yunanistan,
Turkiye, Tunus, Portekiz, Suriye, Fas ve Cezayir)
yaygin olarak yetismektedir (El ve Karakaya, 2009;
Blasi vd., 2016; Arslan vd., 2021). Diinyada 2019
yilinda yaklasik 10 milyon hektar alanda (hA) 20
milyon ton zeytin Uretimi yapilmistir (FAO,
2019). Turkiye yaklasik 880 bin hA tzerinde 1.5
milyon ton zeytin tretimi ile diinya Uretiminin
yaklasik %14'nt karsilamaktadir (FAO, 2019;
TUIK, 2019). Zeytinin farklt kisimlart (meyve, yag
ve yaprak) beslenme ve tbbi amagclarla
kullanilmaktadir (El ve Karakaya, 2009; Blasi vd.,
2016). Zeytin yapraklari, zeytin meyvelerinin
hasadi ve zeytin agacinin budanmast (toplam
agithginin - yaklagtk  %25'ini olusturmakta)
sirasinda veya zeytin meyvesinin yaga islenmesi
Oncesindeki temizleme ve aytklama islemleri
strasinda agiga ctkan (toplam zeytin agirhginin
yaklasik %10'unu olusturmakta) tarimsal ve
endustriyel bir yan tiriindiir (Rahmanian vd., 2015;
Markhali vd., 2020; Arslan vd., 2021). Bir hektar
alandaki zeytin agaclarinin budanmast sonucunda;
yaklastk olarak 1500 ton yaprak ve kicik
dallardan olusan budama atiklarindan %625'ini
yapraklar olusturmakta ve 375 kg zeytin yaprag
otaya ¢tkmaktadir (Espeso vd., 2021). Bu ortalama

veriler dikkate alindiginda, Tirkiye’de bir yilda
yaklasik 880 bin hA'da yaklasik 1.3 milyon ton
budama atig1 elde edilmekte ve bunlarin yaklasik
330 bin tonunu zeytin yapraginin olusturdugu
tahmin edilmektedir. Zeytinin, zeytinyagina
islenmesi sirasinda meydana gelen %10'luk yaprak
atifl da hesaplamaya dahil edildiginde 330 bin
tonun tizerinde bir attk potansiyelinin olacag
ortadadir. Bu tahmini verilerden de anlagilacagt
tzere zeytin yapraklari, yiksek katma degerli
urtinlerin Uretiminde kullanilabilecek nitelikte,

potansiyel ve ucuz hammadde kaynagini
olusturmaktadir. Konunun &nemi nedeniyle
gerekli girisimlerin ~ yapilmas;; hem  gevre

kirliliginin 6nlenmesi, hem de zeytin yapraginin
kullanim alanlarinin  artirlmast ve endistriyel
potansiyellerinin ~ gelistirilmesi ~ bakimindan
Ulkemiz ve Diinya ekonomisine biiyiik katki
saglayacaktir.

Zeytinyagi isleme sirasinda agiga ctkan atiklar ve
yan Urlnler (kara su, posa, cekirdek, yaprak vb.)
biyoaktif bilesenler bakimindan énemli potansiyel
kaynaklart olusturmaktadir. Zeytin yapraklar
kimyasal ~ bilesimi ve biyoaktif  &zellikleri
bakimindan katma degeri yiiksek driinlerin
gelistirilmesinde  kullamilabilecek  ucuz  bir
hammaddedir (Nunes vd., 2016). Zeytin
yapraginin  kimyasal bilesimi ve  biyoaktif
Ozellikleri; zeytin ¢esidi, iklim kogullari, agag yast,
tarimsal  uygulamalar, genetik, sicaklk ve
ckstraksiyon prosediirleri gibi faktorlere bagh
olarak degisebilmektedir (El ve Karakaya, 2009;
Rahmanian vd., 2015; Blasi vd., 2016). Zeytin
yapraklarinin  biyoaktif  bilesikleri  arasinda
sekoiridoitler (oleuropein, ligstroside,
dimethyloleuropein ve oleoside), flavonoitler
(apigenin, kaempferol, luteolin), fenolik bilesikler
(kafeik asit, tirozol, hidroksitirosol) (Rahmanian
vd., 2015; Markhali vd., 2020), karotenoitler,
tokoferoller ve klorofil bulunmaktadir (Souilem
vd., 2017; Tarchoune vd., 2019; Markhali vd.,
2020). Oleuropein; zeytin meyveleri, yapraklari ve
tohumlarinda en bol bulunan, kolayca ekstrakte
edilebilen ve zeytin urlinlerinde karakteristik
acihigr veren fenolik bir bilesiktir (Blasi vd., 2016;
Nicoli vd., 2019). Zeytin yapragt kimyasal
bilesimiyle de dikkat ¢ekmekte; ortalama olarak
%46.24-49.75 su, %37.14-42.58 karbonhidrat,
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%5.04-7.61 protein, %1.05-1.30 yag ve %02.86-
4.45 kil icermektedir (Boudhrioua vd., 2009).
Karbonhidratlardan; glukoz, fruktoz,
miyoinositol, galaktoz, galaktinol, stikroz, rafinoz,
stakioz ve nisasta fraksiyonlari, minerallerden ise
potasyum, manganez, magnezyum ve bakir fazla
miktarda bulunmaktadir (Souilem vd., 2017).

Zeytin  yapraginin  antioksidan  aktivitesinin,
fenolik profilinin  ve biyoaktif Szelliklerinin
belirlenmesi tizerine yapilmis cok sayida aragtirma
mevcuttur. Bazilar asagida 6zetlenmistir: Sevim
ve Tuncay (2012), Ayvalik ve memecik zeytin
yapraklarinda; toplam fenolik madde miktarint
(TPC) 230.64-237.73 mg kafeik asit esdegeri
(KAE)/100 g, DPPH  (1,1-diphenyl-2-
picytlhydrazyl) antioksidan aktiviteyi 1214.51-
2027.64 pmol troloks esdegeri (TE)/100 g, ABTS
(2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)) antioksidan aktiviteyi 825.38-1056.16 umol
TE/100 g olarak tespit etmislerdir. Blasi vd.
(2016), farkli Italyan zeytin yapraklarinda; TPC
miktarim  40.9-66.6 mg gallik asit esdegeri
(GAE)/g, DPPH antioksidan aktiviteyi %040.9-
86.1, ABTS antioksidan aktiviteyi 44.8-99.8 mg
TE/g, oleuropein miktarint 4.30-91.8 mg/g
olarak bulmuslardir. Baska bir calismada ise zeytin
yapraklarinda; TPC 219.85-464.27 mg GAE/100g
kuru agirlik, toplam flavonoit madde miktart
(TFC) 98.4-377.06 mg katesin  esdegeri
(CE)/100g ckstrakt, DPPH antioksidan aktivite
9%58.75-98.2, ABTS antioksidan aktivite %97.73-
98.65 olarak saptanmugtir. Ayrica bu 6rneklerde 18
adet fenolik asit tanimlanmis olup, en fazla
saptanan U¢ fenolik asit sunlardir: oleuropein
(11.38-25.08 mg/100 g kuru agirlik), kumarik asit
(0.05-32.24 mg/100 g kuru agirlik) ve vanilik asit
(1.28-11.0 mg/100 g kuru agithk) (Brahmi vd.,
2013). Nicoli vd. (2019), 15 farkli Italyan gesidi
zeytin yapraklarinda oleuropein miktart ile TPC,
DPPH, ORAC ve stiperoksit anyon sipilirme
antioksidan sonuglarint sirastyla; 7-30 g/kg kuru
agirlik, 11-49 ¢ GAE/kg, 8.67-29.89 umol TE /g
kuru agitlik, 0.81-4.25 umol TE/g kuru agitlik,
27.66-48.92 pmol TE/g kuru agitlik olarak
belitlemislerdir. Baska bir arastirmada, zeytin
yapraginda  kafeik  asit  (220.5 mg/kg),
verbascoside (966.1 mg/kg), oleuropein (26471.4
mg/kg), luteoli 7-O-glikozit (4208.9 mg/kg), rutin

(495.9 mg/kg), apigenin 7-O-glikozit (2333.1
mg/kg) ve luteolin 4'-O-glikozit (1355.9 mg/kg)
olmak tizere 7 farkll fenolik bilesik tanimlanarak
miktarlart saptanmistir (Pereira vd., 2007). Salah
vd. (2012), zeytin yapraginda oleuropein miktari
ile TPC, TFC ve DPPH antioksidan aktivite
degertlerini strastyla; 30.76-57.24 mg/g, 73.05-
144.19, mg GAE/g, 56.75-125.64 mg CE/g ve
7.90-18.64 1Cs (ug/mlL) olarak tespit etmislerdir.
Tarchoune vd. (2019) tarafindan  zeytin
yapraginda; TPC 62.84-67.91 mg GAE/g, TFC
5.85-13.61 mg CE/g, ABTS antioksidan aktivite
69.05-113.84 pmol TE/g, a-tokoferol miktart
10.12-82.37 pg/g, klorofil miktar1 506.08-829.29
pg/g ve karotenoit miktari 26.90-44.33 pg/g kuru
agirlik olarak bulunmustur. Aynt aragtirmada 13
adet de fenolik bilesik (oleuropein, protokatesik
asit, vanilik asit, ferulik asit, hidroksitirosol ve
tirozol ana bilesikler olmak tizere) tanimlanmustir.

Terapotik Ozellikler ve Klinik Caligmalar
Epidemiyolojik calismalar, diizenli olarak meyve,
sebze ve kabuklu yemis tiketimi ile saglikli bir
yasam arasinda belirgin bir pozitif iliskinin
oldugunu géstermektedir (Carvalho vd., 2010).
Bu nedenle hem geleneksel hem de modern tipta
onemli bir yere sahip olan sifali bitkiler, sahip
olduklari fitokimyasal bilesikler sayesinde pek ¢ok
hastaligin  tedavisinde fayda saglamaktadir/
kullamlmaktadir (Prasathkumar vd., 2021).

Tarimsal yan triinlerden olan zeytin yapragi; tibbi
ve aromatik bitki olma &zelligiyle dikkat ¢eken,
halk hekimliginde ¢esitli hastaliklarin tedavisinde
kullanim potansiyeline sahip olan ve yapilan
aragtirmalar ile fitokimyasal profili belirlenmis
onemli bir kaynaktr. Zeytin yapragina ait
terapotik Ozellikler (Sekil 1) ile epidemiyolojik
calismalar sonucunda elde edilen bazi klinik
bulgular asagida 6zet olarak sunulmustur.

Zeytin yapraginin (kuru ve infizyon olarak
agizdan alindiginda) halk hekimliginde; mide ve
bagirsak hastaliklari, agiz temizleyici, ishal, idrar
yolu enfeksiyonlari, hipertansiyon ve bronsiyal
astim gibi rahatsizliklarin tedavisinde kullanildigt
bilinmektedir (Uylaser ve Yildiz, 2014; Ozcan ve
Matthdus, 2017). Zeytin yapraginin tedavi edici
Ozellikleri bilesiminde bulunan fitokimyasallardan
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kaynaklanmaktadir (Ozcan ve Matthius, 2017).
Zeytin yapraginda yapilan arastirmalar sonucunda
belitlenen  terapStik  Ozellikler  Sekil — 1'de
gosterilmistir. Buna gore, zeytin yapraginin

antioksidan, antimikrobiyel, anti-inflamatuar,
antiaterojenik, antikarsinojenik, antiviral,
Antioksidan

Noroprotektif

Hipoglisemik

Antiinflamatuar

hipoglisemik ve néroprotektif gibi pek ¢ok
terapStik  etkiye sahip oldugu gérilmektedir
(Khan vd., 2007; El ve Karakaya, 2009,
Rahmanian vd., 2015; Ozcan ve Matthius, 2017;
Nicoli vd., 2019; Romani vd., 2019).

Antimikrobiyal

Antiaterojenik

Antikarsinojenik

Sekil 1. Zeytin yapraginin terapotik 6zellikleri (Khan vd., 2007; El ve Karakaya, 2009; Rahmanian vd.,
2015; Ozcan ve Matthius, 2017; Nicoli vd., 2019; Romani vd., 2019; Markhali vd., 2020) (Anti-
Inflamatuar: Iltihap ve 6dem giderici, Antiaterojenik: Deride olusan sislikleri ve kizarikliklart giderici,
Hipoglisemik: Kan sekeri distirticti, Néroprotektif: Néron/sinir hiicresi koruyucu)

Perrinjaquet-Moccetti vd. (2008), zeytin yapragi
ckstraktinin (ZYE) insanlarda takviye edici gida
olarak kullantmi dzerine yapmis olduklar
arastirmada; ikizlerden olusan bir grup insana 8
hafta boyunca giinde iki kez olmak tizere 500 mg
veya 1000 mg ZYE takviyesi uygulamuglardir.
Arastirma sonucunda; 1000 mg ZYE takviyesinin
kan basmncim distrdigi, her iki konsantrasyon
ZYE takviyesinin lipit profili Uzerinde yararlh
etkiler gostererek, plazma LDL, toplam-kolesterol
ve trigliserit dizeylerini dustrdigi tespit
edilmistir. Boylece yapilan arastirma, insanlarda
ZYE'nin antihipertansif ve kolesterol distiriicii
etkilerini dogrulamstir.

Jemai vd. (2009), zeytin yapragindan elde edilen
oleuropein ve hidroksitirozol ekstraktinin Wistar

fareleri tizerinde antidiyabetik ve antioksidan
etkilerini arastirmiglardir. Bu amacla, 4 hafta
boyunca diyabetik farelere 8 ve 16 mg/kg vicut
agirthign  olacak  sekilde  oleuropein  ve
hidroksitirozol ekstrakti verilmistir. Arastirma
sonucunda her iki dozun da hipoglisemik ve
hipolipidemik etkiler sergiledigi, lipit
peroksidasyon siirecini azalttigr ve antioksidan
savunma sistemini gelistirdigi tespit edilmistir. Bu
sonuglar, diyabet gibi oksidatif strese bagl
metabolik hastaliklarin sikliginin  azaltilmasinda
potansiyel antioksidan kaynagi olarak zeytin agact
yan Urlnlerinin 6nemini bir kez daha ortaya
koymustur.

Susalit vd. (2011), Evre-1 hipertansiyonu olan
hastalarda tedavi amacli kullanidlan kaptopril
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(anjiyotensin donistiricl bir enzim inhibitorii)
yerine, ZYE kullanim olanaklarini arastirmislardir.
Bu amagla, hastalara 8 hafta boyunca giinde iki
kez 500 mg ZYE ile 12.5 mg (ilk iki hafta) ve 25
mg (son altt hafta) kaptopril agizdan verilmistir.
Arastirma sonucunda ginde iki kez 500 mg
(toplamda 1000 mg) ZYE verildiginde; Evre-1
hipertansiyonlu  hastalarda  sistolik  (biytik
tansiyon) ve diyastolik (kic¢lk tansiyon) kan
basinglari ile kan trigliserit diizeyini etkili bir
sekilde dugtirdiigi tespit edilmistir. Sonug olarak,
ZYE'nin kan basincini distirme etkisi kaptopril ile
benzer bulunmus olup, ginde 1000 mg ZYE'nin
karaciger ve bébrek fonksiyonlarini etkilemeden
agizdan alinmasinin glvenli ve tolere edilebilir
oldugu gbrilmiistir.

Wainstein vd. (2012), diyabetik insanlarda ve
farelerde hipoglisemik bir ajan olarak ZYE'nin
etkisini arastirmuslardir. Bu amacla, Tip-2 diyabetli
hastalara 14 hafta boyunca giinde bir kez agizdan
500 mg ZYE verilmistir. Arastirma sonucunda,
ZYE ile tedavinin diyabetli hastalarda glukoz
homeostazint  normallestirdigi  belirlenmistir.
Hayvan deneylerinde ise ZYE'nin nigasta
sindirimini ve emilimini azalttigi belitlenmis ancak
bu  durum  istatistiksel  olarak = Gnemli
bulunmamistir. Benzer sekilde yapilan baska bir
aragtirmada ise orta yaglt fazla kilolu erkeklerde
instlin ~ duyarliigr = lizerine zeytin  yapragt
polifenollerinin etkisi aragtirilmistir. Bu amagla,
deneklere 12 hafta boyunca ginde bir kez 51.1 mg
oleuropein ve 9.7 mg hidroksitirosol oral olarak
verilmistir. Arastirma sonucunda, zeytin yapragi
polifenolleri ile yapilan takviyenin, metabolik
sendrom gelistirme riski tastyan asirt kilolu orta
yasl erkeklerde insiilin duyarliligint ve pankreas [3-
hticresi salgilama kapasitesini  6nemli 6lgiide
tyilestirdigi saptanmistir (de Bock vd., 2013).

Papachristodoulou vd. (2016), oleuropein'nin PC-
3 prostat kanseri hicreleri ile Doksorubisin
(DXR)'in (kanser tedavisinde kullanilan gtglii bir
antrasiklin  antibiyotik) toksik etkisi Uzerine
etkisini arastirmuslar ve sonucta oleuropein'nin,
prostat  kanseri  hucrelerinin  ¢ogalmasint
6nledigini ve DXR'nin sitotoksik (hiicreyi 6ldiren
ya da fonksiyonunu durduran) dozunu 6nemli
Olctude azalttigint tespit etmislerdir.

Giir vd. (2020), ZYE'nin diyabetik fareler Gzerine
olan antidiyabetik ve antioksidatif etkilerini
aragtirmislardir. Bu amacla, farelere 14 gln
boyunca 0.25 ve 0.50 mg/kg ZYE agizdan
verilmistir. Arastirma  sonucunda; uygulama
sonrasinda her iki dozun da alanin transaminaz
(ALT), aspartat transaminaz (AST) ve alkalen
fosfataz (ALP) duzeylerini disirdigi tespit
edilmigtit. Yapilan in-vivo analizler, ZYE'nin
oksidatif stresin kisitlanmasi ve antioksidan
aktivitelerin ~ gli¢lendirilmesi  sayesinde —anti-
diyabetik etkiye sahip olabilecegini gbstermistir.

Ruzzolini vd. (2018), oleuropein'in insan BRAF
Melanom  (bir ¢esit cilt kanseri) hiicreleri
uzerindeki antikanser etkisini aragtirmiglardir.
Aragtirma sonucunda, oleuropein'in A375 insan
melanom hiicreleri tizerinde kemoterapétiklerin
sitotoksik etkisini artirdig1 tespit edilmistir.

Sudjana vd. (2009), ZYE'nin Campylobacter jejuni,
Helicobacter pylori ~ve Staphylococcns aurens'a karst
antimikrobiyel etki gosterdigini belitlemislerdir.
Bagka bir arastirmada ise ZYE'nin Bacillus cerens,
Bacillus subtilis, S. anreus (Gram +), Escherichia coli,
Psendomonas — aernginosa, — Klebsiella  pnenmoniae
(Gram —) bakterileri ile Candida albicans ve
Cryptococens  neoformans mantar  tlrlerine  karsi
antimikrobiyel —etki gésterdigi = saptanmustir
(Pereira vd., 2007). Kolcuoglu ve Halkman (2021)
da ZYE'nin E. coli O157:H7, Salmonella enteritidss,
E. coli biyotip-1, Listeria monocytogenes ve S. anrens
(en vyiksek inhibisyon bu tiirde belitlenmis)
patojenlerine karst antimikrobiyel etki g6sterdigini
belitlemislerdir.

Toksisite

Cesitli arastirmalarda, tibbi bitkiler ve bitki
kaynaklt drinlerin modern sentetik ilaglara gére
insan vicudu icin daha giivenli ve daha az zararlt
oldugu o6ne strulmektedir. Bu nedenle, sifali
bitkilerin tarih boyunca tim dinyada, cesitli
hastaliklarin geleneksel tedavisinde uzun stiredir
kullanildig1  bilinmekte olsa da, bitkilerin ve
bitkisel kaynaklr sentetik ilaclarin olumsuz etkileri
g6z ardi edilmemelidir (Ravanbakhsh vd., 2016).
Yapilan literatiir arastirmast sonucunda; zeytin
yapraginin veya bu yapraklardaki karakteristik
bilesiklerin (oleuropein ve hidroksitirosol gibi)
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dogrudan insan ve hayvan deneklerinde
toksikolojik olarak degerlendirilmesi tzerine
yapilmis  c¢alismalarin = ¢ok  siurli  oldugu

gOrillmustir. Ancak, bu bitkilerin bazt terap6tik
Ozelliklerinin  arastirildigr  calismalarda, zeytin
yapraginin; tedavi edici Ozelliklerinin  oldugu,
karaciger ve bobrekte her hangi bir toksik etki
olusturmadigi  ve  hatta bu  organlarin
fonksiyonlarini  iyilestirdigi  bildirilmektedir
(Susalit vd., 2011).

Yapilan bir calismada, oleuropein'in farelerde letal
dozunun (LDso), agizdan uygulama sonrasinin
(3000 mg/kg), viicuda enjeksiyondan sonrasina
(1000 mg/kg) gore daha fazla oldugu bildirilmistir
(Markhali vd., 2020). Farelerde subkronik
toksisite tizerine %35 oraninda hidroksitirosol
iceren zeytin  ekstraktinin  (H35)  etkisinin
aragtirddi§t bir arastirmada ise 90 giin boyunca
farelere 125, 250 ve 500 mg/kg viicut agithg
olacak sekilde H35 uygulanmustir. Arastirma
sonucunda gozlenen en dustk yan etki diizeyi
(LOAEL) ve gozlenmeyen yan etki diizeyi
(NOEL) strastyla 500 mg/kg ve 250 mg/kg viicut
agirligr olarak saptanmustir (Heilman vd., 2015).

Gidalarda Kullanim Potansiyeli

Son zamanlarda vyapilan calismalarda; gida
kaynaklarint artirmak, fonksiyonel yeni gida
gelistirmek,  sentetik  gida  katk
maddelerine alternatif dogal kaynaklar bulmak ve
attk sorunlarint ¢6zmek gibi amagclarla biyoaktif
bilesikler acisindan potansiyel olan tarimsal gida
ve yan urinleri ile gida isleme yan Griinleri ve
attklarinin yaygin bir sekilde arastirma konusu
oldugu gorilmistir (Nunes vd., 2016; Romani
vd.,, 2019; Markhali vd., 2020). Bu baglamda,
fitokimyasal profili belirlenmis ve tarimsal atik
durumunda olan zeytin yapragi 6nemli bir
potansiyel olup kozmetik (parfiim, kolonya, krem,
sabun, sampuan vb.) ve ila¢ endustrilerinde yaygin
bir kullanim alanina sahip gérinmektedir.

urunleri

Gelencksel olarak; zeytin yapraklarinin (taze, kuru
veya inflzyon cay seklinde) daha cok cesitli
hastaliklarin ~ tedavisinde  ttbbi  amaglarla
kullanildigr  bilinmektedir (Ozcan ve Matthius,
2017). Gelisen gida endiistrisi ve teknolojisi ile
birlikte bilimsel arastirmalar sonucunda, zeytin
agact yan urunlerinin farkli formlarda/sekillerde
gida  endustrisinin  ¢esitli  alanlarinda  gida
formilasyonlarina  dahil  edilerek  insan
beslenmesinde de kullanim potansiyeli oldugu
gorillmektedir.

Zeytin agact yan Urlnlerinin ana biyoaktif
bilesikleri ile gida endistrisinde potansiyel
teknolojik fonksiyonlart Cizelge 1'de 6zet olarak
verilmistir. Buna gére, sadece zeytin yapraginin
degil diger zeytin yan Urlnlerinin de biyoaktif
bilesiklerce zengin oldugu ve gida endistrisinde
kullanim potansiyellerinin oldugu gériilmektedir.
Teknolojik olarak, zeytin yapragimimn daha ok
antioksidan ve antimikrobiyel &zelliklerinden
faydalanilmaktadir (Nunes vd., 2016). Zeytin
yapraginin gida endistrisinde kullanim alanlari ve
uygulamalarina ait bazi aragtirma sonuglar 6zet
olarak Cizelge 2'de verilmistir. Cizelgeden, zeytin
yapraginin gida endistrisinde olduk¢a genis bir
kullanim alanina sahip oldugu gorilmektedir.
Yapilan calismalarda, zeytin yapraginin genel
olarak gidalarda; antioksidan ve biyoaktif
bilesiklerce zenginlestirme yapmak, oksidasyon
stabilitesini artirarak raf Omrind uzatmak ve
fonksiyonel yeni triinler iiretmek gibi amaglarla
kullanildig gorilmektedir. Arastirma
sonuglarindan;  zeytin  yapraginin, belirlenen
amagclara ve teknolojik 6zelliklere ulasilmast
bakimindan, kayda deger bir potansiyel tasidigt ve
gida formilasyonlarinda rahatlikla
kullanilabildigi/kullanilabilecegi sonucu
cikarilabilir. Ayrica zeytin yapraginin; bitkisel cay,
gida takviyesi, kurutulmus yaprak (butin ve
ogutilmus), ekstrakt ve tablet seklinde ticari
tirlinleri tiim diinyada mevcuttur (Ozcan ve
Matthius, 2017; Romani vd., 2019; Arslan vd.,
2021).
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Cizelge 1. Zeytin agact yan triinlerinin ana biyoaktif bilesikleri ile gida endustrisinde potansiyel
teknolojik fonksiyonlart

Zeytin yan urtnleri Biyoaktif bilegikler Teknolojik ve fonksiyonel etkiler
Fenolik bilesiklerin kapsutllenmesi,
Fenolik  bilegikler, Pektik Antioksidan  6zellikler, Jellestirici  ve
Zeytin posast polisakkaritler, stabilize edici maddeler, Yag ikamesi, Gida
Lignoselilozik lifler ambalajt i¢in  biyokompozitler, ~Seker
kaynagi, Gida zenginlestirme
Gida ambalajt igin  biyolojik olarak
Zeytin yapragt Fenolik bilesikler parcalanabilen  filmler, Antimikrobiyel
ozellikler, Antioksidan 6zellikler
o Fenolik bilesikler, Pekeik Lmulsifiye edici ozellikler, Yag  rutma
Zeytin degirmeni atik sulart . . Ozelligi, Stabilize edici maddeler, Gida
polisakkaritler . .
zenginlestirme
Jellestirici maddeler, Emiilsifiye edici
Fenolik bilesikler, 6zellikler, Kivam artirici, Disperse edici

Zeytin ¢ekirdegi

Hemiseliiloz, Seliloz, Lignin,

ajanlar, Antioksidan 6zellikler, Seker-alkol

Biyoaktif peptitler dretimi (ksilitol), Seker kaynagi, Gida
zenginlestirme
Nunes vd. (2016)
Cizelge 2. Zeytin yapraginin gida endustrisinde bazi kullanim alanlar1 ve uygulamalar
Gida grubu Gida driind Uygulama ve Genel etkiler R
konsantrasyon
. %1, 2 ve 5 yaprak Fonksiyonel ve raf 6mri uzatilmig Grin
Pastorize siit ’ . . 1
ekstraktt elde edilmesi
Probiyotik st %0.2, 0.4 ve 0.6 yaprak _/°bacillus acidoplilus ve Bifidobacterinm
odurt ckstrakts bifidumun  buyimesi ve canliigini 2
Ve yost artirma
Antioksidan ve mineraller agisindan
0, 7
Sit ve trinleri  Meyveli yogurt /0.1, 02 ve 04 yaprak zenginlestirilmis fonksiyonel triin elde 3
ekstrakti . . ’
edilmesi
] %1, 2 ve 4 yaprak Ant101<51d?n .l<apa.51tes1v z.lr.t1r1l.rn1§“ ve
Yogurt duyusal Ozellikleri gelistirilmis trin 4
ekstrakti . .
elde edilmesi
Kefir %0.10, 0.15 ve 0.35 Antioksidan  kapasitesi  artirilmus 5
c yaprak ekstrakti fonksiyonel tirtin elde edilmesi
. %0.5, 1, 1.5 ve 2 Depolama stabilitesi artirilmig Urln
Kofte o . ; 6
ogutilmis kuru yaprak eldesi
Biyo-film  bilesiminde, Aktif ambalaj olarak  kullanima
Kuzu eti %062.5 ogutilmis kuru uygunluk ve raf 6mri artirdmus Grin 7
yaprak eldesi
Et ve triinleri 3 . %1, 2 ve 3 vyaprak Mikrobiyolojik ve oksidatif stabilitesi
S1g1r kusbagi eti S . 8
ekstraktt artirtlmig Urtin eldesi
Koft %0.1, 0.2 ve 0.3 yaprak Dogal antioksidan kaynagi olarak 9
orte ckstrakti kullanilabilme
. %0.25, 0.50 ve 1 yaprak Dogal antioksidan ve antimikrobiyel
Tavuk et ekstrakt kaynagi olarak kullanilabilme 10
Duyusal 6zellikleri gelistirilmis trin ve
Kofte %0.05 yaprak ekstrakti antimikrobiyel kaynag1 olarak 11
kullanilabilme
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Cizelge 2. devam

Uygulama ve

Gida grubu Gida drind Genel etkiler R
konsantrasyon
Meyveli igecek 510,15, 20 ve 25 mg/100 Fonksiyonel icecek eldesi 12
g yaprak ekstraktt
Duyusal 6zellikleri gelistirilmis ve
Sebze ezmesi 05 ve 1 g/kg yaprak depolama stabilitesi artirdmis driin - 13
ekstraktt .
M by eldesi
eyve, sebze 5 - —— —
ve rinleri/ Kombucha cayi %1, 2.5 ve 5 ogutilmis Antlo.ks1dan. kapas1te§1 artirilmig 14
; kuru yaprak fonksiyonel icecek eldesi
Icecekler/ %2 5t almGs ot vanrak
Soslar Bitki ¢ay1 04 ogutuiiTiug kuru yapra Fonksiyonel yeni Girtin eldesi 15
(infiizyon)
g ! %0.10 ve 0.15 yaprak Antioksidan kapasitesi — artirilmus
Soguk cay ekstrakti fonksiyonel icecek eldesi 16
500 ve 1000 mg/kg yaprak — Aspergillus flavus'a karst antifungal etki
Salca © v - . 17
ekstraktt ve raf 6mrl uzatilmig Uriin eldesi
Duyusal ile tekstirel 6zellikleri
Hububat Ekmek /05 ve 10 yaprak ekstrakts gel1§t1r1lm}.§ ve depolama stabilitesi 18
iriinleri artirdmus Giriin eldesi
" Atigtirmalik 400 mg/kg yaprak Fonksiyonel ve duyusal &zellikleri 19
ekmek ¢ubuklart  ekstraku gelistirilmis triin eldesi
S . 100, 200 ve 300 mg/kg Oksidatif stabilitesi artirilmuis trtn 20
oya yag yaprak ekstrakt: eldesi
Yemeklik Zeytinyag: %2 ve 4 yaprak g(ll(:;cilauf stabilitesi artirilmis Grtn 2
ragl
yagar Oksidatif ~stabilitesi artirilmis  ve
Zeytinyag1 %?3 yaprak besleyici 6zelligi  gelistirilmis drin = 22

eldesi

R: Referanslar; 1: Palmeri vd. (2019), 2: Marhamatizadeh vd. (2013), 3: Peker ve Arslan (2016), 4: Won-Young
vd. (2020), 5: Okur (2021), 6: Acar (2018), 7: Martiny vd. (2020), 8: Aytul vd. (2004), 9: Rubel vd. (2021), 10:
Saleh vd. (2020), 11: Kolcuoglu ve Halkman (2021), 12: Kranz vd. (2010), 13: Difonzo vd. (2019), 14:
Degirmencioglu vd. (2020), 15: Istk (2017), 16: Arslan vd. (2021), 17: Jafari vd. (2017), 18: Moghaddam vd.
(2020), 19: Difonzo vd. (2018), 20: Mohammadi vd. (2016), 21: Dogru (2019), 22: Tarchoune vd. (2019).

SONUC VE ONERILER

Gunumizde, insanlarin yasam tarzlarindaki
degisiklikler — ile  birlikte  cesitli  faktOrler
(bilinglenme, saglikli beslenme tzerine yapilan
aciklamalar, bilimsel gelismeler, sentetik katk:
maddelerine duyulan siiphe ve dogal kaynaklara
artan ilgi vb.) tiketicilerin saglik, beslenme ve
refah anlayiglarinda degisime neden
olmustur/olmaktadir. Bu nedenle, "fonksiyonel
urtin" ve konuyla ilgili aragtirmalara ilgi/talep her
gecen glin artmaktadir. Fonksiyonel gida
kavramuyla iligkili olarak, biyoaktif bilesiklerce
zengin ve fitokimyasal profilleri belirlenmis olan
tibbi ve aromatik bitkiler olduk¢a 6nemlidir. Bu
nedenle akilct ve stirdirtlebilir ¢éztimler aramaya
yonelen arastirmacilar, biyoaktif bilesiklerce
zengin ve attk durumunda olan tarimsal yan
uriinlerin - gidalarda  degerlendirilmesi tzerine

odaklanmistir. Bunlardan 6nemli biri de tarimsal
bir yan drin olan ve fitokimyasal icerigiyle dikkat
ceken zeytin yapragidir. Zeytin yapragt tizerine

yaptlan  literatir =~ okumalart  sonucunda;
antioksidan ve fenolik bilesikler bakimindan
oldukca  zengin  oldugu,  bilesimlerindeki

fitokimyasallar sayesinde pek ¢ok terapotik etkiye
sahip oldugu ve gida uygulamalarinda kullanim
potansiyellerinin  oldugu goérilmistiir. Zeytin
yapragini  degerlendirmek, hem fonksiyonel
Ozellikleri gelistirilmis Griinler elde etmeye hem de
attk sorunlarini ¢ézmeye katki saglayarak katma
deger olusturacaktir. Bu nedenlerle, zeytin
yapraginin  gida  endustrisindeki uygulamalar
artirilabilir/cesitlendirilebilir. ~ Ayrica  zeytin
yapraginin veya benzer 6zellikteki bitkilerin gida
ortamindaki  etkilerinin  de  histolojik  ve
toksikolojik degerlendirmeler ile kontrol edilmesi
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biyik 6nem tagimakta ve bu alanda
multidisipliner calismalarin yapilmast
gereckmektedir.

CIKAR CATISMASI BEYANI

Yazarlar, bu derleme makalesiyle ilgili olarak
bagka kisiler ve/veya kurumlar arasinda ctkar
catismasi olmadigint beyan etmektedir.

YAZAR KATKILARI

Yazarlar makalenin yazimina esit oranda katki
yapmuslar ve makalenin yayin agamasindaki
sirecte gerekli kontrolleri yapip son halini
onaylamislardir.
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Farkindalik, kisinin mevcut deneyimine tam dikkat ve farkindalik getirme kapasitesidir. Beslenmede
farkindalik yemek secimine ve yemek yeme deneyimine dikkat getirir. Bugtin, farkindalik ve buna yardimet
teknikler glinliik hayattaki binlerce insanin depresyon, kronik kaygt gibi klinik problemlerin yaninda problem
¢6zme, duygu regtilasyonu gibi siklikla karsilasilan ruhsal ve bilissel sorunlarla bas etmesine yardimct olarak
kisilerin daha ana odakl ve bilingli sekilde yasamasina yardimet olmustur. Yemek insanoglunun yasamint
stirdiirmesi i¢in gereken en temel unsurlardan biridir ve beslenme biitiin canhilar igin giinlik rutinin ayrilmaz
bir parcasidir. Bu baglamda da farkindalik durumunun beslenmeyi etkilemesi, aynt sekilde beslenmenin
farkindahigy arttiracak tekniklerde kullanilabilmesi kaginilmazdir. Buna bagl ortaya cikabilecek sorular
beslenmede farkindaligin kékeni, kisi tizerinde etkileri ve uygulamalarini kapsamaktadir. S6z konusu ¢alisma

glincel verilerle bu baglami ve olugabilecek sorulart aydinlatmayt amaglamugtur.
Anahtar kelimeler: Farkindalik, beslenmede farkindalik, beslenme aligkanliklari, psikolojik yaklagimlar

MINDFUL EATING
ABSTRACT

Mindfulness is the capacity to bring full attention and awareness to one's curtent experience.
Correspondingly, Mindful eating brings attention to food choice and eating experience. Today,
mindfulness and its assistive techniques have helped thousands of people, including the clinical
population, in their daily lives to cope with clinical problems such as depression and chronic anxiety,
as well as frequently encountered mental and cognitive problems such as problem solving and
emotion regulation in addition to helping people to live more focused and consciously. Food is one
of the most basic elements required for the survival of human beings, and nutrition is an integral part
of the daily routine for all living things. In this context, it is inevitable that the mindfulness affects
food choices and eating habits as well as the food's role on mindfulness meditations which can
increase awareness. Due to this fact, the arise of the questions regarding the origins, effects and
applications of mindful eating become inevidable. Therefore, this aforementioned study aimed to
clarify this concept and related questions based on the latest findings.

Keywords: Mindfulness, mindful eating, eating habits, psychological approaches
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Beslenmede farkindalik

FARKINDALIK

Farkindaligin Kékeni

Bugiin yaygin olarak Ingilizce karsiligi olan
Mindfulness tercih edilse de Tiirkge ismiyle Oz-
Farkindalik, Bilincli Farkindalik ya da Farkindalik,
kavram olarak kokenini Budizm’den alir. Buna
gore de Pali dilindeki karsiligt Sampajafifia’dir. Bu
kavram yine Pali dilindeki sati (farkindalik) ve
samprajanya (acik, temiz algllama) kelimelerinin
birlesiminden tiiretilmistir (Schuman-Olivier vd.,
2020). Farkindalik geleneksel anlamiyla kisinin
dikkatini  simdiki anda  toplayarak kendi
benligindeki ve benliginin disindaki durumlart
yargilamaksizin kabullenebilme kapasitesini isaret
eder (Grecucci vd., 2015). Bununla birlikte
Farkindalik meditasyonlari olarak bilinen bir kisim
uygulama da bu farkindaligt arttirmak icin
gecmisten bugiine kullamlmaktadir. Tekrardan
not edilmelidir ki farkindalik zihinsel bir
durumdur, farkindalik uygulamalart ya da
meditasyonlart zihni bu duruma getirmeye ya da
bu durumu arttirmaya yarayan  tekniklere
denmektedir.  Bu  noktada  beslenmede
farkindaligin sezgisel yeme (intuitive eating) ile
kanstirilmamasi 6nemlidir. Sezgisel yeme resmi
olarak 1995 yilinda iki diyetisyen tarafindan ortaya
konmus bir kavramdir ve diyetlere bagka bir
ifadeyle gidalar iyi, kot diye etiketlemeye karst
ctkan yaklasimi ifade eder. Bu kapsamda da
beslenme i¢in kisilerin odaginn temelde aghk ve
tokluk duygulart tzerine cevrilmesi gerektigini
belirtir. Beslemede farkindalikla
karsilastirildiginda her iki yaklasimda da kisinin
mevcut beslenmeyle bagintili bedensel algisina
odaklanmak unsur olarak 6ne ¢iksa da sezgisel
yeme kapsaminda beslenmede farkindahkta
oldugu gibi kendisiyle 6zdeslesmis bir teknik,
uygulama veya meditasyon barindirmaz (Kerin
vd., 2019; Warren vd., 2017).

Kokeni eski olsa da farkindalik bugiinki
poptletligini ¢cogunlukla Farkindalik Bazli Stres
Azaltma (MBSR) ve Farkindalik Tabanl Bilissel
Terapi (MBCT) programlarinin gelistiricisi Prof.
Dr. Jon Kabat-Zinn’e borcludur (Kabat-Zinn,
1991; Wielgosz vd., 2019). Kabat-Zinn’in
calismalart  halk  popiletliginin =~ Gtesinde
Farkindalik kavraminin psikoloji literatiiriinde yer
almast acisindan 6nemlidir. Basta Kabat-Zinn’in

calismalarini ylrittigth Massachusetts Teknoloji
Universitesi olmak {iizere bugiin Oxford ve
Harvard Universiteleri dahil pek ¢ok tiniversitenin
bilimsel olarak Farkindalik tizerine ¢alisan spesifik
bolimleri mevceuttur.

Farkindaliga Psikolojik Yaklagimlar

Bununla birlikte literatirde de farkindalik
kavramina farkll yaklagimlar s6z konusudur
(Gizelge 1). Bunlardan biri Kabat-Zinn’in
kavramin geleneksel kokenlerine uygun pasif
yaklasiminda Farkindalik terimi, belirli bir sekilde
bilingli olarak mevcut anda ve yargisiz olarak
dikkat etmek” olarak tanimlanmustir. Buna kargsilik
Harvard Universites'nden Prof. Dr. Ellen
Langer’in 6nciliigiinde farkindaliga aktif yaklasim
mevcuttur. Langer, Farkindaligi Mindlessness
(kisinin kendindeki ve c¢evtresindeki durumlara
karst bilingsizligl) durumunun aksi olarak simdiki
anin tamamen farkinda, ona dahil oldugumuz ve
degisiklikleri de fark etmeye acik oldugumuz
esnek bir zihinsel durum olarak tanimlar (Langer,
2000). Langer’in tanimindaki aktiflik dikkatin anin
farkinda olabilmek adina mevcut bir duruma aktif
olarak yonlendirilmesi, bagka bir ifadeyle
farkindaligin ~ bir ara¢ olarak  kullanilmasi
gerekliliginden gelir. Buna ragmen, Gelenck ve
Kabat-Zinn mevcut durumlarin herhangi birine
odaklanmadan hepsini yargisizca kabullenmeyi
isaret eder (Compton ve Hoffman, 2018).

Farkindaligin Kisilere Etkileri

Farkindalik hali nedir ve farkindalik uygulamalart
ne ise yarar, nasil calisir? Farkindalik zihinsel bir
durumu ifade ettiginden deneyimseldir ve
kavramsal olarak aciklamak olduk¢a zordur.
Bilissel olarak farkindalik pasif yaklasimla kisilerin
cevresindekileri yargilamadan kabul etmesini
saglar. Odagin simdiki ¢evrede olmasi dikkatin
anda toplanmasina gecmisin ve gelecegin yarattig
stres ve kaygiyl azaltarak su amin keyfine
varabilmeye yardimeci olur. Aktif yaklasimin da
amact aynidir. Fakat bu yaklasimda dikkati anda
toplayabilmek icin kisinin andaki bir vatlik veya
durumla etkilesmesini gereklilik kosar.

Farkindaligin,  Ozellikle  farkindaliga  dair
tekniklerin psikolojik mudahale (intervention)
olarak  uygulandigt  deneyler  sonucunda
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katilmeilarda  gériinen  bilissel  yansimalarint
baslica kisi raporlarindan almak mimkundir.
Bununla birlikte son yillardaki nérobilim
calismalari da bu konuda literatite Onemli
katkilarda bulunmustur. Ornek olarak 2012
yilinda Harvard Universitesi Tip Fakiiltesinden
Prof. Dr. Gaelle Desbordes ve atkadaslat
tarafindan  fonksiyonel —manyetik  rezonans
gorintileme (fMRI) kullanilarak gerceklestitilen
calisma gOstermistir ki iki aylk farkindahk
meditasyonu egitimi alan katilimcilarin 6ncesi ve
sonrast gorintilemelerinde katiimeilara duygusal
yogunluktaki resimler sunuldugunda beyinde
duygularin islenmesinde temel bir rol oynayan
amigdalanin aktivitesinde Onemli bir azalma
gorilmistir (Powell, 2018). Bunu 2018 yilinda

takip eden Prof. Dr. Benjamin Shapero ve
meslektaglart  tarafindan  gerceklestirilen 12
depresyon hastast tizerinde gergeklestirilen ve
Kabat-Zinn tarafindan gelistiren Farkindalik
Tabanl Biligsel Terapi (MBCT)’nin etkisini
aragtiran baska bir calismada da sadece amigdalaya
baglt streste degil, katithimecilarin biligsel, ruhsal ve
noral mekanizmalarinda da iyilesme gbzlendigini

rapor  etmigtit. Ek  olarak, farkindalik
uygulamalarinin,  katthimecilarin = raporlariyla
fMRI’lart  (beyinde wutan¢ gibi dustincesel

gelistirilmis duygularin regtilasyonunda 6nemli rol
oynayan anterior singulat korteksin aktivitesi)
incelendiginde ‘beyinde sessizlesme’
denilebilecek, spekilatif olarak faydali bir etkisi
bulunmustur (Deliperi vd., 2011).

Cizelge 1. Farkindaliga (Mindfulness) psikolojik yaklagimlar

Pasif Yaklasim

Aktif Yaklasim

- Her iki yaklasim i¢in de farkindalik 6grenebilen bir beceri olarak tanimlanur.
- Her iki yaklagim icin odak mevcut andadir.

- Budist gelenege uygundur.

- Kisilerin ant yargilamadan kabul etmesini
ogitler.

- Onemli temsilcisi Jon Kabat-Zinn’dir.

- Farkinda olma hali Mindlessness (kisinin
kendindeki ve ¢evresindeki durumlara
kars1 bilingsizligi) durumunun aksi olarak

tanumlanir.
- Dikkati anda toplayabilmek i¢in kisinin
andaki  bir varllk veya durumla

etkilesmesini gereklilik kogar.
- Onemli temsilcisi Ellen Langer’dir.

BESLENMEDE FARKLILIK

Beslenmede Farkindaligin Kékeni
Farkindalik,  dikkati ~ simdiye  y6neltmeyi
gerektirdiginden giinliik hayatin kacinilmaz bir
parcasidir ve etkileri de yine gunlik hayatta
gozlemlenebilir. Buglin, farkindallk ve buna
yardimct teknikler gtinliik hayattaki binlerce
insanin depresyon, kronik kaygr gibi klinik
problemlerin yaninda problem ¢6zme, duygu
regiilasyonu gibi sikhikla karsidasilan ruhsal ve
bilissel sorunlarla bas etmesine yardimct olarak
kisilerin daha ana odakli ve bilingli sekilde
yasamasina  yardimct  olmustur.  Yemek
insanoglunun yasamini siirdirmesi igin gereken
en temel unsurlardan biridir ve beslenme biitiin
canldar i¢in glinlik rutinin ayrilmaz bir pargasidur.
Bu baglamda da farkindalik durumunun
beslenmeyi etkilemesi, aynt sekilde beslenmenin

farkindaligy arttiracak tekniklerde kullanilabilmesi
kaginilmazdir. Literatirde beslenmede
farkindaligin ilk kez 90’larin sonunda Kiristeller ve
Hallet’in Farkindalik Tabanl Beslenme Terapisi
(MB-EAT)’nin Tikanircasina Yeme Bozuklugu
(Binge Fating Disorder) teshisi konmus obeziteli
kadinlar tUzerine etkisini arastirmasinda karsilagilir
(Burton. 2020; Ives-Deliperi vd. 2011; Kiristeller,
2015; Warren vd., 2017).

Beslenmede Farkindaliga
Yaklagimlarin Uygulanmasi

Bahsedildigi tzere, farkindalikta pasif ve aktif
yaklagimlarinin her ikisinin de merkezinin simdi
olmasinin yaninda aktif yaklasim giinliik durum ve
objelerle etkilesimi gerektirir. Bu kapsamda
beslenme farkindalikta iki sekilde yer alabilir. Tlk
olarak beslenmede farkindaliga, genel farkindaliga

Psikolojik
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uygun nitelikte zihinsel bir durum olarak
ulagsmaktan s6z edilebilir. Bu zihinsel durum da
kisinin  duyusal ve bilissel deneyimlerine
odaklanarak (pasif yaklasimda yargilamadan)
andaki beslenmesine olan yaklasimina denk
gelmektedir. Ikinci olarak aktif yaklasimda
gidalarin, farkindaligr arttirmak icin bir arag;
yemek yemenin de farkindaligr arttiracak bir
teknik olarak kullanilmast 6n plandadir. Bu
kapsamda da simdideki gidayla ve yemek yeme
aktivitesiyle etkilesim farkindalik durumuna
erisebilmek icin gereklidir.

Gidalar ve beslenme aktivitesi genel olarak
duyusal degerlendirme parametreleri ¢cercevesinde
bir deneyimdir. Butiin bu duyular gidayla ilgili
kisinin aniarini ve beklentilerini kapsayan alginin
devreye girerek bilissel olarak  beslenmeyi
neredeyse 6nceden belirlenmis hale getirir. Baska
bir ifadeyle giday1 tiketirken alinan tadin biyik
bir kismi daha éncesinde bu gidaya dair hafizada
kaydedilmis duyumlardan alinan ve beyin
tarafindan yorumlanmis verilerden gelir. Bu
evrimsel bir savunma mekanizmast olup kisinin
sevdigi ve “giivenli” goérdigi gidalart yemeye
devam edip, sevmedigi ve “glivenmedigi”
gidalardan kaginmasin saglamaktadir.
Beslenmede farkindalik, bu cercevede bu algiyt
kirmayt  amaglamaktadir.  Detaylandirilirsa,
beslenmede dikkati andaki duyumlara odaklayarak
mevcut gidaya yonelik anlik veri almak ve bu yolla
kisi 6rnek olarak bir elmayr yerken bunu
oncekilerden kalan verileri eleyerek séz konusu
elmanin farkina varabilmeyi ve bunu takdir
edebilmeyi amagclar (Hong vd., 2011). Ayrica pasif
yaklasimda oldugu tizere deneyimi yargilamamak
bahsedilen ilkel savunma mekanizmasinn etkisini
azaltarak daha 6nceden sevilmeyen bir gidaya dair
tercihleri tekrar degerlendirmek gibi beyinde bir
takim bilingli aktiviteye aracilik eder.

Farkinda Olmadan (Mindless) Beslenme

Beslenmede farkindalik literatiirde ve poptler
kiltirde aktif yaklagima uygun olarak daha ¢ok
farkindaltk durumuna ulasmaya yardimca bir
teknik olarak kullanimi incelenmistir. Bununla
birlikte aktif farkindaligin savunucusu Langer icin
farkindalik  (mindfulness), farkinda olmama
(mindlessness) durumunun karsisindadir. Bugiin

beslenmede  farkindaltk  acgisindan  farkinda
olmama durumunun literatiirde cesitli karsiliklar
bulabilmektedir.

Bunlar icinde en bilinenlerden biti Turkcede
tikanircasina yeme bozuklugu (TYB) olarak
bilenen psikolojik rahatsizliktir. TYB, kendini stk
ve surekli yeme nobetleriyle gbsteren asirt
miktarda gida titketimini iceren ve yeme tzerinde
kontrol azhigt gibi bagimlilik ile Srtiisen Szellikleri
bulunan bir psikolojik rahatsizliktir. Amerikan
Psikiyatri  Dernegi  (American  Psychiatric
Association, APA) tarafindan Ruhsal
Bozukluklarin Tanusal ve Istatistiksel
Smiflandirma  Elkitabinin  (DSM)’in  d6rdinct
basisinda  TYB’den ilk defa baska
adlandirilamayan yeme bozukluklarinin altinda
bahsedilse de elkitabinin en son yayimlanan
besinci  basisinda  “Beslenme  ve  Yeme
Bozukluklar1” altinda ayirict kriterleriyle birlikte
ayrt bir yeme bozuklugu olarak tanimlanmistir
(Anon., 2010; Anon., 2011; Anon., 2013;
Kristeller,  2014;  Miller, 2017). Turk
poptlasyonunu kapsayan c¢alismalar TYB’nin
Tirk toplumunda en yaygin olarak karsilasilan

yeme bozuklugu oldugunu  gbstermektedir
TYBnin toplumda gorilme sikligt  yapilan
calismalara gbre %0.7 ie %0.6 arasinda

degismektedir. Tahmin edilebilecegi tizere TYB
obez kisilerde (%8) daha sik gézlemlenmektedir
(Turan vd., 2015).

Yine bu karsiliklardan belki de daha glincel olant
zombi yeme (zombie eating)’dir. Teknoloji
caginin sonuglarindan biri denebilecek Zombi
yeme, ckranlara bakarken yemek yemeyi ifade
etmektedir ve ginimiz toplumunda oldukca
yaygindir. Amerikan yiyecek markast Snack
Factory® Pretzel Crisps® aracihg ile OnePoll
Arastirma  Sirketi tarafindan 2000 Amerikalh
katilimcr ile gergeklestirilen ve katitlimcilarin yeme
aliskanlhklarim gozlemleyen calismada
poptlasyonun %971’inin yemek yerken telefon,
televizyon, tablet ve bilgisayar gibi ekranlar ile
mesgul oldugunu rapor edilmistir. Dahast bu
kisilerinde %49’u bu tutumlarinin dizenli olarak
tanimlamistir.  Yine s6z konusu 2000 kisinin
%86’s1 ne ve neyi ne kadar yediklerini unutacak
kadar ekran ile mesgul olduklarint belirtmistir. Ek

tutlu’

1497



1498

Y.B. Saygi, |. Saygi

olarak yakin zamanda ¢ocuklar ve genc yetiskinler
arasinda ekrana bakma siliresi ve beslenme
aliskanliklar1 arasindaki baglantiyr inceleyen bir
arastirma katihimetlarin %87.5’inin ginliik bazda
ekran basindayken en az bir 6gln veya atistirmalik
yiyecek tiikettigini géstermistir. Ozellikle geng
yetiskinlerin glnliik kalori aliminin neredeyse
yarisinin (%042,3) ekran basinda gerceklestigi rapor
edilmistir (Ericson, 2020; Gervis, 2020; Hanh ve
Cheung, 2015; Jensen vd., 2020; Pearson vd.,
2017).

Beslenmede Farkindaligin Kisi Uzerinde
Etkileri

Kisaca, gida tzerinde kontrolstizlitk hissinin
siklikla karsilasildigi TYB ve odagin ekranlarda
oldugu zombi yemenin de dahil oldugu farkinda
olmadan yeme, farkindaligin gereklilikleri olan
dikkati simdideki gidaya ve beslenmeden uzak,
dolayistyla farkindaligim sundugu faydalar olarak
biling eylemlerinin, kisinin ¢evreye ve kendine dair
farkindaliginin  artmasi, gecmis ve gelecegin
yarattifl stresin azaltilmast ve en 6nemlisi anin
keyfine varmanin Oniindeki engel seklinde
sunulmaktadir.  Bu  sekliyle  beslenmede
farkindaligin  andaki duyuma ve deneyime
odaklanmast goériintirde gidanin ve beslenmenin
oteki, daha teknik kismini gbrmezden gelmeye
denk dismektedir. Gidalarin kaloti, karbonhidrat,
yag veya protein igeriginin ve bu igeriklerin
diyetlerin  kapsaminda oldugu gibi beden
tzerindeki uzun vadeli sonuglarinin
degerlendirilmesinin s6z konusu deneyim ile ¢ok
az ilgisi vardir. Oyle ki beslenmede farkindaligin
duygu regiilasyonundaki ve psikolojik iyi olma hali
Uzerinde etkisi ~ bilimsel  olarak
gosterilebilse de farkindahigin kilo vermek gibi
amagclarla kullanilabilmesi tartismalidir  (Anon,
2020: Kidwell vd., 2015; Olson and Emery, 2015;
Pintado-Cucarella ve Rodriguez-Salgado, 2010).

olumlu

Beslenmede farkindalik uygulamalarinda mevcut
trendler degerlendirildiginde kilo vermek temel
ama¢ olarak  gOrilmemektedir.  Yine de
beslenmede farkindalik uygulamalari
gerceklestiren kisilerde kilo vermek beklenen bir
sonuctur. Baglt olarak 2015 yilinda farkindalik ve
kilo verme arasindaki bagt arastiran 19 ¢alismanin
sistematik incelemesinde bu c¢alismalarin 13

tanesinde farkindalik uygulamalarindan
faydalanan katiimcilarda 6nemli kilo kayiplar
gozlenmistir.  Lakin  s6z konusu  calisma

farkindaltk ve kilo verme arasinda dogrudan
bilimsel bir bag belgelenemedigi ve gelecek
calismalara ihtiyag  duyuldugu vurgulanmistir
(Olson ve Emery, 2015). Yine 2017 yilinda
Cambridge Universitesince yayimlanan makalede
incelen obez popilasyonu igeren 16 ¢alismanin
8inde kilo kaybr gorildigi, ek olarak sadece 3
tanesinde istatistiksel anlamda ciddi kilo kayb1
gozlemlendigi  belirtilmistir. Bununla  birlikte
farkindaligin  sadece kilo vermek icin degil,
gerektiginde kilo almak iginde kullanilabildigini
gostermistir (Kidwell vd., 2015). Sonug olarak her
ne kadar ortaya yeterli bilimsel bag konamamus
olsa da farkindahigin beslenmede tutumlar
tzerinde etkili olabilecegi ve beslenmede
farkindalik ile kilo vermek veya almanin
beslenmede  farkindalik  kavraminin = ve
tekniklerinin ~ psikolojik  ve  fizyolojik aglik
isaretlerine dikkat etmek, yemek yerken gidanin
bedende duyulara ve duygulara hitabim takip
etmek dikkat etmeyi gerektirmesini kapsamasiyla
yakindan iliskili olabilecegi gériinmektedir (Abdul
Basir vd., 2021; Dalen vd., 2010; Dunn vd., 2018;
Gidugu ve Jacobs, 2019; Hudnall, 2019; Lofgren,
2015; Mantzios ve Wilson 2015 ve 2017; Tronieri
vd. 2018). Obez popilasyon haricinde klinik
digindaki  popiilasyon tzerinde yapilan  bir
calismada sekiz haftallk miidahale seklinde
sunulan beslenmede farkindaligin biligsel esnekligi
arttirdigt ve bu sekliyle komptilsif yemeyi azalttigt
not edilmistir (Janssen vd., 2018) ki bu yine
beslenmede farkindaligin beslenme
aliskanliklarinin  degisimi  ve kilo kontroli
tzerindeki etkisini ¢ézmek i¢in anahtar niteliginde
olabilir.

Beslenmede Farkindalig: Geligtirme
Amaciyla Kullanilan Uygulamalar

Beslenmede  farkindaligi  gesitli  yollar ile
gelistirilebilir. Bu  baglamda farkindalik

meditasyonlar1 veya programlarini, bunlarin bir
pargast olarak beslenmeye uygulanabilir; MB-
EAT gibi dogrudan beslemede farkindalig:
amagclayan programlara veya da yemek bazinda
olmak {izere mini meditasyon denilebilecek
uygulamalara bagvurulabilir.
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Warren ve meslektaglarinin (2017) incelemis
oldugu c¢alismalarda, beslenmede farkindalig
arttirmak amactyla MBCT gibi genel farkindaligi
arttirma uygulamalart disinildiginde dogrudan
beslenmede farkindalikla bagintili olarak 90’larin
sonunda Kiristeller ve Hallet tarafindan gelistirilen
MB-EAT programi gelmektedir. Kristeller’in
ifadesiyle programin temel amact stper boy
porsiyonlarla  yasadigimiz  diinyada  odagt
miktardan, kaliteye cekmektir. Béylece kiicik
porsiyonlardan ~ maksimum  verimi  almak
amaglanir. MB-EAT  programi, beslenmede
farkindaligi  artirmak ve farkinda olmadan
beslenmenin etkilerini azaltmak icin
tasarlanmistir. Beslenmede farkindalik
egzersizleri, Ozellikle fiziksel acglik ve tokluk
ipuglarina, genel gida alimina ve agir1 yemenin
fiziksel, bilissel, sosyal-cevresel ve duygusal
tetikleyicilerine odaklanir. Program boyunca genel

farkindalik ve rehberli yeme meditasyonlarinin
yaninda  kisilerin  gln  icin  rahatlikla
uygulayabilecekleri mini meditasyonlar Sgretilir
(Choi ve Lee, 2020; Fletcher, 2014; Kristeller vd.,
2014 ve 2021).

Mini  meditasyonlar  kapsaminda MB-EAT
programinin mucitlerinden Kristeller’dan (2015)
ornek verilebilir (Cizelge 2). S6z konusu egzersiz,
kisilerin ~ tat  duyusuna  odaklanmak icin
tasarlanmistir. Egzersizdeki amac diger butin
farkindalik uygulamalari ile ortak olarak anin
tadini ¢ikarmak ve ek olarak kiigiik porsiyonlarda
yemek yeme keyfini maksimum seviyeye
ctkarmaktir. Bu noktada kisilerin bedenlerine de
dikkati artacagindan sezgisel yeme kavramiyla da
uyumlu olarak aglik, tokluk hissine karst da daha
duyarli olmast beklenecektir.

Cizelge 2. Ornek beslenmede farkindalik egzersizi

edin.

Bir dahaki yemek yiyisinizde 6ntntzdeki gidalarin sadece birine odaklanin, segeceginiz gidanin
kompleksten ziyade sade bir aromaya sahip olmasi egzersizi daha efektif kilacaktir.

- Ik ssirikta sectiginiz gidanin tadina odaklanin.

- Sonra, ikinci yadumdayken ¢igneme sirasinda gidanin tadinin nasil degistigine odaklanin ve
kendinize sorun: Cigneme siireci devam ettikce gidadan aldiginiz keyif arttt mi1 azaldi mu
yoksa ayni m1 kaldi? Hangi noktadan itibaren gidanin tadi kaybolmaya bagladi?

- Sonraki yudumlarinizda da aldiginiz her yudumda tadin nasil degistigine odaklanmaya devam

birlikte  beslenmede  farkindalik
uygulamalart beslenmenin sadece gida tiiketim
kismini kapsamak zorunda degildir. Bu konuda
Nelson (2017), Kabat-Zinn’in rehberliginde
gerceklestirilen Uzim yemeye dair meditasyonu
ornek verir (Cizelge 3). S6z konusu meditasyonda
gidanin tadinin haricindeki duyulara hatta bilise de
hitabt s6z konusudur. Bu acidan s6z konusu
meditasyon  beslenmenin, sadece yemenin
Otesinde daha kapsamli bir stre¢ oldugunu
vurgulamaktadur.

Bununla

Beslenmede Farkindaligin Olgiilmesi

Yapilan  calismalarda  kigilerin  beslenmede
Farkindaliklarini 6l¢mek icin kullanilan araclardan
Framson ve meslektaslari tarafindan 2009 yilinda
hazitlanan Beslenmede Farkindalik Anketi (The
Mindful Eating Questionnaire, MEQ) literattirde
kavrami dogrudan 6lgen tek 6lciit konumundadir.

Anket, dortli likert Sleegi seklinde diizenlenmis
28 madde ve 5 alt faktérden olusmaktadir. S6z
konusu alt faktorler, disinhibisyon (disinhibition),
farkindalik (awareness), dis etkenler (external
cues), duygusal cevap (emotional response) ve
dikkat dagilmast (distraction) seklindedir. S6z
konusu ¢alisgmada ve bunun Uzerine ileriki
calismalarda, anketin glvenilirliginin (Cronbach
Alpha skoru) istatistiki olarak kabul edilebilir
seviyede oldugu gézlemlenmistir. Bu ¢alismalara
Kose ve Arkadaslari tarafindan 2016 yilinda
MEQ’in Yeme Farkindaligi Olcegi adi altinda
Tirkce uyatlamast da dahildir. Bununla birlikte
anketin Turkee cevirisi, Turk kiltirine uygun
olarak 7  alt-faktor  alunda  toplanmis
(Disinhibisyon, Duygusal Yeme, Yeme Kontroli,
Odaklanma, Yeme Disiplini, Farkindalik ve
Enterferans) ve madde sayist 30°a ctkarilmistir
(Kose, 2016 ve 2020; Kose ve Ark., 2016; Kose
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ve Ciplak, 2020). Bu 6l¢ek kullanilarak Kuseyri ve
Kiziltan (2019) tarafindan Baskent Universitesi
Saglik Bilimler Fakiiltesi Gniversite Ogrencileri
tzerinde gerceklestirilen ¢alismada katilimcilarin
yeme farkindaligi ve beden kiitle indeksleri (BKT)
arasinda istatistiki olarak 6nemli negatif bir
korelasyon bulunmustur. Ayni dogrultuda obez
olarak siniflandirilan kisilerde yeme
farkindaliginin daha distik oldugu not edilmistir.

Ayrica bir not olarak Durukan ve Giil tarafindan
(2019) yapilan ¢alisma MEQ’in Ttrkee cevirisi ile
BKI arasinda istatistiki olarak énemli bir bag
bulmugtur (p:.00, P <0.05). S6z konusu bulgu,
anketin giivenilirligini arttirmanin yaninda yazarlar
tarafindan da not edildigi tzere beslenmede
farkindaligin uzun streli kilo kontroliinde 6nemli
bir etken olabilecegine isaret etmektedir.

Cizelge 3. Ornek rehberli beslenmede farkindalik egzersizi

Uziimi yemeden 6nce:

dokusuna dikkat etmeye ¢alisin.

nasil degistigini fark etmeye calisin.

- Uzimii elinize alin ve hemen agziniza atmadan hemen 6niiniizde tutun.

- Bir an icin diinyaya ilk defa geldiginizi, diinyada hicbir deneyiminiz olmadigint ve her seyin
sizin i¢in yeni oldugunu varsaymn. Dolayisiyla kendinizi deneyimden, bilgiden ve bunlardan
kaynaklanan yargt, korku ve beklentilerden arindirmaya calisin.

- Bussiirecte derin nefesler alarak sakinlesin ve biitiin odaginiz1 elinizdeki tiziime getirin.

- Simdi, tzimi elinizde tutarken 6nce agithgini inceleyin.

- Yizeyini inceleyerek hem yiizeyinin gériintiisiinii hem de hissiyatina odaklanin.

- Uziimii burnunuza yaklastirarak koklayin.

- Uzimii parmaklariniz arasinda dolastirarak, ortaya ¢ikan sese dikkat edin, elinizden kayan

- Bu sirada Gziime dair deneyimlerinizin, duyumlarinizin ne oldugu ve bu siirede hislerinizin

Uziimii yerken:

olan degisimleri gbzlemleyin.

bedeninizin verdigi tepkiye odaklanin.

emin olun.

- Uziimii yemeden hemen 6nce bir iki saniye icin dudaklarinizin arasinda tutarak bedeninizde
- Uziimii agziniza aldiginizda hemen ¢ignemeyerek bir siire agzinizda dolastirin ve tadiyla yine

- Uzimden ilk basta kiigiik bir 1sirik alip sonrasinda cignerken bu ilk an ile ¢ignemenin
devaminda Gzimiin duyularinizdaki ve diisiincelerinizdeki degisime dikkat edin. Tat ¢igneme
stiresince nasil degisti? Uziim aclik ve tokluk hissinize nasil etki etti?

- Meditasyonun etkisini maksimuma ¢ikarmak i¢cin iiziimui yutmadan 6nce iyice ¢ignediginizden

Uziimii yedikten sonra:

degisime odaklanin.

- Uziimii yuttuktan sonra gozlerinizi bir siire icin kapatarak bu deneyimin sizde yarattigi

SONUC

Yapilan arastirma sayist ve bu calismalarda isaret
edilen bilimsel 6geler, farkindaligin insan hayatina
olan  istatiksel  olarak  6nemli  etkisini
gostermektedir. Farkindalik insanlarin depresyon,
kronik kaygt gibi klinik problemlerin yaninda

problem ¢6zme, duygu regiilasyonu gibi siklikla
karsilasilan ruhsal ve bilissel sorunlarla bas
etmesine yardimct olarak kisilerin daha ana odaklt
ve bilingli sekilde yasamasina yardimect olmustur
(Deliperi vd., 2011; Desbordes vd., 2012; Warren
vd., 2017). Farkindalik tizerine yapilan ¢alismalarla
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kiyaslandiginda beslenmede farkindalik
calismalarinin  sayica olduk¢a az  oldugu
gozlemlenebilir. Bu ¢alismalara bakarak ilk olarak
incelenen makaleler, beslenmede farkindalik bir
pargast olmak Uzere farkindaligin insanlarin yeme
davraniglarint - degistirebilecegine  dair makul
kanitlar ~ sunmaktadir.  Bununla  birlikte
beslenmede farkindalik uygulamalarinin kisilerin
ruhsal sagliklarina olumlu etkide bulundugu not
edilmis, kisiler genel farkindalik ve beslenmede
farkindalik uygulamalarinin gida secimlerine etkisi
oldugunu belirtmistir. Maalesef beslenmede
farkindaligin kilo verme tizerine etkisini inceleyen
calismalarin  sonuclart  celiskilidir. Ek olarak
beslenmede farkindalik ile ilgili ¢alismalarin
cogunlugunun obez kisiler tizerinde yapilmast
sonuglari topluma genelleyebilmeyi
zorlamaktadir. Tirk popilasyonunu kapsayan
calismalarda benzer sekilde bilgilendirici olsa da
beslenmede farkindalilk ve Tirk toplumu
arasindaki muhtemel baglari arastirmak icin
gelecek aragtirmalar 6nem arz etmektedir. Diger
bitr 6nemli nokta da Olcim aletlerinin
cesitlendirilmesi gerekliligidir. Literatiir
incelendiginde Tirkiye’de ve Diinya genelinde
MEQ beslenmede farkindalik icin en stk
basvurulan 6lciit konumundadir. Bu 6lciitin
kisilerin raporlarina dayanmasi yanliliga (bias) acik
olmast anlamina gelmektedir (Baer vd., 2000).
Buna bagh olarak kisilerin beslenmede farkindalik
seviyelerini anlamak icin s6z konusu anket ve
gelecektekiler  norobilimsel — caligmalar — gibi
tamamlayici fiziksel veriler ile desteklenmelidir.

Bu calismayla da gelecekte yapilabilecek ¢alismalar
icin Turk beslenme ve psikoloji literatiiriine katkt
saglamak amaclanmistir. Ayrica bu ¢alismayla
modern yasamla artan farkinda olmama halinin
beslenme  tzerindeki  etkisi  gOsterilmeye
calisilarak, gelecekte yine bu alanda yapilacak
calismalarin ~ ve  uygulamalarinin = 6nemi
vurgulanmak istenmistir.
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