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Bu ¢alismada, 11.07.2023 tarihi itibariyle cografi isaret ile tescillenen Kirklareli Eski Kasar Peyniri’nin bazt
karakteristik 6zelliklerinin belirlenmesi amaglanmustir. Bu amagla farkl iireticilerden saglanan 7 peynir
orneginde fizikokimyasal ve duyusal Szellikler ile ugucu bilesen profili belirlenmistir. Peynirlerin genel
bilesimi ve renk Olctimleri arasinda farkhiliklar oldugu saptanmustir. Peynir Srneklerinde gerceklestirilen
fizikokimyasal analizler sonucunda pH 5.17-5.65, titrasyon asitligi %00.59-0.79, kurumadde %060.71-69.63,
kil %4.59-5.59, protein %22.06-28.73, yag %25.25-35.75 ve tuz %1.23-1.99 araliginda tespit edilmistir.
Kenar ve merkez kistmlarinda gerceklestirilen renk élgtimiinde peynitler arasinda fark oldugu saptanmustir.
Duyusal degerlendirmeler sonucunda ‘peyniraltt suyw’, kremamsy’, ‘pismis’, ‘silfiir’, ‘ransit’, ‘tuzlw’, ‘eksi’ ve
‘umami’ terimleri belirlenen bazi karakteristik terimler olmustur. Esterler, alkoller, ketonlar ve asitler peynir
orneklerinde tespit edilen yaygin ucucu bilesenler olmustur. Asidik ucucu bilesenlerden asetik asit, bitirik
asit, hekzanoik asit, oktanoik asit ve dekanoik asit yitksek konsantrasyonlarda saptanmustir.

Anahtar kelimeler: Kirklareli Eski Kasar Peyniri, fizikokimyasal 6zellikler, duyusal &zellikler, ugucu
bilesenler

VOLALITE COMPONENT PROFILE, PHYSICOCHEMICAL AND SENSORY
PROPERTIES OF KIRKLARELI AGED KASAR CHEESE

ABSTRACT

In this study, it was aimed to determine some characteristic features of Kirklareli Aged Kasar Cheese
registered with geographical indication as of 11.07.2023. For this purpose,
physicochemical and sensory properties and volatile component profile were determined in 7 chees
samples provided by different producers. It was determined that there were differences
between the general composition and color measurement of the cheeses. As a result of
physicochemical analyzes performed on the cheese samples pH 5.17-5.65, titratable acidity 0.59-
0.79%, dry matter 60.71-69.63%, ash 4.59-5.59%, protein 22.06-28.73%, fat 25.25-35.75% and salt
1.23-1.99% were detected. It was determined that there was a significant difference between the
cheeses in the color measurement performed on the edge and center parts. As a result of sensory
evaluations, the terms ‘whey’, ‘cteamy’, ‘cooked’, ‘sulfur’, ‘rancid’, ‘salty’, ‘sour’ and ‘umami’ were
some of characteristic terms identified. Esters, alcohols, ketones, and acids were common volatile
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components detected in the cheese samples. Among the acidic volatile compounds, acetic acid,
butyric acid, hexanoic acid, octanoic acid and decanoic acid were determined at high concentrations.
Keywords: Kirklareli Aged Kasar Cheese, physicochemical properties, sensory properties, volatile

components

GIRIS
Turk Gida Kodeksi'ne gore eski kasar peyniri;
dretiminden sonra kendine &zgi karakteristik
Ozelliklerini kazanabilmesi icin belitli kosullarda
en az 120 gln streyle olgunlastirlarak tretilen
kagar peyniri olarak tanimlanmaktadir
(Anonymous, 2015). Kurklareli FEski Kasar
Peyniri; Kirklareli il sturlart igerisinde yetisen
hayvanlardan elde edilen siit ve dogal sirden
mayast kullanilarak iretilen, tretiminde sadece
inek sttd kullandabilecegi gibi %30-45 koyun
sttl, %25-40 keci siuti ve %15-30 inek sitd
karigimlari da kullanilabilen, olgunlastirilmis kasar
peyniri olarak tanimlanmaktadir (TPE, 2023).
Uretimin yapilacagt déneme gére siitlerin 1sitma
sicakligi degismekte olup Nisan-Ekim déneminde
30-32 °C, Kasim-Mart doneminde ise 32-35 °C
sicakliga kadar 1sitilan siitlerde mayalanma islemi
gerceklestirilmektedir.  Dogal sirden mayast
kullanilarak mayalanan stt 60 dakika bekletilir ve
pihtt kontrol edilir. Olusan pihtt proses tankinda
1 cm capinda parcalar halinde kirilarak 10 dakika
boyunca karistirict ile digik devirde karigtirdlir.
Kirilan pihtt ve peynir suyu karisimi 20-30 dakika
boyunca 38-40 °C'de sitlir. Bu islem ile
telememin peynir suyundan ayrilmasi ve elastik bir
yapt kazanmasi saglanmaktadir. Daha sonra
teleme 65-75 °C sicakliktaki haglama suyunda 10
dakika haslanarak yogurma tinitesine alinir ve kaya
tuzu ilave edilerek gerceklestirilen yogurma islemi
ile bitlikte peynitlere teker sekli verilir. Elde edilen
peynitler 12 kg’lik teker seklindeki kasar
kaliplarina konularak dinlendirme odalarinda 20-
30 giin 6n olgunlastirmaya birakilir. Dinlendirme
esnasinda tekerlekler her glin alt st edilir ve bir
hafta sonunda iki tekerlek st Uste dizilerek 6n
olgunlastirmaya tabi tutulur. On olgunlastirma
sonrasinda Kirklareli Eski Kasar Peyniri icin 6zel
olarak uretilen keten cuvallara konularak 2-4 °C
ve %90 bagil neme sahip soguk hava depolarinda
en az 6 ay asi olgunlastirma gergeklestirilir (TPE,
2023).

Dogan ve Karagiil Yiiceer (2019) tarafindan Ezine
Eski Kagar Peyniri tzerine yapilan bir ¢alismada

peynir Orneklerinin bazi fiziksel, kimyasal, duyusal
Ozellikleri ve ucucu bilesen profili belirlenmistir.
Cetinkaya (2021), Kars Kasar Peynitlerinin
fiziksel ve kimyasal 6zellikleri tizerine yaptig1 bir
calismada;  peynir  Orneklerinde  ortalama
kurumadde, yag, titre edilebilir asitlik (%), tuz ve
pH degetleri tespit edilmistir. Isik vd. (2020) Mus
Kagar Peyniri tzerinde gerceklestirdikleri bir
calismada eski kasar peynitlerinin mikrobiyolojik
ve fizikokimyasal Ozellikleri ile ugucu bilesen
profillerini tespit etmislerdir. Ayrica peynir
orneklerinin toplam kurumadde, protein, yag ve
tuz, i¢ ve dig ylizey renk degerlerini
belirlemislerdir. Bu c¢alisgmada fizikokimyasal
analizler sonucunda toplam kurumadde %052.33-
59.71, protein %24.60-29.79, yag %024.50-27.50
ve tuz %2.93-4.74 olarak belirlenmistir. Peynir
orneklerinin i¢ ve dis ylizey renk degerleri arasinda
da farkliliklar oldugu tespit edilmis; dis kistmlarda
belirlenen I.*ve b* degerleri sirastyla 51.07-61.53
ve 8.72-12.69 araliginda; i¢ kisimlarda belirlenen
L* ve b* degetleri ise sirasiyla 62.69-68.49 ve
10.34-13.79 araliginda belirlenmistir.

Kirklareli Eski Kasar Peyniri tizerine yapilan bir
calismaya rastlanmamistir. Bu calismada, cografi
isarete sahip bu peynirin fizikokimyasal ve duyusal
Ozellikleri ile ugucu bilesen profilinin belitlenmesi
amaclanmistir.

MATERYAL VE YONTEM
Materyal
Gerceklestirilen calismada Kirklareli’'nde

gelenceksel yontemletle dretilen ve her biri farklt
firmalardan temin edilen 7 adet Kirklareli Eski
Kasar Peyniri (Aldogru, S.S. Kayali Koyi
Tarimsal Kalkinma Kooperatifi, Mustafa Misirls,
Alkan  Sat, Algindlz, Gturkaglar, Dere)
kullandmistir. Peynir 6rnekleri analiz edilinceye
kadar uygun kosullarda (+4£1 °C ve/veya -18%1
°C) muhafaza edilmistit.

Yontem

Fizikokinyasal Analizler

Kirklareli Eski Kagar Peyniri 6rneklerinde pH ve
tuz (Bradley vd., 1992), titrasyon asitligi (%olaktik
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asit), kil, toplam kurumadde, protein (AOAC,
1990) ve %yag (NEN, 1969) belirlenmistir.
Peynirlerin renk Ol¢timleri Minolta renk Sl¢im
cihaz1 (Konica Minolta Sensing, Minolta CR-400,
Osaka, Japonya) kullanilarak saptanmistir. Peynir
orneklerinin  kenar kisimlarindan ¢, merkez
kistmlarindan ise iki 6l¢um alinarak renk Slctimleri
gerceklestirilmistir. Renk 6l¢timlerinden 6nce
cihaz beyaz kalibrasyon plakast kullanilarak
kalibre edilmis olup Olgimler beyaz zemin
tzerinde yapilmistir.

Ugucu Bilesenlerin Belirlenmesi

Orneklerde ~ bulunan  ucucu  bilesenlerin
belirlenmesi amactyla Gaz Kromatografisi-Kiitle
Spektrometresi (GC-MS) (GC 6890, MS6890 N,
Agilent Technologies, Wilmington, DE, ABD)
kullanilmistir. Ucgucu bilesenler peynir
orneklerinden katt faz mikroekstraksiyon (SPME)
yontemi ile izole edilmis ve bilesenlerin ayrimi
HP- INNOWax (60 m uzunluk x 0.25 mm i¢ ¢ap
x 0.25 um film kalinligl) kolon (J&W Scientific,
Folsom, California, ABD) kullanilarak
gerceklestirilmistir. Amber renkli (40 mL)
ekstraksiyon vialine 3 g peynir 6rnegi ve 1 g NaCl
tartilarak Sul. ic standart (5mL metil alkol
icerisinde 20 pl. 2-metil valerik asit ve 5 L. 2-
metil-3-heptanon bulunmaktadir) ilave edilmis ve
50 °Clik su banyosunda (GFL, Model 1103,
Burgwedel, Almanya) 30 dakika bekletilmistir.
Daha sonra SPME  fiber  (Carboxen/
DVB/PDMS, 50/30 2cm) viale batirilip 50 °C’lik
su banyosunda 30 dakika daha bekletilerek GC-
MS’e Splitless moduyla enjekte edilmistir. Kapilar
kolonda tagtyict gazin akis hizi 1.0 mL/dk’dr.
GC-MS cihazina ait finn sicaklik  programi
baslangic sicaklign 40 °C’de 1 dakika bekleme
sturesi, son sicaklik 250 °C’ye ulagincaya kadar
dakikada 5 °C artig ile 20 dakika bekleme stresi
olarak  ayarlanmugtir. Ucucu bilesenlerin
tanimlanmasinda Wiley Registry of Mass Spectral
Data (Wiley, 2005) ve National Institute of
Standards and Technology (NIST, 2008)
kiitiphaneleri ve miktar belitflemesi amactyla i¢
standart metodu kullanilmistir. Tespit edilen
ucucu bilesenlerin altkonma indeksleri n-alkan
serisi kullamilarak hesaplanmistir  (Dogan ve
Karagiil Yiiceer, 2019).

Duynsal Analiziler

Kirklareli Eski Kagar Peyniri’nin karakteristik
duyusal 6zelliklerinin belitlenebilmesi amaciyla
gerceklestirilen duyusal degerlendirmede
Spectrum™ metodu kullanilmistir (Meilgaard vd.,
1999). Yaslar1 23-55 arasinda degisen ve daha
once peynir duyusal analizine katilmis deneyimli 7
kisilik panelist (6 kadin, 1 erkek) grubu ile
degerlendirmeler gerceklestirilmistir. ~ Duyusal
degerlendirmelerde terimlerin  yogunluklarinin
belirlenmesi icin 15 puanlk skala kullanilmustir.
Peynirler duyusal analiz icin hazirlanirken kabuk
kismt da alinarak ve dikddrtgen seklinde kesilmis
10-15 g’lik porsiyonlar halinde servis edilmistir.
Degetlendirme sirasinda panelistlerin test ettikleri
ornekten agizda kalan tadin giderilmesi amactyla
kraker ve su bulundurulmustut.

Istatistiksel Analiz

Kirklareli Eski Kasar Peyniri 6rneklerine ait
fiziksel, kimyasal ve duyusal analiz sonuglar
arasindaki  benzerliklerin =~ ve  farkliliklarin
istatistiksel olarak ortaya koyulabilmesi amaciyla
SPSS  (Windows v21) paket programi ile
tanimlayict istatistiksel analizler ve ¢ok boyutlu
Olgeklendirme (Multidimensional Scaling- MDS)
(Baspinar vd., 2000) analizleri gergeklestirilmistir.

BULGULAR VE TARTISMA

Kirklareli Eski Kasar Peyniri’ne ait kimyasal
analizlerin sonuglar1 Cizelge 1’de yer almaktadir.
Cizelge 1 incelendiginde en disiik kurumadde
icerigine %060.71 ile B peynirinin, en yiksek
kurumadde igerigine ise %69.63 ile E peynirinin
sahip oldugu beliflenmistir. Benzer sonuglar
Aydemir (2010) tarafindan Kars Kagar Peyniri
tzerine yaplan c¢alismada da belitlenmistir.
Calismada 180 glin siireyle olgunlastirilan Kars
Kagar Peynirleri’nin kurumadde igeriklerinin
%060.37-64.41 araliginda degistigi belitlemis olup
peynirlerin kurumadde degerlerinin olgunlasma
boyunca artig gosterdigi tespit etmistir. Aydogan
(2022) ise en az 120 gin olgunlasturilmis ve
piyasadan toplanan 20 adet kagar peyniri tizerinde
gerceklestirdikleri calismada kurumadde
igeriklerinin %57.73-64.95 araliginda degistigini
belitlemistir.
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Cizelge 1. Kirklareli Eski Kasar Peynitlerinin bilesimi (n=7) (Ortalama*tStandart Hata)
Table 1. Composition of Kirklareli Aged Kasar Cheeses (n=7) (Mean=x Standard Error)

%Titrasyon %
Peynit/ pH %S;;‘l;%lb/é i{g;r?\;j;; % Kiil %Prot.ein /  %Yag / Fat % Tuz
Cheese Adidity % % [ Ash % Protein % % /Salt %
A 5.2410.02 0.79£0.03 60.94+0.06  5.24%£0.01 24.34%£0.30 28.50+0.50 1.70%0.05
B 5.59£0.00 0.68%0.03 60.71£0.07  4.68£0.01 25.39%£0.47 25.25%0.75 1.23%0.05
C 5.26£0.05 0.59£0.02 63.64+0.16  5.05£0.00 27.66x0.15 30.25+0.75 1.29%0.11
D 5.20£0.05 0.75£0.00 62.371£0.45  4.59%£0.00 23.96£0.36 32.25+0.75 1.99%0.11
E 5.4610.01 0.66£0.02 69.63+0.16  5.59%£0.10 28.73£0.01 35.75%0.25 1.52%0.11
F 5.17£0.01 0.68£0.03 62.03+0.08  5.07£0.87 28.69£0.81  29.50+0.00 1.46%0.17
G 5.651£0.04 0.66£0.02 64.46x0.79  4.79£0.03 22.06£0.87 31.75%0.25 1.35%0.05

Peynirlerin titrasyon asitligi verileri incelendiginde
C 6rnegi %0.59 ile en disiik titrasyon asitligine
sahip peynir, A 6rnegi ise %0.79 ile en yiiksek

titrasyon  asitligine  sahip  peynir  olarak
belirlenmistir  (Cizelge 1). Cetinkaya (2021)
gerceklestirdigi calismada Kars Kasar

Peynirtleri’nin titrasyon asitligi degerlerini %1.05-
1.91 araliginda tespit etmistir. Dogan ve Karagiil
Yiceer (2019) Ezine Eski Kagar Peyniri izerinde
gerceklestirdikleri calismada peynir Srneklerinin
titrasyon asitligi degerlerini %0.67-1.21 araliginda
belirmis; olgunlasma siiresi uzun olan peynirlerde
titrasyon asitligi degerlerinin genel olarak yuksek
oldugunu tespit etmislerdir.

Gizelge 1’de yer alan pH degerleri incelendiginde
F 6rneginin 5.17 ile en disiik, G 6rneginin ise 5.65
ile en yliksek pH degerine sahip peynirler oldugu
belirlenmistir. Peynirde pH degerleri; peynirin
karakteristik Ozelliklerini ve kalitesini belirleyen
tanimlayici bir parametre olup, peynirlerde olusan
pH degisimi kaliteyi etkilemektedir (Bansal ve
Veena, 2022). Peynitlerde pH degisikliginin
sebebi peynir tretiminde kullanilan starter laktik
asit bakterilerinden ve dretim metotlarindan
kaynaklanabilmektedir (Bansal ve Mishra, 2020).
Peynirlerde olgunlasma asamasindan sonra ortaya
ctkan karbonil bilesikler, amonyak ve bazik
bilesikler nedeniyle ya da organik asit
metabolizmasi ve aminoasitlerin deaminasyonu
pH degisimine neden olabilmektedir (Madkor vd.,
1987; McSweeney vd., 1993; Yizbasi, 1990).
Yapilan ¢alismalarda Malkara Eski Kasar
Peynitleri’nin pH degetlerinin 4.91-5.77 (Subasi,

2021); Ezine Eski Kasar Peynirleri’nin ise 5.14-
5.79 (Dogan ve Karagtl Yiceer, 2019) arasinda
degistigi saptanmustir.

Peynirlerin protein igeriklerinin %22.06-28.73,
yag iceriklerinin ise %25.25-35.75 arasinda
degistigi gorilmektedir (Cizelge 1). Hayaloglu
(2009) kasar peynirlerinin protein igeriklerini
%23.14-31.75 araliginda belirlemistir. Isitk vd.
(2020) Mus’ta tretilen geleneksel kasar peynirinin
protein iceriklerini %24.60-29.79 araliginda tespit

etmislerdir. Kullanilan  sitin  bilesimi  ve
uygulanan islemler bilesiminde farkliiklarin
olusmasina  neden  olabilmektedir.  Peynir

orneklerinin bilesim ve renk analiz sonuglarinin
birbiriyle olan iliskisinin ve peynitlerin dagiliminin
cok boyutlu 6lceklendirme haritalati sirastyla Sekil
1@ ve 1(b)de Sekil  1(a)
incelendiginde peynir 6rneklerinin protein ve yag
icerikleri bakimindan geometrik olarak yakin
oldugu tespit edilmis; bu iki 6zelligin birbirleri ile
iliskili oldugu belirlenmistir.

sunulmustur.

Bir gidadaki kil miktar, gidada  bulunan
maddesindeki organik maddelerin  yakilmasi
sonrasinda agiga ctkan inorganik kalintt olarak
tanimlanmaktadir  (AMC, 1960). Peynirlerin
icerdikleri mineral madde kompozisyonu, tiretim
ve olgunlastrma tekniklerine baglt olarak
degisebilmektedir (Feeley vd., 1972). Cizelge 1
incelendiginde ise peynirlerin kil iceriklerinin
%4.59-5.59 arasinda degistigi  belirlenmistir.
Temizkan (2012) tarafindan gergeklestirilen
calismada inek, koyun ve kegi sttlerinden tretilen



Kirklareli Eski Kasar peynirinin karakterizasyonu

kasar peynirlerinin 90 giin boyunca olgunlasmast
sonucunda kil degerlerinin %4.32-4.62 araliginda
degistigi ve en ylksek kil icerigine inek siitiinden
uretilen kagar peynirinin = sahip  oldugunu
saptamistir. Cakmak¢t ve Tahmas Kahyaoglu
(2023)  Ardahan Go6bek Kasart  Uzerinde
gerceklestirdikleri calismada peynir 6rneklerinin
kil degetlerini  %2.38-4.19 araliginda  tespit
etmistir.

Kirklareli Eski Kasar Peynitleri’nin renk 6lctimleri
peynir dilimlerinin kenar ve merkez kisimlart
olmak tizere iki ayr1 kistmda gerceklestirilmis olup
elde edilen degerler Cizelge 2’de sunulmustur. I.*
degerleri patrlakligt ve beyaz rengi, a* degetleri
kirmizilik ve yesilligi, 4* degetleri ise sarilik ve
maviligi temsil eden parametrelerdir. L* ve b*
degerleri peynirlerin kalitesinin belirlenmesinde
o6nemli olan Ozelliklerdir (Dogan ve Karagtil
Yiiceer, 2019).

Cizelge 2. Kirklareli Eski Kasar Peynitlerinin renk analiz sonuclart (n=7) (OrtalamatStandart Hata)
Table 2. Color analysis results of Karklareli Aged Kasar Cheeses (n=7) (Mean=*Standard Error)

Peyoic/ L (K) a* (K) b (K) L* ) a* (M) b M)
A 80.85+0.54 -4.49+0.14 23.63£0.59 83.174+0.85 -4.61£0.15 23.34+0.44
B 72.3310.97 -5.51£0.05 19.88+0.46 80.51+0.53 -4.68£0.00  20.05%0.05
C 81.29140.73 -3.87£0.08 18.50%0.22 83.631+0.30 -4.83£0.33  23.06%+1.35
D 81.9410.24 -4.70£0.17 19.86%0.87 84.4410.03 -4.47£0.04 19.15%+0.21
E 65.89+1.22 -5.84+0.13 20.77£0.49 73.2110.39 -5.17£0.24  21.65%0.51
F 75.36+1.94 -5.40£0.35 24.05£0.65 79.2810.33 -5.18%£0.12  24.87£0.52
G 69.68+1.33 -5.78%0.26 20.31£0.89 77.6610.47 -5.46£0.58 20.81+1.54

(K): Kenar 6lgtimleri; (M): Merkez Slgtimleri
(K): Edge mesurements; (M): Center measurements

Kenar kisimlarda Sl¢tilen I* degerlerinin 65.89-
81.94 araliginda degistigi, merkez kisimlarda
Olgiilen L* degetlerinin ise 73.21-84.44 araliginda
degistigi saptanmistir. Kenar kistmlarda 6Slctilen
L* degetleri ile merkez kisimlarda 6lciilen L*
degetleri kiyaslandiginda tiim degerlerde kenar
kistmlarin - daha disiik oldugu belirlenmistir.
Peynir 6rneklerine ait 4* degerleri incelendiginde
ise kenar kistmlarda 6lgiilen &* degerlerinin 18.50-
24.05 arahginda degistigi, merkez kisimlarda
Olgilen b* degerlerinin 19.15- 24.87 araliginda
degistigi saptanmustir (Cizelge 2).

Benzer bir ¢alismada (Aydemir, 2010) Kars Kagar
Peyniri'nin - L*  degetlerinin  66.56-71.78,  b*
degertlerinin ise 21.30-24.09 araliginda degistigi
saptanmistir. Temizkan (2012) inek, koyun ve keci
sutleri kullanarak drettigi ve 90 gin sire ile
olgunlastirdigr kasar peynirlerinde L* degerlerini
75.73-78.69, b* degerlerini ise 13.77-24.20
araliginda tespit etmistir. Isik vd. (2020) Mus’ta
uretilen geleneksel kasar peynirleri i¢in dis kisimda
belirlenen I.* degetlerinin 51.07-61.53 araliginda,

i¢ kisimda belirlenen I.* degerlerinin ise 62.69-

68.49 araliginda oldugu bulunmustur. D1s kisimda
belitlenen &* degerlerinin 8.42-12.69, i¢ kisimda
belirlenen &* degerlerinin ise 10.34-13.79 arasinda

degistigi saptanmustir.

Beyazlik ve patlaklik olarak tanimlanan I*
degerlerinin peynitlerin kurumadde igerikleri ile
dogrudan iliskili oldugu yapilan istatistiksel
sonuglar ile desteklenmis olup Sekil 1(a)’da
gOsterilmistir. Analizleri gerceklestirilen
peynitlerin yag ve protein icerikleri ile sarilik
olarak tanimlanan b* degerleri aralarinda iliski
oldugu da Sekil 1(a)’da gorilmektedir.

Cizelge 2 incelendiginde B, E ve G 6rneklerinin
merkez ve kenar I* degerleri arasinda belirgin bir
fark oldugu gbzlemlenmistir. E 6rneginde ise hem
merkez hem de kenar kisimlar icin Slcilen I*
degerlerinin tim peynir Ornekleri arasinda en
distik degerler oldugu tespit edilmistir.

Sekil 1’de peynir Orneklerinin bilesim ve renk
analizi sonuglari kullanilarak olusturulmus cok
boyutlu 6l¢eklendirme haritast verilmistir. Genel
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olarak Sekil 1 (a) incelendiginde peynirlerdeki a*
degerlerinin ki, toplam asitlik, tuz ve pH
degetleri ile; b* degetlerinin ise protein ve yag

Oklid Uzaklik Modeli

mL

(3]
- 0,15+ ToplamAsitlik 0
3 . ma Protei
S 005 @ @ opH th) oOtgn I(u(r)unadd:
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o 15+ 5
1 1 U I
-10 -05 0.0 05 10 15
Boyut 1
@)

degerleri ile geometrik olarak yakin dagilim

gosterdigi  ve  birbitleriyle  iligkili  oldugu
belitlenmistir.
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Sekil 1. (a) Kurklareli Eski Kagar Peyniri 6rneklerinin bilesim ve renk analiz sonuglarinin birbirleriyle
olan iliskisinin ¢ok boyutlu dl¢eklendirme haritasi (Stress-1: 0.017694; R% 0.099969); (b) Kirklareli Eski
Kagar Peyniri 6rneklerinin bilesim ve renk analiz sonuglarina gére peynirlerin dagiliminin ¢ok boyutlu

6lgeklendirme haritasi (Stress-1: 0.075817; R%: 0.994252).

Strastyla ma, mb, mL, ka, kb, kL: merkez a* merkez 4%, merkez %, kenar a*, kenar b* ve kenar I.*
degerlerini; VAR ise her bir peynir 6rnegini temsil etmekte olup sirasiyla VAR1- VAR7: A, B, C, D, E,
F, G)

Figure 1. (a) Multidimensional scaling map of the relationship between the composition and color analysis results of
Kirklareli Ages Kasar Cheese samples (Stress-I: 0.017694; R2: 0.099969); (b) Multidimensional scaling map of the
distribution of cheeses according to the composition and color analysis results of Kurklareli Aged Kasar Cheese samples
(Stress-1: 0.075817; R2: 0.994252).

The values of ma, mb, mL, ka, kb, kL: center a*, center b*, center 1%, edge a*, edge b, and edge 1.* are respectively;
VAR represents each cheese sample and VART- VAR7: A, B, C, D, E, F, G)

Sekil 1 (b)’de peynir 6rneklerinin bilesim ve renk
analiz sonuclarina gbre dagihminin ¢ok boyutlu
Olceklendirme  haritast  verilmistir. ~ Harita
incelendiginde VAR5 olarak adlandirlan E
Orneginin diger peynir Orneklerinden geometrik
olarak uzak dagihm gosterdigi ve diger peynir
Orneklerinden farkli oldugu tespit edilmistir. E
(VARDS) oOrneginin diger 6rneklerden geometrik
olarak uzak konumda olmasinin  sebebi
kurumadde, kil, protein ve yag oraninin diger
peynir  Ornekleriyle  kiyaslandiginda  yiiksek
olmasina baglanabilir (Cizelge 1). Birbirleriyle
geometrik olarak yakin olan A (VAR1), C (VAR3)

ve D (VAR4) 6rneklerinin ise birbirlerine daha
benzer 6zelliklerde peynirler oldugu belitlenmistir
(Sekil 1(b)). Birbirlerine benzer olan bu peynir
orneklerinin hem pH degerlerinin (Cizelge 1) hem
de merkez ve kenar kisimlarda oSlctlen [.*
degerlerinin  birbirlerine yakin oldugu tespit
edilmistir (Cizelge 2).

Peynirin  arzu  edilen aroma  Szelliklerini
kazanmasinda 1sil islem, mayalama, tuzlama,
olgunlastirma gibi islem asamalari etkili rol
oynamaktadir (Selem vd., 2020). Asitler, alkoller,
ketonlar, aldehitler ve esterler peynirlerde
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aromaya katki saglayan ucucu bilesikler olup siit
ve siit driinlerinde isleme ve depolama siiresince
mikrobiyel ve enzimatik reaksiyonlar ya da 1sil
islem  sonucunda  meydana  gelmektedir
(McSweeney ve Sousa, 2000). Kirklareli Eski

Kasar Peyniri oOrneklerinde SPME/GC-MS
metodu kullanilarak gerceklestirilen ucucu bilesen
analizi sonucunda belirlenen asidik ve bazik n6tral
bilesikler sirastyla Cizelge 3 ve 4’ te sunulmustur.

Cizelge 3. Peynir 6rneklerinde belirlenen asidik ucucu bilesenler (n=7) (OrtalamatStandart Hata)
Table 3. Acidic volatile compounds determined in the cheese samples (n=7) (Mean®t Standard Error)

Ugucu Peynitler (ug/ 100 g) Cheeses (ug/ 100g)

Bilegenler/

1 olatile Compounds RI A B C D E F G

;\;;“k‘\m/ Al 1430 3404245770 4154142120 1217144230 655.37+141 540.5949.65  1194.26+97.50  432.03+15.10

Propanoik Asit /55 36.917.69 33.6+2.34 90.16£25.60  62.88+11.60  53.36+41.10 85.43+10.20 28.03%1.50

Propanoic acid

2-Metil Propanoik

Asit /  Propancic 1548 - 15.09+1.53 9.840.82 243%0.11 10.83+0.30 10.21+0.8 14.31+1.75

acid, 2-methyl

Bitirik Asit _ _ _ ,
o 1605 560.1+102 503.23+183  1947.09+447  82575+177 11015149570  1344.74%138 609.24+52.30

/ Butanoic acid

3-Metil Biitirik

Asit / Butanoic acid, 1647 25.68+5.35 59.79+8.11 28.7242.18 3.44%2.20 132.27420.90 89.04+9.22 49.71%5.38

3-methyl

Helanoik  Asit/ 7 844.09+123 885354227  1697.07+424 1038404294  5117.97+3904  1587.91+177  1185.00+93.90

Hexanoic acid

Pentanoik  Asit/ 0, 12.7542.02 13.79£0.41 135.57+114 13.96%4.07 115.34%30.20 10.01+8.66 12.8140.34

Pentanoic acid

Hepuanoik  Asic g5, 18.95+2.29 33.9740.76 29.85+6.54 18.36+4.00 72.83+54.90 23.49+4.43 3.84+2.54

/Heptanoic acid

Oknolk ASit/ o35 5303146040 7149541710 775384175 46958+119  2892.0542258  714.90+109 921.22+68.0

Octanoic acid

Nonanoik  Asit/ 5,5 10.69+1.22 20.74+0.84 16.54+2.49 13.12+2.29 55.72443.60 12.09+4.31 17.4142.48

Nonanoic acid

g:j;:zlfdd ASI/ o155 285504489 4824541230 2358442770 169.09438.60 1114514849 269.45+60.90  58019.00+37.50

. N i

9-Dckanoik Asit/ 000 6344379 23.3240.42 20.23+5.25 7.18+1.95 37.58+31.30 10.21£3.12 28.504+0.11

9-Decanoic acid

Benzoik —Asit/ 500 7214071 5.65%0.10 10.84+4.40 4.7840.71 19.514+14.20 9.12+1.17 5.7240.73

Benzoic acid

Dodekanoik Asit/_»0 39364504 56.38+2.17 56.57421.20 15.73%2.94 68.1652.0 17.59%3.96 57.5410.34

Dodecanoic acid

Hekzadekanoik

Asit/Hexadecanoic  >2200  48.45+4.20 53.27+3.05 54.93+2.82 6.17%8.79 574.79+268 101.59%35.10 83.64+45.10

acid

Tetradekanoik

Asit/ Tetradecanoic  >2200  17.33%0.20 18.34+2.16 16.09+0.11 7.0242.08 37.05£26.30 8.2241.02 21.05£0.45

acid

RI: Alikonma indeksi, -: belirlenmedi. / RI: Retention index;, -: not determined.

Cizelge 3 incelendiginde belirlenen asidik ucucu
bilesenlerden sadece 2-metil propanoik asit A
peynirinde tespit edilememis olup geriye kalan
diger asidik bilesenler tim peynir Srneklerinde
tespit edilmistir. Yapilan bir ¢calismada hekzanoik,
oktanoik ve dekanoik asit gibi bilesiklerin
peynirlerde keskin eksi tadin olusmasina neden
oldugu bildirilmistir (Carunchia Whetstine vd.,
2003). Ornegin G peynirinde 58019 pg/100 g
dekanoik asit tespit edilmis olup gergeklestirilen
duyusal degerlendirmelerde (Cizelge 5) panelistler
tarafindan G Orneginin ransit lezzet acisindan
puaninin  yiksek oldugu saptanmustir. E
orneginde de hekzanoik asit, oktanoik asit ve

dekanoik asit miktarlari sirasiyla 5117.97 pg,
2892.05 pg ve 1114.51 pg/100 g tespit edilmis
olup gergeklestirilen duyusal degerlendirmelerde
de ransit lezzet acisindan yiksek degerlerle
puanlandirilmistir.

Esterler peynitlerde yogun olarak bulunan ugucu
bilesenlerden olup aminoasitler tarafindan
olusturulan act tadin ve yag asitlerince olusturulan
ransit lezzetin azalmasini saglayarak aromaya
olumlu katkilarda bulunmaktaditlar (Gallois ve
Langlois, 1990). Esterler meyvemsi ve ¢icegimsi
aromadan sorumlu olup alkollerin ve yag
asitlerinin esterlesmesiyle meydana gelmektedir
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(McSweeney ve Sousa, 2000). Esterler, ketonlar,
laktonlar ve serbest yag asitleri peynitlerde disiik
seviyelerde bulunsalar bile aromaya dogrudan

katk1

saglarlar
peynitlerdeki lipit
olusmaktadirlar (Adda vd., 1982).

ve olgunlasma

metabolizmast

esnasinda
tarafindan

Cizelge 4. Peynir 6rneklerinde belirlenen bazik ve nétral ugucu bilesenler (n=7) (Ortalama®Standart

Hata)

Table 4. Basic and nentral volatile compounds determined in the cheese samples (n=7) (Mean=x Standard Error)

Peynirler (ug/ 100 g) Cheeses (ug/ 100g)

Ugucu Bilesenler /

Volatile Componnds RI A B ¢ D F F G
2-Pentanon/ 2-Pentanone 996 213.05+73.7 - 60.98+472 78124002  167.96+1.17  1853+20.0  174.03+9.06
2-Biitanol/2-Butanal 1029 3.82+3.48 28.4427.7 8.93+0.1 11542099 15842000  12.79+7.46 -

Alfa Pinen/ Alpha pinen 1031 - - - - - - 99,97+53.3
Bt asit el cseee/ 1045 3061013 - 14354047 34734256 50.63t159 37464945  39.07+5.24
Butanoic acid, ethyl ester

Beta Pinen/ Beta pinen 1110 - 9.45+0.85 - - - - 17.0241,79
2- Pentanol/ 2-Pentanol 1123 50.89+3.51 19.4141.81 - - - 19354430  20.89+2.49
Bitirik asit propil ester/ 1124 . - . 15.12%1.51 . 8.64+1.25 -
Butanoic acid, propyl ester

3-Metil 2Blwanol/ Jomthyl, 4150 4074042 - 8.9+0.51 - 48.0241.41 - -
2-Butanol

‘;:g;;‘i;/’Bmam’l/ F-Methys, 1133 11.4140.32 61524606 27.15+0.64  59.66+5.55  (9.11£422  33.05£0.99  81.76+19.70
1-Biitanol/ 7-Butanol 1150 - - 8.43+0.32 - - - -

2- Heptanon/ 2-Heptanone 1187 40474282 35184129 5894970  65.09%577 558391276  216.34%13.8  289.21+32.1
Hekzanoik asit el ester/ 1232 280424256 3100142140  60.84+418  117.14342 90494156 186924140  206.14+15.10
Hexanoic acid, ethyl ester

1-Pentanol/ 1- Pentanol 1244 - - - 0.26+0.14 1.76+0.10 2.0940.73 -
Bltirik asit 3 metil butil

ester/ Butanoic acid, 3- 1259 - 20.1242.97 - 3.99+0.12 - - -
methylbutyl ester

2- Oktanon/ 2-Octanone 1284 8.6740.13 9.0241.33 - - 11.042.08 2.8540.89 12.55%3.60
Asetoin/ Acetoin 1289 7.32+1.49 20.85+3.03 7.5140.02 414050 10994018 9.94+0.27 22.28+0.98
2-Heptanol/ 2-Heptanol 1308 54364134 5356+458 13752074 2584012 66591023  10.41+0.51 32.1+4.16
Helzanoik asit propil ester/ 1314 56634016 5634093 - 3.79+0.84 - 329611.82  6.8310.50
Hexanoic acid, propyl ester

Heptanoik asic el ester / 1329 5.5140.19 43240.25 047002 112021 - 1.78£0.64  5.06+1.66+
Heptanoic acid,ethyl ester

1-Hekzanol/ 1-Hexanol 1343 5.03+0.22 12.63%1.35 1.28+0.08 2.0740.20 1.65+0.35 3.1940.02 -
Helezanoik asic biiil ester/ 1346 - 3.540.34 - 0.56£0.22 1321004  0.94%0.53 -
Hexanoic acid, butyl ester

Nonanal/ Nozanal 1385 7214217 3344037 0.58+0.01 0.3340.10 - 0.96+0.07 4.15%0.06
2-Nonanon/ 2-Nonanone 1388 473914300 39554305 36544321 35754521 45264618 140.50+42.1  592.42+45.0
Okktanoiks asit etil ester/ 1427 153274628 155184123 20514155 44171463 25962118  69.96+344  109.42+6.45
Octanoic acid, ethyl ester

?;f;i;:;mmov 2oty 1- 1472 9.99+3.87 7.61%1.15 5.83+0.64 1.0940.24 2524017 101.53%19.6  3.59%0.22
2-Dekanon/ 2-Decanone 1483 3.6240.31 3.2440.77 - - 1.7520.43 1.2740.36 6.88+0.7
2-Nonanol/ 2-Nonano! 1496 36224180  27.98+4.47 5.7140.67 0914017  2693+554  3.16%0.48 41.86+1.19
1-Oktanol/ 1-Octanol 1535 2.92+0.53 5.44+0.60 0.740.07 0.65+0.06 - 0.9%0.07 2.440.36
23-Bitandiol / 1554 12094395 4457083 12.18+1.73 7.241.70 83+1.74 9.44+0.74 26.34+5.54
2,3-Butanediol

Hekzadekan/ Hexadecane 1574 4.84+0.45 2.06+0.84 - - - - 5.38+1.27
Dekanoik asit metil ester/ 1578 24.02411.0 18.2042.24 1.65+0.81 1.14£0.32 1.9940.74 10.9549.70 6.61£2.30
Decanoic acid, methyl ester

2-Undekanon/ 2-Undecanone 1583 65.19+10.6  39.24%1.02 2.95+1.05 4644263 19544516 11454643 86394955
Dekanoik asit ctil 1618 64.8816.63 81.8319.16 7.56+0.03 14931675 10.14+1.03  25.93%1.31 46.38+3.76
ester/ Decanoic acid, ethyl ester

1-Nonanol/ 7- Nonanol 1634 2.74+0.16 3.57+1.00 1184047 35274182  3.16%1.07 1.140.09 3.25+0.57
Oktanoik asit 3-metil biitil

ester/ Octanoic acid, 3- 1638 - 5.62+1.49 - - 4.3£0.00 - -
methylbutyl ester

Propanoik asit 2-metil etil

ester/ Propanoic acid, 2-methyl-, 1667 - 9.7£1.35 0.7£0.01 - 6.64£1.24 - -

ethyl ester

2-Dodekanol/ 2-Dodecanol 1692 - 2,32+0.15 - - - 4.241+0.15 -
Dodekanoik asit metil ester/ ) 3.72+0.95 2.5620.56 : : - 464095 6.6+2.30
Dodecanoic acid, methyl ester

2-Tridekanon/ 2-Tridecanone 1748 - 1.93£0.02 - - - - 3.0£0.08
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Biitirik asit, biitil ester/

L 1786 8.712.64 18.62+2.65 0.77£0.00 1.151£0.23 2.11+0.05 3.4511.42
Butanoic acid, butyl ester
2-Pentadekanon/ 2- 1900 1.6+0.51 1.34+0.00 -
Pentadecanone
Tetradekanoik asit etil ester/ -

+ + B

Tetradecanoic acid, ethyl ester 1926 2824037 0.55£019
Hekzadekanoik asit metil
ester/ Hexadecanoic acid, 2102 2.89+0.98 8.96+8.18 1.2240.93 0.4£0.18 1.8940.66

methyl ester

RI: Alikonma indeksi, -: belitlenmedi/ RI: Retention index, -: not determined.

Cizelge 5. Tanimlayict Duyusal degerlendirme skorlart (n=7) (Ortalama®Standart Hata)
Table 5. Descriptive sensory evaluation scores (n=7) (MeanXt Standard Error)

Peynirler / Cheeses

Tanimlayicilar / A B C D E F G
Descriptors

Pismis/ Cooked 2.92£0.13 3.03£0.19 3.00£0.19  2.78+0.14 2.28%0.14 2.92£0.25 2.14£0.14
Peyniraltt suyu / Whey 2.57£0.07 2.53%£0.11 2.57£0.17  2.71£0.10 2.4210.23 2.89£0.12 2.10£0.31
Kremamst / Cream 3.28%0.18 3.82+0.14 3461028  2.89%0.31 2.78£0.21 3.67£0.19 3.64£0.14
Salfar /Sulphur 1.78%0.14 2.25£0.30 1.57+£0.38  1.92+0.25 2.89£0.35 1.78+0.18 2.07£0.17
Ransit / Ransit 1.96+0.13 2.82£0.16 1.53+£0.22  1.82+0.17 3.50£0.10 1.00£0.26 3.9240.07
Meyvemsi / Fruit-like 1.15 £0.13 1.21+0.17 1.07£0.17  0.89%0.28 1.03£0.19 0.89£0.15 1.07£0.04
Hayvanst/ Animal-like 0.60£0.31 1.14%0.44 0.42£0.17  1.57£0.42 2.57£0.36 1.00£0.36 2.14£0.26
Depo / Storage 0.42£0.23 0.42£0.17 0.46£0.22  0.78%0.18 1.000.10 0.89£0.24 0.17£0.14
Fermente / Fermented 1.71£0.10 1.96+0.19 1.75+£0.14  2.53%0.11 1.50£0.10 1.82+0.23 1.57+0.13
Findigimsi/ Hagelnut-like — 0.92+0.11 0.85£0.14 0.96£0.19  0.89£0.13 1.46£0.10 0.89£0.21 1.10£0.09
Kuf- Maya/Mould-Yeast 3.00£0.21 2.10£0.18 1.35£0.26  0.57%0.16 2.64£0.23 0.42£0.17 2.39£0.10
Petrol/ Oil 0.17£0.14 0.32£0.11 0.67£0.14  0.82£0.07 1.00£0.00 0.07£0.07 0.07£0.07
Tath / Sweet 1.07£0.07 1.46+0.17 1.82+£0.23  1.50+0.15 2.03£0.19 1.46+0.23 1.21£0.08
Tuzlu / Salty 7.17£0.32 5.82£0.27 4.50£0.32  5.57£0.33 6.35%0.45 4.57£0.28 6.57£0.20
Eksi /Sour 3.21x0.28 2.50£0.21 2.28%£0.18  4.39£0.25 2.78%0.23 3.00£0.40 2.21£0.20
Act / Bitter 0.67£017 1.25+0.25 0.35£0.10  0.46£0.08 1.00£0.19 0.25%0.14 0.96£0.03
Keskin/ Bite 0.28£0.14 0.78£0.24 0.42£0.22  0.25%0.09 2.32£0.54 0.14£0.09 0.92£0.11
Umami/ Umami 2.14£0.15 2.10£0.34 1.57+£0.20  1.75+0.29 2.78£0.18 1.64+0.13 1.85+0.14

Cizelge 4’te peynir 6rneklerinde tespit edilen bazik
ve noétral ucucu bilesenler yer almaktadir.
Hekzanoik asit etil ester, oktanoik asit etil estet,
dekanoik asit etil ester ve dekanoik asit metil ester
bilesiklerinin tim peynir 6rneklerinde bulundugu
tespit edilmistir. Peynitlerde meydana gelen lipoliz
sonucunda doymus yag asitleri parcalanarak metil
ketonlart meydana getirmekteditler (Andi¢ vd.,
2015). Gergeklestirilen bu c¢alismada Kirklareli
Eski Kagsar Peyniri 6rneklerinde 9 adet keton
tespit edilmis olup bunlar; 2-pentanon, 2-
heptanon, 2-oktanon, asetoin, 2-nonanon, 2-
dekanon, 2-undekanon, 2-tridekanon ve 2-
pentadekanondur.  Peynirin = temel  aroma
bilesenlerinden olan 2-nonanon (Moio vd., 2000)
peynir 6rneklerinde tespit edilen en yitksek keton
olup G orneginde 592.42 pg/100 g olarak
belirlenmistir. Dogan ve Karagtl Yiceer (2019)

Ezine  Eski =~ Kasar  Peyniri  tzerinde
gerceklestirdikleri calismada 2-pentanon ve 2-
heptanon  bilegiklerinin ~ peynir  6rneklerinde

miktarca en yilksek ketonlar oldugunu tespit
etmislerdir.  Peynirlerde  bitkisel —aromadan
sorumlu alkollerden biti olan 2-etil 1-hekzanol
(Esen vd., 2020) ise en ¢ok F 6rneginde 100
gramda 101.53 pg olarak tespit edilmistir.
Kirklareli Eski Kasar Peyniri 6rnekleri esterler
bakimindan zengin olup hekzanoik asit etil ester
ve oktanoik asit etil ester bilesenleri peynir
orneklerinde yliksek miktarlarda tespit edilen
ucucu bilesenlerdir (Cizelge 4). A ve B 6rneginde
bu esterlerin miktarlar1 oldukca yitksek tespit
edilmis olup gerceklestirilen duyusal
degerlendirmeler sonucunda meyvemsi lezzet de
panelistler tarafindan yiksek olarak algilanmistir

(Gizelge 5).

Kirklareli Eski Kasar Peynirleri'nin duyusal
Ozelliklerinin  ortaya  koyulabilmesi amaciyla
tanimlayict duyusal analiz teknigi kullanilmustur.
Peynirlerde duyusal analizler 15 puanhk skala
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kullanilarak gerceklestirilmis olup elde edilen
sonuglar Cizelge 5’te sunulmustur.

Gergeklestirilen  duyusal — analiz  sonrasinda
peynirlerde ‘pismis’, ‘peyniraltt suyu’, ‘kremamst’,
‘siilfiir’ ve ‘kiif-maya’ olarak tanimlanan 6zellikler
panelistler tarafindan yogun olarak algilanmistir.
‘Tuzlw, ‘eksi’” ve ‘umami’ tatlar da panelistler
tarafindan  peynir Orneklerinde yogun olarak
algilanan temel tat Ozelliklerinden olmustur.
Pismis 6zelligi bakimindan en yiksek puan B
orneginde, en digsik puan ise G Orneginde
algilanmustir. Peyniraltt suyu 6zelligi bakimindan
en yuksek puan F 6rneginde, en disiik puan ise G
orneginde belirlenmistir. Kiif-maya aromast genel
olarak tim peynirlerde algilanan bir tanimlayici
terim olup en yitksek A peynirinde belirlenmistir.

Dogan ve Karagil Yiceer (2019) Ezine Eski
Kasar Peynitleri’'nde gerceklestirdikleri duyusal

degerlendirmede  ‘pismis’, ‘peyniraltt  suyw’,
‘kremams?’, ‘stlfur’, ‘ransit’, ‘tuzlu’ ve ‘umami’
terimlerini  karakteristik tanimlayicilar  olarak

belirlemis ve bu terimleri sirastyla; 2.08-4.00, 2.00-
3.83,2.08-4.83, 0.66-5.00, 0.41-5.00, 6.00-10.50 ve
0.25-2.95 araliklarinda bulmuslardir.

SONUC

Kirklareli Eski Kagar Peyniri cografi isaret belgesi
bulunan ve geleneksel yontemlerle uretilerek
kendine 6zgli karakteristik  6zellikleri  olan
peynitlerimizden biridir. Bu ¢alismada, Kirklareli
Eski Kasar Peyniri'nin ucucu bilesen profili,
fizikokimyasal ~ ve  duyusal  Ozelliklerinin
belirlenmesi hedeflenmis olup 7 adet peynir
Ornegi yerel ireticilerinden temin edilmistir.
Peynir 6rnekleri arasinda fizikokimyasal 6zellikler
bakimindan farkldiklar oldugu beliflenmistir.
Parlaklik ve beyaz renkten sorumlu L* degerinin
merkez  kistmlarda  daha  ylksek  oldugu
belirlenirken 4* degerinin ise kenar ve merkez
kisimlardan alinan Ol¢limlerde benzer oldugu
saptanmistir. Peynirlerde yogun olarak belirlenen
karakteristik ucucu bilesenlerin asit grubunda yer
alan asetik asit, butirik asit, hekzanoik asit,
oktanoik asit ve dekanoik asit oldugu
bulunmustur. Ester grubunda ise hekzanoik asit
etil ester ve oktanoik asit etil ester yiksek
konsantrasyonlarda tespit edilen ugucu bilesenlere

o6rnek  verilebilir.  Gergeklestirilen  duyusal
degerlendirmeler sonucunda peynitlerde yogun
olarak algilanan aroma ve tat terimleri ‘pismis’,
‘peyniraltt suyw’, ‘kremamst’, ‘stlfit’, ‘kif-maya’,
‘tuzlv’, ‘eksi’ ve ‘umami’ olmustur. Peynir
orneklerinde tespit edilen bu farklarin peynir

uretiminde kullanilan siit tlrlerine, bunlarin
karistm  oranlarina, Uretim  metotlarindaki
farkliliklara,  olgunlastirma  slresine  ve
olgunlastrma  kosullarina ~ bagh  oldugu
dusuntlmektedit.

Elde edilen bulgularan cografi isaret ile
tescillenmis Kirklareli Eski Kasar Peyniri’nin bazt
karakteristik  Ozelliklerinin ~ ortaya  konarak
taninurhiginin artmasint saglayacagt
disuntlmektedir.

CIKAR CATISMASI

Yazarlar bu arastirma makalesinde herhangi bir
kisi ve/veya kurum ile cikar catismasi olmadigini
beyan etmektedir.

YAZAR KATKILARI

Ozlem SAHINER laboratuvar analizlerini,
bulgularin degerlendirilmesini ve makale yazimint
gerceklestirmistir. Yonca KARAGUL YUCEER
sire¢ yonetimi, metodoloji ve makale yazimi
konularinda katk: saglamustir.

TESEKKUR

Calismanin gerceklesmesinde desteklerini
esirgemeyen Kirklareli Ticaret ve Sanayi Odast’na,
Kirklareli Eski Kasar Peyniri tireticisi firmalarina
ve duyusal degerlendirmelere katiim saglayan
panelistlere tesekkiir ederiz.
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oz

Plastikler kolay islenebilir, dayanikli, hafif ve ucuz olmasi gibi &zellikleri nedeniyle glinliik yasamin
vazgecilmez malzemelerinden biridir. Gida sektoriinde 6zellikle triinlerin ambalajlanmast ve tagmnmast gibi
konulardaki avantajlart nedeniyle siklikla tercih edilmektedir. Kullanilan plastikler cesitli cevresel faktotlerle
mikroplastik olarak adlandirilan daha kiiclik parcaciklar halinde dogada serbest kalmaktadir. Yapilan
calismalar bu parcaciklarin havada, suda ve gidalarda bulundugunu gostermistir. Insanlarda, kanda ve
organlarda da tespit edildigi icin mikroplastiklerin insan saglgi tzerindeki olast etkileri endise
uyandirmaktadir. Mikroplastiklerin hem ¢evre hem de insan saghg icin kiiresel bir tehdit haline geldigi g6z
6ntine alindiginda, mikroplastiklerin gidaya olan kontaminasyon kaynaklarinin belitflenmesi, kontaminasyonu
etkileyen faktorlerin irdelenmesi ve gidalardaki miktarlarinin beliflenmesi i¢in yontemlerin gelistirilmesi
gereklidir. Bu derlemede mikroplastik kavraminin aciklanmasi, mikroplastiklerin saglik tizerine olan etkileri
ile ilgili yapilan ¢aligmalarin ézetlenmesi, gidalarda 6zellikle siit ve siit tirtinlerindeki mikroplastik varligr ve
kontaminasyon kaynaklar ile ilgili bilgilerin toplanmast ve gidalarda mikroplastiklerin tespitinde ayirma
asamasinda kullanilan yontemlerin kapsaml bir sekilde incelenerek sunulmast amaglanmustir.

Anahtar kelimeler: Mikroplastik, gida, stit ve siit trtinleri, saglik, ayirma yontemleri

PRESENCE OF MICROPLASTIC IN MILK AND DAIRY PRODUCTS, ITS
EFFECTS ON HEALTH AND MICROPLASTIC SEPARATION METHODS

ABSTRACT

Plastics are one of the indispensable materials of daily life due to their features such as being easy to
process, durable, light and cheap. It is frequently preferred in the food industry due to its advantages,
especially in packaging and transportation of products. The plastics are released in nature as smaller
particles called microplastics, which are formed due to various environmental factors. Studies have
shown that these particles are found in air, water and food. Since microplastics have also been
detected in humans, blood and organs, the possible effects of microplastics on human health raise
concern. Considering that microplastics have become a global threat to both the environment and
human health, it is necessary to identify the sources of contamination of microplastics in food,
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examine the factors affecting contamination, and develop methods to determine their concentrations
in food. In this review, it is aimed to explain the concept of microplastics, summarize the studies on
the effects of microplastics on health, and collect and present information about the presence of
microplastics in foods, especially milk and dairy products, and their contamination routes. In this
review, it is aimed to explain the concept of microplastics, summarize the studies on the effects of
microplastics on health, collect information about the presence of microplastics in foods, especially
in milk and dairy products, and sources of contamination, and comprehensively examine and present
the methods used in the separation phase in the detection of microplastics in foods.

Keywords: Microplastic, food, milk and dairy products, health, isolation methods

GIRIS
Giliniimiizde plastik kirliligi kiiresel bir cevre ve
halk saghgr sorunu haline gelmistir. Plastics
Europe’a gore, 2021 yiinda dunya plastik
tretiminin yida 390.7 milyon ton oldugu ve
tretimin sadece %8.3’linitin geri donustirilmus
plastik  kullanilarak  karsiandigt  belirtilmistir
(Plastics Europe & EPRO, 2022). Kiiresel plastik
attk Gretiminin yillik 2015 yilinda 60 ile 99 milyon
metrik ton oldugu, bu sayinin 2060 yilina kadar t¢
katina c¢tkarak 155-265 metrik tona ulasacagt
raporlanmustir  (Lebreton ve Andrady, 2019).
Mevcut attk aritma  sistemlerinde  etkili  bir
iyilestirme yapimadigl takdirde diinya ortaminin
(kara, tatlt su, okyanus, hava) 2050 yilina kadar
13.2 milyar plastik atkla dolacagt tahmin
edilmektedir (Silva vd., 2020).

Plastikler, yitksek molekii agithigina sahip uzun
zincirli organik polimetlerin bir sinifidir (Liu vd.,
2021) ve polipropilen (PP), polietilen (PE),
polietilen tereftalat (PET), polistiten (PS),
poliiretan (PU), polivinil klorir (PVC) ve
polikarbonat (PC) gibi tirleri basta olmak tzere
45°den fazla farkli plastik tirl ticari Gretimde
kullanddmaktadir (Kannan ve Vimalkumar, 2021).
Plastikler kimyasal ve biyolojik bozunmaya karst
direncli, ucuz, hafif, tretim ve isleme kolayligt gibi
avantajlart nedeniyle bircok alanda
kullanilmaktadir (Liu vd., 2021). Bertaraflarina
iliskin katt diizenlemelerin bulunmamasi, ¢ap1 10
ve 2.5 mikrometreden kiiciik olan partikiiller icin
diizenlemelerin mevcut olmasina ragmen kontrol
yontemlerinin sinirli olmasi ve bazi tlkelerin geri
doéntistim streclerinde etkin olmamalart nedeniyle
cok sayida plastik atik, su ve karasal ortamlara
girerek ciddi bir cevresel Kkirlilige neden
olmaktadir (Du vd., 2020, Diaz-Basantes vd.,
2020). Genel olarak biiyiik plastik polimerler inert
olduklari ve boyutlarindan dolayt bagirsak sistemi

tarafindan emilmedikleri insan
metabolizmasinda islenmeden atildiklart
dustintilmektedir. Bu nedenle plastiklerin su ve
cevresel kirlilik ve strdurulebilitlik  konulart
uzerindeki etkileri dikkat cekmektedir (Wurm vd.,
2020). Son yillarda vyapilan arastirmalar ise
plastiklerin ¢evreye ve/veya biyolojik sistemlere
girdikten sonra biyotik ve abiyotik ayrisma ve
déntistim strecleri yoluyla ortamda
mikroplastikler (MP) olarak adlandirilan daha
kiicik  boyutlu  parcaciklara  donitstigina
kanitlamistir (Kannan ve Vimalkumar, 2021).

icin

Bunun sonucunda, insanlarda MP’lere maruz
kalma yollar1 ve maruz kalmanin olusturabilecegi
saglik sorunlart ile ilgili endise artmis ve bu
risklerin  tanimlanmast  konusunda  yapilan
arastirmalar ivme kazanmustir (Sangkham vd.,
2022). 2021 yilinda dinyada tretilen plastiklerin
%44t ambalaj endustrisinde  kullanilmugtir
(Plastics Europe & EPRO, 2022). Ambalaj
materyalinden gidaya MP gecisi cesitli arastirmalar
(Iniguez vd., 2017; Winkler vd., 2019; Hernandez
vd., 2019) ile g6sterilmistir. Bu baglamda insanlara
gidalar araciligiyla gecen MP miktarini azaltmak ve
gida glivenligini saglamak acisindan (Xu vd., 2019;
Prata vd., 2020); MP’lerin gidalara kontaminasyon
kaynaklarinin  belirlenmesi,  kontaminasyonu
etkileyen faktorlerin saptanmasi ve
kontaminasyonun azaltilmast konularinda
farkindalik  arttirdmalidir.  Gidalardaki  MP
varligini dogru olarak belirleyebilmek icin tespit
yontemlerinin gelistirilmesi ve 6zellestirilmesi son

derece Onemli bir konu olarak karsimiza
ctkmaktadir.
MIKROPLASTIKLER

Mikroplastik (MP)’ler, diizenli veya diizensiz
sekillere ve 1um ile 5 mm arasinda degisen
boyutlara sahip sentetik kati parcaciklar veya
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polimerik matrisler olarak tanimlanir (Frias ve
Nash, 2019). MP’ler, ¢evresel salinim kaynaklarina
gbre birincil veya ikincil olarak smiflandirilir.
Birincil MP’ler, ylz temizleyicileri, dus jelleri ve
bulastk  siingerlerindeki mikroboncuklar  ve
giysilerdeki mikrofiberler gibi uygulamalarda
kullanilmak  tizere kasith olarak <5 mm
boyutlarinda  dretilenlerdir  (Kannan  ve
Vimalkumar, 2021). Tkincil MP’ler ise plastik
malzemelerin foto, termal, biyolojik ve mekanik
degradasyon olarak adlandirilan dért tip cevresel
faktor nedeniyle daha kiigiik tinitelere parcalanmus
halleridir (Chamas vd., 2020). Gines isinlart
fotodegradasyon yoluyla plastigin C—C ve C-H
baglarinin kirilmasina neden olur. Sicaklik artisy,
polimerlerin kimyasal ve fiziksel yapisini etkiler ve
bu olay termal bozunma olarak tanimlanir.
Biyolojik bozunma, mikroorganizmalarin aerobik
veya anaerobik kosullar altinda neden oldugu
enzimatik bozunmanin daha spesifik bir tiridir.
Mekanik bozulma ise rlizgar ve su gibi harici
asindirict faktorler, fiziksel stres ve tekrarlanan
kullanim sonucunda olusur (Fotopoulou ve
Karapanagioti, 2019). Belirli bir ¢evresel faktérin
plastigin bozunma hiz1 tzerindeki etkisi, biyik
Olgiide plastigin tiiriine bagldir (Chamas vd.,
2020). Bu cevresel faktotler ve bozulma siirecleti
plastikleri 6nce makroplastiklere (>200 mm)
dontstirir. Daha sonra artan pargalanma
dizeyleri ile mesoplastikler (5-200 mm) ve
mikroplastikler (<5 mm) olusur. Ayrica,
bozunma streci ile mikroplastikler nanoplastik
(<1 pwm) olarak adlandirilan daha kiiciik nano
boyutlu parcaciklara déntsir (Klein vd., 2018).

MIKROPLASTIK KONTAMINASYONU
Dogada yaygin olarak bulunan MP 6rnekleri;
tretim 6ncesi kullanilan plastik peletler, elektronik
ekipman, paketler, siseler, ara¢ parcalart veya
lastikler, boyalar, sentetik tekstiller, kisisel bakim
triinleri ve olta takimlart gibi cesitli driinlerden
tiretilen pargaciklar veya bilesenler olarak
stralanabilir (Al Mamun vd., 2023). MP’ler kii¢tik
parcactk boyutlart nedeniyle bu kaynaklardan
topraga, suya ve havaya karisarak, bu ortamlarin
ve ortamda bulunan canlilarin kontaminasyonuna
sebep olur (Ashrafy vd., 2022).

Su ortamlarinin ve sudaki canldarin MPler ile
yogun bir sekilde kirlenmesine neden olan
faktorler; evsel ve endustriyel atik suylarin
okyanuslara, géllere ve nehitlere degartjt, diger MP
kaynaklarinin bu su ortamlarina birakilmasi, katt
attk toplama ve bertaraf sirasinda aciga c¢ikan
plastik ve bunlarin bozulma trlnlerinin rizgar
gibi faktorlerle su ortamlarina tasimnmast olarak
stralanabilir (Ashrafy vd., 2022). Tarim alanlarinda
plastik mal¢lama ve biyokatidarin yaygin kullanimi
toprakta MP kontaminasyonuna yol a¢gmaktadir
(Huang vd., 2020). MPler toprak, gibre,
biyokatiar (kompost ve camur) ve su yoluyla bitki
sistemine kolayca gecebilir (Vithanage vd., 2021;
Unuofin ve Igwaran, 2023). Toprakta bulunan
MP’ler trofik tasima yoluyla sebzelerde biyolojik
olarak birikebilmektedir (Huang vd., 2020). Ek
olarak bitkilerin MP ile kontaminasyonunda isci
artlarin rolii oldugu ortaya konmugtur (Edo vd.,

2021).

Cevresel kontaminasyon kaynaklarinin yaninda,
gidalarin  ambalajlanmasinda  kullanilan  gesitli
plastik  malzemeler  gidalann  MP  ile
kontaminasyonuna sebep olmaktadir. Is;, UV
inlart - ve  depolama  kosullart  ambalaj
malzemelerinin  bozunumunu etkileyerek MP
olusumuna neden olmaktadir. Ozellikle plastik
icerikli bardak ve kutularda sicak servis edilen
gidalardaki MP’lerin, ambalajdaki bu bozunma
sonucunda olustugu dustinilmektedir (Sridharan
vd.,, 2021). Ayrica plastik yemek kaplart ve
bardaklarin asir1 kullanimi gidaya dogrudan MP
bulasmasinda etkilidir (Jadhav vd., 2021). Du vd.
(2020), COVID-19 salgiu ile gida dagitimi icin
plastik ambalaj kullaniminin arttigini ve buna bagl
olarak ~ MP arttigint
bildirmistir.

kontaminasyonunun

Ek olarak gidalara MP’ler, gida endiistrisinde
kullanilan teknik ve yardimct ekipman, isleme
tesislerinde yer alan havalandirma sistemleri ve
iscilerin  kullandig1 eldiven, bone, maske gibi
koruyucu ekipman ve gida formilasyonuna
katilan su, tuz ve katki maddeleri nedeniyle dahil
olmaktadir (Brachner vd., 2020). Icme suyu, bira,
stt ve farkliiceceklerde (Shruti vd., 2020), meyveli
icecekler ve bazt bal numunelerinde (Kosuth vd.,
2018; Pivokonsky vd., 2018) kullanillan ambalaj
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malzemelerinden, bira ve sit endustrisinde
kullanilan filtrasyon malzemelerinden trine MP
gecisi oldugu bildirilmistir (Diaz-Basantes vd.,
2020). Icme sulari ise atik ve ¢Op sahast
sizintilarindan ve su sebekelerinde kullanilan
borulardan dolay1 MP actsindan
kirlenebilmektedir ~ (Sewwandi  vd.,  2023).
Gudalarda en yaygin tespit edilen MP’ler PP, PET,
PVC, PE, PS, yiksek yogunluklu polietilen
(HDPE), dusiik yogunluklu polietilen (LDPE),
poliamid (PA) ve genlestirilmis polistiren (EPS),
vb.dir (Afrin vd., 2022).
MIKROPLASTIKLERIN SAGLIK
UZERINE ETKILERI

Genel olarak MP’ler insan viicuduna sindirim
(yiyecek ve icecekler), solunum (hava) ve deri
temast (kisisel bakim ve tekstil driinleri) olmak
tzere ¢ ana yolla girerler. En 6nemli
kontaminasyon yolu ise MP ile kontamine
gidalarin glinliik diyette tiketilmesidir (Prata vd.,
2020). Insanlarin kontamine toprakta yetisen
bitkilerin titketimi ile glinlitk yaklastk 80 g (Ebere
vd., 2019) ve sofra tuzu tiketimi ile ydhk 150
partikiil  (Ozgifei  vd.,, 2023) MP aldigt
bildirilmistir.

Yutma yoluyla MP’lere maruz kalmak, mide-
bagirsakta ve endokrin sisteminde meydana gelen
ve toksisite dahil olmak tzere bir dizi saglik
sorunu ile iligkilendirilmistir (Emenike vd., 2023).
150 um’den daha kiiciik partikiller memeli
vicutlarindaki ~ gastrointestinal ~ epitelyumu
gecebilir ve sistemik maruziyete neden olur
(Barboza vd., 2018). Boyutu 10 um’den kiiciik
MP’ler bagirsaktan emilerek dolagim ve lenfatik
sistemlere gecebilir. Ayrica beyin, karaciger ve
bébrek dokularinda da birikebilir (Yong vd.,
2020). Leslie vd., (2022) gelistirdikleri analitik
yontem ile 22 saglikli géntlliden alinan insan
kaninda PET, PE, PS ve polimetil metakrilat
(PMMA) polimerlerini ilk kez tanimlamuslar ve
kanda toplam MP konsantrasyonu ortalama
degerinin  ise 1.6 upg/ml oldugunu tespit
etmislerdir. Ragusa vd., (2021) ise 6 insan
plasentast Uzerinde vyaptiklart calismada, 4
plasentada (51 fetal tarafta, 4’ii anne tarafinda ve
3’1 koryoamniyotik membranlarda) boyutlart 5 ile
10 um arasinda degisen kiiresel veya diizensiz

sekilli 12 MP parcay ilk kez tespit etmislerdir. Bu
calismalar ile plastik parcaciklarin biyolojik olarak
insan kan dolasiminda bulunabilecegi ve fetiise
temel  besinlerin  yaninda ~ MP’lerin  de
taginabilecedi gosterilmistir.

Bununla birlikte MP’lerin insan viicudundaki
birikimi, membranlar arast adsorpsiyonu, ikincil
organlara ve dokulara translokasyonu, akut ve
streli etkileri henitiz tam anlamiyla
tanimlanamamistir. Ancak farkli solunum yolu
hastaliklarindan sikayetci olan toplam 22 hastanin
balgaminda PU baskin olmak tizere c¢ogunun
boyutu 500 pm’den kicik 21 farkli MP tird
saptanmistir (Huang vd., 2022). Ek olarak, 15 kalp
cerrahisi hastasinda bes doku tlrtinde en biyiga
469 pum capinda olmak tizere 9 tir MP ve bu
hastalardan ameliyat 6ncesi ve sonrast alinan kan
orneklerinde de maksimum ¢ap1 184 um olan 9
farklt tir MP tespit edilmistir. Ayrica, sol atriyal
apendikste, epikardiyal yag dokusunda ve
perikardiyal yag dokusunda bulunan PMMA’nin

uzun

ameliyat sirasinda  herhangi bir islemden
kaynaklanmadigr  ve hastalarin  dokularinda

dogrudan bulundugu raporlanmistir (Yang vd.,
2023). Schwabl vd. (2019), insan digkist
orneklerinde ortalama 20 MP/10 g diskt
tanimlamis ve diskt 6rneklerinin en az 9 farkh
plastik tiirii icerdigini ve en yaygin tiirlerin PET ve

PP oldugunu bildirmislerdir.  Yapilan bu
calismalarda elde edilen bulgular, MP’lerin insan
sagligt tzerine olumsuz etkilerinin

bulunabilecegine yonelik endiseleri arttirmaktadur.

Mikroplastikler genellikle katki maddeleri, agir
metaller ve diger organik  kirleticilerle
iliskilendirilir. Poliklorlu bifeniller, poliaromatik
hidrokarbonlar, organoklorlu pestisitler, Bisfenol
A (BPA) ve fitalatlar dahil bircok organik
kirleticinin MP’lerin yiizeyine absorbe oldugu
bildirilmektedir (Bouwmeester vd., 2015). Ek
olarak, MP’ler hidrofobik ytizeylere sahip olmalart
nedeniyle mikrobiyal baglanma, kolonizasyon ve
tagima icin stabil veya sabit bir baglanma ortami
olustururlar (Zhang vd., 2020; Unuofin ve
Igwaran, 2023). Organik kirleticileri ve patojen ya
da patojen olmayan mikroorganizmalart tagiyan
MP’ler besin zinciri yoluyla insan vicuduna
girmektedir (Al Mamun vd., 2023). MP’ler ve bu
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absorbantlar insanlarda kimyasal ve fiziksel toksik
etkiye (Cox vd. 2019) ve buna baglt olarak,
oksidatif stres, gen ekspresyonu modifikasyonu,
diyabet, endokrin sistem bozulmasi, immiinolojik
tepkiler, kardiyovaskiiler komplikasyonlar, akciger
hastaliklari, genotoksisite, nérotoksisite gelisim ve
treme sorunlart dahil olmak Uzere cesitli saglik
sorunlarina neden olabilmektedir (Alimba ve
Faggio, 2019; Prata vd., 2020; Joseph vd., 2023).
Mikroplastik alimmnin kapsami ve insan sagligs
tzerindeki potansiyel etkisi konusunda daha fazla
arastirmaya ihtiya¢c bulunmaktadir.

GIDALARDA MIKROPLASTIK VARLIGI

Ginlik hayatta tiketilen gesitli gidalarda 6énemli
miktarda MP varliginin tespiti, MP kirliliginin
evrensel bir sorun oldugunu ortaya koymus ve bu

Igwaran, 2023). MP’ler kiicik boyutlart nedeniyle
pelajik ve bentik ekosistemlerde yaygin olarak
bulunmaktadir. Bu ortamlarda bulunan sucul
biyota aracihiftyla insan  besin  zincirine
aktarilmaktadir (Sharma ve Chatterjee, 2017). Su
ortamindaki MP’lerin diger gidalara kolayca
taginmasi, su ve deniz Urlnlerinde MP vatligt
konusunda 6zel bir odak noktast olusturmus, bu
drinlerde MP  varligint ortaya koyan bircok
calisma yapilmistir (Pironti vd., 2021). Bunun yant
sira icme suyu, alkolstiz icecekler, ¢ay, sarap, alkol,
enerji icecekleri, siit, bira ve kahve gibi
iceceklerde, bal, tuz, seker, et, meyve ve sebze gibi
bircok gida da MP varlig bildirilmistir (Yaranal
vd., 2021; Sewwandi vd., 2023). Cizelge 1°de baz
gidalarda mikroplastik varligr ile ilgili yapilan
calismalar ve elde edilen sonuglar sunulmustur.

konuda endiseleri arttrmustir  (Unuofin  ve
Cizelge 1. Farkli gida maddelerindeki mikroplastik varligina ait bazt ¢aligmalar
Grup Ulke Numune Mikroplastik sayist/varligs Boyut Kaynak
Seylla serrata (Camur yengeci) 1.810.21 MP/g
Penaens monodon (Karides) 1.7£0.29 MP/g
Katsuwonus pelamis (Yazili Orkinos) 1.42+0.29 MP/g
P, rere: 1 idve =+
Sri Lanka gZiﬁ%ZﬁiiE;EiT (IZdli?ﬁyan yarim LARO00 NP >0.6pum  Kandeyaya vd,
gaga) < 1.17£0.14 MP/g (2023)
Sla/zy)_barm commersonnii  Commerson's 0.83+0.10 MP/g
hamsi)
Sardinella gibbosa (Goldstripe sardalya) 0.82£0.30 MP/g
Sepia sp. (Subye)
(Sinditim sistemi) 0.04£0.02 MP/g
Ekvador 26 farkls tiire ait 390 deniz 6rnegi 390 o6rnegin 277 tanesinde  >200 pm  Céceres  Farias
(Sindirim sistemi) (%71.5£22.2)  MP  tespit vd., (2023)
edilmistir
Avustralya 3 farkli Karides tiirii (gastrointestinal — 0.82£0.1 MP/birey >38 um Ogunola vd.,
sistemi iceren yumusak doku) (2022)
2 farkli Yengeg tirti (Mide-Bagirsak yolu  1.620.1 MP/birey
Deni Giineybatt Pleoticus muelleri (Karides)  3.0£2.90 MP/g yas agirlik >5 mm Colombo vd.,
eniz f . L
o Atlantik (gastrointestinal sistem ve karin kast) (2023)
drdnlert e DPatella caernlea 0.20£0.5 - 0.4520.7 MP/birey ~ 0.13-43  Yiicel ve Kilg,
(Yumusak dokularr) mm (2023)
Cin Kabuklu deniz hayvanlart 1.88%1.44 MP/birey <1.0mm  Panvd, (2022)
Baliklar 1.98£1.98 MP/birey
Ispanya 8. pilchardus (Sardalya) 1.77+1.42 MP/birey 0.3-5mm  Filgueiras  vd.,
M. surmmletus (Tekir) 1.56+0.53 MP/birey (2020)
E. encrasicolus (Hamsi) 1.92£0.95 MP/birey
Callionymus lyra (Uzgun Baligy) 2.53%0.53 MP/birey
(Sindirim sistemleri)
Italya 3 farkli markaya ait deniz tuzu 1653129 MP/kg 0-500um  Di  Fiore vd,
(2023)
Cin Kiristalizasyon ile tiretilen ham deniz tuzu ~ 256+26 parcactk/10g - Li vd., (2023)

Kirilmis ve yikanmig deniz tuzu

6%5 - 112£30 parcacik/10g
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Cizelge 1. devam

Grup Ulke Numune Mikroplastik sayist/varligs Boyut Kaynak
Liibnan 16 farkli markaya ait tuz 159.6£157.6 MP/kg >0.7pum  Nakat vd., (2023)
Iran 4 farkli markaya ait kaya tuzu; > 045 Makhdoumi vd.,
Optik stereomikroskopik 55.2+43.7 MP/kg um (2023)
Boyama (Nil Red) stereomikroskopik 151.3£61.8 MP/kg
fran 13 farkl matkaya ait deniz tuzu 1356£533 MP/kg > 045 Taghipour vd,
um (2023)
13 farkli markaya ait kaya tuzu 14751902 MP/kg
8 farkli markaya ait d6kme tuzu 1278+553 MP/kg
Tuz
6 farklt markaya ait standart dist tuz 1825£1808 MP/kg
Trkiye 8 farkli markaya ait Deniz tuzu 39130 MP/kg >0.45um  Ozgifci vd.,
12 farkli markaya ait G6l tuzu 2849 MP/kg (2023)
16 farkli markaya ait Kaya tuzu 44126 MP/kg
Iran 5 Kristalize tuz 6rnegi 151.4 £ 48.8 MP/kg >0.45um  Sharifi ve
. . . Movahedian
. deniz tus -5 + /
4 Rafine deniz tuzu 6rnegi 406.7 + 93.3 MP/kg Attar, (2021)
2 Rafine edilmemis deniz tuzu 6rnegi 1288.6 + 184.9 MP/kg
4 Kaya tuzu 6tnegi 283.4+ 97 MP/kg
Hindistan 10 ticari markaya ait deniz tuzu <700 MP/kg 3.8 um-5  Sivagami vd.,
mm (2021)
Seker Banglades 5 markali ve 2 markasiz seker 343.7£32.08 MP/kg <300 pm  Afrin vd., (2022)
Ttalya 2014-2018 yilart arast Italya’da farkh  2563-5857 MP/L 0.1 um Prata vd.,
uziim cesitlerinden tretilen 26 sise beyaz (2020)
sarap
Meksika 13 farkli markaya ait 26 Bira 0-281+5.29 MP/L 100-3000  Shruti vd., (2020)
um
Ekvator 8 Endustriyel markaya ait Bira 47 MP/L 130-6700  Diaz-Basantes
7 Gelencksel markaya ait Bira 32 MP/L pm vd., (2020)
Farki Trkiye 10 markaya ait 30 mesrubat 6rnegi 8.9£2.95 MP/L 10-100 Altunistk, (2023)
Igecekler um
Meksika 10 markaya ait 19 mesrubat 6rnegi 40+24.53 MP/L 100-300 Shruti vd., (2020)
um
Ekvator 14 markaya ait mesrubat 32 MP/L 5.47- Diaz-Basantes
222425 vd, (2020)
um
Iran 11 markaya ait mineralli su 8.5210.2 MP/L 1280- Makhdoumi  vd.,
4200 um  (2021)
Yumurta Cin 5 farkls tireticiden temin edilen yumurta 11.67£3.8 MP/yumurta 50-100 Liu vd., (2022)
um
sUT VE sUT URUNLERINDE tretiminde; siit sagimi sirasinda, tedarik zinciri
MIKROPLASTIK VARLIGI boyunca, endistriyel islemler sirasinda, son

Siit ve siit drtinlerinde gida giivenligi agisindan
fiziksel, kimyasal ve mikrobiyolojik tehlikeler siki
denetim altinda olmasina ragmen, mikroplastik
tehlikesi ile 1ilgili heniiz tam anlamiyla bir
farkindalik olusmamistir (Kutralam-Muniasamy
vd.,, 2020). Opysaki, sit ve sit trinlerinin

paketleme ve depolama asamalarinda kullanilan
plastik malzemelerin siit icin kontaminasyon
kaynagi olabilecegi bildirilmigtir (Da Costa Filho
vd., 2021). Sit ve sit UrGnlerine mikroplastik
gecisi; sitin titresimli vakumlu kauguk kapli
meme baslklar1 iceren sagim makineleri ile
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sagilmasinda makineden, sttin fabrikaya nakli
strasinda yalitimli tanklarla donatilmis 6zel olarak
tasarlanmis tankerlerden gerceklesebilir. Ek
olarak, fabrikaya gelen siitler PE veya PVC
malzemelerden olusan boru hatlart ile fabrika
icine aktarilmakta, bu asamalarda borulardan stite
MP gecisi s6z konusu olabilmektedir. Daha sonra
stit, mikrobiyal yiiki azaltmak ve biyik katt
maddeleri sitten ayirmak icin makrofiltrasyon,
mikrofiltrasyon ve ultrafiltrasyon gibi membran
filtrasyon islemlerine tabi tutulmaktadir (Kumar
vd., 2013). Kullanilan membran filtrasyon
tnitelerinin degistirilmemesi, membranlara zarar
veren yiksek basing gibi faktérler ve filtrelerin
Omrini uzatmak icin uygulanan kimyasal
temizleme  islemleri  nedeniyle  polimerik
membranlarin aginmast s6z konusu olmakta ve bu
durum membran ylzeyinde kopmalara neden
olarak mikroplastik partikiillerini olusturmaktadur.
Olusan bu partikiiller islem sirasinda  stite
karisabilmektedir (Kumar vd., 2013; Pironti vd.,
2021). Isleme sirasinda kullanilan malzeme
torbalar;, Onlikler, eldivenler, eckipmanlar,
donanimlar ve siite eklenen su gibi yardimc
malzemelerin potansiyel MP kaynagi olabilecegi
vurgulanmaktadir.  Ayrica, siit  endistrisinde
plastik bazli ambalaj malzemelerinin yaygin olarak
kullanilmasi da gecis miktarinin artmasina neden
olabilir (Kutralam-Muniasamy vd., 2020). I¢me
sttdl ve stt Urlinlerinin endustriyel tretimde olast
mikroplastik kontaminasyonu genel olarak tretim
ortamindan gidaya tasinma yolu ile olmaktadir.
Isletme icindeki hava akimlarinin atmosferik
kontaminasyon kontrolinin  kisith  oldugu
durumlarda yitksek kontaminasyonun oldugu
verlerden  gidaya  mikroplastikleri  tasidigt
bildirilmistir (Diaz-Basantes vd., 2020). Bu
nedenle, tretim stirecindeki tiim faaliyetler siit ve
sut Urlnlerindeki olast mikroplastik  varlig
acisindan degerlendirilmelidir (Kutralam-
Muniasamy vd., 2020).

Da Costa Filho vd., (2021), siit bazli trtinlerde
MP’leri dogru bir sekilde belirlemek ve karakterize
etmek i¢cin mikro-Raman (uRaman) teknolojisi
kullanilarak enzimatik ve kimyasal sindirim
adimlarini  birlestiren yeni bir metodoloji
gelistirmislerdir. Gelistirilen bu yontem ile ¢iftlikte
sagim makinesinden hemen alman ¢ig siitte ve

bazt islenmis ticari sivi ve toz inek sitd
uriinlerinde nispeten distik miktarlarda kicik
boyutlu MP (= 5 pm) varligint ilk kez rapor
etmislerdir. ‘Turkiye pazarinda satilan cesitli
markalara ait 14 adet ambalajli siitin MP varligt
acisindan incelendigi bir calismada, bes farkls
polimer (PET, PP, PU, ectilen vinil asetat ve
naylon-6) ortalama 615 partikiil/L olarak tespit
edilmistir. Tim sut numunelerinin ortalama MP
polimer risk indeksinin orta diizeyde riskli oldugu
vurgulanmistir. Stit ambalajlarinda yaygin olarak
polietilen polimeri kullanilmaktadir. Ancak analiz
edilen sit numunelerinde PE tespit edilmemistir.
Bu nedenle sit numunelerinde  bulunan
mikroplastiklerin ambalajdan kaynaklanmadigy,
muhtemelen iretim siirecindeki kirleticilerden
kaynaklandigi belirtilmistir (Basaran vd., 2023).
Hindistan’da 13 adet siit 6rneginde <500 um
boyutunda 9%70.8 orannda PE, PP ve
poliakrilamid ~ (PAM) yapida MP  varhg
gosterilmistir. MP’lerin toplam sayisinin 164-427
MP/L araliginda degistigi raporlanmustir (Kiruba
vd., 2022). Polietilen veya TetraPak ile
ambalajlanmus agirlik¢a %1°den daha az miktarda
yag iceren 10 farkli sut 6rneginde ise 16-53 MP/L
araliginda PP, HDPE, LDPE ve PAM yapida MP
tespit edilmigtir (Diaz- Basantes vd., 2020).
Katsara vd., (2021) ise, Edam, Kefalotyri ve
Parmesan peynitlerinin +4 °C’de 1 ay depolandig:
bir calismada, depolama sonunda Grneklerin
yuzeyinde LDPE mikroplastiklerinin varhigin

ATR-FTIR ve Raman spektroskopisi ile
depolamanin 14. gininde tespit etmis ve
plastiklerin ambalajdan  yizeye go¢ ettigini

kanitlamistir. Bu nedenle peynir gibi LDPE
ambalajda bulunan stt Urinlerinin  buzdolabt
sicakliginda uzun siire depolanmadan tiketilmesi
gerektigini  bildirmistir. Zipak vd., (2022) ise
yogurt  Uretim  prosesindeki — mikroplastik
kontaminasyon kaynaklarint = belirlemek icin
prosesin farkli basamaklarindan 6rnekler alarak,
orneklerdeki mikroplastik varligini ve diizeyini
incelemiglerdir. Yapay sindirim enzimi (multi
enzim) kullanilarak gerceklestirilen sindirim islemi
le analiz edilen Orneklerde Ozellikle yogurt
kovalarindan ylksek kontaminasyon oldugu
vurgulanmis ve 12 islem basamaginin toplam 171
mikroplastik parcacik (20-580 partikil/L) icerdigi
tespit edilmistir. Buyukunal vd., (2023) geleneksel
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Tirk icecegi olan ayranin MP icerigini belirlemek
icin ayran yapiminda kullanilan su, tuz, krema ve
kiltir gibi girdileri incelemislerdir. Calismada, su
ve tuzlu su disindaki 6rneklere 6nce enzimatik
hidroliz uygulanmistir. Daha sonra biitin 6rnekler
1 pwm goézenek ¢apina sahip cam mikrofiber
filtreler kullaniarak 0.5-0.6 bar basing altinda
filtre edilmistir. En yitksek MP miktart tuzlu su (43
partikiil/100 mL), tuz (33 partikiil/100 g) ve
homojenizasyon ve pastérizasyon asamalarindan
alinan sut oOrneklerinde (26 partikil/100 ml.)
tespit edilmistir. Son Uriin ayranda ise 18
partikiil/100 mL MP varhgi raporlanmistir. Ayrica
tespit edilen MP’lerin cogunun boyutlarinin 1-150
um arasinda oldugu ve en ¢ok tanimlanan
polimerin etilen propilen oldugu belirtilmistir.
Marmara Bélgesi'nden toplanan 588 adet ¢ig stt
6rneginde MP varligt arastirilmustir.  Ornekler
enzimatik hidrolizin ardindan 1 um gozenek
capindaki membranlar ile 0.5 bar basing altinda
filtrelenmistir. Izole edilen MP’ler mikroskobik
yolla tanimlanmis ve sayilmistir. MP’lerin ylzey
motfolojileri ve kimyasal bilesimleri ise SEM-
EDS ve ATR-FTIR kullantarak
degerlendirilmistir.  Sonug¢ olarak  Grneklerin
%89nun MP icerdigi ve lifli parcaciklarin daha
yaygin (%52) oldugu gosterilmistir. Orneklerde 7
farkli MP tird tanimlanmis ve baslica tiirtin etilen
propilen (%72) oldugu ortaya konulmustur
(Rbaibi Zipak vd., 2024). Ttalya’da yapilan bir
calismada, 34 farkli anne sitli 6rnegi %107Tuk
KOH hidrolizinin ardindan 1.6 um gézenek
capina sahip filtrelerden stziilmiis ve Raman
Mikrospektroskopisi ile analiz edilmigtir. Sonug
olarak, 34 ornekten 26’sinda boyutlart 2-12 um
arasinda degisen PE, PVC ve PP yapida MP’lerin
tespit edildigi raporlanmistir (Ragusa vd., 2022).
Yapilan farklt bir ¢alismada, Cin pazarinda bebek
devam siitlerinin MP icerigi arastirilmistir. Farklt
ambalaj tiirlerini (karton ve teneke), isleme
cesitlerini (kuru karisim, 1slak karisim ve kombine
islem) ve siit kaynaklarini temsil eden 13 devam
sttdl incelemistir. Arastirma sirast ile yapay mide
6z suyu (5 pH, 37 °C 3 saat) ve pankreatik enzim
(7-8 pH, 37°C 4 saat) kullanilarak iki asamali
sindirim ~ seklinde = gerceklestirilmistir. Karton
kutulu sut tozlarinin (723 MP/100 g) tencke
kutulu stt tozlarina (413 MP/100 g) oranla daha
yiksek miktarda MP icerdigi saptanmustir. Karton

kutulu siit tozunun i¢ ambalajinin plastik ve
aliminyum folyo ile lamine edilmis olmast
nedeniyle tiriine MP gecisinin arttig1 belirtilmistir.
Ek olarak orneklere siit tozu, biberonlar ve sut
tozu preparatlarindan kaynaklanan MP gecisi
belirlenmistir. Bebek beslenmesinde kullanilan
biberonun siut tozundan 6.8 kat, sut tozu
prepatindan ise 1.7 kat daha ytiksek MP gecisine
sebep oldugu bildirilmistir (Zhang vd., 2023).

Yapilan ¢alismalar incelendiginde 6zellikle siit ve
sut Urlnlerinde boyutu 20 um’den kigik olan
MP’leri giivenilir bir sekilde 6lgebilen dogrulugu

yiksek analitik  yontemlerin  bulunmamasi
nedeniyle verilerin kisith oldugu gériilmektedir
(Da Costa Filho vd., 2021).
MIKROPLASTIKLERIN AYIRIM
YONTEMLERI

Her ne kadar MPlerle maruz kalma

konsantrasyonlarinin diistik olacagi tahmin edilse
de mikro ve nanoplastiklerin ¢evreye karismasiyla
ilgili  veriler, bunlart cevresel matrislerden
ctkarmak, karakterize etmek ve O6lgmek icin
gereken analitik ve teknik zorluklar nedeniyle hala
sinirhidir. Bir gida matrisinde MP’leri analiz etme
streci temel olarak ayirma, kalitatif ve kantitatif
analiz basamaklarini icerir (Liu vd., 2021).
Kalitatif ve kantitatif analizlerde MP’lerin
miktarlarinin ~ belirlenmesi  ve  tanimlanmast
islemleri yer almaktadur. Ozellikle
mikroplastiklerin tanimlanmast i¢in en yaygin
kullanilan yaklagim, olas: plastiklerin gérsel olarak
tanimlanmasindan  (stereomikroskop,  SEM,
SEM-EDS) sonra, spektroskopik (u-Raman, p-
FTIR, FPA FTIR, p ATR FTIR, NIR) ve termo-
analitik (Py-GCMS, LV Py-GCMS, TED-GCMS,
DSC) ve/veya kimyasal (ICP-MS) analizlerin
birlesik kullanimint igeren polimerik bilesimin
kimyasal analizini icermektedir (Sturm vd., 2021).
2015-2017 yillar1 arasinda yapilan calismalarin

%79unda mikroplastiklerin saptanmast,
tanimlanmasi, boyutlandirilmast ve miktarinin
belirlenmesi amaciyla gorsellestirme

yontemlerinin  birinin veya birkacinin  siklikla
kullanildigt ~ ve  basarith  sonuclar  alindigt
bildirilmistit  (Sturm  vd., 2021). Fakat bu
yontemlerin  basarist  Ornekteki mikroplastigin
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ayrilmasi icin uygulanan yontemin dogru segilip
secilmedigi ile yakindan iligkilidir.

Stvi gidalardan (6rnegin, suda ¢oéziinmiis deniz
tuzlarindaki  mikroplastikler) — mikroplastikleri
ayirmak  icin  yalnizca birkag  basit adim
gerekmesine ragmen, bazi gida matrislerinin
zengin organik icerigi ve sentetik plastik
parcaciklardan ayrilmast zor olan dogal polimerik
yapilart, MP’lerin ayrilmasinda zotluk
¢tkarmaktadir (Kwon vd., 2020). Bircok plastigin
hidrofobik dogast nedeniyle, gida ve c¢evresel
numunelerdeki organik maddeler, biyofilmler
olugturarak plastigin ylzeyinde toplanir. Bu
nedenle,  MP’lerin spektroskopik  olarak
karakterizasyonlarinin  bagarili olabilmesi icin
ayirma yontemleri ile ilk olarak mikroplastigin
cevresini saran organik matrisin etkin bir sekilde

uzaklastirilmast gerekmektedir (Qiu vd., 2016;
Enders vd., 2017). Bu agidan, ayirma yontemleri
temel olarak gida matrisinden mikroplastigin
serbest kalmast icin uygulanan islemler olup farklt
tekniklerle gerceklestirilmektedir (Stidhar vd.,
2022; Kadac-Czapska vd., 2023). Ayrica her
polimerin farklt bir bilesimi vardir ve analizden
once herhangi bir MP fraksiyonunun yok
edilmesini 6nlemek icin bir sindirim y6ntemi
secetken bu dikkate alinmalidir (Debraj ve
Lavanya, 2023). Gidalarda bulunan MP’ler,
fiziksel, kimyasal, enzimatik ve eckstraksiyon
uygulamalar1 olmak tzere dort farkli sekilde
matristen uzaklastirlmaktadir. Islemler tek bagina
kullanilabildigi gibi birka¢ tanesi birlikte de
kullanilabilmektedir. Sekil 1’de MP’in
ekstraksiyonunda yaygin olarak kullanilan ayirma
teknikleti verilmistir.

Yiizdiirme
i Fiziksel
uygulamalar :
Membran filtrasyon Asit
— Kimyasal Alkali
MP'er igin aywma ve | [ Sindirim =
ekstraksiyon yontemler L Enzimatik Oksidatif
m Ultrason
L Ekstraksiyon — H+ Manyetik
Kati faz
Mikroekstraksiyon

Sekil 1. Mikroplastik ayirma teknikleri (Prata vd., 2021; Sridhar vd., 2022)

MP’lerin gida matrisinden ayrilmast igin kullanilan
fiziksel uygulamalarda ylizdirme ve membran
filtrasyon yontemleri yer almaktadir. Ylzdirme
yonteminde ayirma etkisi; parcaciklarin yalnizca
yogunluk farkliliklariyla ayrddigt  durgun bir
stviyla,  parcaciklarin = yogunluk  ve  hava
kabarciklartyla ayrildigr képukld yiizdirmeyle ve
parcactk ayriminin  hidrodinamik  bir  akis
tarafindan desteklendigi hidrodinamik yiizdirme
yoluyla  yapilmaktadir (Wang vd., 2018).
Yizdirme yonteminde ayirmayt kolaylastirmak

icin damitilmis su, doymus NaCl, konsantre ZnCl,
ve konsantre Nal gibi farkli ¢6zelti thrleri
kullanilmaktadir. ZnCl, ve Nal gibi kimyasallarin
etkili ylizdirmeyi saglayacak miktardaki biyik
hacimleri pahali oldugundan ve ¢evre agisindan
giivenli  olmamalart  nedeniyle  kullanimlar
sinirhidir. NaCl, ucuz olmasi, toksik olmamasi,
kolay bulunmast ve ¢evre dostu olmast gibi
avantajlart nedeniyle daha yaygin olarak tercih
edilmektedir (Duong vd., 2022).
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Membran filtrasyonda basing fark: itici giictiyle
icecekler gibi distik gida matrisi igerigine sahip
numuneler, diger analittk  prosediirler
kullanilmadan  filtrelemeye  tabi  tutulabilir.
Fiberglas, seliloz nitrat, seliloz asetat (CA) ve
aliminyum oksitten yapilmis membran filtreler
kullanilarak gerceklestirilir. Fiberglas membranlar,
filtreleme sirasinda kolay parcalandiklart icin
kontaminasyona neden olabilir. Bu nedenle,
seliloz  nitrat, CA ve aliminyum oksit
membranlar parcalanma egilimleri daha az oldugu
icin MP’lerin ayiriminda daha yaygin olarak
kullanilmaktadir. Bu membranlarin = gézenek
caplart farkli boyutlarda segilerek, MP’lerin farklt
boyut araliklarinda sintflandirilmast
saglanmaktadir (Kadac-Czapska vd., 2023). Son
yillarda vakum pompasi ve farklt gézenek ¢apina
sahip cesitli membranlar kullanilarak soguk cay,
bira ve enerji icecegi (Shruti vd., 2020), alkolli
(Prata vd., 2020) ve alkolstiz (Diaz-Basantes vd.,
2020) icecekler gibi gidalarda bulunan MP’ler,
basarihh bir sekilde 6rnekten ayrilmistir. Fiziksel
ayirma  uygulamalarinin  avantajlart  olmasina
ragmen, MP’lerin numunenin biyolojik dokularina
gbmildigti durumlarda fiziksel yontemlerle
ayrilamamasi ihtimali vardir. Bu nedenle plastik
partiktilin kimyasal veya yapisal butunligini

degistirmeden  organik maddeyi pargalama
yetenegine sahip basit ve hizli sindirim

yontemlerine ihtiyag duyulmaktadir (Titkey ve
Upadhya, 2021).

MP’lerin tespitinde kullanilan sindirim yontemlert,
asit, alkali, oksidasyon ve enzimatik yontemler
olarak siniflandirdmaktadir. Asit sindiriminde
organik maddeyi parcalamak icin yaygin olarak
HCI ve HNO;j gibi kimyasallar kullanilmaktadur.
Asit sindiriminde gida matriksinin etkili bir sekilde
parcalanmast icin genellikle yiksek sicaklik ve
yiksek konsantrasyonlarda kimyasal uygulamasi
gerekir. Bu durum gidalarda bulunan bazt
polimerlerin (6rnegin naylon ve PET) yapisinin
bozulmasina ve 6rneklerde MP’lerin oldugundan
daha az tahmin edilmesine yol agabilir. Yapilan
calismalar  sonucunda  nitrik  asitin  balik
numunelerinde hizlt ve etkili bir sindirim aract
oldugu (Naidoo vd., 2017) fakat vyiksek
sicakliklarda uygulandiginda MP partikiillerinin
tiziksel =~ Ozelliklerinde (sararma ve catlama)

degisiklige neden oldugu bildirilmistir (Gulizia
vd.,, 2022). Benzer olarak Karami vd., (2017)
baliklarda %37’lik HCI ile 25 °C’de uygulanan
sindirim sonucunda %95’den daha fazla sindirim
verimliligi elde etmelerine ragmen, kimyasalin
PET pargalarini erittigini ve bazi pargaciklarin bir
araya toplandigini raporlamislardir. Bu nedenle,
biyolojik materyalin makul bir stire i¢inde etkili bir
sekilde uzaklastirilmast ve tespit edilecek MP’lerin
zarar gbrmesinin engellenmesi icin 6rnege zgi
kimyasal, optimum konsantrasyon ve sicaklik
kullanilarak maksimum sindirim verimliliginin
saglanacagy asit sindirim yonteminin gelistirilmesi
gereklidir.

Alkali sindiriminde genel olarak NaOH ve KOH
gibi kimyasallar kullaniir. Baliklarda MP ayirimi
icin farkli kimyasallarin  karstlastirlldigr  bir
calismada, plastik polimerlerin sindirimi icin 40
°C’de 48 saat %10 KOH uygulamasinin en yiiksek
performans gosterdigi ve KOH ile gelistirilen
yontemin plastik varligi tzerinde herhangi bir
olumsuz etkisi olmadigt gbzlemlenmis hem
maliyet hem de zaman acisindan verimli oldugu
ortaya konulmustur (Karami vd., 2017). Deniz
uriinleri i¢in yapilan benzer bir c¢alismada, %10
KOH ile 60 °Cde 24 saat yapilan alkali
sindiriminin diger uygulamalara gbre daha etkili
oldugu belirtilmistir. Aynt calismada 10 M NaOH
ile yapilan sindirimde ise CA, PC ve PET
tzerindeki olumsuz etkisi nedeniyle uygulamanin
kullaniminin sinirlandigt belirtilmektedir (Dehaut
vd., 2016).

Kimyasal sindirim ile ilgili yapilan ¢alismalarda asit
ve alkali kimyasallarin yaninda hidrojen peroksit
(H203) gibi reaktiflerin etkisi de test edilmistir.
H>O> organik maddelerin uzaklastirilmasinda
kullantlan iyi bilinen ve etkili bir oksitleyicidir.
Oksitleme yetenegi yontemde kullanilan sicaklik,
sire ve konsantrasyondan etkilenmektedir.
H>O2nin (9.8 M) PS tizerindeki etkileri 30, 60, 90
°C’de 12, 24 ve 48 saat siire ile denenmistir. Sonuc
olarak polimer maddenin 'H-NMR
spektrumlarinda ve fotoliminesans
spektroskopisi  (PL)  yogunluklarinda  fark
gozlemlenmedigi ve 60 °C ve daha dustk
sicakliklar  kullanildiginda  H>O2’nin - MP’ler
uzerinde fiziksel ve kimyasal tahribata neden
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olmadigr raporlanmustir (Gulizia vd., 2022).
Deniz ¢okeltilerindeki MP’lerin ayiriminda %035
H>O; kullannminda 7 giin sonunda biyolojik
materyalin %92 oraninda parcalandigi ve PE, PP,
PVC, PET, PS ve PU polimerlerinin %91-99
oraninda geri kazanildigt bildirilmistir Nuelle vd.,
2014). Liebezeit ve Liebezeit (2013), bal ve seker
numunelerinde %30 H2O2'lik ¢6zeltiyi sirastyla 72
ve 24 saat uygulayarak mikro partikilleri bagarili
bir sekilde tespit etmislerdir.

Literatirde incelenen ¢alismalarda 6n islem olarak
asit, alkali ve HoO» kullanimlarinin karsilastirildigt
bircok calismaya rastlanmistir. Ornegin, Nuelle
vd., (2014) hayvan veya bitki materyallerinden
biyojenik maddenin pargalanmasi i¢in HoO2 (%30
ve %35), NaOH (%10, %20, %30, %40 ve %50)
ve HCl (%20) kullanmis ve en verimli
parcalanmanin  HyO2’nin  kullamildigt  durumda
gerceklestigini bildirmistir. Claessens vd., (2013)
midyelerde MP tespiti icin HNO; (22.5 M),
NaOH (52.5 M) ve H2O» (%30) kullanildiginda,
HNO3nin  kullaniminin  diger iki kimyasalin
kullanilmasindan daha iyi sonu¢ verdigini
raporlamislardir.

Enzimatik sindirim, seltlaz, lipaz, proteaz, kitinaz
ve proteinaz-K  gibi  spesifik  enzimlerin
kullanildigi, cevre dostu bir uygulama olup gida
matrisindeki organik maddeyi parcalamak icin
kimyasal uygulamalara alternatif bir yontemdir.
MP’lere zarar verme orant disik oldugu icin
kullanimi  yaygindir.  Enzimin  etkinliginin
numunedeki organik maddenin tiriine gore
degismesi, yontemin zaman alict olmasi ve
enzimin optimum pH ve sicaklik kosulunda
calismast yontemde enzim ile birlikte farklt
kimyasal ya da ajanlarin kullandmasimi
gerektirmektedir  (Tirkey ve Upadhya, 2021).
Plankton 6rnekleri ve proteinaz K enzimi ile 50
°C’de 2 saat boyunca sodyum perklorat (NaClOs)
varliginda MP’lerin  izolasyonu i¢in yapilan
sinditim ile %97’den daha fazla sindirim
verimliligi elde edildigi raporlanmistir (Cole vd.,
2014). Balik dokularmun  sindirilmesi i¢in
proteinaz K (500 mg/ml.) enziminin kullanildig
bir yontemde sirasiyla CaCly ekleme, 50 °C’de 2
saat inkiibasyon, 20 dakika oda sicakhiginda
calkalama, 60 °C’de 20 dakika inkiibasyon, kalan

kitinin parcalanmast i¢in oda sicakliginda 24 saat
H2O2  (%30) ile muamele  basamaklar
uygulanmistir. Sonug olarak, numunelerde 7 adet
PE, 4 adet alkid recinesi, 1 adet PS ve 1 adet
PMMA iceren 13 adet MP tanimlanmistir
(Katlsson vd., 2017).

Sit ve sut drinlerinde yapilan calismalarda
Orneklerin yapisal farkliliklarina bagli olarak cesitli
ayirma yontemlerinin kullanddigr gorilmektedir.
Basaran vd., (2023) stt 6rneklerinde MP’lerin
ayiriminda  filtreleme yonteminin tek basina
kullanilabilecegini géstermistir. Diger arastiricilar
ise filtreleme asamasindan 6nce alkali (Ragusa vd.,
2020), enzimatik (Buyukunal vd., 2023; Zhang
vd., 2023; Rbaibi Zipak vd. 2024), kimyasal ve
enzimatik (Da Costa Filho vd., 2021; Zipak vd.,
2022) ve hidrojen peroksit (Diaz-Basantes vd.,
2020) iceren sindirim yontemlerini
kullanmiglardit.

MP’lerin gida matrisinden ayrilmasi icin ultrason,
manyetik ve katt faz mikro ekstraksiyon teknikleri
de uygulanmaktadir (Sridhar vd., 2022). Diaz-
Basantes vd., (2020) bal, bira, siit ve alkolsiiz
icecek  Orneklerinde, Ornekleri  parcalamak
amactyla %30’ luk H>O» uygulamasi ile birlikte 1
saat ultrason uygulamasi yapmislardir. Grbic vd.,
(2019) gevre ve icme suyu Orneklerinde MP’lerin
tespiti icin heksadesiltrimetoksisilan ile modifiye
edilmis hidrofobik demir nanopartikiilleri ile
yaratilan ~ manyetik  ayrmminm  kullanimin
arastirmiglardir. Calismada, hidrofobik etkilesim
nedeni ile MP’lerin ytzeylerine hidrofobik demir
nanopartikiilleri baglanarak MP’lerin numuneden
manyetik olarak ayrilmast saglanmistir. PE ve PS
polimerleri icin baglt demir partikiillerinin, 10-20
um partikil  boyutlarindaki  MP’leri  ¢eken
plastikleri manyetize ederek %92’lik bir geri
kazanim sagladigi bildirilmistir. Ekstraksiyon
yontemleri ayrt ayri incelendiginde farkli avantaj
ve dezavantajlara sahip olduklar gorilmektedir.
Ozellikle bu yéntemlerin gida matrisinde organik
maddelerin pargalanmast acisindan
degerlendirilmesi i¢in daha fazla ¢alismaya ihtiya¢
duyulmaktadir.
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Yapilan calisgmalar MP’lerin insanlarin endokrin

sisteminde, dolasim sisteminde ve farkh
organlarinda bulundugunu gOstermistit.
Insanlarin  mikroplastik ~ parcaciklara  maruz

kalmas: insan saghgt icin bir risk faktori
olusturmakta ve bu konudaki endiseler giinden
giine artmaktadir. Insanlara MP’lerin en 6nemli
kontaminasyon  yolu  kontamine  gidalarin
tilketilmesidir. KKontamine su, toprak ve hava gibi
faktorler ve gida isleme sirasinda kullanilan
ekipman, malzeme, gida bilesenleri ve katki
maddeleri gidalara MP’lerin tasinmasinda rol
oynamaktadir. Plastik ambalaj malzemeleri ve tek
kullanimlik plastik kaplarin kullaniminin artmasi
MP’lerin  gidalarda  bulunma olasiligini = ve
miktarini artturmaktadir. Siit ve siit Griinlerinde de
temel olarak ambalaj ve dUretim slresince
kullanilan malzemelerden MP gecisi
kanitlanmistir. Uriine ve analiz yéntemine 6zgi
olarak tespit edilen MP’lerin tiird, boyutu ve
miktart degiskenlik géstermektedir. Gidalarda
MP’lerin  saptanmasinda ayirma, kalitatif ve
kantitatif analiz yontemleri kullanilmaktadir.
Organik madde igerigi fazla olan O&rneklerde
organik materyalin MP ylizeyinden etkili bir
sekilde ayrilmast icin kullanilan sindirim agamasi
kalitatif ve kantitatif tanimlama analizlerinin
basarisini  etkiledigi i¢in ¢ok Snemli  bir
basamaktir. Kimyasal sindirimde kullanilan asit,
alkali ve oksidatif maddeler tespit edilecek MP
gida  Ornegine gbre degiskenlik
gostermektedir. Analiz yonteminin
uygulanmasinda siire, kimyasal konsantrasyonu ve
kimyasallarin birlikte kullanilmast MP’ler tizerinde
farklt etkilere neden olmaktadir. Bu nedenle
MP’lerin zarar gbrmeden ve miktarlarinda azalma
olmadan tespitine yonelik iriine 6zgii spesifik
sindirim y6ntemlerinin gelistirilmesi, gidalarda
MP’lerin etkin bir sekilde belitflenmesinde elzem
olarak karsimiza ¢tkmaktadir. Bu konuda yapilan
calismalarin arttirilmast endistrideki
kontaminasyon kaynaklarinin daha iyi tespit
edilerek giderilmesi icin Onlemlerin alinmast
konusunda 6nemlidir. Ek olarak, gelistirilen bu
yontemler ile sut ve siut urdnlerinin MP’ler
acisindan giivenliginin saglanmasi i¢in yasal olarak
limitlerin belitlenmesi ve izleme yontemlerinin
gelistirilmesi konularinda gerekli diizenlemelerin

turune ve

kamu otoritesi tarafindan yapimasi insan
sagliginin korunmast acisindan fayda
saglayacaktir.

CIKAR CATISMASI

Yazarlar, herhangi bir ¢tkar catismast olmadigin
beyan etmektedir.

YAZARLARIN KATKISI

Makalenin  detlenmesinde, yazilmasinda ve
yayinlanmasinda tim yazarlar katki saglamislardir.
Yazarlar makalenin son halini okumus ve
onaylamustir.
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ABSTRACT

In this study, low-sugar apple marmalade formulations were developed by partial replacement of sucrose
with stevia and sucralose. Their rheological, textural, physicochemical properties and microstructures were
evaluated. The concentration of sweeteners was found to have a significant effect on the physicochemical
and rheological properties of the formulations. The hardness of marmalades decreased with addition of
sweeteners. Herschel-Bulkley model was found to be the best model describing rheological behavior. The
consistency index decreased with increasing sweeteners substitution, whereas the flow behavior index
showed an increasing trend with the increase of the sweeteners content. Additionally, the microstructure of
marmalades with sweetener substitution exhibited a porous structure in the gel network. The increase in
sucralose concentration resulted in more surface deformation resulting in weaker gel formation than stevia.
Marmalade prepared with 50% stevia substitution was found the best combination and resulted in good
sensory properties like marmalade samples containing 500 g sugar.

Keywords: Marmalade, texture, theology, sweetener, microstructure

SUKROZUN STEVIA VE SUKRALOZ iLE KISMEN DEGISTIRILMESININ
ELMA MARMELATININ FIZIKOKIMYASAL VE YAPISAL-MEKANIK
OZELLIKLERI UZERINDEKI ETKISI

oz

Bu calismada, stikrozun kismen stevia ve sitkraloz ile degistirilmesiyle dusiik sekerli elma marmelatt
formilasyonlari, gelistirilmistir. Formilasyonlarin reolojik, dokusal, fizikokimyasal &zellikleri ve
mikro  yapilart  degerlendirilmistir.  Tatlandiricilarin  konsantrasyonunun  formilasyonlarin
tizikokimyasal ve reolojik Ozellikleri Uzerinde Onemli bir etkiye sahip oldugu bulunmustur.
Tatlandirict ilavesiyle marmelatlarin sertligi azalmistir. Herschel-Bulkley modelinin reolojik davranist
actklayan en iyi model oldugu bulunmustur. Tatlandirict ikamesinin artmasiyla kivam indisi azalirken,
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tatlandirict iceriginin artmastyla akis davranis indisi artan bir egilim géstermistir. Ayrica tatlandirict

ilaveli marmelatlarin mikro yapist,

jel aginda go6zenekli bir yapi

sergilemistir. Stkraloz

konsantrasyonundaki artts, steviadan daha zayif jel olusumuyla sonuglanan daha fazla yiizey
deformasyonuna neden olmustur. %50 stevia ikamesi ile hazirlanan marmelat en iyi kombinasyon
olarak bulmus ve 500 g seker iceren marmelat Srnekleri gibi iyi duyusal 6zellikler saglamigtir.
Anahtar kelimeler: Marmelat, tekstlr, reoloji, tatlandirici, mikro yapi

INTRODUCTION

Marmalade is a mixture brought to a suitable
gelled consistency by adding sugar and water to
the pulp, putée, juice, and juicy extracts and/or
edible parts of one or more fruits by CXS 296-
2009, adopted in 2009, amended in 2017 food
standard (International Food Standard - Codex
Alimentarius, 2020). For hundreds of years, food
preservation techniques have been applied to
fresh and perishable fruits to extend their shelf life
and increase their availability out of season.
Production of jams, jellies, marmalades, and fruit
preserves is among those techniques. Marmalade,
a common type of fruit-derived product, is known
as a traditional delicacy. It is a semisolid food
obtained by boiling fruit pulp with sugar, acid,
pectin, and other ingredients like preservatives,
coloring, and flavoring items until reaching the
suitable consistency (Lal et al., 1960). Due to high
sucrose content with its sweetening effect and
caloric value, marmalade is also a great source of
energy and carbohydrate. However, a high
sucrose diet has been associated with some health
problems including diabetes, cancer, metabolic
and  cardiovascular  diseases  (Rippe and
Angelopoulos, 2016). Because of the negative
connotations related to sugar consumption, low-
calorie products are made by fully or partially
replacing sugar with sweeteners depending on the
properties required in the product.

It is technologically possible to reformulate
marmalades to be a healthy alternative to
traditional ones. Carbohydrate or non-
carbohydrate artificial sweeteners, especially
sorbitol, maltitol, xylitol, acesulfame-K, saccharin,
cyclamate, stevia, sucralose, or combinations of
these, can be used to maintain or improve the
properties of marmalades. However, the
consumption of sweeteners is restricted. For
example, the daily amounts of stevia and sucralose
limited to 4 mg/kg and 5 mg/kg body weight,

respectively (Chattopadhyay et al., 2014; Fry,
2012).

The newly formulated product with sweeteners
should meet the consumer's demands in terms of
its textural, structural and flavor characteristics
when compared with traditional products (Renard
et al., 20006). Currently, low-sugar or sugar-free
confections are also continuing to gain in
immense popularity. Due to a steady increase in
interest in a balanced diet and a healthy lifestyle,
reduced sugar or sugar-free products have a place
in the dietary choices of humans. At the same
time, fruits also provide essential nutrients in a
healthy diet. They have a vital role for the health
and maintenance of the body because of their
concentrations of vitamins and minerals, and
especially being good sources of dietary fiber and
antioxidants. Gorinstein et al. (2001) studied the
contents of dietary fiber in the whole apple, along
with its pulp and its peel. They found that the peel
of the apple is unusually a well-balanced and the
richest source (0.91% fresh weight) in terms of
total fiber, and insoluble fiber (0.46% fresh
weight) and soluble fiber (0.43% fresh weight)
proportions. Vetter et al. (2001) also emphasized
that the phytochemicals and nutrients of apple

pomace as well as having its functional
characteristics like water holding, gelling,
thickening and stabilizing abilities. It was
demonstrated that apple with nutritional

properties have a good potential in a variety of
food formulations, as well.

This study aims to formulate the best quality
reduced sugar apple marmalade (RSAM) by
optimizing the composition of ingredients using
artificial and natural sweeteners without adding
commercial pectin, determining its rheological,
textural, and physicochemical properties, and
examining its microstructure.
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MATERIALS AND METHODS

Raw Materials

Apples (Malus domestica ‘Gala’) were purchased
from marketplace in Izmir, Turkey. Stevia (Pure
Stevia Extract 95 % Rebaudioside-A) and
Sucralose (Vitasweet® Sucralose) were kindly
provided by Egepak A.S., Izmir, Turkey. Sucrose
and lemons were purchased from a market in
Izmir, Turkey.

Sample Preparation
Apples were sorted and cleaned. They were
washed then stalks and cores were removed. After

peeling, they were put into the boiling water to
soften the tissue and they were filtered through a
sieve to obtain the pulp. Prior to cooking, sucrose
and sweetener were added to the mixture just
before the end of cooking, 15 mL of lemon juice
was added to the mixture to prevent sugar from
crystallization and to regulate acidity. While the
marmalade was still hot, it was filled to the
sterilized and hot jars and immediately closed.
Formulation of the samples was given in Table 1.
While determining the amount of sweetener, the
equal sweetness was considered.

Table 1. Apple marmalade formulations with sweeteners (basis: 1 kg apple)

Formulation Sucrose Basis, Sucrose Sucrose Stevia Sucralose
No g Replaced, % Amount, g Amount, mg  Amount, mg
1 500 0 500 0 0

2 500 25 375 416.67 0

3 500 50 250 833.33 0

4 500 25 375 0 208

5 500 50 250 0 416

6 600 0 600 0 0

7 600 25 450 500 0

8 600 50 300 1000 0

9 600 25 450 0 250
10 600 50 300 0 500

Physicochemical Properties

The water activity (ay) of the RSAM samples were
measured by a benchtop water activity analyzer
(HygroLab 3, Rotronic, Bassersdorf, Switzerland)
at room temperature. Total soluble solid (TSS)
content was measured with a refractometer (PAL-
3, ATAGO Co. LTD., Tokyo, Japan). The ash
content of the formulations was measured
gravimetrically by burning them in an oven at 550
°C. Moisture content was determined by vacuum
oven at 70 °C for 16 hours. pH of the samples
was measured by a bench top pH meter (InoLab
7310, WTW, GmbH, Germany). Titratable acidity
(T'A) was measured against 0.1 N NaOH solution,
and it was reported as a percentage of citric acid.
TSS, ash content, moisture content and TA
analyzes were conducted using methods by
Cemeroglu (2013). Color of the formulations was
measured by chromometer (CR400, Konica
Minolta, Osaka, Japan) using D65 illuminant.

Color values were presented in the form of CIE
L*, a* and b*.

Rheological Measurements

Rheological measurements of the formulations
were performed at 30 °C by using an AR 2000-ex
rheometer (TA Instrument, New Castle, DE)
equipped with an Environmental Temperature
Controller Unit. The temperature controller unit
has no capability of cooling, that is why
measurements were conducted at 30 °C. Parallel
plate geometry with 25 mm diameter and 1 mm
gap height was used. By this configuration,
oscillatory time sweep, oscillatory stress sweep,
and stepped flow tests were conducted. For
oscillatory time sweep test, shear rate was kept at
0.05 s! and for 15 min, measurement was cartied
out. For oscillatory stress sweep, torque scanning
range was set to 0.1 — 10000 uN.m. At the
frequency of 1 Hz, the test was carried out and
storage modulus (G’) and loss modulus (G”) were
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measured. For the stepped flow test, controlled
stress (CS) mode was used with the torque range
of 250 — 2500 pN.m. Rheological models were
fitted to Power Law and Herschel-Bulkley (HB)
equations (see Eqn. 1 and 2, respectively) by using
MATLAB software (MathWorks, 2021b, Natick,
Massachusetts).

7 = Ky™ (Eqn. 1) (Sahin and Sumnu, 2006)

T =Ty + Kygy™B (Eqn. 2) (Sahin and Sumnu,
2000)

Where; T is sheat stress (Pa), K is consistency
index for Power Law (Pa.s?), ¥ is shear rate (1/5s),
n is flow behavior index for Power Law, Ty is
yield stress (Pa), Kyp is consistency index for HB
model (Pa.s?"B) and nyp is flow behavior index
for HB model.

Texture Profile

The textural properties of marmalade samples
were measured using a texture analyzer (TA-XT
Plus Texture Analyzer, Stable Micro System, UK)
with a load cell of 5 kg at 25 °C. Texture profile
analysis (TPA) curve consists of compression
cycles. Trigger force, pre-test speed, compression
speed and post-test speed were set to 0.05 N, 2
mm/s, 2 mm/s and 5 mm/s, respectively. Sample
was put to container of the instrument with the
fill height of 3 cm and cylindrical probe (25.4 mm
diameter) was compressed the depth of 20 mm.
Hardness (N), adhesiveness (J), cohesiveness,
springiness (m), gumminess (N) and chewiness (J)
were calculated from TPA curves.

Microstructure of Marmalades

Scanning electron microscopy (SEM) was used to
provide information  about the  food
microstructure using images at high resolution. It
was carried out on freeze-dried samples. Before
the analysis, freeze-dried samples were fastened
onto conducting sticky carbon tape and then
coated with gold to impart electrical conductivity
to the sample by Sputter Coater (Emitech
K550X). RSAM samples were covered at 15
milliamps flux and under 6X10-2 mbar vacuum for
1.5 min. All samples were assayed and
photographed with Philips XI. 30S FEG scanning
electron microscope operating at an accelerated
voltage of 5 kV and magnification in the range of

x250-2500. SEM images were collected from
different places of the RSAM samples.

Sensory Evaluation

The appearance, taste, color, texture, and overall
acceptability of different marmalade formulations
were determined by a 9-point hedonic scale
(Lawless and Heymann, 2010). Water was used
for cleansing palates. The sensory analysis was
performed with the panel consisting of 21 semi-
trained people familiar with the marmalade taste.
Average values were determined for each
evaluated attribute. Test was conducted after 3
days of production time. The samples were kept
at room temperature for 3 hours prior to test.

Statistical Analysis

Analysis of variance (ANOVA) was used to find
out the differences by using MINITAB software
(Version 19, Minitab Inc., Coventry, UK).
Tukey’s comparison test at 95% confidence
interval was used for pairwise comparisons. All
measurements were conducted at least three
replicates.

RESULTS AND DISCUSSION
Physicochemical Properties of Low Sugar
Apple Marmalade

The results of physicochemical properties of
RSAM samples are given in Table 2.

The water activity of apple marmalades increased
with increasing sweetener concentration due to
lower interaction of water with the matrix. All
samples prepared in this study showed similar ay
values to the lemon marmalades that are prepared
by replacing sucrose with tagatose and
isomaltulose (Rubio-Arraez et al., 2017). Abid et
al. (2018) reported that bacteria growth in
pomegranate jam was observed at the a, values
higher than 0.86. Vilela et al. (2015) pointed out
that the ay value must be at least 0.80 for mold
growth in strawberry, raspberry, and cherry jams
made by replacing sucrose with sweeteners. In
this study, all formulations have relatively high a
value. The main reason of this could be hot filling
consecutively condensate formation in the
headspace. The preservative function of these
formulations belongs to lowered pH wvalues
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instead of ay. Rubio-Arraez et al. (2017) stated
that sweet orange marmalades having sweeteners

(tagatose and oligofructose) showed proper
microbiological stability at pH values below 3.8.

Table 2. Physicochemical properties of reduced sugar apple marmalade (RSAM) samples

Formulation

No Ay TSS, °Brix Dry Matter, % pH TA, %

1 0.80%0.00¢ 65.78+0.58b 73.55+0.77> 3.62%0.012 0.24%0.00f
2 0.87%0.01b 61.631+0.294 64.91%0.694 3.54+0.00bc 0.32%0.00bc
3 0.91%0.01a 52.49%0.00h 54.55+0.55f 3.58+0.00ab 0.32%0.00bc
4 0.87£0.01b 60.1610.58¢ 60.0010.41¢ 3.51%0.01<d 0.3320.012be
5 0.91%0.01a 50.29+0.58i 52.39+0.75s 3.54+0.00bc 0.341£0.00ab
6 0.77%0.01¢ 74.7910.292 77.3610.02a 3.63%0.01a 0.23%0.00f
7 0.8410.01¢ 62.31% 0.29<d 69.29£0.17¢ 3.55%0.00bc 0.29£0.01¢
8 0.88+0.01b 53.79£0.292 59.35%0.60¢ 3.56%0.00bc 0.30%0.01de
9 0.83%0.01¢ 63.4410.50¢ 69.71+0.17¢ 3.47%0.044 0.23%0.00f
10 0.8710.01b 55.63+0.29¢ 58.6510.54¢ 3.5110.04«d 0.35%0.012

The total soluble solid content was found to be
highest in the formulation having only sucrose.
Council Directive 2001/113/EC of 20 December
2001 relating to fruit jams, jellies, marmalades,
and sweetened chestnut puree intended for
human consumption allows the soluble solids
content to be lower than 60 °Brix with the
sweetener use in the formulation. The sweetener
added formulations met the criterion of the
Council Directive. The amount of dry matter is
associated with the extended shelf life due to
higher interaction of solids with water (Abid et al.,
2018).

The pH values of the marmalade products ranged
between 3.47 and 3.63. Highest pH value belongs
to formulation 6 whose sucrose content is
highest. Gajar and Badrie (2002) found that the
pH value to be 3.62 for the low-calorie
christophene jam. They also reported that the pH
value was in the recommended range of 3.00 and
4.00. Similarly, the pH values of jams prepared
with peach, plum, strawberry, and apricot
(Carbonell et al., 1991; Garcil]a-Marti I nez et al.,
2002) were in the same range. Titratable acidity is
about the total acid content of the product. It
comes from the organic acids presenting in fruits
or added acidulants to the formulations (Kanwal
et al, 2017). Also, presence of acids provides
texture by contributing to the gelation mechanism
of pectin and enhances the natural fruit flavor
(Onogur, 2001).

Color analysis results are given in Table 3. Among
formulations, formulation 6 has the darkest color
value due to highest sucrose content. Igual et al.
(2010) indicated that high heat treatments could
result in sucrose caramelization consequently a
darker color could occur in the jam product. A
significant increase was observed in the L* value
by the increased stevia substitution (P < 0.05). In
general, the marmalade formulations made by
using Sucralose sweeteners appeared in a lighter
color than those made with stevia. This may be
due to the response of different sweeteners to the
heating process. Sucralose is known to be highly
stable at elevated temperatures that are often used
in food, beverage, and drug manufacturing
processes so that product sweetness levels can be
maintained following cooking, baking, and
pasteurization (Frazier, 2007).

It was found that the a* value of formulation 6
was the highest. The reason of this can be
explained by elevated pH wvalue so that the
enhanced Maillard reaction occurrence in the
medium. Abid et al. (2018) stated that increasing
proportions of pomegranate fruits in jam results
in a decrease of a* value. The jams (with higher
amount of fruit) were less reddish which could be
due to decomposition of the anthocyanins during
thermal treatment. The color parameter b* ranged
between 6.08 and 9.15. Abolila et al. (2015) did
not find a significant difference in color scores
between orange jam formulations prepared with

227



228

B. Berk, P. Sirin, S. Unlitiirk

fructose, stevioside and Sucralose. Basu et al.
(2013) explained the color change in low calorie
mango jam as the fact that the acid degradation
reaction vyields with smaller sugars having
reducing end so contributing to Maillard reaction.
In addition, in the study of Peinado et al. (2012),

the color change in isomaltulose and sucrose
containing strawberry products because of sugar
degradation by citric acid was examined. They
found the effect of citric acid on the color change
is significant.

Table 3. Color Data of reduced sugar apple marmalade (RSAM) formulations

Formulation No Lightness I/‘Parkness, Redness/Greenness, 2* Yellownesbs 1 Blueness,
1 23.81£0.15¢ -0.36£0.13b 6.08£0.26f
2 24.9310.044 -0.73£0.07¢ 6.72£0.20¢
3 28.16£0.18p -1.36£0.08¢ 8.631£0.033b
4 26.51£0.30¢ -1.27£0.08¢ 7.96£0.18¢
5 29.55£0.062 -1.96£0.01f 9.15£0.18
6 22.70£0.07f 0.42£0.102 6.17£0.03¢f
7 24.7710.054 -0.37£0.06b 7.91£0.09<d
8 26.68£0.27¢ -1.14£0.024 6.59£0.06¢<f
9 24.81£0.094 -0.32£0.090 7.3410.494
10 27.74£0.08p -1.27£0.004e 8.19£0.18bc

Results were reported as meantstandard deviation of 3 replicates. Meanststandard deviation within a column
followed by different letters is significantly different (P < 0.05).

Rheological Properties

From the result of oscillation time sweep test, it
was found that there is no significant change
within the range of 0 — 900 s (P < 0.05). As the
consequence of the time sweep test, the
equilibration time for the stress sweep test was
chosen 600 s. From an industrial point of view, it
is desirable to have a short time to reach steady
state gel structure (Torres et al, 2013). The
oscillation stress sweep test was performed with

the equilibration time from time sweep test for
each marmalade samples. Dynamic rheological
viscoelastic properties of the low sugar apple
marmalade formulations were measured within
the linear viscoelastic region (LVR) ranging from
0.41 to 50 Pa for G’, and 0.41 to 200 Pa for G”.
The results of both dynamic moduli showed
similar behaviors largely independent of stress
values. The values of both moduli are given in

Table 4.

Table 4. Viscoelastic properties of reduced sugar apple marmalade (RSAM) formulations

Formulation No G, kPa G”, kPa

1 13.024+0.2992b 3.586+0.0502
2 12.287£0.314ab 3.140£0.1324ab
3 11.404£0.672b 2.55510.154b
4 12.73310.3242 3.709£0.0782
5 12.965+0.517 3.04410.186%
6 13.7561+0.298 3.64710.095%
7 11.763£0.4324ab 3.891£0.1192
8 12.588+0.477 3.27610.103
9 15.188+0.3712 3.29210.036%
10 15.509+£0.4782p 3.850£0.0562

Results were reported as meantstandard deviation of 3 replicates. Meanststandard deviation within a column
followed by different letters is significantly different (P < 0.05).
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Storage or elastic modulus (G’) is related to the
elastic quality, whereas loss modulus (G”) is also
associated with the viscous quality of the
products. For all samples, the elastic modulus (G’)
was extremely higher than the loss modulus
throughout the stress range, indicating a
predominant contribution of the value G’ to the
viscoelastic properties of the marmalade samples.
In other words, the marmalade samples exhibited
a dominant elastic/solid-like character. The
firmness/consistency of the structure of the
product was evaluated by the elastic modulus,
which was obtained by the strength of gel
(Garrido et al, 2015). The formulation 4
significantly contributed to the highest degree of
both elastic modulus and loss modulus in all
formulations. On the other hand, the lowest
values of the modulus were significantly observed
in formulation 3, as seen in Table 4. This may be
explained as a reduction of the sucrose content,
which resulted in the increase of the liquid-like
character of the formulation. In the jam gelation
process, the pectin molecule chains are aligned
and stretched in sucrose and fruit pulp mix and
consequently, the intermolecular formation of
hydrogen bonding occurs in more available sites.
To form a three-dimensional network, the pectin
molecules are surrounded by hydrogen bonds.
Nevertheless, it is provided to hold the sucrose
within the structures of pectin network. Thus, an
increased sucrose concentration and therefore an
increase in TSS leads to the development of
strong elasticity in the jam product (Basu et al.,
2011). Similarly, the formulation 7 having a higher
TSS degree led to higher values of elastic
modulus, compared to the formulation 8. Table 4
showed that thete were marked differences in all
formulations prepared with sucralose. At the
same time, the formulations containing sucralose
sweeteners yielded higher values of G” and G”,
compared to the formulations containing stevia
sweeteners. This could be due to the different
structure of the nature of bond in the sucralose,
compared to the stevia. On the other hand, there
were no significant differences between the
formulations 1 and 6 in terms of G’ values. Due
to the highest sucrose content, formulation 6 had
the higher G’ value compared to the formulation

1. Thus, the gel strength of the formulation 6 was
higher.

The increase in the sucrose concentration
increased the G” and G” values and decreased the
water availability to form a hydrogen bond
between the mixture of pectin, sucrose, and acid.
Although the sucrose provided the stabilization to
the structure of junction zones, over a certain
concentration of sucrose reduced the gel quality
and become a weaker gel structure of the pectin.
The obsetrvation was supported by (Basu et al.,
2011). In their mango jam samples containing
sotbitol, the sucrose concentration increased to
above 60% resulting in an unstable structure in a
firmer gel network of the pectin and a softer jam
because of releasing more water molecules in the
jam. In the study conducted by Lofgren et al.
(2002), the high-methoxyl (HM), low-methoxyl
(LM) pectin and their mixture gel structure
rheologically were investigated and determined
the viscoelastic properties. They expressed that
changes in the sucrose concentration affected the
gel strength between the HM and LM pectin, as
well as the structure of the network. Torres et al.
(2013) studied the effect of the addition of
sucrose, xylitol and stevia to the prepared
chestnut and rice flours gel and evaluated the
rheological properties of the formulation. The
authors found that the addition of sucrose
changed the viscoelastic properties of gels. On the
other hand, xylitol addition did not change those
properties significantly. By the temperature, time
and frequency sweep tests, addition of stevia to
the formulations did not change the viscoelastic
properties of the formulations.

To characterize the flow behavior of the low sugar
apple marmalade samples, specific torque values
ranging from 250-2500 uN.m were selected to
determine shear stress and shear rate data for each
marmalade sample. The torque ranges were as
follows: i) Formulation 1: 250- 2500 pN.m ii)
Formulation 2: 250-1750 uN.m iii) Formulation 3:
250-1250 uN.m iv) Formulation 4: 250-1750
uN.m v) Formulation 5: 250- 1250 puN.m vi)
Formulation 6: 250-2000 uN.m vii) Formulation
7: 25-1500 uN.m viii) Formulation 8: 250-1250
uN.m ix) Formulation 9: 250-1750 uN.m x)
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Formulation 10: 250-1500 uN.m. Power Law and ~ the results of the model parameters for the
Herschel-Bulkley (HB) models were applied and samples were presented in Table 5.
Table 5. Power Law and HB model parameters of the RSAM formulations
Power Law Model Herschel-Bulkley Model
Formulation K, Pa.sn n R2 RMSE Ty, Pa K, Pa.sntiB Nyp R2 RMSE
1 4103146926+ 0.10£0.03*  0.91+0.03 0.01£0.00 406496429+ 25855536+  0.56+0.07: 0.89£0.03  0.09+0.03
2 2751043712 0.09£0.04+ 093£0.02 0012000 304085685 8181485  0.61+0.13a  0.8810.04 0.10+0.04
3 229.15%5328>  0.09£0.04+ 087011 001+0.01 24297436.57  646+223> 073007+  0.91+0.03  0.08+0.03
4 3253142712 0.10£0.00¢  094%0.05 0012001 37258%53.88% 1118£4.70> 0574010t  0.84£0.04 0.11+0.04
5 245.88+21.26>  0.090.04* 0.87£0.14 001£0.01 271.50%2041% 73814325  0.64+0.27: 091£0.03  0.08+0.03
6 333.53%36.58% 011003 094003 0.02£0.00 353881102 24914481+  04620.04  0.90+0.06  0.09+0.03
7 26214+44.65> 0162003+ 097£0.01 0012000  270.06£51.79% 16.52+451% 0.80£0.10¢  0.90+0.02  0.08+0.01
8 213.86+18.04>  0.13£0.01*  095£0.03 0.01£0.00 269.12%1658% 33210925  0.82+0.09% 0.86£0.05 0.09:+0.01
9 285.62498.99%  0.10£0.04+ 0.89£0.00 0.02£0.01 346.72£56.55% 10497615  0.52%0.14¢  0.87+0.05  0.10+0.02
10 301.98423.26%  0.10£0.06+  092£0.06 0012001 31565£3135%c 13982437 0.5740.25¢  0.93£0.06  0.07+0.04

Results were reported as meantstandard deviation of 3 replicates. MeansEstandard deviation within a column
followed by different letters is significantly different (P < 0.05).

Considering all the experimental results, the
RSAM samples containing different formulations
had a shear thinning behavior (pseudo-plastic),
because viscosity decreased with increasing shear
rate applied. A minimum stress value of about
24297 Pa is required for initiating the flow,
indicating the vyield stress. Yield stress was
obtained for all the marmalade formulations and
depicted in Table 5. The addition of sweeteners
was obviously effective on the yield stress of the
formulations. The yield stress values decreased
with increasing sweeteners concentrations. This
could be related to the sucrose content. Reduction
of the sucrose concentration resulted in a
decrease in the resistance to flow. Thus,
mechanical forces applied to the marmalade
samples were also decreased by the decreased
sucrose. Tan et al. (2014) emphasized that the
starch concentration which was increased from
15% to 25% led to an increase in the shear stress
values because of the effect of sugar and starch as
a thickening agent in the apple jam. In addition to
this, yield stress values were highly affected by the
addition of these agents to the formulations.
Similar results were also obtained by Koocheki et
al. (2009) in ketchup. The yield stress values
provided increase with the increase in the
concentration of hydrocolloid in the product. The
data of the relationship between shear rate and
shear stress fitted well to the Herschel-Bulkley
model to describe the flow behaviors of the low
sugar apple marmalade exhibiting certain yield

stress. In all cases, the coefficient of
determination (R?) was higher than 0.85 and root
mean square error (RMSE) were lower than 0.11
(Table 5). The small RMSE values indicate the
model better fit for the data (Unluturk et al,
2010). Since the RSAM samples exhibited the
yield stress, the Power Law model was not
suitable for describing the sample behavior (Table
5). Additionally, the Power Law model resulted in
very low flow behavior index (n) values.
Therefore, the selected HB model was adequate
to describe the flow behavior of RSAM samples
having yield stress within the specified range. The
determination coefficient between 0.80-0.90 was
expressed as a good prediction. The rheological
behavior of the RSAM samples was predicted well
by the HB model parameters in the range of given
shear rate with a determination coefficient of
R2>0.85. For only formulation 4, this value was
determined as 0.84. The flow behavior index (n)
of all the apple marmalade samples determined by
the model was observed to vary from 0.46 to 0.82.
The flow behavior index was increased by an
increase in the concentration of sweeteners
substitutions. Since the magnitude of the nup was
smaller than 1 and the coefficient of
determination (R?) was higher than 0.85, it could
denote that the RSAM samples exhibited a shear
thinning behavior and described as non-
Newtonian fluids. The consistency index (Kus) of
all formulations also ranged from 3.32 to 25.85.
Consistency is a major quality factor in many
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semisolid foods such as purees and pastes. It
indicates a strong interaction between the
molecules in the sample structure and stability
(Dogan and Kokini, 2006). The observation of
this study was supported by Barbieri et al. (2018).
They found that the consistency index was 39.40
Pa.sn for the gabiroba jam. Also, the consistency
index was determined between 21-73 Pa.s® for the
peach jam, as given by Falguera et al. (2010).
Sagdic et al. (2015) stated that the value of
consistency index was found as 17.6 Pa.s» for the
rose hip marmalade at 25 °C. In other words, the
consistency index varies depending on the
components of jam formulations. Similarly, the
consistency index decreased when the sweetener
concentration was increased. The effect of the
sweeteners addition on the formulations yielded
lower values for the index. In other words, the
consistency index decreased with a decrease in
(TSS). These findings confirm the results of the
mango jam made with stevioside and sucralose
sweeteners. Basu et al. (2013) reported that the
Herschel-Bulkley model explained the rheological
behavior of the mango jam samples containing

those sweeteners very well. Also, changes in the
TSS affected the parameters of the model. The
flow behavior index showed an increasing trend
with a decrease in the TSS; moreover, the
consistency index decreased when the TSS values
of the jam decreased, as is seen in the apple
marmalade results. In the study conducted by
Peinado et al.,, (2012), the strawberry products
containing isomaltulose (30 °Bx) and a blend of
isomaltulose and fructose (50 °Bx) caused a lower
yield stress and consistency index, compared to
other formulations containing sucrose ot sucrose
glucose blend.

Texture Profile Analysis

The texture of the product is strongly dependent
on the changes in its structural history throughout
the processing (Sikorski, 2006). Texture analysis
can be regarded as a mimic of mastication in the
mouth, and it can be used to provide information
on the oral processing behavior of semi-solid
food for objective measurement of its textural
characteristics (Naknaen and Itthisoponkul,
2015). Results of the texture analysis were
represented in Table 6.

Table 6. Textural parameters of RSAM products

Formulation Hardness,  Adhesiveness,  Cohesiveness Springiness, Gumminess,  Chewiness,
N ] m N ]
1 2.25+0.10P 6.8410.43b 0.6910.052 0.9610.032 1.55+0.04> 1.4810.04>
2 2.00£0.13P 4.90£0.89bcd 0.68%0.062 0.9510.022 1.37+0.16> 1.30+0.17>
3 1.99+0.09> 4.84%0.91« 0.68%0.062 0.9410.032 1.36+0.16> 1.28+0.20b
4 1.80+0.27> 4.83%0.79< 0.67%0.052 0.9210.052 1.21+0.24> 1.11+0.21b
5 1.79+0.05P 4.54%0.14< 0.6610.042 0.9210.042 1.1940.04> 1.10+0.08>
6 2.99+0.312 9.96+0.837 0.75%0.022 0.9910.002 2.2510.232 2.2210.242
7 1.75+0.41P 4.78%0.97< 0.72%0.052 0.9610.022 1.27+0.35> 1.224+0.33b
8 1.73+0.13> 4.03£0.544 0.6910.052 0.9410.01~ 1.19+0.09> 1.1240.08>
9 2.11£0.02b 6.1710.41bc 0.6910.032 0.9610.032 1.45+0.06> 1.394+0.11b
10 2.00£0.19b 5.39£0.46bd 0.68%0.032 0.9310.01~ 1.36+0.19> 1.26+0.17>

Results were reported as meantstandard deviation of 3 replicates. Meanststandard deviation within a column
followed by different letters is significantly different (P < 0.05).

Hardness parameter of the low sugar apple
marmalade, which is the maximum force, ranged
from 1.73 to 2.99 N. The highest values were
obtained when the marmalade was prepared with
600 g sucrose only (formulation 6). During
cooking of the marmalade, acid, sugar, and pectin
formed a strong gel structure. Due to having the
maximum amount of sucrose in comparison with

other formulations, the highest degree of
hardness was observed in the formulation 6.
Adhesiveness as a textural characteristic, shows a
negative force area in the curves of texture profile
analysis. It is the work required to overcome the
sticky forces between the sample and the probe.
The adhesiveness results of the low sugar apple
marmalade samples were obtained in a wide range
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from 4.03 to 9.97 J. For marmalade formulations
containing sucrose only, it was observed that the
formulations are significantly (P < 0.05) different
from each other. Similar results were obtained
from the Cantaloupe jam prepared by substituting
sucrose with different xylitol concentrations.
Naknaen and Itthisoponkul (2015) observed that
the increased xylitol concentration slightly
reduced the stickiness/adhesiveness values in the
cantaloupe jam. Another texture parameter,
cohesiveness, which is expressed as a ratio of the
areas of positive forces under the compressions,
gives how well the product resists a second
deformation, compared to under the first
deformation behavior. It indicates the strength of
internal bonds in the sample. In terms of
cohesiveness parameter, there were not any
significant differences among all formulations.
Springiness is a parameter for determining the
texture profile of the products. Itis closely related
to the elasticity of the samples. After a
deformation occurs during the first compression,
springiness demonstrates how well the sample
physically spreads back. It was found that there
were no significant differences in the springiness
propertties of all formulations. Another parameter
of texture examined in this study was gumminess,
which is defined as the product of the values of
hardness and cohesiveness. It is the energy
needed to disintegrate a semisolid food until it is
ready to swallow. The results of gumminess
parameter for the low sugar apple marmalade
samples ranged from 1.19 to 2.25 N, but no
significant difference was observed except for
formulation 6. The last parameter of the textural
characteristics is chewiness, which is expressed as
the product of the values of gumminess and
springiness. In other words, it can be described as
an energy required for masticating the food. The
chewiness results of the low sugar apple
marmalade ranged from 1.10 to 2.22 J, and no
significant  change observed except for
formulation 6.

Microstructural Properties of Low Sugar
Apple Marmalade

The morphological differences of low sugar apple
marmalade formulations which were prepared by
using stevia and sucralose sweeteners were

compared with SEM. Images examined at 500X
magnifications were shown in Figures 1 and 2.
Micrograph of the freeze-dried marmalade
samples stevia pectin, acid, sucrose gel mixture
(Figure 1a). While the content of the marmalade
was changed by substitution of 25% sucrose with
stevia (formulation 2), the pectin network
structure slightly disappeared and became more
homogenous (Figure 1b). By increasing the stevia
concentration, i.e., replacing 50% of sucrose with
stevia, the surface roughness increased. On the
other hand, the addition of sucralose sweeteners
(formulation 4), a rough surface occurred with
pores. As increasing sweeteners concentrations,
the formation of porous structure increases
(formulation 5). Compared to the formulation 1,
both sweeteners increased the surface roughness
but the increase in the concentration of sucralose
led to more surface deformation than stevia. As
the amount of sucrose increases, it is thought that
a better pectin network is formed. Therefore, a
smoother surface appearance is obtained. In
Figure 2a, the formation of the network structure
was observed more cleatly, compared to Figure
la. The SEM images of low sugar apple
marmalade in the figures agreed with the results
of the apple jam which was reported by Tan et al.
(2014). The authors prepared apple jam by using
both 15 g sucrose and cross-linked acetylated
starch (CAS). SEM micrograph of sucrose
containing apple jam showed a smoother surface.
Further, porous structures were obtained by
addition of a varied amount of CAS in the apple
jam. When stevia concentration was increased,
ie., 25% and 50% sucrose were substituted with
stevia sweeteners, the images showed the
formation of porous structure due to the loss of
the mesh structure of pectin (Figure 2b, ). On the
other hand, the increase in the amount of sucrose
from 500 g to 600 g contributed to the pectin
network formation in the presence of sucralose
(Figure 2d, e). It was observed that formulation
10 remained very similar to the formulation 6 in
terms of surface homogeneity and formation of
the pectin network (Figure 2e).

Figures 1 and 2
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Figure 1. SEM mirographs ot RSAM formulations (500 g sucrose base) at 500X magnifications a)
formulation 1, b) formulation 2, ¢) formulation 3, d) formulation

Figure 2. SEM mcrographs or RSAM formulations (600 g sucrose base) at 500 magnifications a)
formulation 6, b) formulation 7, ¢) formulation 8, d) formulation 8, and ¢) formulation 10

Sensory Evaluation the formulation 3 made by replacing of 50% of
The sensory properties of low sugar marmalades sucrose with stevia sweetener achieved the
were presented in the spider chart (Figure 3). The = highest scores. While the formulation 1 was
formulation 1 prepared using 500 g sucrose and selected as the most favorable one in the texture,
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the formulation 6 had the least acceptance due to
a highly firmer and more granular structure. Since
the sucrose content was extremely high in the
formulation 6, the water molecules were bound to
the sucrose and the network of pectin, acid,
sucrose was strongly interconnected. This caused
a highly apparent increase in the hardness of the
structure. The results agreed with the textural
properties. According to the test scores, it was
observed that formulation 1 was the most
favorable sample for the appearance parameter.
Formulation 2, 3, 4, 6, 7, and 8 are quite different
from the formulation 1 (P < 0.05). On the other
hand, the lowest appearance scores were observed
in the formulations prepared by replacing 50% of
sucrose with sucralose. There was no significant
difference between the formulations 5 and 10.
The sensation of a taste is associated with
personal impressions and taste experiences,
depending on the age, preferences, habits, and
environmental conditions (Guiné et al., 2016).
The taste parameter results of the low sugar apple
marmalade were found to range from 6.86 to 5.76.
The spider plot (Fig. 3) also showed that the
highest score of marmalades was determined in
formulation 1, whereas the formulation 6 had the
lowest one. This is because the formulation 6 was
extremely sweet due to higher sucrose content.
The addition of sweeteners to the formulations

Appearance
8.0

Overall
Acceptability

Texture Color a

Taste Acceptability

did not significantly affect the taste parameters of
all formulations. In the study conducted by Gwak
et al. (2012) the samples with different
concentration levels were prepared by using eight
bulk sweeteners and four intense sweeteners and
they investigated whether the sweeteners had
similar sensory qualities to sucrose. They found
that sucralose followed a similar pathway with
sucrose and showed a lower bitterness with
respect to stevia. Figure 1 demonstrated that the
addition of 50 percent sucralose resulted in the
lowest formulation scores for formulations 5 and
10. The least acceptance might be associated with
the highly light color of the formulations
containing a lower amount of sucrose. While
formulation 1 had the highest scores of texture
results, the formulation 6 had the lowest scores,
as depicted in Figure 1. This is because the
formulation 6 contains the highest amount of
sucrose. Thus, its structure is highly firm and stiff,
compared to the formulation 1. The
characteristics including taste, flavor, shape/size,
color, odor and texture are considered as the
parameters that affect the quality acceptability of
the product by the consumers. No statistically
significant difference was observed in the overall
acceptance of different formulations containing
stevia and sucralose sweetenets.

Appearance

Overall

Color b

Texture

Figure 3. Sensory attributes of RSAM products having (a) 500 g and (b) 600 g sucrose basis

CONCLUSION

In this study, reduced sugar apple marmalade
formulations were produced by using two types
of sweeteners (stevia and sucralose) with different

concentrations. It was aimed to teveal the best
marmalade formulation containing sweeteners
like the control samples with respect to their
physicochemical, textural, rheological, and
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microstructural properties. The addition of the
sweeteners to the formulations had a significant
effect on most of them. The rheological behavior
of the formulations was described with Herschel-
Bulkley model, best. It was concluded that the
solid-like behavior was observed from the
oscillatory tests due to dominant elastic modulus
(G’). Except for formulation 6, there was no
significant  effect observed between the
formulations in terms of texture profile analysis
results. This result brings the study to choose the
optimum formulation is 3 or 5 due to lowest sugar
content with no significant physical properties.
420 g of formulation 3 and 520 g of formulation
5 are maximum daily intake for a 70 kg person.
According to SEM micrographs, it was observed
that the surface changed depending on the
increase of substitutions and sucrose content.
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ABSTRACT

This research investigates the effects of using rosehip infusion as a marinade on the physicochemical,
technological, textural properties, and oxidative stability of turkey breast meat. The chemical composition,
technological properties, color and textural parameters, pH, and lipid oxidation of marinated turkey samples
were determined. Marinades used in reformulated groups were prepared with rosehip at different
concentrations (10 g (R1), 15 g (R2), and 20 g (R3)/150 mL). Roschip-infused marinated samples exhibited
lower pH, altered color parameters, enhanced water holding capacity and cooking yield, and increased
marinade uptake (especially in R3). In texture analysis, it was observed that the hardness of the samples
decreased, while the values of cohesiveness and springiness increased. Notably, rosehip infusion
demonstrated antioxidative effects, lowering TBARS values compared to the control. In summary,
marination with rosehip infusion presents a promising method to improve the technological and textural
qualities of turkey breast meat while protecting against lipid oxidation.

Keywords: Turkey meat, marinades, rosehip, texture, tenderness, lipid oxidation

KUSBURNU INFUZYONU ILE MARINASYONUN HINDI GOGUS
FILETOLARININ KALITE PARAMETRELERI UZERINDEKI ETKILERI

oz

Bu arastirma, kusburnu infiizyonunun marinat olarak kullanidmasimnin hindi g6égis etinin
tizikokimyasal, teknolojik, tekstirel O6zellikleri ve oksidatif stabilitesi Uzerindeki etkilerini
incelemektedir. Marine edilmis hindi Orneklerinin kimyasal kompozisyonu, renk parametreleri,
teknolojik 6zellikleri, tekstiir parametreleri, pH ve lipid oksidasyonu belitlenmistir. Yeniden formile
edilmis gruplarda kullanilan marinat ¢ozeltileri farklt konsantrasyonlardaki kusburnu ile hazirlanmistir
(10 g (R1), 15 g (R2) ve 20 g (R3)/150 mL). Kusburnu infiizyonu ile marine edilmis 6rnekler daha
disik pH, degisen renk parametreleri, gelistirilmis su tutma kapasitesi ve pisirme verimi ile artan
marinat emilimi (6zellikle R3'te) sergilemistir. Tekstir analizinde O6rneklerin sertligi azalirken
yapiskanlik ile esneklik degerlerinin arttigi gézlenmistir. Ozellikle kusburnu infiizyonu, kontrol
grubuna kiyasla TBARS degerlerini diisiirerek antioksidatif etkiler sergilemistir. Ozetle, kusburnu
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Quality enhancement of turkey breast fillets through rosehip infusion marination

inflizyonuyla marinasyon, hindi gégiis etinin teknolojik ve tekstiirel 6zelliklerini iyilestirmek ve lipid
oksidasyonuna karst koruma saglamak icin umut verici bir yéntem sunmaktadir.
Anahtar kelimeler: Hindi eti, marinat, kusburnu, tekstir, gevreklik, lipid oksidasyonu

INTRODUCTION

The association between optimal health and
dietary patterns has led individuals to adopt a
more conscientious approach toward their daily
eating habits, aiming to incorporate diverse
components into their diets. Consequently, there
is a prevailing preference for the consumption of
health-promoting foods that remain economically
feasible. Within this framework, turkey meat has
gained attention as a scientifically substantiated
alternative to beef, owing to its notable attributes
such as high protein and low-fat content (Celen et
al., 2016). Furthermore, turkey meat stands out as
an excellent source of essential amino acids
(alanine, serine, aspartic acid, methionine,
glutamic acid, tyrosine, and lysine), vitamins
(niacin, vitamin B6), and minerals (phosphorus
and selenium), all of which contribute
significantly to a healthy diet (G6k and Bor, 2016).
Even though turkey breast meat is processed into
products, its lower fat content renders it
unsuitable for direct consumption in meals. This
characteristic leads to a firmer texture, less tendetr,
and comparatively subdued flavor profile
compared to turkey thigh meat. Regarding meat
quality, tenderness functions as a pivotal
parameter indicating its appropriateness for
consumption. This factor substantially impacts
the gustatory satisfaction, perceived worth, and
the consumer's inclination to reacquire the
product (Xiong et al., 2020). Therefore, various
techniques (mechanical tenderization (puncture
and tumbling), high-pressure processing, pulsed
electric field, ultrasound, and marination) have
been used to improve the tenderness of turkey
breast meat (Loyn and Hamm, 1986; Bhat et al.,
2018).

Enhancing meat tenderness can be achieved
through marination, particularly involving acidic
compounds. This method has a historical
significance in improving the sensory qualities
and moisture retention of meat while also
extending its shelf life (Alvarado and McKee,
2007; Kaewthong and Wattanachant, 2018; Cinar
and Colakoglu, 2004). Notably, marination offers

numerous benefits such as improving aroma,
flavor, and addressing color deficiencies (Barbanti
and Pasquini, 2005). Several studies have
substantiated the positive effects of marinating
turkey breasts, which include improvements in
texture, sensory characteristics, and the ability to
slow down oxidative changes (G6k and Bor,
2016; Serdaroglu et al, 2007; Augustynska-
Prejsnar et al,, 2019). An alternative way to
describe marination in terms of its effects on
tissue morphology is by influencing the pH of the
tissue, causing it to deviate from its isoelectric
point, which creates space between the
myofilaments and allows for better water
retention (Oneng et al., 2004). A variety of
ingredients, including wine, vinegar, fruit juices,
fermented milk products, oils, and salt, have been
extensively employed in marinating various types
of meat (Goli et al, 2014). Additionally, the
inclusion of fruit and vegetable juices and extracts
in marinades has been explored due to their
antioxidant and antimicrobial properties (Nile and
Park, 2014; Afrin et al., 2016; Kalaycioglu and
Erim, 2019; Saricaoglu et al., 2019; Van de Welde
et al., 2019; Sengiin et al., 2021).

Rosehip, the pseudo-fruit of the rose bush,
particularly Rosa canina L. is known for its
abundant polyphenols and vitamin C content,
making it an excellent source (Fan et al.,, 2014).
Rosehip contains 2-3 times more ascorbic acid
than kiwi, 3-5 times more than peppers, and 5-6
times more than citrus fruits. The high
polyphenol content, including flavonoids and
phenolic acids, in rosehip tea contributes to its
antioxidative potential (Karhan et al, 2004).
These compounds have been found to scavenge
free radicals, bind metal ions, and inhibit lipid
peroxidation. Promising results have been
observed in studies investigating the effect of
rosehip on lipid oxidation in various food
matrices (Rivera et al., 2022; Vlaicu et al., 2022).
Research on the utilization of rosehip infusion for
marinating meat products, especially turkey breast
meat, has been limited. From this point of view,
this study aims to investigate the effects of
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marinating turkey breast meat with rosehip
infusion on  various aspects, including
physicochemical characteristics, technological
properties, texture, and lipid oxidation.

MATERIAL AND METHOD

Material

Fresh, skinless turkey breast muscles (with a
moisture content of 75.5510.28%, protein
content of 19.9110.34%, fat content of
1.19£0.10%, and ash content of 3.38%0.35%, pH
ranging from 5.91 to 5.93, free from visible blood
spatter or bruises) were obtained from a national
supermarket chain in sealed 750 g packs (Bolca
Hindi Uretim ve Paz. A.S.). The muscles were
sliced into 1 cm thick, 13 cm long fillets using a
fillet  knife, with each fillet weighing
approximately 100 g. Dried whole rosehip fruits
(Rosa canina 1..) were sourced from a local herbalist
in Tzmir. The rosehip fruits were ground using a

Waring 8011 EB SET2 blender (Stamford, CT) at
the second speed for 30 secs to create a rosehip
infusion for use as a marinade solution. All
chemicals used were of analytical grade and
obtained from Sigma-Aldrich Chemie GmbH,
Germany.

Preparation of marinated turkey breast and cooking
process

Three rosehip infusions (RI1: 67 g/L, RI2: 100
g/L, and RI3: 133 g/L) were prepared as
marinade solutions. Specified amounts of rosehip
powder were placed within individual filter
papers. These mixtures were then infused with
distilled water at 100°C for 30 min to achieve the
specified concentrations. Distilled water was used
as the marinade solution for the control (C)
group. The examination of the acquired infusion
took place after it had cooled to room
temperature (Figure 1).

Grounding

« with a Waring 8011 EB SET2 blender at 2™ speed for 30 sec

Placing within individual filter papers
+ to obtain determined concentrations (RI1: 67 g/I., RI2: 100 g/L, and RI3: 133 g/L)

Infusion

+| » with distilled water at 100°C for 30 min

% Obtaining the marinade solution

Figure 1 Preparation of the marinades

The turkey breast fillets, along with their
respective rosehip infusions (at a ratio of 1:1 w/w
meat to marinade), were placed into sous-vide
bags (thickness of 90 *£3 um, an oxygen
permeability of 160 cc/m?/d, and a water vapor
permeability of less than 8 g/m2.d) and allowed to
marinate for 4 h at +1°C. Then marinade liquid
was drained from all the samples, and the bags
were vacuum sealed for storage. Samples were
sous-vide cooked using a WiseBath (Germany) at

80°C until the core temperature reached 73°C
(Figure 2). Subsequently, the samples were rapidly
cooled to room temperature and stored in a
refrigeration unit at +1°C until further analysis.
pH measurement, instrumental color evaluation,
peroxide, and TBARS (Thiobarbituric Acid
Reactive Substances) analysis were performed on
days 0, 3, 5, and 7 of the storage periods.
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Slicing of turkey breast muscles

(1 cm thick and 13 cm long)

*

Marination

(at a ratio of 1:1 w/w meat to marinade, for 4 h)

Rl

—

“

Sous-vide cooking
(at 80 °C until the core temperature reached 73 °C)

h 4

Cooling
(to 25 °C)

R1

R2

IR ]

Figure 2 Process flow diagrams production of marinated turkey breasts including the experimental
design

Method

Apnalysis of rosebip infusion

The pH measurements of marinades were
measured using a digital pH meter (WTW pH
3110 set 2, Germany) in triplicates. The total
phenolic content (TPC) analysis was conducted
using a modified Folin-Ciocalteu (FC) method, as
outlined by Yilmaz et al. (2015). For this analysis,
30 pL of methanolic sample extract and 150 uL. of
FC reagent were transferred to test tubes,
followed by the addition of 2.37 ml. of distilled
water. After an 8 min incubation, 450 pl. of
sodium carbonate was introduced into the
mixture. Following a 30 min incubation at 40°C,
absorbance was measured at 750 nm using a
spectrophotometer (PG Instruments, T-60, UK).
The results were expressed as mg of gallic acid
equivalent per g. The DPPH analysis was
performed by the method described by Grajeda-
Iglesias et al. (20106). In this procedure, 20 uL of a
sample diluted in ethanol (at a 1:40 dilution) was
combined with 180 uL. of a methanolic DPPH
solution. After vortexing the microcentrifuge
tubes for around 30 secs, they were incubated for
30 min before measuring the absorbance at 515
nm using a spectrophotometer (PG Instruments,

T-60, UK). The absorbance readings were used to
evaluate anti-radical activity through a linear
equation plot.

Analysis of the marinated turkey breast

Chemical composition

The determination of total moisture and ash
contents followed the guidelines set by the
Association of Official Analytical Chemists
(2012). The protein content was measured using a
LECO nitrogen determinator (FP528, USA), and
the analysis of lipid content was conducted by the
method outlined by Flynn and Bramblett (1975).

Instrumental quality

The pH measurements were measured using a
digital pH meter (WT'W pH 3110 set 2, Germany)
in triplicates. The pH level of the samples was
monitored during the storage period on days 0, 3,
5, and 7 from three different spots on the fillet.
The color parameters of the cooked samples were
monitored during the storage period on days 0, 3,
5, and 7 using a digital colorimeter (Chromameter
CR 400, Minolta, Japan) to obtain the coordinates
lightness (LL*), redness (4%), and yellowness (6*) in
triplicates from different parts of the samples.
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The total color difference (AE), Chroma (C*), and
hue angle (h°) values were calculated according to
AMSA (2012).

For the texture profile analyses (TPA), a TA-XT2
texture analyzer from Stable Micro Systems in
Haslemere, UK was utilized. The TPA results
were reported in terms of hardness (N),
springiness, cohesiveness, gumminess (N), and
chewiness (NXmm). The samples used for
analysis had dimensions of 2.5 cm in height and
2.2 cm in diameter. During the analysis, the
samples were compressed twice to 50% of their
original height using specific settings according to
Garcia-Segovia et al. (2014): cylindrical probe
P36/R, post-test speed of 2 mm/s, crosshead
speed of 1 mm/s, and test speed of 1 mm/s. The
compression was applied using a load cell with a
force of 50 kg.

Technological analyses

The determination of water holding capacity
(WHC) was carried out with some modifications
to the method described by Hughes et al. (1997).
10 g of sample was weighed (M1) and placed in a
glass jar to be heated in a water bath for 10 min at
90 °C. The jars were then cooled down to room
temperature. The samples inside the jars were
wrapped up in cotton-based gauze and
centrifuged for 15 min at 1400 rpm. The samples
liberated from their gauze wrap were weighed
(M2) and the difference was used to calculate the
water retention rate along with the moisture
content of the samples (M3).

M2
%WHC =1 —(Ml—m) x 100

Cooking loss was determined by weighing the
samples before (M1) and after (M2) the sous-vide
cooking process and determining the value based
on the difference between the weights. Marinade
uptake (%) was calculated from the weight of the
samples taken before and after marination.

Lipid oxidation

The peroxide analysis was carried out in
accordance with the protocols specified by the
Association of Official Agricultural Chemists
(2012). A 10g sample (M) was mixed with 60 mL
of 96% chloroform at 600 rpm for 2 min. The

mixture was filtered, and to the filtrate, 30mL of
glacial acetic acid and 2mlL of saturated potassium
iodide (KI) was added. After 5 min in a sealed
flask, 100mlL. distilled water and 2ml. 1% starch
solution were introduced. The resulting mixture
was shaken and titrated with 0.1 N sodium
thiosulfate until a color change from dark purple
to pink was observed, and the sodium thiosulfate
consumption (C) was recorded for calculation.

Normality of Sodium Thiosulphate x C x 1000
Peroxide Value (mEq Oz/‘kg) = {( yof ? )

M I

The Thiobarbituric Acid Reactive Substances
(TBARS) were determined following the method
of Witte et al. (1970). A 20g sample was used for
the TBARS analysis. The sample was
homogenized with 50mL of chilled 20%
trichloroacetic acid (TCA) using a blender (Sinbo,
Turkey) for 2 min. The homogenized mixture was
filtered, and the filtrate was then re-filtered
through Whatmann No.1 filtering paper into a
100mL flask. The flasks were adjusted with a 1:1
(v/v) mixture of chilled water and TCA as
needed. For the analysis, 5 mL samples were
combined with 5 mL of 0.02 M thiobarbituric acid
(TBA) and heated in a water bath at 80 °C for 35
After cooling to room temperature,
absorbance was measured at 532 nm using a
spectrophotometer (PG Instruments, T-60, UK)
with a blank sample of 1:1 (v/v) TCA and distilled
water. Results were expressed as TBA values (mg
malonaldehyde/kg  sample), calculated by
multiplying the absorbance by 5.2. Both peroxide
and TBARS analyses were conducted throughout
the storage period to monitor lipid oxidation.

min.

Statistical assessment

Production was carried out with 15 packages from
each group (C, R1, R2, and R3), each containing
3 slices of turkey steak. The analyses of the
relevant parameters for each treatment were
performed in triplicate. The results were
expressed as the mean and standard error of data
obtained from three independent batches. The
statistical software package SPSS 21.0 (SPSS Inc,
Chicago, USA) was used to analyze the data using
the General Linear Model (GLM) procedure.
Different formulation groups (treatments) and
storage days were assigned as fixed factors. while
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each replicate was considered as a random factor
to investigate the effects of marination with
rosehip infusion on the quality parameters. One-
way Analysis of Variance (ANOVA) was applied
to determine if there were statistically significant
differences among independent groups. At the
same time, two-way ANOVA was used to
determine the effects of processing and storage.
Duncan's test was used to identify significant
differences (P <0.05) among formulations and
storage conditions.

RESULTS AND DISCUSSION
Characteristics of Rosehip Infusion

Table 1 provides the phenolic content, DPPH
value, and pH values of the marinade solutions.

The total phenolic content (TPC) and DPPH
values of the marinas varied between 138.50-
241.11 mg GAE/g and 33.69-52.62 pmol TE/g,
respectively. Increasing the ratio of rosehip
powder in the marinade has resulted in higher
TPC and DPPH values in the samples (P <0.05).
Our TPC results are consistent with the findings
reported by Koczka et al (2018). Due to its acidic
nature, the increase in the ratio of rosehip powder
in the marinade has led to a decrease in the pH
values of the samples. The highest pH value was
observed in RI1, while the lowest value was
detected in RI3 (P <0.05). This observation is
consistent with the results reported in a prior
study (Orhan et al., 2012).

Table 1 Characteristics of marinade solution

. « Total phenolic content DPPH
Marinade pH (mg GAE/g) (wmolTE/g)
RI1 3.71+0.01a 138.50%+0.10¢ 33.6910.18¢
RI2 3.64+0.01b 165.15%0.05b 47.59+0.01b
RI3 3.581+0.06¢ 241.11£0.102 52.62%0.082

*RI1: 67 g/L rosehip powder, RI2: 100 g/L rosehip powder, RI3: 133 g/L rosehip powder. *<Different letters in
the same column indicate a significant difference (P < 0.05). Data were presented as the mean * standard deviation.

Physicochemical Properties

The physicochemical properties of marinated
turkey breast fillets are given in Table 2.
Marination using rosehip infusion significantly
affected (P <0.05) the moisture content of turkey
breast fillets. The moisture content ranged
between 73.83% and 77.44%. Apart from the R1

sample, marination resulted in an increment in
moisture content. In a similar study conducted by
Serdaroglu ez a/ (2007), it was observed that
solutions containing citric acid and grapefruit
juice resulted in an increase in moisture content in
turkey meat.

Table 2 Physicochemical properties of turkey breasts (%)

Treatments™* Moisture Marinade Water hgldmg Cooking yield
uptake capacity

C 75.7510.58P 3.58+0.01b 48.08+0.85a 77,221+0.82b

R1 73.831+0.55¢ 3.60%£0.02b 47.19£0.71b 76,12+0.13b

R2 76.661+0.02ab 3.61£0.03b 48.12+0.89ab 78,7010.642

R3 77.4410.79a 3.78+0.02a 49.50£0.952 79,4210.682

* C: distilled water. R1: 6.67% roschip infusion. R2: 10% troschip infusion. R3: 13.33% rosehip infusion. »P
Different letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean

* standard deviation.

Marinating uptake is a measure of its ability to
penetrate the turkey breast fillet. A high amount
of absorbed marinade solution increases the
effectiveness of the marination process. As

shown in Table 2, marinade uptake values varied
between 3.58% (C) and 3.78% (R3). Except for
R3, there was no statistically significant difference
in the marinade uptake values among the samples
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(P >0.05). The marination of chicken meat using
various vinegar varieties yielded lower marinade
uptake values according to the findings of Dilek
et al. (2023). Sengun et al. (2021) discovered that
the marinate uptake of beef samples marinated in
organic fruit vinegar exhibited no significant
differences among them.

Water holding capacity (WHC) refers to the
meat's capability to retain both its own water and
any additional water due to applied pressure
(Oneng et al., 2004). Except for R3, the utilization
of rosehip infusion for marinating turkey breast
fillets did not show improvement in WHC values.
The WHC of the samples exhibited a range
between 47.19% (R1) and 49.50% (R3), with the
highest value being evident in the R3 group,
similar values were recorded for R2 and C groups
(P >0.05). It has been documented that as the pH
of muscle proteins falls below their isoelectric
point, carboxyl groups acquire protons, resulting
in an overall increase in positive charge. This
phenomenon leads to the formation of a region
within the structure that retains water, driven by
the repulsive force between similarly charged
protein groups (Offer and Knight, 1988).
Similarly, Unal et al (2022) reported that
marinating chicken breast fillets with lemon and
grapefruit juice caused an increase in water
retention capacity.

The cooking yield varied within the range of
76.12% (R1) to 79.42% (R3). Although the R1
treatment showed cooking loss similar to the
control, the R2 group exhibited similarities to the
R3 group (P >0.05). It can be stated that an
increase in the concentration of rosehip in the
marinade formulation is associated with an
improvement in cooking yield. Previous studies
indicated that turkey breast samples treated with
higher concentrations of citric acid and grapefruit
juice exhibited decreased cooking losses
(Serdaroglu et al., 2007). Similarly, marination
with black carrot juice yielded the lowest cooking
losses in turkey breast samples (G6k and Bor,
2016). It can be stated that the R3 group,
marinated with the highest concentration of
rosechip  powder, possesses the desired
technological characteristics.

Texture Parameters

The results of the texture profile analysis atre
shown in Table 3. The marination treatment
significantly affected all textural parameters (P
<0.05). Hardness wvalues of samples ranged
between 4.44 (R3) to 5.07 (C) N. While no
significant differences were found between the
control and the R1 treatment, a decrease in
hardness was noted for the R2 and R3 treatments
(P <0.05). Similar to our results, the hardness
value of turkey breast meat decreased with acidic
marination, according to previous studies (Gok
and Bor, 2016; Serdaroglu et al., 2007; Goli et al.,
2014). The reduction in hardness was attributed
to the increase in tenderness caused by the acidic
marinade (Serdaroglu et al., 2007). Unal e a/
(2022) marinated chicken breast fillets with apple
cider vinegar and 0.2 M acetic acid, noting that the
treated fillets exhibited reduced hardness values
compared to the control treatment. Marinating in
an acidic solution reduces the meat's pH, which
subsequently enhances meat tenderness by
increasing the solubility of collagen and
myofibrillar proteins, as well as swelling of the
myofibrillar system (Ehsanur Rahman et al,
2023). Springiness 1is a significant texture
parameter frequently employed to evaluate meat's
tenderness and resilience (Novakovi¢ and
Tomasevié, 2017). Increased springiness implies
that the meat exhibits excellent elasticity and is
less prone to becoming excessively tender or
mushy during cooking or chewing. Springiness
values of the samples showed significant
differences from the control group; R1 had lower
springiness (0.35), whereas R2 and R3 exhibited
higher springiness than C (0.37) (P <0.05). In a
study on beef steak, the use of balsamic and grape
vinegar in the marination process decreased the
springiness value compared to the control group
(Fencioglu et al., 2022). The cohesiveness values
of the samples increased regardless of the
concentration of rosehip powder (P <0.05).
Gumminess values exhibited notable changes
among samples (P <0.05). Although the highest
value was found in R1, R2 and R3 had
significantly lower gumminess values compared
to the control group (P <0.05).
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Table 3 Textural properties of turkey breasts

Treatments* Haac\ljr)less Springiness  Cohesiveness Gum&n)mess C(}ll\?frll?;)s ®  Resilience
C 5.07£0.04«  0.37+0.01>  0.38+0.014  2.41£0.04®>  0.92£0.09¢  0.14£0.01¢
R1 4.97£0.060  0.35£0.01¢  0.44+0.01> 2.4310.08*  0.84%£0.01=  0.16x0.01>
R2 4.81+0.06>  0.38+0.01=  0.4240.02¢ 2.27+0.06>  0.73£0.05>  0.17£0.01b
R3 4.4410.11¢  0.38%£0.02¢  0.47%0.01= 1.76£0.11¢  0.52+0.03¢  0.19%0.01=

* C: distilled water. R1: 6.67% rosehip infusion. R2: 10% rosehip infusion. R3: 13.33% roschip infusion. *d Different
letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean + standard

deviation.

Chewiness values followed a similar trend with
hardness values. High quality meat is often
associated with lower chewiness scores, indicating
a more acceptable and tender texture (Sasaki et al.,
2014). No significant differences were recorded
between C and R1 treatments. The lowest
chewiness was found in R3 samples. Our results
show that R2 and R3 marinade solutions increase
the tenderness of turkey breast meat. A similar
result was shown in a study when chicken breast
meat was marinated in 100% lemon juice (Unal et
al., 2022). Resilience values were significantly
influenced by the marinade concentration. All
marinated samples had higher resilience values
than the control group (P <0.05). The
improvement of textural properties in turkey
breast meat can be attributed to the acidic
characteristics of rosehip infusion.

the pH of Marinated Turkey Meat
The pH values of turkey breast fillets during
storage are provided in Table 4. The effect of

marination on the pH values of turkey breast
samples was found to be significant. On the first
day of storage, the pH values ranged from 5.75
(R3) to 5.90 (C), and the samples marinated with
rosehip exhibited lower pH values compared to
the control group (P <0.05). Similarly, in turkey
breast samples marinated with aronia, grape, and
hawthorn, the highest pH value was observed in
the control group (Dilek et al., 2023). Except for
the 3t day of storage, the lowest pH values were
generally observed in the R3 group (P <0.05).
This is attributed to the higher concentration of
rosehip used in marinating the samples in the R3
group (Table 1). Marinating turkey breast meat
with different fruit juices such as black mulberry,
grape, and pomegranate resulted in a decrease in
pH values (Gok and Bor, 2016). Throughout
storage, the pH values of the R1 and R2 groups
were mostly similar to the control groups.

Table 4 pH values of turkey breasts

Treatments* Storage C R1 R2 R3
0 5.90%0.03aY 5.861+0.04aY 5.8610.02aY 5.75%10.03bY
T 3 5.8610.01aY 5.7510.04bZ 5.821+0.023% 5.72%0.05bY
p 5 5.9910.033X 6.01x0.07aX 5.98+0.01aX 5.8910.04bX

7 5.97£0.02:X

5.81£0.02bY2

5.8310.01b% 5.73£0.02<Y

* C: distilled water. R1: 6.67% rosehip infusion. R2: 10% rosehip infusion. R3: 13.33% rosehip infusion. **Different
letters in the same row indicate a significant difference. X% Different letters in the same column indicate a significant
difference (P < 0.05). Data were presented as the mean * standard deviation.

Instrumental Color Parameters

The color of poultry meat is an important quality
parameter as the visual appearance of meat
ultimately impacts the consumer's purchasing
decision and the final acceptance of the cooked

product during consumption (Nusairat et al.,
2022). Color parameters of the samples (L*, a*,
and b*) are presented in Table 5, and color indices
(Hue angle, Chroma, and AE) are shown in Table
6. The marination process significantly affected
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the color of the turkey breast meat (P <0.05).
Marinating with rosehip infusion has caused the
samples to have lower brightness and higher
redness and yellowness values compared to the
control samples. The increase in a* (redness) and
b* (yellowness) values can be explained by the
reddish-yellow color displayed by roschip
infusion. In contrast to our findings, acid-
marinated turkey breast samples showed notably
higher L* values in comparison to the control, as
documented by Serdaroglu et al. (2007). A

comparable result was noted in turkey breast
samples marinated and cooked with black
mulberry, red grape, and pomegranate, as
indicated by a reduction in L* values and an
increment in a* and b* values (Gok and Bor,
2016). The variation in the quantities of color
contributing substances in marinade formulation
can result in differing marinade colors, thereby
influencing the appearance of marinated meat
(Serdaroglu et al., 2007).

Table 5 Color parameters of turkey breasts

Treatments* Storage C R1 R2 R3
0 67.52+1.57+Y 60.63+1.25P 61.21£1.19>X 52.93+0.69<Y
I 3 70.98+1.74aX 61.53%£1.15¢ 61.33£1.09>X 51.78+1.29<Y
5 73.44+1.32aX 61.62%1.78b 55.64%0.7842 58.10%£0.61¢X
7 72.761+1.39aX 61.15%0.65> 58.40+£0.17<Y 57.4710.35¢X
0 4.5310.26cX 8.75+0.27b.Y 8.6310.26b Y 9.7410.44aY
o 3 1.58%0.33¢2 10.86%0.463X 7.31+0.21b%2 10.41£0.37aX
5 0.52+0.234T 6.4710.43¢2 9.401+0.28aX 7.7110.34b.2
7 2.3610.44bY 6.981+0.573% 7.3110.482 7.5610.13a2
0 13.87£0.34¢ 21.631+0.32aX 17.00+1.52bY 21.06%£0.492X
- 3 14.06+0.864 21.791+0.15aX 16.31£0.40Y 20.301+0.63bX
5 13.86£0.55¢ 14.88+0.97¢Y 19.1010.60aX 17.55£0.09bY
7 14.59+0.35b 14.88+£0.99bY 15.55+0.48bY 16.93£0.392Y

* C: distilled water. R1: 6.67% roschip infusion. R2: 10% rosehip infusion. R3: 13.33% roschip infusion 4 Different
letters in the same row indicate a significant difference (P < 0.05). XT Different letters in the same column indicate
a significant difference (P < 0.05). Data were presented as the mean * standard deviation.

Table 6 Color indices of turkey breasts

Color indices

Treatments*

Hue angle Chroma AE
C 71.90%£1.232 14.59£0.29¢ -
R1 67.99%0.49b 23.331+0.362 11.22+1.19b
R2 63.01£1.374 19.07£1.47° 9.541+1.96b
R3 65.19%0.49¢ 23.20%0.632 17.11£0.982

* C: distilled water. R1: 6.67% roschip infusion. R2: 10% roschip infusion. R3: 13.33% roschip infusion. *4
Different letters in the same column indicate a significant difference (P < 0.05). Data were presented as the mean

+ standard deviation.

The storage period was found to have an effect
on the color values of the samples. During
storage, the L* values of the R1 samples remained
constant, while an increase was observed in the
control and R3 samples, and a decrease in the R2
samples. At the end of the storage, the a* value
was found to be lower in all sample groups

compared to the initial value. While the
yellowness of the control samples remained
unchanged during storage, the yellowness of all
experimental groups infused with rosehip
infusion decreased during storage.
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The hue angle represents the transition of color
between red and yellow, with greater angles
indicating a reduced presence of red in the
product (Tapp et al., 2011). Due to having the
highest (P <0.05) hue angle value, the C treatment
exhibits lower redness in comparison to the
treatments marinated with rosehip infusion. This
tinding is in alignment with the results of a* value
measurements (Table 5). For meat products,
chroma value refers to the intensity or saturation
of color present on the meat's sutface. Consistent
with the hue angle findings, the C treatments can
be characterized as having a diminished chroma
value (P <0.05) compared to the other samples,
implying a "muted or pale" appearance.
Conversely, the samples marinated with rosehip
infusion exhibited more vivid and intense colors.
Additionally, it was observed that chicken breast
muscle treated with acidic solutions displayed
notably elevated chroma values (Gheisari and
Motamedi, 2010). The measurement of the total
color difference (AE) was conducted between the
marinated and the control samples. The AE
values of samples were determined as 11.22 and
9.54, respectively, with no statistically significant
difference observed between these groups (P
>0.05). Since these values are higher than 6, it can
be said that there is a noticeable color difference
compared to the control. Since the AE value of
the R3 group is greater than 12, there is a
substantial and distinct color difference compared
to the control group, implying that panelists
would readily perceive this distinction. A similar
result has been observed in chicken breast
samples marinated with grapefruit and lemon
juice (Gheisari and Motamedi, 2010).

Oxidative Changes

Lipid peroxidation plays a significant role in
reducing the quality of meat and meat products
during storage. This process can lead to
undesirable changes in flavor, color, texture, and
nutritional value, while also resulting in the
production of toxic compounds (Taheri et al.,
2018). In order to evaluate the lipid oxidation,
samples were subjected to peroxide analysis and
the peroxide values are presented in Table 7.
When examining the initial peroxide values of the
samples, it is observed that there is no significant
difference.  The impact of marination with
rosehip infusion on peroxide values was not
found to be statistically significant during the Oth
and 3 days of storage (P >0.05). On the other
hand, the highest peroxide value (2.0 meqO2/kg)
was observed in the R3, while the lowest value
(1.03 meqO2/kg) was recorded in the C group on
the 5% day of the storage (P <0.05). Previous
researchers reported that marinating turkey breast
muscles in acetic acid, and chitosan + cumin
caused lower peroxide values than the control
(Taheri et al., 2018). On the 7™ day, the peroxide
values ranged between 1.33 and 2.50 meqO»/kg.
Except for C and R2, the peroxide values of
samples decreased steadily during the storage
period. This phenomenon can be associated with
the conversion of hydroperoxides into secondary
oxidation products. The peroxide values observed
in all samples remained considerably lower than
the suggested acceptable threshold of 10 meq
O2/kg of meat fat, as indicated by Evranuz
(1993).

Table 7 Peroxide values (meqO»/kg) of tutkey breasts

Treatments* Storage C R1 R2 R3
0 3.45+0.42X 3.46x0.12% 4.10%+0.78% 3.30%£0.46X
. 3 2.33%+0.30Y 2.13%£0.81Y 1.80x0.40Y2 2.13+0.46Y
Peroxide
value 5 1.03x0.064-% 1.79£0.02b-Y 1.57£0.06¢% 2.00%£0.01aY
7 2.16x0.20bY 1.33+0.10<Y 2.50%£0.19aY 1.33+0.11<Y

* C: distilled water. R1: 6.67% rosehip infusion. R2: 10% troschip infusion. R3: 13.33% rosehip infusion. *d
Different letters in the same row indicate a significant difference (P < 0.05). X% Different letters in the same column

indicate a significant difference (P < 0.05).
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The TBARS values of the turkey breasts are given
in Table 8. The TBARS values ranged between
0.14 (R3) and 127 (C) mg MA/kg at the
beginning of the storage, while no significant
differences were recorded between R1 and R2
treatments (P >0.05). During each measurement
period throughout storage, the TBARS values of
marinated samples were found to be lower than
the control sample. TBARS wvalues at each
evaluating period were significantly higher in

counterparts. The probable cause behind the
marinated samples, exhibiting lower TBARS
values compared to the control samples, can be
attributed to the presence of vitamin C and
phenolic compounds. The antioxidative activity
of rose hip is attributed to its rich levels of vitamin
C and total phenolic content, as demonstrated by
Larsen et al. (2003). Furthermore, Gruenwald et
al. (2019) reported that vitamin E and carotenoids
are also recognized as components that play a role

control samples compared to marinated  in enhancing antioxidative activity.
Table 8 TBARS values (mg MA /kg sample) of turkey breasts
Treatments*  Storage C R1 R2 R3
0 1.2740.0427 0.26£0.11>% 0.29£0.01># 0.14£0.01<T
TBARS 3 1.46+0.112Y 0.43£0.06>Y 0.24£0.01<T 0.25£0.01¢#
5 0.90£0.03=T 0.58%0.02b>X 0.5220.03¢Y 0.58+0.16>Y
7 1.91£0.022X 0.63£0.01¢X 0.64£0.01¢X 0.67£0.01¢X

* C: distilled water. R1: 6.67% rosehip infusion. R2: 10% rosehip infusion. R3: 13.33% roschip infusion. < Different
letters in the same row indicate a significant difference (P < 0.05). *T Different letters in the same column indicate

a significant difference (P < 0.05).

On the 7% day, while the highest value was found
in C, the lowest value was obsetrved in R1 and R2.
TBARS wvalues of C, R1, and R3 treatments
increased until day 3. Overall, the differences
among marinated samples were not statistically
significant on the 7t day of storage. TBARS levels
in all treatments remained below the acceptable
rancidity level (<2 mg Malonaldehyde/kg) (Witte
etal., 1970).

CONCLUSION

The utilization of marinades containing various
concentrations of rosehip in turkey breast
samples enhanced the textural and technological
properties of the samples. Additionally, due to the
high antioxidative effect of rosehip, it was
observed that the samples were protected against
lipid oxidation. While there was a significant
increase in the 4* and /* values of the turkey
breast sample, no adverse effects were detected in
their chemical composition. Therefore, it can be
suggested that rosehip powder at a level of 133
g/L may be a natural alternative soutce for use as
a marination solution. Further studies might be
conducted to evaluate the shelf life and storage
conditions of turkey breast fillets treated with
rosehip infusion marination. This could address

practical concerns related to the applicability of
rosehip infusion as a marination solution on an
industrial scale.
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Bu ¢alismada, orta dereceli beyaz serit problemine sahip tavuk gégiis etlerinin nugget tretiminde
kullanilabilme potansiyeli arastirilmis ve depolama boyunca (-18°C, 90 giin) farkli oranlarda (%0, 20, 40, 80
ve 100) beyaz serit problemli et ilavesiyle tGretilen tavuk nuggetlarin fizikokimyasal 6zelliklerinde (pH, renk,
TBARS ve tekstiir profili) meydana gelen degisiklikler incelenmistir. Nuggetlarin tiretiminde kullanilan beyaz
seritli problemli et miktarinin artistyla Srneklerdeki nem, protein ve kiil miktarinin azaldigi yag miktarimnin ise
arttig1 gozlenmistir. En yiiksek kaplama yiizdesine 100N kodlu 6rnegin (%046.33) sahip oldugu ve 100N ile
20BS kodlu 6rnekler arasinda anlamh bir farkhligin olmadigi tespit edilmistir (P >0.05). Beyaz seritli et
miktarinin artistyla rneklerdeki pisirme kayiplart ve pisirme verimi sonuglarinda bir dalgalanmanin oldugu
gorilmistiir. Depolamanin baslangicinda en diisitk pH degerine 100N kodlu 6rnegin (5.83) sahip oldugu ve
gruplar arasinda 6nemli farklihiklarin oldugu gézlenmistir (P <0.05). Depolama boyunca (-18°C, 90 giin)
genellikle tiim 6rneklerin elastikiyet, adezif yapiskanlik ve ¢ignenebilirlik, sarihk ve TBARS degetlerinde bir
artisin sertlik, parlaklik ve kirmizilik degerlerinde ise énemli diistisler saptanmustir.

Anahtar kelimeler: tavuk gogiis eti, beyaz serit problemi, nugget, fizikokimyasal 6zellikler

THE USAGE OF CHICKEN BREAST MEAT ADDED WITH DIFFERENT RATE
OF WHITE STRIPE PROBLEM MEATS IN PRODUCTION OF CHICKEN
NUGGETS

ABSTRACT

In this study, it was to investigate the potential of using chicken breast meats with moderate white
stripe problem in the production of chicken nuggets and study changes occurred in physicochemical
properties (pH, color, TBARS and texture profile) of chicken nuggets added to different rates (0, 20,
40, 80 and 100%) of white stripe problem meat during storage (-18°C, 90 days). With the increment
of white stripe meat using in the production of chicken nugget, the moisture, protein and ash content
of all samples increased and decreased fat content in the samples. The 100N sample (46.33%) had
the highest coating percentage and there were no significant differences between 100N and 20BS$
samples (P >0.05). With the increment of white stripe meat in chicken nugget, there was a fluctuation
in the cooking losses and cooking efficiency of the nuggets. At the beginning of the storage, the
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Beyaz serit problemli tavuk etlerinin degerlendirilmesi

100N samples had the lowest pH value and there were significant differences among the samples (P
<0.05). In general, the elasticity, adhesiveness, chewiness, yellowness and TBARS value of the all
samples increased while the hardness, lightness and redness value decreased in nugget samples during

storage (-18°C, 90 days).

Keywords: chicken breast meat, white strip problem, nugget, physicochemical properties

GIRIS

2019 yihinin aralik ayinda Cin’in Vuhan kentinde
ortaya c¢ikan ve buradan dinyanin tamamina
yayilan Kovid-19 salgint basta saglik olmak tizere
ekonomi, gida, sanayi gibi bircok sektérde ¢ok
ciddi problemlere yol a¢mustir. Salginla birlikte
triin tedariginde 6nemli aksakliklar yasanmis ve
bu durum basta et endistrisi olmak tzere gida
sektoriinde dretim maliyetlerinin artisina neden
olmustur. Uretim maliyetinde yasanan artislar ve
hayvancilikla ugrasan niifusun azalmasiyla birlikte
bireylerin hayvansal kdkenli protein kaynaklarina
ulagmalari da zorlagmustir.

Insanoglunun yeterli ve dengeli beslenebilmesi
icin hayvansal Grtnleri belirli stnirlar cercevesinde
tiiketmesi gerekir. Bu baglamda tavuk, hindi, kaz
gibi kanatli hayvan etleri bireylerin giinliik protein
ihtiyactnin ~ kargilamasinda  6nemli  bir  rol
oynamaktadir. Tavuk ve hindi gogis etler
biyoaktif peptidler, proteinler, uzun zincirli coklu
doymamis yag asitleri, vitaminler, mineraller ve
antioksidanca zengin gidalardandir  (Mudalal,
2019; Przybylski vd., 2021; Zampiga vd., 2018).

Yasanan olumsuz gelismeler sonucu maliyetlerin
artmasiyla birlikte et ve et driinlerine olan talep
gitgide azalmistir. Et endistrisinde yasanan fiyat
artisina ragmen kanatlt eti ve uriinlerinin hali
hazirda kirmizi et ve iirtinlerine gére fiyatinin daha
diisiik oldugu gériiliir. Ulkemizde 2019 yilinda kisi
basina diisen kanatl eti miktart 21.03 kg (tavuk eti:
20.47 kg; hindi eti: 0.56 kg) iken 2020 yilinda 21.19
kg (tavuk eti: 20.68 kg; hindi eti: 0.51 kg)
seviyesine  yiikselmistir. (Besd-bir, 2021).
Dinya’da kanatll etine yonelik herhangi bir
kiltiirel ve dini kisitlamanin olmamasi, fiyatinin
distik olmasi, yemden vyararlanma oraninin
yiksek olmast ve endistriyel tarzda teknolojiye
uygunlugu gibi nedenlerden dolayt kanatli eti
tiketiminin arttigr goriliir (Petracci vd., 2013).
2015 yilinda diinyada kisi basina disen kanath eti
miktarinin 15.8 kg oldugu ve 2015’ten 2019 yilina
gelindiginde ise bu miktarin 16.9 kg seviyelerine

ctktigt goriilmistir (Besd-bir, 2021). Son yillarda,
kanatl endistrisi, artan bu talebi karsilamak tzere
tavuk, hindi gibi kanatli hayvanlarin biyiime
hizlarini ve karkas randimanint artirmak icin Ar-

Ge calismalart  buyik ivme kazandirmistir
(Mudalal vd., 2015). Bu amacgla 6zellikle
broilerlerde  uygulanan  genetik  seleksiyon

calismalari sonucu olumlu degisikliklerin yani sira
birtakim olumsuz degisiklikler de meydana
gelmektedir.  Bu  degisikliklerin =~ basinda
broiletlerin g6égts filetosunda bulunan Pectoralis
major kast bagta olmak tizere bu hayvanlarin gesitli
kaslarinda agsir1 yag ve kolajen birikimi, sert-
odunsu yapi, beyaz serit ve spagetti gogis gibi
6nemli miyopatiler ortaya c¢ikmaktadir (Petracci
vd., 2012; Zuidhof vd., 2014). Beyaz serit (white
strip) problemi, kanatlt etlerinin g6gis filetosunda
bulunan Pectoralis major kasina paralel olarak
uzanan ve kusurlu kas lifinin kalinligina baglt
olarak orta (<1 mm) ve siddetli (>1 mm) Slcekte
derecelendirilen 6nemli bir kas kusurudur (Adabi
ve Soncu, 2019). Ayrica, beyaz serit problemi, etin
duyusal, fiziksel ve kimyasal Ozelliklerinde
olumsuz birtakim degisikliklere neden olarak
tiiketicilerin satin alma tercihlerini olumsuz yénde
etkilemektedir. Hem kanatll endistrisi hem de
bilim  insanlart  bu  problemin  ortadan
kaldirilmasina  yonelik  ¢esitli  calisgmalart
gerceklestirmelerine ragmen su ana kadar 6nemli
mesafeler katedilmemistir (Baldi vd., 2018;
Kuttappan vd., 2017; Maiorano, 2017; Petracci
vd., 2015; Zaid wvd., 2020). Normal etle
karsilastirildiginda, beyaz serit problemli etin yag
iceriginin daha ylksek protein iceriginin ise daha
distik oldugu belirtilmistir (Soglia vd., 2018).
Ayrica, beyaz serit problemli etlerin su tutma ve
su baglama kapasitelerinin diisik oldugu ve bu
durumun  etin  islenmesi, pisirilmesi  ve
depolanmasi sirasinda yitksek sizinti suyu ve
pisirme kaybina, pisirme veriminde dusts gibi
olumsuz birtakim degisikliklere neden oldugu
bildirilmistir. Dolayistyla bu tir etlerin dogrudan
taze tiketimle degerlendirilemeyecegi ancak sosis,
salam, nugget gibi ileri islenmis Urtnlerin
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tretiminde pagallanarak
Ongorilmektedir.

kullanilabilecegi

Bu calismada, nugget tretiminde farkli oranlarda
(%0, 20, 40, 80 ve 100) orta dereceli olarak
tanimlanan beyaz serit problemli tavuk gogiis
etlerinin  kullanilabilme potansiyeli arastirilip
depolama boyunca (-18°C, 90 giin) 6rneklerin
kalite karakteristiklerinde (pH, renk, TBARS ve
tekstiir profili analizi) meydana gelen degisiklikler
incelenmistir.

MATERYAL VE METOT

Materyal

Calismada kullanilan tavuk g6giis etleri (normal ve
orta dereceli beyaz serit problemli etler) ve nugget
tretiminde kullantlan stvi ve kuru kaplama
katisimlari ticari bir isletmeden temin edilmistir
(Gedik Pili¢ AS, Usak). Nugget
formulasyonunda kullanilan diger bilesenler
(galeta unu, aycicek yagy, karabiber, kimyon, sogan
tozu, tuz) ise Denizli ilinde bulunan yerel bir
stipermarketten satin alinmustir (Giin
Stipermarket, Denizli). Ayrica, nuggetlarin
paketlenmesinde kullandan plastik kaplar (500
¢’lik) Denizli ilinde bulunan yerel bir isletmeden
temin edilmistit.

Nuggetlarin tiretimi ve paketlenmesi

Temin edilen normal ve orta dereceli beyaz serit
problemli tavuk gbgls etleri aseptik kosullar
altinda 3 mm caplt delikli aynaya sahip kiyma
makinesinden  (PM-70, Mainca, Barselona,
Ispanya) gecirilmis ve ardindan kitymalar farkls
oranlarda pagallanarak 5 farkli grup (100N: %100
normal tavuk gogis etinden olusturulmus grup;
20BS: %20 beyaz serit problemli et+%80 normal
tavuk g6gis eti; 40BS: %40 beyaz serit problemli
et+%060 normal tavuk gogiis eti; 80BS: %80 beyaz
serit problemli et+%20 normal tavuk gogis eti;
100BS: %100 beyaz serit problemli tavuk gogts
eti) olusturulmustur. Daha sonra her bir kiyma
formiilasyonuna %1 tuz, %3 sogan tozu, %0.5
kimyon, %0.5 karabiber ilave edilmis ve manuel
olarak elle yaklastk 15 dk boyunca yogurulmustur.
Ardindan nugget hamuruna paslanmaz celikten
imal edilmis sekil vericilerle (5 cm ¢apinda, 1 cm
kalinhiginda) sekilleri verilmis ve ardindan
nuggetlarin  Uretiminde  kullamilan  kaplama

materyallerinin  yapisma verimini artirmak icin
ornekler buzdolabinda (Ugur, UES 273 D2K,
Turkiye) yaklastk 1 saat streyle muhafaza
edilmistir. Buzdolabindan cikarilan kofteler Gedik
Pili¢’ten temin edilen stvi kaplama soliisyonuna
(un, kapyoka nisastasi, misir nisastast ve tuz)
yaklastk 10 saniye streyle daldirilmistir. Stvi
kaplama soliisyonunun hazirlanmasinda éncelikle
plastik bir kabin icerisine 45°C  sicakliga
ayarlanmis icme suyu (yaklastk 2 L) ilave edilmis
ve icetisine Gedik Pili¢’ten temin edilen sivi
kaplama materyal karisimi ilave edilip karigim
metal bir kepce yardimiyla 30 saniye streyle
karisurilmistir.  Daldirma  isleminden  sonra
ornekler yine Gedik Pili¢’ten temin edilen kuru
kaplamaya (galeta unu, zerdecal ve paprika)
bulanmis ve ardindan kofteler Pamukkale
Universitesi Gida Miihendisligi Béliimii Et ve Et
Uriinleri  Laboratuvarinda  bulunan  fritdziin
(Korkmaz, A 486, Vertex, Tirkiye) igerisine
yerlestirilmis ve koftelerin merkez sicakligr 72°C
oluncaya kadar (yaklasitk 180°C, 3 dakika) aycicek
yagl icerisinde kizartilmustir. Koftelerin merkez
sicakhigt ve fritéziin sicakligt termokupl cihazi
(Weston 266200 CHE, Amerika) kullanilarak
kontrol edilmistir. Kizartilan nuggetler metal bir
tepsi igerisine alinarak oda sicakhigina kadar
sogutulmus ardindan 500 g’hk plastik kaplarin
icerisine  yertlestirilip  etiketlenerek  derin
dondurucuda (Ugur UED 5160 DTK, Tirkiye) -
18°C°de 90 glin boyunca muhafaza edilmistir.

Analizler

Kimyasal kompozisyon

Derin yagda kizartilan nugget Srneklerinin nem,
protein ve kil igerikleri AOAC (2006) yontemine
gore belirlenmistir. Orneklerdeki yag icerigi ise
Flynn ve Bramblett (1975) tarafindan gelistirilen
yonteme gOre yapdmustir.  Ayrica, nugget
orneklerinde karbonhidrat miktarinin
hesaplanmasinda agagidaki formiil kullanilmugtr.

Karbonbidrat miktars, % = 100 — (nem + protein +
yag + kil miktarr)

Raplama tutunma yiizdesi

Nuggetlarin  tretiminde  kullamilan  kaplama
materyalinin tGrinin her tarafina homojen bir
sekilde dagilmast ve burada tutunmasi gerekir.
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Cunkii nuggetlarda istenilen ¢itirligy ve gevrekligi

dretimde kullandan sivi ve kuru kaplama
materyalleri  saglamaktadir. Bu  calismada,
nuggetlar kaplama Oncesi ve sonrasinda tartilmis
ve nuggetlara yapisan kaplamanin agirlikea
yuzdesi asagidaki formil ile hesaplanmigtir
(Gokee vd., 20106).
% Yapisan kaplama = % x 100
C: Cig kaplanmis nugget agirligt (g)
I: Cig kaplanmamis nugget agirligt (g)
Pisirme kayb:
Kaplanip kizartilmis 6rneklerin pisirme kayiplart
asagidaki  formilde agithk  esasina  gore
belitlenmistir (Rahimi vd., 2018).
pisirme kayb = 2L 1 100

isirme kaybl = — 7 —x

We: Kaplamalt pismemis nugget agirligt (g)
Wit: Kizartilmis nugget agirhigt (g)

Toplam pisirme verimi

Toplam pisirme verimi analizi, 6nce sivi daha
sonra ise kuru kaplanip derin yagda kizartilan
nuggetlarin  1s11  islem Oncesi ve sonrasinda
tartilmasi ile ortaya c¢itkan kayiplar esas alinarak
asagida verilen formile gbre hesaplanmistir
(Pathera vd., 2017).

Cw
% Toplam Pisirme Verimi = <T) x 100

Cw: Pismis kaplamali nugget agirligs ()
C: Cig kaplamali nugget agirlig1 (g)

PH ve renk tayini

Nugget 6rneklerinin pH degerinde meydana gelen
degisikliklerin tespit edilmesinde dijital pH metre
(Crison Basic 20+, Ispanya) kullanilmustir. pH
degerinin Ol¢llmesinde yaklagitk 10 g nugget
ornegi alinip kesi tahtasinin tizerinde keskin bicak
yardimtyla kiicitk parcalar haline getirilmis ve
ardindan o6rnekler kiicik bir cam kavanozun
icerisine yerlestirilip tizerine 100 ml saf su ilave
edilmistir. Daha sonra karisim homojenizatorde
(HG-15A WiseTis, Kore) yaklastk 2 dk siireyle
parcalanmustir. Parcalanan karisimin icerisine pH
clekttodu  daldidmis  ve ¢ikan  sonuglar
kaydedilmistir. pH metrenin kalibrasyonunda

sirastyla pH: 4, 7 ve 10 tamponlart kullanilmistir
(Oziinlii vd., 2018).

Depolama boyunca derin yagda kizartilmis nugget
Orneklerinin renk degetlerinde (CIE L*, a* ve b*)
meydana gelen degisiklikleri tespit edebilmek icin
kalorimetre cihazt (Miniscan XE Plus, ABD)
kullanilmustir.  Nugget Ornekleri  kaba filtre
kagitlarinin tzerine yerlestirilmis ve 6rneklerin
ylzeyi taranarak 3 ayri okumalart yapilmis ve ¢tkan

sonuglar kaydedilip istatistiksel analize tabi
tutulmustur. Kalorimetre cihazinin
kullanilabilmesinde 6ncelikle cihazin  kalibre

edilmesi gerekir. Bunun icin kalorimetre cihazi
once siyah daha sonra ise beyaz plaka kullanidip
kalibrasyonu  gerceklestirilmistir  (Oziinli  ve
Ergezer, 2021).

TBARS deger:

Lipid oksidasyonu son triinlerini saptamak
amactyla TBARS analizi Witte vd. (1970)’e gore
yapimistir. 5 g 6rnek erlene tartilmis ve tizerine 50
ml %201k TCA ¢ozeltisi ilave edilerek
homojenizatérde (HG-15A WiseTis, Kore) 2
dakika stireyle parcalanmustir. Karisim tzerine 50
ml su konularak 1 dk daha parcalanmis ve karisim
100 ml'lik balon jojeye bir huniden filtre kagidi
yardimiyla stiztilmustiir. Balon joje 100 ml'ye 1:1
TCA/Su ¢ozeltisi ile tamamlanmistir. 5 ml
stizinti 100 mllik balon jojeden alinip deney
tiptne aktarilmistir. Deney tiiptniin tizerine 5 ml
0.02 M TBA ¢6zeltisi ilave edilmistir. Ayni1 sekilde
5ml 1:1 TCA: su ve 0.02 M TBA ile kér numune
hazirlanmustir.  Tupler  kanstrilarak 35 dk
80°C’deki su banyosunda bekletilmis ve sonra
sogutulmustur. Stre sonunda rengi pembeye
doénen O6rneklerin  absorbansi 532 nm  dalga
boyuna  ayarlanmis  spektrofotometre  ile
Slgilmustir. Absorbans degerleri 5,2 faktori ile
carpilarak kg trtindeki olusan mg malonaldehit
miktar1 hesaplanmustir.

Tekstiir profili analizi

Depolama  boyunca  nugget
tekstiirinde meydana  gelen  degisikliklerin
belirlenmesinde Pamukkale Universite Gida
Miihendisligi ~ Bolimit ~ Temel  Islemler
Laboratuvarinda  bulunan  tekstir  cithaz
(Brookfield CT3-4500, ABD) kullandmistir.

orneklerinin
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Tekstiir profili cihazi test tipi sikigtirma, test
hedefi yiiklemeli, hedef deger 2 N, tetikleme yiiki
0.020 N, test hizt 1 mm/sn ve TA 50 prob tipi
kullanilarak gerceklestirilmistir. Silindirik plastik
probu baghg: (38.1 mm ¢ap ve 20 mm ytkseklik)
yardimtyla nuggetlarin tzerine uygulanan 2 defa
stkistirma  islemi uygulanarak Urlnin cesitli
tekstiirel  (sertlik, adezif yapiskanlk ve
cignenebilirlik) 6zelliklerine bakidmigtir. Bunun
icin her bir 6rnek grubundan ikiser adet alinip
tekstiir cihazinin  haznesine yetlestirilmis ve
ardindan cikan sonuglar kaydedilmistir.

Istatistiksel analiz

Farkli oranlarda beyaz seritli problemli tavuk
gogls ilaveli nugget 6rneklerinin fizikokimyasal
Ozelliklerinde meydana gelen degisiklikleri tespit
edebilmek icin analizler (2 tekrar ve 2 paralel
seklinde) gerceklestirilmistir. Elde edilen analiz
sonuglart tek yonli varyans analizine tabi
tutulmus ve sonuglar Duncan ¢oklu karsilastirma
testiyle degerlendirilerek uygulama gruplar ile
depolama siireleri arasinda farklilik olup olmadigt
SPSS istatistik programi kullanilarak ortaya
konmustur.

BULGULAR VE TARTISMA

Kimyasal bilesim sonuglari

Farkli oranlarda (%0, 20, 40, 80 ve 100) beyaz
seritli tavuk gogis eti ilaveli kizartilmis nugget
Orneklerinin kimyasal bilesiminde meydana gelen
degisiklikler Cizelge 1’de verilmistir. Orneklerin
nem icerikleri 9%56.88 ile 58.79 arasinda
degiskenlik gdstermis ve en yitksek nem igerigine
100N kodlu 6rnegin (%58.79) sahip oldugu
gorilmistir. Nuggetlarin Uretiminde kullanilan
beyaz seritli problemli et miktarinin artigiyla
orneklerdeki nem iceriginin azaldigi ve bu azalisin
istatistiksel acidan 6nemli oldugu tespit edilmistir
(P <0.05). Beyaz seritli tavuk g6giis eti miktarinin
artistyla nuggetlarin nem iceriklerinde distslerin
olmasina ragmen 40BS (%57.63) ve 80BS
(%57.25) kodlu nugget 6rneklerinin istatistiksel
acidan benzer oldugu gézlenmistir (P >0.05).
Benzer bir ¢alismada kusurlu kas lifi uzunluguna
gore normal, orta ve siddetli olarak
derecelendirilmis  beyaz seritli tavuk gogis
ctlerindeki nem igeriklerinin %73.09 ile 73.22

arasinda degistigi ancak istatistiksel acidan bir

farkliligin olmadigr bildirilmistir (Adabi ve Soncu,
2019). Beyaz serit probleminin (normal, orta ve
siddetli) tavuk g6gis etinin kimyasal bilesimi
Uzerine olan etkisinin incelendigi bagka bir
calismada, tavuk g6gls etlerindeki beyaz serit
yogunlugunun  artistyla  Orneklerdeki  nem
iceriginin arttg@l belirtilmistir (Bordignon vd.,
2021).

Farkli oranlarda beyaz seritli tavuk gégis eti ilaveli
nuggetlarin  protein degerleri incelendiginde
(Gizelge 1), nuggetlardaki protein miktarinin
%21.32 (100BS) ile %23.62 (100N) arasinda
degiskenlik gosterdigi ve 6rnekler arasinda 6nemli
farkliliklarin  oldugu gézlenmistir (P <0.05).
Nugget tretiminde kullandan beyaz = seritli
problemli et miktarinin artistyla 6rneklerin protein
iceriginde 6nemli disiislerin gérilmesine ragmen
(P <0.05), 20BS (%23.24) ve 40BS (%22.76)
kodlu 6rnekler arasinda anlamli bir farklilik tespit
edilmemistir (P >0.05). Mudalal ve Zaazaa (2022)
tarafindan yapilan bir calismada, beyaz serit
problemine sahip olan tavuk gégus etinde protein
miktart  %?24.23 olarak bulunmustur. Farkli
derecelerde nitelendirilen (normal, orta ve
siddetli) beyaz serit problemine sahip tavuk g&gts

etlerinin  kimyasal bilesimine olan etkisinin
incelendigi  bir  ¢alismada, beyaz = serit
yogunlugunun artisiyla  Srneklerdeki  protein

iceriginin %22.97°den %21.54% diistiigii ve bu
distsin  anlamh oldugu tespit edilmistit (P
<0.05).

Nugget 6rneklerinin yag miktarlart Cizelge 1°de
verilmistir. En yiiksek yag icerigine 100BS kodlu
ornegin (%5.12) sahip oldugu gorilmis ve 40BS
(%04.46) ile 80BS (%04.78) kodlu 6rnekler arasinda
istatistiksel acidan bir farklligin olmadigt tespit
edilmistir (P >0.05). 100N (%3.89) kodlu 6rnegin
en dustk yag icerigine sahip oldugu gézlenmistir.
Kontrol grubuyla (100N) karsilastirildiginda,
beyaz serit problemli et ilave edilmis Ornek
gruplarinin daha yiiksek yag icerigine sahip oldugu
gorilmustiir. Beyaz seritli problemli tavuk g6giis
eti miktarinin  artmastyla nuggetlardaki yag
miktarinin - arttu@ ve bu artisin beyaz serit
problemli etlerin kas liflerinde meydana gelen
atrofiye bagl adipositlerin ve yag birikiminin
artmasindan kaynaklandigr distiniilmektedir. De
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Mello vd. (2021) ve Pereira vd. (2022), beyaz serit
gbzlenen tavuk g6gls etlerinde beyaz serit

yogunlugunun artisina bagl olarak 6rneklerdeki

yag iceriginin arttig1 belirtilmistir.

Cizelge 1. Farklt Oranlarda (%0, 20, 40, 80 ve 100) Beyaz Seritli Tavuk Gogiis Eti Tlaveli Nuggetlarin
Kimyasal Bilesimi
Table 1. The proximate composition of chicken nuggets added with different levels of (0, 20, 40, 80 and 100%) white

stripe meat
Kimyasal Kompozisyon / Proximate Composition

Gruplar / | Nem (%) / Protein (%o) Yag (%) / Kul (%) / | Karbonhidrat (%) /
Groups Moisture (%) Fat (%) Ash (%) Carbohydrate (%)
100N 58.79+0.26 23.62£0.24 3.89£0.30¢ 2.13%0.107 11.5740.23¢
20BS 58.2140.23> 23.24+0.21"> | 4.13+0.28> | 1.87%0.13> 12.55%0.214
40BS 57.63+0.30¢ 22.76x0.17> 4.46£0.29> 1.56%0.15¢ 13.5940.24¢
80BS 57.25+0.18¢ 22.30£0.13¢ 4.78+0.16> 1.46%0.08¢ 14.21£0.14°
100BS 56.88%0.114d 21.32%0.254 5.12£0.13# 1.27£0.094 15.41£0.152

ab.e.d Aynt stitunda bulunan harfler istatistiksel acidan 6nemli bulunmustur (P <0.05).

(100N: %100 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 20BS: %20 Beyaz Serit Problemine
Sahip Tavuk Gégiis Eti+%80 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 40BS: %40 Beyaz
Serit Problemine Sahip Tavuk Gégiis Eti+%60 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu;
80BS: %80 Beyaz Serit Problemine Sahip Tavuk Gégiis Eti+%20 Normal Tavuk Gégiis Eti Kullanilarak Uretilen
Nugget Grubu; 100BS: %100 Beyaz Serit Problemine Sahip Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu)
459: Mean valnes within the same column bearing different superseripts differ significantly (P <0.05).

(100N: chicken nugget with 100% normal chicken breast meat; 20BS: chicken nugget with 20% white stripe meat; 40BS: chicken
nugget with 40% white stripe meat; SOBS: chicken nugget with 80% white stripe meat; 100BS: chicken nugget with 100% white

stripe meat)

Nugget 6rneklerinin kil miktarlart %1.27 ile 2.13
arasinda degiskenlik gésterdigi ve gruplar arasinda
onemli farklihiklarin oldugu gézlenmistir. 100N
(%2.13) kodlu 6rnegin en yiksek kil miktarina
sahip oldugu gorilmustiir. Beyaz seritli tavuk
goglis eti miktarinin artistyla 6rneklerdeki kil
miktarinin  azaldigt ve bu azalisin istatistiksel
acidan anlamli oldugu tespit edilmistir (P <0.05).
40BS (%1.56) ve 80BS (%1.46) kodlu 6rnekler
arasinda Onemli bir farklilik bulunmamistur (P
>0.05). Beyaz seritli tavuk g6gts etlerinin ylizeysel
ve derin yerlerinde kimyasal bilesiminin
incelendigi bir c¢aligmada, ylzeysel ve derin
yetlerdeki kil iceriginin sirastyla %1.15 ve %1.16
oldugu ve istatistiksel acidan bir farkliligin
olmadigr bildirilmistir (Baldi vd., 2018). Farkli
miyopatiye (normal, beyaz serit ve tahta gogiis)
sahip tavuk gbgls eti filetolarinda toplam kil
igeriklerinin birbirine yakin degerler almasina
ragmen normal ve beyaz serit problemli tavuk
gogls eti filetolarinda toplam kil icerigi %1.20
olarak bulunmus ve bu deger tahta gogis
problemli ete (%1.14) gére daha ylksek oldugu
belirtilmistir (Gratta vd., 2019).

Et karbonhidrat acisindan oldukca fakir bir
triindir. Etteki karbonhidrat miktart % 0.5 ile 1.5
arasinda degiskenlik g6stermektedir. Tavuk g6giis
etindeki yag icerigi ortalama olarak %1.5 ile 2.5
arasinda degistigi bilinmesine ragmen nugget
orneklerindeki karbonhidrat miktarinin %11.57
ile %15.41 arasinda degiskenlik gosterdigi ve bu
durumun nugget tretiminde kullanilan sivi ve
kuru kaplamalarinin bilesiminde yer alan kapyoka
nisastast, misir nisastast, galeta, paprika gibi
maddelerin varhgindan kaynaklanmaktadur.

Kaplama tutunma yiizdesi (%) sonuglari

Nugget 6rneklerine ait kaplama tutunma ytizdesi
sonuglart Cizelge 2’de verilmigtir. En yiiksek
kaplama yiizdesine 100N kodlu 6rnegin (%46.33)
sahip oldugu ve 100N ile 20BS kodlu Srnekler
arasinda anlamlt bir farkliligin olmadigr tespit
edilmistit (P >0.05). Beyaz serit problemli et
miktarinin  artmasiyla  birlikte  6rneklerdeki
kaplama tutunma yiizdeleri dusmustiir. Beyaz
serit et miktarinin artmastyla stvi kaplama
karisimin nuggetlarda uzun stire tutunamadigl ve
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sivi kaplamayla iyi kaplanamayan Srneklerin kuru
kaplamayla  bitlikte  galeta  parcaciklatinin
tutunamadigt ve dékilmeye basladigt
gorillmustiir. Dolayistyla bu durumun beyaz seritli
tavuk gogis etlerinin kimyasal yapisindan (su

tutma kapasitesi digik gibi) kaynaklandigt
disinilmektedir. 100BS kodlu 6rnegin (%043.89)
en dusiik kaplama tutunma ylzdesine sahip
oldugu gérilmustiir.

Cizelge 2. Farklt Oranlarda (%0, 20, 40, 80 ve 100) Beyaz Seritli Tavuk Gogiis Eti Tlaveli Nuggetlarin
Kaplama Tutunma Yiizdeleri, Pisirme Kayb1 ve Son Uriin Veriminde Meydana Gelen Degisiklikler
Table 2. The changes of coating pick up, cooking loss and cooking yields of chicken nuggets added with different levels of
white stripe meat (0, 20, 40, 80 and 100%)

. . Toplam Pisirme

Gruplar / Kaplama T‘ﬁ/mnma Yiizdesi Pisirme Kayb1 (%) / Verimi %) /

Groups Coati ( O) / 0 Cooking Loss (o) Total Cooking Yield
oating pick up (%o) %)

100N 46.3310.222 16.25£0.314 83.7520.75¢

20BS 46.09£0.25 15.9840.284 84.02+0.63¢

40BS 45.54£0.26> 16.8940.29¢ 83.11+0.48¢

80BS 45.05+0.18¢ 17.63£0.35b 82.37£0.51b

100BS 43.89+0.32d 20.25£0.44~ 79.75+0.36¢

&b, ¢ d Ayng stitunda bulunan harfler istatistiksel agidan énemli bulunmusgtur (P <0.05).

(100N: %100 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 20BS: %20 Beyaz Serit Problemine
Sahip Tavuk Gégiis Eti+%80 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 40BS: %40 Beyaz
Serit Problemine Sahip Tavuk Gégiis Eti+%60 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu;
80BS: %80 Beyaz Serit Problemine Sahip Tavuk Gogiis Eti+%20 Normal Tavuk Gégiis Bti Kullanilarak Uretilen
Nugget Grubu; 100BS: %100 Beyaz Serit Problemine Sahip Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu)
459 Mean valnes within the same column bearing different superscripts differ significantly (P <0.05).

(T00N: chicken nugget with 100% normal chicken breast meat; 20B: chicken nugget with 20% white stripe meat; 40BS: chicken
nugget with 40% white stripe meat; SOBS: chicken nugget with 80% white stripe meat; 100BS: chicken nugget with 100% white

stripe meat)

Literatir incelendiginde, beyaz serit, odunsu
gbgls gibi gesitli miyopatilere sahip etlerin nugget
Uretiminde kullanilmamast calismanin
6zgiinliigiini artirmast agisindan biiyiik 6nem arz
etmistir. Bilimsel calismalarda daha cok nugget
tretiminde kullanilan kaplama bilesenine ilave
edilen farkl tirdeki katki maddelerin kullanildigt
veya kullandan katki maddelerinin oranlarinda
birtakim degisikliklerin yapildigina yonelik cesitli
calismalara rastlandmistir. Ayrica, nugget hamuru

icerisine  ¢esitli  antioksidan =~ maddelerin
kullanildigina  yonelik  cesitli  ¢aligmalar da
bulunmaktadir.

Nuggetlarin ~ kaplanmasinda 3 farkli  unun
(karabugday, nohut ve piring) kullanildigi bir
calismada ise, ¢ig tavuk nuggetlarinin kaplama
tutunma  ylzdeleri %13 ile %25 arasinda
degiskenlik gosterdigi ve pirin¢ unu ile kaplanan
nuggetin en yitksek kaplama tutunma ytizdesine

sahip oldugu bildirilmistir (Uyarcan vd., 2021).
Nuggget hamurunun hazirlanmasinda
antioksidanca zengin cesitli bilesiklerin (meyan
kokl, biberiye ve bir cesit visneye Ametika’nin
bazi eyaletlerinde yetisebilen aserola meyve
ekstrakti) ilave edildigi bir ¢alismada ise, 500 ppm
bitki ekstrakti katkili nuggetlardaki kaplama
tutunma yuzdelerinin kontrol grubuna gére daha
distik oldugu belirtilmistir (Paiva vd., 2021).

Pisirme kaybu1 (%)

Farkli oranlarda beyaz seritli tavuk g6gis eti ilaveli
nuggetlarin pisirme kayb: (%) sonuclart Cizelge
2’de verilmistir. 20B§ kodlu 6rnegin en dusiik
pisirme kaybina sahip oldugu gbzlenmistir. Beyaz
seritli et miktarinin artistyla 6rneklerdeki pisirme
kayiplarinin arttii gorillmesine ragmen kontrol
grubuyla (100N: %16.25) karstlastirildiginda %20
katkili beyaz serit problemli etin kullanilmastyla
(%15,98) pisirme kaybinin = azaldigt  tespit
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edilmigtir. 100N (%16.25) ve 20BS (%15.98)
kodlu nugget Ornekleri arasinda Onemli bir
farklilik bulunmamustir (P >0.05). 100BS kodlu
ornegin (%20.25) en yiksek pisirme kaybina sahip
oldugu goértlmistir. Nugget tretiminde %20’e
kadar ilave edilen beyaz serit problemli etin
kullanilabilecegi ve bu miktarin izerinde
cikildiginda ise et endustrisi acisindan OSnemli
ekonomik  kayiplarina  neden  olabilecegi
Ongorilmistiir.

Marinasyon isleminin orta ve siddetli hindi gégiis
etlerinin pisirme kayiplarinda meydana gelen
degisikliklerin aragtirildigt bir ¢alismada, marine
edilmemis orta ve siddetli beyaz serit problemine
sahip hindi g6giis etlerindeki pisirme kayiplarinin
strastyla %17.1 ve %16.2 oldugu ve marinasyon
islemiyle birlikte 6rneklerdeki pisirme kayiplarimnin
sirastyla %18.6 ve %19.1 seviyesine yikseldigi
bildirilmistir (Soglia vd., 2018). Mudalal vd. (2019)
tarafindan yapilan bir ¢alismada ise, marine
edilmis normal, orta ve siddetli beyaz seritli hindi
gogiis etlerinde pisirme kayiplarinin %17.96 ile
18.65 arasinda degiskenlik g&stermesine ragmen
ornekler arasinda O6nemli farkliiklar — tespit
edilmemistir (P >0.05).

Toplam pisirme verimi sonuglari (%)

Nugget Orneklerine ait toplam pisirme kaybi
sonuglart (%) Cizelge 2’de verilmistir. Toplam
pisirme verimi sonuglari incelendiginde %020
beyaz serit problemli etin kullanddii nugget
Orneginin (20BS: 84.02) kontrol grubuna (100N:
83.75) nazaran daha yiiksek bir pisirme verimine
sahip olmasina ragmen istatistiksel acidan bir
farkliik tespit edilmemistir (P >0.05). 100N, 20BS
ve 40BS kodlu Ornekler arasinda Onemli bir
farkliligin bulunmadigr (P >0.05) ve diger 6rnek
gruplarina gbre daha yiksek pisirme verimine
sahiptir. 100BS kodlu 6rnegin (%79.75) en dustik
pisirme verimine sahip oldugu gOriilmistir.
Kontrol grubuyla karsilastirildiginda, beyaz serit
problemli et miktart artisina baglt olarak pisirme
kaybinin (%20 ve tizeri oranda ilave edildiginde)
artt@1 ve pisirme veriminin (%40 ve tizeri oranda
lave edildiginde) ise Onemli oranda dustigu
gbzlenmistir.  Nugget Uretiminde su tutma
kapasitesi oldukea diisiik olan beyaz seritli etlerin
belli bir orana kadar kullanilabilecegi ve 6zellikle

%40 1n Uzerinde kullanilan beyaz seritli etin
isletmelere 6nemli miktarda ekonomik kayiplara
yol agabilecegi 6ngorilmektedir (Cizelge 2).

Beyaz serit problemli tavuk gogis etlerinin iki
farkls yontemde (gelencksel firin ve sous-vide)
pisitildigi bir calismada, firinda pisirilen tavuk
gogis etindeki pisirme kaybinin (%25) sous-vide
yontemiyle pisirilen ete (%13.5) gére daha yiiksek
olmast sous-vide yontemiyle pisirilen etin daha
yiksek  pisirme  verimine sahip  oldugu
bildirilmistir  (Lee vd., 2021). Marinasyon
isleminin beyaz seritli tavuk gogis etlerinin
pisitme verimine olan etkisinin incelendigi bir
calismada ise, marinasyon isleminin beyaz seritli
tavuk  g6gis  etlerindeki  pisirme  verimini
%73.97den  %87.59  seviyesine  yukselttigi
belirtilmistir (U-Chupaj vd., 2021).

pH ve renk tayini

Depolama boyunca (-18°C, 90 gtin) farklt
oranlarda (%0, 20, 40, 80 ve 100) beyaz serit
problemli tavuk gégis eti ilaveli nuggetlarin pH ve
renk degerlerinde (CIE L¥* a* ve b*) meydana
gelen degisiklikler Cizelge 3’te  verilmistir.
Depolamanin  baslangicinda  en  digik  pH
degerine 100N kodlu 6rnegin (5.83) sahip oldugu
ve gruplar arasinda 6nemli farkliliklarin oldugu
gbzlenmistir (P <0.05). Depolamanin 15., 30., 45.,
60., 75., ve 90. gunlerinde, 20BS ve 40BS kodlu
orneklerindeki pH degetlerinin birbirine yakin
oldugu ve istatistiksel acidan bir farkliligin
olmadigl gorilmustir (P >0.05). Depolamanin
sonunda 100N kodlu (6.05) 6rnegin en distuk pH
degerine sahip oldugu ve 20BS (6.10) ile 40BS
(6.13) kodlu 6rnekler arasinda 6nemli farkliklar
bulunmadigi belitlenmistir (P >0.05). Her bir
analiz gintinde, 100BS kodlu 6rnegin en yitksek
pH degerine sahip oldugu ve 100BS kodlu
Ornegin diger 6rnek gruplarina gore istatistiksel
acidan farklt oldugu tespit edilmistir (P <0.05).
Depolamanin baglangicindan depolamanin  45.
giintine gelindiginde, 100N, 40BS ve 100BS kodlu
orneklerin pH degerlerinde bir artisin olmasina
ragmen bu artisin anlamli olmadigt gérilmustir (P
>0.05).
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Cizelge 3. Depolama Boyunca (-18°C, 3 ay) Farkli Oranlarda (%0, 20, 40, 80 ve 100) Beyaz Seritli
Tavuk Gégis Eti Ilaveli Nuggetlarin pH ve Renk Degerlerinde (CIE L¥, a* ve b*) Meydana Gelen

Degisiklikler

Table 3. pH and color values (CIE L¥, a* and b*) of chicken nuggets added with different levels of (0, 20, 40, 80 and

100%) white stripe meat during storage (-18°C, 3 months)

pH Degeri / pH Value
Gruplar Depolama Siiresi (giin) / Storage Times (days)
G / 0 15 30 45 60 75 90
roups
100N 5.8320.01<¢ 5.8510.024¢ 5.8810.014¢ 5.90£0.024¢ 5.9520.0348 5.99£0.0148 6.05£0.01<A
20BS 5.90£0.024P 5.93+0.01<P 5.9540.02<¢ 5.9840.02<¢ 6.01£0.02<¢ 6.06£0.02<8 6.10£0.02bcA
40BS 5.94+0.01<P 5.96+0.03<P 5.9740.03<P 6.00£0.01<P 6.03£0.01<¢ 6.08£0.01¢<8 6.131£0.03bA
80BS 5.9940.01PF 6.0210.01°P 6.05+0.01b¢ 6.060.01>¢ 6.10+0.02v8 6.1410.028 6.18%+0.010A
100BS 6.10£0.01°8 6.11+0.048 6.141+0.02:8 6.17£0.02:8 6.2240.012* 6.261+0.03:A 6.30£0.02:4
L* (Parlaklik | Lightness)
100N 42.3740.234A 41.99£0.18A 41.31£0.308 40.75%0.314¢ 40.27£0.11<P 39.67£0.18¢ 39.56£0.232¢
20BS 42.76£0.2542 42.48%0.1642 42.01£0.2648 41.34£0.324¢ 40.44£0.14<P 39.99£0.15¢¢ 38.7740.23bF
40BS 43.87£0.19<4 43.0840.21<B 42.77£0.198 42.5840.26<B 41.86£0.23>C 40.48%0.16"P 38.54£0.26°
80BS 44.9240.13%A 44.0520.22b8 43.7910.14°8 43.3240.20°¢ 41.97£0.24D 38.91£0.124F 37.89£0.27<F
100BS 46.45£0.17A 46.13+0.2924 45.261+0.15 44.5740.18 43.4240.23:0 40.8710.25 37.6520.30"
a* (Kermuzalik | Redness)
100N 8.9340.112 8.67£0.19:4 8.431+0.2124 8.2940.16:48 8.01£0.31248 7.98+0.23:8 7.76+0.258
20BS 8.78£0.13+A 8.55£0.23*A 8.27£0.22:A 8.0610.18MA8 7.89£0.278 7.72£0.16*8 7.63£0.15®
40BS 8.25+0.100A 8.07£0.14%A 7.8510.18A8 7.54£0.20<8 7.32£0.258 7.19£0.21%8 7.01£0.17¢
80BS 7.89+1.15pA 7.641+0.13¢A 7.432£0.170A 7.2410.248 7.01+0.18v8 6.8510.27v8¢ 6.63+0.22<C
100BS 7.34£0.21A 7.16+0.164 7.02£0.15¢A 6.75+0.3148 6.33£0.19<8 6.11£0.19<B¢ 5.8810.134¢
b* (Sarisk | Yellowness)
100N 24.55£0.244¢ 24.8310.1148 25.1840.2348 25.27£0.14cA8 25.4310.214A 25.6220.25¢A 25.75£0.30A
20BS 25.01£0.12<¢ 25.28%0.10B 25.57£0.22<8 25.71£0.13478 25.89£0.1844 26.01£0.2644 26.13£0.184*
40BS 25.46£0.13bF 25.54£0.15" 25.98£0.17<¢ 26.3320.18<P 26.77£0.22<C 27.15£0.18<8 27.59£0.17A
80BS 25.89£0.15 26.02+0.19bF 26.57£0.13P 26.931+0.23D 27.46£0.27°C 27.984+0.16"8 28.9740.25%A
100BS 26.23£0.22:F 26.56£0.204F 27.53£0.14°F 28.1610.26:> 28.8740.29:¢ 29.3440.23:8 30.3610.34:4

a.b.e.d e Ayni stitunda bulunan harfler istatistiksel acidan 6nemli bulunmustur (P <0.05).

AB,CD,EF G Ayny satirda bulunan harfler istatistiksel agidan énemli bulunmustur (P <0.05).

(100N: %100 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 20BS: %20 Beyaz Serit Problemine Sahip Tavuk
Gogiis Eti+%80 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 40BS: %40 Beyaz Serit Problemine Sahip
Tavuk Gégiis Eti+%60 Normal Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu; 80BS: %80 Beyaz Serit Problemine
Sahip Tavuk Gogiis Eti+%20 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 100BS: %100 Beyaz Serit
Problemine Sahip Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu)

@ b6de: Mean values within the same column bearing different superscripts differ significantly (P <0.05).

A B, C D, EF G: Mean values within the same row bearing different superscripts differ significantly (P <0.05).

(100N: chicken nugget with 100% normal chicken breast meat; 20BS: chicken nugget with 20% white stripe meat; 40BS: chicken nugget with 40%
white stripe meat; 8OBS': chicken nugget with 80% white stripe meat; 100BS: chicken nugget with 100% white stripe meat)

Beyaz serit problemli (normal, orta ve siddetli)
hindi g6gils etleri kullanilarak tretilen sosislerin
depolanmasi sirasinda (4°C, 56 gin) driinin pH
degerinde meydana gelen degisiklikler arastirilmis
ve depolama boyunca urtnlerin pH degerinde
dustis gézlenmesine ragmen bu distisiin anlaml
olmadigt (P >0.05) belirtilmistir (Carvalho vd.,
2021). Beyaz serit problemine sahip tavuk gogiis
etlerinin (normal, orta ve siddetli) depolanmast
sirasinda kalite karakteristiklerinde meydana gelen
degisikliklerin incelendigi bir ¢alismada ise,
depolama boyunca (-2°C, 12 ay) beyaz serit
problemli etlerin normal olarak smuflandirilan
tavuk g6gis etlerine gore daha yiksek pH

degerine sahip oldugu bildirilmistir (Pereira vd.,
2021).

Depolama boyunca (-18°C, 90 giin) nugget
Orneklerinin renk degetlerinde (CIE L¥, a* ve b¥)
meydana gelen degisiklikler Tablo-3’te verilmistir.
Depolamanin baslangicinda 100BS kodlu 6rnegin
(46.45) en yiiksek parlaklik degerine sahip oldugu
gozlenirken 100N (42.37) ile 20BS$ kodlu (42.706)
ornekler arasnda anlaml bir farklilik tespit
edilmemistir (P >0.05). Depolamanin 15. ve 30.
gunlerinde gruplar arasinda 6nemli bir farkliligin
oldugu gbzlenmistir (P <0.05). Depolamanin 45.,
60. ve 75. giinlerinde 100N ve 20BS kodlu
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orneklerin istatistiksel acidan benzer oldugu ve bu
ornek gruplarinin diger Ornek gruplarina gore
daha dustk parlaklik degerine sahip oldugu
gorilmustir. Depolamanin sonunda 20BS ile
40BS kodlu ornekler arasinda anlamli  bir
farkliligin olmadigt goriilirken en distik parlaklik
degerine 100N kodlu 6rnegin sahip oldugu
gbzlenmistir. Her bir depolama siirecinde beyaz
serit  problemli et miktarinin  artmastyla
orneklerdeki parlaklik degerinin arttift ve bu
artisin beyaz serit problemli etlerin yiizeyinde
gorilen beyaz renkten kaynaklandig1
digtinilmektedir. Depolamanin  baslangicindan
depolamanin 15. giiniine gelindiginde 100N, 20B$
ve 100BS kodlu 6rneklerin parlaklik degerlerinde
bir dists gbrilmesine ragmen bu disisin
istatistiksel acidan Onemli olmadigt tespit
edilmigtir (P >0.05). Depolamanin 45. giniinden
depolamanin  90. gilinline gelindiginde tim
orneklerin patlaklik degetlerinde 6nemli distisler
yasanmistir.  Depolama  boyunca  nugget
orneklerinin  parlaklik degerlerinde gerceklesen
distisin driinin depolanmast sirasinda meydana
gelen oksidatif reaksiyonlarindan kaynaklandig
distnilmektedir. Carvalho vd. (2021) tarafindan
yapilan bir calismada, normal, orta ve siddetli
dereceli olarak tanimlanan beyaz serit problemli
tavuk gogis etlerindeki patlaklik degerinin 56.08
ile 59.58 arasinda degistigi ve beyaz serit problemli
etlerindeki parlaklik degerinin normal ete nazaran
daha disik oldugu ve bu dustsiin istatistiksel
anlamda 6nemli oldugu bildirilmistir (P <0.05).
Son yillarda tavukculuk endiistrisinin 6nemli bir
problemi olan beyaz serit ve tahta gdgis
problemli tavuk etlerinin kalite karakteristiklerinin
incelendigi bir diger ¢alismada ise, tahta gogis
problemli etin beyaz serit problemli tavuk etine
gbre daha yiksek bir patrlaklik degerine sahip
oldugu belirtilmistir (Mudalal vd., 2015). Normal,
orta ve siddetli olarak derecelendirilmis tavuk
goglis  etlerinin  fizikokimyasal ~ Gzelliklerinde
meydana gelen degisikliklerin arastirilmis ve beyaz
serit problemin derecesi artttkga Orneklerdeki
parlaklik degerinin arttig bildirilmistir (Bordignon
vd., 2021).

Orneklerdeki kirmizilik degeri 5.88 ile 8.93
arasinda degiskenlik gOstermistir. 45. glin harig,
her bir depolama periyodunda, 100N ve 20BS

kodlu 6rneklerin en yiksek kirmizilik degerine
sahip oldugu ve bu 6rnekler arasinda 6nemli bir
farkliligin olmadig1 gorilmiistiir (P >0.05). Ayrica,
her bir depolama periyodunda beyaz serit
problemli et miktarinin artisiyla nuggetlardaki
kirmiziligin azaldigr gézlenmistir. Depolamanin
baslangicindan  depolamanin ~ 30.  giiniine
gelindiginde,  tim  Orneklerin = kirmuzilik
degerlerinde distisler gbzlenmesine ragmen bu
diigtisin  6nemli olmadigr tespit edilmistir (P
>0.05). Depolamanin 45. glintinden depolamanin
90. gintine gelindiginde ise, 40BS, 80BS ile 100BS
kodlu  Orneklerin =~ kirmuzilik  degerlerinde
gerceklesen dusiistin onemli olmadigt
gorilmustir (P >0.05). Depolama boyunca
nugget  Orneklerinin - kirmizihk  degerindeki
distisin  drinlerin -~ depolanmast  sirasinda
meydana  gelen  oksidatif  reaksiyonlardan
kaynaklandigi distintilmektedir.

Farkli derecelerle tanimlanmis beyaz serit
problemli tavuk g6giis etlerindeki (normal, orta ve
siddetli) kirmzilik degerinin beyaz serit derecesi
artisina paralel olarak arttig1 belirtilmistir (Petracci
vd., 2013). Orta dereceli tavuk g6giis etinin kalite
karakteristik  6zelliklerinin  incelendigi  bir
calismada ise, tavuk gogis etindeki kirmizilik
degerinin = -0.40 oldugu ve bu sonucun
calismamizdaki nugget Orneklerinin kirmizihk
degerine gére oldukea diisiik oldugu bildirilmistir
(Bowker ve Zhuang, 2016). Baldi vd. (2018)
tarafindan yapian bir ¢alismada ise, normal ve
beyaz serit problemli tavuk gégis etlerinin hem i¢
hem de dis yiizeylerinde kirmuzilik degerleri
Olgiilmis, beyaz serit problemli tavuk gogis
etlerinin normal olarak siniflandirilan tavuk g6giis
etleri numunelerine gére daha yiksek bir
kirmizilik degerine sahip oldugu belirtilmistir.

Sarilik degerleri (CIE 4% incelendiginde, 60. giin
harig, her bir depolama periyodunda, 100N kodlu
nuggetin digerlerinden istatistiksel acidan farkls
oldugu gézlenmistir (P <0.05) diger taraftan her
bir depolama periyodunda, 100N kodlu 6rnegin
en diusik sarlik degerine sahip oldugu
gorilmustir. 15. ve 30. depolama giinlerinde
40BS ile 80BS kodlu 6rneklerin istatistiksel acidan
benzer bulunmustur (P >0.05). Cizelge 1’de de
gorildigi tizere, beyaz serit problemli etlerden
tretilen nuggetlarda toplam yag iceriginin kontrol
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grubuna gore daha yiiksek oldugu ve bu durumun
nuggetlarin ~ depolanmast  sirasinda  lipid
oksidasyonunu katalizleyerek nuggetlardaki sarilik
degerinin artmasina neden oldugu
dusuntlmektedit.

Farkli dereceletle tanimlanmig tavuk gogis
etlerinde teknolojik ve duyusal 6zelliklerinin
incelendigi bir ¢alismada ise, normal, beyaz serit
ve tahta g6gis problemli tavuk gbgiis etlerindeki
sarilik degerinin 9.27 ile 11.40 arasinda degistigi ve
Ornekler arasinda 6nemli bir farkliligin oldugu
belirtilmistir (Tasoniero vd., 2016). De Mello vd.
(2021) tarafindan yapilan bir calismada ise, beyaz
serit miyopati bozukluguna (normal, orta ve
siddetli) sahip olan tavuk gogus etlerinde beyaz
serit derecesinin artmastyla Srneklerdeki sarilik
degerlerinde (6nce bir artis daha sonra ise bir
distis) bir dalgalanmanin yasandigi bildirilmistir.

Tekstiir ve TBARS sonuglari
Depolama boyunca nugget 6rneklerinin TBARS
(mg malonaldehit/kg triin) degerlerinde meydana

gelen degisiklikler Cizelge 4’te  verilmistir.
Depolama  boyunca nugget 6rneklerindeki
TBARS  degetlerin = 0.17  ile 149 mg

malonaldehit/kg triin seviyelerinde degiskenlik
gosterdigi ve her bir depolama periyodunda
100BS$ kodlu 6rnegin en yiksek TBARS degerine
sahip oldugu gozlenmistir. 45. ve 75. glinler

haricinde, 100N ve 20BS kodlu &érneklerin diger
ornek gruplarina (40BS grubu hari¢) nazaran
istatistiksel agidan farkli oldugu gézlenmistir (P
<0.05). Depolamanin baslangicindan 15. giine
gelindiginde tim Ornek gruplarinda TBARS
degerinin artmasmna ragmen bu artigin anlamh
olmadig tespit edilmistir (P >0.05). Depolamanin
45. glintinden 60. gline gelindiginde, 100N kodlu
ornegin  TBARS degeri 0.43’ten 049 mg
malonaldehit/kg Uriin seviyesine yiikselmesine
ragmen bu artts 6nemli bulunmamugtir (P >0.05).
Depolama boyunca tim O&rneklerin TBARS
degerlerinde 6nemli artiglarin oldugu ve en fazla
artisin 100BS kodlu 6rnekte (%0432) yasandigy ve
bunu sirasiyla 80BS (%417), 40BS (%0296), 20BS
(%283) ve 100N (%271) kodlu 6rneklerin takip
ettigi gorilmustir. Depolamanin sonunda 80BS
(1.24 mg malonaldehit/kg triin) ve 100BS (1.49
mg malonaldehit/kg triin) kodlu orneklerin
oksidasyon derecesi acisindan cesitli arastiricilar
tarafindan esik sinir olarak kabul edilen 1 mg
malonaldehit/kg tUrin seviyesinin tzerine ¢kt
tespit edilmistir. Nugget Gretiminde kullaniacak
beyaz serit problemli et miktarinin en fazla %40
seviyesinde olabilecegi aksi takdirde bu oranin
tzerine cikildiginda depolama boyunca triinlerde
meydana  gelebilecek  lipid  oksidasyonunu
hizlandirarak Griiniin raf émrind kisaltabilecegi
ongorilmektedir.

Cizelge 4. Depolama boyunca (-18°C, 3 ay) farkli oranlarda (%0, 20, 40, 80 ve 100) beyaz seritli tavuk
gogus eti ilaveli nuggetlarin TBARS (mg malonaldehit/kg trtin) degerlerinde meydana gelen
degisiklikler
Table 4. TBARS values (mg malondialdehyde/ kg product) of chicken nuggets added with different levels of white stripe
meat (0, 20, 40, 80 and 100%) during storage (-18°C, 3 months)

Gruplar Depolama Suresi (giin) / Storage Times (days)
/ 0 15 30 45 60 75 90
Groups
100N 0.17£0.02PE | 0.20£0.05PPE | 0.29£0.06P | 0.43£0.06<C | 0.49£0.034C | 0.56%0.02¢B | 0.63+0.04dA
20BS 0.18+0.03bF 0.21£0.02bF 0.32£0.02¢E | 0.48£0.04°D | 0.55£0.034C | 0.62%0.014B | 0.69£0.034A
40BS 0.2240.05F | 0.26£0.012F | 0.39+0.03*P | 0.51£0.04>C | 0.70+0.02¢® | 0.81£0.03<* | 0.87£0.05A
80BS 0.24£0.062F 0.2940.03F | 0.43£0.05%E | 0.594£0.05:® | 0.76+0.01°C | 0.9720.04B | 1.24£0.02bA
100BS 0.28+0.042F 0.33£0.042F 0.49£0.04E | 0.65%0.032D | 0.81£0.022C | 1.2320.0228 | 1.4940.02:4

sb e de Aynr situnda bulunan harfler istatistiksel acidan 6nemli bulunmustur (P <0.05).

AB,CD.EF: Aymi satirda bulunan harfler istatistiksel agidan 6nemli bulunmugtur (P <0.05).

(100N: %100 Normal Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu; 20BS: %20 Beyaz Serit Problemine Sahip Tavuk Gégiis Eti+%80
Normal Tavuk Gégiis Eti Kullantlarak Uretilen Nugget Grubu; 40BS: %40 Beyaz Serit Problemine Sahip Tavuk Gégiis Eti+%60 Normal
Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu; 80BS: %80 Beyaz Serit Problemine Sahip Tavuk Gégiis Eti+%20 Normal Tavuk Gogiis
Eti Kullanilarak Uretilen Nugget Grubu; 100BS: %100 Beyaz Serit Problemine Sahip Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu)
@b 6 de: Mean values within the same colummn bearing different superscripts differ significantly (P <0.05).

AB.CDET: Mean values within the same row bearing different superscripts differ significantly (P <0.05).

(100N chicken nugget with 100% normal chicken breast meat; 20BS: chicken nugget with 20% white stripe meat; 40BS:: chicken nugget with 40% white stripe meat;
80BS: chicken nugget with 80% white stripe meat; 100BS: chicken nugget with 100% white stripe meat)
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3 farkll derecede (normal, orta ve siddetli)
siniflandirilmis beyaz serit problemli tavuk g6gts
filetolarinin depolanmas: sirasinda (donmus ve
soguk  muhafaza  kosullarinda)  meydana
gelebilecek lipid oksidasyonunun seyri incelenmis
ve depolama boyunca tim O6rneklerin TBARS
degerlerinde 6nemli artislarin olmasina ragmen
sogukta muhafazayla karsilastiriddiginda donmus
muhafazanin 6rneklerdeki lipid oksidasyonunu
yavaslattigi bildirilmistir (Adabi ve Soncu, 2019).
Beyaz serit problemli etlerin (normal, orta ve
siddetli) depolanmasi sirasinda (-18°C, 12 ay) lipid
oksidasyonu tizerine olan etkisinin incelendigi
calismada ise, depolama boyunca &rneklerdeki
TBARS degerlerinin artti@ ve en fazla artisin
siddetli olarak derecelendirilmis tavuk gogis
etinde meydana geldigi belirtilmistir (Pereira vd.,
2022). Salles vd. (2019) tarafindan yapilan
calismada ise, normal, orta ve siddetli beyaz
seritlenme problemli tavuk g6gis etlerindeki
TBARS  degerlerinin @ 045 e 0.88 mg
malonaldehit/kg tGrtin arasinda degistigi ve beyaz
serit derecesinin artisina bagl olarak érneklerdeki
TBARS degerinin arttigt bildirilmistir.

Depolama boyunca (-18°C, 90 giin) nugget
orneklerinin  tekstiriinde (sertlik, elastikiyet,
adezif yapiskanlik, cignenebilirlik) meydana gelen
degisiklikler Cizelge 5’te verilmistir. Depolamanin
baslangicinda, 40BS, 80BS ve 100B$ kodlu
Orneklerin istatiksel acidan benzer oldugu (P
>0.05) ve her bir depolama siirecinde 100N kodlu
Ornegin en dusik sertlik degerine sahip oldugu
gorilmistir. Beyaz serit problemli etlerde
kollajen ve yag miktarinin fazla oldugu
bilinmektedir. Dolayisiyla daha fazla kollajen
iceren beyaz serit problemli etlerdeki sertlik
degerinin  normal ete gbre daha yiksek
ctkabilecegi Ongorilmektedir. Depolamanin 0.,
60. ve 90. giinlerinde, beyaz serit problemli et
miktarinin artistyla 6rneklerdeki sertlik degerinin
arttig1 gorilmesine ragmen 40BS, 80BS ve 100BS
kodlu 6rnekler arasinda anlamlt bir farkhilik tespit
edilmemistir (P >0.05). 30. gtinde, 80BS (26.08 N)
ve 100BS (26.21 N) kodlu o6rnekler arasinda
onemli bir farkliligin olmadigt (P >0.05) ve 80BS
ve 100BS kodlu 6rneklerin diger 6rnek gruplarina
nazaran daha yiiksek sertlik degerine sahip oldugu
gbzlenmistir.  Depolamanin  baglangicindan
depolamanin 60. gintne gelindiginde, 20BS,

80BS ve 100BS kodlu oOrneklerin = sertlik
degerlerinde bir artis gbzlenmesine ragmen bu
artis istatistiksel acidan 6nemli bulunmamistir (P
<0.05).

Depolama boyunca (-18°C, 90 glin) nuggetlarin
elastikiyet (mm) Ozelliklerinde meydana gelen
degisikler Cizelge 5te verilmistir. Nuggetlardaki
elastikiyet (mm) degetleri 3.05 ile 4.69 mm
arasinda degiskenlik géstermistir. 30., 60 ve 90.
ginlerde, 100N ve 20BS kodlu 6rneklerin diger
ornek gruplarina gore daha disik elastikiyet
degerine sahip oldugu ve 100N ile 20BS kodlu
6rnekler arasinda anlamli bir farkliligin olmadigt
tespit edilmistir. Her bir depolama stirecinde
100BS kodlu o6rnegin en yuksek elastikiyet
degerine sahip oldugu gorilmistir. Ayrica,
depolamanin sonunda % 40 ve %80 oraninda
beyaz serit problemli etin ilave edildigi 40BS ve 80
BS kodlu 6rnek gruplarinin elastikiyeti 100B$
grubundan farkli (P <0.05), diger 6rnek gruplarina
(100N ve 20BS kodlu 6rnekler) gbre ise daha
yitksek bulunmustur. Depolamanin 60. giintinden
depolamanin 90. glntne gelindiginde, 100N,
40BS ve 80BS kodlu o6rneklerin elastikiyet
degerlerinde bir artisin olmasina ragmen bu artig
anlamlt  bulunmamistir (P >0.05). Depolama
boyunca tiim 6rneklerin elastikiyet degerlerinde
artiglar g6rilmis ve depolamanin sonunda en
yitksek elastikiyet degerine 100BS kodlu (4.69
mm) Srnegin sahip oldugu gézlenmistir.

Depolama boyunca (-18°C, 90 giin) nugget
orneklerinin  adezif yapiskanlk degerlerinde
meydana gelen degisiklikler Cizelge 5te
verilmistir. Depolama boyunca tim 6rneklerin
(100N kodlu 6rnek hari¢) adezif yapiskanlik
degerlerinde artiglar goriilmesine ragmen bu
artisgin anlaml olmadigr gézlenmistir (P >0.05).
Her bir depolama siirecinde, beyaz serit et
miktarinin artisina baglt olarak 6rneklerdeki adezif
yapiskanlik  degerlerinin  arttig1  gbrilmustir.
Depolamanin  baslangicinda, 40BS, 80BS ve
100BS kodlu 6rnekler arasinda 6nemli bir farklilik
bulunmamustir (P >0.05). Depolamanin sonunda
100BS kodlu 6rnegin (1.98) en yiksek adezif
yapiskanlik degerine sahip oldugu ve bu 6rnek
grubunun diger 6rnek gruplarina gore istatistiksel
acidan farklt oldugu tespit edilmistir (P <0.05).
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Cizelge 5. Depolama Boyunca (-18°C, 3 ay) Farkli Oranlarda (%0, 20, 40, 80 ve 100) Beyaz Seritli
Tavuk Gégus Eti llaveli Nuggetlarin Tekstiir Profili Analiz (Sertlik, Elastikiyet, Adezif Yapiskanlik,

Cignenebilirlik) Sonuglari

Table 5. Texture profile analyses results (hardness, spring, adbesiveness and chewiness) of chicken nuggets added with
different levels of white stripe meat (0, 20, 40, 80 and 100%) during storage (-18°C, 3 months)

Sertlik (N) / Hardness (N)
Gruplar Depolama Siiresi (gtin) / Storage Times (days)

/ Groups 0 30 60 90
100N 24.01£0.47<A 23.77£0.314A 23.3210.32bAB 22.9840.28<
20BS 25.3520.54bA 25.1340.29A 24.8740.358 24.5340.27"8
40BS 25.96£0.33:A 25.7410.23bA 25.411£0.26:A8 25.07£0.24:8
80BS 26.2240.28:A 26.08£0.35:A 25.69£0.19:8 25.33%0.30:8
100BS 26.5440.312A 26.211+0.20248 25.9840.25: 25.5610.18C

Elastikiyet (mm) / Spring (mm)
100N 3.05+0.1148 3.1840.13daB 3.3320.164A 3.5240.13<A
20BS 3.2610.12<8 3.3710.1247 3.51+0.1247 3.76+0.17<A
40BS 3.47£0.09bC 3.69£0.10<8 3.8840.13A 4.0520.15bA
80BS 3.611£0.08v¢ 3.87£0.07"8 4.13+0.11pA 4.3410.140A
100BS 3.8240.10:P 4.01+0.05:¢ 4.35+0.1028 4.6910.1224
Adezif Yapiskanlik / Adhesiveness
100N 1.124+0.21b8 1.25+0.18¢<A 1.4210.20pA 1.56+0.23bA
20BS 1.34£0.195A 1.41£0.15bA 1.53£0.145A 1.67£0.18%A
40BS 1.53£0.2304 1.55£0.13bA 1.6410.112bA 1.7240.110A
80BS 1.6710.252A 1.70£0.1924 1.7510.172A 1.84+0.10pA
100BS 1.8610.26:A 1.89£0.162A 1.9240.2224 1.98£0.0324
Cignenebilitlik (N.mm) / Chewiness (N.mm)
100N 27.08%0.11<C 27.2240.1048 27.20£0.21¢<B 27.89£0.07<A
20BS 27.2940.074¢ 27.58%0.11<8 27.8440.1042 28.0240.084A
40BS 27.65+0.08<# 27.9310.150A 28.1620.19A 28.3520.10A
80BS 28.02£0.09vP 28.34£0.142C 28.67£0.13b8 28.96£0.13bA
100BS 28.331+0.052P 28.61+0.172¢ 28.9840.0628 29.31£0.18+A

b6 d e Ayni situnda bulunan hatfler istatistiksel agidan 6nemli bulunmugtur (P <0.05).

AB.C.D: Ayni satirda bulunan harfler istatistiksel agidan 6nemli bulunmustur (P <0.05).

(100N: %100 Normal Tavuk Gogiis Eti Kullanilarak Uretilen Nugget Grubu; 20BS: %20 Beyaz Serit Problemine
Sahip Tavuk Gégiis Eti+%80 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu; 40BS: %40 Beyaz
Serit Problemine Sahip Tavuk Gégiis Eti+%60 Normal Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu;
80BS: %80 Beyaz Serit Problemine Sahip Tavuk Gogiis Eti+%20 Normal Tavuk Gégiis Bti Kullanilarak Uretilen
Nugget Grubu; 100BS: %100 Beyaz Serit Problemine Sahip Tavuk Gégiis Eti Kullanilarak Uretilen Nugget Grubu)
ab,¢,de: Mean values within the same column bearing different superscripts differ significantly (P <0.05).

ABCD: Mean values within the same row bearing different superscripts differ significantly (P <0.05).

(100N chicken nugget with 100% normal chicken breast meat; 20BS: chicken nugget with 20% white stripe meat; 40BS: chicken
nugget with 40% white stripe meat; SO0BS: chicken nugget with 80% white stripe meat; 100BS: chicken nugget with 100% white

stripe meat)

Depolama boyunca (-18°C, 90 gln) nugget
orneklerinin ¢ignenebilirlik degerlerinde meydana
gelen degisiklikler Cizelge 5’te verilmistir. 30. glin
harig, her bir depolama stirecinde 6rnek gruplart
arasinda anlaml bir farkliligin oldugu gézlenmistir  tim

(P <0.05). Depolamanin 30. glntnde, 80BS
(28.34 N.mm) ile 100BS (28.61 N.mm) kodlu
Ornekler arasinda 6nemli bir farkliligin olmadig
tespit edilmistir (P >0.05). Depolama boyunca
i nugget  Orneklerinin  ¢ignenebilirlik
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degerlerinde artislar  g6rilmistiir.  Depolama
stresi boyunca 40B§ kodlu 6rnek grubunun
cignenebilirlik degeri depolamanin baglangicindan
depolamanin 30. giiniine kadar artig gosterirken,
depolamanin 30. giiniinden depolamanin sonuna
kadar gecen stirede 40BS kodlu Ornegin
cignenebilirlik degerinde meydana gelen artisin
anlamli olmadigt saptanmustir.

Depolama boyunca (-18°C, 90 giin) genellikle tim
orneklerin  elastikiyet, adezif yapigkanlk ve
cignenebilirlik degerlerinde bir artisin  sertlik
degerlerinde ise bir azalisin oldugu ve durumun
etin dokusunda meydana gelen histolojik ve
kimyasal degisimlerden meydana gelebilecegi
distnilmektedit.

Farkli dereceletle (normal, orta ve siddetli)
tammlanmus beyaz serit problemli hindi g6gis
etlerinin  sosis  uretiminde kullanildigi  bir
calismada, beyaz serit yogunlugu arttikca
sosislerdeki  ¢ignenebilitlik ~ ve  elastikiyet
degetlerinde  6nemli  dugtisler — gorilirken
yapiskanlik ve sertlik degerlerinde ise 6nce bir
artisin daha sonra ise bir disisin yasandig
belirtilmistir (Carvalho vd., 2021). Beyaz serit
problemli tavuk g6gis etleri iki farkli pisirme
yontemiyle (firtnda ve sous-wide) pisirilerek
tekstiirel  Ozelliklerinde ~— meydana  gelen
degisikliklerin arastirldigt  bir calisgmada ise,
normal g6gis etiyle karsilastirildiginda beyaz serit
problemli tavuk go6gis etlerinin daha disik
sertlik, yapiskanlik ve ¢ignenebilirlik degerlerine
sahip oldugu bildirilmistir (Lee vd., 2021). U-
Chupaj vd. (2021) tarafindan yapilan baska bir
calismada ise, marinasyon isleminin beyaz serit
problemli etlerin tekstiirel 6zelliklerinde (sertlik,
yapiskanlik ve cignenebilirlik) meydana gelen
degisiklikler incelenmis ve marinasyon isleminin
beyaz serit problemli tavuk g6giis etlerinin sertlik,
yapiskanlik ve ¢ignenebilirlik degetlerinde 6nemli
bir artisa (P <0.05) yol agtig1 belirtilmistir.

SONUC

Son yillarda kanatli eti endiistrisinin karsilastigt en
onemli kas kusurlarindan birisinin beyaz serit
problemi oldugu ve bu probleminin olusumunda
artan nifusun kanatlt eti talebini karsilamak adina
broiletlerin  hizli buyitilmeye ¢alisimasindan
kaynaklandigi  belirtilmektedir.  Beyaz  serit

problemi kas lif kalinligina baglt olarak orta ve
siddetli olarak derecelerine ayrilir. Su ana kadar
yapilan literatiir calismalarinda  beyaz  serit
probleminin tam anlamiyla engellenmesine
yonelik herhangi bir stratejinin gelistirilemedigi
dolayisiyla  tavukculuk  endustrisinde  6nemli
ekonomik kayiplara yol acan bu problemin ileri
islenmis Grtnlerin (nugget, schnitzel, sosis, salam
gibi) iretiminde belli bir orana kadar katilabilecegi
disuntlmektedir.

CIKAR CATISMASI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile cikar catismast bulunmamaktadir.

YAZARLARIN KATKISI

Fazilet Ceyda Yiiksel, nugget 6rneklerinde
analizlerin gerceklestirilmesi ve takibi, Orhan
Oziinli, sonuglarin degerlendirilmesi, istatistiksel
analizler ve makale yaziminda; Haluk Ergezer ise
makale yazimi, makalenin diizenlenmesi ve
kontroliinde katk: saglamustir.

TESEKKUR

Bu calismanin gergeklestirilmesinde yardimlarin
(orta dereceli beyaz serit problemli tavuk gbgts
etleri, siv1 ve kat1 kaplama karisimlari) esirgemeyen
Gedik Pilic’e tesekkir eder, saygilar sunariz.
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oz

Bu calismada geleneksel bir Ttiirk icecegi olan salgam suyunun iiretiminde kullanidan bulgur unu yerine %60
musir ve %40 piring unu karsimi kullandarak glutensiz salgam suyu tretilmis ve TS11149 salgam suyu
standardina uygunlugu aragtirlmustir. Elde edilen veriler glutensiz salgam suyunun duyusal olarak, renk ve
eksilik haric, bulgur unlu salgam suyu ile karsilastirilabilir nitelikte oldugunu gostermistir. Bulgur unu (gluten)
iceren ve gluten igermeyen salgam sularmin Gretildigi bu karsilastirmali calismadan elde edilen veriler; Gretilen
salgam sularinin toplam asit (9.37-6.76>6 g/L), kul (13.94-12.98<20 g/L) ve tuz (1.55-1.47<%2) kriterleri
bakimindan TS11149 ile uyumlu oldugu, pH (2.83-2.87<3.3-3.8) ve toplam kuru madde (21.49-18.06<25
g/L) degetlerinin TS11149°daki degetlerden distk oldugu, toplam mezofilik aerobik bakteti (TMAB)
sayisinin ilgili standarttaki limit degerden ( 6.15-7.77>5 log KOB/mL) yiiksek oldugu ve sadece bulgur unu
ile tretilen salgam suyunun briksinin standarttaki limit degeri (2.83>2.5 °B) karsiladigr seklindedir. Literatiir
verileri ve bu calisma ile elde edilen sonuglar TS11149 salgam suyu standardinda revizyon yapilmast
gerektigini ortaya ¢ikarmustir.

Anahtar kelimeler: Glutensiz salgam suyu, TS11149 salgam suyu standardt

PRODUCTION OF GLUTEN-FREE SHALGAM JUICE AND ITS COMPLIANCE
WITH THE TS11149 TURNIP JUICE STANDARD

ABSTRACT

In this study, turnip juice, which is a traditional Turkish beverage was produced gluten-free by using
a mixture of 60% corn and 40% rice flour instead of bulgur flour used in the production of triditional
turnip juice and its compliance with the TS11149 turnip juice standard was investigated. Gluten-free
turnip juice was sensorially comparable to standard turnip juice, except for color and sourness. The
data obtained from this comparative study, in which bulgur flour containing and gluten-free turnip
juices were produced, showed that the produced turnip juices contained total acid (6.53-9.1>6 g/L),
ash (12.98-13.94<20 g/L) and salt (1.47-1.55<2%) is compatible with TS11149 in terms of criteria,
pH (2.81-2.82<3.3-3.8) and total dry matter (18.06-21.49<25 g/L) values are lower than the values
in TS11149; the total number of mesophilic aerobic bacteria is higher than the limit value in the
relevant standard (6.15-7.77>5 log CFU/mL) and the brix of turnip juice produced only with bulgur
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flour meets the limit value in the standard (2.83>2.5 °B). The literature data and the results obtained
with this study revealed that a revision should be made in the TS11149 turnip juice standard.
Keywords: Gluten-free shalgam juice, TS11149 turnip juice standard

GIRIS

TS11149 salgam suyu standardinda salgam suyu,
“Bulgur unu, eksi hamur, igme suyu ve yemeklik
tuzun karigtirihip laktik asit fermantasyonuna tabi
tutulduktan sonra elde edilen 6zitin, kara havuc
(Dancns carota ssp. sativus var. atrorubens Alef),
salgam ve istenirse aci toz biber ilave edilerek
hazirlanan  karisimin  tekrar  laktik  asit
fermantasyonuna tabi tutulmas ile elde edilen ve
istenildiginde 1s1l islem ile dayanikh hale getirilen
bir Grtin” olarak tanimlanmistir.

Istah acict ve sindirimi diizenleyici geleneksel bir
irin (Canbas ve Fenercioglu, 1984, Ozler ve
Kilig, 1996) olan salgam (Brassica rapa subsp. rapa)
suyunun kalsiyum, demir ve A, C, B grubu
vitaminlerince (Canbas ve Fenercioglu, 1984) ve
fenolik maddelerce zengin oldugu, vicuttan
toksinleri uzaklastirdigi, bébrek tast olusumunu
azalttid1, akne, egzama, apse ve hematomu tedavi
etmeye, idrar soktirmeye, akciger ve bronglart
temizlemeye yardimect  oldugu  belirtilmistir
(Coskun, 2017).

Fonksiyonel gida olarak da degerlendirilebilecek
olan salgam suyunun Gretiminde eksi hamur ve
bulgur unu kullanildigindan gluten hassasiyeti
olanlar icin uygun bir icecek olmayabilmektedir.
Bulgur, 6nceden jelatinize edilmis geleneksel ve
fonksiyonel bir bugday trtin olup, genel olarak
durum  bugdayindan  temizleme, kaynatma,
kurutma, kismen kepek ayirma, 6giitme ve eleme
proses adimlar ile dretilmektedir (Candal-Uslu
vd., 2020). Gluten bugday, arpa, yulaf ve ¢cavdarin
esas proteini olup, glutenin ve gliadin
bilesenlerinden olusmaktadir (Guandalini ve
Polanco, 2015). Gluten iceren bugday tiirevleri ise
bulgur, setik ve kuskustur (Saturni vd., 2010;
Sapone vd., 2012; Lamacchia vd., 2014; Fardet,
2015; Elli vd., 2019; Candal-Uslu vd., 2020). Tleri
dizeyde gluten hassasiyeti, ¢olyak hastalig1 olarak
bilinmektedir. Ancak ¢6lyak olmadigi halde
glutene karst duyarlilik gOsteren bireylerin de
oldugu bildirilmistir. Célyak dist gluten duyarhihigt
olarak adlandirlan bu durum daha ziyade
kadinlarda, genc ya da orta yastaki bireylerde

gorilmektedir (C-Bulsa, 2015; Guandalini ve
Polanco, 2015; Roszkowska vd., 2019). Belirtilert;
kabizltk ve/veya ishal, siskinlik, karin agrisi,
(Guandalini ve Polanco, 2015; Rostami vd., 2015)
mide bulantsi, epigastrik agri, gastrobzofageal
refld, yorgunluk, bas agrisi, fibromiyalji benzeri
eklem / kas agrist, bacak veya kol uyusmasi, deri
dokintist, depresyon ve anemidir (Guandalini ve
Polanco, 2015; Roszkowska vd., 2019). Yapilan
calismalar glutenin yant sira bugdayda bulunan
amilaz-tripsin inhibitérleri, fermente edilebilir kisa
zincirli karbonhidratlar ve amilaz gibi bilesenlerin
de ¢olyak dist gluten duyarliligi olan bireylerde
gorillen semptomlarin (Szellikle hassas bagirsak
sendromu) ortaya ¢ikma olasihigint artirabilecegini
gostermistir (Catassi vd., 2013; Roszkowska vd.,
2019; Cardenas-Torres vd., 2021). Ayrica ¢blyak
dist gluten hassasiyeti tanusi icin ¢6lyak (I6kosit
antijeni  (HLA)-DQ2  ve/veya ~HLADQS8
haplotipler) ve bugday alerjisinde
(immiinoglobulin E antikorlart) oldugu gibi hassas
ve tekrarlanabilir biyobelirteglerin bulunmamasi
nedeniyle plasebo kontrolli gluten testlerinin
yaptlmast gerekmektedir (Cardenas-Torres vd.,
2021). Tansinin zor olmast, gluten dist fermente
edilebilir oligo-, di-, monosakkaritler ve poliollerin
de (FODMAP) semptomlara neden olabilmesi ve
bireyden bireye hassasiyet gOsterilen bilesiklerin
sayt / tir ve tolerans esik degetlerinin degisken
olmast nedeniyle “gutensiz” ibaresinin gida
etiketlerinde kullaniminda daha dikkatli ve
temkinli olunmasi gerektigini gbstermektedir.

Codex Alimentarius, Amerikan Gida ve Tlac
Dairesi (FDA), Avrupa Gida Giivenligi Otoritesi
(EFSA) tarafindan kabul géren yaklasima gore
iceriginde 20 ppm’den daha az gluten iceren
gidalarin  etiketinde “gluten icermez” ibaresi
bulunabilir (Verma vd., 2017). Ulkemizde de aynt
yaklasim benimsenmis olup etiket tizerine “gluten
icermez” ibaresinin konulabilmesi icin gidanin
iceriginde 20 ppm’den daha az gluten olmast
gerektigi Tirk Gida Kodeksi Gluten Intoleranst
Olan Bireylere Uygun Gidalar Tebligi'nde
belirtilmistir (Anonymous, 2012).
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Piyasada satilan bazi salgam sularinda “gluten
icermez” ibaresi bulunsa da ireticiletle yapilan
gorismelerden, bu salgam sularinin Gretiminde
bulgur kullanildigr anlasilmistir ancak son trtinde
20 ppm’den daha az gluten bulundugu icin bu
ibare etikette yer almaya devam etmektedir. Bu
durum salgam suyunun fermantasyonunda rol
alan laktik asit bakterilerinden (Tanguler ve Erten,
2012b; Altay vd., 2013; Okcu vd., 2016; Yetiman
vd., 2022) ozellikle proteolitik laktobasillerin
gluteni proteolize ederek toksisitesini azaltmast
(Moroni vd., 2009; D'Amico vd., 2023) ile
aciklanabilir.

Eksi hamur tzerinde yapilan calismalarda laktik
asit bakterileri (LAB) tarafindan fermente edilen
hamurda  glutenin  depolimerize  oldugu,
laktobasillerin - proteolitik aktivitesi sonucunda
toksik gluten epitoplarini da igeren peptitlerin
parcalandigt ve bunun sonucunda glutenden
kaynakli alerjik reaksiyonlarin  ve yanginin
(iltthaplanma)  azalabilecegi rapor edilmistir
(Moroni vd., 2009; Bender ve Schoénlechner,
2020; Canesin ve Cazarin, 2021; D'Amico vd.,
2023; Ribet vd., 2023). D’Amico vd. (2023) eksi
mayali hamur fermantasyonunda laktobasillerin
ve fungal proteazlarin birlikte kullanilmasiyla
glutenin etkili bir sekilde parcalanabilecegini ve
elde edilen ekmeklerin ¢blyak hastalart tarafindan
da kullanilabilecegini belirtmistir (Rizzello vd.,
2007; De Angelis vd., 2010). Ayrica eksi mayalt
hamurdan yapilan triinlerin besin degerinin ve
sindirilebilirliginin arttigina ve fitik asit ve gluten

gibi anti-besleyici (anti-nutrient) faktorlerin
azaldigina dair iddialarin  in-vitro c¢aligmalara
dayandigi, randomize  klinik  denemelerle
desteklenmedigi ~ kaydedilmistir. ~ Etiketinde

“oluten icermez” ibaresi bulunan trinlerde 20
ppm’den daha fazla gluten bulunabilecegini
kaynaklara (Verma vd., 2017; Falcomer vd., 2020)
dayandiran yazarlar bu durumun 20 ppm’den
daha az glutene maruz kaldiklarinda bile ciddi
reaksiyonlar gosterebilecek olan ileri derecede
¢olyak  hastalart  icin  olumsuz  sonuclar
dogurabilecegini vurgulamiglardir.

Salgam suyu fermantasyonu sirasinda bulgur
gluteninin pargalandigi ve son tirtinde 20 ppm’den
daha az gluten bulundugu icin “gluten icermez”

ibaresinin etiketlerde yer aldig1 anlasimakla
birlikte, bu salgam sularinin ¢6lyak hastalart
tarafindan giivenle kullanilabilecegine dair klinik
bir ¢alisma bulunmamaktadir. Bu nedenle salgam
suyunun fermantasyonunda kullanilan bulgur unu
yerine misir ve piring unu gibi karbonhidrat ve
protein kaynaklarinin kullanilabilitliginin
aragtirilmasi ¢6lyak hastalari icin tamamen glivenli
ve pazarlamast daha kolay bir iriiniin piyasaya
sunulabilmesi acisindan 6nem tagimaktadir.

Bu calismada geleneksel yontemle bulgur unu
kullanilarak elde edilen salgam suyu ile misir ve
piring unu kullandarak elde edilen glutensiz
salgam suyu karsilastirilmis ve TS 11149 salgam
suyu standardina uygunlugu arastirilmistir.

MATERYAL VE YONTEM

Materyal

Salgam suyu Uretimi geleneksel fermantasyon
yontemi ile gerceklestirilmistir. Bu amagla
kullanilacak olan siyah havu¢ Mersin halinden

temin edilerek buzdolabinda saklanmis ve
kullanilacagt zaman buzdolabindan ¢ikarilip
yikanarak  yaklastk 2-3 cm  boyutlarinda

dogranmustir. Deneylerde kullanilan kaya tuzu
(Bagdat, Migros, Kurklareli), maya (Saccharomyces
cerevisiae, Dr Oetker, Migros, Kirklareli) yerel bir
marketten ve bulgur unu ise bir bulgur
degirmeninden (Asri degirmen, Malatya) temin
edilmistir. Sodyum hidroksit, Plate Count agar,
MRS (Man, Rogosa And Sharpe) agar, Dichloran
Rose bengal agar ve potasyum kloriir Merck
(Almanya)’ten temin edilmistir.

Salgam suyu diretimi

Bulgur unu igeren salgam suyu iiretimi icin Ugok
ve Tosun (2012) tarafindan kullanilan yéntem
kismen modifiye edilerek kullanilmistir. Bu
amagla %3 bulgur unu, %0.2 tuz, %0.2 kuru maya
igme suyu ile hamur haline getirilmistir. Elde
edilen hamur oda kosullarinda t¢ giin boyunca
fermantasyona birakildiktan sonra icme suyu ile
hamur 4-5 kez ekstrakte edilmis ve bu ekstrakta
%1 kaya tuzu, %20 siyah havug ilave edilip igme
suyu ile hacmine tamamlanmustr. Oda
kosullarinda gerceklestirilen fermantasyon siiresi
boyunca her giin 2 tekrarlt olarak pH ve toplam
asit degetleri olculmus, pH ve/veya toplam asit
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degerleri 3 gin stresince sabit kaldiginda  bir litrelik steril cam siselere doldurulup +4°C’de
fermantasyon sonlandirlmistir. Bu  agamadan 200 giin depolanmistir (Sekil 1).
sonra kaba filtre kagitlari ile siiziilen salgam sulari

4 )

% 3 bulgur unu, % 0.2 tuz, % 0.2 maya ve igilebilir su ile hamur yapimi

25°C’de hamur fermantasyonu

3 gilin fermantasyon, pH ve toplam asit takibi

Hamurun su ile 4 kez ekstraksiyonu

% 1 tuz, % 10 temizlenmis 2 cm boyutunda dogranmis kara havug ilavesi,
dolum seviyesine kadar (5 L) su ilavesi

Oda kosullarinda fermantasyon

Toplam asit ve pH tayini ile fermantasyon takibi

Asit artig1 sona erdiginde filtrasyon ile tortu uzaklastiriimasi

Siseleme ve 4°C’de depolama

Sekil 1. Salgam suyu iiretim akim semast. Ugok ve Tosun (2012) tarafindan yapilan galismadan adapte
edilmistir.
Figure 1. Shalgam juice production flow chart Adapted from the study by Ugok and Tosun (2012).

272



Glutensiz salgam suyu

Glutensiz salgam suyu iretiminde bulgur unu
yerine, 6n denemelerden elde edilen sonuclar g6z
oninde bulundurularak, %60 misir unu ve %40
piring unundan olusan karisim kullanilmis olup
diger tuim bilesenler icin formilasyon ayni
kalmigtir. Fermantasyon takibi, sonlandirilmast,

elde edilen salgam suyunun filtrelenmesi,
siselenmesi  ve  depolanmast  geleneksel
fermantasyonda aciklandigt gibi
gerceklestirilmistir.

Fizikokimyasal analizler

Elde edilen salgam sularinin TS 11149 standardina
uygunlugunu  belitlemek  amaciyla  asagida
belirtilen fizikokimyasal analizler iki paralelli
olarak caligilmistir.

PH ve toplam asit analizi

Orneklerin pH’st el tipi pH metre (Hanna,
HI99163, ABD) ile o6lcilmistir. Hamurda ve
salgam sularinda toplam asit tayini titrasyon
yontemi ile belitlenmis ve toplam asitlik laktik asit
cinsinden hesaplanmistir (Cemerogu, 2013).

Kurn madde tayini

Kaynar su banyosunda (Daihan, WB6, Giiney
Kore) suyu ucurulan o6rnekler etivde (Nive,
FNO055, Tiirkiye) 105°C’de sabit agirliga gelene
kadar kurutulmustur (Cemeroglu, 2013).

Tuzg, tayini

Mohr metodundan yaratrlanilmistir. Bu amagla 10
ml Ornek seyreltilip pH’s1 nétralize edildikten
sonra potasyum kromat indikatori egliginde 0.1N
glimis nitratla esmer kirmizi renk olusana kadar
titre edilmistir. Gerekli hesaplamalar yapilarak %
tuz miktart belirlenmistir (Cemeroglu, 2013).

Kiil tayini

Ornekler kaynar su banyosunda suyu tamamen
buharlastirildiktan sonra kil firtninda (Daihan,
Wisd FHPX-03, Giney Kore) 105°C’de 1 saat
kurutulmustur. 550°C’de 6-8 saat sabit agirlikta
beyaz kil olusana kadar yakilmistir (Cemeroglu,
2013).

Mikrobiyolojik analizler
Elde edilen salgam sularinin TS 11149 standardina
uygunlugunu, laktik asit bakterileri, maya ve kif

sayilarint belirlemek amaciyla asagida belirtilen
mikrobiyolojik analizler t¢ paralelli olarak
calistlmustir.

TMAB analizi

pH’st 7.1%¢ ayarlanmis Fosfat tamponu (PBS) ile
hazirlanan  6rnek  dildsyonlarinin  ekimleri
damlatma yontemiyle (Bulut vd., 2014; Whitmire
ve Merrell, 2012), pH’s1 7.0£0.2 olan Plate Count
Agara  (PCA, Merck) tug¢ paralelli olarak
yaptmistr. 30°C'de  24-48 saat inkubasyon
(Daihan, Wisecube WIG-155, Giiney Kore)
sonunda olusan koloniler sayilmustir.

LAB (laktik asit bakterileri sayisi) analizi

Fosfat tamponu (PBS) ile hazirlanan Ornek
dilisyonlarinin  ekimleri damlatma yOntemiyle
pH’s1 5.6-5.9 olan MRS Agar’a (Man, Rogosa and
Sharpe, Merck) il paralelli olarak
gerceklestirilmistir. 30°C'de  48-72  saat
inkitbasyon (Daihan, Wisecube WIG-155, Giiney
Kore) sonunda olusan koloniler sayilmistir
(Pektas, 2014).

Toplam maya ve kiif analizi

Fosfat tamponu (PBS) ile hazirlanan Ornek
diliisyonlarinin ekimleri yayma yéntemiyle pH’st
5.610.2 olan  Dichloran Rose  Bengal
Chloramphenicol (DRBC) Agar’a (Merck) g
paralelli olarak gerceklestirilmistir. 25°C’de 5 giin
inkiibasyon (Nive, ES 120, Turkiye) sonunda
gelisen koloniler sayilmistir (Ozer ve Coksoyler,
2015).

Duyusal analiz

Orneklere uygulanan duyusal analiz 5 skalalt (1:
Cok kotu, 2: Koti, 3: Orta, 4: 1yi, 5: Cok iyi)
puanlama testidir (Ozdemir vd., 2021). Ornek
gruplari kontrol olarak ticari bir markanin salgam
suyu ile  kiyaslanarak  degerlendirilmistir.
Panelistlere yaklasitk 30 ml olarak sunulan her bir
Ornegin renk, koku, lezzet, eksilik, genel begeni
olarak 1’den 5% kadar puanlanmas: istenmistir.
Her bir panel 7 kisi ile gerceklestirilmistir.
Panalistlere bulgur unlu salgam suyu, glutensiz
salgam suyu ve ticari salgam suyu (market 6rnegi)
orneklerinden olusan duyusal panel raf 6mri
siiresince belirli periyotlarla uygulanmustir.
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Istatistiksel analiz

Istatistiki analizler icin SPSS 22.0 (SPSS Inc.,
Chicago, 1L, ABD) istatistik programt kullanilarak
tek yonli varyans analizi (ANOVA) ve Duncan
coklu karsilatirma testleti ile istatistik analizleri
gerceklestirilmistir. Ortalamalar P <0.05 6nem
dizeyinde karsilagtirilmustir.

SONUCLAR VE TARTISMA
Fizikokimyasal 6zellikler

TS 11149 salgam suyu standardina gére salgam
suyunun pH’s1 3.3-3.8, titre edilebilir asitlik (laktik
asit olarak) en az 6.0 g/L, ¢c6zunir katt madde en
az %2.5 (m/m), tuz orani ve kil miktart en ¢ok

= =4==pH(B)

— & -pH(G")

%2.0 (m/v) olmalidir (Ozer ve Cokséyler, 2015,
Ekinci vd., 2016).

Sekil 2a’da gorildigh tzere bulgur unlu ve
glutensiz salgam sulari icin hazirlanan hamurlarin
pH’st sirastyla 547 ve 5.11 iken, 3 gunlik
fermantasyon sonunda pH sirastyla 4.23 ve 4.27
olarak kaydedilmistir. Laktik asit cinsinden toplam
asitlik ise, bulgur unlu ve glutensiz salgam sulart
icin hazirlanan hamurlarda baslangicta 2.31 ve
2.14 ¢g/L iken, 3 gunlik fermantasyon sonunda
bulgur unlu salgam suyu icin 12.81 g/L ve
glutensiz salgam suyu icin ise 7.47 g/L olarak
Olctlmustir (Sekil 3a).
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Sekil 2. Fermantasyon siiresince pH degisimi (G-: glutensiz; B: bulgur unlu; a: hamur fermantasyonu; b:
havug fermantasyonu)
Figure 2. pH change during fermentation (G-: gluten-free; B: containing bulgur flonr; a: dough fermentation; b: carrot
[fermentation).
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Sekil 3. Fermantasyon siiresince toplam asit degisimi (G-: glutensiz; B: bulgur unlu salgam suyu; a:
hamur fermantasyonu; b: havu¢ fermantasyonu)
Figure 3. Total acid change during fermentation (G-: gluten-free; B: containing bulgur flonr; a: dough fermentation; b:
carrot fermentation).

Sekil 2b’de goriildiigii tizere havug fermantasyonu
baslangicinda bulgur unlu ve glutensiz salgam
sularinin pH degetleri sirastyla 4.56 ve 4.85 iken,
7. ginde 2.83 ve 2.90’a diismis, iletleyen glinlerde
pH’da 6nemli bir degisiklik kaydedilmediginden
bulgur unlu salgam suyu 8. ginde 2.83 pH degeri
ile, glutensiz salgam suyu ise 9. giinde 2.87 pH
degeri ile filte edilip, siselenmis ve +4 °C’de
depolanmustr.

Sekil 3b’de goriildigh tizere havug fermantasyonu
baslangicinda bulgur unlu ve glutensiz salgam
sulart icin sirastyla 1.18 ve 0.32 g laktik asit/L olan

toplam asitlik degerleri fermantasyon sonunda
9.37 ve 6.76 g laktik asit/L degetlerine ulagmistir.
Cizelge 1’de, bulgur unlu ve glutensiz salgam
sularinin  fermantasyonlar1  sonlandirildiginda
olgiilen pH ve TA degerlerinin, literatiir sonuglart
ve TS 11149 ile kiyaslanmast gOsterilmistir.
Uretilen salgam sularinin toplam asit degerleri,
bulgur unlu ve glutensiz salgam suyu icin sirastyla,
9.10£0.09 ve 6.5310.24 ¢ laktik asit/L olarak
belirlenmis olup TS 11149 salgam suyu standard:
ile (>6 g laktik asit/L) uyumludur. Literatir
calismalart  incelendiginde, salgam  sularinin

toplam asitliginin 3.7-12.6 g/L. arasinda degistigi
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goriilmektedir (Ozler ve Kilig, 1996; Deryaoglu,
2005; Utus, 2008; Ozdestan ve Uren, 2010; Cakar,
2011; Tangtler ve Erten, 2012a; Tangtler ve
Erten, 2012b; Bayram vd., 2014; Tangiler vd.,
2014; Ozer ve Cokséyler, 2015; Mete vd., 2017;
Tangtler vd., 2017; Agirman ve Erten, 2018;
Boyact- Gundiz vd., 2018; Giiven vd., 2019). Bu
calismada Uretilen salgam sularinin pH degerleri,
bulgur unlu ve glutensiz salgam suyu icin sirastyla,
2.8310.01 ve 2.87£0.01 olarak belitlenmistir. TS
11149°da pH 3.3-3.8 olarak belirtilmisken,
literatiir bulgular1 icin bu deger 3.25-4.25
aralifinda degismektedir (Ozler ve Kilig, 1996;
Deryaoglu, 2005; Utus, 2008; Ozdestan ve Uren,
2010; Cakir, 2011; Tangiler ve Erten, 2012a;
Tangiler ve Erten, 2012b; Bayram vd., 2014;
Tangiler vd., 2014; Ozer ve Coksoyler, 2015;
Mete vd., 2017; Tangiler vd., 2017; Agirman ve
Erten, 2018; Boyact- Gindiz vd., 2018; Giiven
vd., 2019). Cizelgeden gorilecegi tizere, iretilen
salgam sularinin toplam asit degerleri literatiir ve
standart ile paralellik gosterirken, pH degeri
literatiir verilerine ve TS standardmna gore dustk

kalmaktadir. Dustik pH, fermantasyon siirecinin
daha  etkin  bir  sekilde  gerceklestigini
gostermektedir. Mikrobiyolojik sonuglar (Cizelge
4) salgam fermantasyonunun mayalar ve LAB’leri
tarafindan  gerceklestirildigini  géstermektedir.
Mayalarin biytik 6l¢iide hamur fermantasyonu
icin kullanilan §. cerevisiae dan, LAB’nin ise bulgur
ve kara havucun dogal florasinda bulunan
LAB’nden olustugu varsayilabilir. S. cerevisiae'nin
pH 25 kadar gelisim  gGsterebilecegi
bildirilmistir (Liu vd., 2015). LAB’nin nétral
pH’larda optimum gelisim gésterdigi bilinmekle
birlikte gelisim gosterebilecekleri minimum pH
degerlerinin  LAB  suglarina  gore farkliliklar
gosterdigi  (Hutkins vd., 1993) ve pH 3.1de
gelisim gbsteren LAB’lerinin oldugu bildirilmistir
(Yu vd., 2022). Bu ¢alismada elde edilen salgam
sularinin pH’larinin diistik olmas: fermantasyonda
mayalarin etkin bir rol aldigina isaret edebilir.
Ayrica, kullandlan mor havu¢ miktar,, mor
havuclarin dogranma boyutu ve seker icerigi de iyi
bir fermantasyon sonucunda disik pH elde
edilmesinde rol oynamus olabilir.

Cizelge 1. Uretilen bulgur unlu (B) ve glutensiz (G-) salgam sularinin fermantasyonlar
sonlandirildiginda élgiilen pH ve TA degerleri, literatiir sonuglart ve TS 11149 ile kiyaslanmast.
Table 1. Comparison of the pH and T A values measured when the fermentation of the produced bulgur flonr (B) and
gluten-free (G-) turnip juices was terminated with the literature results and TS 11149.

pH TA(/L)
TS 11149 Salgam Suyu Standardi 3.3-3.8 >6
B 2.83%0.01 9.37£0.09
G- 2.87%0.01 0.76£0.27
Giiven vd. (2019) 3.49-3.96 5.98-10.8
Tangitler vd. (2017) 3.43-3.56 06.36-9.27
Agirman ve Erten (2018) 3.26-3.47 7.4-8.71
Boyact Giindiiz vd. (2018) 3.62 9.16
Mete vd. (2017) 3.5 4.5
Ozer ve Cokséyler (2015) 3.4 7.3
Bayram vd. (2014) 3.58-3.62 3.7-5.0
Tangiler vd. (2014) 3.42-3.55 6.33-9.22
Tangiiler ve Erten (2012a) 3.28-3.48 6.54-7.25
Tangiiler ve Erten (2012b) 3.5 6.81-8.27
Cakar (2011) 3.31-4.13 6.3-12.6
Ozdestan ve Uren (2010) 3.15-4.25 5.30-10.28
Utus (2008) 3.45-3.53 7.15-7.75
Deryaoglu (2005) 3.38-3.49 7.19-7.69
Ozler ve Kilic (1996) 3.34-3.37 5.2-8.9

G-: glutensiz; B: bulgur unlu ; & standart sapma. G-: gluten-free; B: containing bulgur flour; £ standard deviation.
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TS 11149 salgam suyu standardmna gére briks en
az %2.5 (m/m), tuz ve kil miktari en ¢ok %2 ve
toplam kuru madde en az %2.5 olmalidir. Uretilen
salgam sularinin briks, tuz ve kil degerleri, bulgur
unlu ve glutensiz salgam sulart igin sirasiyla, 2.83
B, 2.08 °B; % 1.55, % 1.47 ve 13.94 g/L, 12.98
g/L olarak belitlenmistir. Salgam sularinin tuz ve
kil degerleri standarda uygun olup, glutensiz
salgam  suyunun briks degeri standarttaki
minimum degetlerin altinda kalmaktadir. Bu
durum, glutensiz gsalgam suyunun Uretiminde
kullanilan misir ve piring unlarinin suda ¢éziinen
madde miktart tzerine etkisi ve fermantasyonun
etkin bir sekilde gerceklesmesi ile agiklanabilir.
Literatiir verilerine gore (Cizelge 3) briks ve kil
degetleti strastyla 2.5-4.0 °B; 13.2-19.7 g/L
araliginda olup (Utus, 2008; Cakir, 2011; Agirman
ve Erten, 2018) TS 11149 ile uyumludur.

Bulgur unlu (21.4910.10 g/L) ve glutensiz
(18.06+0.11 g/I) salgam sularinin toplam kuru
madde degerleri, standarttaki minimum degerin
(25 ¢/1) altinda kalmaktadir. Bu caligmada elde
edilen salgam sularinda briks ve toplam kuru
madde iceriginin diisik olmasi, fermantasyonun
daha etkin bir sekilde gerceklesmesi ile
actklanabilir. Nitekim fermantasyon sonunda
ulagtlan dustik pH ve yiksek toplam asitlik,
fermantasyonun etkin bir sekilde gerceklestigini,
dolayist ile mikrobiyal floranin besin maddelerini
daha fazla metabolize ettigini gostermektedir.
Literatir verileri de laboratuvar calismalarindan
elde edilen salgam sularinin toplam kuru madde
iceriklerinin ¢ogunlukla TS 11149°de belirtilen 25
g/L’den daha dusik oldugunu gostermektedir
(Utus, 2008; Gliven vd., 2019).

Cizelge 2. Salgam sularinda yapilan analiz sonuglari.
Table 2. Analysis results of turnip juices.

Analizler G- B TS 11149
Kl (g/L) 12.98%0.06 13.9440.02 <20
Toplam kuru madde(g/L) 18.06£0.11 21.49%0.10 >25
Briks 2.08£0.00 2.83£0.00 >2.5
%Tuz 1.47%0.06 1.5540.01 <2.0

G-: glutensiz; B: bulgur unlu ; & standart sapma. G-: gluten-free; B: containing bulgur flour; £ standard deviation.

Cizelge 3. Salgam sularinin kimyasal 6zelliklerinin literatiir ile kiyaslanmasi.
Table 3. Comparison of the chemical properties of turnip juices with the literature.

Toplam kuru madde, g/L Briks, % Kul, g/L
B 21.49%0.10 2.8310.00 13.94£0.02
G- 18.06£0.11 2.08£0.00 12.98+0.06
Giiven vd. (2019) 16.48-30.09 - -
Agirman ve Erten (2018) 26.77-32.37 - 17.76-18.95
Ozer ve Cokséyler (2015) 34.0 - -
Cakir (2011) - 2.5-4.0 13.2-19.7
Ozdestan ve Uren (2010) 23.3-36.7 - -
Utus (2008) 22.65-23.8 - 14.12-16.25
Detyaoglu (2005) 26.0-26.6 - -

G-: glutensiz; B: bulgur unlu; & standart sapma. G-: gluten-free; B: containing bulgnr flour; * standard deviation.

Mikrobiyolojik 6zellikler

TS 11149 salgam suyu standardina gére salgam
suyunda TMAB sayist en fazla 1.0x105 KOB/mL,
koliform bakteri sayist ise en fazla 1100 KOB/mL
olmalidir (Ozer ve Coksoyler, 2015; Ekinci vd.,
2010).

Cizelge 4teki verilere gore, uretilen salgam
sularinin TMAB, LAB ve maya-kif sayilari, bulgur
unlu salgam sulari icin sirastyla 6.15, 6.52 ve 3.57
log KOB/mL ve glutensiz salgam suyu icin ise
sirastyla 7.77, 7.36 ve 4.26 log KOB/mL olarak
belirlenmistir. Literatiirde ise bu degetler sirasiyla
4.77-8.09; 6.51-8.61 ve 4.51-7.60 log KOB/mL
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araligindadir (Utus, 2008; Tangiler vd., 2014;
Ozer ve Cokséyler, 2015; Agirman ve Erten,
2018; Cankaya ve Tangiler, 2018). Uretilen
salgam sularinin TMAB ve LAB sayilari literatiir
ile paralel; maya-kif sayilart ise literatir
sonuclarindan daha duasiktir. Hem fretilen
salgam sularnin hem de literatiir sonuglarinin,
Ozer ve Cokséyler (2015) tarafindan yapilan
calisma hari¢, TMAB sayisi standartta tanimlanan
limit degerin Uzerindedir. Bunun nedeni salgam

suyu fermantasyonunda mayalarin rol almasidir.
Hem maya hem laktik asit fermantasyonu ile elde
edilen bir driin olan salgam suyunda TMAB
sayistnin yliksek cikmast beklenen bir neticedir.
Nitekim laboratuvarimizda yapian bir ¢alismada,
mayalarin TMAB sayimi i¢in uygulanan protokol
PCA’da  koloni  olusturdugu
gozlemlenmistir (yayinlanmamis sonuglar).

sonucunda

Cizelge 4. Salgam sularinin fermantasyon sonlandirildigindaki TMAB, LAB ve Maya-Kif sayisinin (log
KOB/mL) literatiirdeki fermantasyon sonu degetleri ile kiyaslanmasi.
Table 4. Comparison of the TMAB, LAB and Y east-Mold numbers (log CEU/ mL) of turnip juices at the end of
fermentation with the end-of-fermentation values in the literature.

TMAB, log LAB, log MK, log

KOB/mL KOB/mL KOB/mL
B 6.15 6.52 3.57
G- 7.77 7.36 4.26
Agirman ve Erten (2018) 6.73-7.17 8.0-8.61 0.89-7.12
Cankaya ve Tangtler (2018) 7.87-8.09 6.59-8.27 6.39-7.59
Ozer ve Cokséyler (2015) 4.77 6.51 4.51
Tangiler vd. (2014) 7.03-7.46 7.43-7.74 6.96-7.50
Utus (2008) 7.08-7.64 7.46-7.49 7.18-7.60
TS 11149 Salgam Suyu Standardi <5.0 - -

G-: glutensiz; B: bulgur unlu. G-: gluten-free; B: containing bulgur flonr

Duyusal 6zellikler

Bulgur unlu ve glutensiz salgam suyunun duyusal
begenisinin kiyaslanabilmesi i¢in raf émriiniin ilk
198 giinii boyunca diizenli periyotlarla duyusal

analizler gerceklestirilmistir. Elde edilen sonuclar
Cizelge 5’te 6zetlenmigtir.

Cizelge 5. +4°C’de depolanan 6rneklerde raf émri boyunca yapilan duyusal panel sonuglarinin
ortalamast
Table 5. Average of sensory panel results during shelf life of samples stored at +4°C.

Ornek Renk Koku Lezzet Eksilik Genel Begeni
B 3.98+0.792 3.51£0.96# 3.26+0.91» 3.65£1.082 3.30+0.80»
G- 3.11£1.03> 3.27+1.160 2.93£0.962 3.09+1.08b 2.94+1.40n
M 3.82+1.10# 2.94+1.43x 3.41+1.37» 3.13+1.08 3.32+1.36#

*Ayni stitunda farklt harflerle gosterilen ortalamalar arasinda istatistiksel olarak 6nemli fark bulunmaktadir (P
<0.05). Sonuglar ortalama * standart sapma seklinde verilmistir.
*Mean values represented by the same letters within the same column are not significantly different at P <0.05.

Data are expressed as means * standard deviations

B: bulgur unlu salgam suyu, G-: Glutensiz salgam suyu, M: Market 6rnegi. B: shalgan: containing bulgur flour, G-: Gluten-

Jfree shalgam, M: Market sample.

Duyusal begeninin korundugu ve depolamanin
olumsuz  etkilerinin  heniiz  gézlenmedigi,
depolamanin 19., 93., 121., 152, 178. ve 198.
ginlerinde yapilan duyusal analizlerde (toplam 42

kisi) elde edilen verilerin istatistiksel analiz
sonuglarina gore, glutensiz salgam suyunun
(3.11£1.03) hem iretilen bulgur unlu salgam suyu
(3.98£0.79) ile, hem de market 6rnegi (3.8211.10)
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(ticari bir markanin salgam suyu) ile arasindaki
renk farkliligt istatiksel olarak 6nemlidir (P <0.05).
Glutensiz salgam suyunun ortalama renk skoru
diger iki gruptan disiiktir. Orneklerin koku
bakimindan en yliksek skoru bulgur unlu salgam
suyunda iken (3.51%0.96); en distk skoru ise
market Orneginde (2.9411.43) gOrilmustiir.
Lezzet bakimindan en yitksek puan 3.41£1.37 ile
market 6rneginde iken en disik puan 2.93+0.96
ile glutensiz salgam suyunda goriillmistir. Genel
begenisi en yiksek olan 6rnek grubu market
ornegi (3.32+1.36) iken en dusik olan ise

renk

genel begeni

eksilik

glutensiz salgam suyu (2.94%1.40) olmustur.
Bulgur unlu 6rnegin  eksiliginin - (3.65+1.08)
glutensiz  salgam  suyunun  cksiliginden
(3.09%1.08) farkliligy istatistiksel olarak 6nemlidir
(P <0.05). Eksilikte en begenilen tiriin bulgur unlu
salgam suyu olmustur. Ancak 6rnek gruplarinin
koku lezzet ve genel begeni degerleri arasindaki
farklilik istatistiksel olarak Onemli degildir (P
<0.05). Sekil 4te urtin gruplarinin duyusal
begenisi 6riimeek ag1 diyagrami ile 6zetlenmistir.

koku

P=-

- \/]

lezzet

Sekil 4. Duyusal analiz sonuglarinin érimeek agt diyagrami olarak gériinimu (B: bulgur unlu salgam
suyu, G-: Glutensiz salgam suyu, M: Market 6rnegi.)
Figure 4. Appearance of the results of sensory analysis as a spider web diagram (B: turnip juice containing bulgnr flour,
G-: Gluten-free turnip juice, M: Market sample)

SONUC

Bu calismada misir ve piring unu ile dretilen
glutensiz salgam suyunun briks ve toplam asit
degerlerinin sirastyla bulgur unu igeren tiriine gére
%0.75 ve 2.61 g/L daha disik oldugu
belirlenmistir. Bu farkhiligin  formtlasyon ve
fermantasyonun etkinlik derecelerinin  farkli
olmasindan  kaynaklandigi  distintlmektedir.
Istatistiksel olarak yapilan coklu karsilastirma
sonugclarina gore glutensiz salgam suyunun, renk

kriteri disinda, market Ornegi ile rekabet
edebilecek  duyusal begeniye sahip oldugu
gbzlemlenmistir.

Bu karsilastirmalt ¢alismada kullanidan glutensiz
salgam suyu formilasyonu ile elde edilen
sonuglarin ¢6lyak hastalarinin ihtiyacina cevap
verebilecek nitelikte salgam suyunun piyasaya
kazandirlmasina yardimct olabilecegi
diusuntlmektedir. Nitekim, fermente bir icecek
olan salgam suyu, bulgur unu icerdiginden, ¢olyak
hastalarinin tiiketimi igin uygun olmayabilir.

Salgam suyu dretiminde ekmek mayasinin (S.
cerevisiae) kullanildigr (Tangller ve Erten, 2012a;
Tangtler ve Erten, 2013; Tangiiler vd., 2014,
Okcu vd., 2016; Tangiler vd., 2017; Boyaci-
Giundiz vd., 2018; Cankaya ve Tangiler, 2018;
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Tanriseven vd., 2018), maya kullanilmadan elde
edilen salgam sularinda yapilan mikrobiyolojik
analizlerde de ytliksek sayida maya tespit edildigi
literatiirde yer almaktadir. Bu durum salgam suyu
fermantasyonunda  S. veya yabani
mayalarin rol aldigina isaret etmektedir. Bu
nedenle, TS 11149 salgam suyu standardinda,
salgam suyunun “laktik asit fermantasyon trin”
olarak tanimlanmasi dogru bulunmamis olup,
“salgam suyunun maya ve laktik asit bakterilerinin
fermantasyonu neticesinde elde edildiginin”
belirtilmesi gerektigi diisinilmektedir.

cerevisiae

Ayrica, tim fermente Uriinlerde oldugu gibi,
salgam sularinda da TMAB sayisinin trtin kalitesi
veya giivenliginin 6l¢lisii olarak kullanddmasi dogru
olmayip TMAB sayisinin (<5 log) kriter olmaktan
ctkarlmasinin  dogru olacagt dustnilmektedir.
Nitekim, Cizelge 4te de gosterildigi tizere bu
standardi yakalamak geleneksel olarak iiretilmis ve
pastdrize edilmemis bir driin i¢in ¢ogunlukla
mimkin  olamamaktadir.  Pratikte  Grlnin
ticaretini zotlastirabilecek, tiretici, perakendeci ve
tiketiciler arasinda anlagsmazliklara ve kafa
kangikligina neden olabilecek durumlara meydan
vermemek adina, s6z konusu standartta ilgili
degisikliklerin yapilmast gerektigi
distnilmektedit.

CIKAR CATISMASI

Yazarlar, bu arastirma makalesiyle ilgili olarak
baska kisiler ve/veya kurumlar arasinda c¢ikar
catismasi olmadigint beyan etmektedir.

YAZARLARIN KATKISI

Bu calisma Sami Bulut damismanhginda 2020
tarihinde tamamlanan “Glutensiz ve Katkisiz
Salgam Suyu Uretimi ve Yiiksek Hidrostatik
Basing ile Raf Omriiniin Uzatilmast” basliklt
yuksek lisans tezi esas alnarak hazirlanmistir
(Yiksek Lisans, Trakya Universitesi, Edirne,
Turkiye, 2020). Salgam suyu tretimi ve analizleri
Seyda  Yanardag Karabulut tarafindan
gerceklestirilmistir.  Istatistiksel —analizler ve
makale yazimina tim yazarlar katki saglamistir.
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oz

Bu calismada, karpuz ¢ekirdegi ununun biskiivi diretiminde kullanim olanagt aragtirilmustir. Bu amagla un
haline getirilmis karpuz ¢ekirdekleri, biskiivi formilasyonuna 6 farklt oranda (% 0, 10, 20, 30, 40 ve 50)
bugday unu ile ikame edilerek biskiivi tretiminde kullandmustir. Biskiivi formiilasyonuna karpuz c¢ekirdegi
unu ikamesi ile biskiivi 6rneklerinin kil, protein, yag, toplam besinsel lif, toplam fenolik madde, antioksidan
ve fitik asit igeriklerinin artt1f1 tespit edilmistir. %50 karpuz ¢ekirdegi unu ikameli 6rneklerde toplam besinsel
lif, toplam fenolik madde, antioksidan ve fitik asit icerikleri sirastyla %18.58, 76.83 mg/kg, %25.42 ve 3.09
mg/g seklinde bulunmustur. Karpuz cekirdegi unu ikamesi ile biskivilerin L*, b* ve a* renk degerleri ile
tekstiir 6zelliklerinden sertlik ve kirilganhk degerlerinin azaldigt belirlenmistir. Ayrica, karpuz cekirdegi unu
ikameli biskivi 6rneklerinde kalinlik degetlerinin azaldigi, cap degerinin ve yayilma oraninin arttd
bulunmustur. Duyusal analiz sonucunda; genel kabul edilebilirlik bakimindan en fazla begeniyi %10 karpuz
cekirdegi unu ikameli 6rnegin aldig gérilmistir.

Anahtar kelimeler: Karpuz gekirdegi, biskiivi, fonksiyonel gida, besinsel lif

PRODUCTION OF NUTRITIONAL COOKIES WITH WATERMELON SEED
FLOUR SUBSTITUTION

ABSTRACT

In this study, the possibility of using watermelon seed flour in cookie production was investigated.
For this purpose, watermelon seeds ground into flour were used in cookie production by substituting
wheat flour in 6 different ratios (0, 10, 20, 30, 40 and 50%) in the cookie formulation. It was
determined that the ash, protein, fat, total dietary fiber, total phenolic content, antioxidant and phytic
acid contents of cookie samples increased with the substitution of watermelon seed flour to the
cookie formulation. Total dietary fiber, total phenolic content, antioxidant and phytic acid contents
of samples with 50% watermelon seed flour substitute were found to be 18.58%, 76.83 mg/kg,
25.42% and 3.09 mg/g, respectively. It was determined that the L*, b* and a* color values and the
hardness and fracturability values of the cookies decreased with the substitution of watermelon seed
flour. Additionally, it was found that the thickness values decreased and the diameter value and
spreading ratio increased in cookie samples with watermelon seed flour substituted. As a result of
sensory analysis; it was observed that the sample with 10% watermelon seed flour substitution
received the most approval in terms of general acceptability.

Keywords: Watermelon seeds, cookie, functional food, dietary fiber
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Karpuz gekirdegi unu ikameli biskivi

GIRIS

Bisktvi, unun icine kabarmay1 saglayict maddeler,
seker, tuz, yag ve gida maddeleri ile ilgili TS 2383
biskivi  standardinda  izin  verilen  diger
maddelerden biri veya birkact eklendikten sonra
su ile yogrularak teknigine uygun bir bicimde
islenmesi, sekil verilmesi ve pisirilmesi sonucunda
elde edilen bir unlu mamuldir (Anonim, 2010).
Bisktvinin unlu mamuller icinde yogun olarak
tuketilen bir Grtin olmasinin temel nedenleri; raf
Omril uzun bir gida olmast, besinsel kalitesinin iyi
olmasi, ucuz ve doyurucu olmasidir (Koten,
2021).  Biskivi, bozulmadan stire
dayanabilmesi, tiketicinin damak zevkine hitap
etmesi, degisik lezzetlerde sunulabilmesi ve besin
Ogelerinin t¢ 6giinde alinmasinin yetersiz oldugu
zamanlarda atistirmalik  olarak tiiketilebilmesi
nedenleriyle, ara 6glin beslenmesinde 6nemli yer
tutmaktadir (Demirel ve Demir, 2018; Kolawole
vd., 2018).

uzun

Son vyillarda bazi gidalarin “dogal” yollardan
viicuda alinmasinin bazt hastaliklari 6nledigi ya da
kismen de olsa tedavi ettigi bilimsel olarak ortaya
konmustur. Glnlimiuzde, daha saglikli bir hayat
icin tiketicilerin tercihleri distk kalorili, yiksek
lifli, dustik seker ve tuz icerikli ve daha az katkili
gidalar  yoniinde olmaktadir (Kéten, 2021).
Ozellikle cocuklar tarafindan sevilerek tiiketilen
ve atistirmalik gida formunda yetiskinlere de hitap
eden biskiivi formilasyonlarinin  fonksiyonel
bilesenlerce zenginlestirilmesi, tiketim sirasinda
bu  bilesenlerin  de  viicuda  alinmasint
saglayacagindan oldukca Onemlidir (Dogan ve
Meral, 2010).

Tahil bazli gidalar insanhgin ilk dénemlerinden
beri en c¢ok tiketilen gidalar arasinda yer
almaktadir. Bu nedenle tahil bazli gidalarin
fonksiyonel Ozelliklere sahip bazt bilesenlerle
(ikamelerle) zenginlestirilip “fonksiyonel gida”
olarak sunulmast halk sagliginin iyilestirilmesi
acisindan biyik 6nem tasimaktadir. Bu ikameler
driinlerin - besin  degerlerini  etkilerken aynt
zamanda jel olusturma, stabilizasyon, su ve yag
tutma kapasitelerinin artmast gibi fonksiyonel
Ozelliklerini de dogrudan etkilemektedir (Akbasg
vd., 2023). Bu dogrultuda unlu mamullerin
zenginlestirilmesinde meyve kabugu, cekirdek ve

posa gibi attk trtinlerin kullanimi
yayginlasmaktadir. Karpuz c¢ekirdegi de son
yillarda gida atiklarinin  degerlendirilmesinde

dikkat c¢eken triinler arasinda yer almaktadir
(Abdalla vd., 2007; Huber ve Ruposinghe, 2009;
Henriquez vd., 2010; Crizel de Moraes vd., 2013;
Mirabella vd., 2013; Silva vd., 2014).

Karpuz (Citrullus — lanatns), Cucnrbitaceae
familyasinin en ¢ok tiiketilen tirlerinden birisidir.
Yiksek su icerigi (toplam aguhgmn  %92’si)
nedeniyle ferahlatict bir meyvedir (Benmeziane ve
Derradji, 2023). FAO’nun 2021 verilerine gore
Cin, 61.013.536 ton ile diinyanin en buytk karpuz
treticisi konumundadir. Tirkiye ise 2021 yilinda
3.468.717 ton karpuz uretimi ile ikinci sirada;
Hindistan, 3.254.000 ton ile uglncli sirada;
Brezilya, 2.141.970 ton ile dérdiinct sirada; Iran
ise 1.251.415 ton ile besinci sirada yer almistir
(FAO, 2021). Karpuz taze meyve olarak
tiketilirken, meyve sulari, nektarlar, konsantreler,
receller ve daha Dbircok diger uriinlere
dontstirilirken cekirdekler genellikle atik olarak
ortaya ctkmaktadir. Ortaya c¢ikan bu atik ¢ogu
zaman boéceklerin ve kemirgenlerin ¢cogalmasiyla
ilgili ekolojik sorunlar da yaratabilmektedir
(Falade vd., 2020)

Son  zamanlarda  arastirmacilar,  karpuz
cekirdeginin  Ozelliklerini  dikkate alarak yeni
fonksiyonel gida Uriin  formilasyonlarinda

(ekmek, atistirmalik, dondurma, sos, biskiivi vb.)
kullanimina yonelik calismalarina hiz vermislerdir
(Qayyum vd., 2017; Anang vd., 2018; Peter-
Ikechukwu vd., 2018; Adeyeye vd., 2020). Béylece
karpuz ¢ekirdeginin katma degerli yeni gida
triinlerinde bilesen olarak kullanilmast ile yeni bir
pazar yaratlmasinin yani sia Ureticinin ilke
ekonomisini canlandirarak 6nemli bir gelir elde
edebilecegi, ayni zamanda bertaraf sorunlarinin
¢ozllerek cevrenin de korunmus olacag ifade
edilmektedir (Wani vd., 2015).

Guniimiizde bir¢ok hastaligin hizla artmastyla
birlikte saglik bilincine sahip tiiketicilerin, temel
besin maddeleri saglamanin Stesinde  saglik
acisindan faydalar da saglayan karpuz cekirdegine
ilgisi artmaktadir. Karpuz cekirdeginin besinsel
bilesimine iliskin mevcut literatirde farkls

285



286

M. Koten

oranlarda protein, yag, lif, nem, kil ve
karbonhidrat icerigi gosterilmektedir
(Benmeziane ve Derradji, 2023). Yapilan

arastirmalar karpuz cekirdeginin insan beslenmesi
ve saghgl acisindan Onemli bir besin kaynagi
olarak kullanilabilecegini géstermistir. Ozellikle
protein, yag, lif, B vitaminleri, mineraller
(magnezyum, potasyum, fosfor, sodyum, demir,
cinko, manganez ve bakir gibi) ve antioksidan
aktiviteye sahip fitokimyasallar a¢isindan zengin
bir kaynak oldugu bildirilmistir (Azeez vd., 2021).
Karpuz ¢ekirdegi mitkemmel bir oleik asit ve
linoleik asit kaynagidir. Iyot ve peroksit degerinin
distik olmast onu insan tiiketimine uygun hale
getirmektedir. Icinde bulunan esansiyel yag
asitleri, prostat hastaliklarinin tedavisinde biyik
o6neme sahiptir. Karpuz c¢ekirdegi, arginin,
glutamin ve aspartik asit dahil olmak tizere zengin
bir esansiyel amino asit kaynagma sahip olan
protein icermektedir. Idrar soktirtici 6zellik
sergileyerek insanlarda bobrek tast olusumunu
Oonlemenin yant sira igerdigi cucurbocitrin
sayesinde kan basincint disirmeye ve bobrek
fonksiyonlarint iyilestirmeye yardimct olmaktadir
(Qayyum vd., 2017).

Bu ¢alisgma kapsaminda, yukarida olumlu bircok
Ozelligi ifade edilen ve genellikle gerez olarak
tiiketilen karpuz c¢ekirdeginin un formunun
fonksiyonel ~ bir  bilesen  olarak  bisktvi
formilasyonunda kullaniminin Ozellikle
biskiivinin besinsel kalitesi tizerindeki etkileri
incelenmistir. Ayrica yapian calismanin hem
surdirilebilirlik hem de attk durumda bulunan
karpuz cekirdeginin kullanim alaninin
gelistirilmesi  (attk degerlendirmesi) acisindan
degerli oldugu distnilmektedir.

MATERYAL ve YONTEM

Materyal

Bisktvi tretiminde kullanilan bugday unu (BU),
pudra sekeri, yagsiz siit tozu, sodyum bikarbonat,
amonyum bikarbonat, sortening ve tuz Kilis’te
yerel bir marketten temin edilmigtir. Yiksek
fruktozlu misir surubu ise Besan Nisasta Gida
Sanayi ve Ticaret A.S.’den (Gaziantep, Tirkiye)
temin edilmistir. Arastrmada  katki  olarak
kullanilan kavrulmus karpuz ¢ekirdegi, Kilis ilinde

faaliyet gOsteren Sekeroglu Baharatcilik Gida
Sanayi ve Ticaret Ltd. Sti.’den satin alinmustir.

Yoéntem

Materyallerin hazirlanmas:

Bisktvi dretim formilasyonunda kullanilan
karpuz tohumu (cekirdegi), cekicli degirmende
(Yicebas  Makine Hammer Mill 2016-
N2Y170025) égutilip 60 mesh elekten elenerek
ince un haline getirilmistir. Uretimde kullanilana
ve analiz edilinceye kadar cam kavanozlarda oda

kosullarinda  muhafaza  edilmistir.  Yapilan
analizlerin ~ timi 3 paralelli  sekilde
gerceklestirilmistir.

Biskiivi iiretini

Biskuvi tretimi Cizelge 1’de verilen temel formiil
kullantlarak AACCI Standart Metot No:10-
54.01’de (AACCI, 2010) belirtilen esaslara goére
yapilmustir. Karpuz cekirdegi unu (KCU), biskiivi
formilasyonuna un agirligs bazinda %00-kontrol,
%10, %20, %30, %40 ve %50 oranlarinda BU ile
yer degistirilerek ilave edilmigtir. (Cizelge 1).
Formiilasyondaki tiim materyaller laboratuvar tipi
bir mikserde (KitchenAid Classic Model, KSM45,
Artisan,  USA)  hamur  olusana  kadar
karistirtlmistir.  Elde edilen hamur, 5 mm
yuksekliginde inceltilmis, 50 mm ¢apinda dairesel
sekil verilerek laboratuvar tipi bir firinda (Argelik,
SUF4000 MEB, Bolu, Tirkiye) 205°Cde 11
dakika streyle pisirilmistir. Ornekler
sogutulduktan sonra kilitli polietilen ambalajda
muhafaza edilmistir.

Kimyasal analizler

BU, KCU ve bisktvi 6rneklerinin kil (metod 08-
01), protein (metod 46-12) ve yag (metod 30-25)
iceriklerinin belirlenmesinde AACCI metotlar
kullanilmistir (AACCI, 2010).

Fiziksel analizler

Cap, kalinlik ve yayima oranz: Biskivi 6rneklerinde
cap ve kalinhk degerleri AACCI Metot No:10-
54.01 metoduna gore dijital kumpas kullamilarak
Olctlmistir (AACCI, 2010). Biskiivilerin yayilma
orant ise ¢aplarin kalinliklarina bélinmesiyle elde
edilmistir.
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Cizelge 1. KCU ikamesiz kontrol biskiivi formiilasyonu
Table 1. Control cookie formulation without watermelon seed flonr (WSE) substitution

Bilesenler Agirhik (g)
Ingredients Weight (3)
Pudra seketi / Powdered sugar 16.8
Yagsiz st tozu / Nonfat dry milk 0.4
Tuz / Salt 0.5
Sodyum bikarbonat / Sodium bicarbonate 0.4
Yag / Shortening 16.0
YFMS (Yiksek fruktozlu misir surubu) 0.6
HFECS (High fructose corn syrup) '
Amonyum bikarbonat / Ammonium bicarbonate 0.2
Deiyonize su; g= (40 - g un) + 8.8 Degisken
Deionized water; g= (40 - g flonr) + 8.8 Variable
Bugday unu (BU)* / Wheat flonr (WE)* 40
*%13 rutubet esasina gére
"13% based on humidity

Fonksiyonel ozellikler absorbansi]x100 1

Toplam  besinsel  fif: BU, KCU ve biskivi
orneklerinde Koten (2021)’in bildirdigi metoda
gore yapilmustir. Yontemde toplam besinsel lif test
kiti (Megazyme International Ireland Ltd., Bray
Business Park, Bray, Co. Wicklow, IRELAND)
kullanilmigtir.

Fitik  asit: BU, KCU ve biskiivilerde Koten
(2021)’in bildirdigi metoda gbre yapilmistir.

Toplam  Fenolik Madde (ITM): BU, KCU ve
biskivilerde Kéten (2021)in  bildirdigi metot
kullantlmstir. Ornekler %80 metanol ile ekstrakte
edilmistir. TFM icerigi; 6nceden gallik asit ile
olusturulan (absorbans / konsantrasyon) standart
grafiginden elde edilen denklem ile hesaplanmis
ve sonuglar 1000 gram 6rnek icin mg gallik asit
esdeger (GAE) miktart olarak ifade edilmistir.

Antioksidan Aktivite: BU, KCU ve biskivilerde
Kéten  (2021)’in bildirdigi  metoda  gore
yapilmistir. Ornekler saf metanol ile ekstrakte
edilmistir. Bu yontem, pembe renkli stabil bir
bilesik olan DPPH (2,2-diphenyl-1-picrylhdrazyl)
radikalinin yok edilmesi sonucu, renkte meydana
gelen azalmanin  spektrofotometrik  olarak
6lctilmesi esasina dayanmaktadir. Sonuclar DPPH
radikalinin inhibisyon orani seklinde denklem 1
kullanilarak hesaplanmistir.

DPPH radikalinin inhibisyon orant (%) = [(kérin
absorbansi-6rnegin absorbanst) /korin

Renk Analizleri

BU, KCU ve biskuvi 6rneklerinin renk élcumleri
Hunterlab MiniScan EZ (Reston, Virginia, USA)
model renk Sl¢iim cihaziyla yapimis ve degerler
yine bu cihazda CIALAB 6l¢tim sistemine gore
ifade edilmistir. HunterLab renk skalasinda L*=0
(siyah), L*=100 (beyaz); -a* (yesillik), +a*
(kirmizilik); -b* (mavilik), +b* (sariik) degerleri
gun 15181 (D65/10°) ayarinda okunmustur. Renk
Olctimleri 3 paralelli yapilmis ve sonug ti¢ degerin
ortalamasi olarak verilmistit.

Tekstiirel Ozellikler

Biskivilerde kirilma direnci analizi TA-XT2i
Tekstir Analiz Cihaziyla (Stable Micro Systems
Ltd., Godalming, Surrey, UK) AACCI Metod No:
74-09.01 esas alinarak yapilmustir (AACCI, 2010).
Bu amacgla i¢ noktali bikme testi teknigi
kullandmistir. Biskaviler 4 cm aralikh iki dik
aliminyum bariyer Uzerine yerlestirilerek orta
noktasina dogru 1 mm/s hizinda
uygulanmistir. Kirlma noktasindaki maksimum
giic Newton (N) olarak kaydedilmistir. Testin
yapildigt mekaniksel sartlar cihazda agagidaki gibi
ayarlanmigtir:

Pre-test speed: 1 mm/s

Test speed: 3 mm/s

Post-test speed: 10 mm/'s

Test distance: 5 mm

Trigger value: 5 g veya 0.049N (Auto force)

kuvvet
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Duyusal analiz

Hooda ve Jood (2005)’nin bildirdikleri metod
modifiye edilerek kullanilmistir. Duyusal analiz,
vart  egitilmis 10 panelist  tarafindan
gerceklestirmistir.  Analiz  Oncesi  panelistlere
calisma ile ilgili kisa bir bilgi verilmistir. Biskutivi

6rneklerinde hangi Ozellikleri nasil
degerlendireceklerine  dair bir degerlendirme

skalast verilmis ve puanlamayt bu skalaya gore
yapmalari; ayrica bir 6rnekten digerine gecerken
su icmeleri  gerektigi  dile  getirilmistir.
Panelistlerden biskiivileri renk, goériinis, sertlik,
tat-aroma Ozellikleri ve genel kabul edilebilirlik
acisindan; 1-5 arasindaki skala (1-cok koétd, 2-
kotl, 3-orta, 4-iyi ve 5-¢ok iyi) kullanarak duyusal
degerlendirme yapmalari istenmistir.

Istatistiksel analizler

Tki tekerriirlii olarak yiiritilen calismada elde
edilen sonuglar, JMP 13.0 (SAS Institute Inc.,
Cary, NC, ABD) yazilimi kullanilarak istatistiksel
olarak  degerlendirilmeye tabi  tutulmustur.

Sonuglar  icin  varyans analizi (ANOVA)
uygulanarak  grup  ortalamalart  arasindaki
farkliliklar P <0.05 dizeyinde Student t testi ile
belitlenmistir.

SONUC ve TARTISMA

Hammadde 6zellikleri

Bisktivi formiilasyounda kullanldan BU ve
KCU’ya ait bazi analiz sonuglart Cizelge 2’de
verilmistit. KCU’nun BU’dan daha yiiksek kdl,
protein, yag, TBL, TFM ve antioksidan aktivite
degerlerine sahip oldugu saptanmistit. Bu da,
karpuz cekirdeginin zengin kimyasal
kompozisyonu ile biskiivinin besinsel kalitesinin
arturilmast  agisindan uygun  oldugunu
gOstermistir. BU’nun kil, protein, yag ve TFM
icerikleri sirastyla %00.63, %13.00, %1.15 ve
868.00 mg/kg olarak bulunmustur. Bu degerler
Demir (2015)’in bildirdigi sonuclarla benzerlik
gostermektedir. Calismada kullanlan KCU’nun
kil miktar1 %2.41, protein miktar1 %16.73 ve yag
miktar1 %25.97 olarak belitlenmistir (Cizelge 2).

Cizelge 2. Hammadde 6zellikleri
Table 2. Raw material properties

Ozellik BU KCU
Property WwF WK
A
51;; ((02)) 0.6340.03b 2.41%0.07»
1 0/\1,2
}’);;t;;n(%) 13.00£0.30 16.73£0.96*
T o 0 1
%}5};2 ;;% (7o) 1.15+0.18b 25.9710.15
0
0/\1,3
';EII;((;? 7 234(.38b 54.09+2.252
0
1,4
;11224(2%29 868.12+0.225 1350.9040.18:

Antioksidan aktivite (% inhibisyon)
Awntioxidant activity (Yo inhibition)
Fitik asit (mg/g)!

Phytic acid (mg/ g)

I

*

a

b*

11.16+0.32b 25.36%0.552
2.46£0.48> 5.83+0.44~
96.55%0.28~ 63.43£0.47>
0.59£0.03> 6.06+0.08#
9.81%£0.13b 23.1240.182

Cizelgede, aynt satirda farkli harfle gésterilen degerler arasindaki farklar 0.05 giiven sinirina gére 6nemlidir, Iz the
table, differences between values shown with different letters in the same line are significant compared to the 0.05 confidence level; "Kuru
madde tzerinden hesaplanmustir, 'Caleulated on dry matter bases; *Un i¢in N x 5.70 ve KCU i¢in N x 6.25 faktorii
kullantlmugtir, “Factors of N x 5.70 for wheat flour and N x 6.25 for watermelon seed flonr was used; ¥Toplam besinsel lif,
*Total dietary fiber; *Toplam fenolik madde, “Total phenolic content
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Cizelge 2’den de goriilebilecegi gibi KCU’nun tiim
kimyasal ve besinsel iceriklerinin BU’dan oldukca
yiiksek oldugu belirlenmistir. Ozellikle toplam
besinsel lif ve TFM degerleri KCU’da sirasiyla
%54.09 ve 1350.00 mg/kg olarak saptanirken
BUda %7.23 ve 868.00 mg/kg olarak
saptanmustir. Tabiri vd. (2016)’nin gida olarak
kullanilan karpuz ¢ekirdeginin besinsel bilesim,
fitokimyasal ve antioksidan aktivite O6zellikleri
tzerine yaptiklart calismada U¢ farkhi karpuz
¢esidinin (Cherleston gray, Crimson sweet, Black
diamond) ¢ekirdeklerini kullanmuslardir. Cekirdek
orneklerinde protein degerlerini %16.33-17.75,
yag degerlerini %26.50-27.83, kil degerlerini
%2.00-3.00, lif  degerlerini = %39.03-43.28,
antioksidan aktivite degerlerini  %59.88-94.66
araliklarinda tespit etmislerdir. Jyothi lakshmi ve
Kaul (2011), yaptiklari ¢aligmalarinda ise karpuz
¢ekirdeginin yag icerigini %46.83, protein igerigini
%27.59, kil icerigini %2.87 ve lif icerigini %4.68
olarak bulmuslardir. Bu calismalarda oldugu gibi
yapilan diger c¢alismalarda (Neglo vd., 2021;
Bamidele vd., 2021; Jaroszewska vd., 2023)
karpuz ¢ekirdeginde saptanan kimyasal ve
besinsel icerik sonuclari bu calismada biskuvide
zenginlestirme materyali olarak kullanilan karpuz
cekirdeginde saptanan sonuglatla benzerlik ve
farkliliklar gGstermistir. Farkliliklarin nedeninin
cekirdegin elde edildigi karpuz meyvesinin gesit
Ozelliklerinden  ve  vyetistirildigi ~ lokasyon

KCU’nun renk sonuglarina bakildiginda L* ve a*
degerleri acisindan BU’ya gbre daha koyu oldugu
ancak b* degeri bakimimndan BU’dan daha fazla
sart oldugu soOylenebilir (Cizelge 2). Tahil
tanelerinin temel depo fosfor bileseni olan fitik
asit degeri Cizelge 2 incelendiginde KCU’da 5.83
mg/g olarak tespit edilitken, BU’da 2.46 mg/g
olarak tespit edilmistir. Yapilan farkli calismalarda
karpuz cekirdeginde fitik asit miktarinin 3 mg/g
ile 16.40 mg/g arasinda degistigini bildirilmistir
(Jyothi lakshmi ve Kaul, 2011; Seidu ve Otutu,
2016; Addo vd., 2018).

Biskiivilerin kimyasal ve fiziksel 6zellikleri

KCU'nun degisik oranlarda ikame edilmesiyle
tretilen bisktvilerin bazi kimyasal ve fiziksel
Ozelliklerine ait degerler Cizelge 3’te verilmistir.
Bisktvilerin kil degerleri KCU ikame orant
artisina bagl olarak 6nemli 6lctide ylkselmistir (P
<0.05). Biskiivi 6rneklerinin kil miktarlart %1.05
e %1.68 arasinda degismistir. En yiksek kil
degerine % 1.68 ile %50 KCU ikameli 6rnek sahip
olurken en digiik kil degerine % 1.05 ile kontrol
Ornegi sahip olmustur. Kontrol biskiivi 6rnegi ile
karsilastirildiginda kil iceriginde yaklasik %060’k
bir artis saptanmistir. Bu sonug, KCU’nun BU’ya
gore daha yiksek kil icerigiyle (yaklasik 4 kat)
aciklanabilir. Bu sonu¢, mandalina kabugu
tozunun un ile yer degistirilmesiyle dretilen
biskivilerin kil iceriginde artig oldugunu bildiren

1 > . .
farklilgindan oldugu distinilmektedir, Ojha ~ve Thapa'min ~ (2017) daha  6nceki
bulgulatiyla benzerlik gdstermistit.
Cizelge 3. Biskiivilerin kimyasal ve fiziksel 6zellikleri
Table 3. Chemical and physical properties of cookies
A KCU orant (% w/w)
I?Zd]:fl\.kr WSF ratio (%o w/w)
roperties 0 10 20 30 40 50
AT
Kl (%) 1.05+0.10¢ 1.360.04¢ 1.40+0.01¢ 1.46+0.03b 1.55+0.04> 1.680.042
Ash (%)
H 0/\1
Protein (%) 6.73+0.454 7.38+0.25¢ 7.81+0.37¢ 8.03+0.13b 8700491 8.91+0.23
Protein (%)
car (9, 1
Toplam yag (%) 22.09+0.23¢ 23504031« 24701028« 28.06+2.32b  30.98+4.33b  34.79+1.80¢
Total fat (%)
Karbonhidrat (%) 65.56+0.93 64.7141.47 62.28+0.74b 59134245  5509+347«d  51.11+2.60¢
Carbohydrates (%)
Gap (G)(mm) 70.70+0.08> 72.20£0.04b 72.50+0.16> 74.50+0.14ab 76.80%0.23 77.90%0.25
Diameter (D) (mm)
Kalinlik (K)(mm) 0.88+0.08 0.85+0.01s 0.84+0.02: 0.82+0.000 0.8140.01 0.80%0.00°
Thickness (T) (mm)
Yayllma orant (G/K) 8.08+0.88¢ 8.49+0.09b¢ 8.68+0.03b 9.09+0.17:b 9.54+0.37 9.74+0.32

Spread ratio (D/T)

Cizelgede, ayn1 satirda farkli hatfle gosterilen degerler arasindaki farklar 0.05 giiven sinirina gére 6nemlidir, I the table, differences
between values shown with different letters in the same line are significant compared to the 0.05 confidence level; 'Kuru madde tzerinden

hesaplanmustir, 'Calenlated on dry matter bases
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Proteinler viicudun yap: taslaridir ve protein
acisindan  zengin  gidalarin  protein-enetji
malniitrisyonunu  azalttigr bilinmektedir (Peter-
Ikechukwu vd., 2018). Biskiivi formulasyonunda
KCU kullanilmasinin protein miktarini 6nemli
derecede artirdigt gérilmistiir (P <0.05). Protein
miktart  kontrol biskivisinde %06.73  olarak
belitlenirken, KCU ikameli bisktvilerde %7.38 ile
%8.91  arasinda  degismistir.  Cizelge 3
incelendiginde KCU ikameli biskiivi 6rneklerinin
protein degetleri kontrol 6rnegine gore yiksek
bulunmustur. Protein degerlerinde gériilen artisin
nedeni, karpuz cekirdeginin protein miktarinin
BU’dan daha yiiksek olmasindan kaynaklanmustir.
Biskiivilerin protein igerigine iliskin elde edilen
veriler, Ifesan ve Franca (2017) tarafindan yapilan
calismada elde edilen bulgularla uyumlu
bulunmugtur. Karpuz cekirdegindeki yag icerigi
BU’daki yag iceriginden daha ytiksek oldugundan
dolayt KCU ikame orant artttkga biskiivilerdeki
yag orant 6nemli derecede artmustir (P <0.05)
(Cizelge 3). Kontrol biskiivisinde yag miktart
%22.09 iken KCU ikameli biskiivilerde en fazla
yag orant %34.79 degeri ile %50 KCU ikameli
Ornekte gérilmistir. Bulunan sonuglar Kaur vd.
(2019), Demir (2015), Ozbas vd. (2014) ile Uysal
vd. (2007) tarafindan bildirilen sonuglatla uyumlu
bulunmustur. Biskiivi 6rneklerinin karbonhidrat
igeriklert %51.11 ile %65.56 arasinda degismistir
(Cizelge 3). Ornekler arasinda anlamli farklilik (P
<0.05) olusmustur. Karbonhidrat icerigi
bakimindan kontrol 6rnedi en ylksek degere
(%65.56) sahip olurken, %50 KCU ikameli
biskiivi 6rnegi en disik degere (%51.11) sahip
olmustur. Ancak KCU ikameli  biskivi
orneklerinin karbonhidrat icerikleri ikame otrani
arttik¢a azalmustir. Sonuclar Peter-lkechukwu vd.
(2018) tarafindan raporlanan sonuglarla paralellik
gbstermistir.

Cap, kalinlik ve yayilma orant degerleri, biskiivinin
teknolojik  kalitesinin  belirlenmesi  agisindan
6nemli parametreler olup, genellikle ¢capin genis,
yayllma oraninin yuksek, kalinligin ise distk
olmast istenir (Demir, 2015). KCU ikameli
biskivilerin ¢ap degerleri 72.20 mm ile 77.90 mm
araliginda degisim gostermistir. KCU  ikame
oraninin artigina bagli olarak bisktvilerin ortalama
cap degerlerinde artis meydana gelmistir (P <0.05)

(Gizelge 3). Bu sonu¢, KCUnun yag iceriginin
yiksek olmast ve un- KCU karisimlarinda
glutenin seyrelmesi ile aciklanabilir. Aycicegi
cekirdegi unu (Grasso vd., 2019) ve mandalina
kabugu tozu (Ojha ve Thapa, 2017) gibi gida yan
triinlerinin kullanmildigi calismalarda da ¢apta artis
oldugu bildirilmistir. KCU ikamesinin biskiivilerin
ortalama kalinlik degerleri tizerinde etkisinin
istatistiksel acidan 6nemli olmadigt (P >0.05),
yayllma orani degerleri Uzerinde ise Onemli
derecede etkisinin oldugu belitlenmistir (P <0.05).
KCU ikamesi ile biskiivilerin yayilma oranlar
artmis, kalinliklarinda ise azalma olmustur.
Bisktvide yayilma orani, biyik Ol¢lide hamur
viskozitesine baghdir (Baumgartner vd., 2018).
KCU ikameli bisktvilerde artan yayilma orani
hamur viskozitesinin azalmast ile aciklanabilir.
Captaki ve yayilma oranindaki artis ile kalinlik
degerindeki azalma literatlirdeki diger calismalarla
da uyumlu bulunmustur (Baumgartner vd., 2018;
Kaur vd., 2019; Yagci, 2019). Ayrica, Miller vd.
(1996) gluten yapisinin hamur karistirma sirasinda
olugsmadigini, pisme strasinda gbriinir bir camst
gecisiyle (glass transition) stirekli bir ag
olusturdugunu belirtmistir. Biskiivi hamurunun
yayllmasi, bu ag, biskivi  hamurunun
genislemesini durduracak kadar yeterli oldugunda
durmaktadir. Dolayisiyla KCU, bu olguyu yani
gluten yapisint zayiflatarak biskiivilerde yayilma
oranin artmasina neden olmus olabilit.

Biskiivilerin fonksiyonel 6zellikleri

Bisktvi Orneklerinin toplam besinsel lif (TBL),
toplam fenolik madde (TFM), antioksidan aktivite
(DPHH radikalinin inhibisyon yiizdesi) ve fitik
asit  degerleri  Cizelge 4'te  gOsterilmistir.
Formiilasyona KCU ikame edilmesi biskiivilerde
TBL, TFM ve antioksidan degerlerinde 6nemli bir
artisa neden olmustur (P <0.05). Bu artisa sebep
olarak, KCUnun TBL, TFM ve antioksidan
miktatlarinin BU’ya g6re daha yiiksek olmast
gosterilebilir  (Cizelge 2). KCU ikameli tim
biskiivilerin TBL, TFM, antioksidan ve fitik asit
degerleri  kontrol biskiivisinde tespit edilen
degerlerden daha yiiksek bulunmustur. Kontrol
ile karsilastirildiginda, %50 KCU ikamesi ile
zenginlestirilmis  biskiivilerin  toplam  fenolik
icerigi yaklastk %99.56 oraninda daha yiiksek
bulunmustur. Bisktvilerin toplam fenolik madde
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igeriklerindeki 6nemli farkliliklar, bugday unu
yerine farkll seviyelerde mango kabugu ve
cekirdek tozu kullanarak biskiivi treten Ashoush
ve Gadallah (2011) tarafindan da gosterilmistir.
Calisma kapsaminda dretilen tim biskiviler
igerisinde en yiiksek TBL degeri (%18.58), TFM
degeri (768.30 mg/kg) ve antioksidan degeri
(%25.42) %50 KCU ikameli Ornekte tespit

edilmistir. Besinsel lif, diyabet, kardiyovaskiler
hastaliklar, kabizlik, apandisit, hemoroid ve kolon
kanseri gibi gesitli hastaliklara karst koruyucu bir
etkiye sahiptit (Peter-Ikechukwu vd., 2018).
Sonuclar 6nceki calismalarda bildirilen sonuclarla
da uyumlu bulunmustur (Kaur vd., 2019; Nakov
vd., 2018; Molinari vd., 2017; Gl vd., 2013).

Cizelge 4. Biskivilerin fonksiyonel 6zellikleri
Table 4. Functional properties of cookies

Ozellikler
Properties

KCU orant (% w/w)
WSE ratio (Yo w/w)

0 10

30 40 50

TBL (%12
TDF (%)
TFM
(mg/kg)'
TPC (mg/ kg)
Antioksidan
aktivite (%
inhibisyon)
Antioxidant
activity

(%o inhibition)
Fitik asit
(mg/g)!
Phytic acid
(/9

5.69+1.224 6.90+1.164

38.50£1.16¢  51.49+2.32d

214441754 22.32+1.61<«

0.6410.06¢ 1.1940.044

9.4510.87¢

53.65+£1.774

22.7741.79bcd

2.04%0.06¢

13.89+0.16>  15.03%£0.06>  18.58+2.33¢

66.05£0.18¢  72.22+1.10>  76.831£0.57%

23.95£0.782>c  24.38+0.28">  25.4240.372

2.221+0.09¢ 2.54£0.09> 3.09%0.112

Cizelgede, aynt satirda farkli harfle gésterilen degerler arasindaki farklar 0.05 giiven sinirina gére 6nemlidir, Iz the
table, differences between values shown with different letters in the same line are significant compared to the 0.05 confidence level; 'Kuru
madde tizerinden hesaplanmustir, 'Caleulated on dry matter bases; Toplam besinsel 1if, *Total dietary fiber; *Toplam

fenolik madde, *Total phenolic content

Fitik asitin bitkiler icin ¢ok 6nemli fonksiyonlart
olmasina karsin insan vicudunda bir takim
olumsuzluklart bulunmaktadir. Bunlarin basinda
Ca, Fe, Zn, Mn gibi bazt esansiyel minerallerle
kompleks olugturarak bunlarin absorpsiyonunu
engellemesi gelir. Ayrica fosforun buytk bir
kismuni fitat fosforu olarak biinyesinde baglayarak
veya bazi amino asitlerle interaksiyona girerek de
etkili olabilmektedir (Egli vd., 2004; Hurrell,
2003). Bu acidan bakildiginda gidalarda miktarinin
distk olmast istenir. Bununla birlikte fitik asidin
karsinogenezi Onlemede antioksidan olarak
diyette olumlu etkisinin oldugu bir¢ok arastirmact
tarafindan bildirilmistir. Bu nedenle gidalardaki
fitik asit iceriginin belirlenmesi vazgecilmezdir
(Addo vd., 2018). Ancak, yararl etkiler ortaya

ctkarmak icin insanlar icin dozaj bilgisi sinirhdir
(Aktas ve Levent, 2018). Biskiivi 6rneklerinin fitik
asit icerigi 0.64 ile 3.09 mg/g arasinda degismistit.
KCU ikamesi fitik asit miktarinda 6nemli bir artisa
neden olmustur (Cizelge 4). Bu sonuglar Bello vd.
(2008), Egbuonu (2015) ve Addo vd. (2018)

tarafindan rapor edilen sonuclarla desteklenmistir.

Biskiivilerin renk ve tekstiirel 6zellikleri

Fiziksel yapi, koku ve renk 6zellikleri biskiivilerin
tiketiciler  tarafindan  kabul  edilebilirligini
etkileyen ana Ozelliklerdendir. Bu nedenle
dreticiler icin temel hedef, bisktivi iretiminde
cesitliligini  artirmak  icin  kullanilan
bilesenlerin albeniyi bozmamasidir (Ertas ve
Aslan, 2020). Biskiivilerin rengi temel olarak

uran
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Maillard reaksiyonuna atfedilir. Bu reaksiyon

gruplariyla reaksiyona girmesi ile gerceklesir

pisme sirasinda yiiksek sicakligin etkisiyle indirgen (Hadiyanto vd., 2007).
sekerlerin ~ ortamdaki  proteinlerin  amino
Cizelge 5. Biskiivilerin renk ve tekstiirel 6zellikleri
Table 5. Color and textural properties of cookies
. KCU orant (% w/w)
Ozellikler WSF ratio (% w/w)
Properties
10 20 30 40 50
L* 52.5016.58* 48.1014.13>  42.89+£1.80b>c  38.0010.22¢d  37.40%1.61<d  35.6012.284
a 10.47£1.44*  9.1510.84 8.4510.24bc 8.3610.42b¢ 7.24£0.78¢ 7.18%0.79¢
b 21.73+2.500  19.43%£1.56>  16.96£1.10¢  14.46£0.724  13.84+1.02¢ 12.88+(0.824
Serdik (N) 31.70£0.49*  27.03+4.65*  26.69%£5.95* 24.32+11.88 23.891+6.92*  22.54%1.272
Hardness (N)
fanlgankk (mm) 0 161003 300540710 394440240 309850500 395140472 3921%0.18

Fracturability(mm)

Cizelgede, aynt satirda farkli harfle gésterilen degerler arasindaki farklar 0.05 giiven sinirina gére 6nemlidir, Iz the
table, differences between values shown with different letters in the same line are significant compared to the 0.05 confidence level

Cizelge 5’te verilen renk degerlerine bakildiginda;
KCU  ikamesiyle tretilen biskivilerin =~ L*
(parlaklik), b* (sarilik) ve a* (kirmuzilik)
degerlerinin azaldigi tespit edilmistir (P <0.05). En
yiksek parlaklik ve sarilik degerleri, kontrol grubu
orneklerde tespit edilmistir. Genel olarak, KCU
ikame oranlarinda artisa gidilmesi, son Urin
renginde degisimlere sebep olmus, daha mat, daha
kirmizt  renkli bir Urin  elde edilmistir.
Bisktvilerdeki mat ve koyu rengin karpuz
cekirdeginin dogal renginin koyu olmasina da
baglanabilir (Cizelge 2). Giuberti vd. (2018)
yapmus  olduklart  ¢alismalarinda,  biskiivi
tretiminde yonca tohumu unu kullaniminin son
triin rengini etkiledigini, daha koyu ve daha az sar
triinlerin elde edildigini bildirmislerdir. Chevallier
vd. (2000), parlaklik (L*) degeri ile protein icerigi
arasinda negatif iliski oldugunu bildirmislerdir.
KCUnun protein igeriginin yitksek olmast
nedeniyle formilasyona ikame edildiginde
Orneklerin patlaklik degerleri diigmiis olabilir.
Ayrica bu dusiistin Maillard reaksiyonunun KCU
ikameli Orneklerde daha fazla gerceklesmesine
baglanabilir. Cinki karpuz c¢ekirdegi oldukca
yiksek seker icerigine sahip oldugundan (Ubbor
ve Akobundu, 2009; Ho ve Abdul Latif, 2010),
Maillard reaksiyonu icin substrat
olusturabilmektedir.

Bisktuvinin deformasyona karst gosterdigi direng
olarak tanimlanan sertlik ve kirlganlhk gibi

tekstlirel Ozellikler, firn drtnlerinde oldukea
onemli parametrelerdir (Ahlborn vd., 2005).
Ayrica  tlketici  kabuliinii  etkileyen  ana
parametrelerdir. Calisma kapsaminda Uretilen
bisktivilerde, KCU ikamesi ile sertlik o6lcim
degerleri azalmistr (Cizelge 5). Bu azalma
istatistiksel acidan 6nemli bulunmamistir (P
>0.05). Pareyt vd. (2008) yaptiklart bir ¢alisgmada
biskiivi hamurlarinda gluten igerigiyle iliskili
kabarma ve yogunluk degisimine bagl olarak
sertlik degetlerinin azaldigini tespit etmislerdir.
Buna gére KCU ikameli biskiivilerdeki sertlik
degerinin disme nedeni KCU kamesine bagl
olarak gluten miktarinin azalmasina ve yag
miktarinin  artmasina baglanabilir. Bisktvilerde
KCU kullanilmastyla sertlik degerlerinde gorilen
bu disis, ayrica diyet lifi igeriginin artmastyla da
iliskilendirilmistir. Diyet lifi, ytksek su tutma
kapasitesinden dolayt daha yumusak bir biskiivi
dokusu olusturmaktadir. Aslam vd. (2014)’e gére,
biskivilerin = sertliginin, gluten proteininin su
molekilleri ile etkilesimi sonucu olusan gluten
aginin gelismesinden etkilendigini ve dolayisiyla
gluten miktarinin azaltdmasiyla sertlik degerinin
dismesine neden olabilecegini belirtmislerdir.
Kaur vd. (2017) ¢alismalarinda % 10 ve 20
oranlarinda kavrulmus keten tohumu unu ikame
edilmis biskiivilerin sertlik degerlerini sirasiyla
13.41 N ve 12.01 N olarak belirlemislerdir. Diger
bir calismada, biskivi formiilasyonuna artan
oranlarda dulavratotu kéki unu (burdock root
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flour) ikamesinin biskiivilerin sertlik degerlerini
dastirdigh rapor edilmistit (Moro vd., 2018).
KCU ikamesinin biskiivi 6rneklerinin kirilganhgt
tzerinde 6nemli bir etkisi olmamistir. Bisktvilerin
kirllganlik degerlerinde istatistiksel olarak benzer
sonuglar (P >0.05) gézlenmistir.

Biskiivilerin duyusal 6zellikleri

dokunma veya isitme duyularinin tepkilerini
olusturan, Olcen, analizleyen ve yorumlayan bir
disiplindir (Onogur ve Elmaci, 2011). Gida
driinlerinin -~ duyusal ~ Ozellikleri,  tiiketicilerin
kabuliinde ¢ok 6nemli bir rol oynamaktadir.

KCU ikameli biskiivilerin duyusal ézelliklerine ait
degerler Cizelge 6’da verilmistir. Degerlendirilen

Duyusal  degetlendirme,  gidalarin  ¢esitli ~ parametrelerde biskiivi 6rnekleri arasinda 6nemli
karakteristiklerine ~ gérme, koklama, tatma, farkldiklar (P <0.05) saptanmustir.
Cizelge 6. Biskiivilerin duyusal 6zellikleri
Table 6. Sensory properties of cookies
. KCU orant (% w/w)
I())zellrl;(.ler WSE ratio (%o w/w)
roperties 0 10 30 40 50
Iéj/rj; 4.10%0.14a 4.00%0.28a 3.7520.07a  3.30£0.28> 3.20£0.28>  3.00%x0.00b
Goriinis 47540.07:  4.20+0.14>  3.70+0.14c  3.60+0.14c  3.50+0.28  3.00+0.144
Appearance
Sertlik 4.25%+0.072 4.35+0.072  4.05+0.21>  4.00£0.14>  3.60%£0.14c  3.42%0.074
Hardness
Tataroma ) 101008 4054007 3954007+ 3704014 29040145  2.70+0.14b
Taste-aroma
Genel kabul
edilebilitlik
Overall 3.85£0.07a>  4.00+£0.000  3.80%£0.14a>  3.65£0.07>  3.15%£0.07¢  3.05%0.07¢
acceptability

Cizelgede, aynt satirda farkli harfle gésterilen degerler arasindaki farklar 0.05 giiven sinirina gére 6nemlidir, In the
table, differences between values shown with different letters in the same line are significant compared to the 0.05 confidence level

KCU ikamesi, biskiivi 6rneklerinin tim duyusal
Ozellik puanlarinda genel olarak bir disiise neden
olmustur. Bu durumun 6zellikle 6rneklerin mat ve
koyu renkli olmasindan ve karpuz cekirdeginin
aromasindan  kaynaklandigt  distintlmektedir.
Renk, kabul edilebilirlik tzerindeki etkisi
nedeniyle herhangi bir gida icin 6nemli bir duyusal
Ozelliktir.  Cizelge 6 incelendiginde dretilen
biskiivilerin panel tyelerinden aldiklart renk
degerleri 3.00-4.10 arasinda degismistir. Renk
acisindan en ¢ok begeni kontrol biskiivi 6rneginde
gorilmustir. Gorinds  6zelligi  incelendiginde
Orneklerin  panel TUyeleri tarafindan aldiklar
puanlar 3.00-4.75 arasinda degismistir. En yiiksek
puan (4.75) kontrol biskiivisine verilitken, en
distk puan (3.00) %50 KCU ikameli biskiivi
Ornegine verilmistir. Cizelgeden de gorildiigi gibi
tat-aroma ve sertlik acisindan en ¢ok tercih edilen

ornek %10KCU ikameli biskiivi olmustur. Genel
kabul edilebilirlik bakimindan en fazla begeniyi
yine %10 KCU ikameli 6rnek almistir. Seker vd.
(2010), kayist cekirdegi unu ikamesi ile trettikleri
biskiivilerde oran artisi ile birlikte bunlarin genel
duyusal degetlerinin, kontrol biskivilerinden ¢ok
farklt olmadigini ve bunlarin kabul edilebilir
oldugunu bildirmislerdir. Yine yapilan baska bir
calismada, diyet lif ikamesiyle biskiivilerin renk,
tat, yapt ve toplam kabul edilebilirlik puanlatinin
dustigu bildirilmistir (Uysal vd., 2007).

SONUC
Bu calismada, KCU ikamesinin biskivi kalitesine
etkisi arastirtlmistir.  Biskivi formiilasyonuna

KCU ikamesi kiil, protein, yag, besinsel lif, toplam
fenolik madde, antioksidan ve fitik asit icerigi
bakimindan &rneklerin fonksiyonel 6zelliklerini
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arturmustir.  Karpuz  ¢ekirdeginin - koyu  rengi
biskivilerin daha koyu ve daha kirmizi renkte
gorinmesine neden olmustur. KCU ikamesi
Orneklerin tim duyusal 6zellik puanlarinda genel
olarak bir disiise neden olmus ancak duyusal
formdaki “Bu triind tiketir misiniz?” sorusuna
tim panelistler “evet, karpuz ¢ekirdegi unu
ikameli  biskiiviyi  tliketebiliriz”  cevabi
yazmuslardir.  Sonug olarak, KCUnun biskivil
formiilasyonunda kullaniminin 6zellikle besinsel
Ozellikleri (toplam besinsel lif, toplam fenolik
madde ve antioksidan aktivite) arttirdigr ve
KCUnun biskiivi zenginlestirilmesinde
fonksiyonel bir bilesen olarak kullanilabilecegi
sonucuna varilmistir. Bulgular KCUnun, protein
icerigi diisiik olan geleneksel unlari takviye etmek
icin kullanilabilecegi ve protein bakimindan
yetersiz beslenmenin azaltilmasina yonelik 6nemli
bir adim olabilecegi sonucunu distindirmistir.
Ayrica KCUnun sergiledigi yiksek fonksiyonel

Ozellikler  nedeniyle  gida  sistemlerinde
uygulamalarinin ~ arttirldmast  gerektigi  de
onerilebilir.

CIKAR CATISMASI BEYANI
Yazar, bu makale ile ilgili baska kisi veya kurumlar
ile ¢tkar catismasi olmadigint beyan eder.
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ABSTRACT

The aim of this research is to investigate the effects of essential oils on the mechanical and antimicrobial
properties of protein-based edible films. Clove and apricot oils were added to whey protein isolate (WPI)
solutions and were named C-WPI and A-WPI, respectively. Kagar cheese was chosen as a food sample to
investigate the behavior of modified films on a food product. It was observed that the oil-protein interaction
increased the elasticity but decreased the strength of the emulsified films. The incorporation of oil into the
film matrix resulted in a more opaque appearance but also increased thermal stability. It was detected that
both types of essential oils impart antimicrobial properties of the films, but clove oil is more effective than
apricot oil. In conclusion, the successful antimicrobial properties of the modified WPI film make it a
potential packaging material, especially for food products prone to microbiological spoilage.

Keywords: Whey protein isolate, clove essential oil, apricot essential oil, active film, texture profile analysis,
Kagar cheese

KARANFIL VE KAYISI ESANSIYEL YAGLARI iLE AKTiF HALE GETIRILMIS
PEYNIIR ALTI SUYU PROTEINI IZOLAT BAZLI YENILEBILIR FILMLER

0z
Bu arasgtirmanin amaci, ugucu yaglarin protein bazli yenilebilir filmlerin mekanik ve antimikrobiyal
Ozelliklerine etkilerini arastirmaktir. Peynir altt suyu protein izolatt (WPI) soliisyonlarina karanfil ve
kayisi yaglari eklenerek sirastyla C-WPI ve A-WPI olarak adlandirildi. Modifiye filmlerin bir gida
triind Uzerindeki davranisint arastirmak amactyla gida 6rnegi olarak Kasar peyniri secilmistir. Yag-
protein etkilesiminin emiilsifiye filmlerin elastikiyetini arttirdigt ancak mukavemetini azalttig
gozlendi. Yagin film matrisine dahil edilmesi, daha opak bir gériinime neden oldu, fakat ayni
zamanda termal stabiliteyi de arttird1. Her iki ugucu yag tirinin de filmlere antimikrobiyal 6zellikler
kazandirdigr ancak karanfil yaginin kayisi yagindan daha etkili oldugu belirlendi. Sonug¢ olarak,
degistirilmis WPI filminin basarili antimikrobiyal 6zellikleri, onu 6zellikle mikrobiyolojik bozulmaya
yatkin gida tirtinleri icin potansiyel bir ambalaj malzemesi haline getirmektedir.
Anahtar kelimeler: Peynir alti suyu proteini izolati, karanfil esansiyel yag1, kayist esansiyel yagi, aktif
film, mekanik 6zellik, tekstiir profil analizi, Kagar peyniri
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Protein films modified with essential oils

INTRODUCTION

Kagar cheese, pasta-filata type of cheese, is one of
the most preferred cheese type in Turkey (Sefa et
al., 2020). The fresh Kasar cheese is produced
from pasteurized milk (sheep or cow's milk) and
it is sold as un-ripened (Eroglu et al, 2010).
Although mold growth is not so expected in
fermented milk products, it has been the main
problem in Kagar cheese. The having color,
structural and aroma defects caused by mold
growth lead to economic loss (Erdogan et al.,
2001). There have been different techniques to
prevent losing cheese due to especially microbial
growth, however some needs direct incorporation
of antimicrobials into cheese or dipping cheese
into antimicrobials solutions, etc. In order to
ensure microbial food control, it is essential to use
preservatives in the industry. Essential oils are
natural, non-synthetic bioactive substances. The
antimicrobial and antioxidant activities of these
environmentally friendly substances are pretty
high. Hence, essential oils can be utilized to save
perishable foods from microbial spoilage
(Feyzioglu and Tornuk, 2016). The most essential
oils are classified as food flavorings, however,
they have antimicrobial properties also (Baczek et
al., 2017). The researches in food packaging
mainly focus on developing packaging materials
safe to contact to foods itself and including some
natural agents like essential oils especially with
anti-microbial properties which enhance food
safety in terms of human health and to extend
their shelf life (Mahcene et al., 2020; Mahcene et
al,, 2021). Essential oils obtained from plants and
spices are widely used in the development of
antimicrobial biodegradable films and coatings
(Lee et al, 2019). They contain active
antimicrobial compounds such as phenols and
terpenes (G. Al-Hashimi et al., 2020). Eugenol,
carvacrol, and thymol are phenol compounds
found naturally in cinnamon, cloves, sage, and
thyme (G. Al-Hashimi et al., 2020). They can be
utilized safely as food additives, since these
compounds are classified as GRAS by the FDA
(Food and Drug Administration) (Haro-Gonzalez
et al.,, 2021). In this study, oil of clove -an herb
based extract- which is very rich in especially
eugenol was utilized as an antimicrobial agent. In
some previous studies, clove essential oil was

tested on different medias and proved to have a
very good inhibitory effect on L. monocytogenes,
Campylobacter jejuni, Salmonella Enteritidis, Escherichia
coli and Staphylococcus anrens (Radinz et al., 2019).
Hugenol is used as a food additive and classified
to be a safe substance according to the United
States (FDA) (Haro-Gonzalez et al., 2021). It was
reported that according to chemical composition
analysis, clove has different 36 components. The
highest component is eugenyl with the value of
88.58%; eugenyl acetate (5.62%) and B-
caryophyllene (1.39%) are the other two highest
ones, respectively. Some of the other
components, which are less than one percent in
proportion, are 2-heptanone, ethyl hexanoate,
humulenol (0.27%) and calacorene (0.11%). The
other type of essential oil preferred in this
research is apricot oil. Apricot (Prunus Armeniaca
L. (Rosaceae)) is a valuable fruit plant also used in
the pharmaceutical/medicine industry. Prunus
Armeniaca L. (Rosaceae) is a good source of natural
sugar. The plant is a good source of polyphenols,
fatty acids, sterols, carotenoids and volatile
substances. Apricot has been the subject of many
studies due to its important active properties such
as anti-microbial, anti-oxidant, anti-mutagenic,
anti-inflammatory and reducing effect on several
enzymes (Wang et al., 2020). Active and green
packaging approach can be a good alternative for
food industry. Since it is possible to release the
antimicrobial compound from the packaging
material over along period of time, as in the active
packaging system, this activity can also continue
throughout the transportation and storage period
of the food system. Packaging material
supplemented with antimicrobial agents can
prevent microbial contamination of food by
minimizing both the growth rate and the
maximum growth population. Additionally,
prolonging the lag-phase of the main (target)
microorganism or inactivating it by contact are
other possible pathways that active films provide
for food preservations (Yemis et al., 2017). Itis a
fact that active packaging technology is a rapidly
developing system, but more research is needed
on the rheological and microbiological effects of
these approaches on packaged foods, especially
considering nutritional quality and human safety
(Firouz et al., 2021).
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This work attempts to investigate the effect of
incorporating two different essential oils (clove oil
and apricot oil) into whey protein isolate films.
Mechanical, physical and structural properties of
the modified films were evaluated and the films
were applied to fresh Kasar cheese samples by
dipping methods to test their success on a food
material. Microbial and structural changes of
uncoated (control) and coated cheese samples
stored at 4°C were monitored periodically for up
to one month. Although there have been some
studies in the literature on the characterization of
edible films, there has been very limited research
on food applications. This study will contribute to
the literature by adding apricot and clove oils to
the whey protein isolate film system for the first
time and providing a solution for Kagar cheese,
where mold growth is a problem.

MATERIAL AND METHOD

Whey protein isolate (98% protein content) was
purchased from Davisco International Inc. (Le
Sueur, MN). Water was double distilled and the
plasticizer glycerol (88% purity) was from Sigma-
Aldrich (St. Louis, USA). Essential oils of clove
and apricot were obtained from a local market in
Gaziantep. Fresh Kagar cheese samples were
kindly provided from a local firm immediately
after its production. All cheeses had the same
production date and composition.

Experimental Studies

The study was performed within two sections. In
the first section, WPI based edible films with
essential oils (active films) and without essential
oils (control and pure WPI films) were prepared,
after that their physical properties were detected.
The amount to be used was determined according
to our preliminary studies, and since the use of
extra emulsifying agents was not preferred, it was
decided to use the minimum percentage of
essential oil that gives good antimicrobial results.
In the second section, the application of WPI
films on a model system; Kasar cheese was
investigated.

Whey Protein isolate-based film preparation
Aqueous solution of 4% (w/w) WPI was
produced by blending WPI powder in distilled

water. Prepared mixtures were put in a 90°C water
bath and kept for 30 minutes. Then, the mixtures
were cooled to 24°C (room temperature), after
that 7% (v/v) amount of glycerol was added.
Clove and apricot essential oils were added with
4% (v/v) ratios as essential oil concentration per
film solution (100 mL of solution contains 4 gr
WPI, 7 mL glycerol and 4 mL essential oil). It was
homogenized vigorously for 2 min at 20,000 rpm
using a homogenizator (IKA T18 Ultra Turrax,
Staufen, Germany). 15 mlL of solutions were
spread on 15 cm? glass plates and waited to dry
under ambient conditions (23 + 2°C and 40 + 5%
relative humidity) for 24 hours then dried film
samples were peeled. Conditioning for the
samples was done at 23 £ 2°C and 40 £ 5%
relative humidity (Kaya and Kaya, 2000).

Film characterization

Texture Analyzer (Stable Microsystems, TA-XT?2i
model, Godalming, UK) was utilized to measure
the strength and elasticity characterization of
edible films (Erdem, 2023). Brightness were
tested with the device of BYK Gardner Micro-
gloss 45 and opacity was determined by Diffusion
Systems (M57D) (Kaya and Kaya, 2000).
Transmission infrared spectra of the films were
evaluated by Perkin Elmer Spectrum 100 (Perkin
Elmer Ltd, Beaconsfield, UK) (Rai and Poonia,
2019). Thermogravimetric analysis (TGA) was
made with Perkin Elmer Precisely, TGA 4000.
Samples for TGA measurements were prepared
from several pieces cut from the films to a mass
of about 6 mg and placed in capsules of the
analyzer. Data were taken at temperatures
between 20°C and 800°C. The heating rate was
set at 10°C/min (Sukyai et al., 2018).

Application of WPI edible film on Kasar cheese

To provide full covering of cheese samples with
the edible films, dipping techniques were
performed using WPI edible coating solutions
which have the same composition of the films
(Reyes-Avalos et al., 2016). WPI based coating
solutions were used to coat Kasar cheese samples.
Fresh Kasar cheese samples were sliced to the
same width and length (2.5 cm x 2.5 cm) but 1.3
cm in height. The prepared cheeses were stuck on
toothpicks and then coated by dipping method
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(Figure 1). They are dipped into film solutions
two times, each lasting 1 min. Ten set of samples
were prepared, each set was formed with five
uncoated, five WPI film coated, five A- WPI
(WPI based film containing apricot essential oil)
coated, five C-WPI (WPI based film containing
clove essential oil) coated cheese samples were
placed on each set. Then two sets were used for

microbiological analysis for first day and last day
as initial and final measurements. Weight loss of
uncoated and coated samples was determined
using one set of samples. Others even sets used
for texture and rheological analysis after 1, 2, 3, 7,
14, 21 and 28 days of storage. The samples stored
at 4°C during experiment.

Figure 1. Application of dipping method for coating of cheese samples.

Microbiological analysis of uncoated and coated Kagsar
cheese samples

The total microbial count of cheeses was tested
by the way of standard plate count using spread
technique (Nazim et al, 2013). PC agar was
prepared for 20 petri dishes for four sample
groups; uncoated cheeses, WPI coated cheeses,
A-WPI and C-WPI coated cheeses. 25 g of each
kind of cheese samples were mixed with 250 ml
sterilized (120 £ 1°C for 20 min) 0.1% peptone
water and homogenized for 20 minutes. 10
dilutions of samples were used during experiment.
Petri dishes were incubated at 37°C during 2 days
and observations were given as colony forming
unit per gram of sample (cfu/g sample). This
procedure was applied for initial and final
measurements. Coated samples were waited one
day to make them stable and initial measurement
was made. Final measurement was made at 28th

day.

Texture profile analysis (TPA) of Kagar cheese samples
A texture analyzer model TA-XT2i (Stable
Microsystems, UK) was used for measuring
texture profiles of all of the cheese samples,

uncoated (control) and coated (Erdem and Kaya,
2022). Measurements of coated samples were
made on days 1, 2, 3, 7, 14, 21 and 28 of storage.
Measurement conditions were adjusted as test
speed 1 mm/s and 10% strain. Rectangular
shaped probe was used with dimension 4 x 5cm.
Temperature of texture analyzer was adjusted as
10°C. Temperature control was made by using
Peltier apparatus X'T/PP. This apparatus provides
acceptable surface temperature to measure small
and weak products like adhesive which sensitive
to compression.

Determination of weight loss of uncoated and coated Kagsar
cheese samples

After film solution dried on cheese samples the
initial weights were obtained. Five samples of
each C-WPI, A-WPI, and WPI coated and
uncoated cheese were numbered and placed on
refrigerator (4°C). Cheese samples were weighted
periodically using a sensitive scale with a
sensitivity of 0.0001g (XB220A, Precisa) (Reyes-
Avalos et al., 20106).
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Statistical Analysis

Statistical analysis were performed using analysis
of variance (ANOVA) to examine the effect of
essential oils on edible films and effect of these
film types on cheese structure and microbial
growth by using SPSS software (v.16.0.0). One
way ANOVA was used to compare means of
parameters and Duncan test was applied as post-
Hoc test. The results were tabulated as the mean
+ standard deviation (n = 5).

RESULTS AND DISCUSSION

Mechanical Properties

The maximum stress in an edible film can be
determined by mechanical tensile strength testing,
Tensile strength (TS) refers to the extent of film
integration as well as the potential for heavy-duty-
use. The percentage of elongation at break (EB) is
an indicator of the stretching ability of the film
(Erdem and Kaya, 2022). Mechanical property
observations of the studied samples are given in
Table 1. Neat WPI film showed the highest (1.87
MPa) and A-WPI had the lowest (1.01 MPa) TS
values. The observation of lower TS for modified
films could be attributed to reduced protein-
protein interactions between polymer molecules
due to the presence of the essential oils. It was
determined that addition of both clove and

apricot essential oils into the edible film matrix
was found to increase EB (Table 1). The elastic
modulus values of C-WPI and A-WPI films were
significantly lower than neat WPI, so it is a fact
that oil incorporation into film matrix had a more
pronounced effect on this property than the
tensile strength. McHugh and Krochta (1994)
have investigated the properties of whey protein
based films made of high glycerol content and
reported statistically low tensile strength and high
elongation at break (McHugh and Krochta, 1994).
In a similar way, higher elasticity was observed in
some previous studies with lipid incorporation
into film matrix system (Erdem et al., 2019; Rai
and Poonia, 2019). Essential oil addition may
have resulted in development of a heterogeneous
film structure due to non-uniform oil dispersion
on the film surface and offering some
discontinuities of the film structure. Therefore,
this may have changed stretching ability of the
film. Also, since clove and apricot essential oils
used in the study are liquids at room conditions,
they might be placed in the matrix in the form of
easily deformable oil droplets and this might
increase the extensibility of the film (Galus, 2018).
This means used essential oils were bound with
WPI and this provided increase in percent
elongation of the films.

Table 1. Mechanical and optical properties of edible films.

Film Type Tensile Elongation at Elongation
Strength Break Modulus Brightness Opacity
(MPa) ) (MPa)
WPI 1.87 + 0.122 84.85 + 7.21 30.94 + 2200 90.67 +2.18 15.67 + 2.902
A-WPI 1.01 £ 0070 99.73 + 13.43c 117 £ 039 51.67 + 1.31c  34.67 + 7.21¢
C-WPI 115+ 007>  164.34 +24.84>  717+1.05>  71.00 £1.21> 26.50 + 1.50°

Values were given as mean T standard deviations. Different superscript letters in the same column indicates
statistical differences (Duncan’s test, « < 0.05), (WPI: whey protein isolate based edible films, C-WPI: clove
essential oil incorporated whey protein isolate based edible films, A-WPI: apricot essential oil incorporated whey

protein isolate based edible films.)

Optical Properties

Optical properties of samples were tabulated in
Table 1. According to the results, it was
understood that there was an inverse relation
between brightness and opacity. WPI film had the
highest brightness and transparent structure;
however opacity increased with essential oil

addition. Table 1 presented that A-WPI was
found to be more opaque (34.67) than C-WPI
(26.50). It has been reported that the
heterogeneity and/or accumulation of oil
particles promoted poor transparency, resulting in
reduced UV light transmission in the film matrix
(Erdem, 2023). It is important to note here that
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the WPI films contain two types of plasticizers,
glycerol and water, as well as the addition of
essential oils, making these systems quite complex
from a structural and  physicochemical
perspective. Additionally, some incompatibility
between the different film forming resources such
as polysaccharide-lipid or protein-lipid could
affect the amount of light passing through the
film specimen and decreases the transparency.
Actually, higher opacity could be a desired
property for emulsion based edible films to lessen
the oxidative degradation reactions and preserve
the packed food (Galus, 2018).

Fourier Transforms Infrared Spectroscopy (FTIR)

FTIR spectroscopy was used to study the
interaction between WPI film matrix and essential
oils. The spectra of the WPI films with two
different essential oils (clove and apricot) are
presented in Figure 2. The absorption peak at
around 3300 cm™! showed —OH stretching
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vibration and the C—H stretching band at around
2950 cm™! for film specimens. In the present
study, the bend of amide I, amide II and amide II1
were determined at about 1630 cm~1!, 1530 cm™!
and 1240 cm™!, respectively. The main
components of the clove oil is eugenol, which
contains phenolic hydroxyl and benzene ring.
Besides, it contains tartaric acid and other
substances. The bigger obtained peak at around
1380 cm™! for C-WPI and A-WPI in the FTIR
spectrum might correspond with the presence of
deformation vibration of eugenol methyl. That
indicated the existence of hydrophilic and
hydrophobic interactions between the polymers
in the film matrix after essential oil incorporation
into protein matrix. It was understood that the
addition of essential oil did not cause a significant
change in natural protein characteristics, but
slightly increased the hydrophobic property.

4000.0 3600 3200 2800 2400 2000

1800 1600 1400 1200 1000 800 650.0
c

Figure 2. Fourier Transform Infrared (FTIR) spectra of films: WPI (black line), C-WPI (red line), A-
WPI (blue line).

Thermogravimetric Analysis (1GA)

Thermogravimetric curves of the WPI, C-WPI
and A-WPI films tested at a rate of 10°C min-!
were represented in Figure 3. All film types
showed similar mass loss tesults, with two main

phases. The 1st stage was observed up to 200°C
and probably occurred due to loss of adsorbed
and/or bound type water. The 2nd stage, which
was related with degradation of protein, was
investigated to observe behavior of the edible
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films with and without the presence of essential
oils. Thermograms showed that the degradation
temperature for all film types was between 150
and 200°C (Figure 3). According to results it was
understood that essential oil addition slightly
enhances the thermal stability of the films.
According to the curve, while C-WPI had the

1094

highest decomposition onset temperature, A-
WPI was found to be the second most thermally
stable film. These thermogram results means that
WPI polymer chain interaction positively affected
from oil addition (Erdem and Kaya, 2021,
Tavares and Norefia, 2019).

90

m I

Weight % (%) —— ——
2 g

W N

ams
-54.08 [ 100 200 300

Temperatur

Figure 3. Thermogravimetic thermograms for WPI
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(red line), C-WPI (blue line) and A-WPI (green

line) films.

Microbiological Analysis

The number of colonies of A-WPI, C-WPI, and
WPI coated and control (uncoated) cheese
specimens were counted and represented in
Figure 4. The some of the treated and untreated
samples were used to measure the initial microbial
loads and the rest of the films were stored at
refrigerator temperature (4°C) for five weeks to
determine the effect of possible antimicrobial
activity of the essential oils on total
microorganisms. It is possible to state that using
clove oil was very effective on eliminating
microbial growth of the cheese samples. With the
comparison of uncoated cheese microbial growth
counts, C-WPI and A-WPI coating caused 98%
and 37% reduction in growth of microorganisms.
By the way, it is possible to say that each of the

essential oils of apricot and clove oil can be used
as an antimicrobial agent because it was
determined that films containing clove and
apricot essential oils has a significant effect to
prevent growth of microorganisms (p < 0.05). It
was understood that the best in preventing
microbial growth in cheese was clove oil. There
was smaller increasing in colony count of C-WPI
and A-WPI coated cheese samples with respect to
their initial count. However microbial growth rate
of uncoated and WPI film coated cheese were
closer to each other. The effectiveness of clove
essential oil against microbial growth when in
direct contact with the inoculated culture had
already been reported by Gofi (2009) (Gofii et al.,
2009). This inhibition ability of clove was due to
high amount of euganol (G. Al-Hashimi et al,,



Protein films modified with essential oils

2020). Erdogan Orhan and Kartal (2011) were
stated that the plant of P. armeniaca was a valuable
inhibitory effect on tested microorganisms which
was proved with the MIC values (31.25 and 500
pg/mL). In their study, the extracted material
from the plant was butanol and Gram (+) bacteria

(especially Micrococcuslutens (MIC 31.25 pg/mL)
were more affected and inhibited from butanol
extract (MIC values 31.25-250 pg/mL) (Erdogan
Orhan and Kartal, 2011).

10000
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8 -
000 EEE final

number of colonies (cfu/g)

C-WPI WPI

6000 -
4000 -
2000 -+
I |

J

A-WPI UNCOATED

Type of cheese samples

Figure 4. Comparison of colony count between initial and final measurements for all type of cheese
samples.

Texture Profile Analysis

Texture Profile Analysis (TPA) test consists of
compressing bite size pieces of food two times in
a motion that simulates the action of jaw, and
extracting from the resulting force time curve a
number of textural parameters. The primary TPA
parameters are  hardness, cohesiveness,
springiness, adhesiveness and gumminess of were
tabulated in Tables 2-7. For all cheese samples
studied, hardness values obtained from texture
profile analysis were increased (Table 2). It has
been known that hardness value of a cheese is
increased with decreasing moisture contents
(Demirhan and Cihangir, 2021). Moisture in the
cheeses acts as a plasticizer and is another
important factor determining the texture. Due to

the hydrophilic nature of whey protein based
edible films, they lost moisture and became harder
than initial they are less effective moisture
barriers. The adhesiveness or ‘adhesive force’ is
defined as the work necessary to overcome the
attractive forces between the surface of the food
and the surface of other materials. It is measured
as the negative area of work between the two
compressions. The adhesiveness of the coated
and uncoated Kagar cheese samples were given in
Table 3. As it can be seen, C-WPI and A-WPI film
coated cheese samples show similar change. This
result dedicates that addition of essential oils
make film different from WPI film. Springiness
can be measured using several ways, but most
typically, by the distance of the detected height of
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the product on the second compression as
divided by the original compression distance.
There was an increasing trend in springiness for
coated cheese samples (Table 4) containing
especially essential oil of clove oil at the beginning
of storage period, however after 14 days
springiness declined. Uncoated sample did not
show an important change during storage period.
This result was in agreement with the texture
profile analysis data as all the cheeses exhibited
similar springiness values WPI and A-WPI coated
cheese samples. Cohesiveness was evaluated by

placing a sample between the molar teeth and
estimating the amount of deformation before
rupture. Cohesiveness, chewiness and gumminess
values of all cheese samples at all studying time
period were closer to each other (Table 5-7).
Changes in cohesiveness, anything that changes
the ability of the proteins to interact with water or
other proteins can also influence cheese
adhesiveness. According to the results obtained, it
was understood that the texture parameters were
affected by time, not the film types.

Table 2. Change in hardness (N) values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film Type 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Uncoated  3580+6.69:  70.36+6.522  59.62+2.722  92.65%4.47+  197.86120.602  177.47+2.942  204.42+7.342
WPI 49.96£17.55>  82.71£4.87> 89.01£3.98> 153.27+9.71> 225.28+10.12> 203.30£7.032>  182.7218.74
A-WPI 30.25£7.822  78.93%2.55% 95.44%3.9G> 134.97£6.78 221.44+21.13> 214.91£19.27>  169.35£9.07b
C-WPI 57.26+£12.65¢  77.98%4.42%>  62.0917.96* 127.66£2.04c 223.66+23.19> 228.25121.85> 247.08+8.45¢

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), (WPI:
whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein isolate based edible
films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)

Table 3. Change in adhesiveness values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film Type 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Uncoated -3.4810.14*  -0.58%0.09* -0.56£0.09* -1.86%£0.41* -3.38%0.16* -1.04£0.25* -3.39£0.63¢
WPI -0.98+0.06> -0.24+0.07> -0.25+0.11> -2.27+£0.29> -3.28%£0.45* -3.69£0.11> -1.04£0.17b
A-WPI -2.1240.09¢  -0.12£0.01¢  -0.17+0.01¢  -1.04£0.28¢ -1.55+0.07> -2.28%0.37¢ -1.67£0.24¢
C-WPI -2.43£0.18< -0.31£0.07¢ -0.34%£0.05¢ -0.99£0.15¢ -3.74£0.27¢ -3.27+0.83¢ -4.13+0.544

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), SE:
Standard error, (WPI: whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein
isolate based edible films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)

Table 4. Change in springiness values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film Type 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Uncoated 0.90%£0.02¢  0.92+0.01>  0.88£0.02*  0.84£0.02*  0.91£0.09*  0.84+0.03*  0.89%0.022
WPI 0.90%£0.01=  0.92+0.01>  0.88%£0.02*  0.90+0.01>  1.09£0.06> 0.89+0.02*  0.89%0.032
A-WPI 0.92+0.02¢  0.91£0.02*  0.91£0.01> 0.89+0.05> 1.05£0.03> 0.93£0.022>  0.87%0.022
C-WPI 1.26£0.04>  0.93£0.02¢  0.92£0.01*  0.90£0.02> 1.14£0.01> 1.04£0.02> 0.95+0.01b

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), SE:
Standard error, (WPI: whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein
isolate based edible films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)
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Table 5. Change in cohesiveness values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film Type 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Uncoated 0.85+£0.02*  0.84+0.01»  0.83+0.01»  0.82£0.01*  0.89£0.02*  0.88£0.01*  0.89£0.022
WPI 0.85+0.01»  0.82+0.03*  0.85+0.01»  0.87£0.01*  0.94£0.02*  0.90£0.01=  0.91£0.01»
A-WPI 0.85+£0.01»  0.82+0.01»  0.84+0.01»  0.86£0.01*  0.92£0.03*  0.90£0.02*  0.88£0.012
C-WPI 0.86+0.022  0.83+0.25*  0.84+0.01»  0.86%0.01*  0.91£0.04*  0.90£0.02*  0.94£0.292

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), SE:
Standard error, (WPI: whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein
isolate based edible films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)

Table 6. Change in chewiness (N) values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Type

Uncoated  31.51+5.752  53.93%5.012 45702160  61.69+4.422  174.64+21.17+ 135.06%£524:  161.61+9.46°
WPI 38.78%13.30>  62.63+4.03> 67.1314.47> 120.80£10.18> 265.21£44.01> 156.16+8.04+> 147.79+11.29>
A-WPI 24.75£7.05¢  58.91+2.48%® 71.89+3.06> 122.62+10.16> 431.33£98.11c  166.50£8.42>  129.17+6.27¢
C-WPI 68.59£26.114  60.26£2.312>  60.19£6.55¢  102.81+3.41c  256.28437.91> 283.80+91.02¢ 221.324+10.83d

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), SE:
Standard error, (WPI: whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein
isolate based edible films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)

Table 7. Change in gumminess (N) values for uncoated and WPI, C-WPI, and A-WPI coated cheese
samples during different storage days.

Film 1st day 2nd day 3rd day 7th day 14th day 21th day 28th day
Type
Uncoated  30.09£6.03¢  58.79%5.47+ 49.96%2.32¢  7538%4.85¢  179.40+22.552  152.24+5452  181.5249.07»
WPI 42.43+114.50>  68.19+4.29>  75.95%£4.08> 133.97+9.75> 221.82+11.86> 176.97£5.66> 165.96+9.49>
A-WPI 26.23%£7.072  64.86£2.692> 79.3313.36>  102.94+7.79¢  211.37423.04> 207.90121.76c 148.75+7.89¢
C-WPI 49.61£10.56c  64.86+3.54>  (66.23%£7.76c  114.50+4.16> 234.57£11.48> 177.27+19.19> 232.45+8.694

Different superscript letters in the same column indicates statistical differences (Duncan’s test, a < 0.05), SE:
Standard error, (WPI: whey protein isolate based edible films, C-WPI: clove essential oil incorporated whey protein
isolate based edible films, A-WPI: apricot essential oil incorporated whey protein isolate based edible films.)

Weight Change

Figure 5 shows the weight loss of coated and
uncoated cheese samples measured during the
storage petiods of samples stored at 4°C. Weight
of samples was decreased sharply within a week
no matter they were uncoated or coated with
WPI, C-WPI and A-WPI films. Then, losing
moisture of the samples was continuous slowly up
to 28 days storage without any important
difference by applying coating types to the cheese
samples. Similar results were found by Perez-
Gago et al. (2005) who coated fresh apple pieces
with the emulsion coatings from whey protein
isolate,  whey  protein  concentrate  or
hydroxypropyl methylcellulose as the hydrophilic
phase, and beeswax or carnauba wax as the lipid
phase, and weight loss were measured during

storage. Their results showed that coating
application did not reduce weight loss in fresh-cut
apples (Perez-Gago et al., 2005). In another study,
protein-sunflower oil based coating application
showed that effective protection on textural
structure of cake by high moisture preservation
ability. The authors reported that after three day
storage while uncoated cake sample had the
highest firmness value (115.02 N), the cake coated
with SPI-oil had the lowest (41.15 N) and this
value was the closest one to the control cake
(21.57 N) (Erdem and Kaya, 2021). The results
obtained in this previous study proved that the
coating application, especially with the increase of
sunflower oil in the coating formulation, helped
prevent moisture loss in the cake samples.
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Figure 5. Weight change of WPI, C-WPI, A-WPI and uncoated cheese samples during storage.

CONCLUSION

In the present study, the WPI film solutions were
enriched with different essential oils was used to
produce bioactive edible films and its application
on Kasar cheese was investigated. Film textural
properties revealed that more elastic films were
obtained with the oils addition and FTIR
spectrum and optical results showed that
hydroscopicity of the WPI film was increased.
With the incorporation of clove oil thermal
stability was improved but a negligible change
occurred in the TPA of the Kasar specimens. In
this study, good antimicrobial activities were
detected for both essential oils in the WPI film
matrix system, but clove oil had by far higher
microbial count reduction results than apricot.
Weight change and/or moisture loss showed the
same trend in all coated and uncoated cheese
samples. In conclusion, both of the C-WPI and
A-WPI film samples produced in this study can
be used as active packaging systems to delay the
antimicrobial reactions in the food products.
However, future studies were needed to ensure

that the packaged cheese also had better textural
properties.

DECLERATION OF INTEREST
The authors declared that there is no conflict of
interest.

AUTHORSHIP CONTRIBUTIONS

Yesil Istk  ERDEM: Formal  analysis,
Investigation,  Validation.  Sevim  KAYA
(Corresponding author): Project administration,
Conceptualization, ~ Writing-Reviewing  and
Editing. Burcu GOKKAYA ERDEM: Writing-
Original draft preparation, Writing-Reviewing
and Editing, Statistical Analysis.

REFERENCES

Baczek, K. B., Kosakowska, O., Przybyl, J. L.,
Pi6ro-Jabrucka, E., Costa, R., Mondello, L.,
Gniewosz, M., Synowiec, A., Weglarz, Z. (2017).
Antibacterial and antioxidant activity of essential
oils and extracts from costmary (Tanacetum
balsamita L.) and tansy (Tanacetum vulgare L.).



Protein films modified with essential oils

Industrial ~ Crops  and  products, 102, 154-163.
https://doi.org/10.1016/j.indcrop.2017.03.009.

Demirhan, O., Cihangir, E. (2021). Van Otlu
Peynirinin Geleneksel Uretim Hikayesi (The Story
of Van-Herby Cheese Traditional Production).
Journal of Tourism & Gastronomy Studies, 9(3), 2286-
2319. https://doi.org/10.21325/jotags.2021.893.

Erdem, B. G., Diblan, S., Kaya, S. (2019).
Development and structural assessment of whey
protein isolate/sunflower seed oil biocomposite
film. Food and Bioproducts Processing, 118, 270-280.
https://doi.org/10.1016/j.fbp.2019.09.015.

Erdem, B. G. (2023). Use of Microwave Drying
for Production of Protein-Oil Based Edible
Films.  Akademik  Gida, 21(3), 274-283.
https://doi.org/10.24323 /akademik-
gida.1382932.

Erdem, B. G., Kaya, S. (2021). Production and
application of freeze dried biocomposite coating
powders from sunflower oil and soy protein or
whey protein isolates. Food chemistry, 339, 127976.
https://doi.org/10.1016/j.foodchem.2020.12797
6.

Erdem, B. G., Kaya, S. (2022). Characterization
and application of novel composite films based
on soy protein isolate and sunflower oil produced
using freeze drying method. Food chemistry, 366,
1307009.
https://doi.otg/10.1016/j.foodchem.2021.13070
9.

Erdogan-Orhan, 1., Kartal, M. (2011). Insights
into research on phytochemistry and biological
activities of Prunus armeniaca L.(apricot). Food
research international, 44(5), 1238-1243.
https://doi.org/10.1016/j.foodres.2010.11.014.

Erdogan, A., Gurses, M., Turkoglu, H., Sert, S.
(2001). The Determination of Mould Flora of
Some Turkish Cheese Types (Kasar, Civil, Loz,
Tulum). Atatiirk Uni. Gida Mithendisligi Fakiiltesi
Erzuram. Pakistan Journal of Biological Sciences, 4(7),
884-885.

Eroglu, A., Toker, O. S., Dogan, M. (2016).
Changes in the texture, physicochemical
properties and  volatile compound profiles of
fresh K ashar cheese (< 90 days) during ripening.

International Journal of Dairy Technology, 69(2), 243-
253. https://doi.org/10.1111/1471-0307.12250

Feyzioglu, G. C., Tornuk, F. (2016). Development
of chitosan nanoparticles loaded with summer
savory (Satureja hortensis L.) essential oil for
antimicrobial ~ and  antioxidant  delivery
applications. LT, 70, 104-110.
https://doi.org/10.1016/j.lwt.2016.02.037.

Firouz, M. S., Mohi-Alden, K., Omid, M. (2021).
A critical review on intelligent and active
packaging in the food industry: Research and
development. Food research international, 141,
110113. https://doi.org/10.1016/
j.foodres.2021.110113.

Galus, S. (2018). Functional properties of soy
protein isolate edible films as affected by rapeseed
oil concentration. Food Hydrocolloids, 85, 233-241.
https://doi.org/10.1016/j.foodhyd.2018.07.026.

G. Al-Hashimi, A., Ammar, A. B., Cacciola, F.,
Lakhssassi, N. (2020). Development of a millet
starch edible film containing clove essential oil.
Foods, 9(2), 184. https://doi.otg/
10.3390/fo0ds9020184.

Gofi, P., Lépez, P., Sanchez, C., Gémez-Lus, R.,
Becerril, R., Nerin, C. (2009). Antimicrobial
activity in the vapour phase of a combination of
cinnamon and clove essential oils. Food chemistry,
116(4),  982-989.  https://doi.org/10.1016/
j.foodchem.2009.03.058.

Haro-Gonzalez, J. N., Castillo-Herrera, G. A,
Martinez-Velazquez, M., Espinosa-Andrews, H.
(2021). Clove essential oil (Syzygium aromaticum
L. Myrtaceae): Extraction, chemical composition,
food applications, and essential bioactivity for
human  health.  Molkcules, 26(21),  6387.
https://doi.org/10.3390/molecules26216387.

Kaya, S., Kaya, A. (2000). Microwave drying
effects on properties of whey protein isolate
edible films. Journal of Food Engineering, 43(2), 91-
96. https://doi.org/10.1016/S0260-
8774(99)00136-3.

Lee, J. Y., Garcia, C. V., Shin, G. H., Kim, J. T.
(2019). Antibacterial and antioxidant properties
of hydroxypropyl methylcellulose-based active
composite films incorporating oregano essential

310


https://doi.org/10.1016/j.indcrop.2017.03.009
https://doi.org/10.21325/jotags.2021.893
https://doi.org/10.1016/j.fbp.2019.09.015
https://doi.org/10.24323/akademik-gida.1382932
https://doi.org/10.24323/akademik-gida.1382932
https://doi.org/10.1016/j.foodchem.2020.127976
https://doi.org/10.1016/j.foodchem.2020.127976
https://doi.org/10.1016/j.foodchem.2021.130709
https://doi.org/10.1016/j.foodchem.2021.130709
https://doi.org/10.1016/j.foodres.2010.11.014
https://doi.org/10.1111/1471-0307.12250
https://doi.org/10.1016/j.lwt.2016.02.037
https://doi.org/10.1016/j.foodhyd.2018.07.026
https://doi.org/10.1016/j.foodchem.2009.03.058
https://doi.org/10.1016/j.foodchem.2009.03.058
https://doi.org/10.3390/molecules26216387
https://doi.org/10.1016/S0260-8774(99)00136-3
https://doi.org/10.1016/S0260-8774(99)00136-3

311

Y.l. Erdem, S. Kaya, B. Gokkaya Erdem

oil nanoemulsions. LIWT, 7106, 164-171.
https://doi.org/10.1016/j.lwt.2019.02.061.

Mabhcene, Z., Khelil, A., Hasni, S., Akman, P. K,
Bozkurt, F., Birech, K., Goudjil, M. B., Tornuk,
F. (2020). Development and characterization of
sodium alginate based active edible films
incorporated with essential oils of some medicinal
plants.  International  Journal  of  Biological
Macromolecules, 145, 124-132. https://doi.org/
10.1016/j.ijbiomac.2019.12.093.

Mahcene, Z., Khelil, A., Hasni, S., Bozkurt, F.,
Goudjil, M. B., Tornuk, F. (2021). Home-made
cheese preservation using sodium alginate based
on edible film incorporating essential oils. Journal
of Food Science and Technology, 58, 2406-2419.
https://doi.org/10.1007/s13197-020-04753-3.

McHugh, T. H., Krochta, J. M. (1994). Sorbitol-
vs glycerol-plasticized whey protein edible films:
integrated oxygen permeability and tensile
propetty evaluation. Journal of Agricultural and Food
Chemistry,  42(4), 841-845. https://doi.org/
10.1021/j£f000402001.

Nazim, M., Mitra, K., Rahman, M., Abdullah, A.,
Parveen, S. (2013). Evaluation of the nutritional
quality and microbiological analysis of newly

developed soya cheese. International food research
Journat, 20(6).

Perez-Gago, M., Serra, M., Alonso, M., Mateos,
M., Del Rio, M. (2005). Effect of whey protein-
and hydroxypropyl methylcellulose-based edible
composite coatings on color change of fresh-cut
apples. Postharvest Biology and Technology, 36(1), 77-
85. https://doi.org/10.1016/
j.postharvbio.2004.10.009.

Radiinz, M., da Trindade, M. L. M., Camargo, T.
M., Radiinz, A. L., Borges, C. D., Gandra, E. A,
Helbig, E. (2019). Antimicrobial and antioxidant
activity of unencapsulated and encapsulated clove
(Syzygium aromaticum, L.) essential oil. Food
chemistry, 276, 180-186. https://doi.org/10.1016/
j.foodchem.2018.09.173.

Rai, S., Poonia, A. (2019). Formulation and
characterization of edible films from pea starch
and casein.  Jowrnal of  Pharmacognosy — and
Phytochemistry, 8(2), 317-321. Reyes-Avalos, M.,

Femenia, A., Minjares-Fuentes, R., Contreras-
Hsquivel, J., Aguilar-Gonzalez, C., Espatza-
Rivera, J., Meza-Velazquez, J. (2010).
Improvement of the quality and the shelf life of
figs (Ficus catica) using an alginate—chitosan
edible film. Food and bioprocess technology, 9, 2114-
2124. https://doi.org/10.1007 /s11947-016-
1796-9.

Sefa, 1., Bozkurt, F., Giner, S., Stimeyra, 1.,

Topalcengiz, Z. (2020).  Microbiological,
physicochemical, textural and volatile
characteristics of traditional kashar cheese

produced in Mus. Harran Tarum ve Gida Bilimleri
Dergisi,  24(4),  409-419.  https://doi.org/
10.29050/harranziraat.703063.

Sukyai, P., Anongjanya, P., Bunyahwuthakul, N.,
Kongsin, K., Harnkarnsujarit, N., Sukatta, U.,
Sothornvit, R., Chollakup, R. (2018). Effect of
cellulose nanocrystals from sugarcane bagasse on
whey protein isolate-based films. Food research

international, 107, 528-535.  https://doi.org/
lO.lOlG/j.foodres.Z(H 8.02.052.
Tavares, L., Norefia, C. P. Z. (2019).

Encapsulation of garlic extract using complex
coacervation with whey protein isolate and
chitosan as wall materials followed by spray
drying.  Food  Hydrocolloids, 89,  360-369.
https://doi.org/10.1016/j.foodhyd.2018.10.052.

Wang, D., Dong, Y., Chen, X., Liu, Y., Wang, .,
Wang, X., Wang, C., Song, H. (2020).
Incorporation of apricot (Prunus armeniaca)
kernel essential oil into chitosan films displaying
antimicrobial effect against Listeria
monocytogenes and improving quality indices of
spiced beef. International  Journal of Biological
Macromolecules, 162, 838-844. https://doi.otg/
10.1016/j.ijbiomac.2020.06.220.

Yemis, G. P., Emiroglu, Z. K., Candogan, K.
(2017). Mercankosk (Oreganum Heracleoticum
L.) Ve Bahce Kekigi (Thymus Vulgaris L..) Ugucu
Yagi Igeren Soya Bazli Yenilebilir Filmlerin
Patojen Bakterilere Karsi Antimikrobiyel Etkileri.
GIDA, 42(3), 268-276. doi: 10.15237/
gida.GD16106.


https://doi.org/10.1016/j.lwt.2019.02.061
https://doi.org/10.1016/j.foodchem.2018.09.173
https://doi.org/10.1016/j.foodchem.2018.09.173
https://doi.org/10.1016/j.foodhyd.2018.10.052

312

Research / Arastirma
GIDA (2024) 49 (2) 312-325
doi: 10.15237/¢gida.GD23139

ACID-RESISTANT LIMOSILACTOBACILLUS FERMENTUMISOLATES
RECOVERED FROM FERMENTED TURKISH SUCUK: SCREENING OF
PROBIOTIC CHARACTERIZATION AND PHYLOGENY

Adalet Dishan”, Zafer Géniilalan®
Yozgat Bozok University, Faculty of Veterinary Medicine, Dept. of Food Hygiene and Technology, Yozgat,
Turkiye
2Erciyes University, Faculty of Veterinary Medicine, Dept. of Veterinary Public Health, Kayseri, Turkiye

Received | Gelis: 13.12.2023; Accepted /Kabul: 18.03.2024; Published online /Online bask:: 28.03.2024

Dishan, A., Gondilalan, Z. (2024). Acid-resistant Limosilactobacillus fermentum isolates recovered from fermented
Turkish Sucuk: Screening of probiotic characterization and phylogeny. GIDA (2024) 49 (2) 312-325 doi: 10.15237/
gida.GD23139

Dishan, A., Goénilalan, Z. (2024). Fermente Turk Sucuklarindan elde edilen aside direncli
Limosilactobacillus fermentum: Probiyotik karakterizasyonu ve filogeninin taranmasi. GIDA (2024) 49
(2) 312-325 doi: 10.15237/ gida.GD23139

ABSTRACT

The present study was conducted to identify acid-resistant lactic acid bacteria from fermented Turkish sucuk,
detect phylogenetic affinities, and probiotic/biotechnological profiles. Samples were collected from popular
fermented meat retail stores in Kayseri (n:20). The selected lactobacilli were exposed to different pH. Isolates
resistant to pH2 were identified by sequencing following the 16s tRNA gene amplification and recorded in
GenBank. The pH2 is distinctive for lactobacilli, as most (61.9%) of lactobacilli were inhibited (P <0.05).
Isolates surviving at pH2 were determined to be Limosilactobacillus fermentum. The survival rates in bile salt,
simulated gastrointestinal juices (between 97.13-106.60%), and autoaggregation, hydrophobicity, and
coaggregation of isolates were statistically significant (P <0.05). L. fermentum S19 was the only isolate capable
of producing exopolysaccharide; S19 had a high autoaggregation and hydrophobicity over 70%. Traditional
Turkish fermented sucuk is a product with enormous potential, containing the newly isolated wild-type L.
fermentum, which stands out for biotechnological/probiotic properties.

Keywords: Acid-resistant, Linosilactobacillus fermentun, sucuk, probiotic

FERMENTE TURK SUCUKLARINDAN ELDE EDILEN ASIDE DIRENCLI
LIMOSILACTOBACILLUS FERMENTUM: PROBIYOTIK
KARAKTERIZASYONU VE FILOGENININ TARANMASI

oz

Bu ¢alismada, geleneksel fermente Tiirk sucugundaki aside direngli laktik asit bakterilerini identifiye
etmek, filogenetik afinitelerini ve probiyotik/biyoteknolojik  profillerini  tespit  etmek
amaclanmaktadir. Ornekler (n:20) Kayseri'deki popiiler fermente et perakende satis yerlerinden
toplanmustir. Secilen laktobasiller farkli pH ortamlatina maruz birakilmistir. pH2'ye direncli izolatlar,
16s tRNA gen amplifikasyonunu takiben dizileme vyapilarak tanimlanmis ve GenBank’a
kaydedilmistir. Laktobasillerin ¢ogu (%61.9) inhibe edildigi icin pH2, laktobasiller i¢in ayirt edici bir
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ortamdir (P <0.05). pH2'de hayatta kalan izolatlarin Limasilactobacillus fermentum oldugu belitlenmistir.
L. fermentum izolatlar1 arasinda safra tuzu, simiile edilmis gastrointestinal ortamlarinda hayatta kalma
oranlart (%97.13-106.60) ve otoagregasyon, hidrofobiklik ve koagregasyon duzeyleri istatistiksel
olarak anlamli bulunmustur (P <0.05). L. fermentum S19, ekzopolisakkarit tiretme yetenegine sahip tek
izolat oldugu belitlenmistir Ayrica, S19 yiiksek otoagregasyona sahip olup %70'in tzerinde
hidrofobisite gostermistir. Geleneksel Turk fermente sucugu, biyoteknolojik/probiyotik 6zellikleriyle
one ctkan, yeni izole edilen yabani tip L. fermentun'u iceren, 6nemli potansiyele sahip bir urindur.
Anahtar kelimeler: Asit direng, Limosilactobacillus fermentum, sucuk, probiyotik

INTRODUCTION

Recently, there has been an increasing interest in
consuming traditional fermented products
produced using various raw materials, special
microbiota, and production methods (Negrete-
Romero et al., 2021). Kayseri province, located in
Central Anatolia, is the production center of
processed, fermented meat products such as
sucuk and pastirma (Cevher, 2023). Sucuk is a
typical dry-fermented meat product produced in
Turkiye and consists of a mixture of beef and/or
buffalo meat, beef fat, sheep tail fat, salt, sugar,
nitrite/nitrate, and various spices such as gatlic,
red pepper, black pepper, cumin, and all spice
(Kaban, 2010). Lactic acid bacteria (LAB) are
essential in the ripening process of fermented
meat products (Dincer and Kivanc, 2018). LAB,
which plays a vital role in the fermentation of
meat, reduces pH and produces bacteriocins that
prevent the growth of pathogenic and spoilage
microorganisms, thus improving the safety,
stability, and shelf life of fermented meat
products (Dincer and Kivanc, 2012). Some strains
of the genus Lactobacillus are good candidates for
probiotic cultures because they are natural agents
of the gut microbiota and positively affect health
in vivo (Dempsey and Corr, 2022). Using
probiotics in fermented foods is a strategy that
develops the functional food category from the
traditional way of producing foods (Bis-Souza et
al., 2019). LAB is also one of the most studied
microorganism groups in developing functional
foods due to its potential to prevent the formation
of toxic compounds and its Generally Recognized
as Safe status (GRAS) (Lorenzo et al.,, 2017; FDA,
2023). Although these microorganisms are
associated with various health benefits, isolating
new probiotic strains, characterizing them, and
conducting safety assessments Is necessary
(Zommiti et al., 2020). Probiotic cells must resist
antimicrobial factors in the stomach (low pH,

gastric  juice, and pepsin) and intestines
(pancreatin and bile salts) (De Melo Pereira et al.,
2018). To qualify as a probiotic, the potential
candidate must possess certain functional and
safety properties, including acid and bile salt
tolerance, adhesion capacity, hemolytic activity,
and antibiotic sensitivity (Xu et al, 2019).
According to FAO/WHO (2006) guidelines, acid
resistance is one of the commonly used in vitro
tests for probiotic screening, along with tolerance
to bile components. The aciduric or acidophilic
properties of lactobacilli allow them to tolerate
acid stress in the environment, food, and the
gastrointestinal ~ tract,  including  various
physiological activities (Montoro et al., 2018).
Highly acid-tolerant probiotic lactobacilli possess
proton pumps for intracellular pH homeostasis,
repair proteins for DNA damage, changes in the
cellular membrane, and altered metabolism (De
Angelis and Gobbetti, 2004). The present study
was conducted to identify acid-resistant lactic acid
bacteria isolated from fermented Turkish sucuk,
determine phylogenetic affinities, and examine
probiotic and biotechnological profiles.

METHOD

Sampling

Sucuk samples were obtained from 10 popular
retail stores in Kayseri (n:20). The retail
companies are grouped from RT1 to RT10.
Samples from each fermented sucuk selling
company were collected in June and November
2022 by visiting twice.

pH Tolerance Profile

Resistance of selected lactic acid bactetia to pH2,
pH3, and pH7 environments was determined by
Yadav et al. (2016) with minor modifications.
Overnight cultures were inoculated with serial
dilutions into MRS broth adjusted to pH2, pH3,
and pH7 with IN HCL The inoculums were
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spread onto MRS agar for 0 and 3 hours and then
incubated at 37°C for 48 hours. Plate counting
evaluated cell viability, and the results were
expressed as log cfu/mlL.

Identification of Acid Resistant Lactobacilli
Isolates by 16S rRNA Sequencing and The
Phylogenetic Relatedness

For acid-resistant lactobacilli isolates, the 16S
rRNA gene was amplified by PCR using universal
target primers (27F:5'-
AGAGTTTGATCCTGGCTCAG -3', 1492R: 5'-
GGTTACCTTGTTACGACTT -3") (Suzuki and
Giovannoni, 1996). The amplicons were sent to
Macrogen (South Korea) and subjected to Sanger
sequencing analysis. Paired nucleotide sequences
were assembled with Geneious Prime 2020.1
(https:/ /www.geneious.com). Paired nucleotide
sequences were assembled with Geneious Prime
2020.1.1 (https://www.geneious.com). (BLAST:
http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
multiple sequences were performed using the
default parameters of the ClustalWW multiple
alignment tool in MEGA 11. The phylogenetic
analysis was performed using the neighbor-
joining based on Kimura two-parameter
modeling. Bootstrap values were estimated for
1000 replicates (Tavaré, 1986; Han et al, 2017).

Bile Salt Tolerance

For bile salt tolerance, overnight active cultures
were inoculated as a serial dilution into MRS
broth medium with 0.3% and 0.6% bile of bovine
origin and incubated at 37°C. Inoculums at 0 and
3 hours were spread on MRS agar and incubated
at 37°C for 48 hours. Plate counting evaluated cell
viability, and the results were expressed as log
cfu/mlL. MRS broth without bile was used as a
control. The survival rate indicating resistance to
pH and bile salt was calculated, as stated by Yadav
et al. (2010).

Resistance to Simulated Gastric Juice (SGJ)
and Simulated Intestinal Juice (SIJ)

The in vitro model Zheng et al. (2021) mentioned
was used to simulate gastric juice (SGJ) with
minor modifications. Artificial gastric juice was
prepared by adding 3 g/L pepsin (Sigma Aldrich,
USA) into MRS broth, adjusted to pH 2.5, and

sterilized with a 0.22 pm filter membrane. Plate
counting evaluated cell viability, and the results
were expressed as log cfu/mL. Simulated
intestinal juice (SIJ) was sterilized by passing it
through a 022 mm filter into MRS broth
containing 1 mg/L pancreatin (Sigma Aldrich,
USA), NaCl solution (0.5%) adjusted to pH 8.0
with 1 N NaOH (de Oliveira Coelho et al., 2019).
Overnight cells were inoculated into the prepared
simulated gastric juice and simulated intestinal
juice by adjusting serial dilution and incubated at
37°C. The survival rate indicating resistance to
SGJ and SIJ was calculated as stated by Yadav et
al. (2010).

Salt Tolerance

For salt tolerance, overnight culture was
inoculated into a sterile Brain Heart Infusion
(BHI) liquid medium containing 4%, 8% and 12%
NaCl for 24 hours (Bozdemir, 2021). Turbidity
formation was evaluated by measuring at ODG600
nm (OD:0.10-0.30 slightly turbid, positive poor
development; OD:0.30-0.50 medium turbidity,
good development; OD>0.60 very turbid,
excellent development; OD<0.10, negative).
Autoaggregation, Cell Surface
Hydrophobicity and Coaggregation
Autoaggregation testing was performed following
the method described by Yasmin et al. (2020) with
minor modifications. Overnight cells were
centrifugated (4000xg, 10 min at 4°C) and washed
twice with phosphate-buffered saline (PBS).
Then, 2 ml of each bacterial suspension, adjusted
to 0.5 £ 0.02 at 600 nm (A0) with PBS, was
vortexed and incubated. Absorbance (A2) was
measured at 600 nm at the third and 24th hour of
incubation. It was calculated from the equation
below.

Autoaggregation (%) = [(1 — A2/(A0)] x 100

The overnight culture was centrifugated (4000xg,
10 min at 4°C) and washed twice with PBS for cell
surface  hydrophobicity ~ testing. It  was
resuspended in PBS at 0 h (AO), adjusting the
absotrbance to 0.5 = 0.02 at 600 nm. Then, 1 mL
of hydrocarbon (xylene) was mixed with 3 mL cell
suspension and pre-incubated at 37°C for 10 min.
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The cell suspension and hydrocarbon mixture
were vortexed for two minutes and kept at 37°C
for 20 minutes for phase separation (water and
hydrocarbon phase). After collecting the aqueous
phase, the absorbance was measured at 600 nm
(A1). Hydrophobicity was calculated from the
following equation (Yasmin et al., 2020):

Hydrophobicity (%) = [(1 — A1/(A0)] x 100

Staphylococcns — anrens ATCC 25923,  Salmonella
Typhimurium ATCC 13311, Escherichia coli ATCC
25922, and Listeria monocytogenes N7144 were used
as pathogenic strains for the coaggregation test.
Suspensions of acid-resistant isolates and
pathogenic strains made with PBS were adjusted
to OD600 0.5 * 0.02. Equal volumes (2 mL) of
strains and pathogenic strains were mixed and the
absorbance value (AO) of the mixture was
measured and then incubated at 37°C for 24
hours. Cell suspensions of each strain were used
as controls. The coaggregation percentage was
calculated by the absorbance value (A2) of the
mixture at the third, and 24th hours as follows
(Liu et al., 2022):

Coaggregation (%) = [(1 — A2/(A0)] x 100

Agar Well Diffusion

The antibacterial activity of the isolates against the
pathogens Escherichia coli ATCC 25922, Salmonella
Typhimurium ATCC 13311, Listeria monocytogenes
N7144 and Staphylococcus anrens ATCC 25923 was
determined by the agar well diffusion method.
Each indicator pathogen was spread on Muller
Hinton agar plates with a swab adjusted to 0.5
McFarland. Culture filtrate (80 pL; cell-free
supernatant, CFS) was added to the wells (6 mm)
opened in the medium. The plates were incubated
at 37°C for 24 hours and the inhibition zone
diameter of the isolate against each indicator
pathogen was measured (Liu et al., 2022). After
incubation, the results were expressed in mm by
the arithmetic mean of the diameter of the
inhibition halos around each well.

Security Assesment

Auntibiotic Sensitivity and Hemolytic Activity
Antibiotic susceptibilities of acid-resistant isolates
to selected antibiotics [vancomycin (VA, 30 pg;

Oxoid, England), trimethoprim and
sulfamethoxazole (SXT, 25 pg; Bioanalyse,
Turkiye), ciprofloxacin (CIP, 5 ug; Bioanalyse,
Tirkiye), clindamycin (DA, 2 pg; Bioanalyse,
Turkiye), tetracycline (TE, 30 pg; Bioanalyse,
Turkiye), streptomycin (S, 10 mcg; Bioanalyse,
Tirkiye), meropenem (MEM, 10 pg; Oxoid, UK),
erythromycin (E, 15 pg; Oxoid, UK) was tested.
The overnight culture of the tested isolate was
adjusted to 0.5 McFarland turbidity with sterile
physiological saline and inoculated onto MRS agar
with a swab. Antibiotic disks were placed on agar
plates and incubated (at 37°C for 48 hours). After
incubation, the inhibition zone was measured for
each antibiotic disc. The results showed that
according to the limit values recommended by the
Clinical and Laboratory Standards Institute
(CLSI, 2015) guidelines, isolates with an
inhibition zone less than or equal to 14 mm were
resistant, those with a diameter greater than 20
mm were susceptible, and isolates with a diameter
of 15 and 19 mm were moderately sensitive.

Hemolytic activity was determined using blood
agar containing 5% (w/v) sheep blood, and the
plates were incubated at 37°C for 48 h. Hemolysis
status was classified according to the lysis of red
blood cells in the medium around the colonies.
Green regions around the colonies on blood agar
plates (a-hemolysis), transparent regions around
the colonies (3-hemolysis) and no region around
the colonies (y-hemolysis) were evaluated. S.
anrens ATCC 25923 strain was used as a positive
control.

Technological Feature Tests

Proteolytic Activity

The selected isolate was assessed for proteolytic
activity on skimmed milk powder agar medium.
Each well was inoculated with 80 pL of bacterial
culture. The plates were then incubated at 30°C
for 24 hours. A transparent or opaque zone
surrounding the wells indicated positive protease
activity (Raveschot et al., 2020).

Exopolysaccharide (EPS) Production

The ruthenium red staining method was used to
determine whether the strain produced EPS. It
was stated whether the solid medium containing
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skim milk powder, sucrose, yeast extract, and
ruthenium red produced EPS based on the
observation of pink and white colony formation
on the plate surface. After 48 h of incubation at
30°C in an anaerobic jar, ruthenium red stains the
bacterial cell wall, and the formation of pink
colonies for non-ropy strains and white colonies

for ropy strains was observed (Stingele et al.,
1996; Dishan and Géntlalan, 2024).

Statistical Analysis

Statistical analysis was performed by R software
for significant relationships (www.t-project.org/).
Statistical significance of in vitro probiotic tests
among L. fermentum isolates was conducted by
applying variance analysis and Tukey HSD
multiple comparison test. The correlation among
specific properties was examined. Statistical
significance was accepted when P <0.05.

RESULTS

From 20 different sucuk samples analyzed, 21
lactobacilli isolates were obtained by examining
their morphology with gram staining. The pH
tolerance of lactobacilli isolates obtained from
sucuk is given in Table 1. The number of pH2-
tolerant lactobacilli was 8 (38%). The difference
between the survival rates of lactobacilli isolates
obtained at different pH2, pH3, and pH7 values
was statistically significant (P <0.05). When the
sequence of the 16s rRNA gene region identified
the eight isolates obtained, it was revealed that all
isolates belonged to the Limosilactobacillus
Sfermentum species. The L. fermentum isolates 16s
rRNA partial sequencing has been deposited in
GenBank under the accession numbers between
OR768472 and OR768479.

Table 1. pH tolerance profile of lactobacilli obtained from sucuk

Isolate Codes pH2 pH3 pH7 RT Grouping
S1 0f 95.1£0.50def 98.941.42feh RT1
S5 Of 97.342.18cde 103.9+0.86¢de RT2
S6 Of 101.141.04abe 104.6+0.33¢d RT2
S7 Of 86.7+1.93¢ 103.10.60¢def RT3
S12 92.4340.752 105.5+0.212 97.43+1.208h RT4
S13 Of 99.940.94abed 95.940.23h RT5
S14 73.68+0.074 96.340.06edef 114.7+0.092 RT5
S16 75.77+1.16¢ 103.9+0.544b 100.9+0.29defe RT6
S18 0f 99.342.35bede 99.242.74feh RT7
S19 77.86+0.38P 92.041.02¢f¢ 98.54+0.86h RT7
S21 Of 100.241.71abed 104.342.22¢de RTS8
S22 78.69+0.83b 96.940.70¢de 100.3£0.44¢<fe RT9
S25 0f 98.940.69bede 86.610.54 RT10
S26 77.2240.38be 93.943.52¢f 87.610.53 RT1
S34 0f O 96.9840.09sh RT4
S37 0f 72.140.04h 109.2+1.61b RT5
S41 Of 100.340.63abed 95.8+1.15h RT7
S45 0f 93.5+0.65¢ 100.740.14defe RTS
S47 73.96%1.044 97.241.83¢cde 96.8940.22sh RT9
S49 57.9040.47¢ 103.4+1.95q 94.940.09h RT10
S51 0f 90.5+0.10f¢ 106.630.88b¢ RT10

RT: Retail Stores

Means shown with different exponential letters in the same column are statistically different (P <0.05).
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Phylogenetic tree of  Acid-tolerant
Limosilactobacillus fermentum

The phylogenetic tree showed the genetic
resemblance of eight Limosilactobacillus fermentum
isolates based on their partial 16S rRNA gene
sequence. Branches indicate the bootstrap

percentage  after 1000  replications. The
constructed tree was divided into two main
clusters: Cluster I is a large cluster including five
isolates, and Cluster II consists of three isolates
(Figure 1).

Limosilactobacillus fermentum S16 (OR768474)

4| Limosilactobacillus fermentum S19 (OR768475)

8

Limosilactobacillus fermentum S14 (OR768473)

0.20

Limosilactobacillus fermentum S49 (OR768479)

Limosilactobacillus fermentum S47 (OR768478)

Limosilactobacillus fermentum S26 (OR768477)

Limosilactobacillus fermentum S12 (OR768472)

Limosilactobacillus fermentum S22 (OR768476)

Figure 1. A phylogenetic tree was constructed by using the neighbor joining method

Probiotic Characteristics Assessment

Bile salt tolerance profile and viability in simulated
gastric juice and simulated intestinal juice of L.
Sfermentum isolates are given in Table 2. It was
observed that the isolates examined were highly
resistant to bile salts and simulated gastric and
intestinal juice. While the effect of 0.6% bile salt
concentration on the survival rate of L. fermentum
isolates was not significant (P >0.05), the effect of
0.3% bile salt concentration on the survival rate
was significant (P <0.05). In addition, no
correlation was found between the survival values
of the isolates at 0.3% and 0.6% bile salt
concentrations (P >0.05). The survival rates of the
isolates in the simulated gastric and intestinal

environment were also statistically different (P
<0.05).

The development of the isolate was evaluated in
media containing 4%, 8%, and 12% NaCl for salt
tolerance, as shown in Table 3. Poor growth was
observed as the isolates formed slight turbidity in
the environment containing 8% and 12% NaClL
Except for the S49 coded isolate, medium
turbidity was formed in the medium without NaCl
and with 4% NaCl added, and it showed good
growth. L. fermentum S49 showed robust growth in
two media and S14 in salt-free media. There is no
statistical difference between the survival rates of
L. fermentum isolates in environments with 8%,
12% NaCl, and no salt added (P >0.05). However,
the survival rate of the isolates in the environment
with 4% salt was statistically significant (P <0.05).
Among the isolates, CFSs of S14, S19, S22, 547,
and S49 showed antagonistic activity against all
examined pathogens (Figure 2).
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Table 2. Tolerance profiles of L. fermentum isolates

Isolate Codes 0.3% BS 0.6% BS SGJ SIJ

S12 104.94+1.4940 98.4440.35 99.2341.253b 98.4140.30bc

S14 104.00£1.17abe 101.08%0.29 97.53£0.32b 100.3241.18ab

S16 101.17£0.97<d 102.184+0.18 100.9240.642 99.1340.91abe

S19 101.08%0.16<d 102.77£0.71 99.71£0.98b 100.01£0.58a>

S22 97.1340.82¢ 100.14£3.13 97.99£0.152 101.05£0.11a

S26 106.60%0.192 100.03£1.18 100.56£0.372b 97.49£0.08¢

S47 100.44£0.68de 98.92+0.66 98.45+1.102b 98.11£0.55b¢

S49 102.9620.012bcd 99.40+0.42 100.03£0.66> 99.67£0.07abe

Table 3. Salt resistance profile of L. fermentum isolates
Isolate Codes 0% 4% 8% 12%

S12 0.44£0.02 0.47£0.082b 0.2620.01 0.21£0.02
S14 0.57£0.06 0.47£0.022b 0.22£0.01 0.2320.01
S16 0.45+0.00 0.43£0.012b 0.22+0.03 0.2240.01
S19 0.40+0.08 0.41£0.032b 0.24£0.01 0.1940.01
S22 0.49+0.01 0.41£0.03b 0.2620.01 0.2240.02
S26 0.43%0.01 0.45%0.022b 0.23£0.00 0.20£0.04
S47 0.41£0.04 0.40£0.00p 0.24%0.09 0.19£0.05
S49 0.56+0.20 0.60£0.092 0.2620.01 0.21%0.06

Means shown with different exponential letters in the same column are statistically different (P <0.03).

20

15

=
o

(€]

| S. aureus ATCC 25923

CFS activity

S12 S14 S16 S19 S22 S26 S47 S49

B E. coli ATCC 25922

B S. Typhimurium ATCC 13311

B L. monocytogenes N7144

Figure 2. The average zone diameters (mm) of L. fermentum isolates against standard pathogens
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Autoaggregation and hydrophobicity values (%)
of L. fermentum isolates are given in Table 4. Three
isolates (512, S19, S26) showed hydrophobicity
over 70%. S19 also showed high autoaggregation
values. Autoaggregation values of the isolates
measured at the 3rd and 24th hours contain a

statistically significant difference (P <0.05). Cell
surface  hydrophobicity — percentages — were
statistically significant among the isolates (P
<0.05). However, no correlation was found
between autoaggregation and hydrophobicity
values (P <0.05).

Table 4. Autoaggregation and hydrophobicity level of L. fermentum isolates

Isolate Codes A3 A24 Hydrophobicity
S12 3.75£0.02¢ 28.1240.13h 75.83%0.12#
S14 22.6710.34b 33.37+0.35¢ 36.46%0.28f
S16 18.0520.55P 29.38+0.07¢ 47.04£0.254
S19 46.89£3.952 79.06£0.262 73.90£0.11>
S22 19.67£0.17> 37.30+0.034 17.86%0.02b
S26 3.16£0.18¢ 39.70+0.07¢ 72.61+0.21¢
S47 44.75%0.43¢ 56.61+0.15b 37.4910.04¢
S49 18.18%0.63b 35.00+0.03¢ 29.47£0.03¢

A3 and A24: Autoaggregation value in the third hour and 24th hour
Means shown with different exponential letters in the same column are statistically different (P <0.05).

Coaggregation values of L. fermentum isolates
against the examined pathogens are given in Table
5. Coaggregation values against each pathogen

were statistically different in the 3rd and 24th-
hour measurements (P <0.05).

Table 5. Coaggregation level of L. fermentum isolates against standard pathogens

Isolate

Codes EC3 EC24 SA3 SA24 ST3 ST24 LM3 LM24
S12 1.23£0.22¢ 39.63£0.047  27.32+0.10° 58.8920.03> 24.87+0.10¢ 54.7020.02> 30.78%0.09¢ 64.4620.07>
S14 8.201+0.35¢ 46.12+0.01¢ 14.86+0.02f 40.4510.06¢ 16.15£0.11f 40.3310.03¢ 16.5520.10f  46.76+0.084
S16 18.17£0.082 43.53+0.02¢ 42.2910.07¢ 66.824+0.112 41.300.07¢ 65.961+0.29¢ 50.07£0.10¢ 76.891+0.37¢
519 5.4940.49¢ 10.26£0.05¢ 14.15+0.03f  22.30+0.15h 29.77+0.07> 55.81+0.12° 35.33+0.27° 61.97£0.27¢
S22 10.04£0.36¢ 47.2910.01¢ 16.56£0.29¢ 42.90+0.48¢ 15.18+0.022 36.77£1.104 17.88+0.57¢ 42.13+0.57¢
526 5.60£1.63¢ 46.09+0.144 20.2940.32¢ 28.50£0.03¢  20.22+0.034 30.5740.05¢ 20.15£0.11¢  24.90+0.13¢
547 8.13+0.01¢ 48.79+0.45> 18.9940.054 45.38+0.11¢ 16.52+0.02¢ 39.8740.18¢ 19.67£0.05¢  47.51£0.07¢
S49 14.33£0.02> 83.13£0.442 14.8340.27¢ 33.89+0.04¢ 14.70£0.14~ 31.2740.04¢ 16.68%0.28¢ 34.27+0.04f

EC3 and EC24: Coaggregation against E. co/i ATCC 25922 in the third and 24th hour

SA3 and SA24: Coaggregation against S. aurens ATCC 25923 in the third and 24th hour

ST3 and ST24: Coaggregation against . Typhimuriuz ATCC 13311 in the third and 24th hour

LM3 and LM24: Coaggregation against L. monocytogenes N7144 in the third and 24th hour

Means shown with different exponential letters in the same column are statistically different (P <0.05).

Biotechnological Assessment

The zone diameter formed as a result of the
protease activity of the isolates is given in Figure
3. It was determined that all isolates had protease
activity. The EPS-forming ability of L. fermentum
isolates was determined according to the color of
the colony formed in the medium containing

ruthenium red, and isolate S19 gave white
colonies, indicating EPS formation. No EPS-
producing feature was found phenotypically in
other isolates.
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Protease activity
S12
S14
516
S19
s47
S22

S49

S26 27.2

Figure 3. The average protease activity (mm) of L. fermentum isolate isolates

Safety Assessment resistant to VA, they wete sensitive to DA, MEM,
L. fermentum isolates showed different antibiotic and E (Table 6, Figure 4). Also, none of the
resistance profiles. While all the isolates were isolates showed hemolytic activity.

Table 6. Antibiotic resistance profiles of L. fermentum isolates
Isolate Codes DA MEM CIP E
S12 S
S14
S16
S19
S22
526
S47
S49
(S: Susceptible, R: Resistant, I: Intermediate)
(S: Streptomycin, DA: Clindamycin, MEM: Meropenem, CIP: Ciprofloxacin, E: Erythromycin, VA:
Vancomycin, TE: Tetracycline, SXT: Trimethoprim/Sulfamethoxazole)
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Figure 4. Distribution rate of antibiotic susceptibilities among isolates
(S: Susceptible, R: Resistant, I: Intermediate)
(S: Streptomycin, DA: Clindamycin, MEM: Meropenem, CIP: Ciprofloxacin, E: Erythromycin, VA: Vancomycin, TE:
Tetracycline, SXT: Trimethoprim/Sulfamethoxazole)
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Discussion

It was concluded that most of the lactobacilli
(61.9%) did not survive in the pH2 environment,
and it is noteworthy that pH2 is distinctive for
lactobacilli (P <0.05). It is generally accepted that
there is a decrease in the total number of
probiotics when exposed to pH1.5 and pH3
environments (Sahadeva et al.,, 2011). Although
these bacteria were expected to survive and reach
the intestines due to the buffer effect at the pH of
the stomach environment when taken via food
(Soares et al., 2019), high acid tolerance may be
vital for various gastric diseases (Lambert and
Hull, 1996). D'ambrosio et al. (2022) reported that
L. fementur  from buffalo milk replaced
Helicobacter pylori in the gastric epithelial cell
model. The acid tolerance of bacteria is desirable
for withstanding gastric stress and its use as a
dietary supplement, allowing strains to survive
longer on high acid carrier foods without further
inhibition (Shehata et al, 2016). Similatly,
Bozdemir et al. (2022) and Asan-Ozusaglam and
Gunyaktt (2019) reported that L. fermentum
isolates survived at pH2. Kesmen et al. (2012)
reported that the majority of the lactic acid biota
of sucuk belongs to Lactobacillus sakei, L. plantarnm,
L. curvatus, L. brevis, L. farciminis, L. alimentarius,
and minorly contains Leuconostoc and Weisella. No
specific study has been conducted for acid-
tolerant sucuk isolates. Hitherto, there have been
many studies on the health-beneficial effects of L.
Sfermentum (Rodriguez-Sojo et al., 2021; Paulino do
Nascimento et al., 2022; Phujumpa et al., 2022).
This study revealed that traditional fermented
Turkish sucuk contains acid-tolerant L. fermentuns,
and probiotic properties characterize those.

Bile salt tolerance is essential for bacteria
colonization and metabolic activity in the host's
small intestine (Shehata et al, 2010).
Suwannaphan (2021) considered lactobacilli's
75% survival rate after two hours of incubation in
simulated gastric juice and bile salt as the cut-off
level. L fermentum isolates with high acid tolerance
have high bile salt tolerance in gastric and
intestinal juice (P <0.05). Masco et al. (2007)
reported that it was associated with gastric transit
ability in isolates with enhanced acid tolerance. It
is crucial to identify how well the cells in a

probiotic  product can survive in the
gastrointestinal tract (GIT) and thus be able to
mediate the desired health benefit while passing
through the human body (Wendel, 2022). Collado
and Sanz (2007) reported that acid-resistant
strains showed better growth ability in the
presence of bile salt and NaCl (6-10%).

Similarly, all L. fermentum isolates could grow in
12% salt. The resistance and survival to extreme
osmotic resistance is one of the specific
requirements of beneficial bacteria after the
technological processes for their inclusion in
probiotic  formulas (Silva et al, 2019).
Hydrophobicity is one of the critical properties
improving the first contact between bacteria and
host cells (Krausova et al., 2019). Autoaggregation
indicates lactobacilli's capacity to bind to intestinal
epithelial cells' surface, protecting the host from
invading pathogens. Coaggregation of lactobacilli
with pathogens also demonstrates their ability to
bind to pathogens iz wivo and create a
microenvironment whete their antimicrobial
metabolites can inhibit pathogens (An et al., 2000;
Potocnjak et al., 2017). Similar to the current
study, Krausova et al. (2019) found no correlation
between autoaggregation and hydrophobicity (P
>0.05). Strikingly, our results showed that the
S19-coded isolate, demonstrated to produce EPS,
had an elevated level of autoaggregation and
hydrophobicity. QingWu et al. (2022) reported
that EPS and EPS proteins' hydrophobic
interaction contributes to aggregation and
hydrophobicity. The coaggregation spectrum
shown by the isolates was also broad (1.23-
83.13%). Compared to measurements at the third
hour, the fastest coaggregation increase was
shown against E. cli, especially in the isolate
coded S49. However, high coaggregation
generally belongs to the isolate S16 from the first
measurement. Considering the antimicrobial
activity of CESs, S16 is not effective against L.
monocytogenes. Likewise, Thayalan et al. (2021) did
not observe zone formation in the antagonistic
activity of L. salivarus, which has coaggregation
properties against some pathogens. In addition,
the antagonistic activities of L. fermentum isolate
from cheese by Tulumoglu et al. (2014) against E.
coli ATCC 25922 and S. awreus ATCC 29213 are
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compatible with the current study. Owusu-
Kwarteng et al. (2015) reported that L. fermentum
isolates did not have an antagonistic effect against
E. coli O157 882364 and S. Enteritidis ATCC
13076, but they observed an effect on 25% of the
isolates against L. monocytogenes NCTC 10527.

Proteases synthesized by bacteria have a
significant industrial potential due to the
biochemical diversity of bacteria and their genetic
manipulability (Zhang et al., 2019). Beganovi¢ et
al. (2013) reported the protease activity of L.
helvetiens M92 as 18 mm. Raveschot et al. (2020)
found the average protease activity values in L.
delbruecki isolates to be 32 mm, emphasizing the
importance of a fermentation starter for initiating
proteolysis in yogurt production. In meat
products, hydrolysis products from proteins are
important flavor precursors in fermented sausage,
producing a variety of oxidized volatile and non-
volatile flavor compounds that contribute to the
tinal flavor profile of the product (Candogan and
Acton, 2004). The current study emphasizes that
L. fermentum isolates, with their high proteolytic
activity, will contribute to final products with ideal
biotechnological — properties in  traditional
fermented meat products. Lactobacillus species
have been reported to be intrinsically resistant to
vancomycin, streptomycin, ciprofloxacin, and
sulfamethoxazole-trimethoprim (Ammor et al.,
2007; Gueimonde et al., 2013; Campedelli et al.,
2019). However, acquired resistance can be
transferred from one bacterium to another,
contributing to a greater and more widespread
risk than intrinsic resistance (Li et al., 2020).
Among the antibiotics examined, L. fermentum
isolates from sucuk are not characterized by
acquired resistance.

In conclusion, this study showed that traditional
fermented Turkish sucuk harbors the newly
isolated  wild-type L.  fermentum, regarding
biotechnological, safety, and probiotic properties
with exciting potential. Further confirmation of
efficiency in experimental animal models is
remarkable in elucidating its potential health
benefits. Additionally, examining these isolates
more comprehensively within the framework of

omics approaches will allow them to be evaluated
in all health-promoting studies.
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ABSTRACT

This study focused on extracting antioxidants from hazelnut skin, an industrial food waste, using two
different methods: conventional extraction (CE) and ultrasound-assisted extraction (UAE). The Response
Surface Methodology (RSM) has been utilized using the total phenolic content (TPC) and antioxidant
capacity (AC) results as responses in optimizing both method conditions. The independent variables and
their levels for the optimal experimental desigh were adjusted as follows: temperature (50-90°C), time (2-62
min), and loading capacity (5-15%) for CE; and temperature (25-50°C), time (1-30 min), loading capacity (5-
15%), and ultrasonic amplitude (20-50%) for UAE. The optimum conditions wete determined to be 90°C
for 35 min with a 5% loading capacity for CE, and 50°C for 27 min with a 5% loading capacity and 50%
amplitude for UAE. The TPC of the extracts were found to be 142.62 mg GAE/g and 129.69 mg GAE/g,
while the AC values were 127.02 pumol TE/g and 116.00 pmol TE/g for CE and UAE methods,
respectively. In conclusion, it has been demonstrated that hazelnut skin extracts obtained by optimizing CE
and UAE methods can serve as natural antioxidant alternatives in food products and may hold significant
potential for further applications.

Keywords: Hazelnut skin, conventional extraction, ultrasound-assisted extraction, phenolic, antioxidant

capacity

ULTRASON DESTEKLI EKSTRAKSIYON YONTEMIYLE FINDIK ZARINDAN
DOGAL ANTIOKSIDANLARIN EKSTRAKSIYONU: OPTIMIZASYON VE
GELENEKSEL YONTEMLE KARSILASTIRMA

oz
Bu calisgmada, endustriyel bir gida atig1 olan findik zarinin ekstraksiyonu geleneksel ekstraksiyon (GE)

ve ultrases destekli ekstraksiyon (UDE) olmak tzere iki farklt ydontemle gerceklestirilmistir. Her iki
yontem kosullarinin optimize edilmesinde cevap olarak toplam fenolik madde miktart (TFM) ve
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antioksidan kapasite (AK) sonuglari kullanilarak Yanit Yizey Metodu (YYM)’ndan yararlanimistir.
Optimal deneysel tasarim icin bagimsiz degiskenler ve seviyeleti: GE i¢in sicaklik (50-90°C), stre (2-
62 dakika) ve besleme orant (%5-15); UDE icin ise sicaklik (25°C-50°C), stre (1-30 dakika), besleme
orant (%5-15) ve ultrasonik genlik (20-50%) se¢ilmistir. Optimal kogsullar GE i¢in %5 besleme orani
ile 35 dakika boyunca 90°C sicaklik ve UDE i¢in ise %5 besleme orani, %50 genlik ile 27 dakika
boyunca 50°C sicaklik olarak belirlenmistir. Ekstraktlarin toplam fenolik madde miktart degerleri GE
ve UDE yontemleri igin sirasiyla 142.62 mg GAE/g ve 129.69 mg GAE/g olarak; antioksidan
kapasiteleri ise GE ve UDE yontemleri i¢in strastyla 127.02 pmol TE/g ve 116.00 pmol TE/g olarak
belirlenmistir. Sonug olarak, GE ve UDE y6ntemlerinin optimize edilmesiyle elde edilen findik zari
ekstraktlarinin gidalarda alternatif dogal antioksidan olarak kullanilabilecegi ve ileri uygulamalar igin

O6nemli bir kaynak olabilecegi gérilmustir.

Anahtar kelimeler: Findik zari, geleneksel ekstraksiyon, ultrason destekli ekstraksiyon, fenolik,

antioksidan kapasite

INTRODUCTION

Food processing wastes or by-products are
generated on a large scale in the food industries
worldwide annually. This poses one of the biggest
challenges for the food industry, potentially
leading to negative ecological effects. Recycling of
by-products is a critical measure for the
sustainability of food production, playing a
significant role in society, the environment, and
the economy. Recently, there has been increased
attention to the composition of by-products in
studies, with researchers suggesting that many of
these can be recycled as wvaluable bioactive
components (Yilmaz et al., 2019; Tezel and Yildiz,
2020; Kandemir et al., 2022).

The nut industry has the potential to generate a
significant amount of by-products due to the
interesting layered structure of nuts. These by-
products (such as shells, green leafy covers,
leaves, and skins) are rich in phenolic compounds
and antioxidants, which are naturally present in
plant-based foods (Wijeratne et al, 2000;
Gonctioglu-Tas and Gékmen, 2017). Like other
nuts, hazelnuts (Corylus avellana 1.), of which
Turkiye is the largest producer, also have by-
products  containing  phenolic compounds
(Shahidi et al., 2007; Contini et al., 2008; FAO,
2021). Some researchers have shown that
hazelnut skins have a higher TPC than other
hazelnut by-products (Shahidi et al., 2007).
Additionally, researchers have reported that most
of the phenolic compounds in hazelnuts are
located in the skin, and the AC of unroasted
hazelnut skin could be approximately 100 times
higher than that of unroasted hazelnut kernels

without the skins, proportionally (Shahidi et al.,
2007; Gonctoglu-Tas and Gokmen, 2015).
Compared to foods rich in antioxidants, hazelnut
skin has shown a higher AC according to various
antioxidant assays. It has been reported that 1 g
of unroasted hazelnut skin could be equivalent to
1.4 g of cinnamon, 10 g of dark chocolate, and
16.7 g of blueberries (Blomhoff et al., 2000;
Gonctoglu-Tas and Gékmen, 2015). In addition
to this comparison, it has been reported that
unroasted hazelnut skin (309-1375.00 pmol
Trolox equivalent (TE)/g) has a greater AC than
other foods such as walnuts (224 umol TE/g),
buckwheat (118 pmol TE/g), coffee silverskin
(82.24 pmol TE/g), almonds (27.8 pmol TE/g),
and peanuts (14.3 umol TE/g) according to the
QUENCHER (QUick, Easy, New, CHEap, and
Reproducible) method, which allows for
comparison of AC without any extraction
procedure (Serpen et al., 2007; Serpen et al., 2008;
Gokmen et al., 2009; Acar et al, 2009,
Gonctoglu-Tas and Gokmen, 2015; Dogan-
Coémert and Gokmen, 2017). These previous
studies have shown that hazelnut skin is an
excellent source of natural antioxidants. The skin
of hazelnuts is generally removed during the
roasting  process  because  the  pectic
polysaccharides within the layered structure of the
skin are partially denatured by the heat (Saklar et
al., 2003). Roasting can also affect antioxidant
activity, and the overall impact of roasting
depends on the balance between the thermal
degradation of natural antioxidant compounds
such as polyphenols and the formation of
antioxidative Maillard reaction products like
melanoidins (Acar et al., 2009). For this reason,
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the recycling of hazelnut skin is gaining increasing
interest, similar to other food wastes (Bertolino et
al., 2015; Longato et al., 2019; Dinkgi et al., 2021).

Synthetic ~ antioxidants ~ such  as  tert-
butylhydroquinone (TBHQ), butylated
hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), and ethylenediamine tetraacetic acid
(EDTA) have been extensively used in the food
industry to delay or prevent lipid oxidation, which
leads to the formation of potentially harmful
reaction products, off-flavors, and an decrease in
shelf life. However, due to consumer concerns
regarding the potential health risks associated
with synthetic antioxidants in food products,
there is a growing demand for natural alternatives
(Frankel, 1984; Xu et al., 2021). For this purpose,
hazelnut skin, with its high AC, can be used as a
natural alternative to synthetic antioxidants in
food products.

Extraction is the initial and crucial step in
recovering phenolic compounds from plant-
based food wastes. Various extraction techniques
can be employed for extracting plant materials.
Alongside conventional solid-liquid extraction
methods, ultrasonic-assisted extraction (UAE),
one of the "green extraction methods," has gained
significant attention recently due to its advantages
of short extraction time and lower energy
consumption. The primary mechanism of
ultrasonic-assisted extraction is based on a
phenomenon called cavitation, which involves the
formation and collapse of bubbles generated by
the compression and expansion of ultrasonic
waves. This cavitation facilitates the release of
target compounds by disrupting cell walls and
enhancing the penetration of the solvent into the
sample matrix (Knorr et al., 2004; Chemat et al.,
2017).

Extraction  process parameters such  as
temperature, time, and loading capacity are crucial
in the recovery of phenolic compounds from
materials in both conventional solid-liquid
extraction and ultrasonic-assisted extraction.
Additionally, amplitude, which refers to the
characteristics of the ultrasonic wave that can
affect cavitation, is also an important parameter
for ultrasonic-assisted extraction. Optimizing

extraction parameters is essential to obtain
extracts rich in antioxidants and phenolic
compounds (Chemat et al, 2017). Response
Surface Methodology (RSM) is a statistical and
mathematical methodology that enables the
evaluation of the effects of process parameters
and their interactions. It can also determine the
optimum process conditions through the design
of experimental runs (Myers et al., 2002).

Numerous conventional extraction studies have
been conducted to recover antioxidant phenolic
compounds from hazelnut skin using various
solvents (Shahidi et al., 2007; Contini et al., 2008;
Alasalvar et al., 2009; Monagas et al., 2009,
Locatelli et al., 2010; Del Rio et al., 2011,
Gonctioglu-Tas and Gokmen, 2015; Pelvan et al.,
2018). Furthermore, the maceration method, one
of the traditional extraction methods, has been
compared with novel extraction methods and
optimized, including ultrasonic-assisted
extraction. In this study, ethyl alcohol is used in
different concentrations as a solvent in both
maceration and ultrasonic-assisted extraction
methods (Odabags and Koca, 2016). Additionally,
there is an optimization study for the recovery of
phenolic compounds from hazelnut skin using
deep eutectic solvents (Fanali et al., 2021).

In future studies, there is a consideration to
transform the extracts obtained with high AC into
different forms that can be used as antioxidants in
food products through further processing. It has
been noted that the use of water as a solvent
might be more suitable for the "clean label" trend,
which has been a consumer expectation in recent
years. For this reason, in this study, water was
preferred instead of ethanol or deep eutectic
solvents as a solvent for both extraction processes
(Chemat et al., 2012; Asioli et al., 2017). In the
literature, phenolic compounds from hazelnut
skin has been extracted in a closed loop using a
continuous set-up using water as solvent (Bertino
et al., 2023). However, a study comparing and
optimizing ultrasonic-assisted extraction and
conventional solid-liquid extraction processes for
the recovery of phenolic compounds from
hazelnut skin using water as a solvent has not
been encountered.
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In this study, temperature, time, and loading
capacity were determined as process parameters
for the aqueous extraction of antioxidants and
phenolic compounds from hazelnut skin, both for
CE and UAE. Additionally, amplitude was added
as a process factor for UAE. The TPC and AC of
the extracts were examined as responses for both
extraction methods. Optimization was performed
to maximize the TPC and AC of hazelnut skin
extract using RSM.

MATERIALS AND METHODS

Materials

Hazelnut (Corylus avellana 1..) skins, obtained as by-
products from different hazelnut varieties (Palaz,
Tombul, Kara, and Cakildak) under different
roasting conditions (115°C for 30 min and 140°C
for 15 min), were collected from a hazelnut
processing plant located in Ordu, Tirkiye. The
hazelnut skins were ground using a laboratory-
type grinding device and sieved through the range
of 500 pm and 1 mm sieves. Distilled water
(Millipore, USA) was used as the solvent in the
extraction processes, and in preparation of the
necessary solutions for TPC analysis. All
chemicals used in the analyses, including 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), Folin-Ciocalteu reagent, gallic acid, and
methanol, were of analytical grade and purchased
from Sigma-Aldrich (Steinheim, Germany) and
Merck (Darmstadt, Germany).

Methods

Conventional extraction

The RSM approach was employed to optimize the
process factors (independent variables) to obtain
the desired extract. For conventional extraction,
the independent variables were determined as
temperature (ranging from 50°C to 90°C), time
(ranging from 2 to 62 min), and loading capacity
(ranging from 5% to 15%). These ranges were
based on preliminary extraction studies and
literature to maximize the TPC and AC values. An
Optimal (custom) Design consisting of 20 trials
was performed and the amount of hazelnut skin
was determined by using a constant volume of
solvent (50 mL) according to the experimental
design. After mixing hazelnut skin and distilled

water in a 100 mL jar, the mixture was placed into
a water bath and shaken using a constant speed
(150 rpm) according to the extraction conditions
specified in the experimental design. At the end
of the process, the extract was filtered through a
filter paper followed by subsequent filtration
through a Whatman filter paper (110 mm
diameter). The filtered extract was then cooled to
room temperature and stored at -18°C until
analysis.

Ultrasonic-assisted extraction

The independent variables for the extraction
process were determined as temperature (ranging
from 25°C to 50°C), time (ranging from 1 to 30
min), loading capacity (ranging from 5% to 15%),
and ultrasonic amplitude (ranging from 20% to
50%). These ranges were based on preliminary
extraction studies and literature to maximize the
TPC and AC values. An Optimal (custom) Design
consisting of 25 trials was performed according to
the RSM approach and the amount of hazelnut
skin was determined by using a constant volume
of solvent (50 mL) according to the experimental
design. After mixing hazelnut skin and distilled
water in a jacketed beaker (250 mL volume)
coupled to a thermostatic water bath (RW-3025
Lab Companion, Korea), the probe depth was set
up as 1 cm. Extraction was carried out using an
ultrasonicator (VC750, Sonics and Materials, Inc.,
Newtown, CT, USA; 20 kHz, 750 W) equipped
with a probe (13 mm diameter) according to the
determined extraction conditions specified in the
experimental design. The temperature of the
mixture in the jacketed beaker was monitored
using a digital thermometer throughout the
process. At the end of the extraction process, the
extract was filtered through a filter paper followed
by subsequent filtration through a Whatman filter
paper (110 mm diameter). The filtered extract was
then cooled to room temperature and stored at -
18°C until analysis.

Analysis

Total Phenolic Content (TPC)

To determine the TPC, 0.5 mL of the sample
(diluted), 2.5 ml of Folin—Ciocalteu reagent
(diluted 10 times with water), and 2 mL of sodium
carbonate solution (7.5%, w/v) were added into a
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test tube. The mixture was then vortexed
(Dragonlab, MX-S) to ensure thorough mixing.
Water was used as a control sample, and all
mixtures were incubated at 50°C for 5 min and
then cooled to room temperature in a dark place
for 10 min. After incubation, the absorbance of
the mixtures was measured against the control
sample at a wavelength of 760 nm using a
spectrophotometer (Shimadzu UV-vis 160A,
Japan). The total phenolic components were
calculated based on the calibration cutrve of gallic
acid and expressed as milligrams of gallic acid
equivalent (GAE) per gram of material (Skerget et
al., 2005).

Antioxidant capacity (AC)

The AC of the extracts was analyzed using a free
radical scavenging capacity assay with 2,2-
diphenyl-1-picrylhydrazyl (DPPH). Initially, 50
uL of the sample (diluted) was transferred into a
test tube (Eppendorf, 1.25 mL), followed by the
addition of 950 pL of a 6x10-> M DPPH radical
solution. The mixture was then vortexed
(Dragonlab, MX-S) to ensure thorough mixing.
Water was used as a control sample, and all
mixtures were kept in the dark for 30 min at room
temperature. After incubation, the absorbance of
the mixtures was measured at a wavelength of 516
nm using a spectrophotometer (Shimadzu UV-vis
160A, Japan). The results of the samples were
calculated as (Abscontrol = AbSsample). The AC was
determined based on the calibration curve of
Trolox, and the results were expressed as pmol
Trolox equivalent per gram of material
(Fernandez-Leodn et al., 2013).

Statistical Analysis

The statistical analysis was conducted using
Design-Expert software (Stat-Ease Inc., Version
10, Minneapolis, USA) based on Response
Surface Methodology (RSM). This software
includes functions such as experimental design,
modeling, and optimization studies. Model
adequacies were evaluated using various metrics
including the regression coefficient (R?), adjusted
regression  coefficient  (adj-R?),  predicted
regression coefficient (pre-R?), lack of fit value,
coefficient of wvariance (C.V.), and adequate
precision (Adeq.Precision). Additionally,

insignificant terms (P >0.1) were removed to
improve the model without compromising its
hierarchy, and the statistical analysis was repeated.
Furthermore, SPSS version 22.0 (IBM, USA) was
utilized to verify the optimization by comparing
the predicted and experimental responses. A one-
sample t-test was conducted for this purpose.
This statistical approach helps to assess the
accuracy of the predicted values obtained from
the optimization process.

RESULTS AND DISCUSSION

Effects of conventional extraction factors,
model analysis, and optimization

The results of all trials for conventional extraction
are presented in Table 1. The TPC varied from
75.27 to 155.06 mg GAE/g, while the AC,
measured by DPPH free radical scavenging
activity, ranged from 72.44 to 127.21 umol TE/g.
The optimal extraction condition, yielding the
highest AC, involved extraction at 90°C for 24
min with a loading capacity of 15%. Conversely,
the least favorable condition, resulting in the
lowest AC, was extraction at 50°C for 6 min with
a loading capacity of 15%.

The highest TPC and AC values were observed
under the same condition (Run 19). Overall, there
was a positive correlation between the TPC and
AC values of the samples, as expected. However,
some results suggested that the TPC and AC
results could not be directly correlated with each
other. This discrepancy may be due to the
presence of other antioxidant components in
hazelnut skin, such as tocopherols, carotenoids,
and melanoidins, in addition to phenolic
compounds (Shahidi et al., 2007; Agar et al., 2009;
Gonciioglu-Tas and Gékmen, 2015).

The regression coefficients of the proposed and
reduced models, along with the effects of
independent variables statistically on both
responses (TPC and AC), are presented in Table
2. The lack of fit values of the models was found
to be insignificant (P >0.05) for both TPC and AC
values. For the TPC response, the R?, adj-R?, and
pre-R? were determined as 0.8554, 0.8283, and
0.7733, respectively. Similarly, for the AC
response, these coefficients were determined as
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0.9174, 0.8879, and 0.7560, respectively. The
difference between the pre-R? and the adj-R? was
less than 0.2 for both TPC and AC, indicating that
there are statistically insignificant terms in the
model. Additionally, the low difference suggests

that the model is effective. Moreover, the
Adeq.Precision, which is desired to be greater
than 4 for the model to be considered reasonable
and to have adequate signals, was calculated as
14.579 and 17.066 for TPC and AC, respectively.

Table 1. Optimal (custom) design and responses for conventional extraction of hazelnut skin

A B: Time C: Loading Ant10x1.dant Total phenolic content
Run  Temperature (min) capacity(*) capacity (mg GAE/g)
C0) (umol TE/g)
1 90 48 5 118.07£3.29 126.72%1.36
2 70 48 10 106.09£0.38 124.18%0.14
3 70 48 10 107.31+0.45 123.75+0.57
4 50 48 15 81.941+1.38 91.19+1.28
5 70 48 10 104.58+1.06 130.01£0.00
6 50 12 10 80.28+2.12 75.27+1.07
7 50 48 10 85.411+0.46 103.95+0.59
8 50 6 15 72.44%0.65 91.80%1.00
9 50 62 5 83.90£0,00 93.6910.54
10 90 2 10 106.25%0.61 130.58+2.84
11 90 48 5 117.82%4.05 150.48%0.23
12 70 12 5 106.43%1.27 124.69£0.68
13 70 48 10 97.81£2.12 111.94£1.00
14 90 24 15 122.75%£5.41 136.87£0.93
15 90 6 5 123.1314.81 138.27+£1.13
16 50 24 5 89.7210.76 99.39+0.54
17 70 48 15 95.79%0.93 118.02%1.73
18 90 62 15 120.84%2.55 152.81%2.52
19 90 24 15 127.21£0.95 155.06%2.66
20 70 2 15 72.50%1.27 108.15£0.12

The temperature of the extraction (ranging from
50 to 90°C) played a significant role (P <0.07) in
both the TPC and AC for CE, with the results
showing an increasing trend as the temperature
increased. This can be attributed to the
temperature's effect, which triggers a higher
diffusion rate and solubility of the extracted
compounds. Additionally, it is considered that
phenolic compounds are more easily recovered
due to the softening or disruption of the cell wall
and the decrease in the viscosity and surface
tension of water used as the solvent (Hemwimol
et al, 2006; Torun et al, 2015). Similarly,
Amirabbasi et al. (2021) and Jesus et al. (2019)
reported that temperature had a significant (P

<0.07) and positive effect on both the TPC and
AC in CE. On the other hand, the extraction time
(ranging from 2 to 62 min) and the loading
capacity (ranging from 5% to 15%) demonstrated
an insignificant effect on both responses (P
>0.05). However, the independent parameters
and their interactions were found to significantly
affect the AC (P <0.05). The response surface
graph illustrating this interaction effect is
presented in Figure 1, and according to the graph,
it was observed that the process conditions can be
maximized if a longer extraction time (up to 35
min) and a lower loading capacity are applied.
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Table 2. ANOVA results for antioxidant capacity and total phenolic content of extracts from
conventional extraction (after removing the insignificant factors (P >0.1) from the models)

Source Sum of df Mean Fovalue Coef_ﬁcient b
Squares Square Estimate value

Abntioxidant capacity

Model 5388.79 5 1077.76 31.09 < 0.0001*

A-Temperature 4246.07 1 4246.07 12248 18.38 < 0.0001*

B-Time 87.30 1 87.30 2.52 3.20 0.1349

C- Loading capacity 131.81 1 131.81 3.80 -3.20 0.0715

BC 171.09 1 171.09 4.94 5.34 0.0433"

B2 280.28 1 280.28 8.08 -12.05 0.0130"

Residual 485.36 14 34.67

Lack of Fit 421.43 9 46.83 3.66 0.0833

Pure Error 63.92 5 12.78

Cor Total 5874.14 19

C.V.: 583

Adeq.Precision: 17.066

R?=0.9174

Adj-R2 =0.8879

Pre-R2=0.7566

Final Equation in Terms of Coded Factors:
R1=+105.79+18.38*A+3.20*B-3.20*C+5.34*BC-12.05*B2
Final Equation in Terms of Actual Factors:
R1=+42.109+0.919*Temperature+0.608*Time-1.778*Loading
capacity-0.013*Time?

capacity+0.036*Time*Loading

Total phenolic content

Model 8010.89 3 2670.30 31.54 <0.0001**
A-Temperatute 7871.85 1 7871.85 92.99 24.70 <0.0001**
B-Time 291.52 1 291.52 3.44 5.67 0.0820
C- Loading capacity 2.99 1 2.99 0.035 0.48 0.8533
Residual 1354.44 16 84.65

Lack of Fit 734.57 11 66.78 0.54 0.8177
Pure Error 619.87 5 123.97

Cor Total 9365.33 19

CV..771

Adeq.Precision: 14.579

R2=0.8554

Adj-R2 =0.8283

Pre-R2=0.7733

Final Equation in Terms of Coded Factors:
R2=+117.82+24.70*A+5.67*B+0.4812*C

Final Equation in Terms of Actual Factors:
R2=+24.355+1.235*Temperature+0.189*Time+0.096*Loading capacity

*Statistically significant at a significance level of 0.05 **Statistically significant at a significance level of 0.01.
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The temperature of the extraction (ranging from
50 to 90°C) played a significant role (P <0.07) in
both the TPC and AC for CE, with the results
showing an increasing trend as the temperature
increased. This can be attributed to the
temperature's effect, which triggers a higher
diffusion rate and solubility of the extracted
compounds. Additionally, it is considered that
phenolic compounds are more easily recovered
due to the softening or disruption of the cell wall
and the decrease in the viscosity and surface
tension of water used as the solvent (Hemwimol
et al, 2006; Torun et al, 2015). Similarly,
Amirabbasi et al. (2021) and Jesus et al. (2019)
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reported that temperature had a significant (P
<0.07) and positive effect on both the TPC and
AC in CE. On the other hand, the extraction time
(ranging from 2 to 62 min) and the loading
capacity (ranging from 5% to 15%) demonstrated
an insignificant effect on both responses (P
>0.05). However, the independent parameters
and their interactions were found to significantly
affect the AC (P <0.05). The response surface
graph illustrating this interaction effect is
presented in Figure 1, and according to the graph,
it was observed that the process conditions can be
maximized if a longer extraction time (up to 35
min) and a lower loading capacity are applied.
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Figure 1. Effects of time (min) and loading capacity (%) on the antioxidant capacity of the hazelnut
skin extract in CE
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In conclusion, the optimum process conditions
for CE of hazelnut skin were determined to be
90°C for 35 min with a loading capacity of 5%,
resulting in a desirability function of 0.92. While
the predicted TPC and AC were 142.62 mg
GAE/g and 127.02 pmol TE/g, respectively, in
the optimum conditions, experimental results
were 136.52 mg GAE/g and 126.03 umol TE /g,
respectively. Statistical analysis using a t-test
revealed no significant difference between the
predicted and experimental TPC and AC values.
Therefore, it can be concluded that the response
surface methodology (RSM) model effectively
predicts these responses in the CE of hazelnut
skin.

Effects of ultrasonic-assisted extraction
factors, model analysis, and optimization
The results of all trials for ultrasonic-assisted
extraction were presented in Table 3. The TPC
ranged from 54.76 to 134.51 mg GAE/g, while
the AC (DPPH free radical scavenging activity)
ranged from 47.93 to 117 pmol TE/g. Although
the TPC results were consistent with those
reported by Odabas and Koca (2016) (ranging
from 40.38 to 127.88 mg GAE/g), variations may
occur due to factors such as climatic conditions
during hazelnut growth, harvesting methods,
storage conditions, and the parameters of
hazelnut skin extraction.

Table 3. Optimal (custom) design and responses for ultrasonic-assisted extraction of hazelnut skin

Antioxidant Total phenolic
R ATemperature B:Time  C:Loading  D:Amplitude capacity p
un o . . content (mg
(°O) (min) capacity (%) (%) (pmol GAE/g)
TE/g) 8
1 25 1 5 20 57.78%0.72 58.20%2.81
2 25 1 5 50 70.51£1.30 70.20%0.95
3 25 10 5 35 78.03£2.17 84.7213.26
4 50 15 15 35 86.78%1.46 105.88%0.33
5 50 30 10 50 102.94£7.96 112.37£0.47
6 40 30 15 20 77.86+3.21 105.41£2.12
7 40 1 10 35 79.7211.36 87.12%0.59
8 40 1 10 35 79.84%1.25 81.20£0.12
9 50 1 15 20 77.8612.27 92.47£0.93
10 25 30 5 35 93.94%0.87 95.86%1.09
11 50 15 15 35 86.2512.78 116.33£0.50
12 25 15 10 20 58.01£0.06 72.8310.95
13 25 15 15 35 93.08%0.85 108.26%0.23
14 40 1 10 35 76.77+1.14 82.86%0.12
15 50 1 15 50 69.98%3.94 99.97£0.66
16 40 1 10 35 83.2511.93 82.2620.47
17 50 1 5 20 64.71%£1.08 92.46%0.75
18 50 1 5 50 111.28%1.45 103.91£1.09
19 25 1 15 20 47.93%£1.59 54.76+0.33
20 40 15 15 50 93.97£3.10 107.14£3.32
21 25 15 10 20 73.58%5.23 85.16%0.38
22 40 15 5 50 117.00 134.51£0.18
23 25 30 15 50 89.30%1.86 107.70£1.49
24 40 15 5 20 92.3514.77 91.92+1.22
25 50 30 5 20 94.69+0.87 112.78%0.18
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The highest TPC and AC values were achieved
under the same extraction conditions, with a
temperature of 40°C, extraction time of 15 min,
loading capacity of 5%, and ultrasonic amplitude
of 50% (Run 22). Similarly, the lowest values for
both responses were obtained at identical
extraction conditions, with a temperature of
25°C, extraction time of 1 min, loading capacity
of 15%, and ultrasonic amplitude of 20% (Run
19). This high concordance between the AC and
TPC values could be attributed to the presence of
phenolic compounds in hazelnut skin, known for
its high AC. Similar findings have been reported
in previous studies on the composition of
hazelnut skin in the literature (Shahidi et al., 2007,
Contini et al., 2008; Pelvan et al., 2012;
Gonctioglu-Tas and Gékmen, 2015; Pelvan et al.,
2018). Furthermore, it can be inferred that there
exists a strong correlation between the
antioxidant mechanism of phenolic compounds
and the AC assay, particularly the DPPH free
radical scavenging capacity (Bibi-Saader et al.,
2020).

The regression coefficients of the proposed and
then reduced models, along with the effects of
independent variables statistically on both
responses (TPC and AC), are presented in Table
4. The lack of fit values of the models was
insignificant (P >0.05) for both of them. The R?
adj-R?, and pre-R? were determined as 0.6719,
0.6063, and 0.4602 for AC, respectively,
indicating a correlation  between
experimental and predicted values. However, for
TPC, these coefficients were determined as
0.8216, 0.7747, and 0.6706, respectively,
suggesting a relatively higher correlation. The
difference between the pre-R? and the adj-R? was
less than 0.2 for both TPC and AC, indicating
statistically insignificant terms in the model, thus
showing the model's effectiveness. Additionally,
the Adeq.Precision, which is desired to be greater
than 4 for the model to have adequate signals, was
15.410 and13.050 for TPC and AC, respectively,
in the present results.

lower

From the process conditions, temperature (25-50
°C), time (1-30 min), and amplitude (20-50%) had
a significant effect (P <0.07) individually on the

TPC and AC values. An increase in extraction
temperature led to an increase in both TPC and
AC in both responses. This effect of the
temperature parameter in ultrasonic-assisted
extraction is similar to the effect of increasing
temperature in CE, such as increasing the
diffusion rate, mass transfer, and solubility
(Hemwimol et al., 2006). Consistent with our
findings, Hefied et al. (2023) reported a significant
increase in TPC with increasing temperature from
20 °C to 50 °C, with the highest TPC value
observed at 50 °C in preliminary expetriments of
the optimization study. Additionally, it was noted
that increasing the extraction temperature from
25 to 50 °C resulted in higher TPC and AC in
extracts, while exceeding 50 °C led to a decrease
in TPC due to the heat-sensitive compounds
(Bouafia et al, 2021). The effect of the
temperature factor aligns with many studies
reported in the literature (Chakraborty et al., 2020;
Dingel-Kasapoglu et al., 2021; Sirichan et al,
2022).

According to our findings, extraction time (1-30
min) has shown a significant (P <0.01) and
positive effect on the TPC and AC values.
Similarly, it has been reported that a higher
extraction time leads to an increase in TPC and
AC values in the recovery study from hazelnut
skin by Odabas and Koca (2016). Additionally,
Wani and Uppaluri (2022) reported that
extraction time had a significant and positive
effect (P <0.07) on the TPC and AC values. These
studies are consistent with our results regarding
the effect of extraction time.

Concerning the extraction time, it is stated that
ultrasonic-assisted extraction occurs in two main
stages: "washing" and "slow extraction,"
respectively. Initially, soluble components on the
surface of the plant matrix are rapidly dissolved
by the solvent penetrating the matrix, leading to
the release of bioactive compounds at maximum
levels. Then, in the second stage of "slow
extraction,”" solute compounds are transferred
from the plant matrix into the solvent via a
diffusion mechanism. Although this stage has
disadvantages such as longer time, higher energy
consumption, and potential degradation of
polyphenols, increasing the extraction time could
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result in higher TPC until a certain value of time ~ and extraction solution reach equilibrium
(Vinatoru, 2001; Sahin and Samli, 2013). (Cigeroglu et al., 2018). These findings underscore
Furthermore, the limiting effect of time is related the importance of optimizing the time parameter.

to the cessation of mass transfer when the solute

Table 4. ANOVA results for antioxidant capacity and total phenolic content of extracts from
ultrasonic-assisted extraction (after removing the insignificant factors (P >0.1) from the models)

Source Sum of df Mean F-value Coef.ﬁdem Vﬁue
Squares Square Estimate

Antioxidant capacity

Model 4265.20 4 1066.30 10.24 0.0001*

A-Temperature 848.63 1 848.63 8.15 7.12 0.0098™

B-Time 1388.47 1 1388.47 13.33 9.89 0.0016™

C- Loading capacity 486.22 1 486.22 4.67 -5.26 0.0430"

D-Amplitude 1595.73 1 1595.73 15.32 10.13 0.0009*

Residual 2082.59 20 104.13

Lack of Fit 1940.17 15 129.34 4.54 0.0518

Pure Error 142.42 5 28.48

Cor Total 6347.79 24

C.V.: 12.40

Adeq.Precision: 13.050

R?=0.6719

Adj-R2 =0.60063

Pre R2=0.4602

Final Equation in Terms of Coded Factors:

R1=+85.57+7.12*A+9.89*B-5.26*C+10.13*D

Final Equation in Terms of Actual Factors:

R1=+40.502+0.570*Temperature+0.682*Time-1.0514*Loading capacity+0.676* Amplitude

Total phenolic content

Model 6806.32 5 1361.26 17.50 < 0.0001*

A-Temperature 2417.51 1 2417.51 31.08 12.15 < 0.0001™

B-Time 2213.22 1 2213.22 28.46 12.70 < 0.0001™

C- Loading capacity 3.81 1 3.81 0.049 -0.47 0.8271

D-Amplitude 1044.95 1 1044.95 13.44 8.20 0.0016"

B? 635.33 1 635.33 8.17 -11.07 0.0101"

Residual 1477.73 19 77.78

Lack of Fit 1326.80 14 94.77 3.14 0.1064

Pure Error 150.93 5 30.19

Cor Total 8284.05 24

C.V..9.40

Adeq.Precision:15.410

R2=0.8216

Adj-R? =0.7747

Pre-R?=0.6706

Final Equation in Terms of Coded Factors:

R2=+104.75+12.15%*A+12.70*B-0.47*C+8.20*D-11.07*B?

Final Equation in Terms of Actual Factors:
R2=+23.863+0.972*Temperature+2.508*Time-0.094*Loading capacity+0.547* Amplitude-0.053*Time?

*Statistically significant at a significance level of 0.05 **Statistically significant at a significance level of 0.01.
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The ultrasonic amplitude parameter is crucial for
ultrasonic-assisted extraction as it can influence
the cavitation phenomenon, which facilitates the
release of target compounds by disrupting cell
walls and enhancing solvent penetration into the
sample matrix (Hemwimol et al., 2006). This
factor (20-50%) exhibited a significant effect (P
<0.07) on both TPC and AC, showing a positive
correlation. Similarly, Rakshit and Stivastav
(2020) reported that ultrasonic amplitude (40-
60%) had significant effects on TPC and AC (P
<0.07), with the optimum amplitude value
determined as 50% by RSM. Additionally, Rohilla
and Mahanta (2021) indicated that phenolic
compounds increased with increasing ultrasonic
amplitude from 10 to 50%, but beyond 70%,
phenolic compounds started to decrease due to
heat sensitivity. Furthermore, it was reported that
TPC and AC values increased significantly with
increasing amplitude value (30-50%) by Sirichan
et al. (2022).

The loading capacity (5-15%) exhibited a
significant linear effect (P <0.05) on antioxidant
activity, with decreasing loading capacity
positively impacting AC. This result could be
attributed to the increase in the diffusion rate of
bioactive compounds triggered by concentration
differences, acting as the driving force (Cacace
and Mazza, 2003). Moreover, it can also be
explained by the effective production of
cavitation bubbles, resulting in a high volume-to-
surface area ratio (Pandey et al., 2018). However,
this factor did not have a significant effect (P
>(0.05) on the total phenolic compounds within
the range of 5-15% loading capacity in our results.
In summary, while loading capacity (5-15%)
affected AC, it did not statistically affect TPC.
This result could indicate the presence of other
antioxidant components such as tocopherols,
carotenoids, and melanoidins apart from phenolic
compounds.

In conclusion, the optimal process conditions for
ultrasonic-assisted extraction of hazelnut skin
were determined as 50 °C for temperature, 27 min
for time, 5% for loading percentage, and 50% for
amplitude, resulting in a desirability function of
0.96. In these conditions, the model predicted a

TPC of 129.69 mg GAE/g and an AC of 116.00
umol TE/g. Upon experimental validation, the
actual TPC and AC values were measured as
13241 mg GAE/g and 125.03 umol TE/g,
respectively. Statistical analysis using the t-test
revealed no significant difference between the
predicted and experimental values for TPC and
AC, indicating that the response surface
methodology (RSM) model effectively predicted
these responses in the ultrasonic-assisted
extraction of hazelnut skin.

CONCLUSION

In this study, aqueous extracts rich in phenolic
compounds and antioxidants were obtained from
hazelnut skin using both CE and UAE methods.
The effects of extraction conditions on TPC and
AC were investigated using RSM. Optimal
parameters were determined as 90°C temperature,
35 min time, and 5% loading capacity for CE, and
50°C temperature, 27 min time, 5% loading
capacity, and 50% amplitude for UAE. The
responses of the optimized extracts were similar
between the two extraction methods, with TPC
values of 136.52 mg GAE/g for CE and 132.41
mg GAE/g for UAE, and AC values of 126.03
umol TE/g for CE and 125.03 pmol TE/g for
UAE. Furthermore, there were no significant
differences  between the predicted and
experimental values of TPC and AC for the
optimized extracts. In summary, while both
extraction methods yielded similar results, UAE
offers the advantage of shorter extraction time.
Therefore, UAE may be preferred for its
efficiency. The aqueous extracts obtained from
hazelnut skin, rich in phenolic compounds, can
delay or prevent lipid oxidation and serve as
natural antioxidants in the food industry,
potentially replacing synthetic antioxidants. From
an engineering point of view, understanding of
optimum conditions in hazelnut skin extraction is
crucial for scaling up to pilot and subsequently
developing industrial applications.
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Gida mikrobiyolojisi, gidalarin dretimi, kalitesi ve glvenligi tizerinde etkisi olan mikroorganizmalarin
incelenmesine odaklanirken, mikrobiyel genetik, mikroorganizmalarin kalitsal bilgi mekanizmalarinin
arastirilmastyla ilgilenir. Mikrobiyel genetik, 6ncii bir disiplin olan mikrobiyoloji ve genetik mithendisligi
icinde bir alandir. Bu alan, genlerin nasil ¢alistigini ve nasil kontrol edildigini anlamak, farkli mekanizmalarla
caligan gen urtinlerini belirlemek gibi amagclarla mikroorganizmalari analiz eder. Bu calismada gida
mikrobiyolojisi ve genetik bashigint anlamamiza yardimer olan Escherichia coli gibi 6nemli bir model
mikroorganizma tizerinden giris niteliginde bir inceleme yapilmustir.

Anahtar kelimeler: Gida mikrobiyolojisi, bakteriyel genetik, Escherichia coli

FOOD MICROBIOLOGY AND GENETICS: ESCHERICHIA COLI
ABSTRACT

Food microbiology focuses on examining microorganisms that impact the production, quality and
safety of food, while microbial genetics is concerned with investigating the genetic information
mechanisms of microorganisms. Microbial genetics is a field within the pioneering discipline of
microbiology and genetic engineering. Microbial genetics analyzes microorganisms to understand
how genes function and how they are regulated. It also identifies gene products that operate through
various mechanisms. This study provides an introductory examination by investigating a significant
model microorganism such as Escherichia coli, which helps us to understand food microbiology and
genetics.
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GIRIS
Bir g@dada  bulunmasi muhtemel tim
mikroorganizmalar yararli, saprofit ve patojen
ozellikte olmakla birlikte timi gida bilimi ve
teknolojisi ag¢isindan  Onem arz etmektedir
(Lorenzo vd., 2018). Gida biliminin bir disiplini
olan gida mikrobiyolojisi, gidalarda bulunan
mikroorganizmalarin  tanimlanmasina, gelisme

Ozelliklerine ve biyolojisine odaklanmaktadir
(USDA, 2011).

Genetik, DNA  (Deoksiribo  Niikleik — Asit)
dizisindeki degisikliklerin bir sonucu olarak
ebeveynlerden yavrulara belirli niteliklerin veya
ozelliklerin nasil gectiginin arastirildigt bir alandir
(Bigler, 2023; NIGMS, 2023). Genetik
arastirmalar, bireysel genlerin veya gen gruplarinin
bir canlt organizmada isleyen sisteme nasi déhil
oldugunu inceler ve kisaca genlerin davranislariyla
ilgilenen  biyoloji dali oldugu s&ylenebilir
(Petreaca, 2013). Mikrobiyel genetik ise,
bakteriler, arkealar, viriisler, bazt protozoalar ve
funguslar dahil mikroorganizmalardaki kalitsal
bilgi  mekanizmalarinin  incelenmesi  ile
lgilenmektedir. Mikrobiyel genetik, hiicresel
streglerin diizenlenmesinin yant sira islevsel ve
metabolik yolak organizasyonunun ¢éziimlenmesi
icin glicli araglar saglar (Weinstock, 2013). Bu,
hem bireysel gen ifadesini kontrol eden
diizenleyici genlerin ve bélgelerin kesfedilmesini
hem de hangi genlerin diizenlendigini, dolayisiyla
strece birlikte davranis olasiiginin belirlenmesini
icerir. Cogu zaman es diizenlenmis genler, ayn
transkripsiyonel birimde yan yana yer alabilir,
ancak es gidiimlenmis ¢ok sayida dagilmis gen
kiimesi gorilmesi de mimkindir (Alberini,
2009).

Bakteriyel genetik, genetik bilginin belitli bir
bakteriden digerine ya da bakteri soylarina nasil
aktanldigini, nasil ifade edildigini ve bakterinin
fizyolojisini ~ (fenotip)  nasil  belirlediginin
incelenmesini icerir (Maloy, 2001). Bazen genetik
varyasyon veya bakteriler arasindaki genetik bilgi
aktarimi  mutasyonlara yol acabilir. Bakteri
poptlasyonlarinin -~ buyukligh  géz  6ntine
alindiginda son derece nadir genetik olaylarin bile
meydana gelme olasiligt bulunur (Holmes ve
Jobling, 1996). Boylece ayni tiire ait farklt suslar

arasinda  genetik  varyasyon  (polimorfizm)
olusmaktadir. Laboratuvarda, bakteriletin
Ozelliklerini incelemek, gen transferi ve gen
ifadesinin temel 6zelliklerini kesfetmek ve istenen
Ozelliklere sahip mutantlar olusturmak i¢in
genetik varyasyondan yararlanidir (Maloy, 2013).
Escherichia  coli,  prokaryotlar  icin  model
mikroorganizma olmasindan dolayt en ¢ok
calisilan bakteridir ve biyolojideki bir¢ok temel
kavramin gelistirilmesinde etkili olmustur (CDC,
2022a; Ruiz ve Silhavy, 2022). Pek ¢ok aragtirmact
daha basit bakteri sistemi ile calisgmaya
basladiginda arastirmalarda E. co/fnin merkezi
roli tstlendigi goriilebilir (Denamur vd., 2021).
Escherichia coli suslart arasinda yiksek derecede
polimorfizm olmasina ragmen hala model
organizma olarak siklikla calistimaktadir (Pitout ve
Finn, 2020). Bu ¢alismada, bakteri genetigi model
organizma olarak kullamilan FE. ¢/ Uzerinden
tartigtlacaktir.

Escherichia coli

Escherichia coli, normal bagirsak florasinda bulunan
enterik bir bakteridir (Martinson ve Walk, 2020).
Cok az mikroorganizma E. co/ikadar c¢ok
yonludir (Kaper vd., 2004). Temel biyolojik
streci arastirmak icin ilk tercth olarak secilen ve
en iyl anlasilan yasayan organizmalardan biri
oldugu icin, molekiller genetikte bir model
organizma olarak kullamlmaktadir (Taj vd., 2014).
Escherichia coli, memeliler ve kuslar icin firsatct bir
patojen, omurgali bagirsak mikrobiyotasinda
bulunan bir bakteridir (Foster-Nyarko ve Pallen,
2022).

Escherichia colinin temel genleri hucre icinde
paketlenmis tek orijinli dairesel bir kromozom
tzerine kodlanmustir (Griswold, 2008). Escherichia
coli genomu (kromozomu) iki replikasyon
catalinin zit yonlerde ilerledigi bir orijine sahiptir
(O'Donnell vd., 2013). Her bakteri hiicresindeki
gibi E. w/deki genetik bilgi akist DNA'dan
RNA'ya ve proteine dogru tek yonlidir (Holmes
ve Jobling, 1996). Genler, protein sentezini
yoneterek bir hiicredeki faaliyetleri ve islevleri
yonlendirir. Gen ifadesi veya gen ekspresyonu
(Gizelge 1), bir gende kodlanan bilginin bir isleve
veya bir karaktere donustirtlmesi islemidir
(Holmes ve Jobling, 1996). Proteinleri kodlayan
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RNA molekullerinin veya diger islevlere hizmet
eden kodlayict olmayan RNA molekillerinin

transkripsiyonu yoluyla gerceklesir (Wang ve
Farhana, 2023).

Cizelge 1. Bir gen dizisinin olgun bir gen trtiniine (protein veya RNA) dénistiraldigi islemin bir
RNA transkriptinin Giretimini ve protein kodlayan genler i¢in islenmesini, ¢evrilmesini ve
olgunlasmasint GO:0010467 terimi tizerinden EcoCyc veri tabani temel alinarak aciklamast.

Escherichia coli K-12 substr. MG1655

Gen Ontoloji Terimleri Sinift: GO:0010467-gen ifadesi

o G0:0043170- Yiiksek nispi molekiiler kiitleye sahip herhangi bir molekiilii iceren kimyasal
g  makromolekill metabolik reaksiyonlar ve yollar, yapist esasen diisiik nispi molekiiler kiitleye sahip
L sureci molekillerden fillen veya kavramsal olarak tiretilen birimlerin ¢oklu
:C‘: tekrarindan olusur.
GO:0097659-niikleik asit  GO:0032774-RNA GO0:0006351-DNA sablonlu transkripsiyon
sablonlu transkripsiyon biyosentetik siireci
G0O:0051604-protein GO:0019538-protein ~ GO:0006474-N-terminal ~ protein amino  asit
olgunlagmast metabolik siireci asetilasyonu
(Bir proteinin tam islevsel GO:0009249-protein lipoilasyonu (Peptidil-lizinin
kapasitesinin elde peptidil-N6-lipoil-L-lizin olusturmak Uzere
edilmesine  yol  agan lipoilasyonu)
herhangi bir siirec) GO:0016485-protein isleme
GO:0022417-protein ~ katlanmasiyla ~ protein
olgunlasmast
GO:0097428-demir-kikiirt kiimesi transferi ile
protein olgunlasmast
GO:0110147-nikel iyonu transferi ile protein
olgunlagmast
8 GO:0006412- G0O:0009059- GO:0006413-translasyon baslangict
§ Translasyon makromolekiil GO:0006414-uzama
& biyosentetik siireci GO:0006415-translasyon sonlandirma
;—3 GO:0019538-protein ~ GO:0006418-protein  translasyonu ig¢in sentez
metabolik siireci sirasinda  yeni olusan polipeptit  zincirlerinin
GO:0043043-peptit dizisine amino asitlerin eklenmesine aracilik
biyosentetik siireci etmekten sorumlu nispeten kicik RNA
molekillerinin (tRNA) aminoasilasyonu
GO:1990145-translasyon tamiri
GO:0006396-RNA isleme  GO:0016070-RNA GO:0000966-RNA 5' uglu isleme
metabolik siireci GO:0006397-DNA'dan ~ kopyalanan ~ genetik
'mesaji’  ribozomlardaki  protein  toplanma

bélgelerine tagimaktan sorumlu mRNA isleme
GO:0008380-RNA ekleme
GO:0031123-RNA 3' uglu isleme
GO0:0034470-Bir  veya daha
kodlamayan RNA (ncRNA) isleme
GO:0036260-RNA kapatma

fazla  birincil

Tek bir E. co/i hiicresi, bir bakteriyofajin sahip
oldugu DNA baz ¢ifti uzunlugunun yaklagik 100
katt kadar DNA baz cifti icerir (Shao vd., 2015;
Henderson, 2020). E. ¢/ genomu kendi
uzunlugunun yaklastk 850 katt uzunlugunda
4639221 baz cifti iceren tek bir cift sarmalli
dairesel DNA’dan olusmaktadir (Makatowski,

2001). Kromozom, birlikte kopyalanan ve ilgili
biyolojik stireclerde yer alan genlerden olusan,
operon adt verilen islevsel birimler halinde
dizenlenir. Escherichia coli suslarinin  genomu,
3900-5800 gene karsihk gelmektedir ve
replikasyon sirasinda DNA fragmanlarinin sik stk
silinmesinden dolayt 4.2 ila 6.0 Mbp arasinda
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degisit (Denamur vd., 2021). Escherichia colf deki
genlerin yaklastk yarisinin bir operonun pargast
olarak kopyalandig1 diisiintilmektedir (Okuda vd.,
2007).

Escherichia coli genomu, hicre metabolizmasi,
DNA replikasyonu ve onarimi, protein sentezi ile
gen ckspresyonunun diizenlenmesi gibi farklt
hticresel islevlerden sorumlu bircok farkli geni

kodlar. Escherichia coli genomunu anlamak, gida
mikrobiyolojisindeki biyolojik stirecleri daha iyi
anlamaya yardimct olur ve gida biyoteknolojisi
aragtirmalarinda ¢ok sayida uygulamaya olanak
saglar. Escherichia coli ATCC® 29055™ (E. coli)
susu gen ve genom Ozellikleri Cizelge 2’de
verilmistir (ATCC, 2024).

Cizelge 2. E. coli 6zellikleri.

Sus ismi Escherichia coli (ATCC® 29055™)
Uzunluk 4.588.376 niikleotit (nt)

Contig Say1st 4 (0 Dairesel)

Nso 4.423.368 nt

%GC %50.83

Genotip F-thr-leu-his-pro-arg-lac-gal-ara-xyl-mtl-T6r str-r*
CDS sayist 4.245

Varsayimsal Proteinlerin Sayisi 758

tRNA sayist 87

5s tRNA sayist 8

16s rRNA sayist 7

23s rRNA say1s1 7

*F: F plazmiti, thr:treonin, leu:18sin, his:histidin, pro:prolin, arg:atjinin, lac:laktozun taginmast ve metabolizmasi igin
gerekli operon; gal:galaktozun tasinmasi ve metabolizmast i¢in gerekli operon; ara: E. co//deki L-arabinozun
parcalanmast icin gerekli operon; xyl:ksiloz operonu mtl:mannitol operonu, T6: E. co/i bakterilerini enfekte eden bir

bakteriyofaj susu, Str Ristreptomisin direnci.

Bakterilerde gen ekspresyonunun dis kosullarla
bitlesmesi transkripsiyon faktdtlerinin  (TF'ler)
genomdaki belirli bolgelere baglanmasi ve ilgili
efektor sinyalin veya metabolitin taninmasi ile
gerceklesir (Martinez-Antonio vd., 2008). Yapilan
deneysel calisgmalarin sonucunda, E. cw//'de TF'leri
ve bunlarin  dizenlenmis genleri arasinda
3000'den fazla duzenleyici etkilesim olduguna
iliskin veriler RegulonDB adt verilen 6zel bir veri
tabanina entegre edilmis ve belgelenmistir
(Salgado vd., 2000). Escherichia colinin hiyerarsik
bir organizasyonu ve transkripsiyonel diizenleyici
aglarint  vurgulayan kapsamli calismalar da
gerceklestirilmistir (Shen-Orr vd., 2002; Dobrin
vd., 2004; Ma vd., 2004; Vasilyev vd., 2024). Bu
calismalar, E. o/ icin gevresel kosullara baglt
olarak transkripsiyonun baslatilmasinin, pek ¢ok
diziye = Ozgii  transkripsiyon  faktorleri ve

ntkleotitle iliskili proteinler tarafindan hassas bir
sckilde ayarlandigint géstermistir.

Mutasyonlar, genomdaki kalitsal degisikliklerdir.
Bakterilerde bireysel olarak spontan mutasyonlar
nadirdir.  Bir  organizmanin  genotipinde
kendiliginden meydana gelebilen veya kimyasal
yada fiziksel islemlerle indiklenebilen kalitsal
degisikliklere mutasyon, referans sus olan
organizmaya “yabani tip (wild type)” ve bu
organizmanin mutasyonlu soylarina ise “mutant”
denir (Najafi ve Pezeshki, 2013). Kalitsal
farkliliklarina gére ayrim yapilabilecegi gibi; segici
ortamda buylime ile yabanil tip ve mutant suslar
arasinda fenotipik O6zelliklere goére de ayrim
yapilabilir (Holmes ve Jobling, 1996; Nichols vd.,
2011). Ornegin, laktozu fermente eden fenotip
TLac*, laktozu fermente edememe durumu ise Lac-
olarak ifade edilmektedir. 3-galaktosidaz kodlayan
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E. coliye ait lacZ geninin niikleotit dizisi ilk kez
1983 yilinda dizilenmistir (Kalnins vd., 1983). Bu
calismada bu genin 1023 kodondan olustugu
hesaplanmistir. Ancak Beal vd. (2023)’e gére E.
coli lacZ genine ait verilerin biyoinformatik
yontemler ile analizine dayanarak /acZ geninde (3-
galaktosidaz fonksiyonunu bozan 2732 hatalt
mutasyon karakterize edilmistir (Beal vd., 2023).
Yanlis mutasyonlar 1023 /acZ kodonunun 492'sini
(%48) etkiledigi ve B-galaktosidaz enzimin
katalitik aktivitesini etkileyen yapisal ozelliklerin
daha iyi anlasiimast gerektigi vurgulanmistir.

Genetik bilginin aktarimi1

Bakterilerde genetik bilginin aktarimi siireci, bir
donérden bir aliciya genetik bilginin transferini
icerir ve bakteriler arasinda gen transferi temel
olarak  transformasyon,  konjugasyon  ve
transdiiksiyon ile gerceklesmektedir (Trevors,
1999). Transformasyon bir bakteri ortamindaki
serbest DNA parcasinin alinmast ile gergeklesir
(Maloy, 2001; Iranzadeh ve Mulder, 2019).
Haemophilus, Neisseria, Streptococcus, Bacillus gibi bazi
bakteri tiirleri dogal olarak bakterilerin serbest
DNA pargalarini baglama yetkinligine sahipken E.
coli ve diger bircok bakteri laboratuvar
kosullarinda kalsiyum kloriir (CaCly) ¢Ozeltilerine
maruz birakilarak yapay olarak yetkin hale getirilir
(Kadner ve Rogers, 2023).

DNA’nin, dogrudan fiziksel temas yoluyla
bakteriler  arasinda  Ozellikle  plazmitlerin
aktarilmasi islemine konjugasyon denir (Raleigh
ve Low, 2013). DNA konjugasyonu strasinda, bir
plazmit (kiigiik, dairesel bir DNA parcast) iceren
bit donor bakteri hucresi, kendisini bitr alict
bakteri hiicresine fiziksel olarak baglayan bir
konjugasyon koprisii veya pilus olusturur (Virolle
vd., 2020). Plazmit DNA daha sonra bu baglant:
yoluyla dondrden alictya aktarilir béylece alict
hticre DNA konjugasyonu yoluyla yeni 6zellikler
ve yetenekler kazanabilir (Kadner ve Rogers,
2023; NHGRI, 2023). Bircok konjugatif plazmit,
cok sayida farkli Gram negatif bakteri tird
arasinda aktarilabilir ve ¢ogalabilir (De La Cruz
vd., 2010). Gram pozitif Enterococcus cinsinde de
konjugasyon gozlenmistir, ancak hiicre tanima ve
DNA transferinin mekanizmasi Gram negatif
bakterilerde  meydana  gelenden  farklidir

(Grohmann  vd., 2003). Bircok calisma,
bakterilerde gen fonksiyonlarinda konjugasyonun
oynadigt rolii incelemistir. Headd ve Bradford
(2020) tarafindan elde edilen verilere gore
konjugasyonun E. ¢/ hicreleri bolindikten
sonra ve gelismenin stabil kaldig1 asamaya
gecmeden Once gerceklestigi  gOsterilmektedir
(Headd ve Bradford, 2020).

Transdiksiyon ise bakteriyofajlar araciligr ile
gerceklesmektedir (Fillol-Salom vd., 2019). Faj
olarak da bilinen bakteriyofajlar, genetik
materyallerini konake1 bakteri hiicrelerine enjekte
etme yetenegine sahiptir ve bazen bu islem
sirasinda, dondr hiicreden bakteriyel DNA'nin
kiiciik bir bolimini de alabilitler (Kasman ve
Porter, 2021). Bakteriyel DNA'nin viral genoma
bu sekilde dahil edilmesine transdiiksiyon denir
(Kadner ve Rogers, 2023). Ornegin siga toksini
(Stx) treten Escherichia coli (STEC), ishalden
siddetli hemorajik enterite kadar ¢esitli hastaliklara
ve bazen hemolitik tremik sendrom (HUS) ve
ensefalopati  gibi  yasamu  tehdit  eden
komplikasyonlara neden olan O6nemli gida
kaynaklt patojenlerdir (Siegler, 1994; Joseph vd.,
2020). Stx, bu ciddi hastaliklarin baslangicindan
sorumlu olan temel viriilans faktoridir. O26:H11
Stx Ureten Escherichia co/fnin evrimi boyunca Shiga
toksini (Stx) 1 transdiiksiyon fajindaki dinamik
degisikliklere dair yapilan g¢alismada (Yano vd.,
2023) Stx genlerinin, lizojenik duruma girmek icin
konak¢t kromozomlarina entegre edilen iliman
bakteriyofajlar (Stx fajlari) tarafindan kodlandig
actklanmustir.

Rekombinant DNA yontemleri

Hibrit DNA molekillerini rekombinant DNA
yapmak ve karakterize etmek icin bir¢ok yéntem
mevcuttur. Bu tiir ydntemler, hibrid replikonlarda

spesifik  genlerin izole edilmesini, bunlarin
ntkleotit  sekanslarinin  belirflenmesini  ve
belirlenmis lokasyonlarda mutasyonlar

yaratilmasint igerir (Alberts vd., 2002). Bir klon,
tek bir atadan egeysiz Gireme yoluyla tiiretilen bir
organizma veya molekil poptlasyonudur. Gen
klonlama, yabanct genleri  hibrit DNA
replikonlarina dahil etme islemidir. Klonlanmisg
genler, uygun konaket hiicrelerde ifade edilebilir
ve belitledikleri fenotipler analiz edilebilir.


https://journals.asm.org/doi/full/10.1128/aem.00948-20
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Rekombinant DNA yontemleri, herhangi bir
kaynaktan alinan spesifik DNA fragmanlarinin, iyi
karakterize edilmis  bakterilerde, Okaryotik
hticrelerde veya in vitro calisilabilen vektotlere
klonlanmasini miimkiin kilar. Tyi bilinen genetigi,
cok sayida uyumlu molekiiler aract olmast
nedeniyle rekombinant DNA teknolojisi ile
enzimlerin ve diger proteinlerin tGretiminde . co/i
en ¢ok kullanilan konak¢t mikroorganizma
olmugtur ve bu durum devam etmektedir (KKaper
vd., 2004; Fakruddin vd., 2013). Bunun nedeni E.
colfnin heterolog proteinleri eksprese etmek icin
hizli bytime, ¢esitli kiiltlr besiyerleri veya genetik
modifikasyonlar elde etmek icin tasarlanmis ¢ok
saytda modelin varlig1 gibi ¢esitli avantajlart olmast
ile agtklanabilir (Huang vd., 2012; Blount, 2015;
Idalia ve Bernardo, 2017; Lee vd., 2017; Xu vd.,
2020). Hatta heterolog proteinlerin yiksek
diizeyde tretimi igin genis bir ekspresyon plazmit
katalogu, c¢ok sayida tasarlanmis sus ve bircok

gelistirme stratejisi gibi molekiiler ara¢ ve
protokoller mevcuttur (Rosano ve Ceccarelli,
2014).

Gen regiilasyonu

Literatiir enzim islevi, gen regiilasyonu ve genetik
mithendisligi Gzerine arastirmalar da dahil olmak
tzere, E. coli hakkinda yiizyilt askin bir siredir
yapilan arastirmalart bildirmektedir (Keseler vd.,
2021). Uzun arastirma ge¢misine ragmen, cok
sayida genin islevi hala bilinmemektedir (Ghatak
vd., 2019). Bu nedenle model organizma veri
tabanlarina ihtiya¢ artmustir ve Escherichia coli icin
deneysel verileri toplayip, 6zetleyen EcoCyc gibi
veri tabanlart olusturulmustur. EcoCyc Escherichia
coli K-12 MG1655 bakterisi icin bilimsel bir veti
tabanidir ve stirim 27.5 i¢in bulunan veri tiirlerine
genel bir bakis Cizelge 3’te gosterilmistir (Karp
vd., 2021).

Cizelge 3. Stirtim 27.5 EcoCyc icerigi ve Escherichia coli gen fonksiyonlart.

Veri Tipi Veri tabani nesnesi sayist
Kromozom

Toplam gen 4703
Protein genleri 4328
RNA genleri 229
Psodojenler 146
Boyut(bp) 4.641.652
Genler 4704
Yolaklar 376
Enzimatik reaksiyonlar 2347
Tagima reaksiyonlar 540
Polipeptitler 4482
Protein kompleksleri 1177
Enzimler 1734
Tagtyicilar 485
Bilesikler 3024
Transkripsiyonel birimler 3718
tRNAlar 89
Besiyeri 439
Transkripsiyonel diizenleme 5899
Protein 6zellikleri 41500
Fenotip mikrodizi veri kiimeleri 5

GO terimleri 69043
Gene Essentiality veri kiimeleri 6
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Bu veri tabanu, bir dairesel genom gériintileyici ile
genler, promotorler, baglanma bolgeleri ve diger
ekstrajenik bolgeleri iceren bir dizi es merkezli
daire olarak kromozom organizasyonunun genel

bir goérintimini de saglamaktadir (Sekil 1)
(EcoCyc, 2024).

aleyici kontrollen

. MG1655

erji iiretimi
WKofakior syn
Wiozulma/Kullamm/Asimilasyon
Genler, Escheri coli K-12 substr. MG 1655
W GO0040011 - Hareket

W GOD069S0 - Strese tepki

W GO:00513001 - Hiicre baliinmesi
m Genler, Esc hia coli K-12 substr. MG 1655
BCRP duzenlemes:
M RpoH icin promotorler, Escherichia coli K-12 substr.
MG1655
B Genler, RNA- kodlamass, Escherfehia coll K-12 substr.
MGL655
W RNA- kodlamast
W rRNA- kodlamas
W REP ficleri, Escherichia coli K-12 substr, MG1655
B Koordinatlar. Eschericiia colt K-12 subste. MG1655

Sekil 1. Cesitli 6zellik tiirlerini, filtreleme ve vurgulama seceneklerini gésterimi ve en distaki daireden
ice dogru swralandigt Escherichia coli K-12 substr. MG1655 referans genomu EcoCyc Dairesel Genom
Goruntileyici ekram kullantlarak olusturulmustur (Keseler vd., 2021).

Bitin genom bilgisinin yant sira aynt veri
tabaninda yalnizca bir gen ve bu gen tzerindeki
diizenleyici  etkilere iliskin  temel bilgilere
ulagilabilir.  Sekil 2’de /JacZ geni Uzerindeki
diizenleyici etkilerin 6zeti verilmistir (Mackie,
2015).

Bakteriler gen diizenlemek icin operonlart
kullanir. /ac operonunu kontrol ederek, bakteri
hticreleri laktoz sekerinin varligina yanit olarak
gen ifadesini diizenleyebilir. Lac operonu lacZ (3-
Galaktosidaz enzimini kodlar), /Y (permeaz
enzimini kodlar) ve /acA (asetilaz enzimini kodlar)
olmak tzere ¢ genden olusur.

Tium Genom Dizileme (WGS, Whole Genome
Sequencing)

Tim genom dizileme bir organizmanin
DNA'sinin  tim  dizisini  belitleyerek genetik
bilgilerin kapsamli bir analizini saglayan bir
tekniktir (CDC, 2022b). Ttim genom dizileme ile
tim genetik materyalin tam bir haritast
olusturuldugu  icin  organizmanin  genetik
varyasyonlari, tekrarlayan dizileri, mutasyonlari ve
diger genetik 6zellikleri  incelenebilmektedir
(Roach vd., 1995; Roach vd., 2010; Lewis, 2013).
WGS, DNA bazli veya RNA bazli sckanslama
yontemlerini icermektedir (Alberts vd., 2002).
DNA bazli genom sekanslama yontemleri,
organizmanin DNA'siin dizisini belirlemek igin
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kullanilir. Uzun DNA parcalarinin tek sarmal
dizilenmesini saglayan Sanger dizileme ve kisa
parcalarin aynt anda yiiksek sayida dizilenmesini
saglayan yeni nesil dizileme (Next-Generation
Sequencing-NGS) yéntemleri DNA bazli genom
sekanslama yontemlerindendir (KhanAcademy,
2023). RNA bazli genom sekanslama yontemleri
ise, organizmalarin transkriptomunu (tim RNA

molekillerini) incelemek ic¢in kullanilir. Burada
amag organizmanin tim transkriptlerinin dizisini
belirlemektir. RNA-Seq ve kiitiiphane tabanlt
RNA sekanslama yontemleri RNA bazli genom
seckanslama  yontemlerindendir (Kukurba ve
Montgomery, 2015). Sekil 3’te tim genom
sekanslama basamaklart verilmistir (CDC, 2022b).

T

T DNA pargas: RNA polimeraz
D NA ———» Aktivasyon (veya herhangi bir promosyon sekli)
:] Protein | Inhibisyon
Homomultimer > Transkripsiyon
(:) Kiigiik molekiil < Cevirme

Sekil 2. LacZ Gzerindeki diizenleyici etkilerin dzeti.

TUM GENOM SEKANSLAMA

Baketeri hiicreleri bir agar plakasindan almir ve kimyasallarla
hiicreler parcalanarak DNA serbest birakilir. Daha sonra DNA
pa saflagtirthr.
-
XA

N4

Y

78
| 2DNAKeme -
DNA, "molekiiler makas" enzimleri veya mekanik

pargalama kullanilarak bilinen uzunluktaki kisa
pargalara béliiniir.

Polimeraz zincir reaksiyonu (PCR) ile her bir DNA parcasinin birgok
kopyast olusturulur. Bir PCR makinesinde iiretilen par¢a havuzuna
"DNA kiitiiphanesi" denir. _
DNA kiitiiphanesi bir siralayiciya yiiklenir. Her bir DNA
pargasini olusturan niikleotitlerin (A, T, C ve G) kombinasyonu
belirlenir ve her sonuca “DNA okumasi™ denir.

Siralayici, milyonlarca DNA okumast iiretir ve bunlari dogru sirayla CTG
bir araya getirmek igin 6zel bilgisayar programlari kullanilir.

Tamamlandiginda, milyonlarca niikleotiti (bir veya birkag blyik

parga halinde) igeren genom dizisi daha fazla analiz igin hazirdir.

CAATTGCAT

CCGGA|
CTGCAATTGCATCCGG. A

Sekil 3. Tim genom sekanslama basamaklart.
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Bir E. co/i susunun (E. co/i K-12) ik tim genom
dizisi 1997'de yayinlanmistir (Blattner vd., 1997).
O zamandan beri binlerce E. ¢o/i izolatinin dizileri
elde edilmis (NCBI, 2024) ve mevcut verilerden,
E. coli genomunun (plazmitleri ve profaji iceren)
boyutunun degisebilecegi anlastlmaktadir.
Bununla birlikte, tim genom dizilimi, alelik
varyasyona veya serotipleme gibi gen igerigindeki
farkliliklara dayanan E. co/7 alt tirlerini dogru bir
sekilde belitlemek icin kullandabilir (Ingle vd.,
2016). Tum genom dizilimi ayni zamanda dizi
tiplemesinin temelini olusturan E. co//nin ¢ekirdek
genomundaki tek ntkleotit polimorfizmleri
hakkinda bilgi saglar ve bireysel suslarin evrimini
ve yayllmasini izlemek icin diger sistemlerden
daha giivenilirdir (Robins-Browne vd., 2016).

E. colive CRISPR teknolojisi

Genom  diizenleme, O6zellikle bilimsel ve
endiistriyel 6nemi olan mikroorganizmalardaki
fizyolojik ve metabolik siireglerin genetik temelini
arastirmalari icin olduk¢a 6nem arz etmektedir (Li
vd., 2016; Liang vd., 2017). Bakterilerde genom
dizenlemeye yonelik mevcut en son teknoloji
yaklasimi, bir DNA sablonunun homolog
rekombinasyonunu CRISPR-Cas (Kimelenmis,
diizenli araliklh kisa palindromik  tekrarlar
(CRISPR)/CRISPR ile iligkili protein (Cas))
sistemlerinde programlanabilir nutkleazlar
tarafindan hedeflenen DNA ile bitlestirmektir
(Arroyo-Olarte vd., 2021). CRISPR ilk olarak
Escherichia colide (Ishino vd., 1987) kesfedilmis ve
son zamanlarda bircok bakteride (Sorek vd., 2008)
tanimlanmustir.  CRISPR'lar, diziye 6zgi  bir
sekilde niikleik asidi hedefleyerek viriislere ve
plazmitlere karst kazanilmis bagisiklik saglar
(Horvath ve Barrangou, 2010). Escherichia coli'de
CRISPR-Cas  sistemlerinin  transkripsiyonel
baskilayict  6zelligi  nedeniyle  laboratuvar
kosullarinda aktif olmadigt genel olarak kabul
edilmektedir.  Dogal  izolatlarda, =~ CRISPR
dizilerinin yillar boyunca sabit kaldigi ve ¢ogu
aralayict  hedefin  (protospacer)  bilinmedigi
gOsterilmistir. Son yillarda bu konuda yapilan
calismalar  bilinen dogal E. e/ aralayia
kiitiphanesini de %060 oraninda genisletmistir
(Dion vd., 2024).

Escherichia coli, etanol, yiiksek alkoller, yag asitlert,
amino asitler, sikimat tlrevleri, terpenoidler,
poliketidler gibi kimyasallarin tGretiminde en
yaygin kullanilan hiicresel fabrikalardan biridir
(Yang vd., 2021). Bu biyokimyasallarin Gretimine
yonelik metabolik muhendislik, verimliligin
artmast icin hiicresel metabolizmanin yeniden
dizenlenmesini gerektirir. Genom diizenleme,
zaman  kazandiran  swrali veya  ¢oklu
maniptlasyonlart  gerceklestirmek icin  etkili
araclar saglamaktadir (Dong vd., 2021). Daha
once gen silme ve yerlestirme de dahil olmak
lzere cesitli hassas genom modifikasyonlarint en
yiksek  verimlilikle  gerceklestirmek  icin
Streptococcus pyogenes Tip 11 CRISPR-Cas9 sistemini
kullanarak Escherichia coli genomuna hedefli,
siirekli bir ¢oklu gen dizenleme stratejisi
uygulanarak ¢ hedefe kadar eszamanh ¢oklu gen
dizenleme gerceklestirilmistir (Jiang vd., 2015).
Etkili bir gen diizenleme aract olan CRISPR yant
stra  CRISPR  miidahalesi de (CRISPRi)
programlanabilir gen baskilamasi icin
tasarlanmistir  (Wu  vd., 2017). Emek yogun
calismalar sonunda tasarlanmis E. co/i susunun
gelisimi, yinelemeli gen mutasyonunu, bir genin
silinmesini veya eklenmesini icerebilmektedir
(Maeder ve Gersbach, 2016). CRISPR ve
CRISPRI ayr1 ayr1 kullanilabilecegi gibi birlikte ele
alindiginda, CRISPR ve CRISPRi
kombinasyonuyla  E. cofinin  metabolik
mihendisliginin yapilabilirligi gosterilmistir (Wu
vd.,, 2017).

SONUC

Endistriyel uygulama gereksiniminin artmast
nedeni ile mikroorganizmalarin tanimlanmasi,
genetik ¢esitliliginin ortaya konmasi ve yeniden
insas1 giderek daha fazla Onem kazanan bir
konudur. Bu ¢alisma model organizma olarak
kullanilan ve 6nemi gittikce artan E. co/i Uzerine
bakteri genetigi agisindan farkll bir bakis acist ile
giris niteliginde bir inceleme saglamaktadir. Gida
mikrobiyolojisi alaninda daha fazla bakteriyel
genetik arastirmalart ve ilgili stratejiler ile elde
edilen bilgiler endistriyel uygulamalar icin yeni
olanaklar sunacaktir.
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CIKAR CATISMASI BEYANI

Bu calismada yazatlar arasinda, bagka kisiler
ve/veya kurumlar arasinda ¢tkar catismast
bulunmamaktadir.

YAZAR KATKILARI

Yazarlar makalenin detlenmesinde, yazilmasinda
ve yayinlanmasinda esit katk: saglamuslardur.
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oz

Bu ¢alisma kapsaminda siite iki farkli oranda (%30 ve %50) evaporasyon uygulanmus ve %1.5 oraninda
aroma maddesi ilave edilerek muzlu, cilekli, kakaolu siit regelleri Giretimi gerceklestirilmistir. Siit receli
tretiminde farkh diizeylerde evaporasyon uygulanarak, geleneksel Gretimde uygulanan sicaklik siddetinin ve
dolayisyla iiriinde meydana gelen olumsuzluklarin azaltlmast hedeflenmistir. Orneklerde bilesim
Ozelliklerinin (kurumadde, kiil, yag ve protein) yaninda asitlik degetleri (titrasyon asitligi-°SH ve pH),
hidroksimetil furfural (HMF), toplam mezofilik aerobik bakteri, renk, tekstiir ve duyusal 6zellikler 1., 11. ve
21. depolama giinlerinde belitlenmistir. Veriler, koyulastirllmis bir siit trtindi olan siit regelinin bilesim
Ozelliklerinde degisim gbzlenmedigini, HMF degetlerinin ise uygulanan evaporasyon diizeyine bagh olarak
daha yikksek oranda evaporasyon uygulanan (%50 kurumadde oramina kadar) orneklerde daha disik
oldugunu gostermistir. Aynt 6rneklerin daha kisa siire kaynatilmasi L* ve sertlik degetlerinin de daha ytksek
olmasina neden olmustur. Farkli evaporasyon diizeyi ve aroma maddeleri ilavesi ile iiretilen stit regeli
orneklerinin tamamimin kabul edilebilir &zelliklerde oldugu ortaya konmustur.

Anahtar kelimeler: Siit regeli, vakum evaporasyon, aroma, hidroksimetil furfural

PRODUCTION OF FLAVOURED MILK JAM BY EVAPORATION WITH
DIFFERENT RATIOS

ABSTRACT

In this study, two different evaporation rates (30% and 50%) were applied to milk and banana,
strawberry and cocoa milk jams were produced by adding 1.5% flavouring. This paper aims to
mitigate intense heat typically used in traditional milk jam production, thereby reducing its adverse
effects on the product. In addition to composition properties (dry matter, ash, fat and protein), acidity
(titratable acidity and pH), HMF, total mesophilic aerobic bacteria, colour, texture, and sensory
characteristics were determined at the 155, 11t and 21t storage days. The data indicated no change
in the compositional properties of samples, while HMF values were lower in samples with higher
evaporation rates (up to 50% dry matter) depending on the level of evaporation applied. Shorter
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Aromali siit recgeli Giretiminde evaporasyon

boiling time of the same samples caused higher L* and hardness values. All the milk jam samples
produced with varying evaporation levels and flavourings were found to have acceptable properties.
Keywords: Milk jam, vacuum evaporation, aroma, hydroxymethylfurfural

GIRIS
Sit regeli, bircok tilkede yaygin olarak tiketilen,
sttin koyulagtirilmasiyla elde edilen

koyulastirilmis  bir siit Grinidir. Uygulanan
sicaklik seviyesi ve stiresi siit regelinin hem kivam
hem de renk gibi temel fiziksel Ozelliklerini
etkiledigi i¢in farkli kivamda ve farkli renklerde
olabilmektedir. Ayrica stt regeli {retiminde
uygulanan farkli formilasyon ve islem kosullari,
drin Ozelliklerinin optimize edilmesine olanak
saglamaktadir (Ciniviz ve Keser, 2022).

Sit regeli tzerine yapilan caligmalarda, vanilya
(Oliveira vd., 2009), kahve (Guimaries vd. 2012),
nisasta (Silva vd., 2015), peyniraltt suyu (Ferreira
vd., 2011), hindistan cevizi (Barbosa vd. 2013) gibi
katki  maddeleri  ilavesiyle;  farkli  seker
formiilasyonlart (Zimmermann vd. 2007) ve farklh
scker oranlari (Akal vd. 2018; Malec vd. 2005)
uygulanarak siit receli Giretimi gerceklestirilmistir.
Bunun disinda Cichoski vd. (2011) tarafindan
yurttilen bir calismada da vakum altinda stit receli
uretimi gerceklestirilmis ve Staphylococcus xylosus
bakterisinin 90 giinlik depolama siiresince
canliliyt arastirlmistir.

Seker icerigi yiksek gidalarin uygun olmayan
kogullarda depolanmasi veya yiksek sicaklik
uygulanmasinin =~ neden  oldugu  kimyasal
tepkimeler sonucunda HMF olugabilmektedir.
Enzimatik olmayan esmerlesme reaksiyonu
sirasinda ortaya ¢itkan HMI’nin insan saglig
Uzetine  zararll  etkileri  bulunabilmektedir
(Capuano ve Fogliano, 2011). HMF, basta bal
olmak tizere biskiivi, UHT siit, recel, hazir kahve,
kuru meyveler, tahil bazli bebek mamalar gibi
bircok farkli gidada bulunabilmektedir (Uniivar,
2018). Turk Gida Kodeksi'nde baldaki HMF
miktarinin giivenli tiiketim i¢in maksimum 40
mg/kg olmast gerektigi belirtilmigtir
(Anonymous, 2020). Ancak karamelizasyon
uygulanarak elde edilen stt receli gibi gida
Urtinlerinde bu limit asilabilmektedir. Bu riski
kontrol altina almak amaciyla farkli yontemler
uygulanabilmektedir. Ornegin Yiiksel ve Mercan
(2022) tarafindan yapilan bir ¢alisgmada laktozun

hidrolize edilmesiyle siit receli 6rneklerinde HMF
degerinin  dustirtilmesi denenmis ve laktoz
icermeyen receli  Orneklerinin = HMF
iceriklerinin, laktoz iceren Orneklerden belirgin
sekilde daha disik oldugu bildirilmistir. Bu
calismada da belirli kurumadde oranlarina kadar
vakum altinda dustk sicaklikta koyulasma ve daha
sonra ates ustlinde kaynatma uygulanarak siit
receli Giretimi yapilmasinin temel amact geleneksel
olarak hem uzun stre hem de ylksek sicaklik

sut

uygulanarak dretilen sit regelindeki HMF
miktartnt  distirmek  ve  yiksek  sicaklik
uygulamasinin  driin  Ozelliklerinde meydana

getirdigi olumsuz etkileri azaltmaktir. Bu nedenle
belirli kurumadde degerlerine kadar stite vakum
altinda evaporasyon uygulanmis ve bunu takiben
kaynatma  islemi  uygulanarak regeli
Uretilmistir. Boylece stt regelinin karakteristik
ozelliklerinin kismen korunmasi ve saghk tizerine
olumsuz etkileri olan HMF iceriginin daha dusiik
olmast hedeflenmistir. Ayrica siit regeli tiretiminde
farkli aroma maddeleri ilavesinin triiniin duyusal
Ozellikleri basta olmak Uzere karakteristik
Ozellikleri  Uzerine etkisi arastirtlmustir.  Bu
amaclarla elde edilen sit regeli 6rneklerinin
bilesim 6zellikleri (kurumadde, kiil, yag ve protein
degerleri) depolamanin 1. gininde, asitlik, HMF
degerleri, toplam mezofilik acrobik bakteri sayust,
renk, tekstir ve duyusal 6zellikler depolamanin 1.,
11. ve 21. ginlerinde belitlenmigtir.

sut

MATERYAL VE YONTEM

Materyal

Hammadde olarak kullanilan ¢ig sit ve toz
formda kakao Ankara Universitesi Ziraat
Fakiltesi Egitim, Arastrma ve Uygulama
Isletmesinden, kakao disindaki aromalar (cilek ve
muz) ise Atatirk Orman Cifdigi St
Fabrikas’ndan (Ankara, Ttrkiye) temin edilmistir.

Yontem

Siit regeli Gretiminde kullanidan ¢ig inek stti (%o
12.5 kurumadde, % 0.6 kil, % 3.80 yag, % 3.5
protein, 6.83 pH ve 6.94 titrasyon asitligi
degerlerine sahip) Oncelikle % 1.5 yag oranina
standardize edilmis ve % 10 oraninda toz seker

357



358

M.M. Sari, A. Yetisemiyen, C. Akal

ilave edilmistir. Daha sonra pilot tip sirkiilasyonlu
evaporator (APV Anhydro, Germany) ile 50 kPa
vakum alunda 55 °C  sicaklikta  istenilen
kurumadde oranmna kadar (% 30 veya % 50)
koyulastirilmistir. Evaporasyon islemini takiben
her iki 6rnek grubuna da nem orant % 30 olacak
sekilde kaynatma islemi uygulanmustir. Istenilen
kurumadde oranimna ctkarilan siit receli 6rnekleri
ultraturrax ~ (Janke&Kunkel GMBH  Co,,
Germany) kullanilarak homojenize edilmis ve
aroma maddeleri (gilek, muz ve kakao) % 1.5
oraninda ilave edilmistir. Arastirma kapsaminda
tretim iki tekerriirlii olarak gerceklestirilmis ve siit
regeli 6rnekleri 21 giinlitk depolama stresince oda
sicakliginda depolanmistir. Orneklerin  bilesim
Ozellikleri depolama baslangicinda (1. giin), diger
analizler (asitlik, HMF, mikrobiyolojik, tekstiir ve
duyusal) depolamanin 1., 11. ve 21. giinlerinde
gerceklestirilmistir.

Analizler

Toplam kurumadde ve kiil gravimetrik olarak
(Anonymous, 2002; Kurt vd., 1993) belirlenmistir.
Yag degerleri, Gerber (Yetisemiyen vd., 1998),
toplam azot Kjeldahl yontemiyle (Gripon vd.,
1975) tespit edilmistir. Orneklerin pH degetlerini
belirlemek icin pH-metre (Mettler Toledo MP
225, Greisensee, Isvicre) kullanilmustir.

Renk degerleri CIE-Lab renk alaninda renk él¢tim
cihazt (Time TCR 200, Cin) ile incelenmistir.
Tekstlir  profili,  tekstir  cihazt  (Stable
Microsystems, UK) kullanilarak 40 mm prob ile, 5
mm/s hizda 2 mm uzunlukta gerceklestirilmistir.

Orneklerin  HMF  igerikleri Yetismeyen vd.
(1998)’e gore spektrofotometrik olarak 443 nm
dalga boyunda belirlenmistir.  Asagida verilen
denklem ile HMF degerleri hesaplanmustr.

HMF (um)= (Absorbans-0.055) x 87.5

Toplam aerobik mezofilik bakteri (TAMB)
degerleri  Plate Count Agar  besiyeriyle
belirlenmistir. Petriler 30 °C'de 48 sa siireyle
inkiibasyona  birakilarak ~ koloni  sayimut
gerceklestirilmistir (Halkman 2005).

Orneklerin duyusal 6zellikleri Carr vd. (2000)’ye
gore 7 kisilik egitimli panelist grubu tarafindan

puanlama testi uygulanarak belirlenmistir. Sit
receli 6rnekleri ¢ haneli rastgele kodlar verilerek
sunulmus ve panelistlerden Ornekleri goriinds,
yap1 ve lezzet acisindan 5 puan (en yuksek 5, en
distk 1) tizerinden degetlendirmeleri istenmistir.

Sonuglarin  istatistiksel ~ degerlendirilmesinde
ANOVA testi uygulanmis ve farkli gruplarn
belirlenmesi i¢in P <0.05 seviyesinde Duncan
coklu karstlastirma testi kullanidmustir.

BULGULAR VE TARTISMA

Elde edilen 6rneklerin bilesim 6zellikleri Cizelge
1’de verilmigtir. Stt receli Ornekleri aym
kurumadde oranmna kadar koyulastirdldigi icin
orneklerin kurumadde degerleri ve buna bagh
olarak da bilesim &zellikleri birbirine yakin
bulunmustur. Yalnizca toz formda kakao ilave
edilerek kurumadde artisina neden olarak uretilen
KA3 ve KA5 Orneklerinin kurumadde ve kil
degerlerinin - diger 6rneklerden daha yuksek
oldugu belirlenmistir (P <0.05). Orneklerin yag ve
protein oranlari {izerine aroma maddesi ilavesi
veya farklt diizeylerde evaporasyon
uygulanmasinin bir etkisinin olmadig1
gorilmistir (P >0.05). Her iki bilesen de
kurumadde artisina bagh olarak hammadde olarak
kullamilan ¢ig siitteki degerlerinden oransal olarak
artty gOstermistir. Kl degerlerinin daha 6nce
belirtildigi gibi kakao ilaveli 6rneklerde daha
yiksek (P <0.05) bulunmasinin yani sira % 30
kurumadde  oranmna  kadar  evaporasyon
uygulanmasiyla elde edilen siit regeli 6rneklerinin
% 50 kurumaddeye kadar evapore edilenlere gbre
daha digik oldugu tespit edilmistir. Yuksek 1si
islem uygulamas siitiin mineral madde degerinde
distise neden olmaktadir (Huppertz ve Kelly
2008). Bu nedenle iki 6rnek grubu arasinda tespit
edilen farkliligin, s6z konusu 6rneklere daha uzun
sire  kaynatma  islemi  uygulanmasindan
kaynaklandigi dustintilmektedir.

Asitlik degerleri

Arastirma  kapsaminda  Uretilen  stit  regeli
orneklerinin  pH degerlerinin  6.0-6.5 arasinda
oldugu tespit edilmistir (Cizelge 2). Siut receli
tzerine yapilan diger c¢aligmalarda da pH
degerlerinin 6.08-6.75 (Oniir 2018) veya 5.73-6.15
Ranalli vd. (2012) arasinda oldugu bildirilmistir.
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Siit regelinin  iiretim yontemine bagl olarak
uygulanan 1sil islem nedeniyle mikroorganizma
sayist azaltildigindan depolama stresince asitlik
degerlerinde belirgin bir artis meydana gelmemis,
aksine Orneklerin  pH degerleri depolama
stresince 6nemli bir artis gostermistir (P <0.05).

Koyulagtirllmis  stt  driinlerinde  depolama

stresince pH degerinde goriilen artisin, kolloidal

kalsiyum-fosfatin  ¢Oziinmesiyle ortaya ¢ikan
kalsiyum ve fosfattan kaynaklandig
bilditilmektedir (Patel vd. 1996). Depolama

stresince sit receli 6rneklerinin pH degerlerinde
gorilen artisin bu durumdan kaynaklanabilecegi
dusuntlmektedit.

Cizelge 1. Stit receli 6rneklerinin bilesim 6zellikleri (n=2)
Table 1. Gross composition of milk jam samples (n=2)

Ornek! Kurumadde (%) Yag (%) Protein (%) Kl (%)

Sample Dry matter (%) Fat (%) Protein (%) Ash (%)
K3 71.0+0.488 4.4£0.02 12.4%0.15 2.3+0.098¢
M3 70.8% 0.318 4.410.02 12.4£0.24 2.240.09¢
C3 71.2% 0.328 4.410.02 12.5£0.30 2.2 £0.03¢
KA3 72.4£0.17A 4.4+0.03 12.5+0.22 4.5 £0.092
K5 71.5£0.328 4.2140.02 12.6£0.26 2.520.118€
M5 71.7+ 0.308 4.1£0.05 12.520.16 2.610.138
C5 71.5+ 0.238 4.1£0.04 12.5%0.15 2.3+0.038¢
KA5 72.5% 0.132 4.2140.02 12.6£0.17 4.3% 0.084

1K3: % 30 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek tiretilen muz aromali 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tiretilen ¢ilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek iretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tiretilen muz aromal 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen gilek aromali 6rnek
KAS5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek

\K3: Control sample produced by evaporating up to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)
C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)
KA3: Cacao flavored sample produced by evaporating up to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating up to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayn1 stitundaki farkli biyiik harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05)
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05).

Sit  receli Orneklerinde  titrasyon  asitligi
degerlerinde depolama siiresince dalgalanma
gorilmis ve depolamanin 21. giiniinde azalma
tespit edilmistir (Cizelge 2). Asidik sartlar altinda
amino gruplarinin proton alimi daha fazla olmakta
ve buna baglt olarak da glikozilamin bilesiginin
olusumu engellenmektedir (Ozhan vd. 2010). Bu
durum Maillard tepkimesinin asidik ortamlarda
daha yavas olmasina neden olmaktadir. Ortamin
pH degerinin artmastyla Maillard tepkimesinin
meydana gelisi hizlanmaktadir (Ashoor 1984,

Corzo-Martinez vd. 2012, Toker 2012). Siit receli
Orneklerinin  pH degerindeki artistn  Maillard
tepkimesini hizlandirmastyla asitlige katki saglayan
bilesiklerin tepkime sirasinda harcanmasi da
artmaktadir. Buna durumun Srneklerin titrasyon
asitligi  degetlerinin  depolama  stresince
azalmasina sebep olabilecegi diisiintilmektedir.
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Cizelge 2. Stit regeli 6rneklerinin titrasyon asitligi (°SH) ve pH degetleri (n=2)
Table 2. Titratable acidity ("SH) and pH values of milk_jam samples (n=2)

Ornek! 1. Gin 11. Giin 21. Gin Ortalama
Sample Day 1 Day 11 Day 21 Average
Titrasyon Titrasyon Titrasyon Titrasyon
pH Asitligi pH Asitligi pH Asitligi pH Asitligi
PH Titratable PH Titratable PH Titratable PH Titratable
Acidity Acidity Acidity Acidity
K3 6.00.07 26.2%0.01 6.1+0.05  27.5%0.24  6.2%£0.01  25.6%0.46  6.1£0.04°P  26.4£0.38B
M3 6.0£0.07 26.3£0.36 6.1£0.05 26.7£0.41  6.1£0.02  25.8%0.64 6.1£0.040  26.3+0.278
C3 6.0£0.03 26.9£1.07 6.0£0.03 28.5£1.75  6.2£0.04  26.6%£1.01 6.1£0.030  27.3+0.71B
KA3 6.1£0.02 29.7£0.20 6.2+0.01  31.3%0.21  6.240.03  29.0+0.41  6.240.038  29.1+0.447
K5 6.1£0.07 24.9%0.07 6.1+0.02  27.2%1.05 6.2%0.05  24.7+0.40  6.1+0.03¢B  25.6+0.58C¢
M5 6.0£0.01 23.8£0.02 6.1£0.01 25.2%0.01  6.1£0.01 23.4£0.01 6.1£0.02¢  24.1£0.36€
C5 6.1£0.04 25.7£0.15 6.1£0.01 26.1+0.18  6.2£0.02  25.2%0.65 6.1£0.02¢  25.7£0.25€
KA5 6.310.16 26.9£0.99 641025  28.7+0.93  6.5£0.21  26.6%£0.96  6.4+0.10A  27.4£0.598
Ortalama 110030 26310440 62£003%  277+050: 62+0.04 2594043
Average

1K3: % 30 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek tretilen muz aromali 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromalt 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek iretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromali 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen gilek aromali 6rnek
KAS5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek

\K3: Control sample produced by evaporating up to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)

C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)

KA3: Cacao flavored sample produced by evaporating np to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating np to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayn1 sttundaki farkli buyiik harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05). Aynu
satirdaki farklt kiigiik harfler depolama glnleri arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05).
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05). Different small letters
in the same row refers to statistically significant difference between storage days (P <0.05).

Renk degerleri

Farkli evaporasyon oranlart uygulanarak elde
edilen stt regeli Orneklerinin renk degerleri
arasinda énemli derecede farklilik bulunmustur (P
< 0.05). Orneklerin L* degerleri 25.40-81.45, a*
degerleri 9.81-32.08 ve b* degerleri 5.13-42.46
arasinda tespit edilmistir. % 50 oranmna kadar
evapore edilerek elde edilen Orneklerin L*

egiliminde olmasina baglt olarak tim Srneklerin
beyazlik gostergesi olan L* degeri depolama
sonunda azalmustir.

Koyulastirilarak tretilen stit regelinin kendine has
koyu rengi, sicaklik uygulamasina bagli olarak
ortaya c¢tkan laktozun aldehit gruplan ile
proteinlerin amino gruplart arasindaki reaksiyona

degerinin  diger Orneklerden daha  yiksek dayanmaktadir (Schlimme ve Buchheim 2002).
olmasinin, daha kisa siire kaynatilmalarina baglt Uygulanan 1sd islem siiresi basta olmak tizere
olarak esmerlesme tepkimesinin daha az farklt tiretim yontemleri uygulamalart siit recelinin
gerceklesmesinden kaynaklandigt renk 6zelligini dogrudan etkilemektedir. Ornegin

dustintilmektedir. Maillard tepkimesi ve renk
pigmentlerinin  depolama  boyunca kararma

Cebeci (2020) tarafindan yapilan bir ¢alismada
farkli stt tirleri kullanilarak stt receli Gretilmis ve
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reaksiyonunun neden oldugu kahverengilesme siit
receli Orneklerinin  a” degerlerinde  (kirmizi-
yesillik) artisa neden olmustur. Ayrica diger
aroma maddelerinden farkli olarak kakao iceren

orneklerin  renk degerlerinin  6nemli farklihk
gOsterdigi  bildirilmistir. Calismada  stit  receli
orneklerinin  L* degerlerinin  39.91-67.00, a*
degerlerinin 2.26-16.85 ve b* degerlerinin 20.37-

32.87 araliginda  bulundugu  bildirilmistir. stt regeli 6rneklerinde L, a* ve b* degetlerinin
Depolama  siiresinin =~ sonunda  Maillard oldukea farklt oldugu tespit edilmistir (Cizelge 3).
Gizelge 3. Siit receli 6rneklerinin renk degerleri (n=2)

Table 3. Colonr values of milk jam samples (n=2)

I - b

Ornek! 1. Gin 11. Gin 21. Gin 1.Gin  11.Gin  21.Gin  1.Gin  1L.Gin 21 Gin

Sample Day 1 Day 11 Day 21 Day 1 Day 11 Day 21 Day 1 Day 11 Day 21
K3 735%037%  74620.03%  661+0.03% 1254012  9.8£027  14.0£0.65 29.9+0.69 344091 37.2+1.03
M3 75.6+0418R  76.3+001M  67.7£0.36%  125%035 10.8£0.17  134#012  30.7£0.15 34.4+0.78  36.6%0.34
€3 751%0.03M: 7550010 69.820.04% 1274007 11.740.38  14.1+056 30.9%0.33 34.5+0.64 35.6%0.24
KA3  254%0.5500  284+049%  27.9+052¢  302%0.06 29.1+0.76  30.9%036 9.14£0.19  12.9+0.74 14.3%0.35
K5  80.3x012Mb  815£0.19%  79.6+0374% 1254017 1024022 1372011 304+0.84 339%£1.05 41.2+0.30
M5 789%037%  80.3+0.34M  785%0.12%  125%035 121%0.08 1374007 327093 352157  41.4%0.08
C5  80.7+0.63%  81.3+0914  80.110.84%  126%0.23 1214012 141%021 31.9+0.61 3474052  42.5£0.06
KA5  30.0£0.60%  29.9+098¢  20.0+0.23C:  29.5£0.17 28.8+0.11 321+0.77 924020 1504027 18.1£0.25

1K3: % 30 kurumadde oranina kadar evapore edilerek tiretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek iiretilen muz aromal 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek tretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromali 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromali rnek
KA5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromalt 6rnek

LK3: Control sample produced by evaporating np to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)

C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)

KA3: Cacao flavored sample produced by evaporating up to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating up to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayni siitundaki farkls biytk harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05). Aynt
satirdaki farkl kiictik harfler depolama giinleri arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05).
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05). Different small letters
in the same row refers to statistically significant difference between storage days (P <0.05).

Mikrobiyolojik 6zellikler sonunda mevcut fark ortadan kalkmistir. Ayrica

Uygulanan farklt evaporasyon diizeyi 6rneklerin
bakteri sayisini 6nemli derecede degistirmistir (P
<0.05, Cizelge 4). Dusik kurumadde diizeyine
kadar evapore edilen ve buna bagl olarak daha
uzun sire kaynatilan 6rneklerin bakteri sayist
depolamanin baslangicinda  diger 6rneklerden
daha dusik bulunmustur. Ancak depolamanin

siit regeli Orneklerinin toplam bakteri sayist
depolama boyunca artmistr (P <0.05). Sit receli
orneklerinde depolama baslangicindaki  bakteri
sayisinin, mikroorganizma faaliyetini
destekleyecek  sartlarda  depolanmasi  (oda
sicakhiginda depolama ve yiiksek seker icerigi gibi)
sebebiyle arttig1 disinilmektedir.
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Cizelge 4. Stt receli 6rneklerinin TAMB degetleri (kob/mL) (n=2)
Table 4. TAMB values of milk jam samples (cfn/ mL) (n=2)

Ornek! 1. Gun 11. Gin 21. Gin Ortalama
Sample Day 1 Day 11 Day 21 Average
K3 3.78+0.01¢ 4.48+0.02¢b 5.44+0.047a 3.8910.70
M3 4.31+0.018b 4.50%0.06C2b 4.97+0.45C 4.591+0.17
C3 4.35+0.018b 4.53+0.05¢b 5.3310.0108 4.7410.19
KA3 4.17£0.02¢b 4.631+0.018b 5.52+0.014a 4.7710.25
K5 4.27%0.01B¢ 4.62%0.0208b 5.37£0.01Ba 4.7510.21
M5 4.47£0.014¢ 4.72+0.014Bb 5.43£0.02ABa 4.8710.18
C5 4.40%0.004¢ 4.80%0.034b 5.41£0.05ABa 4.87+0.19
KA5 4.4310.024¢ 4.85+0.024b 5.53+0.014a 4.941+0.20
Ortalama 427+0.22 4.64+0.04 5.38+0.06
Average

1K3: % 30 kurumadde oranina kadar evapore edilerek tiretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek iiretilen muz aromal 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek retilen gilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek iretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek tretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromali 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromalt 6rnek
KAS5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek

\K3: Control sample produced by evaporating up to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)
C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)
KA3: Cacao flavored sample produced by evaporating up to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating up to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayni sttundaki farkli buyiik harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05). Ayt
satirdaki farkl kii¢tik harfler depolama giinleri arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05).
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05). Different small letters
in the same row refers to statistically significant difference between storage days (P <0.05).

HMF degeri

Yiksek sicaklik etkisiyle protein ve karbonhidrat
etkilesimine bagli olarak gorilen enzimatik
olmayan esmerlesme tepkimesinin (Maillard)

(Burdutlu ve Karadeniz 2002) i¢me siti gibi
trtinlerde meydana gelmesi istenmemektedir.
Ancak siit recelinde kendine has aroma ve renk
olusumundan sorumlu olmast nedeniyle tretim
sirastnda  kontrolli  bir sekilde reaksiyonun
gerceklesmesi  istenmektedir. HMF  Maillard
reaksiyonu sonucu meydana geldigi icin reaksiyon
diizeyi hakkinda bilgi vermektedir (van Boekel
1998).

Bu arastirmada belitlenen HMF degetlerine
bakildiginda  Gretimleri  sirasinda % 30

kurumaddeye kadar evaporasyon uygulanan
orneklerin, % 50 kurumaddeye gelene kadar
evaporasyon uygulananlara oranla  Gnemli
derecede yitksek miktarda (P <0.05) HMF icerdigi
gorilmektedir (Cizelge 5). Ayrica vakum altinda
evaporasyonla tUretilen stt regeli Orneklerinin
kaynatma stresinin daha kisa olmasi nedeniyle
orneklerde HMF miktarinin geleneksel siit receli
uretiminden daha disiik olmast beklenmektedir.
Nitekim, Akal vd. (2018) geleneksel yontemle elde
ettikleti siit receli 6rneklerinde HMF miktarint bu
calismada elde edilen degerlerden ¢ok daha
yiksek (85.88-250.87 pg/L arasinda) bulduklarint
bildirmislerdir.
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Cizelge 5 Sut receli 6rneklerinin HMF degetleri (ug/L) (n=2)
Table 5. HNMEF values (ug/L) of milk jam samples (n=2)

Ornek! 1. Gin 11. Gin 21. Gun Ortalama
Sample Day 1 Day 11 Day 21 Average
K3 43.80+1.69 25.5943.80 30.57+1.59 33.324+3.624
M3 42.9210.06 24.1510.90 28.9510.96 32.01+3.584
C3 40.95+1.20 26.70+1.56 27.58+2.27 31.74£3.024
KA3 41.050.12 22.1140.29 24.1240.66 29.09+3.804
K5 19.45£0.51 15.29£0.06 16.49£0.14 17.08£0.798
M5 18.69£0.11 14.05£0.05 16.08£0.85 16.27£0.888
C5 16.27£0.14 12.96£0.94 16.27£0.17 15.17£0.748
KA5 20.26+0.57 14.77£0.99 16.68£0.57 17.23£1.078
Ortalama 30.4243.06¢ 19.45+1.44¢ 22.09+1.57b
Average

1K3: % 30 kurumadde oranina kadar evapore edilerek tiretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek iiretilen muz aromal 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tretilen gilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek tiretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromali 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromalt 6rnek
KAS5: % 50 kurumadde oranina kadar evapore edilerek retilen kakao aromali 6rnek

LK3: Control sample produced by evaporating up to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)

C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)

KA3: Cacao flavored sample produced by evaporating up to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating up to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayni siitundaki farkli buytk harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05). Aynt
satirdaki farkl kii¢tik harfler depolama giinleri arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05).
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05). Different small letters

in the same row refers to statistically significant difference between storage days (P <0.05).

Bu calisma kapsaminda ise 21 giinlik depolama
stiresince tim o6rnekler icinde en yiksek HMF
degeri % 30 kurumadde oranina kadar evapore
edilerek tretilen kontrol Orneginde 43.8 ug/L
olarak bulunmustur (Cizelge 5). % 50 kurumadde
diizeyine kadar uygulanan evaporasyon islemi siit
receli Orneklerinin HMF degerini belirgin bir
bicimde disturmistiir. Bununla bitlikte siit receli
uretiminde aroma maddesi ilavesinin HMF
miktarlart Gizerine etkisinin olmadig gérilmistir

(P >0.05).

Depolama  siiresince  HMF  miktarlarindaki
degisim incelendiginde siit receli Orneklerinin
HMF degerlerinin 11. depolama glintinde 1. giine

gore 6nemli bir azalma (P <0.05), 21. glinde ise
o6nemli derecede artma (P <0.05) egiliminde
oldugu gorilmektedir (Cizelge 5). Ayrica siit receli
orneklerinin - HMF  degerlerinin = azaldigr  11.
depolama giiniinde renk degetlerinden L*
degerinin arttigt ve HMF miktarinin daha yiksek
oldugu 21. depolama giiniinde o6rneklerin L*
degerlerinin azaldigi da tespit edilmistir (Cizelge 3
ve 5). Toker (2012) ile Ertop ve Sarikaya (2017)
farkli gidalarda HMF miktarlarinin belirlenmesi
tzerine yaptiklari calismalarda da HMF degerleri
ile L degerleri arasinda negatif yonde bir iliski
buldugunu bildirilmislerdir. Maillard tepkimesinin
olarak meydana gelen HMF
parcalanarak levilinik, formik, laktik ve asetik asit

ara  urunu
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gibi bazi asitlere doniigebilmektedir (Saldamlt
1998). Depolamanin 11. glntnde tespit edilen
azalmanin bu parcalanmalardan
kaynaklanabilecegi, Maillard tepkimesinin
gerceklesmesine baglt olarak da oda sicakliginda
depolanan stit regeli 6rneklerinin 21. giinde HMF
degerlerinin  artis  gosterdigi  distintlmektedir.
Farkls siit Grtinleri Gizerine yapilan ¢aligmalarda da
20°C ve Uzeti sicakliklarda depolanan Srneklerin

Hurtado vd. 1998, Chavez-Servin vd. 2000,
Francisquini vd. 2019, Thao vd. 2011).

Tekstiir degeri

Gida urunlerinin tuketici acisindan en O6nemli
Ozelliklerinden  biri  kivam, yap1, akiskanhk
Ozelliklerini gésteren tekstiirel 6zelliklerdir. Farklt
oranlarda evaporasyon uygulanarak dretilen
orneklerde elde edilen sertlik, yapiskanlik ve liflilik

HMF degerinin  artti@  bildirilmistir  (Albala- degerlerinin birbirinden farklt oldugu gérilmistir
(P <0.05, Cizelge 06).
Gizelge 6. Stit receli 6rneklerinin tekstiir degerleri (n=2)
Table 3. Texture values of milk_jam samples (n=2)
Sertlik (g) Yapiskanlik (g) Liflilik (mm)
Hardness (g) Stickiness (g) Stringiness (mm)
Ornek! 1. Gin 11. Gin 21. Giin 1. Giin 11. Gin 21.Giin 1. Giin 11.Giin 21. Giin
Sample Day 1 Day 11 Day 21 Day 1 Day 11 Day 21 Day 1 Day 11 Day 21
K3 4479436600 1833.8£76.1>  2349.7£30.8 -127.141.9> -108.1£7.8 -156.6£8.0:  0.50£0.10%  022£0.01%  2.40+0.10%
M3 487242500 172294211 194831480  -1236+19  -117.6208  -138.1%24  0.55£0.13%  039+0.05%  1.22+0.080%
€3 44671750 1680.2#215  20464%67.6  -1205%32  -112530.6  -147.940.8 03820048  0.33£0.01 27420208
KA3 55443300 138708357 225074667  -120.9424  -117.0£56  -1583£00  054%0.10%  035£0.03%  3.9620.030%
K5  1207.74523% 252014124  3658.3%9.24  -144.1%60 -131.4%43 16884125 038%0.12%>  028+0.14%  13240.22
M5 1149.9449.88 291604484  3376.0+313  -137.8%12  -107.7448  -1454%77  0.53%0.15% 0430100 283+0.49%
€5 1067.149.055 28033628  3593.1+187  -143.0432  -1267438  -147.1465  0.50£0.0400 0312001  1.29+0.010C
KAS  1709.6£16.6°  3062.8+358 300214157  -1568%3.9 -1316+27.0 -150.6t17  040%0.15%  0.34%0.128>  438+0.12%

1K3: % 30 kurumadde oranina kadar evapore edilerek tiretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek iiretilen muz aromal 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerck tretilen kakao aromalt 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek tretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromal: 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen gilek aromali 6rnek
KAS5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek

\K3: Control sample produced by evaporating np to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)

C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)

KA3: Cacao flavored sample produced by evaporating np to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter

C5: Strawberry flavored sample produced by evaporating up to 50% dry matter

KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

Ayni siitundaki farkls baytk harfler 6rnekler arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05). Aynt
satirdaki farkl kii¢tik harfler depolama giinleri arasindaki farkliligin 6nemli oldugunu ifade etmektedir (P <0.05).
Different capital letters in the same column refers to statistically significant difference between samples (P <0.05). Different small letters
in the same row refers to statistically significant difference between storage days (P <0.05).

Sertlik  agisindan  bakildiginda  uygulanan
evaporasyon diizeyinin sit regeli 6Srneklerini
o6nemli derecede etkiledigi gorilmektedir (P
<0.05). % 50 kurumadde oranina kadar
evaporasyon uygulanan Srneklerin daha yiksek

sertlik degerlerine sahip oldugu tespit edilmistir.
Vakum altinda evaporasyon ile daha fazla oranda
kurumadde  artist  saglanmasi st receli
orneklerinin tekstiirel 6zelliklerini 6nemli Slctide
etkilemistir (P >0.05). Ayrica ilave edilen aroma
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maddelerinin stvi veya toz formda olmast stnurlt da
olsa sertlik degerlerini etkilemistir. Stvi aroma
ilavesiyle elde edilen muz ve ¢ilek iceren stit receli
ornekleri kakao ilaveli 6rneklerden daha dusuk
sertlik degerleri almistir (P >0.05). Toz formda
flave edilen ve buna bagl olarak da diger
Orneklerden daha yiiksek kurumaddeye sahip olan
kakaolu orneklerde ise daha yiksek sertlik
degerleri tespit edilmistir. S6z konusu farkin % 30
kurumadde oranina kadar evaporasyon uygulanan
orneklerde 6nemsiz (P >0.05), % 50 kurumadde
oranina kadar evaporasyon uygulanan 6rneklerde
6nemli seviyede oldugu tespit edilmistir (P <0.05).

Tekstiirel  Ozelliklerden — yapiskanlk,  bir
malzemenin kopmadan maksimum
deformasyonunu, liflilik ise driintin kopmadan
o6nce uygulanan basincin  ortadan  kalkmast
sirasinda uzadigl mesafe olarak tanimlanmaktadir
(Bourne 2002). Bahsedilen iki tekstiirel 6zellik
birbitleri ile paralel sonuglar vermis ve depolama
stiresince 6nce azalmis daha sonra artmistir. Sit
regeli 6rneklerinin sertlik degetleri de depolama
siiresince artts  gostermistir.  Oztiirk  (2022)
tarafindan yuritilen bir ¢alismada da depolama
stiresince devam eden Maillard tepkimesine bagl
olarak siit regellerinde sertlik degerinin artig
gosterdigi  bildirilmistir.  Maillard ~ tepkimesi
sonucu meydana gelen bilesiklerden kaynaklanan
protein ¢apraz baglanmast, bilesiklerin emiilsiyon
Ozellikleri veya protein-polisakkarit interaksiyonu
s6z konusu degisimlere neden olabilmektedir
(Starowicz ve Zielinski 2022).

Duyusal nitelikler

St regelinin  kendine has yapist yumusak,
puriizsiz ve strilebilir Szelliktedir (Silva vd.
2015). Calisma kapsaminda Uretilen Orneklerin
gorintis  Ozellikleri  bakimindan en  yiksek
degerleri % 30 oranina kadar evapore edilen ¢ilek
aromalt 6rnek, en digsik degerleri ise % 50
oranina kadar evapore edilen muz aromalt 6rnek
almustir (Sekil 1). Siit receli 6rneklerinin depolama
stresince yapt degerleri incelendiginde nispeten
yitksek degerleri % 30 oranina kadar evapore
edilen muz aromalt 6rnek, en dusiik puant ise %
50 oranina kadar evapore edilen muz aromali
ornek  almistir.  Tekstir  sonuglarina  da
bakildiginda aynt evaporasyon diizeyi uygulanan

orneklerin tekstiirel degerlerinin birbirine yakin
oldugu gérilmektedir. Gorinls  ve  yapt
bakimindan  yiksek  oranda  evaporasyon
uygulanan Srneklerin (% 50 kurumadde oranina
kadar) panelistler tarafindan  begenilmedigi
gorilmustir.

Depolama siiresince lezzet degerleri agisindan en
yiksek puani yine % 30 kurumaddeye kadar
evaporasyon uygulanarak tretilen kakaolu siit
receli Ornegi almistir. Akpinar vd. (2021)
tarafindan yiritilen calismada da benzer sekilde

aroma ilave edilen sit regeli Grneklerinin
panelistler tarafindan daha ¢ok begenildigi
bildirilmistir.

Depolama stresi boyunca elde edilen duyusal
degerlendirme  degerleri  6nemli  farkliik
gostermistir (P <0.05). Ancak tim sit receli
6rneklerinin duyusal degerlendirme puanlart 2.5
degerinin tizerinde bulunmus ve tamami farkli
diizeylerde de olsa begenilmistir.

SONUC

Bu aragtirma kapsaminda farkls seviyelerde vakum
altinda siitin suyunun buharlastirilmast ve sonra
kaynatilmas: ile dretilen aromali sit regeli
Orneklerinin bilesimi (kurumadde, yag, protein,
kil) beliflenmis ve depolama stiresince asitlik,
HMF, tekstiir profili, renk, toplam bakteri ve
duyusal 6zellikleri arastirilmistir.

Kurumadde ve kil degerleri toz formda aroma
ilave edilmesine bagl olarak kakaolu siit
recellerinde  diger Orneklerden daha yitksek
degerde tespit edilmistir. Ancak sit receli
orneklerinin  diger bilesim &zellikleri birbirine
benzer bulunmustur. Depolama siiresince asitlik
degisimlerine bakildiginda ise kolloidal kalsiyum-
fosfatin ¢Oziinmesiyle iliskili olarak depolama
siiresince pH degerinde artis gézlendigi, Maillard
tepkimesinin devam etmesiyle de titrasyon asitligi
degerinde disls gozlendigi ortaya konmustur.
Orneklerin renk degerlerinden 1.* degerinin daha
az kaynatilarak elde edilen yiksek oranda
evaporasyon uygulanan 6rneklerde daha yiiksek
oldugu gbzlenmistir. Daha distik oranda
evaporasyon (% 30 kurumadde oranmna kadar)
uygulanarak elde edilen 6rneklerde depolamanin
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baslangicinda daha disik toplam bakteri sayist
tespit edilmis, bununla bitlikte tim O&rneklerde
depolama  siiresince toplam  bakteri sayist
artmustir. St regeli 6rneklerinin HMF igeriginin
kaynatma uygulanarak elde edilen geleneksel
yonteme gbre daha az oldugu ortaya konmustur.
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Sekil 1. Siit regeli 6rneklerinin duyusal degetleri (n=2)
Figure 1. Sensorial values of milk jam samples (n=2)

1K3: % 30 kurumadde oranina kadar evapore edilerek iiretilen kontrol 6rnegi

M3: % 30 kurumadde oranina kadar evapore edilerek tretilen muz aromalt 6rnek
C3: % 30 kurumadde oranina kadar evapore edilerek tretilen gilek aromali 6rnek
KA3: % 30 kurumadde oranina kadar evapore edilerek tretilen kakao aromali 6rnek
K5: % 50 kurumadde oranina kadar evapore edilerek iretilen kontrol 6rnegi

MS5: % 50 kurumadde oranina kadar evapore edilerek tretilen muz aromal: 6rnek
C5: % 50 kurumadde oranina kadar evapore edilerek tretilen ¢ilek aromali 6rnek
KA5: % 50 kurumadde oranina kadar evapore edilerek tretilen kakao aromalt 6rnek

\K3: Control sample produced by evaporating up to 30% dry matter

M3: Banana flavored sample produced by evaporating up to 30% dry matter)
C3: Strawberry flavored sample produced by evaporating up to 30% dry matter)
KA3: Cacao flavored sample produced by evaporating up to 30% dry matter)

K5: Control sample produced by evaporating up to 50% dry matter

M5: Banana flavored sample produced by evaporating up to 50% dry matter
C5: Strawberry flavored sample produced by evaporating up to 50% dry matter
KA5: Cacao flavored sample produced by evaporating up to 50% dry matter

St receli 6rneklerinin sertlikleri de uygulanan
evaporasyon duzeyinden etkilenmistir. Daha
yuksek oranda evaporasyon uygulanan 6rneklerin
sertlik degerleri de daha ylksek bulunmustur.
Aynt  zamanda depolama  siiresince  tim
Orneklerde sertlik degerleri artis gOstermistir.
Duyusal  degerlendirme  sonuglart % 30

kurumadde  oranmna  kadar  evaporasyon
uygulanarak dretilen siit regeli Orneklerinin
duyusal puanlarinin  daha ylksek oldugunu

gOstermistir.  Lezzet acisindan  siit  receli
orneklerinin  degerlendirilmesinde % 30
kurumadde  seviyesine kadar evaporasyon

uygulanarak tretilen kakaolu 6rnekler, depolama
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boyunca diger 6rneklerden daha ytiksek degerler
almistir. Arastirma sonunda evaporasyonun her
iki  seviyesinin de st regeli Uretiminde
uygulanabilir  oldugu ve vakum evaporasyon
uygulamasinin HMF miktarinda diglise neden
oldugu belirlenmistir. Bununla birlikte % 30
kurumadde oranina kadar vakum evaporasyon
uygulanarak elde edilen siit regeli 6rneklerinin
geleneksel stit regeline daha yakin olmasina baglt
olarak duyusal olarak daha ¢ok begenildigi ortaya
konmustur.
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oz

Gida kaynakli hastaliklar diinya capinda halk saghgi agisindan buyik bir sorun olarak varhigini
strdiirmektedir. Mikrobiyel kaynakli gida zehirlenmelerinin baginda ise patojenik Salmonella serotipleri
gelmektedir. Bu calismada dilimlenmis meyvelerde de rastlanan Sasmonella Typhimurium’un fajlar ile
inhibisyonu hedeflenmistir. Bunun i¢in atik su, ¢ig siit ve tavuk eti 6rneklerinden izole edilen Salnonella
Typhimurium fajlarinin EcwRV ve Xbal enzimleri ile RELP analizi yapilmis 9 fajdan 4’tintin genomik olarak
birbirinden farklt oldugu tespit edilmistir. Tek agamalt gelisme egrileri ¢tkarilan bu fajlarin latent dénemleri
kisa (5-15 dk), patlama buyuklikleri ise 25-111 PFU/hiicte araliginda bulunmustur. Fajlarin farklt cins
bakterilere karst litik etkisi incelenmis fakat Salnonella disindaki Gram pozitif ve Gram negatif bakterilere
karst litik etkisi saptanmamustir. Fajlardan hazirlanan kokteyl ile kavunda S. Typhimurium sayisinda MOI
1000 ve 10000 degetlerinde 2 log KOB/g azalis; ananas 6rneklerinde ise MOI 10 ve 100 degetlerinde 1 log
KOB/g azalis tespit edilmistir. Hazitlanan faj kokteylinin gida endustrisinde Salnonella kontroli icin
kullanilabilecek stratejiler arasinda olabilecegi ortaya konmustur.

Anahtar kelimeler: Bakteriyofaj, Biyokontrol, Faj terapi, Saimonella Typhimurium

BIOCONTROL OF SALMONELLA TYPHIMURIUM IN FRESH SLICED
FRUITS USING PHAGES

ABSTRACT

Foodborne diseases continue to be a major public health problem worldwide. Pathogenic Salmonella
serotypes atre the leading cause of microbial food poisoning. This study aimed to inhibit Sa/wonella
Typhimurium with phages as biological agents in fruits. RFLP analysis of Sa/monella Typhimurium
phages isolated from wastewater, raw milk and chicken meat samples was performed with EcwRV and
Xbal enzymes. The latent periods of these phages, whose single-stage growth curves were obtained,
were found to be short (5-15 minutes), and their burst size was found to be in the range of 25-111
PFU/cell. The lytic effect of phages against different types of bacteria was examined, but no lytic
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effect was detected against Gram-positive and Gram-negative bacteria other than Salmonella. With
the cocktail prepared from phages, the number of S. Typhimurium in melon decreased by 2 log
CFU/g at MOI 1000 and 10000; In pineapple samples, a 1 log CFU/g dectease was detected at MOI
10 and 100. It has been revealed that the prepared phage cocktail may be among the strategies that
can be used for Salmonella control in the food industry.

Keywords: Bacteriophage, Biocontrol, Phage therapy, Sa/nonella Typhimurium

GIRIS
Taze kesilmis, ¢ig meyve ve sebzelerin tiiketimi ile
iliskili belgelenmis enfeksiyonlarin sayist son
yillarda artmaktadir. Escherichia coli O157:H7,
Salmonella, L. monocytogenes, Shigella, Aeromonas
hydrophila ve Yersinia enterocolitica dahil olmak tizere
cesitli patojen bakteri ve parazit titleri, gida
kaynakli  hastalik  salginlarindan  sorumlu
tutulmaktadir. Ozellikle kontamine domates,
karpuz, taze lahana, havug, salatalik, rezene ve
marul Griinlerinin tiketimi insanlarda salmonelloz
ve listeriosis salginlari ile bagdastiridmistir
(Shashidhar vd., 2007). Salmonella, Dinya Saglik
Orgiitii verilerine gére gida kaynakli enfeksiyon ve
salginlara neden olan patojenler siralamasinda ilk
sirada yer almaktadir. Bu bakteri kiiresel capta
ishalli hastaliklarin 4 temel nedeninden biridir.
Salmonellanin yaklagik 2659 serotipi tanimlanmis
olmakla birlikte, insan enfeksiyonlarinin ¢oguna
neden olan iki serotip S. Typhimurium ve S.
Enteritidis’dir (Halkman, 2019; WHO, 2023).
CGogu enfeksiyon vakasinin, gidalarin hazirlanmasi
sirasinda  olusan kontaminasyon yoluyla veya
kiimes hayvanlari, sigir eti, stit, meyve ve sebzeler
dahil olmak tizere ¢ig veya az pismis gidalarin
tiketiminden meydana geldigi bilinmektedir
(Shang vd., 2021; Khan ve Rahman, 2022).

Gunumizde gida  kaynaklh  patojenlerin
kontaminasyonunu o6nlemek ve kontrol altina
almak icin gida endistrisinde siklikla kimyasal
koruyucular ve tiziksel yontemler
kullanilmaktadir. Ancak bu  yontemler insan
sagligina ve cevreye zarar verebilmekte, gida
kalitesinin bozulmasina neden olabilmektedir
(Sun vd., 2022). Son 30 yilda, 6zellikle de son on
yilda, diinya ¢apinda c¢oklu ilaca direncli bakteriler
hizla artis gbstermis, yeni antibakteriyel ajanlarin
gelistirilmesi  ve  Uretilmesinde  bir  disus
gozlemlenmistir  (Principi  vd., 2019). Ayrica,
kimyasal koruyucularin  kullaniminin  ortadan
kaldirlmasina yonelik artan tiketici talebi de,

dogal antimikrobiyel ihtiyacini da arttirmistir
(Makalatia vd., 2021).

Bakterileri enfekte eden virlisler olarak bilinen
bakteriyofajlar umut verici antimikrobiyel ajanlar
olarak goriilmektedir. Biyosferde tahmini faj
sayisinin -~ 103" oldugu  distintlmektedir. Bu
nedenle, dinyada en ¢ok bulunan organizmalar
olarak kabul edilmekteditler (Chevallereau vd.,
2022). Fajlar, antibiyotiklerle karsilastirildiginda
bol miktarda izolasyon kaynagina, yiksek
Ozgullige, guvenlige ve iyi bir bakteriyostatik
etkiye sahiptir, bu nedenle ilaca direngli bakterileri
kontrol etmek i¢in antibiyotiklere mitkemmel bir
alternatif olarak gorilmektedir (Li vd., 2021).
Guda trinlerinde biyokontrol i¢in kullamlan ¢ogu
litik faj, genellikle ¢evreden izole edilmekte ve
genetigi  degistirilmemektedir. Fajlarin  konak
Ozgulligl nedeniyle, gidada bulunan diger yararlt
mikroflora bozulmadan kalmaktadir. Fajlar cevre
dostu olarak kabul edilmekte ve tiketicilerin pek
cok talebine hitap etmektedir. Ayrica, fajlarin
gidanin organoleptik Szellikleri Uzerinde ¢ok az
etkisi ~ olabilmekte ya da  hi¢  etkisi
bulunmamaktadir (Wessels vd., 2021).

Son yillarda, Intralytix, Micreos Food Safety,
FINK TEC GmbH, Passport Food Safety
Solutions ve Phagelux gibi sirketler Listeria
monocytogenes, Escherichia coli ~ve Salmonella dahil
olmak tizere 6nde gelen gida kaynakli patojenlerin
bazilarini kontrol etmek ic¢in faj bazl Granleri
ticari kullanima sunmustur. Bu fajlar, Genel
Olarak Giivenli Olarak Kabul Edilen (GRAS)
statiisiine sahip ve Gida ve Ila¢ Idaresi (FDA)
tarafindan onaylanmistir (Endersen ve Coffey,
2020). Bu urlnlerden biri olan SalmoFresh™’in
cam ve paslanmaz ¢elik ylizeylerde, taze
meyvelerde, biitin ve taze kesilmis salataliklarda,
tavuk ve hindi g6gsii pirzolalarinda patojenik
Salmonellayt etkili bir sekilde azaltabildigini
bildirmistir (Woolston vd., 2013; Sharma vd.,
2015; Zhang vd., 2019).
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Guniimiizde tiiketim aligkanliklar degismekte ve
tiketiciler bilinglenmektedir. Daha az veya hi¢
kimyasal icermeyen Urlinlere talebin artmast aynt
zamanda patojenlerle miicadelenin devamlihig
acisindan yeni alternatif teknolojilerin arastirilmast
mecburiyet kazanmaktadir. Bu kapsamda fajlar
hem tiiketici tercihlerini karsilayacak hem de
patojenlerle miicadele edebilecek  biyolojik
materyaller olarak  bu  calismanin
olmugtur. Bugiin firmalarin irettigi ve ticari olarak
satisa  sunulmus olan Urtnlere ilave olarak
alternatif Grtin gelistirilmesi calismanin hedefi
olmustur. Bu calismada taze dilimlenmis paketli
meyvelerde  Salmonella  riskinin  azaltilmasina
yonelik faj etkinliginin arastirilmistir. Bu amacla
marketlerde siklikla dilimlenerek satisa sunulan
ananas ve kavun hedef gdalar olarak
belitlenmistir. Boylelikle artis gosteren titketime
hazir gidalar tzerinde yenilik¢i yOntemlerin
arastirilmast ve patojenlerle miicadelede yeni yerli
triinlerin  gelistirilmesi icin 6nctl bir c¢alisma
yapilmistir.

konusu

MATERYAL VE YONTEM

Kullanilan Bakteri Kultiirleri ve Geligme
Kosullar1

Bu calismada kullanilan Salmonella Typhimurium
susu ve konakct skalasinin  beliflenmesi icin
kullantlan diger E. /i O157:H7 KUEN 1461,
Bacillus cereus ATCC 10876, Bacillus megatarium,
Micrococcns  lutens  (Ankara Universitesi, Gida
Mihendisligi Bélimi, Gida Mikrobiyolojisi
Kiltiir Koleksiyonu), Rbodococcus equi ATCC 6939,
Enterococcus  feacalis ATCC 51559, Staphylococcus
anrens ATCC 6538, Pseudomonas putida DSM 6125,
Psendomonas — aeruginosa  NCTC 12924,  Listeria
monocytogenes ATCC 7644, Listeria inocua ATCC

33090 suslar, Bolu Abant Izzet Baysal
Universitesi ~ Miihendislik ~ Fakiiltesi ~ Gida
Mihendisligi  Bolimt Gida Mikrobiyolojisi

Kiiltiir Koleksiyonundan (BAIBU GMKK) temin
edilmistir. Ayrica MALDI-TOF ile cins diizeyinde
tanimlanmus yerel izolatlar olan Salmonella RT2-1,
Salmonella RT2-4, Salmonella RT2-5, Salmonella
RT2-6, Salmonella RT2-10, Salmonella RT3-6 suslart

lle  Salmonella Typhimurium ATCC 12023,
Salmonella  Enteritidis ATCC 12694  suslari
Hacettepe Universitesi, Gida Mithendisligi
Bolimi, Kultir  Koleksiyonundan — temin

edilmistir. Suglar -18°C’de %30 (a/h) gliserol (1:1)
karisimi icinde saklanmistir. Suglar, Tryptic Soy
Broth (TSB) icinde, 37°C’de 24 saat inkibe
edilerek aktiflestirilmistir.

Salmonella Typhimurium’a Etkili Fajlarin
Izole Edilmesi, Zenginlegtirilmesi ve
Titrelerinin Belirlenmesi

Faj izolasyonu icin 10 adet ¢ig siit, 3 adet su ve 5
adet tavuk eti olmak tlzere toplam 18 adet
izolasyon materyali kullandmistir.  Cig  siit
ornekleri Bolu ilinin 10 farkll kéyiinden temin
edilmistir. Su 6rneklerini ise, Bolu Abant Izzet
Baysal Universitesi Egitim ve Arastirma Hastanesi
kanalizasyonu, sehir attk suyu ve kanal suyu
olusturmaktadir. Yerel marketlerden satin alinmis
farklt markalara ait tavuk g6gus etleri de izolasyon
kaynaklart arasinda yer almistir. Cig siit 6rnekleri
icin 100 mL stute %107luk laktik asitten 6 mlL
eklenerek kazeinin ¢Okmesi icin  bir
beklenmis ve daha sonra kaba filtre kagidindan
stiziilmistir. Atk su 6rnekleri ise 8000 g’de 10
dakika santriftj edilmistir (Maal vd., 2015). Tavuk
ornekleri i¢in ise 5 ¢ numune, 5 mL %0.9 NaCl ile
kanstirilmis, ardindan 15000 g’de 5 dakika
boyunca santrifiijlenmistir (Cao vd., 2022). Elde
edilen stipernatantlar, %10 kloroform ilave
edilerek bakteri Uremesi engellenmistir (Acar
Soykut, 2007).

sure

Stipernetantlarda faj olup olmadigini kontrol
etmek icin ¢ift tabaka agar yontemi kullanilmustir.
Bunun icin, TS (Tryptic Soy) yumusak agar (%0.5
agar) icerisine 100 ul aktif Sa/monella Typhimurium
(ODgo:0.5) ve 10 mM CaCl, eklenmis,
kanstirilmis ve TSA tizerine homojen bir sekilde
yayilmustir. Daha sonra, bu Petri kutular tizerinde
belirli bélgelere, elde edilen slpernatantlardan
10’ar uL damlatilmis ve 37°C’de 24 saat inkibe
edilmistir. Inkiibasyon sonunda plak olusumunun
(liziz) goruldugi bolgelerde faj varligr saptanan
ornekler 2X TSB ile ti¢ defa zenginlestirilmistir
(Byun vd., 2022). Bu cift kuvvet besiyeri ile
zenginlestirmeler sonrast muhtemel faj lizatlar
yeniden cift tabaka agar yontemi ile damlatilarak
plak olusumu gézlemlenmistir.

titrelerinin
hacimlerde

Izolasyonu  gerceklestirilen  fajlar
yukseltilmesi icin kucuk
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zenginlestirilmeye devam edilmistir. 10 mM
CaCly, 10 pL. Salmonella Typhimurium ve 100 pL
faj oOrnegi 1.5 mL’lik mikrosantrijiij tiplne
eklendikten sonra faj adsorpsiyonun
gerceklesmesi i¢in oda sicakliginda 10-15 dakika
bekletilmistir. Daha sonra 1 mL TSB besiyeri
eklenmis ve 37°C’de 18-24 saat inkiibasyona
birakilmistir. Inkiibasyondan sonra, 13000 g’de 15
dakika santrifiij sonucu elde edilen stpernatant
steril bir mikrosantrifiij tiipiine aktarlmis ve
tzerine %10 kloroform ilave edilip hafifce
vortekslenerek + 4°Cde muhafaza edilmistir
(Acar Soykut, 2007; Lee vd., 2017).

Titreleri  yiikseltilen fajlarin, titrelerinin
belitlenmesi icin ¢ift plaka agar yOntemi
kullantlmustir. Logaritmik fazda olan Salmonella
Typhimurium, 10 mM CaCl,, 3 mL yumusak agar
ile karstirilarak ve Onceden hazirlanmis ince
tabaka TSA bulunan Petri kutularina yayidmistur.
Petri kutusunda isaretlenmis noktalara, fizyolojik
tuzlu su (FIS) c¢ozeltisi ile 109 ya kadar
seyreltilmis  faj dilisyonlarindan  10’ar  pl.
damlatilmis ve 37°C’ de bir gece inkiibasyona
birakilmistir.  Inkiibasyon — sonunda  isaretli
noktalardaki faj plaklari sayilmistir (Acar Soykut,
2007; Lee vd., 2017; Shang vd., 2021).

Salmonella Typhimurium Fajlarindan DNA
Izolasyonu

DNA izolasyonu icin, yiiksek titreye sahip faj
suspansiyonlart 33000 g’de 90  dakika
santrifijlenmis ve stipernatant uzaklastirilmigtir.
Elde edilen peletlerden, DNA’larinin izolasyonu
icin Viral DNA/RNA izolasyon kiti (Thermo
Scientific  GeneJET Viral DNA and RNA
Purification Kit) kullanidmistir. DNA izolasyonu,
Viral DNA/RNA izolasyon kitinin protokoliine
gore yapilmistir. zole edilen genomik DNA'larin
kalitesi, nanodrop ile 260 ve 280 nm’de ABS
Olctimleri yapilarak belirlenmistir. Jel igin %0.8lik
agaroz (Merck) ve 1X Tris-acetate-EDTA (TAE;
Thermo Scientific 50X TAE Buffer) tampon
kullantlmistir. Agaroz tamamen ¢6ziinene kadar
¢ozelti mikrodalga firinda kaynatilmig, sogumaya
birakilmistir. Jele son konsantrasyonu 1 pl./mL
olacak sekilde etidyum bromir eklenmis ve jel
yataginda katilasmaya birakilmistir. Katilasan jel
elektroforez  tankina  yerlestirilmistir  ve

kuyucuklara 5 pL. faj DNA-yikleme boyast (6X
DNA Loading Dye; Thermo Scientific) karigimi
yiklenmis ve 60 V/cm'lik bir dielektrik kuvvette
yaklastk 45 dakika yuratilmastir (Acar Soykut,
2007).

Restriksiyon Parga Uzunluk
Polimorfizmi/RFLP Enzim Kesimi

Faj genomlart RFLP analizi icin, EwRV ve Xbal
(Thermo Fisher Scientific, MA, ABD) ile kesime
alinmistir (Mhone vd., 2022). Kesim kosullar,
imalatg talimatlarina gore diizenlenmistir. % 0.8-
1’lik agaroz jele yiiklenen DNA fragmentleri jel
gorintileme cihazi ile géruntilenmistir.

Konakgi Skalasinin Belirlenmesi

Fajlarin  etkili oldugu cins veya tlrlerin
belirlenmesi, ¢ift tabaka agar ydntemine gdre
yapilmistir. Bu amagla 100 pl. bakteri kiltird
yumusak agar ile kanstirtlarak Petri kutusuna
yaylmistir. Bir stire sonra isaretli bolgelere titreleri
yaklastk 108 PFU/mL olan her bir fajdan
damlatilmustir (Guang-Han vd., 2016).

Tek Asamali Gelisme Egrisi ve Adsotpsiyon
Oram

Tek asamali gelisme egrisinin belirlenmesi igin
logaritmik  fazda bulunan konak¢t bakteri
kiltirinden 900 pl. alinarak tizerine titresi 1x108
PFU/mL olan fajdan 100 pL eklenmistir. Faj-
bakteri karistmi 37°C’de 10-15 dakika inkiibe
edilmistir. Siire sonunda adsorbe olmayan fajlar
uzaklastirmak icin 12500 g’de 10 dk santrifij
islemi yapimis ve stpernatant uzaklastirilmistir.
Peletler, TSB besiyerinde ¢6ziildikten sonra faj ve
bakteri karisimi 37°C’de inkiibasyona birakilmus
ve inktbasyonun 0. dakikasindan itibaren ilk
yarim saatte her 5 dakikada bir, 70. dakikaya kadar
ise her 20-30 dakikada bir 6rnek alinarak cift
tabaka agar yontemi ile faj sayisi belirlenmistir. Faj
titrelerinin sabit kaldig1 siire latent d6nem olarak
tespit edilmistir. Artarak sabit kalan faj sayisinin
latent dénemdeki faj sayisina oranlanmasiyla faj
patlama buytkligi olarak belitlenmistir (Acar
Soykut, 2007; Peng ve Yuan, 2018).

Fajlarin adsorpsiyon hizlarinin belirlenmesi igin
Kropinski vd. (2009)nin  kullandigt y6ntem
kullanllmistir.  Log fazindaki kaltirler, 106
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KOB/mL. olacak sekilde seyreltilmistir. Konaket
kiltir ve faj MOI 0.1 olacak sekilde karistirilmus
ve 10 dakika boyunca 37°C'de inkiibe edilmigtir.
Inkiibasyon sirasinda 1 dakikalik araliklarla 50 L
karisimdan alinarak buz akist icerisinde bekleyen
950 ul. CASO icerisine eklenmistir. Seri
dilisyonlar yapilarak stpernatandaki konakctya
absorbe olmamis fajlarin titreleri belirlenmistir.
Asgagidaki esitlik kullanilarak fajlarin adsorpsiyon
hiz sabiti (k) degerleri belirlenmistir.

k=[(2.3/ Bx0]X[log (Po/P)]
Adsorpsiyon orant: [(Po—P) /Pg)] X100

Esitlikte verilen k, adsorpsiyon hiz sabiti; B,
bakteri konsantrasyonu; Po, baglangic faj titresini;
P, son faj titresini; t, faj titresi Po’dan Pye
distinceye kadar gegen zamant temsil etmektedir.

Gida Denemesi

Kavun ve ananas 6rnekleri Bolu ilinde bulunan
yerel bir slpermarketten sattn alinmistir.
Orneklerin  kabuk kisimlart  %75lik  alkolle
sterilize edildikten sonra, yine steril bir bicak
yardimtyla kabuklar uzaklastirilmistir. Kabuklart
uzaklastirilan 6rneklerin yenilebilir kistmlarindan
10 g agirliginda parcalar kesilmis ve steril Petri
kutularina yetlestirilmistir. Daha sonra ST1, ST2,
ST3, ST5 kodlu fajlardan olugan faj siispansiyonu
farklt MOI degerlerinde (10, 100, 1000 ve 10000)
Salmonella  Typhimurium (108 KOB/mL) ile
karistirlarak  faj-bakteri karisimi hazirlanmustir.
Kontrol gruplarina faj karigimi yerine TSB
besiyeri koyulmustur. Bakteri faj karigimlar
hazirlandiktan sonra kavun ve ananas pargalar
tzerine 1’er ml. bu karisimdan eklenmis ve bir
Drigalski spatiilit yardimiyla yayilmustir. Daha
sonra Ornekler 37°C'de 24 saat inkiibasyona
birakilmistir. Inkiibasyon sonunda her numune,
90 mlL FTIS iceren stomacher torbalarina
aktarilmis ve 2 dakika boyunca homojenize
edilmistir. Sert diliisyonlar yapilarak XIL.D (Xylose
Lysine Deoxycholate) agarda yayma kaltir
yontemiyle ekim yapilimus, 37 °C'de 24 saat inktbe
edilmistir. Inkiibasyon sonunda bakteri sayilart
belirlenmis  ve  fajlarin  etkinligi  ortaya
konulmustur (Byun vd., 2022).

SONUC VE TARTISMA

Gunimuzde marketlerde taze ve dilimlenmis
tiketime hazir meyvelerin satisina daha fazla
rastlanmaktadir.  Bu  drinler gerek  kendi
kabuklarinin  tasidigt mikrobiyel yik gerekse
kesimde kullanilan bicaklar nedeniyle kontamine
olmaktadir. Dolayistyla bu urtnlerde
karsilagilabilecek  patojenik  bir  Salmonella
serotipinin engellenmesi icin antimikrobiyel ajan
olarak fajlarin kullanimi tercih edilmis ve bu
calisma gerceklestirilmistir.

Faj Izolasyonu

Salmonella hala dinya c¢apinda salginlara neden
olan ve insan  saghgim  tehdit eden
mikroorganizmalarin basinda gelmektedir. Gida
givenligine yonelik yenilik¢i yaklasimlar fajlarin
biyokontrol ajanlart olarak kullanilabilirligini
arastirmaktadir.

Bu calismada 18 farkli ¢ig siit (10), atik su (3) ve
tavuk eti (5) Orneklerinden S. Typhimurium’a
etkili fajlarin izolasyonu belirtilen ¢ift tabaka agar
yontemi ile tespit edilmistir. 1zole edilen faj
kodlart ve izolasyon materyalleri Cizelge 1’de
verilmistir.

Cizelge 1. Kullanilan Salmonella fajlart
Table 1. Salmonella phages used

Faj Kodu / Izolasyon Kaynag: /

Phage Code Isolation Source
ST1 Cig Stut Raw milk
ST2 Cig Stt Raw milk
ST3 Atk Su Waste water
ST4 Tavuk Eti Chicken meat
ST5 Cig Sut Raw milk
ST6 Cig Sut Raw milk
ST7 Cig Stt Raw milk
ST8 Cig Sut Raw milk
ST9 Cig Sut Raw milk

Cizelge 1’de yer alan fajlar izolasyondan sonra
zenginlestirme  islemine tabi tutulmus ve
titrelerinin yitkselmesi saglanmistir (Sekil 1).
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Sekil 1. Faj plaklart
Figure 1. Phage plagues

Konaker bakteri olarak §. Typhimurium susu
kullanilarak toplanan 18 adet 6rnekten 9 adet fajin
izolasyonu saglanmistir.  Yapilan ¢alismalara
bakiddiginda, Abdelsattar vd. (2021), benzer
olarak  Salmonelldya  etkili faj ZCSE6’nin
izolasyonunu ¢ig siitten saglamistir. Cig siit
disinda  Salmonella’ya etkili fajlarin - izolasyonu
agitlikll  olarak kimesler ve bunlarla iligkili
materyallerden saglanmistir  (Wongsuntornpoj
vd., 2014). Ayrica arastirmacilar tavuk ve domuz
diskist  (Huang vd., 2018a), tavuk atik
kanalizasyonu (Bao vd., 2011), toprak (Shang vd.,
2021), tath su (Guo vd., 2021), atk su
kanalizasyonu ve aritma tesisi (Huang vd., 2018b)

gibi farkli ortamlardan ve materyallerden
Salmonellaya  etkili  fajlarin izolasyonunu
gerceklestirmislerdir.

Restriksiyon Par¢a Uzunluk Polimorfizmi ile
Fajlarin Siniflandiriimasi

Taze dilimlenmis meyvelerde fajlarin etkinligini
kontrol etmek tizere izole edilen fajlardan farkl
RFLP sablonuna sahip olanlardan bir faj kokteyli
olusturulmustur. Bu amacgla Oncelikle  faj
genomlart, EwRV ve Xbal enzimleri ile kesime
tabii tutulmustur. Enzim kesimi sonucu reaksiyon
karigimt jele yiiklenmis ve DNA fragmentleri
goriintilenmigtir. Faj DNA’larinin ilgili enzim ile

kesim sonucu elde edilen jel gérunttleri Sekil 2 ve
Sekil 3’te verilmistir.

EwRV ile yapilan kesim sonugclarina bakildiginda
1., 2. 3. ve 5. kuyucuklarda farkli fragmentlerin
olustugu tespit edilmistir (Farklilk g6steren
fragmentler sekil tzerinde kirmizi ok ile
gosterilmistir). Elde edilen kesim profiline gére 2.
kuyucukta bulunan yaklagik 4268 bp’lik fragment
buyiikliginin diger kuyucuktakilerden az oldugu,
3.  kuyucuktaki yaklastk 1375-1584 bp’lik
fragmentlerin 1. ve 2. kuyucuktakilerden farkh
oldugu, 5. kuyucukta ise diger genomlarda olusan
ilk bantlarin olugsmadigr gortlmustir (Sekil 2).
Olusan fragmentlerin toplamina gore ise genom
buytklikleri yaklasik olarak ST1 66005 bp, ST2
60911 bp, ST 3 63910 bp ve ST5 23980 bp
buytkligiine sahip bulunmustur.

Xbal enzimi ile yapilan kesime bakildiginda 1, 2 ve
3. kuyucuklarin ilk DNA bantlarinda yogunluk
tespit edilmistir. Yaklasik 3000 bp’lik fragmentin
1. kuyucukta olmadigt ve diger kuyucuklardaki
fragment  buyukliginden  farkli  oldugu
gorilmistir. Yine 1, 2 ve 3. kuyucuklardaki
kesim profiline bakildiginda kesim enziminin 3.
kuyucukta bulunan 6rnekte daha fazla fragment
(vaklastk 1584 bp’lik ve daha kii¢ik fragmentler)
olusturdugu anlagilmistir. Xbal enzimi ile yapilan
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kesim sonucunda olugan fragment buytikltiklerine
gore ise ST1 69566 bp, ST2 74970 bp ve ST3
75474 bp buyikligline sahip bulunmustur. Her
iki  kesim sonucunda elde edilen genom
buyuklukleri birbirine yakin bulunmustur. Sonug

olarak farklilik gOsteren faj genomlari kesim
profillerine gbre gruplandirilmis ve gruplar
DNA’larin  bulundugu kuyucuk sirasina gore
Cizelge 2’de verilmistir.

Sekil 2. EcwRYV ile kesim sonucu (DNA’larin kuyucuklardaki yiiklenme sirast: M: Marker, 1: ST1, 2: ST2,
3: ST 3, 4: ST4, 5: ST5, 6: ST6, 7: ST7, 8: ST8, 9: ST9)
Figure 2. DNAs subjected to restriction digestion with enzymes EcoRV” (The loading order of DNA in the wells: M:
Marker, 1: ST1, 2: §12, 3: ST 3, 4: $T14, 5: ST5, 6: $16, 7: §T17, §: ST8, 9: §19)

-

bp M 1

3 4

3 6 7 89

Sekil 3. Xbal enzimi ile kesilen DNA’lar (DNA’larin kuyucuklardaki yiiklenme sirasi: M: Marker, 1:
ST1, 2: ST2, 3: ST 3, 4: ST4, 5: ST5, 6: ST6, 7: ST7, 8: ST8, 9: ST9)
Figure 3. DNAs subjected to restriction digestion with enzymes Xbal (The loading order of DNA in the wells: M:
Marker, 1: ST1, 2: §12, 3: ST 3, 4: ST14, 5: ST5, 6: $16, 7: ST17, 8: ST8, 9: §T19)
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Cizelge 2. Restriksiyon enzim kesimi sonucuna gore farkl faj gruplar
Table 2. Different phage groups according to the results of restriction engyme digestion

E¢RV enzim kesimine Gruplarin yaklasik Xbal enzim kesimine gére Gruplarin yaklasik
gore gruplar / genom buyuklikleri / gruplar genom buytklukleri /
Groups according to EcoRT” Approximate genome / Groups according to Xbal Approximate genome sizes
restriction digestion siges of the groups restriction digestion of the groups
Grup 1:1 66005 bp Grup 1: 1 69566 bp
Grup 2: 2 60911 bp Grup2:2,3,4,6,7,8,9 67004-86927 bp
Grup3:3,4,6,7,8,9 50766-73265 bp Grup 3: 5 -
Grup 4: 5 23980 bp

EcwRV ve Xbal enzim kesimlerine gére ise kesim
sonuglart farklilik gbsteren ST1, ST2, ST3, ST5
fajlar, faj kokteyli olusturmak Uzere secilmistir.
Huang vd., (2018b) Salmonellaya etkili fajlarin
RFLP analizi icin EwRIl, EwRV ve Hindlll
enzimlerini  kullanmuglardir.  Faj LPST70un
DNA'st E«RI ve ¢alismamizdaki gibi EcwRV ile
kesilebilitken, Hindlll tarafindan kesilememistit.
LPST10" un genom boyutunun, fragment
buytkliklerine  gére  47.66 kb  olarak
hesaplanmustir. Calismamiza benzer olarak Kim
vd. (2012) Salmonella faji olan SS3e’nin genomik
dizi analizi sonucunda genom biytikligini 40793
bp; Li vd. (2020) ise BPSELC-1 Salmonella fajinin
genom buyiikligini 86996 bp olarak bulmustur.
Lopez-Cuevas  vd. (2011) caligmalarinda ise

Hindlll ve EcRV enzimleri ile yaptiklart kesimde
Hindlll enziminin sinith fragment olusturdugunu
ancak EwRV'in, dort faj Uzerinde birka¢ DNA
fragmenti  olusturdugunu  belirtmistir.  Bu
calismada ise ilgili enzim ile kesim sonucunda 14
ile 27 arasinda fragment olusumu ile
karsilasilmistir. Bu durum ayni konaketya etkili bu
fajlarin birbirinden farkli oldugunu géstermistir.

Konakgi1 Skalasinin Belirlenmesi

Fajlarin enzim kesimi sonuglarina gore farkli
olanlari secilmis ve bu fajlarin farkli konakeilara
karst littk aktivitelerinin varligt arastirilmugtir.
Kullanilan konake¢tlar ve damlatma sonuglart
Cizelge 3’te verilmistir.

Cizelge 3. Fajlarin konake1 araligt
Table 3. Host range of phages

Konakgt Bakteriler / Host Bactetia ST1 ST2 ST3 ST5
Salmonella Typhimurium, BAIBU GMKK + + + +
Salmonella Typhimurium ATCC 12023 + + + +
Salmonella Enteritidis ATCC 12694 + + + +
Salmonella RT2-1 + + + T
Salmonella RT2-4 + + + T
Salmonella RT2-5 + + + T
Salmonella RT2-6 + + + T
Salmonella RT2-10 + + + T
Salmonella RT3-6 + + + T

Escherichia coli O157:H7 KUEN 1461

Bacillus cereus ATCC 10876

Bacillus megatarinm, BAIBU GMKK

Micrococcus lutens

Rhodococcus equi ATCC 6939

Enterococcus feacalis ATCC 51559

Staphylococcus anrens ATCC 6538

Pseudomonas putida DSM 6125

Pseudomonas aernginosa NCTC 12924

Listeria monocytogenes ATCC 7644

Listeria inocua ATCC 33090

+: Fajlarin bakteriye litik etkisi gbzlemlenmistir. -: Fajlarin bakteriye karst litik etkisi gézlemlenmemistir.
+: The Iytic effect of phages on bacteria has been observed. -: No tic effect of phages against bacteria was observed.
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Cizelge 3’te de belirtildigi tzere fajlar Salmonella
spp. disindaki diger bakterilere karsi litik etki
gOstermemistir.  Ancak  fajlanin  ¢alismada
kullandan Sa/monella Enteritidis’e ve yerel izolat
olan  Salmonella  titlerine de etkili oldugu
gorilmustir (Sekil 4). Benzer olarak Carey-Smith
vd. (2000) izole ettikleri FGCSSal fajiun 3 farkl
Salmonella Typhimurium susuna ve ayni zamanda
iki farkli §. Enteritidis susuna etkili oldugunu

ancak S. Infantis, S. Menston, . Saintpaul
suslarina etkili olmadigini tespit etmistir. Bu
calismadan farklt olarak Bielke vd. (2007) izole
ettikleri Salmonella fajlaniun E. coli ve Klebsiella
oxytoca bakterilerini de enfekte ettigini tespit etmis
ve faj konak araliginin her zaman cinsle sinirl
olmadigint bildirmiglerdir.

Sekil 4. Fajlatin Salmonella Typhimurium ATCC 12023'e karg litik etkisi (1: ST1, 2: ST2, 3: ST3, 4:ST5)
Figure 4. Lytic effect of phages against Salmonella Typhimurinm ATCC 12023 (1: ST1, 2: §12, 3: T3, 4:5T5)

Tek Asamali Gelisme Egrisi ve Adsotpsiyon
Oram

Fajlarin patlama btyukliikleri, latent dénemlerinin
belirlenmesi, adsorpsiyon oranlarinin belirlenmesi
faj enfeksiyonun 6nemli parametreleridir. Fajlarin
tek agsamali gelisme egrileri ¢ikarilarak  bu
parametrelere ait sahip olduklart degetler tespit
edilebilmektedir. Fajlara ait gelisme egrileri Sekil
5’te vetilmistir.

Verilen gelisme egrilerine gbre fajlarin patlama
buytklikleri ve latent dénemleri hesaplanmistir.
Buna gore ST2 fajinin latent dénemi 15 dakika
diger fajlarin ise latent dénemleri 5 dakika olarak
bulunmustur. Patlama buyiklikleri ise ST1’in 25,

ST2nin 66; ST3un 100 ve ST5in ise 111
PFU/hiicre olarak bulunmustur.

Fajlara ait zamana karst faj titresini gosteren
adsorpsiyon grafikleri Sekil 6’da, bu fajlara ait
adsorpsiyon hiz sabitleri ve adsorpsiyon oranlari
Cizelge 4’te verilmistir.

Huang vd. (2018b) izole ettikleri LPST10 fajinin
latent dénemini 10 dk, patlama buyikligini ise
101 PFU/mL olarak belitlemistit. Bu degetler
calismamizda bulunan degerler ile benzerlik
gostermektedir. Yine benzer olarak Lu vd. (2020)
attk sudan izole ettikleri vB_SenS_SE1 kodlu
Salmonella fajinin  patlama buyukligini hicre
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basina 19 PFU olarak bulmustur. Petsong vd.
(2019) ise S. Enteritidis’e etkili faj karigiminin
patlama  buyikligina  97.7  PFU; .
Typhimurium’a etkili faj karmsiminin patlama
buyiikligini ise hiicre basina 173.7 PFU olarak
bulmustur. Fajlarin latent dénemlerini ise 15 ile 45
dakika araliginda bulmustur. Yan vd. (2020)’de
benzer olarak LPSEYT"in adsorpsiyon oranint 10
dakikada %95 olarak bulmustur. Patlama
buyukligiini ise hiicre bagina 133123 PFU olarak
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hesaplamistir. Sritha ve Bhat (2018) ise ®Stp1’in
adsorpsiyon oranint %97 olarak bulmustur. Yine
bu fajin latent siiresi 30 dakika ve patlama
buyukliguni 37 PFU /hicre olarak bulunmustur.
Latent dénemi kisa ve patlama buyikligi fazla
olan fajlar gidalarda biyokontrol amach kullanim
icin istenen o6zelliklerdir. Calismamizda secilen
fajlar kisa latent doneme sahip, genel olarak
yitksek patlama biytkligh gosteren ve yaklasik
%99 adsorpsiyon oranina sahip fajlardur.
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Sekil 5. Fajlarin gelisme egrisi
Figure 5. Growth curve of phages
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Sekil 6. Fajlarin adsorpsiyon grafikleri
Figure 6. Adsorption graphs of phages
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Cizelge 4. Fajlara ait adsorpsiyon hiz sabitleri ve oranlari
Table 4. Adsorption rate constants and ratios of phages

Adsorpsiyon Hiz Sabiti

Faj / Phage (mL/dk) / Fajlarin Adsorpsiyon Oranlart (%o)
Adsorption Rate Constant /| Adsorption Rates of Phages (%)

(mL] min)

ST3 6.9x108 99.9

ST2 6.9x108 99.9

ST1 4.88x108 99.25

ST5 19.06x10-# 99.7

S. Typhimurium Fajlarinin Gida Ortaminda
Etkinliginin Belirlenmesi

S. Typhimurium’un taze dilimlenmis meyvelerde
gelisiminin engellenmesi i¢in segilen ST1, ST2,
ST3 ve ST5 fajlarindan bir karisim hazirlanmustir.
Bu karisim ile dilimlenmis kavun ve ananas
érneklerinde MOIT 10, 100, 1000 ve 10000
degerlerinde denemeler yapilmustir  (Sekil 7).
Deneme  sonuglarna  gbére  kavunda  S.

(4

(-
"

. 2

p———

|

Typhimurium sayisinda MOI 1000 ve 10000
degerlerinde 2 log KOB/g azalis belirlenmistir.
Ananas  érneklerinde ise MOI 10 ve 100
degerlerinde 1 log KOB/g azalis tespit edilmistir.
Analiz sirasinda konaket bakterinin  baslangic
konsantrasyonunun disiik tutulmasi ile yapilacak
denemelerde daha iyi sonuglarin elde edilecegi
dustnilmektedir.

'g 4

Sekil 7. Analiz i¢in hazirlanan ananas ve kavun 6rnekleri
Figure 7. Pineapple and melon samples prepared for analysis

Guo vd. (2021), cesitli gida 6rnekleri ile yaptiklar
calismalarinda faj LPSTLL ile sttte Salmonella
sayisinda 2.8 log KOB/mL’lik bir azalis elde
etmislerdir. Islam vd. (2019) ise hem buzdolab:
hem de oda sicakhginda Salmonella’ya karst
LPSTLL, LPST94 ve LPST153 fajlart ile
hazirladiklart kokteylin etkinligini arastirmislardir.
Calismada her iki sicaklikta Salmonella sayisinda 3
log/KOB azalis saglanmustir. Huang vd. (2018b)
LPST10 fajt ile farkli gidalarda yaptiklar
denemelerde Salmonella sayisinda sttte 4 log

KOB/mL, sosiste sirastyla 4 ve 28 °C'de 1.8 log
KOB/6rnek ve 1.1 log KOB/6rnek ve marulda
MOI 100 degerinde 1.9 ile 2.7 log KOB/cm?
azalis elde etmislerdir. Thung vd. (2017), meyve
sularinda yaptiklari calismada 4°C'de 48 saatlik
inkiibasyonun ardindan S. Enteritidis sayisinda
yaklastk 2 log KOB/ml'lik bir azalis elde etmistit.
Yapilan calismalarda kullanilan serotipler, MOT
degerleri, sicaklik vb. analiz parametreleri
degisiklik g6stermektedir. Netice olarak elde
edilen inhibisyon degetleri calismamizda elde
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edilen degerler ile benzerlik gbstermektedir. Bu
sonuclar fajlarin biyokontrol amaclt
kullandabilirligini g6stermektedir.

Bu calismada gida kaynakli zehirlenmelerin
basinda gelen Salmonella serotiplerinden biri olan
Salmonella Typhimurium’un fajlarla inhibisyonu
hedeflenmistir. Bu amacgla ¢ig siit, atik su ve tavuk
eti 6rneklerinden izole edilen fajlarin izolasyonu
saglanmistir. 1zole edilen 9 fajin DNA izolasyonu
gerceklestirilmistir. DNA’larin EwRV ve Xbal
enzimleri ile kesimi saglanmus ve elde edilen kesim
profillerine goére farkli olan fajlarin  sec¢imi
saglanmustir. Fajlardan 4 tanesi farkli olarak
bulunmustur. Bunlar ST1, ST2, ST3, ST5 kodlu
fajlardir. Bu fajlarin gelisme egrileri ¢ikarilmis,
patlama buytklikleri ve latent dénemleri tespit
edilmigtir. Latent dénemleri kisa (5-15 dk.)
bulunan fajlarin patlama buyiklikleri cesitlilik
gOstermistir. Patlama buytklikleri 25 ile 111
PFU/hiicre arasinda degismektedir. Fajlarin farklt
cins bakterilere karst litik etkisi incelenmis fakat
analizde Salmonella spp. disinda kullanilan diger
bakterilere karst litik etkisi saptanmamistir.
Fajlardan hazirlanan kokteyl ile ananas ve kavun
gibi tliketime hazir dilimlenen meyvelerde .
Typhimurium’a karst littk etki incelenmistir.
Denemelerde MOI 10, 100, 1000 ve 10000
degerlerinde faj ve bakteri karisimi kullanilmustir.
Analiz sonucunda kavunda S. Typhimurium
saytsinda MOT 1000 ve 10000 degerlerinde 2 log
KOB/g azalis belirlenmistir. Ananas 6rneklerinde
ise MOI 10 ve 100 degetlerinde 1 log KOB/g
azalis tespit edilmistir. Kokteyle girecek faj
sayisindaki artis, bu fajlarin farkli antimikrobiyel
ajanlar ile kullanilmasi ve baslangic bakteri
yukiindeki degisimler elde edilecek sonuglart
olumlu y6nde degistirecektir. Elde edilen sonuglar
fajlatin  g1da endistrisinde biyokontrol amach
kullanilabilecegini g6stermektedi.

TESEKKUR
Bu galigma, TUBITAK-1002 programi, 1200250
numaralt proje ile gerceklestirilmistir.

CIKAR CATISMASI BEYANI
Yazatlarin, baska kisiler ve/veya kurumlar ile ¢cikar
catismast bulunmamaktadur.

YAZAR KATKILARI

Seyma Betil ENCU, Asli YILDIRIM ve Selin
AKBAS deneysel calismalari gerceklestirmistir.
Esra ACAR SOYKUT ve Ibrahim CAKIR
verilerin degetlendirilmesi, makalenin yazimi ve

kontrolii  agamalarina  katki  saglamuslardur.
Yazarlar makalenin  son  halini  okuyarak
onaylamuslardir.
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oz

Bu arastirmada, arabik gam ile farkl siirelerdeki konjugasyon isleminin aycicek proteininin tekno-fonksiyonel
ozelliklerine etkisinin belirlenmesi amaglanmustir. Aycicek proteinine arabik gam ile 90 °C’de 4 farklt siirede
(0, 30, 60, 120 dakika) konjugasyon islemi uygulanmus ve 6rneklerin yiizey hidrofobikligi, ¢oziintrlik, su
tutma ve yag baglama kapasitesi, képiurme ve emilsiyon Ozelliklerindeki ve en disiik jellesme
konsantrasyonundaki degisimler incelenmistir. Uygulanan konjugasyon islemleri aycicek proteininin ylzey
hidrofobikliginin ve pH 2-7 araligindaki ¢6ziiniirligiiniin artmasint saglamugstir. Arabik gam ile konjugasyonu
sonucu aycicek proteininin su tutma kapasitesinin azaldig, yag baglama kapasitesinin ise arttig1 gérilmustir.
Konjugasyon islemi siiresinin artmastyla birlikte aycicek proteininin kdpiirme kapasitesinde %01.73-6.73,
emiisiyon kapasitesinde %17.11-31.00 araliginda artis olmustur. Aygicek proteininin en disiik jellesme
konsantrasyonu konjugasyon islemiyle %6 diizeyinde artmistir. Elde edilen sonuglara gére arabik gam ile
konjugasyon isleminin aygcicek proteininin belitli tekno-fonksiyonel 6zelliklerinin ~ gelistirilmesinde
kullanilabilecegi degetlendirilmistir.

Anahtar kelimeler: Aycicek proteini, arabik gam, konjugasyon, emiilsiyon 6zellikleri, képiirme 6zellikleri,
en distk jellesme konsantrasyonu

SOME TECHNO-FUNCTIONAL PROPERTIES OF SUNFLOWER PROTEIN-
GUM ARABIC CONJUGATES

ABSTRACT

In this study, it was aimed to determine the effect of the conjugation with gum Arabic at different
times on the techno-functional properties of sunflower protein. Sunflower protein-gum Arabic
conjugates were prepared at 90 °C for four different times (0, 30, 60, and 120 minutes), and changes
in the surface hydrophobicity, solubility, water-holding and oil-binding capacities, foaming and
emulsifying properties, and least gelatinization concentrations were evaluated. The surface
hydrophobicity and solubility (pH 2-7) increased with conjugation of sunflower protein. After the
conjugation of sunflower protein, the water-holding capacity decreased while the oil-binding capacity
increased. The foaming and emulsion capacities increased by 1.73-6.73% and 17.11-31.00%,
respectively, with the increase in the process time. The least gelatinization concentration of
conjugated sunflower proteins increased by 6%. According to the obtained results, it was evaluated
that the conjugation with gum Arabic could be used to improve some techno-functional properties
of sunflower protein.

Keywords: Sunflower protein, gum Arabic, conjugation, foaming properties, emulsifying properties,
least gelatinization concentration
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GIRIS

Proteinler insan beslenmesinin en 6nemli
unsurlarindan biridir. Diinya niifusunun artmast,
insanlarin  daha strdartlebilir ve saglikli bir
beslenmeye yonelmeleri ile birlikte son yillarda
kolay erisilebilir ve ekonomik fiyatli olmalart
bitkisel proteinlere olan talebin artmasina neden
olmustur (Amiratashani vd., 2024; Naik vd.,,
2022). Yag cikarildiktan sonra protein ve lif

acisindan  zengin  olmalart  nedeniyle yagh
tohumlar iyi bir protein kaynagi olma

potansiyeline sahiptirler. Yaglt tohumlardan elde
edilen proteinler arasinda aygicegi proteini, kolay
erisilebilir ve dusiik maliyetli olmasi, minimal
dizeyde anti-beslenme  faktbrleri  igermesi
nedeniyle dikkat ¢eken bir proteindir (Kaur ve
Ghoshal, 2022).

Proteinler, ¢6zinirlik, su tutma, yag baglanma,
képiirme, emilsiyon olusturma ve jellesme gibi
cesitli tekno-fonksiyonel 6zelliklerinden dolayt
gidalarin gériinislerine ve tekstiirel 6zelliklerine
katkida bulunmalari sebebiyle gida bileseni olarak
yaygin sekilde kullanilmaktadir (Hadidi vd., 2024).
Ozellikle ¢éziiniirlik ve képiirme kapasitesi gibi
zayif tekno-fonksiyonel 6zelliklere sahip olmast
nedeniyle aycicek proteininin gida endistrisinde
kullanimi sinirhdir (Dabbour vd., 2023; Zhang
vd., 2023). Proteinlerin fizikokimyasal, tekno-
fonksiyonel ve besinsel 6zelliklerini degistirmek
amactyla cesitli fiziksel, kimyasal ve biyolojik
yontemler kullanilarak  modifikasyon — islemi
gerceklestirilmektedir (Ke ve Li, 2023). Bu
yontemler  igerisinde, Maillard  reaksiyonu
kullanilarak  proteinlerin  polisakkaritler ile
konjugasyonu, proteinlerin  tekno-fonksiyonel
Ozelliklerini  gelistirmesi nedeniyle son yillarda
yaygin olarak kullanilmaktadir (Amiratashani vd.,
2024). Konjugasyonda, amino asitlerin, peptitlerin
veya  proteinlerin  e-amino  gruplart  ile
polisakkaritlerin  indirgeyici gruplart arasinda
kovalent bagin olusumu icin Maillard reaksiyonu
kullanilmakta olup, baglatilmasi veya stirdiiriilmesi
i¢in herhangi bir katki maddesi gerekmediginden
bu reaksiyon 'yesil reaksiyon' olarak kabul
edilmektedir (Naik vd., 2022). Proteinlerin
polisakkaritlerle konjugasyonu 2 farkli sekilde
gerceklesmektedir: 7) kuru 1sitma, hazirlanan
protein-polisakkarit karisiminin belirli bir bagil

nem ve sicaklik kogullarinda birkag giin veya hafta
bekletilmesi; 7) yas 1sitma, hazirlanan protein-
polisakkarit ¢6zeltisinin birka¢ dakika veya saat
sittlmast (Boonlao vd., 2023; Dursun Capar ve
Yalcin, 2021). Uzun reaksiyon siiresine sahip
olmast ve sari-kahverengi renge sahip Maillard
reaksiyon Urlnlerinin olusmasi, kuru 1sitma
kosulunda gerceklestirilen konjugasyon isleminin
dezavantajlart  olarak goriilmektedir. Diger
yandan, yas i1sitma kosulunda gerceklestirilen
konjugasyon isleminde reaksiyon kisa siirede
gerceklesmekte ve Maillard reaksiyonunda Schiff
bazi bilesikleri baslangic dizeyde olusmaktadir
(Dursun Capar ve Yalcin, 2021; Pirestani vd.,
2018). Bununla birlikte konjugasyon isleminin
etkinligi ve olusacak trtinlerin 6zellikleri proteinin
cesidi, protein-polisakkarit orani, reaksiyon
sicakligt ve reaksiyon stresi gibi faktorlerden
etkilenmektedir (Dursun Capar ve Yalcin, 2021).

Proteinlerin konjugasyonunda akasya agaclarinin
salgilarindan elde edilen arabik gam en yaygin
kullanilan polisakkaritlerden biridir (Bagyigit vd.,
2022). Arabik gam, benzer molar kiitleye sahip
diger polisakkaritlerle karsilastirildiginda disik
viskoziteye  sahip, anyonik, hidrofilik ve
heteropolisakkarit yapidadir (Pirestani vd., 2018).
Arabik gam, Ustiin emiilsiyon olusturma, kivam
saglama, jellestirme, kaplama ve stabilize etme

Ozelliklerinden  dolayt  uzun  siiredir gida
endistrisinde  kullanilmaktadir ~ (Bagyigit vd.,

2022). Literaturde, bir¢ok calismada kinoa (Chen
vd., 2024), kanola (Pirestani vd., 2017), bezelye
(Zha vd., 2019), nar ¢ekirdegi (Basyigit vd., 2022)
proteinlerinin  arabik gam ile konjugasyonu
sonucu tekno-fonksiyonel 6zelliklerinin
gelistirildigi ~ gOsterilmistir.  Ancak, aycicek
proteininin arabik gam ile konjugasyonunun
tekno-fonksiyonel — Ozellikleri  tzerine — etkisi
konusunda bir calismaya rastlanmamistir. Bu
calismada, aycicek proteininin arabik gam ile farkls
strelerde (0, 30, 60, 120 dakika) konjugasyonu
sonucu tekno-fonksiyonel 6zelliklerindeki (yiizey
hidrofobikligi, ¢6zuntrlik, su tutma ve yag
baglama kapasitesi, koéplrme ve emilsiyon
Ozellikleri ve en disiik jellesme konsantrasyonu)
degisimlerin incelenmesi amaglanmistir.



Aycicek proteininin arabik gam ile konjugasyonu

MATERYAL VE METOT

Materyal

Aycicek proteini (Vegrano, %380.0 protein) ve
arabik gam (alfasol) Kimbiotek Kimyevi Maddeler
San. Tic. A.S. (Istanbul, Tirkiye)’den temin
edilmistir. Arastirmada kullanilan kimyasallar ise
Sigma-Aldrich (Taufkirchen, Almanya) ve Isolab
Laborgerite GmbH (Wertheim, Almanya)’den
tedarik edilmistit.

Metotlar

Aygigedi proteini-arabik gam konjugasyonu

Aycicegi proteininin arabik gam ile konjugasyonu
icin Boonlao vd. (2023) ve Pirestani vd. (2017)’nin

belirttigi yontemler modifiye edilerek
kullanilmugtir. Aygicek proteini, arabik gam ile 1:1
oraninda karistirlarak toplam cozelti

konsantrasyonu %10 olacak sekilde dispersiyon
hazirlanmustir. Daha iyi ¢6ziinme ve hidrasyonun
saglanabilmesi icin 6rnekler dairesel calkalayicida
(Jeio Tech, OS-4000, Kore) (200 rpm) oda
sartlarinda 1 gece boyunca karstirilmuslardir.
Ardindan Srnekler sicak su banyosunda (Nive,
ST 30, Turkiye) (125 rpm) 90 °Cde farkli
sturelerde (0, 30, 60, 120 dakika) inkibe edilerek
konjugasyon islemi gerceklestirilmistir.  Siire
sonunda Ornekler soguk su dolu bir kap icerisine
alinarak reaksiyonun durdurmast ve 6rneklerin
sogumast saglanmustir. Ardindan Grnekler Naik
vd. (2022)’nin belirttigi 175 °C hava gitis sicakligt
ve 80 °C hava ctkis sicakligt saglanacak sekilde
(besleme akis hizt 16 ml./dk, aspirasyon orant 50
m3/sa, nozzle hava hiz1 8.5 L/dk) laboratuvar
Olgekli puskiirtmeli kurutucu (UNOPEX, B15,
Tirkiye) ie kurutulmustur. Higbir islem
gbrmemis aycicegi proteini (AP), arabik gam ile
karistirllmis  ancak  konjugasyon  islemi
uygulanmadan kurutulmus 6rnek (AP-GA), 30
dakika (AP-GA-30), 60 dakika (AP-GA-60) ve
120 dakika (AP-GA-120) konjugasyon islemi
uygulanmus Ornekler analizlere kadar kapaklt bir
polietilen kap icerisinde +4 °C’de bekletilmistir.

Amadori ve melanoidin bilesiklerinin analizi
Amadori ve melanoidin bilesiklerinin olusumu

Chen vd. (2024)’nin belirttigi yontem ile
Olctilmistir.  Protein  dispersiyonlarnin (5
mg/ml) absorbans  degerleri  amadori

bilesiklerinin miktarinin  belitlenmesi icin 304

nm’de, melanoidin bilesiklerinin  miktarinin
belirlenmesi icin 420 nm’de bir UV/VIS
spektrofotometre (Shimadzu, UV-VIS
Spektrofotometre, UV-1280, Japonya)

kullanilarak okunmustur.

Yiizey hidrofobikligi analizi

Yiizey hidrofobikligi analizi Tontul vd. (2018)’nin
belirttigi yonteme gbre yapilmistir. Protein
ornekleri ve fosfat tampon ¢6zeltisi (20 mM, pH
7) kullantlarak protein dispersiyonlart (5 mg
protein/mL) elde edilmistir. Bu dispersiyonlarin 3
ml’si tizerine 600 uL. brom fenol mavisi (BPB)
cozeltisi  (Img/1ml) eklenerek bir vorteks
yardimiyla hizlica kanisturilmistir. Kontrol 6rnegi 3
mlL fosfat tampon ¢6zeltisi ve 600 pL. brom fenol
mavisi (BPB) ¢oOzeltisi (Img/1mL) kullanilarak
hazirlanmistir. Ardindan, 6rnekler 10 dk inktbe
edilmis ve 2000xg’de 15 dakika santrifiij edilerek
stpernatant kisimlart alinmistir. Stpernatantlar,
fosfat tampon cozeltisi (20 mM, pH 7) ile 1:10
oraninda seyreltilmistir. Orneklerin absorbans
degetleri UV/VIS spektrofotometre (Shimadzu,
UV-VIS Spektrofotometre, UV-1280, Japonya)
kullanilarak 595 nm dalga boyunda belirlenmistir.
Yizey hidrofobikligi asagidaki esitlik ile
hesaplanmuistur.

Yiizey hidrofobikligi (ug BPB) =

ABS —ABSj
kontrol ornek X (200 ug)
ABSkontrol

Esitlik 1

Protein ¢ozriniirliigi analizi

Protein ¢Ozunirliigi analizinde Pirestani vd.
(2017)nin belirttigi yontem modifiye edilerek
kullanlmustir. Ornekler (100 mg) distile su (20
mL) ile karistirilarak pH degerleri (pH 3, 5,7 ve 9)
ayarlanmistir. Ardindan dairesel ¢alkalayicida (Jeio
Tech, OS-4000, Kore) oda sartlarinda 200 rpm’de
30 dakika karistirilmis 6rneklere 9000xg’de 15
dakika santrifdyj islemi uygulanarak sipernatant
kistmlart  alinmugtir.  Siipernatantin  ¢6zlntr
protein icerigi Lowry vd. (1951)’nin belirttigi
yonteme gbre 750 nm’de  belitlenmistir.
Orneklerin ~ protein  ¢6ziiniirligi  degerleri
asagidaki esitlik kullanilarak hesaplanmistir.

Protein ¢oziinirligi (% ) =
siipernatantin protein igerigi 100 E§1tlhk 2

ornegin toplam protein igerigi
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Su tutma kapasitesi ve yag baglama kapasitesi analizi
Orneklerin su tutma kapasitesi ve yag baglama
kapasitesinin belirlenmesinde Naik vd. (2022)’nin
belirttigi yontem modifiye edilerek kullanilmistir.
Onceden darast alinmus tiiplerin igerisine 0.2 g
ornek ile birlikte 5 mL distile su veya aygicek yag
eklenmis ve dairesel calkalayicida (Jeio Tech, OS-
4000, Kore) 200 rpm’de 30 dakika karistirtlmistir.
Ardindan 6rnekler 3500 rpm’de 30 dakika
santriflyj edilerek stpernatant kismi dikkatli bir
sekilde uzaklastirilmis ve tiipler tekrar tartilarak
orneklerin su tutma kapasitesi ve yag baglama
kapasitesi  agagidaki  esitlik  kullaniarak
belitlenmistit.

Su tutma kapasitesi (g su/g protein) /
Yag baglama kapasitesi (g yag/g protein) =

(stipernatant uzaklastirildiktan sonraki agirlik —
(6rnegin agirligt (km) + kullanilan tipin agirligt))
ornegin agirligt (km)

Esitlik 3

Kapiirme kapasitesi ve kipiik stabilitesi analizi
Koépirme kapasitesi ve kopiik stabilitesi analizi
Amiratashani vd. (2024)’nin belirttigi yonteme
gore gerceklestirilmistir. Kisacast %1’lik protein
¢Ozeltisi bir homojenizatér (Witeg HG-15D,
Almanya) ile 10000 rpm’de 2 dakika stiresince
karistirdmis  ve hacim  degerleri  kaydedilerek
kopirme  kapasitesi asagidaki formul ile
hesaplanmustir.

Képiirme kapasitesi (%) =
karistirildiktan sonraki hacim— karistirilmadan 6nceki hacmi
karistirumadan onceki hacmi

x 100
Hsitlik 4

Ardindan 6rnekler oda sartlarinda 30 dakika
bekletilmis ve kalan kopiik hacmi kaydedilerek
kopiik  stabilitesi  asagidaki  formil  ile
hesaplanmustir.

Kopiik stabilitesi (%) =
30 dk sonraki kopilik hacimi

x 100

Esitlik 5

karistirildiktan sonraki kopik hacimi

Emiilstyon kapasitesi ve emiilsiyon stabilitesi analizi

Emtlsiyon kapasitesi ve emilsiyon stabilitesi
analizi Albe Slabi vd. (2020)’nin belirttigi yonteme
gore yapilmustir. Kisacasi, 5 mL %5’lik protein
¢Ozeltisi tizerine 2.5 mL aycicek yag1 eklenerek bir
homojenizatér (Witeg HG-15D, Almanya)

yardmmtyla 10000 rpm’de 90 saniye homojenize
edilmistir. Olusan emiilsiyonlar 1100xg’de 5

dakika  santrifiijlendikten  sonra  emilsifiye
tabakanin hacmi ve tiipteki toplam icerigin hacmi
kaydedilerek emilsiyon kapasitesi asagidaki
formiile gore hesaplanmustir.

Emiilsiyon kapasitesi (%) =

emiilsifiye tabakanin hacmi(mL) x 100 E§itlik 6

toplam igerigin hacmi (mL)

Emilsiyon stabilitesi i¢in ise 6rnekler 85 °C’de 15

dakika inkibe edilmistir. Ardindan  tekrar
1100xg’de 5 dakika santrifijlendikten sonra
emilsifiye  tabakanin  hacmi  kaydedilerek

emiilsiyon stabilitesi asagidaki formile gore
hesaplanmustur.

Emiilsiyon stabilitesi (%) =
isitma sonrast emiilsifiye tabakamin hacmi (mL)X1 00

isitma 6ncesi emiilsifiye tabakanin hacmi (mL)

Esitlik 7

En diisiif _jellesme konsantrasyonn

Orneklerin en disiik jellesme konsantrasyonun
belirlenmesinde Shen ve Li (2021)’nin belirttigi
yontem kullandmistir.  Kisacast, test tlpleri
icerisinde %02-20 (w/v) araligindaki
konsantrasyonlarda hazirlanmis protein ¢6zeltileri
1 saat suresince 100 °Cye ayatrll sicak su
banyosunda tutulduktan sonra +4°C’de 2 saat
stresince bekletilmistir. Ardindan test tipleri basg
asagl tutularak jelin dismedigi veya kaymadigt
konsantrasyon o6rnege ait en digik jellesme
konsantrasyonu olarak kaydedilmistir.

Istatistiksel analiz

Elde edilen veriler Minitab (ver. 17.0) kullanilarak
gerceklestirilen varyans analizi ve Tukey Coklu
Karsilastirma  Testt ile  degerlendirilmistir.
Analizler 3 paralelli olarak yapilmis ve sonuglar

“ortalama  +  standart  hata”  seklinde
dizenlenmistit.
BULGULAR VE TARTISMA

Amadori ve melanoidin bilesikleri

Orneklerin 304 nm ve 420 nm degerlerinde
Olctilen absorbans degetleri, Maillard reaksiyonu
erken-orta  (Amodari  bilesikleri) ve  son
(Melanoidin bilesikleri) urtinlerinin  gdstergesi
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olarak yaygin sekilde kullanidmaktadir
(Amiratashani vd., 2024). Orneklerin 304 nm’de
elde edilen absorbans degerleri, 420 nm’de elde
edilenlerden daha yiiksek bulunmustur (Sekil 1).

gostermektedir  (Zha vd., 2019). Bitkisel
proteinlerin konjugasyonu ile ilgili yapilan bir¢ok
calismada benzer bir sonu¢ bulunmustur
(Amiratashani vd., 2024; Chen vd., 2024; Zha vd.,

Bu tim konjugatlarda erken-orta Maillard ~ 2019).
reaksiyon iriniinin baskin oldugunu
1 0.5
0.8 0.4
206 03 £
= 04 02 =
0.2 0.1
0 0

AP-GA

AP-GA-30 AP-GA-60 AP-GA-120

—0=304 nn =4+=420 nm

Sekil 1. Orneklerin 304 nm ve 420 nm degerlerindeki absorbanslar
Figure 1. Absorbances at 294 and 420 nm of the samples

AP’ne uygulan konjugasyon isleminde stireninin
artmastyla  birlikte 6rneklerin - 304 nm’deki
absorbans degerleri artmistir. Bu sonu¢ AP’nin
konjugasyonunda amadori bilesiklerinin islem
stresine bagli olarak gelistigini gdstermektedir.
Zha vd. (2019), arabik gam ile farkli strelerde
konjugasyon islemi uygulanan bezelye proteininin
304 nm’deki absorbans degerinin islem stresine
baglt olarak arttigini bulmuglardir. AP’ne arabik
gam ilavesi ve konjugasyon islemi sonrast
orneklerin 420 nm’deki absorbans degerleri 0.09-
0.11 araliginda degismekte olup koyu renkte olan
melanoidin bilesenlerinin az miktarda
bulundugunu gostermektedir (Amiratashani vd.,
2024).

Yiizey hidrofobikligi

Yuzey hidrofobikligi, protein molekiliniin
ylzeyinde aciga ¢cikan hidrofobik gruplatin sayisint
gostermekte olup, protein konformasyonundaki
degisikligi degerlendirmek icin kullanilan yapisal
Ozelliklerden biridir (Qu vd., 2018). AP 6rneginin
yuzey hidrofobikligi 7.24 ug BPB olarak
bulunmus ve arabik gam ilavesi sonucu 6rnegin

(AP-GA) yiizey hidrofobikliginde (7.06 pg BPB)
6nemli bir degisimin olmadigl gorilmistir (P >
0.05) (Sekil 2). Diger yandan konjugasyon
isleminin uygulanmasiyla birlikte 6rneklerin yiizey
hidrofobikliginde 6nemli bir artisin  oldugu
gorilmistir (P < 0.05). En yiksek ylzey
hidrofobikligi AP-GA-120 6rneginde bulunmus
olup 120 dakikalik konjugasyon islemi sonucu
aycicegi proteininin  yizey hidrofobikliginin
yaklasik 6.5 kat arttg tespit edilmistir (P < 0.05).
Konjugasyon isleminde kullanidlan protein ve
polisakkarit cesidi, uygulanan islem kosullari ve
glikasyon  derecesi  gibi  bir¢ok  faktGriin
proteinlerin ylzey hidrofobikliginin azalmasina
veya artmasina neden olabilecegi belirtilmistir (Liu
vd., 2012). Feng vd. (2021) Orneklerin yiizey
hidrofobikliginin artmasini, protein yapisinda
meydana gelen kismi acilma sonucu hidrofobik
gruplarin aciga ¢itkmast ile birlikte agrege olmus
protein yapilarmin  ayrismasit  sonucu  daha
6nceden yapt igerisine gizlenmis olan hidrofobik
gruplarin da ag18a ¢itkmasina atfetmislerdir.
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Sekil 2. Orneklerin yiizey hidrofobikligi
Figure 2. Surface hydrophobicity of the samples

Protein ¢oziiniirliigi

Proteinlerin =~ ¢6zlntrligd,  diger  tekno-
fonksiyonel 6zellikleri etkiledigi icin en Gnemli
Ozelliklerinden biridir (Amiratashani vd., 2024).
AP, AP-GA ve AP konjugatlarinin pH 3-9
degerleri araligindaki ¢ozintrlikleri Sekil 3’te
gOsterilmistir. Notr ve alkali pH degerleriyle
karsilastirlldiginda AP asidik pH degerlerinde
daha distk c¢6zintrlige sahip olup en dusik
¢cozuntrlik degerini (%9.42) pH 5’te gbstermistir.
Proteinler izoelektrik noktasina yaklastiginda
hidrofilik etkilesimler azalmakta ve proteinler nétr
yike sahip olmaktadir. Buna bagli olarak
proteinlerin ¢ézunurliikleri azalmakta, protein-
protein  etkilesimleri artmakta ve protein
agregasyonu olusmaktadir (Amiratashani vd.,
2024). En dustk ¢ozunurligin gorildigi pH 5
degeri Galves vd. (2019)’nin aycicegi proteininin
izoelektrik noktast olarak belirttikleri pH 4.8
degerine oldukca yakindir. Arabik gam ile
konjugasyonu  bu pH degerinde AP’nin
cozunlrliginin  %20.76-24.34  dizeyinde
artmasint saglamustir. Bununla birlikte, pH 9
degeri disindaki pH  degerlerinde AP’nin
¢cozuntrliginin, AP-GA ve AP konjugatlarindan
istatistiksel olarak 6nemli diizeyde diisiik oldugu
bulunmustur (P < 0.05). Benzer bir sonu¢ pH 4
ve 7 araliginda kazein-arabik gam konjugatlarinda
(Seidi vd., 2023) ve pH 2 ve 7 araliginda kinoa-
arabik gam konjugatlarinda (Chen vd., 2024)
gorilmustir. Yazarlar bu durumu arabik gamin
suda c¢ozunlrligintin daha fazla olmasina ve

dolayistyla proteinlere arabik gamin fiziksel veya
kimyasal olarak baglanmasi sonucu proteinlerin
cozunirliklerinin artmasina atfetmislerdir (Seidi
vd., 2023).

pH 3 degerinde en yiiksek ¢6zuniirlitk degeri AP-
GA-120 6rneginde tespit edilmis olup, diger pH
degerlerinde AP konjugatlarinin  ¢oziiniirlikleri
arasinda istatistiksel olarak 6nemli bir fark
bulunmamstir (P > 0.05). Benzer sekilde, 90
°C’de farkli surelerde (30, 60, 90 ve 120 dakika)
uygulanan konjugasyon islemiyle soya proteininin
cozinlrliginlin artt@ ancak soya proteini-
maltodekstrin konjugatlarinin islem stresine baglt
olarak c¢oziunurliklerinde 6nemli bir farkin
olmadigi gbrilmustir (Boonlao vd., 2023).

Su tutma kapasitesi ve
kapasitesi

Su tutma ve yag baglama kapasitesi, protein-su ve
protein-yag etkilesimleri ile birlikte proteinlerin
su/yagt tutma oranini  belirleyen  tekno-
fonksiyonel 6zelliklerden biri olup, protein katkilt
gida  Urlnlerinin  dokusunu  ve  kalitesini
etkilemektedir (Shen ve Li, 2021). Orneklerin su
tutma ve yag baglama kapasitesi Cizelge 1°de
gosterilmigtir. AP’nin su tutma kapasitesi arabik
gam ilavesi ve konjugasyon islemiyle birlikte
6nemli dizeyde azalmistir (P < 0.05). En dustk
su tutma kapasitesi AP-GA 6rneginde belirlenmis
olup, orneklere uygulanan konjugasyon islem
sliresinin artmastyla birlikte 6rneklerin su tutma

yag baglama
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kapasitelerinde artts meydana gelmistir (P < 0.05).
Boonlao  vd.  (2023), soya  proteininin
maltodekstrin ile konjugasyonu sonucunda (%75
bagil nem, 1-9 gin) su tutma kapasitesinin
azaldigint bulmuslar ve bunu 6rneklerin artan
yuzey hidrofobikligine atfetmislerdir. Yuzer
(2023)’de, soya  proteininin  fruktoz ile
konjugasyonu sonucu su tutma kapasitesinin
azaldigint bulmustur. Yazarlar bu degisimi protein
yapilarinin agilmasinin polisakkaritler tarafindan
inhibisyonuna atfetmislerdir  (Yizer, 2023).
Bununla birlikte, proteinlerin su tutma kapasitesi
ile protein ¢Ozinirligh arasinda ters bir iliski
oldugu belirtilmistir  (Ozdemir vd., 2022).
Konjugatlarin ¢ézintrliginin yiksek olmast, su
tutma kapasitesinin diisik olmasinin nedeni
olabilir. AP’nin yag baglama kapasitesinin, arabik
gam ilavesi ve konjugasyon islemleri sonucunda

artugl  gorilmistir (P < 0.05). Ayrica,
100
80
60

40

Protein ¢oziintirligii (%)

20

—&— AP —+—AP-GA

- %--AP-GA-30 —a -AP-GA-60

konjugasyon islem stresinin artmastyla birlikte
Orneklerin yag baglama kapasitesi artan bir egilim
sergilemis ancak bu istatistiksel olarak 6nemli
bulunmamistir (P > 0.05). Bircok calismada
bitkisel proteinlerin polisakkaritlerle
konjugasyonu sonucu yag baglama kapasitesinin
arttgl  belirtilmistir  (Amiratashani vd., 2024;
Basyigit vd., 2022; Naik vd., 2022; Shen ve Li,
2021). Yazatlar, konjugasyon islemi ile birlikte
hidrofobik gruplarin aciga ¢tkmast  sonucu
Orneklerin  yag ile  etkilesiminin  artiint
bildirmislerdir (Amiratashani vd., 2024; Naik vd.,
2022). Bununla birlikte, proteinlerin su tutma ve
yag baglama kapasitesinin uygulanan islem
kosullari, parcactk boyutu, proteinin
konformasyonu ve molekiler agirhigr gibi
faktorlerden etkileyebilecegi belirtilmistir (Hadidi
vd., 2021; Ozdemir vd., 2022).

pH

—e— AP-GA-120

Sekil 3. Orneklerin farkli pH degerlerindeki protein ¢éziiniirligi
Figure 3. Protein solubility of the samples at different pH values
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Cizelge 1. Orneklerin tekno-fonksiyonel 6zellikleri
Table 1. Techno-functional properties of the samples

) Su tutma Yag baglama Kopu_rm(? Kopiik stabilitesi Emuls_lyog Emu_ls_lyo_n
Ornek kapasitesi kapasitesi kapasitesi %) kapasitesi stabilitesi
(g su/g protein) (g yag/g protein) - (%) (%)
Water—bg/dzng Oz/—/;zn{zfzﬂg Foaming capacity Foam stability Emulsion capacity Emulsion stability
Sample capacity capacity %) : %) : %) :
(g water/ g protein) (g 0il/ g protein) °
AP 4.15%0.06 A 3.53£0.048 312711738 18.03 = 1.06 A 33.33£0.01¢ 96.00 £ 0.01 4
AP-GA 1.65 % 0.03 F 4.64£0.164 312711738 18.03 = 1.06 A 3889 £ 1.11¢ 85.80 + 2.53 A
AP-GA-30 1.99 £ 0.05P 4.67 £0.074 33.00 £ 0.01 A8 16.97 £ 0.01 A8 5244+ 0.89 8 9228 £ 2724
AP-GA-60 219+ 0.04 ¢ 475£0.014 36.33 £ 1.67 A8 15.48 £ 0.74 B 60.44 + 2.70 AB 56.96 + 2,728
API-GA-120 2.40 £ 0.028 4.86 £0.034 38.00 £ 0.014 14.74 £ 0.01 8 64.33 + 2.65 4 4947 £2118

*Sttun iginde farklt buyiik harflerle gésterilen ortalamalar arasinda istatistiksel olarak 6nemli fark bulunmaktadir (P

<0.05).

*¥There is a statistically significant difference between the means of different capital letters within the colunn (P < 0.05).

Kopiirme kapasitesi ve kopiik stabilitesi

Proteinlerin  kopiik  yapist  olusturabilme
Ozelliklerinin gbstergesi olan képiirme kapasitesi
proteinlerin  olusturabilecegi  arayiizey alant

miktart ve proteinin hidrofobikligi ile yakindan
iliskilidir. Kopiirme stabilitesi ise olusan koépiik
yapisinin belirli bir stire boyunca dayanikliligin
gostermektedir (Shen ve Li, 2021).  AP’nin
koptrme kapasitesi degerine arabik gam ilavesinin
etkisi 6nemli bulunmazken (P > 0.05),
konjugasyon isleminin etkisi istatistiksel olarak
6nemlidir (P < 0.05) (Cizelge 1). Konjugasyon
islemi stresinin artmastyla birlikte 6Srneklerin
koptirme kapasitelerinde %1.73-6.73 araliginda
degisen artis egilimi gortlmistir (P < 0.05).
Amiratashani vd. (2024), mirdimik proteininin
ksantan gam ile 80 °C’de farkli surelerde (1-24
saat) konjugasyonunda islem siiresinin artmastyla
birlikte Orneklerin  koépirme  kapasitelerinin
artugint bulmuslardir. Boonlao vd. (2023) ise soya
proteininin maltodekstrin ile konjugasyonunda
(90 °C), 30-60 dakika suresince uygulanan
islemlerin  6rneklerin  képlirme  kapasitelerini
arttrdigini, daha uzun islem sirelerinin (90-120
dakika) ise 6nemli bir degisime neden olmadigint
belirtmislerdir. Orneklerin kopiirme
kapasitelerindeki bu degisim, konjugasyon islemi
ile bitlikte proteinlerinin  ¢6zlntrliklerinin
artmast sonucu araytizey 6zelliklerinin gelismesine
atfedilmistir (Amiratashani vd., 2024). Képtrme
kapasitesine benzer sekilde arabik gam ilavesinin
AP’nin  képiik = stabilitesine etkisi de 6nemli
bulunmamistir (P > 0.05). Farkli olarak,

konjugasyon islemi AP’nin képtlk stabilitesinin
o6nemli dizeyde azalmasina neden olmustur (P <
0.05). Benzer sekilde nar cekirdegi proteininin
arabik gam (90 °C, 15 dakika) (Basyigit vd., 2022),
bezelye proteininin guar gam (60 °C, 15 dakika)
(Shen ve Li, 2021) ile konjugasyonu sonucu kopiik
stabilitelerinin azaldig1 bulmugtur.

Emiilsiyon kapasitesi ve emiilsiyon stabilitesi
Emilsiyon  o6zellikleri, proteinlerin =~ su/yag
araylizey gerilimini azaltma kabiliyetlerini ve faz
ayrilmasina karst emiilsiyon yapisinin
korunmasma  katkisint  tahmin etmek icin
kullandmaktadir (Amiratashani vd., 2024; Chen
vd., 2024).  Orneklerin emiilsiyon &zellikleri
Cizelge 1’de sunulmustur. AP’nin emilsiyon
kapasitesi arabik gam ilavesiyle %05.56 oraninda
artmis ancak bu degisim istatistiksel olarak 6nemli
bulunmamustir (P > 0.05). Konjugasyon islemi ise
AP’nin  emiilsiyon kapasitesinin = %17.11-31.00
araliginda 6nemli diizeyde artmasini saglamis ve
islem stresi artttkca emiilsiyon kapasitesi artis
egilimi  gostermistir (P < 0.05). Yapilan
calismalarda, kinoa (Chen vd., 2024) ve nar
cekirdegi (Basyigit vd., 2022) proteinlerinin arabik
gam ile konjugasyonu sonucunda emdlsiyon
kapasitesinin arttigt bulunmustur. Amiratashani
vd. (2024) mirdiimiik proteininin ksantan gum ile
konjugasyonunda islem siiresinin 12 saate kadar

artmastyla  birlikte  Orneklerin  emiilsiyon
kapasitelerinde artan bir egilim g6zlemlemislerdir.
Konjugasyon islemi ile orneklerin

¢ozuntrliklerinin artmast sonucu proteinlerin
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su/yag atraylzeyinde difiizyonunun artmasinin
emtlsiyon kapasitesinin artmasint saglayabilecegi
belirtilmistir (Amiratashani vd., 2024). Arabik
gamin emilsifiye damlaciklar arasinda daha giigla
bir  elektrostatik  itme kuvveti  yaratarak
proteinlerin  su/yag araylzeyinde kalmasint
saglamast da emtlsiyon kapasitesine katkida
bulunabilmektedir (Chen vd., 2024). Ayrica,
konjugasyon islemi ile artan yiizey hidrofobikligi
konjugatin  su/yag  arayliziine absorbsiyon
oraninin artmasina neden olarak emilsiyon
kapasitesinin =~ artmasmt  saglayabilmektedir
(Boonlao vd., 2023). Arabik gam ilavesi ve 30
dakika siireli konjugasyon islemi AP’nin
emiilsiyon stabilitesi Uzerine 6nemli bir etkiye
neden olmamustir (P > 0.05). Ancak konjugasyon
islem stresinin artmast (60-120 dakika) AP’nin
emtlsiyon stabilitesin azalmasiyla sonuglanmigtir
(P < 0.05). Boonlao vd. (2023) soya proteininin
maltodekstrin ile kisa sireli (30-60 dakika)
konjugasyonunda emilsiyon stabilitesinin artis
egilimi  gOstermesine ragmen, islem siiresi
artuginda (90-120 dakika) emiilsiyon stabilitesinin
azaldigint bulmuslardir. Uzun islem strelerinin,
proteinlerin  agregasyonuna  neden  olarak
emiilsifikasyon Ozelliklerini azaltabilecegi
bildirilmistir (Boonlao vd., 2023).
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Proteinlerin jellesme 6zellikleri, bir¢ok gidanin
dokusunu, kalitesini ve duyusal Ozelliklerini
belirlemesi acisindan 6nemlidir (Shen ve Li,
2021). Sekil 4’te gorilldigh tzere AP’nin en digik
jellesme konsantrasyonu, arabik gam ilavesi ve
konjugasyon islemiyle %18’ artmistir. Bu AP-

GA ve AP konjugatlarinin daha yiksek
konsantrasyonlarda jel yapisi olusturabildigini
gostermektedir. Proteinlerin jellesme
davranslarinin -~ molekaller  arast  distlfit
baglarindan, hidrojen baglarindan ve hidrofobik
etkilesimlerden  etkilenebilecegi  belirtilmigtir

(Deng vd., 2019). Shen vd. (2022) bezelye
proteininin arabik gam ile konjugasyonu sonucu
en disiik jellesme konsantrasyonunun %11’den
%13’e arttigini bulmuglar ve arabik gamin suda
distk bir vizkozite saglamasinin en digsik
jellesme  konsantrasyonundaki artisa neden
olabilecegini belirtmislerdir. Gao vd. (2024) ise
konjugasyon islemiyle birlikte proteinlerin en
disiik jellesme konsantrasyonundaki azalmayi,
polisakkaritlerin protein ylizeyindeki hidrofobik
baglanma bolgelerinin etkilesimini engellemesi
sonucu olusturdugu sterik etki ile agiklamugtir.
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Sekil 4. Orneklerin en disiik jellesme konsantrasyonu
Figure 4. The least gelatinization concentration of the samples

393



394

F. Korkmaz

SONUC

Bu calismada, AP’ne arabik gam ile farkls
stirelerde konjugasyon islemi uygulanmis ve
uygulanan islemlerin AP’nin tekno-fonksiyonel
Ozellikleri Uzerine etkisi incelenmistir.
Konjugasyon islem siiresi artuginda amadori
bilesiklerinin ~ gelistigini = gbrilmiis  ancak
melanoidin bilesenlerinde benzer bir gelisim
gbzlenmemistir. AP’nin ylzey hidrofobikligi de
islem stiresinin artmastyla birlikte artan bir egilim
sergilemistir. AP’nin arabik gam ilavesi ve arabik
gam ile konjugasyonu sonucunda ¢Oziinirlik
Ozelliklerinin de gelistigi belirlenmistir. Bunlara
baglt olarak arabik gam ile konjugasyonu sonucu
APnin su tutma kapasitesinin azaldigi, yag
baglama kapasitesinin ise arttift gorilmustir.
Bununla birlikte, arabik gam ile konjugasyon
uygulamast AP’nin daha yiiksek kapasitede kopiik
ve emilsiyon yapilart olusturmasini saglamus,
ancak bu koplik ve emilsiyon yapilarinin
stabilitelerinin diisiik oldugu belirlenmistir. Ayrica
AP arabik gam konjugatlarinin daha ylksek
konsantrasyonlarda jel yapist olusturabildigi
gbzlenmistir. Sonug olarak, AP’nin belirli tekno-
fonksiyonel — Ozelliklerinin  arabik gam  ile
konjugasyonu sonucu gelistirilebilecegi
gOsterilmistir. Bununla birlikte, ¢6zuntrlik, yag
baglama ve emiilsiyon 6zelliklerindeki degisimler
degerlendirildiginde, arabik gam ile konjugasyonu
sonucu AP’nin asidik 6zellikteki (pH<7), yitksek
yag igerigine sahip ve emilsifiye gida
sistemlerinde bir bilesen kullanilma potansiyelinin
bulundugu degerlendirilmistir.

CIKAR CATISMASI
Yazarin bu aragtirma ile ilgili olarak herhangi bir

kisi  veya kurum ile ¢kar  catismast
bulunmamaktadir.

YAZAR KATKILARI

Bu aragtirmanin  yiritilmesi, laboratuvar
calismalart  ve makalenin yazilmasi  yazar
tarafindan gerceklestirilmistir.
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